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Keep safety first in your circuit designs!

1.

Renesas Technology Corporation puts the maximum effort into making semiconductor products better
and more reliable, but there is aways the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate

D47 kS ifds 36 ) B]acement of substitutive, auxiliary circuits, (ii) use of nonflammable material or

(iii) prevention against any malfunction or mishap.

Notes regarding these materials

1.

These materials are intended as areference to assist our customers in the selection of the Renesas
Technology Corporation product best suited to the customer's application; they do not convey any
license under any intellectual property rights, or any other rights, belonging to Renesas Technology
Corporation or athird party.

Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any
third-party's rights, originating in the use of any product data, diagrams, charts, programs, algorithms, ol
circuit application examples contained in these materials.

All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corporation without notice due to product improvements or
other reasons. It istherefore recommended that customers contact Renesas Technology Corporation
or an authorized Renesas Technology Corporation product distributor for the latest product information
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other loss
rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corporation by various
means, including the Renesas Technology Corporation Semiconductor home page
(http://www.renesas.com).

When using any or al of the information contained in these materials, including product data, diagrams,
charts, programs, and algorithms, please be sure to evaluate all information as atotal system before
making afinal decision on the applicability of the information and products. Renesas Technology
Corporation assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

Renesas Technology Corporation semiconductors are not designed or manufactured for use in adevice
or system that is used under circumstances in which human lifeis potentially at stake. Please contact
Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor
when considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

The prior written approval of Renesas Technology Corporation is necessary to reprint or reproduce in
whole or in part these materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be
exported under a license from the Japanese government and cannot be imported into a country other
than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

Please contact Renesas Technology Corporation for further details on these materials or the products
contained therein.
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Cautions

this document. Hitachi bears no responsibility for problems that may arise with third pa
rights, including intellectual property rights, in connection with use of the information
contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm

use.

However, contact Hitachi’s sales office before using the product in an application that
demands especially high quality and reliability or where its failure or malfunction may d
threaten human life or cause risk of bodily injury, such as aerospace, aeronautics, nucl
power, combustion control, transportation, traffic, safety equipment or medical equipme
life support.

4. Design your application so that the product is used within the ranges guaranteed by Hit
particularly for maximum rating, operating supply voltage range, heat radiation characte
installation conditions and other characteristics. Hitachi bears no responsibility for failu
damage when used beyond the guaranteed ranges. Even within the guaranteed range
consider normally foreseeable failure rates or failure modes in semiconductor devices &
employ systemic measures such as fail-safes, so that the equipment incorporating Hita
product does not cause bodily injury, fire or other consequential damage due to operati
the Hitachi product.

5. This product is not designed to be radiation resistant.

6. No one is permitted to reproduce or duplicate, in any form, the whole or part of this doc
without written approval from Hitachi.

7. Contact Hitachi's sales office for any questions regarding this document or Hitachi
semiconductor products.

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi's or any third party’s
patent, copyright, trademark, or other intellectual property rights for information containg

have received the latest product standards or specifications before final design, purchas

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability
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three types of timers, a programmable timing pattern controller, data transfer unit (with 25¢
DPRAM function), parallel buffer interface, serial communication interface, A/D converter,
ports, and other functions needed in control system configurations, so that compact, high-
performance systems can be implemented easily. The H8/3318 includes the H8/3318, witl

0 O "HOBYREE G ARyEg RAM.

A ZTAT™ (Zero Turn Around Time) version of the H8/3318 is also available, with user-
programmable PROM, providing a quick and flexible response under all sorts of productio
conditions, even for applications with frequently-changing specifications.

This manual describes the hardware of the H8/3318. Refer t8#13©0 Series Programming
Manualfor a detailed description of the instruction set.

RENESAS
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The H8/3318 consists of single-chip microcomputer units (MCUs) featuring an H8/300 CP!
and a complement of on-chip supporting modules implementing a variety of system functic

The H8/300 CPU is a high-speed processor with an architecture featuring powerful bit-
00 --Hmwggﬁippi@sm:ﬁicms, ideally suited for realtime control applications. The on-chip supp
—modutestmptementperipheral functions needed in system configurations. These include F
RAM, three types of timers (16-bit free-running timers, 8-bit timers, and a watchdog timer)
programmable timing pattern controller (TPC), a data transfer unit (DTU) with a parallel bu
interface (PBI) supporting a 256-byte DPRAM function, a serial communication interface (
an A/D converter, and I/O ports.

The H8/3318 can operate in single-chip mode or in two expanded modes, depending on tt
requirements of the application. The H8/3318 is available in a masked ROM version, or a .
version with electrically programmable ROM that can be programmed at the user site.

Note: * ZTAT is a trademark of Hitachi, Ltd.

Table 1.1 lists the features of the H8/3318
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- It LUTHIL TR Ylottl o, Ul
e Sixteen 8-bit registers
High-speed operation
e Maximum clock rate: 16 MHz/5 V, 12 MHz/4 V, and 10 MHz/3 V (@ clock)
[0 [0 "HD6473318TF16"[«] [Add/subtract: 125 ns (16 MHz operation), 167 ns (12 MHz operation), and

200 ns (10 MHz operation)

e Multiply/divide: 875 ns (16 MHz operation), 1167 ns (12 MHz operation),
and 1400 ns (10 MHz operation)

Streamlined, concise instruction set

e Instruction length: 2 or 4 bytes

* Register-register arithmetic and logic operations

e MOV instruction for data transfer between registers and memory

Instruction set features

* Multiply instruction (8 bits x 8 bits)

« Divide instruction (16 bits + 8 bits)

* Bit-accumulator instructions

* Reqgister-indirect specification of bit positions

Memory e 60-kbyte ROM

* 4-kbyte RAM
Data transfer « 1 channel for PBI transfer (single address)
unit (DTU)

(4 channels) e 1 channel for I/O transfer (dual address)

¢ 2 channels for either PBI or I/O transfer

16-bit free- * One 16-bit free-running counter per channel (can also count external
running timer events)

(2 channels) )
« Two output-compare lines per channel

e Channel O: four input capture lines (can be buffered)
e Channel 1: one input capture line
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TS O7JIL Up~LUUdlitcl (vdll dioU LUUliLt TALTTTHIAl ©VElTiIto)

Two time constant registers

Programmable
timing pattern
controller (T

Maximum 16-bit pulse output, using FRT as time base
Up to four 4-bit pulse output groups (or one 16-bit group, or two 8-bit

0 0 "HD647331 TF16"D []drpups)

Non-overlap mode available
Output data can be transferred by DTU

Watchdog timer

Overflow or NMI interrupt can reset the chip

(WDT) » Also usable as interval timer
(1 channel)
Serial » Asynchronous or synchronous mode (selectable)

communication
interface (SCI)
(2 channels)

Full duplex: can transmit and receive simultaneously
On-chip baud rate generator

A/D converter

10-bit resolution

Eight channels: single or scan mode (selectable)
Start of A/D conversion can be externally triggered
Sample-and-hold function

1/0 ports » 58 input/output lines (16 of which can drive LEDs)
» Eight input-only lines
Interrupts * Nine external interrupt lines: NMI, IRQ, to IRQ,
* 33 on-chip interrupt sources
Operating « Expanded mode with on-chip ROM disabled (mode 1)
modes » Expanded mode with on-chip ROM enabled (mode 2)
» Single-chip mode (mode 3)
Power-down + Sleep mode
modes

Software standby mode

Hardware standby mode

Other features

On-chip oscillator
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(16 MHz)

4V Version 3V Version
Product Name (12 MHz) (10 MHz) Package ROM
H8/3318 ZTAT HD6473318CG16 HD6473318CG16 84-pin windowed PROM
LCC (CG-84)
0 0 "HD6473318TF16"0 U [ HD6473318CP16 HD6473318CP16  84-pin PLCC
(CP-84)
HD6473318F16 HD6473318F16 80-pin QFP
(FP-80A)
HD6473318TF16 HD6473318TF16  80-pin TQFP
(TFP-80C)
H8/3318 HD6433318CP16 HD6433318VCP10 84-pin PLCC Mask
HD6433318CP12 (CP-84) ROM
HD6433318F16 HD6433318VF10  80-pin QFP
HD6433318F12 (FP-80A)
HD6433318TF16 HD6433318VTF10 80-pin TQFP
HD6433318TF12 (TFP-80C)
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oy
LT
%_% CPU

OO0 "HD6473318TF16"0 O [T g% H8/300

Address bus

Data bus (high) |

Plo/Ag/TPy = | ] \ Data bus (low) N
PLy/AY /TPy == -+~ Po,/ADTRGIRG,
P1,/AgITP, =—| -~ Po,/iRQ,/XCS
P13/A3/TP; == g o [ P9,/IRQ,
o cow || R ([ {3 pesmocs
P1AYTPy =~ [ ] & [~ POJ/WRIOE
6/Ael P il D s P9s/AS/RDY
P1//A7ITP; L | [j | = P9,/a -
— N e P9,/WAIT/WE
P20/Ag/TPg = I Watchdog Jj_[ m — !
P2P ?/i/A%TpPQ = [ K timer Data transfer | 11 || [ ] |+ P34/Dy/DDB,
210 10 unit, DPRAM “H|  |«—P3,/D,/DDB,
P23/A11/TP1y == E Timing pattern function (| |~ P3,/D,/DDB,
P24§A12;TP12 - P E controller ® | +» P33/D4/DDB;3
P25/A13/TP 3 = -
P2o/ALy TP =] gr [ 16bit Serial 5= P3,/D,/DDB,
P27/A15/TP 15 = - free-running | [communication (= P35/Ds/DDB5
P6o/FTCIETMClp =] | [ [ = o

P61/FTOA =1

P6,/FTIA/FTI

P63/FTIB/ETMRIg |

P6,/FTIC/ETMOg ==

P65/FTID/IETMCl; =

P66/FTOBG/IRQE/ETMRI{ ~—|
P67/IRQ7/ETMO; ~—=

N
[
[

L P8/RS,
(= P8,/RS;

= P8,/RS,

= P8,/WRQ/XRDY
> P8,/TxD1/IRQs/XWE
[=— P85/RxD,/IRQ4

[] I [ P8¢/SCK/IRQs/XOE

U]

Port 7

10-bit
A/D converter
(8 channels)

8-bit timer
(2 channels)

5

Port 8

T
timer interface [=—= P34/Ds/DDBg
(2 channels) (2 channels) T‘E‘ [ P3,/D;/DDB;
TTTT |
T 1T |

U

N

L —
N
\_‘

o
1

| mi

P43/TMCIy/XDDB; ==~ 3

=1
IN

P77/AN; —»
P76/ANg —
P75/ANg —
P74/AN, —=
P73/AN; —=
P7,/AN, —
P7./AN; —=
P7o/ANg —
AVcce
AVgs — =
P5¢/TXDg ~—=| T
P5;/RXDg |
P5,/SCKg = 7' |/ ‘

P4o/TMClo/XDDBg <]
P41/TMOG/XDDB;
P4,/TMRIg/XDDB, <~
P4,/TMO,/XDDB, ~—
P45/TMRI;/XDDBg ~—

P4g/FTOA;/XDDBg ~—~]

P47/FTOB/XDDB7 =]

Note: * CP-84 and CG-84 only.

Figure 1.1 Block Diagram
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Figure 1.2 Sfows e pir arrargerticerit O1 tre LF-o4 dllid CLo-o4 Padlkaces. rigurec 1.5 SHow

arrangement of the FP-80A and TFP-80C packages.

HD6473318TF16"0J

RES []

XTAL []
EXTAL []

MD; [}

MDg []

NMI []

STBY []

Vee [
P5,/SCKo []
P51/RXD0 |:
P54/TxDg |:
Vss []

Vss []
P9,/WAIT/WE []
Pgelﬂ |:
P9s/AS/RDY [|
P9,/WRJ/OE [
P9:/RD/CS [
P9,/IRQy [

P9.1/IRQ/XCS []
2 [

P9,/ADTRG/IRQ

P3,/D,/DDB,
P34/D3/DDB3
P3,/D,/DDB,
P3,/D,/DDB;
P3,/Dg/DDBy
P1o/Ag/TPo
PL1,/AL/TP;
PL,/A,ITP,
P1a/As/TP3

OO IO

£ [] P84/SCK,/IRAsIXOE
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~ :l P82/R82
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Figure 1.2 Pin Arrangement (CP-84 and CG-84, Top View)
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Figure 1.3 Pin Arrangement (FP-80A and TFP-80C, Top View)
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Table 1.2

Expanded Modes

Pin Assignments in Each Operating Mode

Single-Chip Mode

RENESAS

Pin No. Mode 1 Mode 2 Mode 3
0 O "HD6473318TF16" &1 O PBI PBI PBI PBI
—cP-84—FP-86A—FEnabted Disabled Disabled Disabled Enabled PROM
CG-84 TFP-80C (DPME=1) (DPME=0) (DPME=0) (DPME=0) (DPME=1) Mode
1 71 Ds Ds D P3; DDB; EO;
2 - Vss Vss Vss Vss Vss Vss
3 72 D, D, D, P3, DDB, EO,
4 73 VSS VSS VSS VSS VSS VSS
5 74 RS, P8, P8, P8, RS, NC
6 75 RS, P8, P8, P8, RS, NC
7 76 RS, P8, P8, P8, RS, NC
8 77 WRQ/XRDY P8, P8, P8, WRQ NC
9 78 XWE P8,/TxD,/ P8,/TxD,/ P8,/TxD,/ P8,/TxD,/ NC
IRQ, IRQ, IRQ, IRQ,
10 79 P8./RxD,/ P8,/RxD,/ P8./RxD,/ P8./RxD,/ P8,/RxD,/ NC
IRQ, IRQ, IRQ, IRQ, IRQ,
11 80 XOE P8,/SCK,/ P8,/SCK,/ P8,/SCK,/ P8,/SCK,/ NC
IRQ, IRQ, IRQ, IRQ,
12 1 RES RES RES RES RES Vee
13 2 XTAL XTAL XTAL XTAL XTAL NC
14 3 EXTAL EXTAL EXTAL EXTAL EXTAL NC
15 4 MD, MD, MD, MD, MD, Vg
16 5 MD, MD, MD, MD, MD, Vg
17 6 NMI NMI NMI NMI NMI EA,
18 7 STBY STBY STBY STBY STBY Vs
19 8 VCC VCC VCC VCC VCC VCC
20 9 P5,/SCK, P5,/SCK, P5,/SCK, P5,/SCK, P5,/SCK, NC
Note: Pins marked NC should be left unconnected.
For details on PROM mode, refer to 17.2, PROM Mode.
8
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LI LI ] LI ) LI )

LI |

CP-84 FP-80A Enabled Disabled Disabled Disabled Enabled PROM
CG-84 TFP-80C (DPME=1) (DPME=0) (DPME=0) (DPME=0) (DPME=1) Mode
21 10 P5,/RxD, P5,/RxD, P5,/RxD, P5,/RxD, P5,/RxD, NC
22 11 P5,/TxD, P5,/TxD, P5,/TxD, P5,/TxD, P5,/TxD, NC
0O O "HDe473318TF16" T 0 O
ng -Lp) \;:lb VSS VSS VSS VSS VSS
24 - Vss Vss Vss Vss Vss Vss
25 13 WAIT WAIT WAIT P9, WE NC
26 14 [ g o P9./2 P9./o NC
27 15 AS AS AS P9, RDY NC
28 16 WR WR WR P9, OE NC
29 17 RD RD RD P9, cs NC
30 18 P9,/IRQ, P9,/IRQ, P9,/IRQ, P9,/IRQ, P9,/IRQ, PGM
31 19 XCS P9,/IRQ, P9,/IRQ, P9,/IRQ, P9,/IRQ, EA,
32 20 P9,/IRQ,/  P9,/IRQ,/ P9,/IRQ,/ P9,/IRQ,/  P9,/IRQ,/ EA,
ADTRG ADTRG ADTRG ADTRG ADTRG
33 21 P6,/ETMCI/ P6,/FTCI P6,/FTCI P6,/FTCI P6,/FTCI NC
FTCI
34 22 P6,/FTOA, P6,/FTOA, P6,/FTOA, P6,/FTOA, P6,/FTOA, NC
35 23 P6,/FTIA/  P6,/FTIA/ P6,/FTIA/ P6,/FTIA/  P6,/FTIA/ NC
FTI FTI FTI FTI FTI
36 24 P6,/ETMRI/ P6./FTIB P6./FTIB P6,/FTIB P6,/FTIB Vee
FTIB
37 25 P6,/ETMO,/ P6,/FTIC P6,/FTIC P6,/FTIC P6,/FTIC Vee
FTIC
38 26 P6./ETMCI,/ P6./FTID P6./FTID P6./FTID P6./FTID NC
FTID
39 27 P6,/ETMRI/ P6,/FTOB/ P6/FTOB/ P6/FTOB/ P6/FTOB/ NC
FTOB,/IRQ, IRQ, IRQ, IRQ, IRQ,
40 28 P6.,/ETMO,/ P6./IRQ, P6./IRQ, P6./IRQ, P6./IRQ, NC
IRQ,
Note: Pins marked NC should be left unconnected.
For details on PROM mode, refer to 17.2, PROM Mode.
9
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LI )

LI |

LI

LI )

LI |

CP-84 FP-80A Enabled Disabled Disabled Disabled Enabled PROM
CG-84 TFP-80C (DPME=1) (DPME=0) (DPME=0) (DPME=0) (DPME=1) Mode
41 — Vss Vss Vss Vss Vss Vss
42 29 AV  AVg AVee AVee AVee Ve
U O "HR64733I8TFIO T P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC
44 31 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC
45 32 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC
46 33 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC
47 34 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC
48 35 P7,/AN, P7./AN, P7./AN, P7,/AN, P7./AN, NC
49 36 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC
50 37 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC
51 38 AV, AV AV, AV, AV Ve
52 39 XDDB, P4,/TMCl,  P4,/TMCI,  P4/TMCl, P4,/TMCl, NC
53 40 XDDB, P4,/TMO, P4,/TMO, P4,/TMO, P4,/TMO, NC
54 41 XDDB, P4,/TMRI,  P4,/TMRI, P4,/TMRI, P4,/TMRI, NC
55 42 XDDB, P4,/TMCI,  P4,/TMCI,  P4,/TMCIl, P4,/TMCIl, NC
56 43 XDDB, P4,/TMO,  P4,/TMO, P4,/TMO, P4,/TMO, NC
57 44 XDDB, P4J/TMRI,  P4J/TMRI, P4/TMRI, P4J/TMRI, NC
58 45 XDDB, P4,/FTOA, P4/JFTOA, P4JFTOA, P4JFTOA, NC
59 46 XDDB, P4,/FTOB, P4,/FTOB, P4,/FTOB, P4,/FTOB, NC
60 47 Vee Vee Vee Vee Vee Vee
61 48 A A P2/AITP, P2,/TP,, P2,/TP,, CE
62 49 A, A, P2/ALITP,, P2J/TP, P2,/TP,, EA,,
63 50 AL AL P2JA /TP, P2J/TP, P2./TP,, EA,
64  — Vs Vas Ves Vs Vas Ves
65 51 A, A, P2,/A,ITP,, P2,/TP, P2,/TP,, EA,,
66 52 A, A, P2,/A, TP, P2/TP, P2,/TP,, EA,
Note: Pins marked NC should be left unconnected.
For details on PROM mode, refer to 17.2, PROM Mode.
10

RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

LI LI ] LI ) LI ) LI |

CP-84 FP-80A Enabled Disabled Disabled Disabled Enabled PROM
CG-84 TFP-80C (DPME=1) (DPME=0) (DPME=0) (DPME=0) (DPME=1) Mode
67 53 Ay A, P2,/ATP,, P2,/TP,,  P2/TP,  EA,
68 54 A A, P2/AJTP,  P2,/TP, P2,/TP, OE
U O "HREATISIETFIO" T (70 A, P2JAJTP, P2,/TP, P2,/TP, EA,
70 56 Vee Vee Vee Vee Vee Vee
71 57 A, A, PL/A/TP, PL/TP, P1,/TP, EA,
72 58 A, A, P1JAJTP, PL/TP, P1/TP, EA,
73 59 A A, P1/AJTP, P1JTP, P1/TP, EA,
74 60 A, A, P1/A/TP, PL/TP, P1,/TP, EA,
75 61 A, A, P1JAJ/TP, PL/TP, P1,/TP, EA,
76 62 A, A, P1/A/TP, PL/TP, P1,/TP, EA,
77 63 A, A, P1/A/TP, PL/TP, P1,/TP, EA,
78 64 A, A, P1/AJTP, PL/TP, P1,/TP, EA,
79 65 D, D, D, P3, DDB, EO,
80 66 D, D, D, P3, DDB, EO,
81 67 D, D, D, P3, DDB, EO,
82 68 D, D, D, P3, DDB, EO,
83 69 D, D, D, P3, DDB, EO,
84 70 D, D, D, P3, DDB, EO,

Note: Pins marked NC should be left unconnected.
For details on PROM mode, refer to 17.2, PROM Mode.

11
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Pin No.

CP-84 FP-80A
Type Symbol CG-84 TFP-80C 1/O Name and Function
" If%v " 19, 60 8,47 I Power: Connected to the power supply.
DO"H ﬁ3318TF\i(6 oo Connect both V. pins to the system
power supply.

Vs 2,4,23, 12,56, Ground: Connected to ground (0 V).

24,41, 73 Connect all V4 pins to system ground
64, 70 OV).

Clock XTAL 13 2 Crystal: Connected to a crystal
oscillator. The crystal frequency should
be the same as the desired system
clock frequency. When an external
clock is input from the EXTAL pin, an
inverse-phase clock should be input to
the XTAL pin.

EXTAL 14 3 External crystal: Connected to a
crystal oscillator or external clock. The
frequency of the external clock should
be the same as the desired system
clock frequency. See section 7.2,
Oscillator Circuit, for examples of
connections to a crystal and external
clock.

[} 26 14 (0] System clock: Supplies the system
clock to peripheral devices.

System RES 12 1 Reset: A low input causes the chip to

control reset.
STBY 18 7 Standby: A transition to hardware
standby mode (a power-down state)
occurs when a low input is received at
the STBY pin.
Address A t0A, 61to63, 48to55 O Address bus: Address output pins.
bus 65t0 69, 57to64
71t0 78

Data bus D, to D, 3,1, 72 to 65 Ife] Data bus: 8-bit bidirectional data bus.
841079

12
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Bus control ~ WAIT 25 13 Wait: Requests the CPU to insert wait
states into the bus cycle when an
external address is accessed.

RD 29 17 o} Read: Goes low to indicate that the
0 [0 "HD6473318TF16"[1 [1 [ CPU is reading an external address.
WR 28 16 (0] Write: Goes low to indicate that the
CPU is writing to an external address.
AS 27 15 o} Address strobe: Goes low to indicate
that there is a valid address on the
address bus.

Interrupt NMI 17 6 Non-maskable interrupt:  Highest-

signals priority interrupt request. The NMIEG bit
in the system control register
determines whether the interrupt is
recognized at the rising or falling edge
of the NMI input.

IRQ, to 30to 32, 18t020, | Interrupt request 0 to 7:  Maskable
IRQ, 9to 11, 78to 80, interrupt request pins.
39, 40 27,28

Operating MD,, 15 4 Mode: Input pins for setting the MCU

mode MD, 16 5 operating mode according to the table

control below.

These pins must not be changed during
MCU operation.

MD, MD, Mode Description

0 0 Mode 0 Setting
prohibited

0 1 Mode 1 Expanded mode
with on-chip
ROM disabled

1 0 Mode 2 Expanded mode
with on-chip
ROM enabled

1 1 Mode 3 Single-chip
mode

RENESAS
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16-bit free- FTCI 33 21 FRT counter clock input:  Input pin for
running an external clock signal for the free-
timer (FRT) running counter (FRC) in FRTO and
FRT1.
" , 34 22 (0] FRT output compare A:  Output pin for
ERE HD6473318TWQ; U DSS 45 output compare A in FRTO and FRT1.
FTOB,, 39 27 (0] FRT output compare B: Output pin for
FTOB, 59 46 output compare B in FRTO and FRT1.
FTIA, 35 23 FRT input capture A: Input pin for
FTI 35 23 input capture A in FRTO, input pin for
input capture in FRT1.
FTIB 36 24 FRT input capture B: Input pin for
input capture B in FRTO.
FTIC 37 25 FRT input capture C: Input pin for
input capture C in FRTO.
FTID 38 26 FRT input capture D: Input pin for
input capture D in FRTO.
8-bit timer TMO,, 53 40 (0] 8-bit timer output (channels 0 and 1):
TMO, 56 43 Compare-match output pins for the 8-bit
timers.
TMCl,, 52 39 8-bit timer counter clock input
TMCI, 55 42 (channels 0 and 1): External clock
input pins for the 8-bit timer counters.
TMRI,, 54 41 8-bit timer counter reset input
TMRI, 57 44 (channels 0 and 1): Inputs at these
pins reset the 8-bit timer counters.
8-bit timer ETMO,, 37 25 (0] 8-bit timer output (channels 0 and 1):
(pins used ETMO, 40 28 Compare-match output pins for the 8-bit
in expanded timers.
ledgs when ETMCI,, 33 21 8-bit timer counter clock input
ETMCI, 38 26 (channels 0 and 1): External clock
enabled) ) ) o
input pins for the 8-bit timers.
ETMRI,, 36 24 8-bit timer counter reset input
ETMRI, 39 27 (channels 0 and 1): Inputs at these
pins reset the 8-bit timer counters.
14
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Program- TP, to 61to 63, 48to55, O TPC output 15 to 0: Pulse output pins.
mable timing TP, 65t069, 57to64
pattern 71t0 78
controller
D D ||Hr\-lf-‘PAc—:I"1f\4 QTCAQU] ]
e L A 5 = 22 11 (0] Transmit data (channels 0 and 1):
munication TxD, 9 78 Data output pins for the serial
interface communication interface.
(SCh) RxD,, 21 10 Receive data (channels 0 and 1):
RxD, 10 79 Data input pins for the serial
communication interface.
SCK,, 20 9 I/O Serial clock (channels 0 and 1):
SCK, 11 80 Input/output pins for the serial clock.
A/ID AN, to 50t043 37to 30 I Analog input:  Analog signal input pins
converter AN, for the A/D converter.
ADTRG 32 20 A/D trigger: External trigger input for
starting the A/D converter.
AV 42 29 Analog reference voltage: Reference
voltage pin for the A/D converter. If the
A/D converter is not used, connect AV
to the system power supply. Refer to
section 19, Electrical Specifications.
AV 51 38 Analog ground: Ground pin for the A/D
converter. Connect to system ground
O V).
Dual-port DDB, to 3,1, 72 to 65 I/0 DPRAM data bus: 8-bit bidirectional
RAM DDB, 84 to 79 data bus for DPRAM access by an
(DPRAM) external CPU.
cs 29 17 Chip select: Chip select input pin for
selecting DPRAM.
RS, to 7t05 76to 74 I Register select: Address input pins for
RS, accessing DPRAM.
OE 28 16 Output enable: Output enable input pin
for reading DPRAM.
WE 25 13 Write enable: Write enable input pin for

writing to DPRAM.

RENESAS
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Dual-port
RAM
(DPRAM)

0 0 "HD6473318TF16"[1 [1 [1

RDY

27

15

Ready: Ready output pin for sending
interrupt requests to an external CPU.
NMOS open-drain output.

WRQ

8

77

Wait request: Output pin for sending
wait requests to an external CPU.

Dual-port
RAM
(DPRAM)
(pin functions
in expanded
modes when
PBl is
enabled)

XDDB, o
XDDB,

59 to 52

46 to 39

110

DPRAM data bus: 8-bit bidirectional
data bus for DPRAM access by an
external CPU.

CS

x

31

19

Chip select: Chip select input pin for
selecting DPRAM.

RS, to
RS,

7t05

76to 74

Register select: Address input pin for
accessing DPRAM.

XOE

11

80

Output enable: Output enable input pin
for reading DPRAM.

78

Write enable: Write enable input pin for
writing to DPRAM.

77

Ready/wait request: Output pin for
sending interrupt requests to an
external CPU.

I/O ports

71to0 78

57 to 64

110

Port 1: An 8-bit input/output port with
programmable MOS input pull-ups and
LED driving capability. The direction of
each bit can be selected in the port 1
data direction register (P1LDDR).

P2, to P2,

61 to 63,
65 to 69

48 to 55

110

Port 2: An 8-bit input/output port with
programmable MOS input pull-ups and
LED driving capability. The direction of
each bit can be selected in the port 2
data direction register (P2DDR).

P3, to P3,

3,1,
841079

72 to 65

110

Port 3: An 8-bit input/output port with
programmable MOS input pull-ups. The
direction of each bit can be selected in
the port 3 data direction register
(P3DDR).

16
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1/O ports P4,to P4, 59to 52

46 to 39

110

Port 4: An 8-bit input/output port. The
direction of each bit can be selected in
the port 4 data direction register
(P4DDR).

0 0 "HD6473318 TFI PR 2010 22

9to 11

110

Port 5: A 3-bit input/output port. The
direction of each bit can be selected in
the port 5 data direction register
(P5DDR).

P6,to P6, 40to 33

281021

110

Port 6: An 8-bit input/output port. The
direction of each bit can be selected in
the port 6 data direction register
(P6DDR).

P7,t0 P7, 50 to 43

3710 30

Port 7: An 8-bit input port.

P8,t0o P8, 1lto5

80to 74

110

Port 8: A 7-bit input/output port. The
direction of each bit can be selected in
the port 8 data direction register
(P8DDR).

P9, to P9, 25t0 32

13to 20

110

Port 9: An 8-bit input/output port. The
direction of each bit (except for P9,) can
be selected in the port 9 data direction
register (P9DDR).

RENESAS
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The H8/300 CPU is a fast central processing unit with eight 16-bit general registers (also
configurable as 16 eight-bit registers) and a concise instruction set designed for high-spee
operation.

U O "HD64 133183 &=kGred U U

The main features of the H8/300 CPU are listed below.

» Two-way register configuration
0 Sixteen 8-bit general registers, or
O Eight 16-bit general registers
» Instruction set with 57 basic instructions, including:
O Multiply and divide instructions
O Powerful bit-manipulation instructions
» Eight addressing modes
Register direct (Rn)
Register indirect (@Rn)
Register indirect with displacement (@(d:16, Rn))
Register indirect with post-increment or pre-decrement (@Rn+ or @—Rn)
Absolute address (@aa:8 or @aa:16)
Immediate (#xx:8 or #xx:16)
PC-relative (@(d:8, PC))
Memory indirect (@ @aa:8)
* Maximum 64-kbyte address space
» High-speed operation

i e e s s o

O All frequently-used instructions are executed in two to four states
O The maximum clock rate is 16 MHz/5 V, 12 MHz/4 V, or 10 MHz/3 V (g clock)
O 8- or 16-bit register-register add or subtract: 125 ns (16 MHz operation),

167 ns (12 MHz operation), 200 ns (10 MHz operation)

O 8 x 8-bit multiply: 875 ns (16 MHz operation), 1167 ns (12 MHz operation),
1400 ns (10 MHz operation)
0 16 + 8-bit divide: 875 ns (16 MHz operation), 1167 ns (12 MHz operation),
1400 ns (10 MHz operation)
* Power-down mode

0 SLEEP instruction

19
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2.13 Register Configuration

Figure 2.1 shows the internal register structure of the H8/300 CPU. There are two groups o

O O "Hie6kTa31 8leFdétierdlrégisters and control registers.

General registers (Rn)

7 07 0
ROH ROL
R1H R1L
R2H R2L
R3H R3L
R4H R4L
R5H R5L
R6H R6L
R7H (SP) R7L SP: Stack pointer

Control registers
15 0
PC | PC: Program counter

76543210
ccr [1|ulH]un|zlv]c]  ccr: condition code register
-

Carry flag

— Overflow flag

Zero flag

Negative flag

Half-carry flag

Interrupt mask bit
User bit
User bit

Figure 2.1 CPU Registers

20
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Al TIe gelierdl redistels Call De usel as DOL Udld Ieglistels allld auluress regisiels. Vvlicerl
address registers, the general registers are accessed as 16-bit registers (RO to R7). Wher
data registers, they can be accessed as 16-bit registers, or the high and low bytes can be
separately as 8-bit registers (ROH to R7H and ROL to R7L).

0 O "HD®ZBRIBINENG1§]as]the stack pointer, used implicitly by hardware in processing interrupts
subroutine calls. In assembly-language coding, R7 can also be denoted by the letters SP.
indicated in figure 2.2, R7 (SP) points to the top of the stack.

/\/

Unused area

SP (R7) —»

Stack area

/\/

Figure 2.2 Stack Pointer

2.2.2 Control Registers

The CPU control registers include a 16-bit program counter (PC) and an 8-bit condition co
register (CCR).

(1) Program Counter (PC): This 16-bit register indicates the address of the next instructior
CPU will execute. Each instruction is accessed in 16 bits (1 word), so the least significant
the PC is ignored (always regarded as 0).

(2) Condition Code Register (CCR)This 8-bit register contains internal status information,
including carry (C), overflow (V), zero (Z), negative (N), and half-carry (H) flags and the int
mask bit (1).

Bit 7—Interrupt Mask Bit (I): When this bit is set to 1, all interrupts except NMI are maske
This bit is set to 1 automatically by a reset and at the start of interrupt handling.

21
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Similarly, it is set to 1 when the ADD.W, SUB.W, or CMP.W instruction causes a carry or b
out of bit 11, and cleared to 0 otherwise. It is used implicitly in the DAA and DAS instruction

Bit 4—User Bit (U): This bit can be written and read by software (using the LDC, STC, ANC

0 0 "HBET BT PR [fsterions)-

Bit 3—Negative Flag (N): This flag indicates the most significant bit (sign bit) of the result of
instruction.

Bit 2—Zero Flag (2): This flag is set to 1 to indicate a zero result and cleared to O to indicat
nonzero result.

Bit 1—Overflow Flag (V): This flag is set to 1 when an arithmetic overflow occurs, and clea
to O at other times.

Bit 0—Carry Flag (C): This flag is used by:

e Add and subtract instructions, to indicate a carry or borrow at the most significant bit of t
result

» Shift and rotate instructions, to store the value shifted out of the most significant or least
significant bit

» Bit manipulation and bit load instructions, as a bit accumulator

The LDC, STC, ANDC, ORC, and XORC instructions enable the CPU to load and store the
and to set or clear selected bits by logic operations. The N, Z, V, and C flags are used in
conditional branching instructions (Bcc).

For the action of each instruction on the flag bits, se¢l81800 Series Programming Manual.

2.2.3 Initial Register Values

When the CPU is reset, the program counter (PC) is loaded from the vector table and the ir
mask bit (1) in the CCR is set to 1. The other CCR bits and the general registers are not initi
In particular, the stack pointer (R7) is not initialized. The stack pointer should be initialized t
software, by the first instruction executed after a reset.
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Bit manipulation instructions operate on 1-bit data specified as bitn (n=0, 1, 2, ..., 7) ii

operand.
All arithmetic and logic instructions except ADDS and SUBS can operate on byte data.

» The DAA and DAS instructions perform decimal arithmetic adjustments on byte data in

0 [ "HD6478XesIBCH' farm. [Bach nibble of the byte is treated as a decimal digit.
The MOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 bits8 bits), and

DIVXU (16 bits + 8 bits) instructions operate on word data.

RENESAS
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|:||:|ll

pata lype

1-bit data

1-bit data

Byte data

Byte data

Word data

4-bit BCD data

4-bit BCD data

Legend

Reglster NO. pala Format
7 O
RiH |7 6[5[4af[3]2]1]0] Dontcare
.................................................... 7 0
RL E Dontcare (716154 /3/2]1]0]
7 O
RH |mss s8] Dontcare
.................................................... 7 0
RL L Dontcare |wss, s
15 0
Rn |MSB‘ :LSB|
7 4 3 O
RnH | :UPPE‘:fdigit: :Lowe:fdigit: |...................P.(.’.n.'.t.p."?‘.r? ....................
..................................................... 7 4 3 0
RRL . Don'tcare | Upperdigit Lower digit

RnH: Upper digit of general register
RnL: Lower digit of general register
MSB: Most significant bit
LSB: Least significant bit

24

Figure 2.3 Register Data Formats
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significant bit of the address is regarded as 0. If an odd address is specified, no address e
occurs but the access is performed at the preceding even address. This rule affects MOV.
instructions and branching instructions, and implies that only even addresses should be st
the vector table.

U 0 "HD6473318TF16" 1 1

Data Type Address Data Format
7 0
1-bit data Addressn | 7|65 |a]3]2]1]0
Byte data Address n MSB: :LSB
Word data Even address MSB; } L;Jpper;8bit;s -
Odd address Lower 8 bits LsB
MSB CCR LSB
Byte data (CCR) on stack Even address —t—t—F—t—+—
Odd address |MSB , CCR* LsB
Word data on stack Even address MSB: 1 1 — 1 1
Odd address |LsB

Note: * Ignored on return

Legend
CCR: Condition code register

Figure 2.4 Memory Data Formats

When the stack is addressed by register R7, it must always be accessed a word at a time.
CCR is pushed on the stack, two identical copies of the CCR are pushed to make a compl
When they are restored, the lower byte is ignored.
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11e No/oVUU LIFU SUPPOTLS Cligrlit aUuressiriy Mmodes. £actl HNstructorn uses a subsel O Lest
addressing modes.

Table 2.1  Addressing Modes

0 0 "H¥847331¥eFE"N9 Yiods Symbol
(1) Register direct Rn
2) Register indirect @Rn
3) Register indirect with displacement @(d:16, Rn)
4) Register indirect with post-increment @Rn+
Register indirect with pre-decrement @-Rn
(5) Absolute address @aa:8 or @aa:16
(6) Immediate #xx:8 or #xx:16
©) Program-counter-relative @(d:8, PC)
(8) Memory indirect @@aa:8

(1) Register Direct—Rn: The register field of the instruction specifies an 8- or 16-bit genera
register containing the operand. In most cases the general register is accessed as an 8-bit
Only the MOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 bits8 bits), and
DIVXU (16 bits + 8 bits) instructions have 16-bit operands.

(2) Register indirect—@Rn:The register field of the instruction specifies a 16-bit general
register containing the address of the operand.

(3) Register Indirect with Displacement—@(d:16, Rn)This mode, which is used only in
MOV instructions, is similar to register indirect but the instruction has a second word (bytes
4) which is added to the contents of the specified general register to obtain the operand adt
For the MOV.W instruction, the resulting address must be even.

(4) Register Indirect with Post-Increment or Pre-Decrement—@Rn+ or @—Rn:

» Register Indirect with Post-Increment—@Rn+
The @Rn+ mode is used with MOV instructions that load registers from memory.
It is similar to the register indirect mode, but the 16-bit general register specified in the re
field of the instruction is incremented after the operand is accessed. The size of the incr
is 1 or 2 depending on the size of the operand: 1 for MOV.B; 2 for MOV.W. For MOV.W,
original contents of the 16-bit general register must be even.
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dcclcineritis 1 OF £ acepceridifng on e siZe Of the opelralid. L 101 VIUV.D, £ 101 VIUV.VV.
MOV.W, the original contents of the 16-bit general register must be even.

(5) Absolute Address—@aa:8 or @aa:16the instruction specifies the absolute address of
operand in memory. The MOV.B instruction uses an 8-bit absolute address of the form H'F
0 O "HD®473838T3-hBs[@relassumed to be 1, so the possible address range is H'FF00 to H'FFFF

65535). The MOV.B, MOV.W, JMP, and JSR instructions can use 16-bit absolute address

(6) Immediate—#xx:8 or #xx:16:The instruction contains an 8-bit operand in its second by
a 16-bit operand in its third and fourth bytes. Only MOV.W instructions can contain 16-bit
immediate values.

The ADDS and SUBS instructions implicitly contain the value 1 or 2 as immediate data. St
manipulation instructions contain 3-bit immediate data (#xx:3) in the second or fourth byte
instruction, specifying a bit number.

(7) Program-Counter-Relative—@(d:8, PC):This mode is used to generate branch addres
in the Bcc and BSR instructions. An 8-bit value in byte 2 of the instruction code is added a
sign-extended value to the program counter contents. The result must be an even number
possible branching range is —126 to +128 bytes (-63 to +64 words) from the current addre

(8) Memory Indirect—@ @aa:8: This mode can be used by the JMP and JSR instructions.
second byte of the instruction code specifies an 8-bit absolute address from H'0000 to H'O
to 255). The word located at this address contains the branch address. The upper 8 bits of
absolute address are 0 (H'00), thus the branch address is limited to values from 0 to 255 (
H'O0FF). Note that some addresses in this area are also located in the vector table. See s
Address Space Map in Each Operating Mode, for details.

If an odd address is specified as a branch destination or as the operand address of a MO\
instruction, the least significant bit is regarded as 0, causing word access to be performed
address preceding the specified address. See section 2.3.2, Memory Data Formats, for fu
information.
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SUBX.B, CMP.B, AND.B, OR.B, and XOR.B instructions can also use immediate addressir

The MOV instruction uses all the addressing modes except program-counter relative (7) an
memory indirect (8).

U 0O "HBYohanddihtd ihdtkddtions use register direct (1), register indirect (2), or 8-bit absolute (5)

addressing to identify a byte operand, and 3-bit immediate addressing to identify a bit withir
byte. The BSET, BCLR, BNOT, and BTST instructions can also use register direct address;
to identify the bit.
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MLYyiatol Uil vl, Il

regm regn
15 87 43 0 T T
op regm| regn )
Operands are contained
in registers regm and regn
LT HD6473318TR16™ HHH
Z Register indirect, @Rn 15 0
= 16-hit register contents
15 0
15 76143 0 |
op reg
3 Register indirect with
displacement, @(d:16, Rn) 1 0
= 16-bit register contents j 15 0
15 7643 0 O
op reg disp J
disp f
4 Regls_ter indirect with 15 0 15 0
post-increment, @Rn+ - -
16-bit register contents
15 7643 0 A Y
op reg ]
lor2*
Register indirect with 15 0
pre-decrement, @-Rn
16-bit register contents
I 1 15 0
15 76 143 0 ;
op reg j
lor2*
Note: * 1 for a byte operand,
2 for a word operand
29
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@aa:8 H'EE

15 87 0 T
op abs

U O "HD6473@k&1616" 1 [ U

15 0 15
op
abs T
6 Immediate Operand is 1- or 2-byte
#xx:8 immediate data
15 87 0
op IMM
#xx:16
15 0
op
IMM
7 PC-relative 19 0
@(d:8, PC) PC contents
1 15
P—r
15 87 0 extension
op disp i
30
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15 87

op

abs

0 0O "HD6473318TF16" U U

15 87 l

H'00

15

Memory contents
(16 bits)

Legend

reg:
op:
disp:
IMM:
abs:

General register
Operation code
Displacement
Immediate data
Absolute address

RENESAS
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Function Instructions Types
Data transfer MOV, MOVTPE*®, MOVFPE*?, PUSH**, POP** 3
Arithmetic operations ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, 14
0 0 "HD6473318TF16"01 001 .00 DAA, DAS, MULXU, DIVXU, CMP, NEG
Logic operations AND, OR, XOR, NOT 4
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL,
ROTXR
Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, 14
BIOR, BXOR, BIXOR, BLD, BILD, BST, BIST
Branch Bce*?, JMP, BSR, JSR, RTS 5
System control RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 8
Block data transfer EEPMOV 1
Total 57

Notes: 1. PUSH Rn is equivalent to MOV.W Rn, @-SP.
POP Rn is equivalent to MOV.W @SP+, Rn.

2. Bccis a conditional branch instruction in which cc represents a condition code.

3. Not supported by the H8/3318.
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Rd

General register (destination)

Rs General register (source)
Rn General register
(EAd) Destination operand

0 U "HOEeA43318TFI6"U d ff ce operand
SP Stack pointer
PC Program counter
CCR Condition code register
N N (negative) flag of CCR
V4 Z (zero) flag of CCR
\% V (overflow) flag of CCR
C C (carry) flag of CCR
#imm Immediate data
#xx:3 3-bit immediate data
#xx:8 8-bit immediate data
#xx:16 16-bit immediate data
disp Displacement
+ Addition
- Subtraction
X Multiplication
+ Division
O AND logical
O OR logical
O Exclusive OR logical
. Move
- Not

RENESAS
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Instruction Size * Function
MOV B/W (EAs) - Rd, Rs - (EAd)

Moves data between two general registers or between a general
register and memory, or moves immediate data to a general register.

0 0 "HD6473318TF16"0 UJ [ The Rn, @Rn, @(d:16, Rn), @aa:16, #xx:8 or #xx:16, @—Rn, and

@Rn+ addressing modes are available for byte or word data. The
@aa:8 addressing mode is available for byte data only.

The @—-R7 and @R7+ modes require word operands. Do not specify
byte size for these two modes.

MOVTPE B Not supported by the H8/3318.
MOVFPE B Not supported by the H8/3318.
PUSH w Rn - @-SP

Pushes a 16-bit general register onto the stack. Equivalent to
MOV.W Rn, @-SP.

POP W @SP+ - Rn
Pops a 16-bit general register from the stack. Equivalent to MOV.W
@SP+, Rn.
Note: * Size: Operand size
B: Byte
W: Word
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‘ rm ‘ m |@Rm~_>Rn

15 8 7 0
op ‘ rm ‘ m
@(d:16, Rm) —~ - Rn
00 "HD6473318TF16"[1 [1 [ disp
15 8 7 0
T T T T T T T T T @Rm+—> Rn’ or
| op ‘ m ‘ m | RN - @—Rm
15 8 7 0
| op m ‘ abs | @aa:8 - - Rn
15 8 7 0
op m
@aa:16 - - Rn
abs
15 8 7 0
op m IMM #xx:8 - Rn
15 8 7 0
op ‘ rn
#xx:16 - Rn
IMM
15 8 7 0
op ‘ m
MOVFPE, MOVTPE
abs
15 8 7 0
op ‘ m POP, PUSH
Legend
op: Operation field
rm, rn: Register field
disp:  Displacement
abs:  Absolute address
IMM: Immediate data

Figure 2.5 Data Transfer Instruction Codes
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Table 2.5

Instruction

Arithmetic Instructions

Size *

Function

ADD

B/W

O O "HB¥473318TF16"0 O O

Rd £+ Rs - Rd, Rd + #imm - Rd

Performs addition or subtraction on data in two general registers, or
addition on immediate data and data in a general register.
Immediate data cannot be subtracted from data in a general register.
Word data can be added or subtracted only when both words are in
general registers.

ADDX B Rd+Rs+C - Rd,Rd£#imm+C - Rd

SUBX Performs addition or subtraction with carry or borrow on byte data in
two general registers, or addition or subtraction on immediate data
and data in a general register.

INC B Rd+1 - Rd

DEC Increments or decrements a general register.

ADDS w Rd+1 - Rd,Rd+*2 - Rd

SUBS Adds or subtracts immediate data to or from data in a general
register. The immediate data must be 1 or 2.

DAA B Rd decimal adjust — Rd

DAS Decimal-adjusts (adjusts to packed BCD) an addition or subtraction
result in a general register by referring to the CCR.

MULXU B Rd xRs - Rd
Performs 8-bit x 8-bit unsigned multiplication on data in two general
registers, providing a 16-bit result.

DIVXU B Rd+Rs - Rd
Performs 16-bit + 8-bit unsigned division on data in two general
registers, providing an 8-bit quotient and 8-bit remainder.

CMP B/W Rd — Rs, Rd — #imm
Compares data in a general register with data in another general
register or with immediate data. Word data can be compared only
between two general registers.

NEG B 0-Rd - Rd

Obtains the two’s complement (arithmetic complement) of data in a
general register.

Note: * Size: Operand size
B: Byte
W: Word

36
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Table 2.6  Logic Operation Instructions

Instruction Size *

Function

AND B
0 0O "HD6473318TF16" U U

Rd ORs - Rd, Rd O#imm - Rd

Performs a logical AND operation on a general register and another
general register or immediate data.

OR B

Rd ORs - Rd, Rd O#imm - Rd

Performs a logical OR operation on a general register and another
general register or immediate data.

XOR B

Rd O Rs - Rd, Rd O #imm - Rd

Performs a logical exclusive OR operation on a general register and
another general register or immediate data.

NOT B

- (Rd) - (Rd)

Obtains the one’s complement (logical complement) of general
register contents.

Note: * Size: Operand size
B: Byte
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Table 2.7  Shift Instructions

Instruction Size * Function
SHAL B Rd shift - Rd
00 "HW3318TF16"D 10 Performs an arithmetic shift operation on general register contents.
SHLL B Rd shift - Rd
SHLR Performs a logical shift operation on general register contents.
ROTL B Rd rotate — Rd
ROTR Rotates general register contents.
ROTXL B Rd rotate through carry — Rd
ROTXR Rotates general register contents through the C (carry) bit.
Note: * Size: Operand size
B: Byte
38
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Uu"k

| DAA, DAS, NEG, NOT

|MULXU, DIVXU

ADD, ADDX, SUBX,
CMP (#xx:8)

|AND,OR,XOR(Rm)

|AND, OR, XOR (#xx:8)

SHAL, SHAR, SHLL, SHLR,
ROTL, ROTR, ROTXL, ROTXR

15 8 7
| op ‘ rm n
D6473318TF16"0 1 s 7
| op | m ‘ IMM
15 8 7
| op ‘ rm rn
15 8 7
| op m ‘ IMM
15 8 7
| op m
Legend
op: Operation field
rm, rn: Register field
IMM: Immediate data

Figure 2.6

Arithmetic, Logic, and Shift Instruction Codes

RENESAS
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Instruction

Size *

Function

BSET

0 0O "HD6473318TF16" U U

B

1 - (<bit no.> of <EAd>)

Sets a specified bit in a general register or memory to 1. The bit is
specified by a bit number, given in 3-bit immediate data or the lower
three bits of a general register.

BCLR B 0 - (<bit no.> of <EAd>)
Clears a specified bit in a general register or memory to 0. The bit is
specified by a bit number, given in 3-bit immediate data or the lower
three bits of a general register.
BNOT B = (<bit no.> of <EAd>) - (<bit no.> of <EAd>)
Inverts a specified bit in a general register or memory. The bit is
specified by a bit number, given in 3-bit immediate data or the lower
three bits of a general register
BTST B = (<bit no.> of <EAd>) - Z
Tests a specified bit in a general register or memory and sets or
clears the Z flag accordingly. The bit is specified by a bit number,
given in 3-bit immediate data or the lower three bits of a general
register.
BAND B C O(<bit no.> of <EAd>) - C
ANDs the C flag with a specified bit in a general register or memory.
BIAND C O[~ (<bit no.> of <EAd>)] - C
ANDs the C flag with the inverse of a specified bit in a general
register or memory.
The bit number is specified by 3-bit immediate data.
BOR B C O(<bit no.> of <EAd>) - C
ORs the C flag with a specified bit in a general register or memory.
BIOR C 0[~ (<bit no.> of <EAd>)] - C
ORs the C flag with the inverse of a specified bit in a general register
or memory.
The bit number is specified by 3-bit immediate data.
BXOR B C O (<bit no.> of <EAd>) - C

XORs the C flag with a specified bit in a general register or memory.

Note: * Size: Operand size
B: Byte
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AT MY A TTAY VRIR D T TV iYL VI R Y iiid it i A gl i at

register or memory.

The bit number is specified by 3-bit immediate data.
BLD B (<bit no.> of <EAd>) - C
Copies a specified bit in a general register or memory to the C flag.
= (<bit no.> of <EAd>) - C

Copies the inverse of a specified bit in a general register or memory

g "H%Qﬂ3318TF16"D 0d

to the C flag.

The bit number is specified by 3-bit immediate data.
BST B C - (<bit no.> of <EAd>)

Copies the C flag to a specified bit in a general register or memory.
BIST - C - (<bit no.> of <EAd>)

Copies the inverse of the C flag to a specified bit in a general
register or memory.

The bit number is specified by 3-bit immediate data.

Note: * Size: Operand size
B: Byte

Notes on Bit Manipulation Instructions: BSET, BCLR, BNOT, BST, and BIST are read-
modify-write instructions. They read a byte of data, modify one bit in the byte, then write tt
back. Care is required when these instructions are applied to registers with write-only bits
the 1/O port registers.

Step Description

1 Read Read one data byte at the specified address

2 Modify Modify one bit in the data byte

3 Write Write the modified data byte back to the specified address

Example 1: BCLR is executed to clear bit O in the port 4 data direction register (P4DDR) ul
the following conditions.

P4, Input pin, low

P4 Input pin, high

P4, — P4 Output pins, low

The intended purpose of this BCLR instruction is to switchfiedn output to input.
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il otale LUV LILLAC LA LUVV LUVV LUVV LUVV LUVV LUVV

DDR 0 0 1 1 1 1 1 1
DR 1 0 0 0 0 0 0 0

U [ "HB&AIE8h8F BIGLR] Instruction

BCLR #0, @P4DDR ; clear bit 0 in data direction register

After Execution of BCLR Instruction

P4, P4, P4, P4, P4, P4, P4, P4,
Input/output Output  Output Output Output Output Output Output Input
Pin state Low High Low Low Low Low Low High
DDR 1 1 1 1 1 1 1 0
DR 1 0 0 0 0 0 0 0

Explanation: To execute the BCLR instruction, the CPU begins by reading P4ADDR. Since
P4DDR is a write-only register, it is read as H'FF, even though its true value is H'3F.

Next the CPU clears bit 0 of the read data, changing the value to H'FE.
Finally, the CPU writes this value (H'FE) back to PADDR to complete the BCLR instruction.

As a result, PDDR is cleared to 0, making Pdn input pin. In addition, PBDR and PDDR
are set to 1, making P4nd P4 output pins.

42
RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

o‘p ‘ rﬁ1 rh
15 8 7 0
op ‘ m 00 0 0
0 0O "HD6473318TF16%0 [ [ \ IMM 0 0 0 O
15 8 7 0
op rn 0 0 0 O
op rm 0O 0 0 O
15 8 7 0
op ‘ abs
op ‘ IMM ‘ 00 0 0
15 8 7 0
op abs
op rm ‘ 0 0 0 O
15 8 7 0
op ‘ IMM ‘ m
15 8 7 0
op \ m 00 0 0
op ‘ MM |0 0 0 O
15 8 7 0
op ‘ abs
op \ MM |0 0 0 O
Legend

op: Operation field
rm, r: Register field
abs:  Absolute address
IMM:  Immediate data

Operand:
Bit No.:

Operand:
Bit No.:

Operand:
Bit No.:

Operand:
Bit No.:

Operand:
Bit No.:

register direct (Rn)
register direct (Rm)

register indirect (@Rn)

immediate (#xx:3)

register indirect (@Rn)

register direct (Rm)

absolute (@aa:8)

immediate (#xx:3)

absolute (@aa:8)

register direct (Rm)

BAND, BOR, BXOR, BLD, BST

Operand:
Bit No.:

Operand:
Bit No.:

Operand:
Bit No.:

register direct (Rn)
immediate (#xx:3)

register indirect (@Rn)

immediate (#xx:3)

absolute (@aa:8)

immediate (#xx:3)

Figure 2.7 Bit Manipulation Instruction Codes
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o‘p ‘ r‘n 0‘ 0‘ O‘ 0 | Operand:
op \ MM | 0 0 0 O0|BitNo:
15 8 7 0
0 0 "HD6473318TH6" ] [ [ abs Operand:
op \ MM | 0 0 0 O|BitNo.:

Legend

op: Operation field
rm, rn: Register field
abs:  Absolute address
IMM:  Immediate data

register indirect (@Rn)

immediate (#xx:3)

absolute (@aa:8)

immediate (#xx:3)

Figure 2.7 Bit Manipulation Instruction Codes (cont)

44
RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

Instruction Size Function

Bcc — Branches if condition cc is true.
Mnemonic cc field Description Condition

[ 0 "HD6473318TF16"0 [ I  BRA(BT) 0000 Always (frue)  Always
BRN (BF) 0001 Never (false) Never
BHI 0010 High coz=0
BLS 0011 Low or same chz=1
BCC (BHS) 0100 Carry clear CcC=0
(High or same)

BCS (BLO) 0101 Carry set (low) c=1
BNE 0110 Not equal Z=0
BEQ 0111 Equal z=1
BVC 1000 Overflow clear V=0
BVS 1001 Overflow set V=1
BPL 1010 Plus N=0
BMI 1011 Minus N=1
BGE 1100 Greaterorequal NOV=0
BLT 1101 Less than NOV=1
BGT 1110 Greater than ZONOV)=0
BLE 1111 Less or equal ZONOV)=1

JMP — Branches unconditionally to a specified address.

JSR — Branches to a subroutine at a specified address.

BSR — Branches to a subroutine at a specified displacement from the
current address.

RTS — Returns from a subroutine.

RENESAS
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v SMEA@Rm)

‘ r

15 8 7 0

op
0 0 "HD6478318TE16"1 [1 [ abs

15 8 7 0

| op ‘ abs |

15 8 7 0

| op ‘ disp |

15 8 7 0

| op ‘ rm 0 0 |

15 8 7 0
op
abs

15 8 7 0

| op abs |

15 8 7 0

| o |

Legend

op: Operation field

cc: Condition field

rm: Register field

disp: Displacement

abs: Absolute address

JMP (@aa:16)

JMP (@ @aa:8)

BSR

JSR (@Rm)

JSR (@aa:16)

JSR (@@aa:8)

RTS

Figure 2.8 Branching Instruction Codes
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Instruction Size * Function

RTE — Returns from an exception-handling routine.

SLEEP — Causes a transition to the power-down state.

0 0O "HDe473318TF16'8] [1 [ Rs - CCR, #imm — CCR

Moves immediate data or general register contents to the condition
code register.

STC B CCR - Rd

Copies the condition code register to a specified general register.
ANDC B CCR O#imm - CCR

Logically ANDs the condition code register with immediate data.
ORC B CCR O#imm - CCR

Logically ORs the condition code register with immediate data.
XORC B CCR O #imm - CCR

Logically exclusive-ORs the condition code register with immediate

data.
NOP — PC+2 - PC

Only increments the program counter.

Note: * Size: Operand size

B: Byte
15 8 7 0
| op | RTE, SLEEP, NOP
15 8 7 0
| op rn | LDC, STC (Rn)
15 8 7 0
‘ ‘ ‘ ‘ ‘ ‘ ANDC, ORC,
| op MM | XORC, LDC (#xx:8)
Legend
op: Operation field
rn:  Register field
IMM: Immediate data

Figure 2.9 System Control Instruction Codes
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Instruction Size Function

EEPMOV — if R4L # 0 then
repeat @R5+ - @R6+
0 0 "HD6473318TF16"0 0 O il naloo H

else next;

Moves a data block according to parameters set in general registers
R4L, R5, and R6.

R4L: size of block (bytes)
R5: starting source address
R6: starting destination address

Execution of the next instruction starts as soon as the block transfer
is completed.

15 8 7 0

Legend
op: Operation field

48

Figure 2.10 Block Data Transfer Instruction/EEPROM Write Operation Code

RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

R5 - - R6

R5 + RAL -
0 0 "HD6473318TF16") U [J

~ R6 + R4L

2. When setting R4L and R6, make sure that the final destination address (R6 + R4L) doe
exceed H'FFFF. The value in R6 must not change from H'FFFF to H'0000 during exect
the instruction.

R5 - — R6

R5 + R4L -
Not allowed < R6+RAL
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e LEU Tds e stales. Uie prograitt excCuuor stalc, excepuorn-riandaliry statc, alid pow
state. The power-down state is further divided into three modes: sleep mode, software stan

mode, and hardware standby mode. Figure 2.11 summarizes these states, and figure 2.12
map of the state transitions.

0 [ "HD6473318TF16" T O O

State Program execution state

The CPU executes successive program instructions.

Exception-handling state

A transient state triggered by a reset or interrupt. The CPU executes

a hardware sequence that includes loading the program counter from
the vector table.

Power-down state

Sleep mode

A state in which some or

all of the chip functions are Software standby mode
stopped to conserve power.

Hardware standby mode

Figure 2.11 Operating States

50
RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

handing :

Exception-
handling state

Sleep mode

Interrupt request
A

0 0 "HD6473318TE16"1 [ U NMI, IRQq

Software

RES=T1 to IRQ,, or IRQg

Power-down state

...........................

standby mode

Hardware
standby mode

Notes: 1. A transition to the reset state occurs when RES goes low, except when the chip
is in the hardware standby mode.
2. A transition from any state to the hardware standby mode occurs when STBY
goes low.

Figure 2.12 State Transitions

2.6.2 Program Execution State

In this state the CPU executes program instructions.

2.6.3 Exception-Handling State

The exception-handling state is a transient state that occurs when the CPU is reset or inte
and changes its normal processing flow. In interrupt exception handling, the CPU referenc
stack pointer (R7) and saves the program counter and condition code register on the stacl
further details see section 4, Exception Handling.
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Sleep Mode:ls entered when a SLEEP instruction is executed. The CPU halts, but CPU reg
contents remain unchanged and the on-chip supporting modules continue to function.

Software Standby Mode:Is entered if the SLEEP instruction is executed while the SSBY
. (software standby) bit in the system control register (SYSCR) is set to 1. The CPU and all o
M&MWTM on-chip supporting modules are initialized, but the contents o
on-chip RAM and CPU registers remain unchanged as long as a specified voltage is suppli
port outputs also remain unchanged.

Hardware Standby Mode: Is entered when the input at tfBY pin goes low. All chip
functions halt, including 1/O port output. The on-chip supporting modules are initialized, but
chip RAM contents are held.

See section 18, Power-Down State, for further information.

2.7 Access Timing and Bus Cycle

The CPU is driven by the system clock (@). The period from one rising edge of the system c
the next is referred to as a “state.” Memory access is performed in a two- or three-state bus
On-chip memory, on-chip supporting modules, and external devices are accessed in differe
cycles as described below.

2.7.1 Access to On-Chip Memory (RAM and ROM)

On-chip ROM and RAM are accessed in a cycle of two states designatad T,. Either byte or
word data can be accessed, via a 16-bit data bus. Figure 2.13 shows the on-chip memory ¢
cycle. Figure 2.14 shows the associated pin states.

52
RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

ﬂ S

Internal address bus >< Address

0 0 "HD6473318TF16"1 [ [J Al —\

Internal data bus (read) :>—<

Internal write signal \

x
a

‘Read data X
—
X

Internal data bus (write) :>—< Write data

Figure 2.13 On-Chip Memory Access Cycle

Bus cycle

~Tq state—»g—Tz state —

: I U A W

Address bus >< Add‘ress ><

AS: High

RD: High

WR: High

Data bus:
high impedance state | w

Figure 2.14 Pin States during On-Chip Memory Access Cycle
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7

shows the access cycle for the on-chip register field. Figure 2.16 shows the associated pin
Figures 2.17 (a) and (b) show the read and write access timing for external devices.

Bus cycle

0 0 "HD6473318TF16"L U Di‘ =

~——T; state — - T, state T T3 state —»

p M

Internal address ><
bus !

Internal read ﬁ /—;
signal ! ; ! !
Internal data bus ; Read data
(read) > ( ! >—

Address ><

Internal data bus :>—< Write data >7
(write) : ‘

Internal write
signal

Figure 2.15 On-Chip Register Field Access Cycle
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Address bus >< | Address | ><

Data bus:

0 O "HD6473318TF16"J O [ ; ;
AS: High : ‘
RD: High
WR: High |

high impedance state

Figure 2.16 Pin States during On-Chip Register Field Access Cycle

- Read cycle K
~—Tystate 4"* T, state —><7 Tg state—=
SRS e VS A W e W
Address bus >< : Address : ><
AS ﬁ /—;
RD ﬁ /‘
WR: High |
Data bus —H | Read data | > >

Figure 2.17 (a) External Device Access Timing (Read)
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Address bus >< Address

0 O "HD6473318TF16"0_ 101
AS i

RD: High

WR ! \ :
Data bus —< Write data

)

3

—
j—

Figure 2.17 (b) External Device Access Timing (Write)
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3.1.1 Mode Selection

The H8/3318 operates in three modes numbered 1, 2, and 3. The mode is selected by the

the mode ms m[)and MDy) when the chip comes out of a reset. See table 3.1.
0o "HD6473318 F16"

Table 3.1 Operating Modes

Mode MD, MD, Address Space  On-Chip ROM On-Chip RAM
Mode 0 Low Low — — —

Mode 1 Low High Expanded Disabled Enabled*
Mode 2 High Low Expanded Enabled Enabled*
Mode 3 High High Single-chip Enabled Enabled

Note: * If the RAME bit in the system control register (SYSCR) is cleared to 0, off-chip memory can
be accessed instead.

Modes 1 and 2 are expanded modes that permit access to off-chip memory and periphera
The maximum address space supported by these externally expanded modes is 64 kbytes

In mode 3 (single-chip mode), only on-chip ROM and RAM and the on-chip register field a
used. All ports are available for general-purpose input and output.

Mode 0 is inoperative in the H8/3318. Avoid setting the mode pins to mode 0. In addition,
mode pins must not be changed during MCU operation.

3.1.2 Mode and System Control Registers

Table 3.2 lists the registers related to the chip’s operating mode: the system control registt
(SYSCR) and mode control register (MDCR). The mode control register indicates the inpu
mode pins MR and MD,.

Table 3.2 Mode and System Control Registers

Name Abbreviation Read/Write Address
System control register SYSCR R/W H'FFC4
Mode control register MDCR R H'FFC5
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initial vaiue U U U U 1 U U 1
Read/Write R/W R/W R/W R/W R R/W R/W R/W

The system control register (SYSCR) is an 8-bit register that controls the operation of the cl

U 0 "HP68 73318 TEI6 Lt SSBY):Enables transition to the software standby mode. For dete

see section 18, Power-Down State.

On recovery from software standby mode by an external interrupt, the SSBY bit remains se
It can be cleared by writing 0.

Bit 7

SSBY Description

0 The SLEEP instruction causes a transition to sleep mode (Initial value)
1 The SLEEP instruction causes a transition to software standby mode

Bits 6 to 4—Standby Timer Select 2 to 0 (STS2 to STSO)hese bits select the clock settling
time when the chip recovers from the software standby mode by an external interrupt. Durir
selected time the CPU and on-chip supporting modules continue to stand by. These bits sh
set according to the clock frequency so that the settling time is at least 8 ms. For specific se
see section 18.3.3, Clock Settling Time for Exit from Software Standby Mode.

Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description
0 0 0 Settling time = 8,192 states (Initial value)
1 Settling time = 16,384 states
1 0 Settling time = 32,768 states
1 Settling time = 65,536 states
1 0 — Settling time = 131,072 states
— Prohibited
58
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XRST Description

0 Reset generated by watchdog timer overflow

1 Reset generated by external reset input (Initial value)
Oo"H 3¢ ): Selects the valid edge of theMI input.

Bit 2

NMIEG Description

0 An interrupt is requested on the falling edge of the NMI input (Initial value)

1 An interrupt is requested on the rising edge of the NMI input

Bit 1—Dual-Port RAM Mode Enable (DPME): Selects whether to put the chip into slave m

Bit 1

DPME Description

0 The chip is not put into slave mode (Initial value)
1 The chip is put into slave mode

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is
initialized by the rising edge of tRRES signal, but is not initialized in the software standby m

Bit O

RAME Description

0 The on-chip RAM is disabled

1 The on-chip RAM is enabled (Initial value)
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inital value 1 1 1 v v 1 . -
Read/Write — — — — — — R R

Note: * Initialized according to MD, and MD, inputs.
w&w (MDCR) is an 8-bit register that indicates the operating mode of 1
chip.
Bits 7 to 5—ReservedThese bits cannot be modified and are always read as 1.
Bits 4 and 3—ReservedThese bits cannot be modified and are always read as 0.
Bit 2—Reserved:This bit cannot be modified and is always read as 1.

Bits 1 and 0—Mode Select 1 and 0 (MDS1 and MDSO)hese bits indicate the values of the
mode pins (MD and MD), thereby indicating the current operating mode of the chip. MDS1
corresponds to MPand MDSO to M[. These bits can be read but not written. When the mod
control register is read, the levels at the mode pins,(&id MD)) are latched in these bits.
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Ud"H

Expanded mode without

on-chip ROM
H'0000
Vector table
HOo059 |
HO0BAl
D6473318TF16"0 O [
External address
space
H'EF7F
H'EF80
On-chip RAM*,
4 kbyte
HFF7F
EEESQ External address space
H'FF88
On-chip register field
H'FFFF

Expanded mode with
on-chip ROM

Vector table

On-chip ROM,
58 kbytes

External address
space

On-chip RAM*,
4 kbytes

External address space

On-chip register field

H'0000

H'0059
H'005A

HEF7F
HEF80

HFF7F

H'FF88
H'FFFF

Single-chip mode

Vector table

On-chip ROM,
60 kbytes

On-chip RAM,
4 kbytes

On-chip register field

Note: * External memory can be accessed at these addresses when the RAME bit in the system
control register (SYSCR) is cleared to 0.

Figure 3.1 HB8/3318 Address Space Map
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The H8/3318 recognizes only two kinds of exceptions: interrupts and the reset. Table 4.1 i
their priority and the timing of their hardware exception-handling sequence.

Table 4.1 Hardware Exception-Handling Sequences and Priority
0 0 "HD6473318TE16: ] [ [

Detection
Priority Exception Timing Timing of Exception-Handling Sequence
High Reset Clock The hardware exception-handling sequence begins
synchronous as soon as RES changes from low to high.
Interrupt On completion When an interrupt is requested, the hardware
of instruction exception-handling sequence begins at the end of
execution* the current instruction, or at the end of the current
Low hardware exception-handling sequence.

Note: * Not detected in the case of the ANDC, ORC, XORC, and LDC instructions.

4.2 Reset

42.1 Overview

A reset has the highest exception-handling priority. Whe®REgepin goes low or if the
watchdog timer overflows (when the watchdog timer reset option is selected), all current
processing stops and the chip enters the reset state. The internal state of the CPU and the
of the on-chip supporting modules are initialized. WR&S returns from low to high or after
watchdog timer reset pulses have stopped, the reset exception-handling sequence starts.

4.2.2 Reset Sequence

The reset state begins whRES goes low or if there is a watchdog timer reset. To ensure co
resetting, at power-on tHRES pin should be held low for at least 20 ms. In a reset during
operation, th&ES pin should be held low for at least 10 system clock cycles. Watchdog tim
reset pulse widths must be 518 system clock cycles. For the pin states during a reset, see
D, Pin States.

When a reset occurs, hardware carries out the following reset exception-handling sequenc
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TheRES pin should be held low when power is switched off, as well as when power is switc
on.

Figure 4.1 indicates the timing of the reset sequence in modes 2 and 3. Figure 4.2 indicate:

0 0 "HPS894318%%9 &0 0 O

Vector | Internal |Instruction
fetch  |processing| prefetch

RES/watchdog
reset (internal) [
g v ududu

Internal address
bus @ >< &) ><

Internal read

signal

Internal write
signal

Internal data bus
(16 bits)

@ ®)

(1) Reset vector address (H'0000)
(2) Starting address of program
(3) Firstinstruction of program

Figure 4.1 Reset Sequence (Mode 2 or 3, Program Stored in On-Chip ROM)
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Figure 4.2 Reset Sequence (Mode 1)

0 0 "HD6473318TF16'2] [J [
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reset. The first program instruction is therefore always executed. This instruction should init
the stack pointer (example: MOV.W #xx:16, SP).

To confirm the CCR contents after reset exception handling, a CCR manipulation instructio
00 HB"G%: tgtf-'k_aféaﬁ tﬂe instruction that initializes the stack pointer. All interrupts, including I
—afe—&ggjbled—'rmmed-%a%gafter execution of a CCR manipulation instruction. The next instru

should be the instruction that initializes the stack pointer.
4.3 Interrupts

4.3.1 Overview

The interrupt sources include nine input pins for external interrupts (NMI, IRQO to IRQ7) an
internal sources in the on-chip supporting modules. Table 4.2 lists the interrupt sources in [
order and gives their vector addresses. When two or more interrupts are requested, the inte
with highest priority is served first.

The features of these interrupts are:

* NMI has the highest priority and is always accepted. All internal and external interrupts e
NMI can be masked by the | bit in the CCR. When the | bit is set to 1, interrupts other th:
NMI are not accepted.

* IRQ, to IRQ, can be sensed on the falling edge of the input signal, or level-sensed. The t
sensing can be selected for each interrupt individually. NMI is edge-sensed, and either t
rising or falling edge can be selected.

e Allinterrupts are individually vectored. The software interrupt-handling routine does not |
to determine what type of interrupt has occurred.

» The watchdog timer can be used to generate either an NMI interrupt or OVF interrupt, a:
needed. Refer to section 13, Watchdog Timer, for details.
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neotiveu <+ W4 VUV 4L LU TTUVUVY
NMI 3 H'0006 to H'0007
IRQ, 4 H'0008 to H'0009
IRQ, 5 H'000A to H'000B
0 O "HD®473318TF16"0 0 O 6 H000C to H'000D
IRQ, 7 H'000E to H'000F
IRQ, 8 H'0010 to H'0011
IRQ, 9 H'0012 to H'0013
IRQ, 10 H'0014 to H'0015
IRQ, 11 H'0016 to H'0017
16-bit free-running ICIAO0  (interrupt capture A) 12 H'0018 to H'0019
timer O ICIBO  (interrupt capture B) 13 H'001A to H'001B
ICICO (interrupt capture C) 14 H'001C to H'001D
ICIDO (interrupt capture D) 15 H'001E to H'001F
OCIAO (output compare A) 16 H'0020 to H'0021
OCIBO (output compare B) 17 H'0022 to H'0023
FOVIO (overflow) 18 H'0024 to H'0025
16-bit free-running  I1CI1 (input capture) 19 H'0026 to H'0027
timer 1 OCIA1 (output compare A) 20 H'0028 to H'0029
OCIB1 (output compare B) 21 H'002A to H'002B
FOVI1 (overflow) 22 H'002C to H'002D
8-bit timer 0 CMIOA (compare match A) 23 H'002E to H'002F
CMIOB (compare match B) 24 H'0030 to H'0031
OVIO  (overflow) 25 H'0032 to H'0033
8-bit timer 1 CMI1A (compare match A) 26 H'0034 to H'0035
CMI1B (compare match B) 27 H'0036 to H'0037
OoVvIl  (overflow) 28 H'0038 to H'0039
Serial communi- ERIO  (receive error) 29 H'003A to H'003B
cationinterface 0 pyjg  (receive end) 30 H'003C to H'003D
TXI0O  (TDR empty) 31 H'003E to H'003F

TEIO (TSR empty) 32 H'0040 to H'0041  Low

RENESAS
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..... == A\lwvwiilt i) -~ PP RS T AT T
TXI1 (TDR empty) 35 H'0046 to H'0047
TEIL1 (TSR empty) 36 H'0048 to H'0049
A/D converter ADI (conversion end) 37 H'004A to H'004B
00 "H%ﬂVggingFm"[’VM/@ (write end) 38 H'004C to H'004D
R MREI  (read end) 39 H'004E to H'004F
DTIA  (transfer end A) 40 H'0050 to H'0051
DTIB  (transfer end B) 41 H'0052 to H'0053
DTIC  (transfer end C) 42 H'0054 to H'0055
CMPI  (overrun error) 43 H'0056 to H'0057
Watchdog timer OVF (watchdog overflow) 44 H'0058 to H'0059 Low

Notes: 1. Reset vectors are located at H'0000 and H'0001.
2. H'0002 to H'0005 is a reserved area unavailable to the user.

4.3.2 Interrupt-Related Registers

The interrupt-related registers are the system control register (SYSCR), IRQ sense control
(ISCR), and IRQ enable register (IER).

Table 4.3 Registers Read by Interrupt Controller

Name Abbreviation Read/Write Address
System control register SYSCR R/W H'FFC4
IRQ sense control register ISCR R/W H'FFC6
IRQ enable register IER R/W H'FFC7
68
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nnual vailuc v A v e < v v <

Read/Write R/W R/W R/W R/W R/W R/W R/W

Py

The valid edge on thEMI line is controlled by bit 2 (NMIEG) in the system control register.

gd"H 3¢ " ): Determines whether a nonmaskable interrupt is generated on

falling or rising edge of th&MI input signal.

Bit 2

NMIEG Description

0 An interrupt is generated on the falling edge of NMI (Initial state)
1 An interrupt is generated on the rising edge of NMI

See section 3.2, System Control Register, for information on the other SYSCR bits.

IRQ Sense Control Register (ISCR)

Bit 7 6 5 4 3 2 1 0

| IRQ7SC | IRQ6SC | IRQ5SC | IRQ4SC | IRQ3SC | IRQ2SC | IRQISC | IRQOSC |
Initial value 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW  RW

Bits 7 to 0—IRQ7 to IRQO Sense Control (IRQ7SC to IRQOSC)These bits determine whetl
IRQ, to IRQ, are level-sensed or sensed on the falling edge.

Bits 7to O

IRQ7SC to IRQOSC  Description

0 An interrupt is generated when IRQ, to IRQ, inputs are low (Initial state)
1 An interrupt is generated by the falling edge of the IRQ, to IRQ, inputs
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nhdal vaiuc v v v v v v v v

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 to 0—IRQ7 to IRQO Enable (IRQ7E to IRQOE): These bits enable or disable the IRQ7

0 O "HIS AR RS TET R ingviqually.

Bits 7to O

IRQ7E to IRQOE Description

0 IRQ, to IRQ, interrupt requests are disabled (Initial state)
1 IRQ; to IRQ, interrupt requests are enabled

When edge sensing is selected (by setting bits IRQ7SC to IRQOSC to 1), it is possible for a
interrupt-handling routine to be executed even though the corresponding enable bit (IRQ7E
IRQOE) is cleared to 0 and the interrupt is disabled. If an interrupt is requested while the en
(IRQ7E to IRQOE) is set to 1, the request will be held pending until served. If the enable bit
cleared to 0 while the request is still pending, the request will remain pending, although nev
requests will not be recognized. If the interrupt mask bit (1) in the CCR is cleared to 0, the
interrupt-handling routine can be executed even though the enable bit is now 0.

If execution of interrupt-handling routines under these conditions is not desired, it can be a\
by using the following procedure to disable and clear interrupt requests.

1. Setthe |l bitto 1 in the CCR, masking interrupts. Note that the | bit is set to 1 automatica
when execution jumps to an interrupt vector.

2. Clear the desired bits from IRQ7E to IRQOE to 0 to disable new interrupt requests.

3. Clear the corresponding IRQ7SC to IRQOSC bits to 0, then set them to 1 again. Pendin
interrupt requests are cleared when | = 1 in the CCR, IRQnSC =0, and IRQnE = 0.
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NMI: A nonmaskable interrupt is generated on the rising or falling edge NMfiénput signal
regardless of whether the | (interrupt mask) bit is set in the CCR. The valid edge is selecte
NMIEG bit in the system control register. The NMI vector number is 3. In the NMI hardwar
exception-handling sequence the | bit in the CCR is set to 1.

Oo"™H 16 interrupt signals are level-sensed or sensed on the falling edge of the
as selected by ISCR bits IRQOSC to IRQ7SC. These interrupts can be masked collectively
bit in the CCR, and can be enabled and disabled individually by setting and clearing bits I
IRQ7E in the IRQ enable register.

When one of these interrupts is accepted, the | bit is set to 1 16RRQ, have interrupt vector
numbers 4 to 11. They are prioritized in order from JRQw) to IRQ, (high). For details, see
table 4.2.

Interrupts IRQ to IRQ, do not depend on whether piiRQ, to IRQ;, are input or output pins.
When using external interrupts IR®@ IRQ, clear the corresponding DDR bits to 0 to set the:
pins to the input state, and do not use these pins as input or output pins for the timers, ser
communication interface, or A/D converter.

4.3.4 Internal Interrupts

Thirty-three internal interrupts can be requested by the on-chip supporting modules. Each
source has its own vector number, so the interrupt-handling routine does not have to detel
which interrupt has occurred. All internal interrupts are masked when the | bit in the CCR i
1. When one of these interrupts is accepted, the | bit is set to 1 to mask further interrupts (
NMI). The vector numbers are 12 to 44. For the priority order, see table 4.2.
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controller.

., . Interrupt : CPU
0oad HD,GM?&;&JHHG EEEE : controller j :
IRQ, flag * |
IRQOE ) RQy Dﬁ Interrupt request :
interrupt | |
& Priority
b decision
O Vector number |
! | ‘ ——
ADF |
ADIE — 1 ADI | il ! 3
interrupt | ]
| o} 1(CCR)
Note: * For edge-sensed interrupts, these AND gates change to the circuit shown below.
IRQ flag
IRQg edge S Q .
g 1 - IRQy interrupt

Figure 4.3 Block Diagram of Interrupt Controller

The IRQ interrupts and interrupts from the on-chip supporting modules all have correspond
enable bits (except for the watchdog timer reset option). When the enable bit is cleared to C
interrupt signal is not sent to the interrupt controller, so the interrupt is ignored. These interr
can also all be masked by setting the CPU’s interrupt mask bit (I) to 1. Accordingly, these
interrupts are accepted only when their enable bit is set to 1 and the | bit is cleared to O.
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interrupts are requested, the interrupt controller selects the vector number of the interrupt
highest priority.) When notified of an interrupt request, at the end of the current instruction
current hardware exception-handling sequence, the CPU starts the hardware exception-h:
sequence for the interrupt and latches the vector number.

O 0O "HDR6473318TELG,

of the interrupt (and reset) operations. Figure 4.6 shows the interr

timing sequence for the case in which the software interrupt-handling routine is in on-chip
and the stack is in on-chip RAM.

1.

An interrupt request is sent to the interrupt controller when an NMI interrupt occurs, an
an interrupt occurs on an IRQ input line or in an on-chip supporting module provided th
enable bit of that interrupt is set to 1.

The interrupt controller checks the | bit in the CCR and accepts the interrupt request if
is cleared to 0. If the | bit is set to 1 only NMI requests are accepted; other interrupt reg
remain pending.

. Among all accepted interrupt requests, the interrupt controller selects the request with

highest priority and passes it to the CPU. Other interrupt requests remain pending.

. When it receives the interrupt request, the CPU waits until completion of the current

instruction or hardware exception-handling sequence, then starts the hardware excepti
handling sequence for the interrupt and latches the interrupt vector number.

In the hardware exception-handling sequence, the CPU first pushes the PC and CCR ¢
stack. See figure 4.5. The stacked PC indicates the address of the first instruction that
executed on return from the software interrupt-handling routine.

. Next the | bit in the CCR is set to 1, masking all further interrupts except NMI.

The vector address corresponding to the vector number is generated, the vector table
this vector address is loaded into the program counter, and execution branches to the ¢
interrupt-handling routine at the address indicated by that entry.
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Interrupt
requested?

0 0O "HD6473318TF1,
Pending
>l Yes
Y
Latch vector no.
Save PC
L]
l -1
Read vector address
Branch to software
interrupt-handling
routine
l
Figure 4.4 Hardware Interrupt-Handling Sequence
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SP-4 SP(R?)—P CCR
SP-3 SP+1 CCR*
0 0O "HD68P3328TF16"1 [ I SP+2 PC (upper byte)
SP-1 SP +3 PC (lower byte)
SP (R7)—» SP+4
Stack area Even address
/\_/ /\_/
Before interrupt » Afterinterrupt
is accepted is accepted

Pushed onto stack

PC: Program counter
CCR: Condition code register
SP:  Stack pointer

Notes: 1. The PC contains the address of the first instruction executed after return.
2. Registers must be saved and restored by word access at an even address.
* Ignored on return.

Figure 4.5 Usage of Stack in Interrupt Handling

Although the CCR consists of only one byte, it is treated as word data when pushed on the
In the hardware interrupt exception-handling sequence, two identical CCR bytes are push
the stack to make a complete word. When popped from the stack by an RTE instruction, t
is loaded from the byte stored at the even address. The byte stored at the odd address is
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Interrupt request
signal

oo "H%DG%%;@L@%" 2= | @ Jo)e | ® )o/f 8
e TN NS
Isriléenglal write \_/—\_/
o (o

1) Instruction prefetch address (Pushed on stack. Instruction is executed on return from interrupt-handling
routine.)

(2) (4) Instruction code (Not executed)

3) Instruction prefetch address (Not executed)

(5) SP-2

(6) SP-4

() CCR

(€3] Address of vector table entry

9) Vector table entry (address of first instruction of interrupt-handling routine)

(10) First instruction of interrupt-handling routine

Figure 4.6 Timing of Interrupt Sequence
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routines in on-chip ROM and the stack in on-chip RAM.
Table 4.4  Number of States before Interrupt Service

Number of States

00"H 6473318 F16" A On-Chip Memory External Memory

1 Interrupt priority decision 2%3 2*3
Wait for completion of 1to 13 5t0 17*2
current instruction**

3 Save PC and CCR 4 12%2

4 Fetch vector 2 6*?

5 Fetch instruction 4 12%2

6 Internal processing 4 4
Total 17 to 29 41 to 53*?

Notes: 1. These values do not apply if the current instruction is EEPMOV.

2. If wait states are inserted in external memory access, add the number of wait states.
3. 1forinternal interrupts.

RENESAS
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becomes disabled after execution of the clearing instruction. If an enable bit is cleared by a
or MOV instruction, for example, and the interrupt is requested during execution of that

instruction, at the instant when the instruction ends the interrupt is still enabled, so after exe
of the instruction, the hardware exception-handling sequence is executed for the interrupt. |

00 "HB%*%@E%‘FH%‘%;@@

requested at the same time, however, the hardware exception-ha
the higher-priority interrupt and the interrupt that was disabled is i

Similar considerations apply when an interrupt request flag is cleared to 0.

Figure 4.7 shows an example in which the OCIAE bit is cleared to 0.

OCIAE

OCFA

Internal address bus

Internal write signal

OCIA interrupt signal

CPU write
cycle to TIER OCIA interrupt handling

UL

>< TIER address >< ><

—C

Figure 4.7 Contention between Interrupt and Disabling Instruction

The above contention does not occur if the enable bit or flag is cleared to 0 while the interrt

mask bit (1) is set to 1.
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DDII

s ~

instructions to push and pop registers on the stack.

Setting the stack pointer to an odd value can cause programs to crash. Figure 4.8 shows :
example of damage caused when the stack pointer contains an odd address.

D6473318TF16" 1 [1

PCy SP—p R1, H'FECC
sP—» PCL PCL H'FECD

SP—P» H'FECF

BSR instruction MOV.B R1L, @-R7
—_—> —p

H'FECF set in SP PC is improperly stored PCy is lost
beyond top of stack

PCy: Upper byte of program counter
PC.: Lower byte of program counter
R1.: General register

SP: Stack pointer

Figure 4.8 Example of Damage Caused by Setting an Odd Address in R7
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The H8/3318 Series has an on-chip data transfer unit (DTU) with four direct memory acce:
(DMA) channels, and an on-chip 8-bit parallel buffer interface (PBI). When combined, thes
functions enable up to 256 bytes of on-chip RAM to be easily accessed (read or write) fror
outside the chip.

0 0 "HD6473318TF16"J [ [ ) i
—IntfO-transfertheBF—can perform data transfer automatically between on-chip RAM ant

registers of the serial communication interface (SCI), 16-bit free-running timer (FRT),
programmable timing pattern controller (TPC), and A/D converter (ADC), in response to al
interrupt request.

In PBI transfer, the DTU can implement a large dual-port RAM (DPRAM) by enabling up tc
bytes of on-chip RAM to be accessed from an external master CPU. In its DPRAM mode,
has a buffer that can be queried to read one byte from a specified address. While acceptir
gueries, the PBI can also operate in bound buffer mode, which provides sequential read/w
access starting from a specified address, or direct word mode, which does not use the DT
on-chip RAM.

The PBI can operate in handshake mode as well as DPRAM mode.

51.1 Features
Features of 1/0 transfer, DPRAM mode, and handshake mode are listed below.
I/O Transfer (Figure 5.1)

» The three DTU channels with I/O transfer capability (channels A, B, and C) can perforn
independently.

» The selectable types of transfer are: RAM to SCI (TDR), SCI (RDR) to RAM; RAM to F
(OCRA, OCRB); RAM to TPC (NDR); and ADC (ADDRA) to RAM.

e The number of bytes transferred can be controlled by setting a starting address and bo
Each channel can generate an independent interrupt when the designated number of b
been transferred.

* A maximum 256-byte RAM area can be used (maximum 128 bytes per channel).
» Data in a specified area can be transferred repeatedly by designating repeat mode.
» Channel B can be set to operate in ring buffer mode (FIFO mode).
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DDII

‘ DTU g
£
Temporary
RAM B data register*
HD6473318TF16" O O U
Note: * Different from DPDRR and DPDRW

Figure 5.1 Concept of I/O Transfer

DPRAM Mode

A master CPU can access on-chip RAM randomly via a buffer, by using DTU channel R
read DMA (buffer query).

The master CPU can access on-chip RAM sequentially via a pair of buffers, using DTU
channel A for read DMA and channel B for write DMA (bound buffer mode). Without usir
the DTU, the master CPU can also access the buffers in each channel as a dual-port R/
(direct word mode).

A maximum 256-byte RAM area can be used (maximum 128 bytes each in channel A a

Internal CPU interrupts can be generated when the designated number of bytes have be
transferred (master read end, master write end).

In single-chip mode, master CPU interrupt requests can be issued fr&Yhpin, and wait
requests from th&RQ pin.
In the expanded modes, one of these two types of requests can be generated: master C

interrupt requests can be issued fromRIEEY pin, or wait requests can be issued from the
WRQ pin.

Buffer query operation (Figure 5.2)

82

A 1-byte address/data register is available. By writing an on-chip RAM address, the mas
CPU can read any byte in a 256-byte on-chip RAM area.
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ﬂ (query read) ; PUBg 1o PUB7

Slave CPU > -« OE
Halted 47 CS
—— WRQ
473318 FH6HHH

Figure 5.2 Concept of Buffer Queries

Bound buffer mode (Figure 5.3)

Two pairs of 8-bit data registers are available, one for read and one for write. The mast
can use these as buffers to transfer data to or from a 256-byte on-chip RAM area with |
time.

The number of bytes to be transferred can be designated by setting a starting address
boundary. Each channel can generate an internal CPU interrupt when the designated r
bytes have been transferred.

In a read operation by the master CPU, data is transferred from addresses specified by
internal CPU.

In a write operation by the master CPU, data is transferred to addresses specified by tt
CPU.

DTU DI
-—— WE
RAM _DPRAM data register | -+— OE
(write) » !
<] RSpoRS;
CPU , DPBAM( r(laatj) register _ DDB, , DDB,
Halted T
—— RDY
—— WRQ

Figure 5.3 Concept of Bound Buffer Mode
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—— DTU
DPRAM data register
ffffffffffff 2 A register. "] RSpRS;
" " (write) P ‘
0 O "HB6e4+3318F-161[ 1 [ [ !
Slave CPU > ___| > DDBgy, DDB;
.- _ ! L
— D _DPRAM data register -~—— WE
— (read) <—— OE
——= CS
—— RDY

Figure 5.4 Concept of Direct Word Mode

Handshake Mode (Figure 5.5)

« Handshaking is carried out usiG@ andWE input signals an®@DY andWRQ output signals.

« Aninternal CPU interrupt can be generated at the rise @Hiaput (output data processing
completed) and rise of tA&E input (input data valid).

« TheRDY andWRQ output signals can be used to send interrupt requests and data input/
requests to the master CPU.

— DTU ———
For reception ! __
_ ~—— WE
_DPRAM data register | = WRQ
(write) !
Slave CPU S, For transmission 2 DDBo, DDE;
] _ !
—\| .DPRAM data register _ !
D L
(read) <-——— OE
—— RDY

Figure 5.5 Concept of Handshake Mode
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Ud"H

Hieiiidl aulditos YUus

Bus request

D6473318TF19'0L) O [

Internal data bus

Internal data bus interface

1/0 control register (IOCR)

Internal address bus interface,
incrementer, and boundary decoder

Data transfer address register H (DTARH)

Module data bus

Reload address register C (RLARC)

Q

k—— Data transfer address register C (DTARC)
|

K—— Data transfer control register C (DTCRC)
po-Tmsi-ssi-ss--si--s-------sio----s-------- 1

Reload address register B (RLARB)

Q

Data transfer address register B (DTARB)

\/

Comparator

DTU control (\
circuit
| Compare address register B (CPARB)
¢I>| Data transfer control register B (DTCRB)
|-oTTToTIIooIIooIoooIooIooTIIooooooIooo—-- v
E | Reload address register A (RLARA)
'
| Q
'
m— Data transfer address register A (DTARA)
— Data transfer control register A (DTCRA)
|
bem—ssoci--i-ci--i-ci--ii-i------------=2
¢:>| DPRAM data register read query (DPDRRQ)
DPRAM data register write H (DPDRWH)
DPRAM data register write L (DPDRWL)
f f 1 1 1 DPRAM data register read H (DPDRRH)
5382 %X DPRAM d i
< 0O O ¥ F ata register read L (DPDRRL)
o O

PBI control circuit

Parallel communication control/status
register (PCCSR)

DPRAM data bus interface

RS, to RS, —*

DDB, to
DDB,

Module master data bus

Figure 5.6 DTU and PBI Block Diagram
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Table 5.1  Input and Output Pins

Name Abbreviation ** I/O Function (DPRAM Mode)
00 "HB%%?%@&TF%"&SE?(&S Input Selects the PBI
— Registersefect . RS, 0 RS, Input Used by the master CPU to select a PBI
register*?
Output enable OE, XOE Input Used by the master CPU to read a PBI register
Write enable WE, XWE Input Used by the master CPU to write to a PBI
register
Ready RDY, XRDY Output Sends an interrupt request to the master CPU
Wait request WRQ Output Sends a wait request to the master CPU
DPRAM data DDB, to DDB, Input/ 8-bit data bus providing a parallel interface
bus XDDB, to XDDB, output between the master CPU and PBI

Notes: 1. Unless specifically noted, XCS, XOE, XWE, XRDY, and XDDB will be referred to as

CS, OE, WE, RDY, and DDB, respectively.
2. The registers selected by the register select signals are listed in table 5.2.
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Address

Abbre- RS, to
Name viation  R/W Initial Value Internal RS, Description
00"H ﬁﬁﬁ.&iﬁﬁiﬁﬂﬁ 0 PCCSR R/W H'04 H'FFFO 000 P95
(PCCSR) 7
1/O control register IOCR R/W H'03 H'FFF1 — P84
DPRAM data register read query DPDRRQ — Undetermined — 001 P95
Data transfer address register H DTARH R/W Undetermined  H'FFF5 — P89
Data transfer control register A DTCRA * H'00 H'FFF6 010 P86
Data transfer address register A DTARA * Undetermined  H'FFF7 011 P89
Reload address register A RLARA R Undetermined  H'FFF2 — P90
Data transfer control register B DTCRB * H'00 H'FFF8 010 P86
Data transfer address register B DTARB * Undetermined  H'FFF9 011 P89
Reload address register B RLARB R Undetermined  H'FFF3 — P90
Compare address register B CPARB R/W Undetermined  H'FFF4 — P90
Data transfer control register C DTCRC R/W H'00 H'FFFA — P86
Data transfer address register C DTARC R/W Undetermined H'FFFB — P89
Reload address register C RLARC — Undetermined — — P90
DPRAM data register write H DPDRWH * Undetermined  H'FFFC 100 P93
DPRAM data register write L DPDRWL * Undetermined  H'FFFD 101 P93
DPRAM data register read H DPDRRH * Undetermined  H'FFFE 110 Po4
DPRAM data register read L DPDRRL  * Undetermined  H'FFFF 111 P94
Serial/timer control register STCR R/W H'1C H'FFC3 — P91
System control register SYSCR R/W H'09 H'FFC4 — P99

Note: * Register read/write specifications are given in table 5.3, Transfer Modes and Register
Configuration.

Register accessibility differs depending on the transfer mode. Table 5.3 lists the register a
conditions for each transfer mode, and table 5.4 shows how each transfer mode is selecte
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iy

110 Buffer Bound Buffer Direct Word shake
Transfer Query** Mode Mode Mode*? Address
Chan- Abbre- Internal Master Master Internal Master Internal  Internal Initial RS, to
nel viation CPU CPU CPU CPU CPU CPU CPU Value Internal RS,
" _'F’"CAC‘SB_'_'_:N'_‘ _ _‘R/W R/IW R/IW RIW RIW RIW H'04 H'FFFO 000
D D HD64IIBFIJ\’6 ! I_'HRNU U L—l — R/W — R/W R/W H'03 HFFF1 —
R DPDRRQ — R/W X — x — — * — 001
DTARH RIW —_ —_ R/IW —_ x x * HFFF5 —
A DTCRA R/ |x*3 — —|R**  x|RMW*S  — x x H'00 HFFF6 010
DTARA RIW | x*3  — — | R** x| RIW*® x x * HFFF7 011
RLARA R|A —_ —_ A|R*® —_ A A * HFFF2 —
B DTCRB  RMW|x*® —|x*"  —|W* x|R** — | x** x x H00 HFFF8 010
DTARB  R/MW|x*® —[x*"  —|W** x|R* —|x** x x * HFFF9 011
RLARB R|A —_ —_ A|R*® —_ A A * HFFF3 —
CPARB  R/W|x*® — — x| RIW*S  — x x * HFFF4 —
C DTCRC RIW — — x — x x H'00 HFFFA —
DTARC R/W — — x — x x * HFFFB —
RLARC — — _ _ _ _ * _ _
DPDRWH x X w — W R A * H'FFFC 100
DPDRWL x X w — W R R * H'FFFD 101
DPDRRH x X R R W A * HFFFE 110
DPDRRL x X R R W W * HFFFF 111
Legend
X: Must not be accessed (write access will affect operations of other functions).
Al Can be accessed, but has no effect on operation.

* -

Cannot be accessed.
Undetermined

Notes: 1. Buffer queries can be made in parallel with bound buffer mode and direct word mode.
DTARH and IOCR are used in all these modes, so care is required in modifying their
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ntents.

2. In handshake mode, the master CPU can write to DPDRW.L. The internal CPU can
output the DPDRRL contents to the master CPU.

3. Must not be accessed if used in bound buffer mode.

P

Cannot be accessed if used for I/O transfer.

5. Must not be accessed if used for I/O transfer.
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buffer mode, depending on the IOCR setting. (See table 5.5 and
section 5.3.3.)

DPRAM mode

Buffer queries

0 0O "HD6473318TF16" U U

Channel R is used exclusively. The buffer query function operates
when DPME = 1 in SYSCR and HSCE = 0 in IOCR. (See table 5.5
and section 5.3.4.)

Bound buffer mode

Channel A is used for reads to the master. This mode can be used
when DPME =1 (SYSCR), HSCE = 0 (IOCR), and DPEA =1 (IOCR).
Channel B is used for writes from the master. This mode can be used
when DPME = 1 (SYSCR), HSCE =0 (IOCR), and DPEB = 1 (IOCR).
(See table 5.5 and section 5.3.5.)

Direct word mode

Channel A is used for reads to the master. This mode can be used
when DPME =1 (SYSCR), HSCE = 0 (IOCR), and DPEA = 0 (IOCR).
Channel B is used for writes from the master. This mode can be used
when DPME = 1 (SYSCR), HSCE =0 (IOCR), and DPEB = 0 (IOCR).
(See table 5.5 and section 5.3.6.)

Handshake mode

This mode can be used when DPME =1 in SYSCR and HSCE =1 in
IOCR. (See table 5.5 and section 5.3.7.)

5.2 Register Descriptions

The registers of the DTU and PBI are described below.

Abbreviations shown in boxes after the register name indicate the modes in which the regi
be used. The meaning of these abbreviations is as follows:

I/0: 1/O transfer
Q: Buffer queries

BB: Bound buffer mode

DI: Direct word mode

H/S: Handshake mode
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DIl 4 o] e} 4 o Z 1 U
| HSCE | DPEA | DPEB | RPEA | RPEB | RPEC | — | — |
Initial value 0 0 0 0 0 0 1 1
Read/Write R/W R/W R/W R/W R/W R/W — —
0 0 "HD6473318TF16"1 [ I
IOCR selects DTU and PBI operating modes, and controls the DTU.

Bit 7—Parallel Handshake Enable (HSCE)
Bits 6 and 5—DPRAM Enable A and B (DPEA, DPEB)

The DTU and PBI operating modes are selected by the DPME bit in SYSCR, and the HSCI
DPEA, and DPEB bits in IOCR. Table 5.5 lists the mode selections. Table 5.6 lists the
corresponding pin functions.

Table 5.5 DTU/PBI Operating Mode Settings

Buffer Bound Bound
Query Buffer Buffer Direct Direct
Hand- (DTU Mode (DTU Mode (DTU Word Word
DPME Bit 7 Bit 6 Bit5 shake Channel Channel Channel Mode Mode
(SYSCR) HSCE DPEA DPEB Mode R) A) B) (DPDRRH/L) (DPDRWHIL)
1 1 — — (0] x I/O transfer* 1/O transfer* Handshake Handshake
0 0 0 X O (read) I/O transfer* 1/O transfer* O (read) O (write)
1 0 X O (read) O (read) I/O transfer* Bound buffer O (write)
0 1 X O (read) I/O transfer* O (write) O (read) Bound buffer
1 1 X O (read) O (read) O (write) Bound buffer Bound buffer
0 — — — x x I/O transfer* 1/O transfer* x X
Can be used

x:  Cannot be used
—: Undetermined
*:  Used in I/O transfer mode

Note: For I/O transfer, set the DTE bitto 1 in DTCRA, DTCRB, or DTCRC.
Handshake mode operation is supported only in single-chip mode. Do not set bit HSCE to 1
in expanded modes.
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shake  function input output or port function,

mode depending on
0 DPRAM  Control EWRQ (PCCSR)
mode input bit
00 "H[96473318TF16"D—D 0 Port Port Port Port function Port function or
function function function data bus

Note: “Port function” means that the port functions, supporting-module functions, and extended
functions multiplexed with the DPRAM pins are available.

Bits 4, 3, and 2—Repeat Enable A, B, and C (RPEA, RPEB, RPEC)hese bits are valid onl
in 1/O transfers. They select repeat mode or normal mode for DTU channels A, B, and C.

In normal mode, the DTE bit in DTCRA, DTCRB, or DTCRC is cleared to 0 when the trans
reaches the boundary.

In repeat mode, when the transfer reaches the boundary, the DTE bit in DTCRA, DTCRB,
DTCRC is not cleared to 0, and the data in the area defined by DTARA, DTARB, or DTAR
the boundary is transferred repeatedly. Channels A and B also have reload address regist
channel B can furthermore operate in ring buffer mode.

For usage of the boundary, normal mode, and repeat mode, see section 5.3, Operation.

Bits 4, 3, or 2

RPEA, B, C Description

0 Transfer in normal mode (Initial value)
1 Transfer in repeat mode

Bits 1 and 0—ReservedThese bits cannot be modified and are always read as 1.
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=118 4 o] o] 4 ) Z 1

‘ DTE‘ DTIE‘BUDZ‘ BUDl‘ BUDO‘SOSZ‘SOSl‘SOSO‘

Initial value 0 0 0 0 0 0 0 0

Mode Register

O O "HinGhABA8 TFIG'ERA ] idternal CPU  ReadWwrite RW R/MW RMW RMW RMW RMW RMW R/MW
DTCRB
DTCRC

PBl transferin  DTCRA Internal CPU  Read/Write 0 (R/W) RIW R/W R/W (RW) (RIW) (RIW)

DPRAM bound Master CPU ReadWrite 0 R R R R R R R
buffer mode DTCRB Internal CPU ReadMWrite 0 O R R R 0 0 0

Master CPU  Read/Write — — w W W — — —
— Not used. Cannot be modified.

0: Always reads 0.
(R/W): Can be written, but has no effect on operation.
These registers are used in I/O transfers, and in PBI transfers in DPRAM bound buffer moc

In I/O transfers, DTCRA, DTCRB, and DTCRC serve as control registers for DTU channels
and C, respectively.

In PBI transfers in DPRAM bound buffer mode, DTCRA controls read access by the mastel
and DTCRB controls write access by the master CPU.

Bit 7—Data Transfer Enable (DTE): Used in I/O transfers. Not used in PBI transfers.

When DTE is set to 1, the channel begins waiting for a transfer request. The DMA transfer
activated by the interrupt request signal selected by the source select bits (SOS2, SOS1, S

If a boundary overflow or the internal CPU clears the DTE bit to 0, the transfer is suspende
the DTIE bit is set to 1, an interrupt is also requested. If the internal CPU sets the DTE bit tc
again, the transfer resumes from the state in which it was suspended.
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1. Oiswrittenin DIE
2. The transfer terminates at the boundary in normal mode

1 Indicates that I/O transfer is in progress
[Setting condition]
[0 0 "HD6473318TRé&4 D TMOR While DTE = 0, then write 1 in DTE

Bit 6—Data Transfer Interrupt Enable (DTIE): Used in I/O transfers. Not used in PBI
transfers. This bit enables or disables the interrupt generated when the DTE bit is cleared

Bit 6

DTIE Description

0 Disables the interrupt requested when the DTE bit is cleared to 0 (DTI) (Initial value)
1 Enables the interrupt requested when the DTE bit is cleared to 0 (DTI)

Bits 5, 4, and 3—Boundary 2, 1, and 0 (BUD2, BUD1, BUDGO}hese bits set a carry-control
boundary in the data transfer address register (DTAR), which is the register that gives the
byte of an on-chip RAM address. DTAR is an 8-bit counter that increments each time one
one word is transferred. The incrementing is held within the selected boundary. When a c
occurs at the boundary, causing a DTAR overflow, the bits above the boundary retain thei
existing values, while the bits below the boundary are reset to their initial value. The initial
may be 0, or a value stored in a reload register, depending on the channel and operating 1
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DDII

0 0 1 Carry from bit 0 to bit 1 2 [
in DTAR
0 1 0 Carry from bit 1 to bit 2 4
in DTAR
L 1 from bit 2 to bit 3 8
HD6473318TF16'0 [ han
1 0 0 | Carry from bit 3 to bit 4 16
in DTAR
1 0 1 Carry from bit 4 to bit 5 32
in DTAR
1 1 0 Carry from bit 5 to bit 6 64
in DTAR
1 1 1 Carry from bit 6 to bit 7 128
in DTAR

Note: * Number of bytes transferred when bits below the boundary are initially cleared to 0.

Figure 5.7 Bit Settings and Boundary Positions

Bits 2, 1, and 0—Source Select 2, 1, and 0 (SOS2, SOS1, SO3&»d in I/O transfers, but not
in PBI transfers. These bits select the interrupt source that activates an I/O transfer by the L
When DTE is set to 1, the selected interrupt request signal is regarded as an I/O transfer re
When DTE is 0, the selected interrupt request signal is sent to the interrupt controller.

Table 5.7 lists the I/O transfer activation sources and the transfers they request. Some tran
clear the activation source while others do not. By using a combination of these types, it is

possible to perform two consecutive transfer operations with a single activation source. In tl
case, the I/O transfers are performed in alphabetical channel order (channel A, then B, ther

If channel A or channel B executes transfer operation number 9 or 10 in table 5.7, the activ
source is not cleared, and the channel is stopped.

A stopped channel is automatically cleared by the completion of transfer operation 5 or 7 fo
stoppage due to transfer operation 9, or by completion of operation 4 or 6 for operation 10.
stopped channel can also be cleared by a dummy write to its data transfer control register (
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1 RXIO SCIO0 RDR - RAM (byte) Yes 0 0 1 0 0 1 0 0 1

2 TXIO SCI0  RAM - TDR (byte)  Yes 0 1 0 0 1 0 0 1 0

3 ADI ADC  ADDRA - RAM (word) Yes 0 1 1 0 1 1 0 1 1

4 OCIBl TPC  RAM - NDRB (word) Yes 1 0 0
O 0 "HD64P883L8 TG " [JRAM[Z NDRB (word) Yes 1 0 0 1 0 1

6 OCIBl TPC  RAM - NDRA (byte) Yes 1 1 0

7 OCIAL TPC  RAM - NDRA (byte) Yes 1 0 1 1 1 1

8 OCIAl FRT1 RAM - OCRA (word) Yes 1 0 0 1 1 0

9 OCIAlL FRTL RAM - OCRA (word) No 1 0 1 1 1 1

10 OCIBL FRT1 RAM - OCRB (word) No 1 1 0

Note: When SOS2 = SOS1 = SOSO0 = 0, an activation source is not selected.

5.2.3 Data Transfer Address Register H (DTARH)

. wo | Q | BB |
Bit 7 6 5 4 3 2 1 0
| | | | | | | | |
Initial value — — — — — — — _
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

DTARH is used whenever the DTU function is used. It is used both for I/O transfers and fc
transfers in DPRAM mode, including buffer queries and transfers in bound buffer mode.

DTARH is the register that specifies the upper 8 bits of the on-chip RAM address. DTARH
paired with DTARA, DTARB, or DTARC to generate a 16-bit address.
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=118 4 o] o] 4 ) Z 1 v

Initial value — — — — — — — _ _
Mode Register

O O "HiGhA3Bl8 TFIG'ARA] idternal CPU  ReadWrite RW R/MW RMW RMW RMW RMW RMW R/MW
DTARB
DTARC

PBl transferin ~ DTARA Internal CPU Read/Write R/W R/W R/W R/W R/W (R/W) (R/W) (R/W)

DPRAM bound Master CPU  Read/Write R R R R R R R R
buffer mode

DTARB Internal CPU Read/Write R R R R R R R R
Master CPU  Read/Write W w w w w % W %

The DTAR registers are used when the DTU function is used for I/O transfers, and for PBI
transfers in DPRAM bound buffer mode. DTARA, DTARB, and DTARC pair with DTARH to
generate 16-bit on-chip RAM addresses which indicate DTU transfer addresses. A boundat
be set in the DTAR registers by the BUD bits, so that the DTAR registers increment only in
range up to the boundary.

In an 1/O transfer, these registers are used as the lower 8-bit address registers in each chal

In a PBI transfer in DPRAM bound buffer mode, DTARA is the lower 8-bit address register
read access by the master CPU, and DTARB is the lower 8-bit address register in write acc
the master CPU.
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=11} 4 o o} a4 o < 4 v

Initial value — — — — — — — _
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
[0 00 "HD6473318TF16"] O O

The RLAR registers are used when the DTU function is used for 1/O transfers, and for PBI
transfers in DPRAM bound buffer mode.

The RLAR registers store data for initializing the DTAR registers when a boundary overflo
occurs. Writes to the RLAR registers are performed automatically by master CPU or interr
writes. The DTAR value is then successively incremented, and if a boundary overflow occ
DTAR register will be initialized to the value in the RLAR register.

In ring buffer mode, RLARB functions as an auxiliary ring buffer pointer. DTARB is the ma
pointer, indicating the DTU transfer address. If a series of transfers is suspended and the
data becomes invalid, DTARB can be initialized to the value in RLARB (loading). If a serie
transfers ends normally and the stored data is valid, the contents of DTARB can be copiec
RLARB (marking). Note, however, that in repeat mode the value in RLARB is copied to DT
automatically when a boundary overflow occurs.

5.2.6 Compare Address Register B (CPARB)

Bit 7 6 5 4 3 2 1 0

| | | | | | | | |
Initial value — — — — — — — _
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

CPARSB is an auxiliary pointer used in ring buffer mode. The contents of CPARB are const
compared with DTARB. When they match, an interrupt request can be generated.

CPARB should be updated by software so that it always indicates the top of the unproces:
in the ring buffer. Then if the ring buffer becomes full of unprocessed data, causing an ove
error, CPARB and DTARB will match and an interrupt request will occur.
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=1} 4 o o] a4 o

\ RING \ CMPF \ CMPIE‘ LOAD \ MARK \ — \ ICKS1 \ ICKSO0 \
Initial value 0 0 0 1 1 1 0 0
Read/Write RW  RIW)*  RIW W) W) — RIW RIW

O 0O"HP6473318TF16" ] []

a 0 in bit 6 to clear the flag, but cannot write a 1 in this bit.

STCR is an 8-bit readable/writable register that controls DTU channel B, and selects the S(
operating mode and the TCNT clock source. STCR is initialized to H'1C by a reset.

Bit 7—Ring Buffer Mode (RING): Setting this bit to 1 places DTU channel B in ring buffer
mode. To use ring buffer mode it is also necessary to set the REPB bitto 1 in IOCR.

Bit 7

RING Description

0 DTU channel B does not operate in ring buffer mode (Initial value)
1 DTU channel B operates in ring buffer mode

Bit 6—Compare Interrupt Flag (CMPF): Overrun error interrupt request flag for the ring
buffer. This flag indicates that the contents of CPARB and DTARB match after DTARB was
incremented due to the occurrence of a DTU cycle.

Bit 6
CMPF Description
0 [Clearing condition]
Read STCR while CMPF = 1, then write 0 in CMPF (Initial value)
1 Ring buffer overrun error

[Setting condition]

When DTARB contents match CPARB contents after being incremented by DTU
cycle occurrence

Bit 5—Compare Interrupt Enable (CMPIE): Enables or disables the interrupt (CMPI)
requested when CMPF is set to 1.
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Bit 4—Pointer Load (LOAD): Controls the copying of the contents of the auxiliary pointer
(RLARB) into the ring buffer pointer (DTARB). There is no latch to retain the value of the L
bit. The load operation is executed when the LOAD bit is cleared to O.

0 0O "HRR43318TF16"0 U [

LOAD Description
Clearedto 0  RLARB contents are copied to DTARB

Setto 1 No operation (Initial value)

Bit 3—Pointer Mark (MARK): Controls the copying of the contents of the ring buffer point
(DTARB) into the auxiliary pointer (RLARB). There is no latch to retain the value of the M/
bit. The mark operation is executed when the MARK bit is cleared to 0.

Bit 3
MARK Description

Cleared to 0 DTARB contents are copied to RLARB

Setto 1 No operation (Initial value)

Bit 2—Reserved:This bit cannot be modified and is always read as 1.

Bits 1 and O—Internal Clock Source Select 1 and 0 (ICKS1 and ICKSOY.hese bits, togethe
with bits CKS2 to CKSO in TCR, select the TCNT clock source. For details see section 11,
Timers.

5.2.8 DPRAM Data Registers (DPDRWH, DPDRWL, DPDRRH, DPDRRL)

‘BB‘DI‘H/S‘

The DPRAM data registers (DPDR registers) provide four bytes, of which the master CPU
write to two bytes (DPDRW) and read two bytes (DPDRR). These data registers are used
DPRAM bound buffer mode, DPRAM direct word mode, and handshake mode. They are r
for buffer queries in DPRAM mode, or for I/O transfers.

Read and write access to the DPDR registers sets interrupt flags (MWEF, MREF), activate
DTU, and changes the levels of control signRIBY, WRQ) sent to the master CPU. For detai
of these operations, see section 5.3, Operation.
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Bit 7 6 5 4 3 2 1 0

Initial value  — — — — — — — —

Mode Register

D D IIHr\n e Yo Vo W W o el el I T I e B
olQgl

thal CPU Read/Write R*! R*! R*! RsI Rtl Rsl Rxl Rl
buffrmode  ppprRwWL Master CPU  ReadMrite W W W W W W W W

DRAM direct DPDRWH Internal CPU Read/Write
wordmode  ppprwL Master CPU ReadWrite W W W W W W W W

Py)
Py)
Py)
Py)
Py)
Py)
Py)
Py)

Handshake DPDRWL*? Internal CPU  Read/Write R R R R R R R R
mode Master CPU  Read/Write ~ W*2 W2 \W¥2  \W*2 W2 \Wx2  \Wx2 w2

Notes: 1. Transferred to on-chip RAM automatically by the DTU.
2. Data on the DDB lines is latched at the rising edge of the WE input.
3. In handshake mode, the master CPU cannot access DPDRWH.

The two DPDRW bytes should be used in each mode as follows.

« DPRAM Bound Buffer Mode

DPDRWH and DPDRW.L are reserved for write access by the master CPU. Data written
these registers is transferred automatically to the on-chip RAM. The master CPU has tw
addresses for these two bytes, but write access to both bytes operates in the same way

« DPRAM Direct Word Mode

Read or write access to DPDRWL generates an interrupt request to the internal CPU or
CPU. If both bytes are used, read or write access should be performed to DPDRWH firs
DPDRW.L. If only one byte is used, use DPDRWL.

* Handshake Mode
Use DPDRWL.
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Initial value  — — — — — — — —

Mode Register
00"H Zi@}n/ gotjgghzli%pﬁ?ﬁ dnternal CPU Read/Write W+t  W*t Wl gl wxlo yxlo yyxl oyt
aster CPU  Read/Write R R R R R R R R

DRAM direct DPDRRH Internal CPU Read/Write

wordmode  ppprRRL  MasterCPU ReadMWrite R R R R R R R R

Handshake DPDRRL*? Internal CPU Read/Write W W W W W W W W
mode Master CPU  Read/Write R*2 R*2 R*2 R*2 R*2 R*2 R*2 Rx2

Notes: 1. Transferred from on-chip RAM automatically by the DTU.
2. Data is output on the DDB lines when the OE input is low.
3. In handshake mode, the master CPU cannot access DPDRRH.

The two DPDRR bytes should be used in each mode as follows.

« DPRAM Bound Buffer Mode

DPDRRH and DPDRRL are reserved for read access by the master CPU. The read da
transferred automatically from on-chip RAM. The master CPU has two addresses for tt
bytes, but read access to both bytes operates in the same way.

« DPRAM Direct Word Mode

Read or write access to DPDRRL generates an interrupt request to the internal CPU ol
CPU. If both bytes are used, DPDRRH should be accessed first, then DPDRRL. If only
byte is used, use DPDRRL.

* Handshake Mode
Use DPDRRL.
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Bit 7 6 5 4 3 2 1 0

0 O "HD6473318TFIER e,
—Internal-EPU—ReadAMrite—
Master CPU  Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: * Transferred automatically from on-chip RAM by the DTU.

DPDRRQ is reserved for read and write access by the master CPU. When a write access t
DPDRRQ occurs, data stored in on-chip RAM at the address given by DTARH (upper byte)
DPDRRQ (lower byte) is transferred to DPDRRQ.

5.2.10 Parallel Communication Control/Status Register (PCCSR)

‘Q‘BB‘DI‘H/S‘

This register is used in DPRAM mode and handshake mode. It is not used in I/O transfers.

PCCSR can be written and read by both the internal CPU and the master CPU. It controls
transfer between the internal CPU and master CPU, and indicates status.

Bit 7 6 5 4 3 2 1 0

‘ QREF ‘ EWRQ‘ EWAKAR‘ ERAKAR‘ MWEF‘ MREF‘ EMWI ‘ EMRI ‘

Initial value 0 0 0 0 0 0 0 0
Mode
All modes Internal CPU  Read/Write R R R R R/(W)* R/(W)* R/W R/W
except
:;i”dd;hake Master CPU Read/Write R RW RW RW R R R R

Handshake Internal CPU Read/Write R R/W R/W R/W  R/(W)* R/(W)* R/W R/W
mode

Note: * Only O write after read is available.
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0 DPDRRQ contains data (Initial value)
[Clearing condition]
The DTU writes on-chip RAM data in DPDRRQ

DPDRRQ contains the lower byte of an on-chip RAM address
0 [ "HD6473318T|F,§L§",Q Qn@non]

The master CPU writes the lower byte of an on-chip RAM address in DPDRRQ

Bit 6—Enable Wait Request (EWRQ):Enables operation of ti€RQ pin.

Bit 5—Enable Write Acknowledge and Request (EWAKAR):Enables operation of tiRDY
pin in response to master write access.

Bit 4—Enable Read Acknowledge and Request (ERAKAR)Enables operation of tHRDY pin
in response to master read access.

Table 5.8 lists the pin states in single-chip mode. Table 5.9 lists the pin states in the expar
modes.
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HSCE =0 impedance) of EWRQ as below
* 1 0 RDY output enabled at
master write
* 0 1 RDY output enabled at
0 0 "HD6473318TF16" 1 [1 [ master read
* 1 1 RDY output enabled at
master write and master read
0 * * Depends on value of Port function
ERAKAR and EWAKAR as
1 * * above WRQ output
enabled
DPME=1, O * * RDY output enabled Port function
HSCE=1
1 * * RDY output enabled WRQ output
enabled
Table 5.9 Pin States in Expanded Modes with PCCSR Conditions
Bit 6 Bit 5 Bit 4
Condition EWRQ EWAKAR ERAKAR P9./RDY P8,/ WRQ/XRDY
DPME=1, O 0 0 AS output High level output
HSCE =0 0 1 0 AS output XRDY output enabled at master
write
0 0 1 AS output XRDY output enabled at master
read
0 1 1 AS output XRDY output enabled at master
write and master read
* * AS output WRQ output enabled
DPME=1, O * * AS output XRDY output enabled
HSCE=1 1 * * ASoutput  WRQ output enabled
104
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wvioae

output *

Lutiput

DPRAM bound Master read

Master CPU reads DTARA

Internal CPU clears MREF

buffer mode Master write

Master CPU writes to DTARB

Internal CPU clears MWEF

DPRAM direct Master read

Master CPU reads DPDRRL

Internal CPU writes to DPDRRL

0 O "HD®ATIBPRTF16" Malste Iurite

Master CPU writes to DPDRWL

Internal CPU reads DPDRWL

Handshake mode

Internal CPU reads DPDRWL

OE is high and WE is low

Note: * During single-chip mode, pin RDY becomes an NMOS open drain output pin. High level
output at this time refers to the high impedance state.

Table 5.11 WRQ Output Operations

Mode

Conditions for High Level
Output

Conditions for Low Level
Output

DPRAM bound
buffer mode

Master read

DTU completes transfer to
DPDRRH/L

Master CPU reads DPDRRH/L
before DTU transfers new data

Master write

DTU completes transfer from
DPDRWH/L

Master CPU writes to
DPDRWHJ/L before DTU
transfers old data

Buffer query in DPRAM mode

DTU completes transfer to
DPDRRQ

Master CPU reads DPDRRQ
before DTU transfers new data

Handshake mode

8 system clocks after OE and
WRQ both become low

Internal CPU writes to DPDRRL

RENESAS
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Table 5.12 MREF and MWEF Operations

Mode

Clearing Condition

Setting Condition

DPRAM bound MREF

Internal CPU reads MREF =1,

then writes 0 in MREF

DTU channel A has completed
transfer up to boundary

0 0 "HB873318TrI6 D o o

MWEF—

Internal CPU reads MWEF =1,

then writes 0 in MWEF

DTU channel B has completed
transfer up to boundary

DPRAM direct MREF Internal CPU writes to or Master CPU reads DPDRRL
word mode dummy-reads DPDRRL
MWEF Internal CPU reads or Master CPU writes to DPDRWL
dummy-writes to DPDRWL
Handshake MREF Internal CPU writes to or OE goes high
mode dummy-reads DPDRRL
MWEF Internal CPU reads or WE goes high
dummy-writes to DPDRWL
Table 5.13 Meaning of MREF and MWEF
Mode 0 1
DPRAM bound MREF Internal CPU has finished Master CPU has finished
buffer and direct preparing data to be read by reading data prepared by
word modes master CPU internal CPU
MWEF Internal CPU has finished Master CPU has finished
processing data written by writing data to be processed
master CPU by internal CPU
Handshake MREF Internal CPU has prepared data Master CPU has read data
mode to be output to master CPU being output by internal CPU
MWEF Internal CPU has read data Master CPU has caused
latched by master CPU internal CPU to latch data
106
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gd"H

0 Disables interrupt request (MWEI) by MWEF (Initial value)

1 Enables interrupt request (MWEI) by MWEF

Bit 0—Enable Master Read Interrupt (EMRI): Enables or disables the interrupt (MREI)
{ 1} n MREF is setto 1.

Bit 0

EMRI Description

0 Disables interrupt request (MREI) by MREF (Initial value)
1 Enables interrupt request (MREI) by MREF

5.2.11 System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0

| SSBY | STS2 | STSL | STSO | XRST | NMIEG | DPME | RAME |
Initial value 0 0 0 0 1 0 0 1
Read/Write RW RW  RW  RW R RW  RW  RW

Bit 1—DPRAM Enable Bit (DPME): Selects whether to put the chip into slave mode. Whe
using a transfer mode other than I/O transfer, the chip must be put into slave mode. See t:
and 5.6. DPME is initialized at reset and in hardware standby mode.

Bit 1

DPME Description

0 The chip is not put into slave mode (Initial value)
1 The chip is put into slave mode

For descriptions of other bits of SYSCR, refer to section 3.2, System Control Register.
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U 1U Uperauorn vvelrvicw. 1The U TU Opelrales Dy Shiallllyg e LFU S Udla DUs, aUllcss DuUs,
bus control signals. To carry out a transfer, the DTU gets the bus right and generates a DT
cycle. During the DTU bus cycle, CPU bus cycles are held pending, while internal CPU ope
can proceed concurrently.

0 O "HOBII3BL8 Ttk IS initiated by a DTU bus request. In case of contention between CPU anc

bus cycle requests, the DTU bus cycle has priority. A request for a DTU bus cycle can occL
end of a CPU bus cycle or DTU bus cycle. When the CPU is operating internally or in sleep
a request can occur at any time.

A DTU bus cycle bus request is generated in response to a transfer request. The source of
transfer request may be an interrupt request from an on-chip supporting module, or a low-tc
transition at theE or WE pin in the PBI. These transfer requests are recognized when the C
active or in sleep mode, but are not recognized in the reset state or standby modes.

Types of DTU Bus CyclesTable 5.14 classifies the bus cycles generated by the DTU and
indicates their transfer request sources.

A DPRAM cycle occurs when the DTU acquires the bus right for a PBI transfer request. Th
two types of DPRAM cycles: master read, and master write. DTU channels R and A can ge
master read cycles. DTU channel B can generate master write cycles.

Dead cycles, read cycles, and write cycles occur when the DTU acquires the bus right for a
transfer request. 1/O transfers can be carried out on three DTU channels: channels A, B, an
Each channel executes a series of DTU bus cycles consisting of a dead cycle, read cycle,
cycle.
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Master write Output data from PBI and simultaneously PBI
cycle write to on-chip RAM

1/0 transfer Dead cycle Confirmation of transfer request Supporting module
cycle

0 O "HD6473318TF1&ddddytle Read on-chip RAM or register of on-chip DTU

supporting module

Write cycle Write to on-chip RAM or register of on-chip  DTU
supporting module

DTU Bus Cycle ProcessingData is transferred from on-chip RAM to the PBI in a master re
cycle, or from the PBI to on-chip RAM in a master write cycle.

A dead cycle is a one-state waiting interval to be certain of a transfer request. During a DT
cycle after the dead cycle, the transfer request cannot be cancelled by the CPU. During th
cycle, the flag of the free-running timer (FRT) or A/D converter, the source of the transfer |
is cleared. Data is transferred from on-chip RAM or an on-chip supporting module to the D
read cycle, and from the DTU to on-chip RAM or an on-chip supporting module in a write ¢
Interrupt flags in the SCI are cleared automatically when the receive data register is read
data is written in the transmit data register.

Canceling an 1/0 Transfer Requestl/O transfer requests are generated by interrupt flags ir
on-chip supporting modules. If the CPU clears the interrupt flag, the transfer request will b
cancelled. If the transfer request is cancelled during a dead cycle, the following read cycle
write cycle will not be executed.

Priority of Transfer Requests and Bus RequestsTable 5.15 indicates the priority order of
transfer requests. A transfer request for a master read cycle caused by a buffer query in D
mode always has highest priority. Among transfer requests in DPRAM bound buffer mode
read has priority over master write.

I/O transfers are basically performed in alphabetical order of channels (A,B,C), but in som
a bus request will not be generated even though a transfer request is present. No bus req
generated for a one-state interval (dead cycle) after a write cycle.

PBI transfers take priority over 1/O transfers, so a PBI transfer may be inserted during the
execution of a series of /O transfer cycles. If there is a PBI transfer request at the end of
cycle, the write cycle will be held pending until all PBI transfer processing is completed.
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Preceding Cycle Cycle Cycle Dead Read Write Write

Operation (Ch.R) (Ch. A) (Ch. B) Cycle Cycle Cycle Cycle
Other than 1 2 3 5 — — 4
below

00 "HPRAsYrIé'0 00 2 3 4 - - -
request
Dead cycle — — — — 1 — —
Read cycle 1 2 3 — — 4* —
Write cycle 1 2 3 — — — _

Notes: Master read cycle in channel R: buffer query in DPRAM mode
Master read cycle in channel A: DPRAM bound buffer mode
Dead cycle priority order: channel A, channel B, channel C
* Write cycle only in the channel that generated the preceding read cycle.
Held pending if a higher-priority PBI transfer cycle is executed.

Address Bus Operations:Figure 5.8 shows a conceptual diagram of the DTU address-bus
circuits. The DTARH contents, or H'FF, are output on the upper 8 bits of the 16-bit address
The contents of DTARA, DTARB, DTARC, or DPDRRQ, or the address of a supporting-mo
register determined by an I/O transfer request source, are output on the lower 8 bits.
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D6473318TF16"]

Incrementer

RLARA

Internal bus

DTARA

RLARB

DTARB

!

Comparator

?

CPARB

DTARC

RLARC

Channel
select

DTCRA
SOS2 to SOS0

DPDRRQ

DTCRB
SOS2 to SOS0

SOS decoder A

SOS decoder B

DTCRC
SOS2 to SOS0

SOS decoder C

Channel

select

Lower
address
select

Address bus, upper 8

Address bus, lower 8 |

Figure 5.8 Concept of Address Bus Circuits
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DTDRH

DTDRL -
o
>
o]
Il DPDRRQ -
3
% ] DPDRRH |
IS Select Select
o ] DPDRRL -
>
e}
o
>
= > DPDRWH -
[«—— Select Select
™ DPDRWL ™

Data bus, upper 8 bits

Data bus, lower 8 bits
[Module slave data bus]

Table 5.16 Bus Operation in DTU Bus Cycles

Figure 5.9 Concept of Data Bus Circuits

Upper Lower Upper Lower

Bus Cycle Address Bus Address Bus Data Bus Data Bus
Master read cycle (channel R) DTARH - DPDRRQ - - DPDRRQ —
Master read cycle (channel A) DTARH - DTARA - - DPDRR —
Master write cycle (channel B) DTARH - DTARB - DPDRW - —
Read cycle (RAM - I/0) Byte  DTARH - DTAR - — DTDRH —

Word - DTDRH - DTDRL
Write cycle (RAM - 1/O) Byte HFF - SOS decoder -~ DTDRH - —

Word DTDRH,L - —
Read cycle (/0 - RAM) Byte HFF - SOS decoder -~ - DTDRH —

Word - DTDRH,L —
Write cycle (/O — RAM) Byte  DTARH - DTAR - DTDRH - —

Word DTDRH - DTDRL -
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to BUDO specify a 1-, 2-, 4-, 8-, 16-, 32-, 64-, or 128-byte boundary. These eight settings ¢
the 256-byte area into 256, 128, 64, 32, 16, 8, 4, or 2 smaller areas, respectively, with bou
addresses set on the boundaries between adjacent areas. The starting address of a transt
by the contents of DTARA, DTARB, or DTARC. The ending address is the next boundary

0 0 "H3687%88TF16"0 O O

The contents of DTARA, DTARB, or DTARC are incremented at each transfer. When the t
is completed as far as the boundary address, a boundary overflow occurs. The DTARA, D
or DTARC contents do not increment past the boundary. The upper bits remain unchange
lower bits are initialized to the value stored in RLAR. In normal mode, the DTE bit is cleare

Figure 5.10 shows an example with 64-byte boundaries, in which the starting address is ir
exact center of a 64-byte area, so that a boundary overflow occurs when 32 bytes have be
transferred. In repeat mode, if there are further transfer requests, the transfer is repeated «
same 32-byte area.

Boundory points
Set by BUD2
to BUDO Lowest block address (H'xx00)

64 bytes DTARA value
in repeat mode

—— Boundary address (H'xx3F)

32 bytes

Start address (H'xx60) — y y

32 bytes l IL l (l, l
—— Boundary address (H'xx7F) ’ ’

64 bytes
—— Boundary address (H'xxBF)

64 bytes

——— Boundary address (H'xxFF)

Figure 5.10 Example of Memory Map with 64-Byte Boundary
(DTARH = H'xx, DTARA = H'60)
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points to the address that will be accessed at the next transfer request. One auxiliary pointe
RLARB, which points to the top address of a data block being transferred in accordance wi
transfer protocol. If the transfer fails, it can be repeated from the address indicated by RLAF
The other auxiliary pointer is CPARB, which points to the top of the data that has not yet be

00 "Hfﬁ%ﬁ%@ﬁi@ﬁ@ﬂf DTARB catches up with CPARB and the two match, an overrun €
i to report this abnormality.

CPARB -

(Unprocessed
Unprocessed data data pointer)

RLARB - i

(Top
Data block being address)
received

—-

DTARB -
(Receive
pointer)

Receive operation (writing to RAM)

RLARB -
Data block being (Top
transmitted address)

DTARB - i

(Transmit
pointer)

— -

Untransmitted data

CPARB -

(Unprocessed
data pointer)

Transmit operation (reading from RAM)

Figure 5.11 Pointer Operation in Ring Buffer
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instead of PBI transfer, these channels should be initialized after the procedure below. Re
contents are assumed to be initial values.

1. Write the upper byte of the address of the RAM area to be used by the DTU in DTARH
[ [0 "HD647is 18 vistiey is atsgused for I/O transfers. It must be initialized before 1/O transfer begi

2. Setthe EWRQ bit in PCCSR to 1, or clear it to 0.
If this bit is set to 1, output from tH¥RQ pin is enabled when the DPME bit is set.

3-1. Set the HSCE bit in IOCR to 1, or clear it to 0.

This bit selects handshake mode or DPRAM mode when the DPME bit is set. The trez
of theCS and RS to RS inputs differs between handshake mode and DPRAM mode.

3-2. Set the DPEA and DPEB bits in IOCR to 1 or O.
In DPRAM mode, these bits select direct word mode or bound buffer mode. They also
access to DTARA, DTARB, DTCRA, and DTCRB. Some write accesses to registers tt
shared with other operating modes are disabled by hardware if they would interfere wi
operation of the other mode.

4. Set the DPME bit in SYSCR to 1.
This sets the pins to slave mode (DPRAM mode or handshake mode) according to the
operating mode (single-chip mode or expanded mode). Pins OBEDB, (XDDB; to
XDDB,) are set for input/outpugs (XCS), RS, to RS, WE (XWE), andOE (XOE) for input,
andRDY (XRDY) andWRQ for output. Pin3VRQ, CS, and R$to RS also depend on the
settings of the EWRQ and HSCE bits. At the same time, it becomes possible to set anc
the QREF, MWEF, and MREF flags in PCCSR. The inpu@SaWE, OE, etc. must be kept
at the inactive level until initialization is completed.

5. Setthe EWAKAR, ERAKAR, EMWI, and EMRI bits in PCCSR to 1, or clear them to O.

These bits select the usage of RigY pin and enable or disable interrupts to the internal (
The usage of thRDY pin can be set from the master CPU.

Data can now be transferred in DPRAM mode or handshake mode by accessing registers
DTCRA, DTCRB, DTARA, DTARB, DPDRRH, DPDRRL, DPDRWH, and DPDRWL accort
to the operating mode.
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DDII

1 Set DTARH

Y

_—

HD64£73818 TF16°E! TEEPR (EWRQ)

( Initial setup for I/O transfer )

'

1

Set IOCR (RPEA/B/C)

'

Set PCCSR (EWAKAR, ERAKAR)

Buffer query

3 Set IOCR (HSCE, DPEA, DPEB)
Set DTCRA/B/C
+ (SOS2 to SOS0, BUD2 to BUDO)
4 Set SYSCR (DPME '
( ) 4 Carry out transfer, making N
+ necessary settings in on-chip RAM,
. Set PCCSR (EMWI, EMRI) \__ DTARA/BIC, and DTCRA/B/C  /

4 Carry out transfer, making N

operation in
DPRAM mode

DPRAM bound

necessary settings in on-chip RAM
\_ and PCCSR J

4 Carry out transfer, making N

buffer mode

DPRAM direct
word mode

necessary settings in on-chip RAM,
\_DTARA/B, DTCRA/B, and PCCSR _/

4 Carry out transfer, making N

Handshake mode

necessary settings in DPDR registers
\_ and PCCSR J

Figure 5.12 DTU and PBI Initialization Flowchart

5.3.3 I/O Transfer Operations

The conditions under which 1/O transfer is available are given below, with initialization and

operating procedures.
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e Channel A

Connected to the PBlI when DPME = 1, HSCE = 0, and DPEA = 1. Available for I/O tral
at other times.

0 0 "H5e47338 60 0 O

other times.

when DPME = 1, HSCE = 0, and DPEB = 1. Available for /O tra

+ Channel C
Always available for I/O transfer.

I/O Transfer Procedure (See figure 5.13.)

1. Write the upper byte of the address of the RAM area to be used by the DTU in DTARH
This register is also used for PBI transfers. It must be initialized before PBI transfer bec

2. Set bits RPEA, RPEB, and RPEC in IOCR to 1 or clear them to O as necessary.
3. Set bits SOS2 to SOS0 and BUD2 to BUDO in DTCRA, DTCRB, or DTCRC.

4. Initialize the on-chip supporting modules so that they will generate transfer requests fol
desired /O transfer.

5. For a transfer from RAM to an on-chip supporting module register, place the data to be
transferred on RAM. Write the top address of the data on RAM in DTARA, DTARB, or
DTARC.

6. Setthe DTE bitto 1 in DTARA, DTARB, or DTARC.
Set the DTIE bit to 1 in DTARA, DTARB, or DTARC as necessary.

7. Transfer requests are input from the on-chip supporting modules. The DTU responds k
transferring data, then clearing the transfer request. DTARA, DTARB, or DTARC is
incremented each time one byte is transferred. After repeated transfer requests, when
transfer reaches the boundary, in normal mode, a boundary overflow occurs and the D
cleared to 0. If the DTIE bit is set to 1, an interrupt is requested.

8. For a transfer from an on-chip supporting module to RAM, process the data transferrec
RAM.

Steps 5 to 8 can be carried out repeatedly.
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3  |Set DTCRA/B/C (SOS2 to SOSO, BUD2 to BUDO)| :

O ; ...............................

| Initialize and activate on-chip supporting modules |

0 0 "HD6473318TF1g~H-H-H

Set-starting address in DTARA/B/C |

1

6 | Set DTE and DTIE bits |

1

7 = Wait for transfer request Executed by hardware

'

Input transfer request and get bus right

'

4

Executed by software

Execute dead cycle

Present ;
e Insert PBI transfer cycle

Execute write cycle and release bus right

!

Increment DTARA/B/C

No

Repeat mode

Clear DTE in DTCRA/B/C

If DTIE is 1, generate boundary
overflow interrupt

Figure 5.13 1/O Transfer Flowchart
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interrupt request, when clearing DTE, clear the DTIE bit to O at the same time.

« While the DTE bit is set to 1, interrupt requests from the source selected by SOS2 to S
not be sent to the interrupt controller.

00 HD649§§:1§M%% Py ared and processed gfter the DTE t?it is f:lgared to 0, but if an.inter
Wbefme the DTE flag is set to 1 again, this interrupt request will go
interrupt controller.
To have interrupts handled by 1/O transfer and not treated as CPU interrupt requests, tl
taken to prepare and process data must be shorter than the time between interrupt req

this is not possible, software should implement a double-buffering scheme by writing to
DTARA, DTARB, or DTARC at each boundary overflow to change the address.

» After a transfer request is accepted from a supporting module, if the same transfer reqt
occurs again before the old request is cleared (before the interrupt flag is cleared), the
will be unable to recognize the new request. The interval between transfer requests sh
comfortably longer than the DTU’s turnaround time.

« Ifan I/O transfer is cancelled just when a transfer request occurs, the cancellation is cg
during the dead cycle.

» The address relations of word access by the DTU need to be noted. In an I/O transfer,
supporting-module registers are accessed by word access, in which case the on-chip F
also accessed by word access. In word access, address bit 0 is disregarded, so the up
must be located at an even address and the lower byte at an odd address. The suppor
module registers satisfy this condition, but it is possible to write odd addresses in the D
address registers (DTARA, DTARB, DTARC) that specify the RAM address.

When making a word-access /O transfer, write an even address in the DTU address re
The transfer may not be performed as intended if an odd address is written. For examp
H'01 is written and word access is performed, the lower address bits will be output as F
access to the upper byte, and H'01 in access to the lower byte.
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Master CPU
PBI: buffer query operation in DPRAM mode (H8 microcontroller)
" dres DTU address __
00"H [)6473@&%% CS || Decoder]-|Aus to A
||
RSZ to RSO A2 to AO
on-chip E WR
RAM | DTARH |DPDRR | | REF | — _
CPU Q[ OE RD
Data bus Data bus WR WAIT
DDB5 to D, to Dy
DDB,

Figure 5.14 Buffer Query in DPRAM Mode

The conditions under which buffer query is available are given below, with initialization and
operating procedures.

Conditions under Which Buffer Query is Available: Buffer query is available whenever the
HSCE bit is cleared to 0 and the DPME bit is set to 1, enabling use of DPRAM-related pin
functions. Availability is not affected by the mode of DTU channels A and B (DPRAM bounc
buffer mode or DPRAM direct word mode).

Initialization and Operating Procedures (See figure 5.15.)

1. Initialize the DTU and PBI by the DTU/PBI initialization procedure.
DTARH is also used in I/O transfers and DPRAM bound buffer mode. It must be initialize
before these transfers begin. The EWRQ bit in PCCSR al@R@pin are also used in
DPRAM bound buffer mode and DPRAM direct word mode. The initial settings must be
of conflict between modes.

2. When the master CPU writes to DPDRRQ, the QREF flag in PCCSR is set to 1 to indice
DPDRRQ contains the lower 8 bits of an on-chip RAM address.

3. Atransfer request is generated for DTU channel R, and the bus right is acquired for a i
read cycle.
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Precaution on Use of Buffer Query in DPRAM Mode:When using buffer query in DPRAM
mode, note the following point:

If the master CPU reads DPDRRQ while QREF = 1 W) pin will stay at the low output levi
" ' i .Af the master CPU does notWIR€) as a wait request signal, leave a
0 O "HIBY ST 1 gedred of
%ﬁm—ﬁeﬁﬁeﬁa—BPDRRQ write to DPDRRQ read to be sure that the transfer has be

carried out.

Master CPU

| Internal CPU | | Trigger |

Initial setup

1 | Set DTARH | : I:I Executed by software

: | Set PCCSR (EWRQ) | : | Executed by hardware

I _—

: | Set SYSCR (DPME) and IOCR (HSCE)|

| Prepare data on on-chip RAM |

- V .
4> Wait for transfer request 2 ¢

. | ’ WE 1 Write on-chip RAM address
] in DPDRRQ

3 Set QREF in PCCSR and get bus right >

'

4 Transfer data from on-chip RAM
to DPDRRQ

' 5 |
Clear QREF in PCCSR and i Read DPDRRQ
release bus right

Figure 5.15 Flowchart of Buffer Query in DPRAM Mode
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The conditions under which DPRAM bound buffer mode is available are given below, with
initialization and operating procedures.

Conditions under Which DPRAM Bound Buffer Mode is Available
0O O "HD6473318TF16"L UJ I

« DPRAM bound buffer mode, read access (DTU channel A)
Available when DPME =1, HSCE = 0, and DPEA = 1.

» DPRAM bound buffer mode, write access (DTU channel B)
Available when DPME =1, HSCE = 0, and DPEB = 1.

Initialization Procedure: Initialize the DTU and PBI by the DTU/PBI initialization procedure.

DTARH is also used in I/O transfers, and in DPRAM buffer queries. It must be initialized be
these transfers begin.

The EWRQ bit in PCCSR and tiWéRQ andRDY pins are also used in DPRAM buffer queries
and DPRAM direct word mode. The initial settings must be free of conflict between modes.
tables 5.8 and 5.9.)

122
RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

Master CPU

PBI: DPRAM bound buffer mode, read access (H8 microcontroller)
CPU address 1 & DTU address cs Ags 10 As
0 0O "HD6473318TF16"1 [0 O DTCRA
RS, to RS, Ay to Ay
| DTARH | DTARA| __ .
WE WR
On-chip __ —
RAM DPDRRH OE RD
CPU MREF
DPDRRL __
RDY = IR
Data bus Data bus RQ = WAIT
DDB; to D to Dy
DDB,

Figure 5.16 Read Access in DPRAM Bound Buffer Mode
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DTARA.

2. The internal CPU clears the MREF flag in PCCSR to notify the master CPU that preparz
for the transfer are completed. If the ERAKAR bit is set to 1 in PCCSR, BRIbYvsignal is

00 "HDeMYtsTr16'0 O O

3. The master CPU learns from the state ofRB& signal or MREF flag that transfer
preparations have been completed, reads the boundary value in DTCRA and top addres
DTARA, and calculates the number of bytes of data.RIb& output goes high. Then the
master CPU reads the DPDRR registers a humber of times equal to the number of data

4. When the master CPU reads DPDRR, the PBI requests a transfer on DTU channel A. T
DTU gets the bus right and executes a master read cycle, transferring the contents of th
chip RAM address specified by DTARH and DTARA to an empty DPDRR register. Even
odd addresses in DTARA correspond to DPDRRH and DPDRRL, respectively. When th
master CPU reads the DPDRR registers, it receives their data in the same order in whic
data was transferred to the DPDRR registers. After being read, each DPDRR register be
empty. Each time a DPDRR register becomes empty, the PBI requests another transfer
DTU channel A, to keep the DPDRR registers in the full state.

5. Each time it transfers one byte, the DTU increments DTARA. When the transfer reache:s
boundary, a boundary overflow occurs and the MREF flag is set to 1. If the EMRI bitis s
1, an interrupt is requested.

Steps 1 to 5 can be carried out repeatedly.
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Set DTARH | I:I Executed by software

Set PCCSR (EWRQ) | Executed by hardware

0o"H D647;3318TF16"D 00

Set SYSCR (DPME) and IOCR
(HSCE, DPEA)

:

| Set PCCSR (EMRI) |

1

1 | Prepare data on on-chip RAM |

'

Set DTCRA (BUD2 to BUDO)
and DTARA

!

2 Clear MREF in PCCSR; RDY goes low -
: Y :
4D RAM o DPDRR. L
; ‘ ; 3 Read DTCR (BUD2 to BUDO) and
5 {Increment DTARA and release bus rightg DTARA; RDY goes high

y
Read DPDRR

e Set MREF in PCCSR | Process data |

Figure 5.17 Flowchart of Read Operations in DPRAM Bound Buffer Mode
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Master CPU
PBI: DPRAM bound buffer mode, write access (H8 microcontroller)
CPU address'* & DTU address cs A15 10 Ag
0 0 "HDG473318TF16" 1= DTCRB

RS, to RS, Ay to Ag

| DTARH | DTARB | — N

WE WR

On-chip __ —

RAM DPDRWH E RD

CPU MWEF
DPDRWL N
RDY = IRQ
Data bus Data bus RQ -|WAIT
DDB; to D7 to Dg
DDB,
Figure 5.18 Write Access in DPRAM Bound Buffer Mode
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2. The master CPU learns from the state ofRB& signal or MWEF flag that transfer
preparations have been completed, prepares data, and writes the top address in DTAR
boundary of a destination area in on-chip RAM in DTCRB. RB& output goes high. The

als "HD64L?€§i98r'I%Pllé"\HiESﬁ" the data it has prepared to the DPDRW registers.

3. Each time the master CPU writes to the DPDRW registers, the data goes into a DPDR
register, which thereby becomes full. The PBI generates a transfer request for DTU chi:
The DTU transfers the data from the full DPDRW register to the on-chip RAM address
specified by DTARH and DTARB. Even and odd addresses in DTARB correspond to
DPDRWH and DPDRWL, respectively. Data is transferred in the order in which written.
time data is written, the PBI requests a transfer on DTU channel B, to keep the DPDRV
registers in the empty state.

4. Each time it transfers one byte, the DTU increments DTARB. When the transfer reache
boundary, a boundary overflow occurs and the MWEF flag is set to 1. If the EMWI bit is
1, an interrupt is requested.

Steps 1 to 4 can be carried out repeatedly.
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| Set DTARH | I:I Executed by software

Y
Set SYSCR (DPME) and
IOCR (HSCE, DPEB)

'

Set PCCSR (EWRQ)
0 O "HD6473 :

| Set PCCSR (EMWI) | :

N ; ------------------ 2 | Process data
= DPDRW register full? e ¢
¢ Yes Set DTCRB (BUD2 to BUDO) and
3 Get bus right and transfer data from ' DTARB; RD‘Y goes high

DPDRW to on-chip RAM

‘ WE 1

4 iIncrement DTARB and release bus right |

N
All bytes written?

Yes

Set MWEF in PCCSR

:

Process data

Figure 5.19 Flowchart of Write Operations in DPRAM Bound Buffer Mode
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request signal, leave sufficient intervals between reads to be sure that the transfer is ce

e If the master CPU writes to a DPDRW register while it is full, WiRQ pin will stay at the
low output level until the register becomes empty. If the master CPU does WéR(sas a

00 "HD6 455{ iaqﬁsé,%?ﬁaldeave sufficient intervals between writes to be sure that the transfel

 MWEEF is initially 0, so when the EWAKAR bit is set to 1, RRBY output will go low
immediately. Be careful of this at the start of the first transfer.

« TheRDY pin is shared by master read and master write in both DPRAM bound buffer n
and DPRAM direct word mode. If the master CPU (RBY as an interrupt input, when it
tries to learn the internal state of the DPRAM, there may be competing interrupt conditi
The master CPU should control tRBY output by using the ERAKAR and EWAKAR bits,
should check the MREF and MWEF flags at the start and end of transfer processing.

5.3.6 Operation in DPRAM Direct Word Mode

DPRAM direct word mode does not use the DTU. Read and write operations in DPRAM d
word mode are depicted in block-diagram form in figure 5.20.

Master CPU
PBI: DPRAM direct word mode (H8 microcontroller)
Data bus

RS, to RS, A, to Ag
WE WR
CPU DPDRRH DPDRWH OE RD

MREF MWEF

DPDRRL DPDRWL BDY "Q

DDB7 to D7 to Do

DDB,

Figure 5.20 Read/Write Access in DPRAM Direct Word Mode
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« DPRAM direct word mode, read access
Available when DPME = 1, HSCE = 0, and DPEA = 0.

« DPRAM direct word mode, write access

0 0 "HDEAY3AYF AR PRYE = 1, HSCE =0, and DPES = 0.

Initialization Procedure: Initialize the DTU and PBI by the DTU/PBI initialization procedure.

TheRDY pin is also used in DPRAM bound buffer mode. The initial settings must be free of
conflict between modes. The initial state of RIgY pin is the high impedance state in single-cl
mode, and the high output state in expanded modes.

Read Procedure for DPRAM Direct Word Mode: For read acces®PRAM direct word mode
provides a parallel interface with two data-register bytes that can be read by the master CP
written to by the internal CPU. The read procedure for DPRAM direct word mode is given b
(See figure 5.21.)

1. The internal CPU writes data in DPDRRH and DPDRRL. Writing to DPDRRL clears the
MREF flag in PCCSR. If the ERAKAR bit is set to 1 in PCCSR, alRRi signal is output.

2. From the state of trRDY signal or MREF flag, the master CPU learns that the internal CF
has finished writing data. The master CPU now reads DPDRRH and DPDRRL. Reading
DPDRRL sets the MREF flag to 1 in PCCSR. If the EMRI bit is set to 1, an interrupt is
requested. ThRDY output goes to the high impedance state in single-chip mode, and to
high output state in expanded modes.
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Set PCCSR (EWRQ) I:I Executed by software

Set SYSCR (DPME) and : ; :
IOCR (HSCE, DPEA) : ; Executed by hardware

Ood"H D6475515 TFI6" 0 00 : R
: ¥ :

: | Set PCCSR (EMRI) |

Set PCCSR (ERAKAR)

1 Write data in DPDRR registers

At DPDRRL write, MREF is cleared RDY
and RDY goes low

At DPDRRL read, MREF is set | OE1 2 |
and RDY goes high ‘—{ Read DPDRR

A

| Process data |

Figure 5.21 Flowchart of Read Operations in DPRAM Direct Word Mode
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1. From the state of tRDY signal or MWEF flag, the master CPU learns that the internal C
has finished reading, and writes to DPDRWH and DPDRRL. Writing to DPDRW.L sets th

MWEF flag to 1 in PCCSR. If the EMWI bit is set to 1, an interrupt is requestedRDkie
output goes to high impedance state in single-chip mode, and to high output state in exf

0 O "HDEFPSSEBTF16"0 O O
2. The internal CPU reads the data in DPDRWH and DPDRWL. Reading DPDRWL clears
MWEF flag in PCCSR. If the EWAKAR bit is set to 1 in PCCSR, a R signal is output.

Master CPU

| Internal CPU | | Trigger | |

Initial setup

| Set PCCSR (EWRQ) | :

'

Set SYSCR (DPME) and :
IOCR (HSCE, DPEB) : 4{ Set PCCSR (EWAKAR)

'

Set PCCSR (EMWI) | : - -
2 .
At DPDRWL read, MWEF is cleared RDY: |1 MWEF
and RDY goes low
¢ 0
Process data | | Prepare data |
WE: 1 !
At DPDRWL write, MWEF is set ) ! - |
and RDY goes high Write to DPDRW

Figure 5.22 Flowchart of Write Operations in DPRAM Direct Word Mode
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» TheRDY pin is shared by master read and master write in both DPRAM bound buffer n
and DPRAM direct word mode. If the master CPU &Y as an interrupt input, when it
tries to learn the internal state of the DPRAM, there may be competing interrupt conditi

" r.¢ sﬁguld control tRBY output by using the ERAKAR and EWAKAR bits,
oo HD64}g§ﬁﬁi§kﬁ1ﬁl\ EF and MWEF bits at the start and end of transfer processing.

5.3.7 Operation in Handshake Mode

Handshake mode provides a parallel interface in which data is passed through an 8-bit po
byte at a time. Figure 5.23 depicts handshake mode in block-diagram form. Figure 5.24 st
typical interconnections for handshaking communication.

PBI: handshake mode Other chip

Data bus

CPU | DPDRRL| | MREF | |DPDRWL| |MWEF| RDY

WRQ

DDB, to
DDB,

Figure 5.23 Transfers in Handshake Mode
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DDII

HD6

Receive
interface

MWEF

A7331F 16" 0 5

WE |« WRQ
MREF
RDY = OE
DPDRWL
DDB; to |~ - DBB; to
DDB, DBB, DPDRRL

Receive
interface

(PBI)

The conditions under which handshake mode is available are given below, with initializatior

Figure 5.24

Interconnections for Handshake Mode (Example)

transmit, and receive procedures.

Conditions under Which Handshake Mode is Available, and Initialization Procedure

« Conditions under which handshake mode is available
Available when DPME = 1 and HSCE = 1.

» Initialization procedure
Initialize the DTU and PBI by the DTU/PBI initialization procedure.

Transmit Procedure in Handshake Mode:ln transmitting in handshake mode, when the data
register contents are output, a latch pulse is output frotWR@ pin to write the data into the
handshake interface circuits in the receiving device. The transmit procedure for handshake

given below. (See figure 5.25.)

1. The internal CPU reads the MREF flag, checks that it is set to 1, and writes data in DPC

The PBI then clears the MREF flag to 0 and outputs a low signal froWRig@pin.

2. The PBI checks the state of fBE pin and outputs the DPDRRL content®F is low. After

eight system clocks, the PBI automatically drivesWieQ output to the high level.

3. The PBI checks the state of BE pin. WhenOE goes high, the PBI stops data output, plac
the data lines in the high-impedance state, and sets the MREF flag to 1.
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. FEERRERAL R .
| Set PCCSR (EWRQ) | I:I Executed by software

Set SYSCR (DPME) and IOCR (HSCE) |

Executed by hardware

Ooo"H D647§3dlt$l|—lb OO0

: | Set PCCSR (EMRI) | :

Write data in DPDRRL

At DPDRRL write, MREF is cleared

: ; E1t
3 Set MREF <—| Process data |

Figure 5.25 Flowchart of Transmit Operations in Handshake Mode
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while OE is high, a low signal is output from tR®Y pin.

2. WhenWE goes high, the PBI latches the data into DPDRWL on the rising ed§& ahd
sets the MWEF bit to 1.

0 0 "HP64%33ARFRAICPUtads MWEF, checks that it is set to 1, and reads DPDRWL. The PBI

clears MWEF to 0 and drives tRDY output to the high level.
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T

2 Set PCCSR (EWRQ) E E Executed by software

: | Set SYSCR (DPME) and IOCR (HSCE) | Executed by hardware
0 0 "HD6473318TFI16" T [ Ul :

§ | Set PCCSR (EMWI) | f

(Ready to receive data)

| Data transmission completed

Latch data into DPDRWL

Set MWEF

Read MWEF, then read DPDRWL RDY 1
3 » (Data reception completed)
Clear MWEF

Y
Process data

Figure 5.26 Flowchart of Receive Operations in Handshake Mode
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Figures 5.27 and 5.28 (transmit) and 5.29 and 5.30 (receive) show typical interconnectic
simultaneous transmitting and receiving with a device having an identical handshake mc
both ends of the bidirection®RQ line are brought from high to low at the same time, bott
OE pins will go high simultaneously and the data will collide. To avoid this, both devices

0 [ "HDe6Teddgse@aretocol in which they transmit and receive in turn, so that transmit request

not occur S|mu|taneously.

« If the interface is used only for transmitting, the input atwigpin should be held at the higt
level. For receive-only usage, th& input should be held at the high level and the EWRQ |
should be cleared to 0 in PCCSR, sinceWRQ output is not needed.

| Held high for

: Receiving interface
transmit-only

WE
Transmitting interface (PBI) WRa

MREF OE =

DPDRRL DDB7 to -
DDBy,

Figure 5.27 Transmitting in Handshake Mode

WRQ \ /

-—— 8 system clocks

DPDRRL |‘|
write

MREF

Figure 5.28 Transmit Timing in Handshake Mode
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MWEF RDY -

DPDRWL DDB7 10 |«

DDB,

0 0 "HD6473318TF16" U U

Figure 5.29 Receiving in Handshake Mode

WE \ /
RDY —\—> Does not go low until OE is high /

DBB; to
DBBy

DPDRWL (
read

MWEF

Figure 5.30 Receive Timing in Handshake Mode
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Fol Ualsiels auc 0 pulier gucerics 1 DERAIVE TIOAC alla SOITie Fol talsielrs I DERAIVE DOL
buffer mode are initiated by the rising edge of Wi or OE input signal when the PBI is
accessed. The master CPU may receive a wait request frolRIQepin if it accesses the PBI
again after the edge is detected but before the PBI transfer is completed.

0 0O "HD®WaY 18 Bvoa! thissituation is to know how much time DTU and PBI processing takes, a

allow sufficient intervals between PBI accesses. Examples are given below. In all these exe
the master CPU is an H8 microcontroller.

(1) When the master CPU accesses a PBI data register (DPDRRQ, DPDRRH/L, DPDRWF
the DTU is activated. The time until the same data register can be accessed again is the su
following three periods:

« Transfer request detection lag: time lag from the detection of a rising edg&AéE weOE pin
until the transfer request occurs

» Bus cycle waiting time (maximum 6 states + wait states): time until the end of the bus cy
being executed when the transfer request occurs

 DPRAM cycle (2 states + wait states): time for executing the bus cycle that transfers dat
between on-chip RAM and the PBI

The transfer request detection lag depends on the operating mode. In DPRAM bound buffe
it is a maximum of 3.5 states, and in buffer query in DPRAM mode, it is a maximum of 3 ste
external memory is used instead of on-chip memory, and if the external memory is accesse
wait states, the maximum value of the bus cycle waiting time depends on the number of wa
states.

(2) In DPRAM bound buffer mode, the master CPU may access the PBI by byte access or
access. In word access, the minimum detectable interval (strobe interval) between the risin
of OE andWE of two bytes is two states.

(3) If input pins R$to RS specify an unusable DPRAM data register and ifq8ris low, then
pin WRQ also goes low. When piwRQ is not used and the access interval is the time betwee
the rising edge oDE andWE and the next confirmation of R® RS andCS input, the

following intervals become necessary.

* Bound buffer mode access interval: 9.5 states (see figure 5.31)
» Buffer query address write to data read access interval: 11 states (see figure 5.32)

The above are consecutive accesses with the same channel. If different channels are used
simultaneously, the PBI executes in order of the priority sequence of the channels. For acc
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strobe interval in a 3-state no-wait master CPU access, a master CPU with an operating fr
up to 1.5 times that of the interval CPU can be connected. In this case, the access interva
above become 14.25 states and 16.5 states of the master CPU. However, the output dela
master CPU and the PBI input setup timeG&; WE, CS, and RS are different for each signal

00 ..Hﬁgﬁiﬁ%fgm@@@@nces must be made for these differences.

Transfer request Bus cycle wait time DPRAM DPRAM
' detection time lag (max. 3 x 2 states) 1 cycle  cycle
' (max. 3.5 states) ' (2 states) | (2 states) |
o |
RS, to 1 1 ‘ : :
RSZ ‘ X X ‘ Target data register not selected ! X X >
OEWE | | | |
f ; 1 Access interval (min. 9.5 states) 1
' Strobe :
interval

(min. 2 states)

Figure 5.31 Bound Buffer Mode Access Interval

Transfer
request detection CPU cycle wait time DPRAM
! time lag ! (max. 3 x 2 states) © o cycle
! (max. 3 states) ! (2 states) !
ULy Lt
RSy to . :
RS, ( X Target data register not selected X )

Access interval (min. 11 states) 1

Figure 5.32 Buffer Query Mode Address Write to Data Read Access Interval
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The H8/3318 has an on-chip wait-state controller that enables insertion of wait states into
cycles for interfacing to low-speed external devices.

6.1.1 Features
0O 0 "HD6473318TF16"1 O O

Features of the wait-state controller are listed below.

» Three selectable wait modes: programmable wait mode, pin auto-wait mode, and pin w
mode

» Automatic insertion of zero to three wait states

6.1.2 Block Diagram

Figure 6.1 shows a block diagram of the wait-state controller.

= Wait request
signal

Wait-state controller
(WSC)

Internal data bus

WSCR

Legend
WSCR: Wait-state control register

Figure 6.1 Block Diagram of Wait-State Controller
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Name Abbreviation 110 Function

Wait WAIT Input Wait request signal for access to external addresses

O O "HP6473318TEL6"[1.[]

ration
Table 6.2 summarizes the wait-state controller’s register.
Table 6.2  Register Configuration

Address Name Abbreviation R/W Initial Value
H'FFC2 Wait-state control register WSCR R/W H'08

6.2 Register Description

6.2.1 Wait-State Control Register (WSCR)

WSCR is an 8-bit readable/writable register that selects the wait mode for the wait-state col
(WSC) and specifies the number of wait states. It also controls frequency division of the clo
signals supplied to the supporting modules.

Bit 7 6 5 4 3 2 1 0

. — | — |ckpBL| — | wwmsl| wMmso| wci | wco |
Initial value 1 1 0 1 1 0 0 0
Read/Write — — R/W — R/W R/W R/W R/W

WSCR is initialized to H'C8 by a reset and in hardware standby mode. It is not initialized in
software standby mode.
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Bit 4—Reserved:This bit is reserved, but it can be written and read. Its initial value is 0.

Bits 3 and 2—Wait Mode Select 1 and 0 (WMS1/0)Yhese bits select the wait mode.

Bit 3 Bit 2

0

0 O "HY8¥?3318 TR0 [ [(Pescription
0

Programmable wait mode

No wait states inserted by wait-state controller

Pin wait mode (Initial value)

1
1 0
1

Pin auto-wait mode

Bits 1 and 0—Wait Count 1 and 0 (WC1/0)These bits select the number of wait states inse
automatically in access to external address areas.

Bit 1 Bit 0

WC1 wWCo Description

0 0 No wait states inserted automatically by wait-state controller (Initial value)
1 1 state inserted

1 0 2 states inserted
1 3 states inserted
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DDII

HD6473318TRIG'OOD | | | | [ ]

Read
access

Write
access

Address bus X

AS

Data bus

WR

Data bus

|

External address

o

]

1Rt

Read data

Write data

J

146

Figure 6.2 Programmable Wait Mode
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Pin wait mode is useful for inserting four or more wait states, or for inserting different numl
wait states for different external devices.

Figure 6.3 shows the timing when the wait count is 1 (WC1 = 0, WCO = 1) and one additio

0 0 "HOEG 3BTRS AT input

Inserted by  Inserted by
wait count | WAIT signal

\<—+—» .
5 ] L. b

WAIT pin \ « /

Address bus X External address
AS
RD

Read

access Read data

1 n |t

J
W

Write
access

Data bus Write data

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure 6.3 Pin Wait Mode
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DD"'

are inserted even if tH& AIT pin remains low. Pin auto-wait mode can be used for an easy
interface to low-speed memory, simply by routing the chip select signal VG AIE pin.

Figure 6.4 shows the timing when the wait count is 1.

ﬂJHi*/\HHMHH

WAIT pin

Address bus X External address

X
= ] ]
]

External address

il

RD *’
Read
access Read data Read data
Data bus
wme ]
Write
access
Data bus Write data >—< Write data

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure 6.4 Pin Auto-Wait Mode

148
RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

The H8/3318 has a built-in clock pulse generator (CPG) consisting of an oscillator circuit,
adjustment circuit, and a divider and a prescaler that generates clock signals for the on-ch
supporting modules.

0 O "HO64 133183 i6¢R ihiagtden

Figure 7.1 shows a block diagram of the clock pulse generator.

Duty ' [ p
XTAL ————| Oscillator | adiustment ' (system  (for sup-
EXTAL————= circuit u it clock) porting
ciredl modules)

Prescaler

..........................................

Frequency
divider (1/2)

CKDBL i
op/2 to gp/4096

Figure 7.1 Block Diagram of Clock Pulse Generator

Input an external clock signal to the EXTAL pin, or connect a crystal resonator to the XTAl
EXTAL pins. The system clock frequency (@) will be the same as the input frequency. This
system clock frequency facan be supplied to timers and other supporting modules, or it ca
divided by two. The selection is made by software, by controlling the CKDBL bit.

7.1.2 Wait-State Control Register (WSCR)

WSCR is an 8-bit readable/writable register that controls frequency division of the clock si
supplied to the supporting modules. It also controls wait-state insertion.

WSCR is initialized to H'C8 by a reset and in hardware standby mode. It is not initialized ir
software standby mode.

Bit 7 6 5 4 3 2 1 0

. — | — |ckpBL| — | wwmsl| wmso| wci | wco |
Initial value 1 1 0 1 1 0 0 0
Read/Write _ _ RIW _ RW RW  RW  RW
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Bit 5
CKDBL Description

0 The undivided system clock (@) is supplied as the clock (@,) for supporting modules
(Initial value)

00 "Hb6473318ﬂj—)‘1§|}ﬁeﬂ ﬁlj)ck (9) is divided by two and supplied as the clock (g,) for supporting

Bit 4—Reserved:This bit is reserved, but it can be written and read. Its initial value is 0.
Bits 3 and 2—Wait Mode Select 1 and 0 (WMS1/0)
Bits 1 and 0—Wait Count 1 and 0 (WC1/0)

These bits control wait-state insertion. For details, see section 6, Wait-State Controller.

7.2 Oscillator Circuit

If an external crystal is connected across the EXTAL and XTAL pins, the on-chip oscillator
generates a system clock signal. Alternatively, an external clock signal can be applied to th
EXTAL pin.

7.2.1 Connecting an External Crystal

Circuit Configuration: An external crystal can be connected as in the example in figure 7.2.
Table 7.1 indicates the appropriate damping resistance Rd. An AT-cut parallel resonance ¢
should be used.

Cu
EXTAL T }ﬁT
—
XTAL —M/VL{ }ﬂT
Rd CL

CL1=C, = 10 pF to 22 pF

Figure 7.2 Connection of Crystal Oscillator (Example)
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Crystal Oscillator: Figure 7.3 shows an equivalent circuit of the crystal resonator. The crys
resonator should have the characteristics listed in table 7.2.

Ud"H

D6473318TF16"1 U U Co

XTAL =-—9 s EXTAL

AT-cut parallel resonating crystal

Figure 7.3 Equivalent Circuit of External Crystal

Table 7.2 External Crystal Parameters

Frequency (MHz) 2 4 8 10 12 16
Rd max (Q) 500 120 80 70 60 50
C, (pF) 7pFmax 7pFmax 7pFmax 7pFmax 7pFmax 7pF max

Use a crystal with the same frequency as the desired system clock frequency (2).

Note on Board DesignWhen an external crystal is connected, other signal lines should be
away from the crystal circuit to prevent induction from interfering with correct oscillation. S
figure 7.4. The crystal and its load capacitors should be placed as close as possible to the
and EXTAL pins.
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XTAL

7%_ I

1

0 0 "HD6473318TF16"0 [J O

7%_ I

Cu1

EXTAL

Figure 7.4 Notes on Board Design around External Crystal

7.2.2 Input of External Clock Signal

Circuit Configuration: An external clock signal can be input as shown in the examples in fig
7.5. In example (b) in figure 7.5, the external clock signal should be kept high during standk

If the XTAL pin is left open, make sure the stray capacitance does not exceed 10 pF.

EXTAL ——— External clock input

XTAL [——— Open

(@) Connections with XTAL pin left open

EXTAL External clock input

74HCO04
XTAL

(b) Connections with inverted clock input at XTAL pin

Figure 7.5 External Clock Input (Example)
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Vee=2710 V,=40t0 V. =50V

55V 55V +10%
Item Symbol Min Max Min Max Min Max Unit Test Conditions
Low pulse tey. 0 — 30 — 20 — ns Figure 7.6
0 0 "HOpR TR0 0 O
High pulse e 0 — 30 — 20 — ns
width of external
clock input
External clock tex — 10 — 10 — 5 ns
rise time
External clock  tgy — 10 — 10 — 5 ns
fall time
Clock pulse te 03 0.7 03 0.7 03 0.7 t,, @=2=5MHz Figure
width low 04 06 04 06 04 06 t, o<5MHz 194
Clock pulse ten 03 0.7 03 0.7 03 0.7 t,, @=5MHz
width high 04 06 04 06 04 06 t, B<5MHz
texH | texL |
\
EXTAL
VCC x 0.5
— |et— tEXI’ — «tEXf

Figure 7.6 External Clock Input Timing

Table 7.4 lists the external clock output stabilization delay time. Figure 7.7 shows the timir
the external clock output stabilization delay time. The oscillator and duty correction circuit
the function of regulating the waveform of the external clock input to the EXTAL pin. Wher
specified clock signal is input to the EXTAL pin, internal clock signal output is confirmed af
the elapse of the external clock output stabilization delay tigag Xt As clock signal output is n
confirmed during thest,; period, the reset signal should be driven low and the reset state
maintained during this time.
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DDII

External clock output stabilization toexr™ 500 — ps Figure 7.7
delay time

Note: * tpe,rincludes a 10t RES pulse width (tpegy)-

D64/3318TF16"L] LI [

)

Vee 27V

STBY Vﬂ*

5 reral ane raVAYAVAVAVAVAYAVAN

)

RES T

)

t *
DEXT

Note: * tpexr includes a 10 teyc RES pulse width (tresw)-

Figure 7.7 External Clock Output Stabilization Delay Time

7.3 Duty Adjustment Circuit

When the clock frequency is 5 MHz or above, the duty adjustment circuit adjusts the duty ¢
the signal from the oscillator circuit to generate the system clock (@).

7.4 Prescaler

The 1/2 frequency divider generates an on-chip supporting module clpdtofa the system
clock (@) according to the setting of the CKDBL bit. The prescaler divides the frequenady of ¢
generate internal clock signals with frequencies fraf@ m ¢/4096.
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The H8/3318 has six 8-bit input/output ports, one 7-bit input/output port, one 3-bit input/ou
port, and one 8-hit input port.

Table 8.1 lists the functions of each port in each operating mode. As table 8.1 indicates, tt
00 --Hﬂm?gﬁ%fﬁf@ﬁmfﬁd with other functions, and the pin functions differ depending on th
——operatingmotde———

Each port has a data direction register (DDR) that controls input and output, and a data re
(DR) for storing output data. If bit manipulation instructions will be executed on the port da
direction registers, see “Notes on Bit Manipulation Instructions” in section 2.5.5, Bit
Manipulations.

Ports 1, 2, 3, 4, 6, and 9 can drive one TTL load and a 90-pF capacitive load. Ports 5 and
drive one TTL load and a 30-pF capacitive load. Ports 1 and 2 can drive LEDs (with 10-m!/
current sink). Ports 1 to 6, 8, and 9 can drive a darlington transistor. Ports 1 to 3 have buil
MOS pull-up transistors.

For block diagrams of the ports, see appendix C, I/O Port Block Diagrams.
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(DPME = 1)

Port | Description Pins Mode 1 Mode 2 (DPME = 0)
Port 1 | 8-bit I/O P1,/A,ITP;to A t0 A, P1,/A; to P1,/TP,to P1,/TP,
port P1o/AsTP, Address output P1o/A, General input when DDR =0
* Input pull- (lower) General input | (initial value)
when DDR =0
0 0 "HD6473318TF16"0 0 0 it General output when DDR = 1
Candrive (initial value) | 304 NDER = 0
LEDs Address output TPC output when DDR =1 and
(lower) when NDER = 1
DDR =1 and
NDER =0
TPC output
when DDR =1
and NDER =1
Port 2 |+ 8-bit I/O P2,/A5/TP,s to A5 t0 A P2,/A 5 to P2,/TP,5 to P2,/TP,
port P2y/Ag/TPq Address output P2y/Ag General input when DDR =0
* Input pull- (upper) General input | (initial value)
ups thn DDR fg General output when DDR =1
« Can drive and NDER =0 |14 NDER = 0
LEDs (initial value)
TPC output when DDR =1 and
Address output NDER = 1
(upper) when
DDR =1 and
NDER =1
TPC output
when DDR =1
and NDER =1
Port 3 | 8-bit IO P3,/D,/DDB, to D, to D, data bus P3, to P3, DDB, to DDB,,
port P3,/Do/DDB, General input/ |DPRAM data
* Input pull- output bus
ups
Port 4 |« 8-bit I/O P4,/FTOB,/XDDB,, |P4,/[FTOB,/XDDB, to P4,/FTOB,, P4/FTOA,
port P4,/FTOA,/XDDB, |P4,/TMCI,/XDDB, Free-running timer 1 output
General input/output or timer (FTOA,, FTOB,) or general
input/output (8-bit timer 0/1, input/output
input/output (8-bit timer 0/1, 16-
P4,/TMRI,/XDDB,, |bit free-running timer 1) (TMClo, |P4,/TMRI,, P4,/TMO,,
P4,/TMO,/XDDB,, |TMO,, TMRI,, TMCI,, TMO,, P4,/TMCI,, P4,/TMRI,,
P4,/TMCI,/XDDB,, |TMRI, FTOA,, FTOB,) when |P4,/TMO,, P4,/TMClI,
P4,/ITMRI,/XDDB,, |PBlis disabled (OPME = 0) 8-bit timer 0/1 input/output
P41;TM80//XDDBP DPRAM data bus when PBlis  |(TMCI,, TMO,, TMRI,, TMCI,,
P4o/TMCIo/XDDB, | enabled (DPME = 1) TMO,, TMRI,) and general
input/output
156
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gd"H

(DPME = 0)

(DPME = 1)

Port | Description Pins Mode 1 Mode 2
Port 5 |+ 3-bit I/O P5,/SCK,, General input/output or serial communication interface 0
port P5,/RxD,, input/output (TXD,, RxD,, SCK;)
P5,/TxD,
5’62.?,. -BEEJ[]LERG,.D @7/ Q,/ETMO;, 16-bit free-running timer 0 16-bit free-running timer 0
b JETOB/IRQ,/ input/output (FTCI, FTOA,, input/output (FTCI, FTOA,,
ETMRI,, FTOB,, FTIA, FTIB, FTIC, FTID),|FTOB,, FTIA, FTIB, FTIC, FTID),

P6./FTID/ETMCI,,
P6,/FTIC/ETMO,,
P6,/FTIB/ETMRI,,
P6,/FTIAFTI,
P6,/FTOA,,
P6,/FTCI/ETMCI,

16-bit free-running timer 1 input
(FTCI, FTI), interrupt input (IRQg,
IRQ,), and 8-bit general
input/output when PBI is
disabled (DPME = 0)

The above and 8-bit timer 0/1
input/output (ETMCI,, ETMRI,,
ETMO, ETMCI,, ETMRI,,
ETMO,) when PBI is enabled
(DPME = 1)

16-bit free-running timer 1 input
(FTCI, FTI), interrupt input (IRQg,
IRQ,), and 8-bit general
input/output

Port 7 | 8-bit I/O P7,/AN,to P7,/AN, |Analog input to A/D converter (AN, to AN,) and general input
port

Port 8 |+ 7-bit I/O P8/SCK,/IRQ;/XOE,| Serial communication interface 1|Serial communication interface 1
port P8/RxD,/IRQ,, input/output (TxD,, RxD,, SCK,), |input/output (TxD,, RxD,, SCK,),

P8,/TxD,/TRQ,/XWE

interrupt input (IRQ;, IRQ,,
IRQ;), and general input/output
when PBI is disabled (DPME =
0)

XOE and XWE input, serial
communication interface 1 input
(RxD,), IRQ, input, and general
input/output when PBI is enabled
(DPME = 1)

interrupt input (IRQ;, IRQ,,
IRQ;), and general input/output

P8,/WRQ/XRDY General input/output when PBI is|General input/ | WRQ output
disabled (DPME = 0) output
WRQ and XRDY output when
PBI is enabled (DPME = 1)

P8,/RS2 to P8,/RS, |General input/output when PBI is|General input/ |RS, to RS,
disabled (DPME = 0) RS, to RS, | output input
input when PBI is enabled
(DPME = 1)

RENESAS
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Port | Description Pins Mode 1 Mode 2 (DPME = 0) (DPME = 1)
Port 9 |+ 8-bit I/O port | P9, /WAIT/WE WAIT input General input/  |WE input
output
P9,/o System clock (@) output General input when DDR =0
" " initial value
0 O "HD6473318TF16"(] 0 O ( :
System clock (@) output when
DDR =1
P9./AS/RD AS output General input/ |RDY output
P9,/WR/OE WR output output OE input
P9./RD/CS RD output CS input
P9,/IRQ, Interrupt input (IRQ,, IRQ,) or  |IRQ, and TRQ, input, and
P9,/IRQ,/XCS general input/output when PBI is | general input/output
disabled (DPME = 0)
IRQ, input, general input/output,
and XCS input when PBl is
enabled (DPME = 1)
P9,/IRQ,/ADTRG  |External trigger input to A/D converter (ADTRG), IRQ, input, and
general input/output
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FOIt 115 all o-DIt INPUtoutput POrIt triat 1s muliapiexcu witlll tie 10Wwel aUUress OULpuUl pillicAg)
and TPC output pins (TRo TR). Figure 8.1 shows the pin configuration of port 1. The pin
functions differ depending on the operating mode.

Port 1 has built-in, software-controllable MOS input pull-up transistors that can be used in
0 0O "HDeA@318TF16"1 [ [

Pins in port 1 can drive one TTL load and a 90-pF capacitive load. They can also drive LE
darlington transistors.
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HD6

A73318TH

.

.

Port 1 pins
P1,/A7/TP,
P1g/Ag/TPg

6" L By jagTp,

Port 1

.

e BEE—

e BEE—

P1,/A,/TP,
P1/Ay/TP3
P1,/A,/TP,
P1,/A/TP,
P1/Ay/TPy

on-chip ROM
disabled)

A7 (output)
Ag (output)
As (output)
A, (output)
Az (output)
A, (output)
A, (output)
Ag (output)

on-chip ROM
enabled)

A7 (output)/P1; (input)/TP; (output)
Ag (output)/P1g (input)/TPg (output)
As (output)/P1s (input)/TPs (output)
A4 (output)/P1, (input)/TP4 (output)
A3 (output)/P15 (input)/TP3 (output)
A, (output)/P1, (input)/TP, (output)
A1 (output)/P14 (input)/TP; (output)
Ag (output)/P1g (input)/TPq (output)

Pin configuration in mode 3
(single-chip mode)

P1; (input/output)/TP- (output)

P1g (input/output)/TPg (output)
P15 (input/output)/TPg (output)
P1, (input/output)/TP, (output)

P13 (input/output)/TP3 (output)

P1, (input/output)/TP, (output)

P1, (input/output)/TP4 (output)

P1, (input/output)/TPq (output)
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Name Abbreviation Read/Write Initial Value Address

Port 1 data direction register =~ P1DDR w H'FF (mode 1) H'FFBO
H'00 (modes 2 and 3)
0 O "HDRAARAsTFe oo PIPR RIW H'00 HEFB2
Port T input pull-up control P1PCR R/W H'00 H'FFAC
register

Port 1 Data Direction Register (P1LDDR)

Bit 7 6 5 4 3 2 1 0
| P1,DDR | P1,DDR| P1,0DR | P1,DDR | PL,DDR | P1,DDR| P1,DDR | P1,DDR|

Mode 1
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —
Modes 2 and 3
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w

P1DDR controls the input/output direction of each pin in port 1.

* Mode 1
The P1DDR values are fixed at 1. Port 1 consists of lower address output pins. P1DDF
cannot be modified and are always read as 1.
In hardware standby mode, the address bus is in the high-impedance state.

* Mode 2
A pinin port 1 is used for address output or TPC output if the corresponding P1DDR bi
to 1, and for general input if this bit is cleared to O.

* Mode 3
A pinin port 1 is used for general output or TPC output if the corresponding P1DDR bit
to 1, and for general input if this bit is cleared to 0.

In modes 2 and 3, P1DDR is a write-only register. Read data is invalid. If read, all bits alw:
1. PADDR is initialized to H'00 by a reset and in hardware standby mode. In software stan
mode it retains its existing values, so if a transition to software standby mode occurs while
P1DDR bit is set to 1, the corresponding pin remains in the output state.
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Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

P1DR is an 8-bit register that stores data for pingd®P1. When a P1DDR bit is set to 1, if por
0 0 "HBES 1§JIEF\_/L% ipy PﬁDR is obtalneq dlrectly, regar.dless of the actual pin state. When a
- is read the pin state is obtained.

P1DR is initialized to H'00 by a reset and in hardware standby mode. In software standby n
retains its existing values.

Port 1 Input Pull-Up Control Register (P1PCR)

Bit 7 6 5 4 3 2 1 0

| PLPCR | PL,PCR | PLPCR | P1,PCR | P1,PCR | PL,PCR | PLPCR | P1,PCR |
Initial value 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW  RW

P1PCR is an 8-bit readable/writable register that controls the input pull-up transistors in por
a P1DDR bit is cleared to 0 (designating input) and the corresponding P1PCR bit is set to 1
input pull-up transistor is turned on.

P1PCR is initialized to H'00 by a reset and in hardware standby mode. In software standby
retains its existing values.

8.2.3 Pin Functions in Each Mode

Port 1 has different pin functions in different modes. A separate description for each mode |
below.
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— A7 (output)
— Ag (output)
— Ag (output)

0 0 "HD6473318TF16" U U

— Ay (output)

Port 1
— Ag (output)

— A, (output)
— A4 (output)

— Ag (output)

Figure 8.2 Pin Functions in Mode 1 (Port 1)

Mode 2:In mode 2 (expanded mode with on-chip ROM enabled), port 1 can provide lower
address output pins, TPC output pins, and general input pins. Each pin becomes a lower ¢
output pin or TPC output pin if its P1DDR bit is set to 1, and a general input pin if its P1DC
is cleared to 0. Following a reset, all pins are input pins. To be used for address output or
output, their PADDR bits must be set to 1. Figure 8.3 shows the pin functions in mode 2.

When P1IDDR =1 When P1DDR =1

and NDER1 =0 When P1DDR =0 and NDER1 =1
~—— A, (output) P1; (input) TP+ (output)
~— Ag (output) P1g (input) TPg (output)
~— Ag (output) P15 (input) TPs (output)

Port 1 ~— A, (output) P1, (input) TP4 (output)
~—— Ag (output) P15 (input) TP3 (output)
~—— A, (output) P1, (input) TP, (output)
~— A; (output) P1; (input) TP, (output)
~—— Ag (output) P1g (input) TP (output)

Figure 8.3 Pin Functions in Mode 2 (Port 1)
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When P1DDR = 0 (input),
or PIDDR =1 When P1DDR =1
and NDER1 = 0 (output) and NDER1 =1
U 0 "HD6473318TF1670 010 > P1; (input/output) TP (output)
~— P1g (input/output) TPg (output)
~—— P1g (input/output) TPs (output)
Port 1 ~—— P1, (input/output) TP4 (output)
~— P13 (input/output) TP3 (output)
~— P1, (input/output) TP, (output)
<— P1, (input/output) TP, (output)
~— P1, (input/output) TPy (output)

Figure 8.4 Pin Functions in Mode 3 (Port 1)

8.24 Input Pull-Up Transistors

Port 1 has built-in programmable input pull-up transistors that are available in modes 2 and
pull-up for each bit can be turned on and off individually. To turn on an input pull-up in modk
3, set the corresponding P1PCR bit to 1 and clear the corresponding P1DDR bit to 0. P1PC
cleared to H'00 by a reset and in the hardware standby mode, turning all input pull-ups off.
software standby mode, the previous state is maintained.

Table 8.3 indicates the states of the input pull-up transistors in each operating mode.
Table 8.3  States of Input Pull-Up Transistors (Port 1)

Mode Reset Hardware Standby Software Standby Other Operating Modes

1 Off Off Off Off
2 Off Off On/off On/off
3 Off Off On/off On/off

Notes: Off:  The input pull-up transistor is always off.
On/off: The input pull-up transistor is on if PAPCR = 1 and P1DDR = 0, but off otherwise.
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Ag) and TPC output pins (TPto TR,). Figure 8.5 shows the pin configuration of port 2. The p
functions differ depending on the operating mode.

Port 2 has built-in, software-controllable MOS input pull-up transistors that can be used in

0 0 "HD26A@318TF16" U U

Pins in port 2 can drive one TTL load and a 90-pF capacitive load. They can also drive LE
darlington transistors.

165
RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

DDII

HDB473318T]

-

-

on-chip ROM
Port 2 pins disabled)

P27/A15/TP15 A15 (OUtpUt)
P26/A14/TP14 A14 (OUtpUt)

EM’DP@:/A13/TP13 A13 (OUtpUt)

Port 2

.

.

.

P24/A12/TP1o> Ay, (Output)
P23/A11/TP1;  Aqq (Output)
P2,/A10/TP1g  Aqo (output)
P21/Ag/TPg Ag (output)
P2o/Ag/TPg Ag (output)

on-chip ROM
enabled)

A15 (output)/P2; (input)/TP45 (output)
A14 (output)/P2¢ (input)/TP14 (output)
A13 (output)/P2g (input)/TP43 (output)
A15 (output)/P2, (input)/TP4, (output)
A11 (output)/P25 (input)/TP4, (output)
A1 (output)/P2, (input)/TP4q (output)
Ag (output)/P24 (input)/TPg (output)
Ag (output)/P2, (input)/TPg (output)

Pin configuration in mode 3
(single-chip mode)

P2 (input/output)/TP45 (output)

P2 (input/output)/TP14 (output)

P25 (input/output)/TP43 (output)

P2, (input/output)/TP4, (output)

P23 (input/output)/TP4; (output)

P2, (input/output)/TP1g (output)

P2, (input/output)/TPg (output)

P2 (input/output)/TPg (output)
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Name Abbreviation Read/Write Initial Value Address

Port 2 data direction register ~ P2DDR w H'FF (mode 1) H'FFB1
H'00 (modes 2 and 3)
0 0 "HO8AA%EdRe g P2OR RIW H'00 HFFB3
Port Z input pull-up control P2PCR R/W H'00 H'FFAD
register

Port 2 Data Direction Register (P2DDR)

Bit 7 6 5 4 3 2 1 0
| P2,DDR | P2,DDR| P2,DDR | P2,DDR | P2,DDR | P2,DDR | P2,DDR | P2,DDR|

Mode 1
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —
Modes 2 and 3
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w

P2DDR controls the input/output direction of each pin in port 2.

* Mode 1
The P2DDR values are fixed at 1. Port 2 consists of upper address output pins. P2DDF
cannot be modified and are always read as 1.
In hardware standby mode, the address bus is in the high-impedance state.

* Mode 2
A pinin port 2 is used for address output or TPC output if the corresponding P2DDR bi
to 1, and for general input if this bit is cleared to O.

* Mode 3
A pinin port 2 is used for general output or TPC output if the corresponding P2DDR bit
to 1, and for general input if this bit is cleared to 0.

In modes 2 and 3, P2DDR is a write-only register. Read data is invalid. If read, all bits alw:
1. P2DDR is initialized to H'00 by a reset and in hardware standby mode. In software stan
mode it retains its existing values, so if a transition to software standby mode occurs while
P2DDR bit is set to 1, the corresponding pin remains in the output state.

167
RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

nhdal vaiuc v v v v v v v v

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

P2DR is an 8-bit register that stores data for pingd®RP2. When a P2DDR bit is set to 1, if por
00 "HRES 1§JIEF\_/L% ipy PﬁDR is obtalneq dlrectly, regar.dless of the actual pin state. When a
- is read the pin state is obtained.

P2DR is initialized to H'00 by a reset and in hardware standby mode. In software standby n
retains its existing values.

Port 2 Input Pull-Up Control Register (P2PCR)

Bit 7 6 5 4 3 2 1 0
| P2,PCR | P2,PCR | P2,PCR | P2,PCR | P2,PCR | P2,PCR | P2,PCR | P2,PCR |

Initial value 0 0 0 0 0 0 0 0

Read/Write RW RW RW RW RW RW RW  RW

P2PCR is an 8-bit readable/writable register that controls the input pull-up transistors in por
a P2DDR bit is cleared to 0 (designating input) and the corresponding P2PCR bit is set to 1
input pull-up transistor is turned on.

P2PCR is initialized to H'00 by a reset and in hardware standby mode. In software standby
retains its existing values.

8.3.3 Pin Functions in Each Mode

Port 2 has different pin functions in different modes. A separate description for each mode |
below.
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> Ass (OUtpUt)
— Aq4 (output)
— A;3 (output)

0 0 "HD6473318TF16" U U

™ A12 (OUtpUt)

Port 2
— Ay (output)

— Ajg (output)
— Ag (output)

—— Ag (output)

Figure 8.6 Pin Functions in Mode 1 (Port 2)

Mode 2: In mode 2 (expanded mode with on-chip ROM enabled), port 2 can provide uppel
address output pins, TPC output pins, and general input pins. Each pin becomes an uppel
output pin or TPC output pin if its P2DDR bit is set to 1, and a general input pin if its P2DC
is cleared to 0. Following a reset, all pins are input pins. To be used for address output or
output, their P2DDR bits must be set to 1. Figure 8.7 shows the pin functions in mode 2.

When P2DDR =1 When P2DDR =1
and NDER2 =0 When P2DDR =0 and NDER2 =1
~— A;5 (output) P2 (input) TP15 (output)
> Ay, (output) P2 (input) TP14 (output)
~— A,3 (output) P25 (input) TP13 (output)
Port 2 ~— A, (output) P2, (input) TP15 (output)
~— A4 (output) P23 (input) TP41 (output)
~— Ajo (output) P2, (input) TP1 (output)
~— Ag (output) P2, (input) TPg (output)
~— Ag (output) P2 (input) TPg (output)

Figure 8.7 Pin Functions in Mode 2 (Port 2)
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When P2DDR = 0 (input),
or P2DDR =1 When P2DDR =1
and NDER2 = 0 (output) and NDER2 =1
U 0 "HD6473318TF1670 010 > P2, (input/output) TP;5 (output)
~— P2g (input/output) TP14 (output)
~—— P25 (input/output) TP13 (output)
Port 2 — P2, (input/output) TP15 (output)
~— P23 (input/output) TP14 (output)
~— P2, (input/output) TP (output)
<— P2, (input/output) TPg (output)
~— P2, (input/output) TPg (output)

Figure 8.8 Pin Functions in Mode 3 (Port 2)

8.3.4 Input Pull-Up Transistors

Port 2 has built-in programmable input pull-up transistors that are available in modes 2 and
pull-up for each bit can be turned on and off individually. To turn on an input pull-up in modk
3, set the corresponding P2PCR bit to 1 and clear the corresponding P2DDR bit to 0. P2PC
cleared to H'00 by a reset and in the hardware standby mode, turning all input pull-ups off.
software standby mode, the previous state is maintained.

Table 8.5 indicates the states of the input pull-up transistors in each operating mode.
Table 8.5 States of Input Pull-Up Transistors (Port 2)

Mode Reset Hardware Standby Software Standby Other Operating Modes

1 Off Off Off Off
2 Off Off On/off On/off
3 Off Off On/off On/off

Notes: Off:  The input pull-up transistor is always off.
On/off: The input pull-up transistor is on if P2PCR = 1 and P2DDR = 0, but off otherwise.
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data bus (DDBto DDB,). Figure 8.9 shows the pin configuration of port 3. The pin function:s
differ depending on the operating mode.

Port 3 has built-in, software-controllable MOS input pull-up transistors that can be used in

0 O "HD36473318TF16" O U

Pins in port 3 can drive one TTL load and a 90-pF capacitive load. They can also drive a
darlington transistor.

Pin configuration in mode 1
(expanded mode with on-chip
ROM disabled) and mode 2
(expanded mode with on-chip

Port 3 pins ROM enabled)

~+——> P3,/D;/DDB- D5 (input/output)
<+ P3¢/Dg/DDBg D¢ (input/output)
+— P35/Ds/DDBg D5 (input/output)
otz [©  — P3,4/D4/DDB,4 D, (input/output)
+— P33/D3/DDBj3 D3 (input/output)
~— P3,/D,/DDB, D, (input/output)
+— P3,/D,/DDB4 D, (input/output)
— P3y/Dy/DDB Dg (input/output)

Pin configuration in mode 3
(single-chip mode)

P3; (input/output)/DDB- (input/output)
P3¢ (input/output)/DDBg (input/output)
P35 (input/output)/DDBsg (input/output)
P34 (input/output)/DDB, (input/output)
P33 (input/output)/DDB3 (input/output)
P3, (input/output)/DDB,, (input/output)
P3; (input/output)/DDB, (input/output)
P3g (input/output)/DDB (input/output)

Figure 8.9 Port 3 Pin Configuration
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Name Abbreviation Read/Write Initial Value Address

Port 3 data direction register P3DDR \ H'00 H'FFB4
Port 3 data register P3DR R/W H'00 H'FFB6

0 O "Hex6 8RL8AURLES contrdl ] P3PCR RIW H'00 H'FFAE
register

Port 3 Data Direction Register (P3DDR)—H'FFB4

Bit 7 6 5 4 3 2 1 0

| P3,DDR | P3,DDR | P3,DDR | P3,DDR | P3,DDR | P3,DDR | P3,DDR | P3,DDR |
Initial value 0 0 0 0 0 0 0 0
Read/Write w W W W W W W W

P3DDR is an 8-bit register that controls the input/output direction of each pin in port 3. P3D
a write-only register. Read data is invalid. If read, all bits always read 1.

Modes 1 and 2

In mode 1 (expanded mode with on-chip ROM disabled) and mode 2 (expanded mode v
chip ROM enabled), the input/output directions designated by P3DDR are ignored. Port
automatically consists of the input/output pins of the 8-bit data but® (D).

The data bus is in the high-impedance state during reset, and during hardware and soft\
standby.

Mode 3

When the DPME bit is cleared to 0 in SYSCR, a pin in port 3 is used for general output i
corresponding P3DDR bit is set to 1, and for general input if this bit is cleared to 0.

P3DDR is initialized to H'00 by a reset and in hardware standby mode. In software stanc
mode it retains its existing values, so if a transition to software standby mode occurs wh
P3DDR bit is set to 1, the corresponding pin remains in the output state.

When the DPME bit is set to 1 (slave mode), P3DDR is cleared to H'00 and port 3 consi
input/output pins for the DPRAM data bus (DPpB DDRB). In software standby mode, the
DPRAM data bus is in the high-impedance state. A reset or entry to hardware standby n
clears the DPME bit to 0 and initializes P3DDR to H'00.
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Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

P3DR is an 8-bit register that stores data for pindd®B3. When a P3DDR bit is set to 1, if pc
00"H dfﬁg fg‘f‘ﬁl‘éal . ﬁSDR is obtalneq dlrectly, regardless of the actual pin state. When :
- 3 is read the pin state is obtained.

P3DR is initialized to H'00 by a reset and in hardware standby mode. In software standby
retains its existing values.

Port 3 Input Pull-Up Control Register (P3PCR)

Bit 7 6 5 4 3 2 1 0
| P3,PCR | P3,PCR | P3,PCR | P3,PCR | P3,PCR | P3,PCR | P3,PCR | P3,PCR |

Initial value 0 0 0 0 0 0 0 0

Read/Write RW RW RW RW RW RW RW  RW

PP3PCR is an 8-bit readable/writable register that controls the input pull-up transistors in |
a P3DDR bit is cleared to 0 (designating input) and the corresponding P3PCR bit is set to
input pull-up transistor is turned on.

P3PCR is initialized to H'00 by a reset and in hardware standby mode. In software standb
retains its existing values.

8.4.3 Pin Functions in Each Mode

Port 3 has different pin functions in different modes. A separate description for each mode
below.
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Modes 1 and 2

~—— D5 (input/output)
~——— Dg (input/output)

~—— Dg (input/output)

0 0 "HD6473318TF16" U U

S D4 (input/output)
~——— D3 (input/output)
~——— D, (input/output)
~—— D, (input/output)

~— Dg (input/output)

Figure 8.10 Pin Functions in Modes 1 and 2 (Port 3)

Mode 3: In mode 3 (single-chip mode), when the DPME bit is cleared to 0 in SYSCR, each
can be designated for general input or output. A pin becomes an output pin when its P3DDI
set to 1, and an input pin when this bit is cleared to 0.

When the DPME bit is set to 1 (slave mode), port 3 becomes the DPRAM data bust¢DDB
DDB,). P3DR should be cleared to H'00. P3DDR is automatically cleared to H'0O.

Figure 8.11 shows the pin functions in mode 3.

When DPME =0 When DPME =1
~———> P3; (input/output) DDBy (input/output)
—— P3¢ (input/output) DDBg (input/output)
~—— P35 (input/output) DDBs (input/output)

Port 3 ~— P3, (input/output) DDBy (input/output)
~—— P33 (input/output) DDBg3 (input/output)
~—— P3, (input/output) DDB, (input/output)
~—— P3; (input/output) DDB; (input/output)
<— P3q (input/output) DDB (input/output)

Figure 8.11 Pin Functions in Mode 3 (Port 3)
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mode), input pull-ups cannot be turned on. Input pull-ups are turned off after a reset and ir
hardware standby mode.

Table 8.7 indicates the states of the input pull-up transistors in each operating mode.

gd"H 1BTFLR) ut Pull-Up Transistors (Port 3)

Mode Reset Hardware Standby Other Operating Modes
1 Off Off Off
2 Off Off Off
3 DPME =0 Off Off On/off
DPME 1 (slave mode) Off

Notes: Off:  The input pull-up transistor is always off.
On/off: The input pull-up transistor is on if P3ADDR = 0 and P3PCR = 1, but off otherwise.
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XDDB,), with input/output pins (TMR| TMRI,, TMCI,, TMCI,, TMO,, TMO,) of 8-bit timers 0

and 1, and with output pins (FTQAFTOB,) of 16-bit free running timer 1 (FRT1). Figure 8.12
shows the pin configuration of port 4. The pin functions differ depending on the operating i

(1 [0 "HP64 i3 po8iFdari[drivieldne TTL load and a 90-pF capacitive load. They can also drive a
darlington transistor.

Pin configuration in mode 1 (expanded mode with

on-chip ROM disabled) and mode 2 (expanded

mode with on-chip ROM enabled)
Port 4 pins When DPME =0 When DPME =1
P4,/FTOB,/XDDB; P45 (input/output)/FTOB, (output) = XDDBy (input/output)
P4/FTOA/XDDBg P4g (input/output)/FTOA; (output)  XDDBg (input/output)
P4s5/TMRI1/XDDBs P45 (input/output)/ TMRI; (input) XDDBg (input/output)

Port 4 P4, TMO4./XDDB, P4, (input/output)/TMO, (output) XDDB, (input/output)

P45;/TMCI/XDDB3; P43 (input/output)/TMCI; (input) XDDB; (input/output)
P4,/TMRIG/XDDB, P4, (input/output)/TMRIg (input) XDDB, (input/output)
P4,/ TMOy/XDDB; P4, (input/output)/ TMOg (output) XDDB; (input/output)
P4o/TMCIo/XDDBg P4 (input/output)/TMClg (input) XDDBjy, (input/output)

Pin configuration in mode 3

(single-chip mode)

P4, (input/output)/FTOB; (output)

P4 (input/output)/FTOA; (output)

P45 (input/output)/ TMRI; (input)

P4, (input/output)/TMO; (output)

P45 (input/output)/TMCI; (input)

P4, (input/output)/TMRIg (input)

P4, (input/output)/ TMOy (output)

P4 (input/output)/ TMCly (input)

Figure 8.12 Port 4 Pin Configuration
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Name Abbreviation Read/Write Initial Value Address

Port 4 data direction register P4DDR w H'00 H'FFB5

Port 4 data register P4DR R/W H'00 H'FFB7
0 0 "HD6473318TF16" [ [

Port 4 Data Direction Register (PADDR)

Bit 7 6 5 4 3 2 1 0

| P4,DDR | P4,DDR | P4,DDR | P4,DDR | P4,DDR | P4,DDR | P4,DDR | P4,DDR |
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W W w w w

P4DDR is an 8-bit register that controls the input/output direction of each pin in port 4. A p
functions as an output pin if the corresponding P4DDR bit is set to 1, and as an input pin if
is cleared to 0.

PA4DDR is a write-only register. Read data is invalid. If read, all bits always read 1.

P4DDR is initialized to H'00 by a reset and in hardware standby mode. In software standb
it retains its existing values, so if a transition to software standby mode occurs while a P4L
is set to 1, the corresponding pin remains in the output state.

If a transition to software standby mode occurs while port 4 is being used by an on-chip
supporting module (for example, for 8-bit timer output), the on-chip supporting module will
initialized, so the pin will revert to general-purpose input/output, controlled by PADDR and
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Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

P4DR is an 8-bit register that stores data for pingd®R4. When a P4DDR bit is set to 1, if por

00"H |§4 1§JIEF\_/L% iﬁ PﬂDR is obtained directly, regardless of the actual pin state. When a
Jﬁﬁ&%ﬁ@ﬁ-ﬁeﬂ—w - is read the pin state is obtained. This also applies to pins used b
chip supporting modules.

P4DR is initialized to H'00 by a reset and in hardware standby mode. In software standby n
retains its existing values.

8.5.3 Pin Functions in Each Mode

Port 4 has different pin functions in different modes. A separate description for each mode |
below.

Pin Functions in Modes 1 and 2in mode 1 (expanded mode with on-chip ROM disabled) an
mode 2 (expanded mode with on-chip ROM enabled), port 4 is multiplexed with the DPRAN
bus, (XDDB, to XDDB,), with input/output pins (TMR| TMRI,, TMCl,, TMCI,, TMO,, TMO,)
of 8-bit timers 0 and 1, and with output pins (FTORTOB,) of 16-bit free running timer 1
(FRT1). Table 8.9 indicates the pin functions in modes 1 and 2.
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0 0 "HD6473318TF16

DPME 0 1
OEB 0 1 X
P4.DDR 0 1 X X
.B’nﬂ,ﬂﬁtion P4, input P4, output | FTOB, output _ XDDB,
input/output

P4.,/FTOA,/ Bit DPME in SYSCR, bit OEA in TCR of FRT1, and bit P4,DDR select the pin
XDDBg function as follows
DPME 0 1
OEA 0 1 X
P4,DDR 0 1 X X
Pin function P4, input P4, output | FTOA, output XDDB,
input/output
P4,/TMRI,/ Bit DPME in SYSCR and bit P4,DDR select the pin function as follows
XDDB; DPME 0 1
P4.DDR 0 1 X
Pin function P4, input P4, output XDDB; input/output
TMRI, input
TMRI, input is usable when bits CCLR1 and CCLRO are both setto 1 in TCR of
8-bit timer 1
P4,/TMO,/ Bit DPME in SYSCR, bits OS3 to OS0 in TCSR of 8-bit timer 1, and bit P4,DDR
XDDB, select the pin function as follows

DPME 0 1

0OS3 to OS0 All0 Not all 0 X

P,DDR 0 1 X X

Pin function P4, input P4, output | TMO, output XDDB,
input/output

X: 0 and 1 settings both give the same pin function.
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P4,DDR

0

1

X

Pin function

P4, input

P4, output

TMCI, output

XDDB; input/output

[0 [ "HD6473318 TF16¥MdI] input is usable when bits CKS2 to CKSO0 in TCR of 8-bit timer 1 select an

external clock source

P4,/TMRI,/ Bit DPME in SYSCR, bits CCLR1 and CCLRO in TCR of 8-bit timer 0, and bit
XDDB, P4,DDR select the pin function as follows
DPME 0 1
P4,DDR 0 1 X
Pin function P4, input P4, output XDDB, input/output
TMRI, input
TMRI, input is usable when bits CCLR1 and CCLRO are both setto 1 in TCR of
8-bit timer 0
P4,/TMO,/ Bit DPME in SYSCR, bits OS3 to OS0 in TCSR of 8-bit timer 0, and bit P4,DDR
XDDB, select the pin function as follows
DPME 0 1
0S3to OSO AllO Not all 0 X
P4,DDR 0 1 X
Pin function P4, input P4, output | TMO, output XDDB,
input/output
P4,/TMCIy/ Bit DPME in SYSCR and bit P4,DDR select the pin function as follows
XDDB, DPME 0 1
P4,DDR 0 1 X
Pin function P4, input P4, output XDDB, input/output
TMCI, output
TMCI, input is usable when bits CKS2 to CKSO0 in TCR of 8-bit timer O select an
external clock source
X: 0 and 1 settings both give the same pin function.
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Pin Pin Functions and Selection Method
P4.,/FTOB, Bit OEB in TCR of FRT1 and bit P4,DDR select the pin function as follows
OEB 0 1
0 O "HD6473318TF16/ L} ({3 5 1 «
Pin function P4, input P4, output FTOB, output
P4.,/FTOA, Bit OEA in TCR of FRT1 and bit P4,DDR select the pin function as follows
OEA 0 1
P4,DDR 0 1 X
Pin function P4, input P4, output FTOA, output
P4J/TMRI,
P4.DDR 0 1
Pin function P4, input P4, output
TMRI, input
TMRI, input is usable when bits CCLR1 and CCLRO are both setto 1 in TCR of
8-bit timer 1
P4,/ TMO, Bits OS3 to OS0 in TCSR of 8-bit timer 1 and bit P4,DDR select the pin function
as follows
0OS3 to OS0 AllO Not all 0
P4,DDR 0 1 X
Pin function P4, input P4, output TMO, output

X: 0 and 1 settings both give the same pin function.
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Pin function

P4, input

P4, output

TMCI, input

TMCI, input is usable when bits CKS2 to CKSO0 in TCR of 8-bit timer 1 select an

P4,/ TMRI,
P4,DDR 0 1
Pin function P4, input P4, output
TMRI, input
TMRI, input is usable when bits CCLR1 and CCLRO are both setto 1 in TCR of
8-bit timer 0
P4,/TMO, Bits OS3 to OSO0 in TCSR of 8-bit timer 0 and bit P4,DDR select the pin function
as follows
0S3to OSO All 0 Not all 0
P4,DDR 0 1 X
Pin function P4, input P4, output TMO, output
P4,/TMCI,
P4,DDR 0 1
Pin function P4, input P4, output
TMCI, input
TMCI, input is usable when bits CKS2 to CKSO0 in TCR of 8-bit timer O select an
external clock source
X: 0 and 1 settings both give the same pin function.
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serial communication interface 0. The port 5 pin functions are the same in all operating mc
Figure 8.13 shows the pin configuration of port 5.

Pins in port 5 can drive one TTL load and a 30-pF capacitive load. They can also drive a

0 [ "H o4& 08 Frabsistor.) [

Port 5 pins
—— P5, (input/output)/SCKg (input/output)
PortS |« ps5, (input/output)/RxDyg (input)
~— P5 (input/output)/TxDg (output)

Figure 8.13 Port 5 Pin Configuration

8.6.2 Register Configuration and Descriptions
Table 8.11 summarizes the port 5 registers.

Table 8.11 Port 5 Registers

Name Abbreviation Read/Write Initial Value Address
Port 5 data direction register P5DDR w H'F8 H'FFB8
Port 5 data register P5DR R/W H'F8 H'FFBA
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Read/Write — — — — — R/W R/W R/W

P5DDR is an 8-bit register that controls the input/output direction of each pin in port 5. A pir

00 Hﬁ%ﬁtﬁ gsrg%).tﬁpﬁ ﬁ'n if the corresponding P5DDR bit is set to 1, and as an input pin if

P5DDR is a write-only register. Read data is invalid. If read, all bits always read 1.

P5DDR is initialized to H'F8 by a reset and in hardware standby mode. In software standby
it retains its existing values, so if a transition to software standby mode occurs while a P5DI
is set to 1, the corresponding pin remains in the output state.

If a transition to software standby mode occurs while port 5 is being used by the SCI, the S
be initialized, so the pin will revert to general-purpose input/output, controlled by PSDDR ar
P5DR.

Port 5 Data Register (P5DR)

Bit 7 6 5 4 3 2 1 0
= = = = [ = [ e [ P | Ps

Initial value 1 1 1 1 1 0 0 0

Read/Write — — — — — R/W R/W R/W

P5DR is an 8-bit register that stores data for pingd®B%. Bits 7 to 3 are reserved. They cannc
be modified, and are always read as 1.

When a P5DDR bit is set to 1, if port 5 is read, the value in P5DR is obtained directly, regar
of the actual pin state. When a P5DDR bit is cleared to O, if port 5 is read the pin state is ok
This also applies to pins used as SCI pins.

P5DR is initialized to H'F8 by a reset and in hardware standby mode. In software standby n
retains its existing values.
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Table 8.12 Pin Functions of Port 5

Pin Pin Functions and Selection Method

P5,/SCK, Bit C/A in SMR of SCI0, bits CKEQO and CKE1 in SCR of SCI0, and bit P5,DDR
select the pin function as follows

0 [ "HD6473318TF16"Q}\%D 0 1
CI/A 0 1 —
CKEO 0 1 — —
P5,DDR 0 1 — — —
Pin function P5, P5, SCK, SCK, SCK,
input output output output input

P5,/RxD, Bit RE in SCR of SCIO0 and bit P5,DDR select the pin function as follows
RE 0 1
P5,DDR 0 1 —
Pin function P5, input P5, output RxD, input

P5,/TxD, Bit TE in SCR of SCI0 and bit P5,DDR select the pin function as follows
TE 0 1
P5,DDR 0 1 —
Pin function P5, input P5, output TxD, output

RENESAS

185



http://www.dzsc.com/stock_HD6/HD6473318TF16.html

FOIL O 15 all o-DIL MPpUurvoutput port trat is rmditpiexced WL impuvoOutput pifs g, ©DAJL,,
FTIA to FTID, FTCI) of 16-bit free-running timer 0 (FRTO), with input pins (FTCI, FTI) of 16-
free running timer 1 (FRT1), with input/output pins (ETME&TMRI,. ETMO,, ETMCI,,
ETMRI,, ETMO),) of 8-bit timers 0 and 1, and wilRQ, andIRQ;, input pins. The pin functions

of P6, and P§are the same in all operating modes. The pin functions,abH®; and Pgdiffer
0o H@%m@-'@;ﬁlﬁe@darﬁing mode. Figure 8.14 shows the pin configuration of port 6.

Pins in port 6 can drive one TTL load and a 90-pF capacitive load. They can also drive a
darlington transistor.

Pin configuration in mode 1 (expanded mode
with on-chip ROM disabled) and mode 2
Port 6 pins (expanded mode with on-chip ROM enabled)

~— P6,/IRQ;/ETMO; P6- (input/output)/IRQ; (input)/ETMO; (output)

~—— P6g/FTOBL/IRQ{/ETMRI; P8¢ (input/output)/FTOB (output)/IRQg (input)/ETMRI; (input)
<= P6;/FTID/ETMCI, P65 (input/output)/FTID (input)/ETMCI; (input)

Port 6 = P6,4/FTIC/ETMOg P6, (input/output)/FTIC (input)/ETMOq (output)
~—— P63/FTIB/ETMRIg P63 (input/output)/FTIB (input)/ETMRIq (input)
~— PG6,/FTIA/FTI P6, (input/output)/FTIA (input)/FTI (input)
~<— P6,/FTOA, P6, (input/output)/FTOA (output)

~<— P6y/FTCI/ETMClg P6 (input/output)/FTCI (input)/ETMClj (input)

Pin configuration in mode 3 (single-chip mode)
P6- (input/output)/IRQ; (input)

P6¢ (input/output)/IRQg (input)/FTOB, (output)
P65 (input/output)/FTID (input)

P6, (input/output)/FTIC (input)

P63 (input/output)/FTIB (input)

P6, (input/output)/FTIA (input)/FTI (input)

P6, (input/output)/FTOA (output)

P6¢ (input/output)/FTCI (input)

Figure 8.14 Port 6 Pin Configuration
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Name Abbreviation Read/Write Initial Value Address
Port 6 data direction register P6DDR W H'00 H'FFB9
Port 6 data register P6DR R/W H'00 H'FFBB

0 0 "HD6473318TF16"1 [ I
Port 6 Data Direction Register (P6DDR)—H'FFB9

Bit 7 6 5 4 3 2 1 0

| P6,DDR | P6,DDR | P6,DDR | P6,DDR | P6,DDR | P6,DDR | P6,DDR | P6,DDR |
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W W w w w

P6DDR is an 8-bit register that controls the input/output direction of each pin in port 6. A p
functions as an output pin if the corresponding P6DDR bit is set to 1, and as an input pin if
is cleared to 0.

P6DDR is a write-only register. Read data is invalid. If read, all bits always read 1.

P6DDR is initialized to H'00 by a reset and in hardware standby mode. In software standb
it retains its existing values, so if a transition to software standby mode occurs while a P6IL
is set to 1, the corresponding pin remains in the output state.

If a transition to software standby mode occurs while port 6 is being used by an on-chip
supporting module (for example, for free-running timer output), the on-chip supporting moc
will be initialized, so the pin will revert to general-purpose input/output, controlled by P6DLC
P6DR.
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Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

P6DR is an 8-bit register that stores data for pingd®B6. When a P6DDR bit is set to 1, if por

00"H |§4 1§JIEF\_/L% iﬁ PﬁDR is obtained directly, regardless of the actual pin state. When a
4&% ; is read the pin state is obtained. This also applies to pins used a:
chip supporting module pins.

P6DR is initialized to H'00 by a reset and in hardware standby mode. In software standby n
retains its existing values.

8.7.3 Pin Functions in Each Mode

Port 6 has different pin functions in different modes. A separate description for each mode |
below.

Pin Functions in Modes 1 and 2in mode 1 (expanded mode with on-chip ROM disabled) an
mode 2 (expanded mode with on-chip ROM enabled), port 6 is multiplexed with input/outpu
(FTCI, FTOA, FTOB,, FTIA, FTIB, FTIC, FTID) of 16-bit free-running timer 0 (FRTO), with
input pins (FTCI, FTI) of 16-bit free running timer 1 (FRT1), and MikR, andIRQ, input pins.
When the PBI is enabled (when DPME is 1), port 6 is also multiplexed with input/output pin
(ETMRI,, ETMRI,, ETMCI,, ETMCI,, ETMGQ,, ETMO,) of 8-bit timers 0 and 1. When the PBI i
disabled (DPME is 0), the input/output pins of 8-bit timers 0 and 1 are multiplexed with port
Figure 8.15 and table 8.14 indicate the pin functions in modes 1 and 2.
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+— P65 (Input/output)/FTID (input)

pote |~ P6a(input/output)/FTIC (input)

P63 (input/output)/FTIB (input)

P6, (input/output)/FTIA (input)/FTI (input)
P6, (input/output)/FTOA, (output)

P6¢ (input/output)/FTCI (input)

0 0O "HD6473318TF16"[, 0 U

When DPME =1

P67 (input/output)/IRQ; (input)/ETMO; (output)

P6¢ (input/output)/FTOB, (output)/IRQg (input)/ETMRI, (input)
P65 (input/output)/FTID (input)/ETMCI, (input)

P6, (input/output)/FTIC (input)/ETMOq (output)

P65 (input/output)/FTIB (input) ETMRIq (input)

P6, (input/output)/FTIA (input)/FTI (input)

P6; (input/output)/[FTOA (output)

P6¢ (input/output)/FTCI (input)/ETMCly (input)

Figure 8.15 Pin Functions in Modes 1 and 2 (Port 6)

189
RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

0 0 "HD6473318TF1

When bit DPME is 0

P6,DDR 0 1

Pin function P6, input P6, output

uinls IRQ, input

When bit DPME is 1

0S3 to 0OS0 AllO Not all 0

P6,DDR 0 1 X

Pin function P6, input P6, output ETMO, output
IRQ, input

IRQ; input is usable when bit IERQ7E is set to 1 in IER

P6,/FTOB/ Bit DPME in SYSCR, bit OEB in the timer output compare control register (TCR)
IRQ/ETMRI, of FRTO, and bit P6,DDR select the pin function as follows
When bit DPME is 0
OEB 0 1
P6,DDR 0 1 X
Pin function P6, input P6, output FTOB, output
IRQ, input
When bit DPME is 1
OEB 0 1
P6,DDR 0 1 X
Pin function P6, input P6, output FTOB, output
IRQ, input and ETMRI, input
IRQ, input is usable when bit IERQ6E is set to 1 in IER.
ETMRI, input is usable when bits CCLR1 and CCLRO are both setto 1 in TCR of
8-bit timer 1
X: 0 and 1 settings both give the same pin function.
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P6.DDR 0 1

Pin function P6, input P6, output
FTID input

P6.DDR 0 1

Pin function P6, input P6, output

FTID input and ETMCI, input

ETMCI, input is usable when bits CKS2 to CKSO0 in TCR of 8-bit timer 1 select

an external clock source

P6,/FTIC/
ETMO,

Bit DPME in SYSCR, bits OS3 to OS0 in TCSR of 8-bit timer 0, and bit P6,DDR
select the pin function as follows

When bit DPME is 0

P6,DDR 0 1
Pin function P6, input P6, output
FTIC input
When bit DPME is 1
OS3to OSO AllO Not all 0
P6,DDR 0 1 X
Pin function P6, input P6, output ETMQ, output
FTIC input

X: 0 and 1 settings both give the same pin function.
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P6,DDR 0 1

Pin function P6, input P6, output
FTIB input

P6.,DDR 0 1

Pin function P6, input P6, output

FTIB input and ETMRI, input

ETMRI, input is usable when bits CCLR1 and CCLRO are both setto 1 in TCR of

8-bit timer 0
P6,/FTIA/FTI
P6,DDR 0 1
Pin function P6, input P6, output
FTIA input and FTI input
P6,/FTOA, Bit OEA in TOCR of FRTO and bit P6,DDR select the pin function as follows
OEA 0 1
P6,DDR 0 1 X
Pin function P6, input P6, output FTOA, output
X: 0 and 1 settings both give the same pin function.
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P6,DDR 0 1

Pin function P6, input P6, output
FTClI input

0 0 "HD6473318TF16"{ L bk ppmE is 1

P6,DDR 0 1

Pin function P6, input P6, output
FTCI input and ETMCI, input

FTCI input is usable by either FRTO or FRT1 when bits CKS2 to CKSO in its
TCR select an external clock source

ETMCI, input is usable when bits CKS2 to CKSO0 in TCR of 8-bit timer O select
an external clock source
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Port 6

P6 (input/output)/IRQ; (input)
P6¢ (input/output)/FTOB, (output)/IRQg (input)
P65 (input/output)/FTID (input)
P6, (input/output)/FTIC (input)
P63 (input/output)/FTIB (input)

P6, (input/output)/FTIA (input)/FTI (input)

P6, (input/output)/FTOA, (output)
P6¢ (input/output)/FTCI (input)

Figure 8.16 Pin Functions in Mode 3 (Port 6)

Table 8.15 Pin Functions in Mode 3
Pin Pin Functions and Selection Method
P6,/IRQ,

P6,DDR 0 1

Pin function P6, input P6, output

IRQ, input

IRQ, input is usable when bit IERQ7E is set to 1 in the IRQ enable register (IER)
P6,/FTOB Bit OEB in the timer output compare control register (TOCR) of FRTO and bit
IRQ, P6,DDR select the pin function as follows

OEB 0 1

P6,DDR 0 1 X

Pin function P6, input P6, output FTOB, output

IRQ;, input

IRQ, input is usable when bit IERQ6E is set to 1 in IER

X: 0 and 1 settings both give the same pin function.
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Pin function P6, input P6; output
FTID input
0 O "HDe4F38I8TF16" U U
P6,DDR 0 1
Pin function P6, input P6, output
FTIC input
P6,/FTIB
P6,DDR 0 1
Pin function P6, input P6, output
FTIB input
P6,/FTIA/FTI
P6,DDR 0 1
Pin function P6, input P6, output
FTIA input and FTI input
P6,/FTOA, Bit OEA in TOCR of FRTO and bit P6,DDR select the pin function as follows
OEA 0 1
P6,DDR 0 1 X
Pin function P6, input P6, output FTOA, output
P6,/FTCI
P6,DDR 0 1
Pin function P6, input P6, output
FTCI input

FTCI input is usable by either FRTO or FRT1 when bits CKS2 to CKSO0 in its
TCR select an external clock source

X: 0 and 1 settings both give the same pin function.
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The pin functions are the same in expanded and single-chip modes. Port 7 is an 8-bit input
that also provides the analog input pins for the A/D converter module. The pin functions are
same in all modes. Figure 8.17 shows the pin configuration of port 7.

0 [ "HD6473318TF16" T O O

Port 7 pins

~——— P75 (input)/ANy (input)
<——— P7¢ (input)/ANg (input)
~——— P75 (input)/ANs (input)
port7 |+ P7a(input)/AN, (input)
~——— P73 (input)/AN3 (input)
~—— P7, (input)/AN, (input)
<——— P74 (input)/AN{ (input)
= P70 (input)/ANo (input)

Figure 8.17 Port 7 Pin Configuration
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Table 8.16 Port 7 Register

Name Abbreviation Read/Write Initial Value Address
Port 7 data register P7DR R Undetermined H'FFBE

0 0O "HD6473318TF16" U U

Port 7 Data Register (P7DR)

Bit 7 6 5 4 3 2 1 0
e, | Py, | Pl | P7, | P, | Pr, | PT, | P, |

Initial value * * * * * * * *

Read/Write R R R R R R R R

Note: * Depends on the levels of pins P7, to P7,.

When P7DR is read, the pin states are always read.
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pins (RS to RS, XOE, XWE, WRQ, XRDY), with input/output pins (TxP RxD,, SCK,) of

serial communication interface 1, and with interrupt input @R to IRQ,). The functions of
pins P8 and P8to P§ are the same in all modes. The functions of pinsP®, and P§differ

depending on the operating mode. Figure 8.18 shows the pin configuration of port 8.
0 O "HD6473318TF16" O [

Pins in port 8 can drive one TTL load and a 30-pF capacitive load. They can also drive a
darlington transistor.

Pin configuration in mode 1 (expanded mode
with on-chip ROM disabled) and mode 2

Port 8 pins (expanded mode with on-chip ROM enabled)

~—— P8¢/SCK4/IRQs/XOE P8 (input/output)/SCK; (input/output)/TRQ5 (input)/XOE (input)

~—— P85/RxD;/IRQ, P8 (input/output)/RxD; (input)/TRQ, (input)

~—— P8,/TxD,/IRQz/XWE P8, (input/output)/TxD; (output)/IRQ3 (input)/XWE (input)
Port8 |« » pg,/WRQ/XRDY P83 (input/output)/ WRQ (output)/XRDY (output)

~— P8,/RS, P8, (input/output)/RS, (input)

~— P8;/RS; P8, (input/output)/RS; (input)

~<— P8y/RS, P8y (input/output)/RSg (input)

Pin configuration in mode 3 (single-chip mode)
P8 (input/output)/SCK; (input/output)/IRQs (input)
P85 (input/output)/RxD; (input)/TRQ, (input)

P8, (input/output)/TxD4 (output)/TRQ; (input)

P85 (input/output)/WRQ (output)

P8, (input/output)/RS, (input)

P8, (input/output)/RS, (input)

P8 (input/output)/RSg (input)

Figure 8.18 Port 8 Pin Configuration
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Name Abbreviation Read/Write Initial Value Address

Port 8 data direction register P8DDR W H'80 H'FFBD

Port 8 data register P8DR R/W H'80 H'FFBF
0 0 "HD6473318TF16" [ [

Port 8 Data Direction Register (P8DDR)

Bit 7 6 5 4 3 2 1 0

| — | P8,DDR | P8,DDR | P8,DDR | P8,DDR | P8,DDR | P8,DDR | P8,DDR |
Initial value 1 0 0 0 0 0 0 0
Read/Write — W W W W w w w

P8BDDR is an 8-bit register that controls the input/output direction of each pin in port 8. A p
functions as an output pin if the corresponding P8DDR bit is set to 1, and as an input pin if
is cleared to 0.

PBDDR is a write-only register. Read data is invalid. If read, all bits always read 1. Bit 7 is
reserved bit that always reads 1.

PBDDR is initialized by a reset and in hardware standby mode. The initial value is H'80. In
software standby mode P8DDR retains its existing values, so if a transition to software sta
mode occurs while a PBDDR bit is set to 1, the corresponding pin remains in the output st

If a transition to software standby mode occurs while port 8 is being used by an on-chip
supporting module (for example, for SCI input/output), the on-chip supporting module will |
initialized, so the pin will revert to general-purpose input/output, controlled by PBDDR and

Port 8 Data Register (P8DR)

Bit 7 6 5 4 3 2 1 0

\ — \ P8, \ P8, \ P8, \ P8, \ P8, \ P8, \ P8, \
Initial value 1 0 0 0 0 0 0 0
Read/Write — RW RW RW RW RW RW  RW

P8DR is an 8-hit register that stores data for pintd®B8. Bit 7 is a reserved bit that always
reads 1.
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retains its existing values.

8.9.3 Pin Functions in Each Mode

0 [ "HPwa 23msdifesnt pim functions in different modes. A separate description for each mode |
below.

Pin Functions in Modes 1 and 2in mode 1 (expanded mode with on-chip ROM disabled) an
mode 2 (expanded mode with on-chip ROM enabled), port 8 is multiplexed with dual-port R
(DPRAM) input/output pins (R0 RS, XOE, XWE, WRQ, XRDY), with input/output pins
(TxD,, RxD,, SCK)) of serial communication interface 1 (SCI1), and with interrupt input pins
(IRQ; to IRQ,). Figure 8.19 and table 8.18 indicate the pin functions in modes 1 and 2.

When DPME =0
~——— P8 (input/output)/SCK; (input/output)/IRQs (input)
~——— P8; (input/output)/RxD; (input)/IRQ, (input)
~—— P8, (input/output)/TxD; (output)/IRQ; (input)
Port8 |« pg, (input/output)
~—— P8, (input/output)
~— P8, (input/output)

~— P8 (input/output)

When DPME =1

XOE (input)

P8 (input/output)/RxD; (input)/IRQ, (input)
XWE (input)

WRQ (output)/XRDY (output)

P8, (input/output)/RS, (input)

P8, (input/output)/RS; (input)

P8, (input/output)/RSq (input)

Figure 8.19 Pin Functions in Modes 1 and 2 (Port 8)
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RENESAS

DPME 0 1
CKE1l 0 1 X
C/A 0 1 X X
[ 0 "HD6473318TF16/E1EPD 0 ! X X X
P8,DDR 0 1 X X X X
Pin P8, P8, SCK, SCK, SCK, XOE
function input output | output output input input
IRQ; input
IRQ, input is usable when bit IRQ5E is set to 1 in IER.
P8./RxD,/ Bit RE in SCR of SCI1 and bit P8.DDR select the pin function as follows
IRQ,
RE 0 1
P8,DDR 0 1 X
Pin function P8, input P8, output RxD, input
IRQ, input
IRQ, input is usable when bit IRQ4E is set to 1 in IER.
@Tﬂ Bit DPME in SYSCR, bit TE in SCR of SCI1, and bit P8,DDR select the pin
IRQ,/XWE function as follows
DPME 1
TE 0 1 X
P8,DDR 0 X X
Pin function P8, input P8, output TxD, output XWE input
IRQ, input
IRQ, input is usable when bit IRQ3E is set to 1 in IER.
X: 0 and 1 settings both give the same pin function.
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0 0 "HD6473318TF1

DPME 0 1
EWRQ X 0 1
P8,DDR 0 1 X X

%P.m fﬁp(ﬁqon P8, input P8, output | XRDY output RQ output

P8,/RS, Bit DPME in SYSCR, bit HSCE in IOCR of the PBI, and bit P8,DDR select the
pin function as follows
DPME 0 1
HSCE X 0
P8,DDR 0 1 0 1 X
Pin function P8, input | P8, output | P8, input | P8, output | RS, input
P8,/RS, Bit DPME in SYSCR, bit HSCE in IOCR of the PBI, and bit P8,DDR select the
pin function as follows
DPME 0 1
HSCE X 0
P8,DDR 0 1 0 1 X
Pin function P8, input | P8, output | P8, input | P8, output | RS, input
P8,/RS, Bit DPME in SYSCR, bit HSCE in IOCR of the PBI, and bit P8,DDR select the
pin function as follows
DPME 0 1
HSCE X 0
P8,DDR 0 1 0 1 X
Pin function P8, input | P8, output | P8, input | P8, output | RS, input
X: 0 and 1 settings both give the same pin function.
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Ud"H

D6473318T

;160 [

Port 8

When DPME =0

P8y (input/output)/SCK; (input/output)/IRQ5 (input)
P8s (input/output)/RxD; (input)/IRQ, (input)

P8, (input/output)/TxD, (output)/IRQ;3 (input)

P83 (input/output)

P8, (input/output)

P8, (input/output)

P8 (input/output)

When DPME =1

P8 (input/output)/SCK; (input/output)/IRQ5 (input)
P8s (input/output)/RxD; (input)/IRQ, (input)

P8, (input/output)/TxD; (output)/IRQ; (input)

P83 (input/output)/WRQ (output)

P8, (input/output)/RS, (input)

P8, (input/output)/RS; (input)

P8y (input/output)/RSq (input)

Figure 8.20 Pin Functions in Mode 3 (Port 8)

RENESAS
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CKE1l 0 1
C/A 0 1 X
CKEO 0 1 X X
0 O "HD6473318TF16" 313 T 0 1 X X X
Pinfunction P8, P8, SCK, SCK, SCK,
input output output output input
IRQ, input

IRQ; input is usab

le when bit IRQ5E is setto 1 in IER.

P8./RxD,/ Bit RE in SCR of SCI1 and bit P8,DDR select the pin function as follows
IRQ, RE 0 1
P8.DDR 0 1 X
Pin function P8, input P8, output RxD, input
IRQ, input
IRQ, input is usable when bit IRQ4E is set to 1 in IER.
P8,/TxD,/ Bit TE in SCR of SCI1 and bit P8,DDR select the pin function as follows
IRQ, TE 0 1
P8,DDR 0 1 X
Pin function P8, input P8, output TxD, output
IRQ, input
IRQ, input is usable when bit IRQ3E is set to 1 in IER.
X: 0 and 1 settings both give the same pin function.
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0 0 "HD6473318TF16

DPME 1

EWRQ 1
P8,DDR 0 1 0 1 X
Pinfinstion P8, input | P8, output | P8, input | P8, output (;NUt—I:’(L?t

P8,/IRS,

Bit DPME in SYSCR, bit HSCE in IOCR of the PBI, and bit P8,DDR select the
pin function as follows

DPME 1

HSCE 0
P8,DDR 0 1 0 1 X

Pin function P8, input | P8, output | P8, input | P8, output | RS, input

P8,/IRS,

Bit DPME in SYSCR, bit HSCE in IOCR of the DTC, and bit P8,DDR select the
pin function as follows

DPME 1

HSCE 0
P8,DDR 0 1 0 1 X

Pin function P8, input | P8, output | P8, input | P8, output | RS, input

P8,/RS,

Bit DPME in SYSCR, bit HSCE in IOCR of the PBI, and bit P8,DDR select the
pin function as follows

DPME 1

HSCE 0
P8,DDR 0 1 0 1 X

Pin function P8, input | P8, output | P8, input | P8, output | RS, input

X: 0 and 1 settings both give the same pin function.

RENESAS

205


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

FOIt I 15 dll o-DIL NPUvoutput port triat 1s ruidpiexed Wit Irermrupt iNput ik, L0 1KY, ),

input/output pins for bus control signaRIy, WR, AS, WAIT), input/output pinsCS, OE, RDY,
WE, XCS) for the dual-port RAM (DPRAM), an input pidDTRG) for the A/D converter, and
an output pin (@) for the system clock. Pins 88 P9 have the same functions in all modes. T
functions of pins P9to PQ and P9differ depending on the operating mode. Figure 8.21 show

0 O "Hiné$($3bBhdulation dfldort 9.

Pins in port 9 can drive one TTL load and a 90-pF capacitive load. They can also drive a

darlington pair.

Port 3

Port 9 pins

P9,/WAIT/WE
P9s/o
P9s/AS/RDY
P9,/WR/OE
P94/RD/CS
P9,/IRQq
P9,/IRQ,/XCS
P9,/IRQ,/ADTRG

Pin configuration in mode 1 (expanded mode
with on-chip ROM disabled) and mode 2
(expanded mode with on-chip ROM enabled)

WAIT (input)

@ (output)

AS (output)

WR (output)

RD (output)

P9, (input/output)/IRQ (input)

P9, (input/output)/IRQ; (input)/XCS (input)
P9, (input/output)/IRQ, (input)/ADTRG (input)

Pin configuration in mode 3 (single-chip mode)
P9, (input/output)/WE (input)

P9g (input)/g (output)

P9 (input/output)/RDY (output)

P9, (input/output)/OE (input)

P93 (input/output)/CS (input)

P9, (input/output)/IRQy (input)

P9; (input/output)/IRQ; (input)

P9, (input/output)/IRQ, (input)/ADTRG (input)
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Name Abbreviation Read/Write Initial Value Address

Port 9 data direction register P9DDR W H'40 (modes 1 and 2) H'FFCO
H'00 (mode 3)

00 ..Hﬁgatﬂela}rﬁ-fw%teﬁ 0o PODR R/W** Undetermined*? H'FFC1
—_Notes L. Birt6 s read-only.
2. Bit 6 is undetermined. Other bits are initially O.

Port 9 Data Direction Register (PODDR)

Bit 7 6 5 4 3 2 1 0
| P9,DDR | P9,DDR| P9,DDR | P9,DDR| P9,DDR | P9,DDR| P9,DDR | P9,DDR|
Modes 1 and 2

Initial value 0 1 0 0 0 0 0 0
Read/Write W — W \W w w w

Mode 3
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w

PIDDR is an 8-bit register that controls the input/output direction of each pin in port 9. A p
functions as an output pin if the corresponding P9DDR bit is set to 1, and as an input pin if
is cleared to 0. In modes 1 and 24[POR is fixed at 1 and cannot be modified.

PIDDR is a write-only register. Read data is invalid. If read, all bits always read 1.

PIDDR is initialized by a reset and in hardware standby mode. The initial value is H'40 in’
1 and 2, and H'00 in mode 3. In software standby mode P9DDR retains its existing values
transition to software standby mode occurs while a PODDR bit is set to 1, the correspondir
remains in the output state.
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nhdal vaiuc v v v v v v v

Read/Write R/W R R/W R/W R/W R/W R/W R/W

Note: * Determined by the level at pin P9,.

U [ "HPM3R IS HhId=bh felgistéd that stores data for pintd®PQ. When a PO9DDR bit is set to 1, if por
9 is read, the value in P9DR is obtained directly, regardless of the actual pin state, excgpt f
When a P9DDR bit is cleared to O, if port 9 is read the pin state is obtained. This also applie
pins used by on-chip supporting modules and for bus control signgslwegs returns the pin
state.

PODR is initialized to H'00 by a reset and in hardware standby mode. In software standby n
retains its existing values.

8.10.3  Pin Functions in Each Mode

Port 9 has one set of pin functions in modes 1 and 2, and a different set of pin functions in |
The pins are multiplexed wilRQ, to IRQ, input, bus control signal input/output, DPRAM
input/output, A/D converter input, and system clock (@) output. Table 8.21 indicates the pin
functions of port 9.
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Operating mode Modes 1 Mode 3

and 2
DPME X 0 1
P9.DDR X 0 1 X
U 0 "HD6473318TF16 Bin‘tlitetion WAIT input P9, input P9, output WE input

P9./o Bit P9;DDR and the operating mode select the pin function as follows
Operating mode Modes 1 and 2 Mode 3
P9,DDR Always 1 0 1
Pin function @ output P9, input @ output

P9./RDY/AS Bit DPME in SYSCR, bit P9,DDR, and the operating mode select the pin
function as follows

Operating mode Modes 1 Mode 3
and 2
DPME X 0 1
P9.DDR X 0 1 X
Pin function AS output P9, input P9, output | RDY output*

Note: * NMOS open-drain output. Connect an external pull-up resistor.

|
|

P9,/OE/WR Bit DPME in SYSCR, bit P9,DDR, and the operating mode select the pin
function as follows
Operating mode Modes 1 Mode 3
and 2
DPME X 0 1
P9,DDR X 0 1 X
Pin function WR output P9, input P9, output OE input

X: 0 and 1 settings both give the same pin function.
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Operating mode | Modes 1 Mode 3
and 2
DPME X 0 1
HSCE X X 1 0
0 0 "HD6473318TF16. 1L 0] X 0 L 0 1 ™
Pin function RD P9, P9, P9, P9, cs
output input output input output input

P9,/IRQ,
P9,DDR 0 1
Pin function P9, input P9, output
IRQ, input
IRQ, input can be used when bit IRQOE is set to 1 in IER.
P9,/IRQ,/ Bit DPME in SYSCR, bit P9,DDR, and the operating mode select the pin
XCS function as follows
Operating mode Modes 1 and 2 Mode 3
DPME 0 1 X
P9,DDR 0 1 X 0 1
Pin function P9, input | P9, output | XCS input | P9, input | P9, output
IRQ, input IRQ, input
IRQ, input can be used when bit IRQ1E is setto 1 in IER.
P9,/IRQ,/
ADTRG P9,DDR 0 1
Pin function P9, input P9, output
IRQ, input and ADTRG input
IRQ, input can be used when bit IRQ2E is set to 1 in IER.
ADTRG input can be used when bit TRGE is set to 1 in ADCR.
X: 0 and 1 settings both give the same pin function.
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VVIIET] a POTIL IS NOL Uscd, dcsiglidlc it das dll Mput POIt ana pull cacll pir i e port €iricer U
down individually.

If a number of unused pins are pulled up or down with a single resistor, in the event of chij
malfunction the pins will go to the output state, possibly resulting in collisions between out

0 0O "HD6473318TF16" U U
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The H8/3318 has an on-chip 16-bit free-running timer (FRT) with two channels: FRTO and
Each channel is based on a 16-bit free-running counter (FRC) and can generate two indej
output waveforms, measure input pulse widths, or measure external clock periods.

00 "HS@AS]QSEW%SE?@%FRTO- For FRT1, see section 10, 16-Bit Free-Running Timer 1.

The differences between FRTO and FRTL1 are that FRTO has four input-capture lines and f
input-capture interrupt sources, and allows buffering to be designated. FRT1 has only one
capture line and one input-capture interrupt source, and does not support buffering.

9.1.1 Features

The features of FRTO are listed below.

» Selection of four clock sources

The free-running counter can be driven by an internal clock soyy@e €#8, or g/32), or an
external clock input (enabling use as an external event counter).

e Two independent comparators
Each comparator can generate an independent waveform.
e Four input capture channels

The current count can be captured on the rising or falling edge (selectable) of an input
The four input capture registers can be used separately, or in a buffer mode.

» Counter can be cleared under program control
The free-running counters can be cleared on compare-match A.
* Seven independent interrupts

Compare-match A and B, input capture A to D, and overflow interrupts are requested
independently.
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clock sources
External — 2pl2
clock source op/8
FTCI 2p/32
} Y &
Clock
0 [ "HD6473318 BT | OCRA (1)
T Compare- '
. maich A Comparator A
FTOA,=—| _ Overflow
Q
FTOBj ~a— Clear &
5 Internal
< £ data bus
(2]
Compare- 2
match B
%]
=}
Qo
!
Control L 8
logic Capture 2
FTIA —=| ~ ICRAMHL) | 3
=  ICRB (HIL) =
FTIB —
- ICRC (H/L) >
FTIC L= ICRD (HIL) >
FTID —»
TCSR (D
TER (>
TCR K >
TocrR [ >
\—> ICIA
ICIB
—™ICIC
——— ™ ICID Interrupt signals
———— "™ 0CIA
——————————*=0cCIB
——————————* FovI
Legend
FRC: Free-running counter (16 bits) TIER: Timer interrupt enable register (8 bits)
OCRA, B: Output compare register A, B (16 bits) TCR: Timer control register (8 bits)
ICRA, B, C, D: Input capture register A, B, C, D (16 bits) TOCR: Timer output compare control
TCSR: Timer control/status register (8 bits) register (8 bits)

Figure 9.1 Block Diagram of 16-Bit Free-Running Timer O
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Name Abbreviation 110 Function

Counter clock input FTCI Input Input of external free-running counter
clock signal
00 "HF%A%’?P@P&EGATI M ﬁTOAO* Output Output controlled by comparator A
Output compare B FTOB,* Output Output controlled by comparator B
Input capture A FTIA Input Trigger for capturing current count into

input capture register A

Input capture B FTIB Input Trigger for capturing current count into
input capture register B

Input capture C FTIC Input Trigger for capturing current count into
input capture register C

Input capture D FTID Input Trigger for capturing current count into
input capture register D

Note: * In this manual, the channel subscripts are normally omitted.
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Initial

Name Abbreviation R/W Value Address
Timer interrupt enable register TIER R/W H'01 H'FF90
aln "HMﬁV%Wﬁ?Wﬁegﬁsﬁr TCSR R/(W)** H'00 H'FF91
Free-running counter (high) FRC (H) R/W H'00 H'FF92
Free-running counter (low) FRC (L) R/W H'00 H'FF93
Output compare register A/B (high)*? OCRA/B (H) R/W H'FF H'FF94*2
Output compare register A/B (low)*? OCRA/B (L) R/W H'FF H'FF95*2
Timer control register TCR R/W H'00 H'FF96
Timer output compare control register TOCR R/W H'EO H'FF97
Input capture register A (high) ICRA (H) R H'00 H'FF98
Input capture register A (low) ICRA (L) R H'00 H'FF99
Input capture register B (high) ICRB (H) R H'00 H'FF9A
Input capture register B (low) ICRB (L) R H'00 H'FF9B
Input capture register C (high) ICRC (H) R H'00 H'FF9C
Input capture register C (low) ICRC (L) R H'00 H'FF9D
Input capture register D (high) ICRD (H) R H'00 H'FF9E
Input capture register D (low) ICRD (L) R H'00 H'FFIF

Notes: 1. Software can write a 0 to clear bits 7 to 1, but cannot write a 1 in these bits.

2. OCRA and OCRB share the same addresses. Access is controlled by the OCRS bit in
TOCR.
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DIt 19 414 419 12 41 41U J o l O 9 “ 9 < 4 A%

Initial value o o o o o o0 o o o o o o o o o o
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

0 0O "HD6473318TF16" U U

FRC is a 16-bit readable/writable up-counter that increments on an internal pulse generate
clock source. The clock source is selected by the clock select 1 and 0 bits (CKS1 and CK
timer control register (TCR).

When FRC overflows from H'FFFF to H'0000, the overflow flag (OVF) in the timer control/:
register (TCSR) is set to 1.

Because FRC is a 16-bit register, a temporary register (TEMP) is used when FRC is writte
read. See section 9.3, CPU Interface, for details.

FRC is initialized to H'0000 by a reset and in the standby modes. It can also be cleared by
compare-match A.
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mntavauue 11+ L 1+ L L 1 1 L 1 1l 1 1 1 1
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/W R/W R/W R/IW

OCRA and OCRB are 16-bit readable/writable registers, the contents of which are continua
[ [0 "HEssarerawith grve velug in the FRC. When a match is detected, the corresponding output «
— flag (OCFAor OCFB)is set in the timer control/status register (TCSR).

In addition, if the output enable bit (OEA or OEB) in the timer output compare control regist
(TOCR) is set to 1, when the output compare register and FRC values match, the logic leve
selected by the output level bit (OLVLA or OLVLB) in TOCR is output at the output compare
(FTOA or FTOB). Following a reset, the FTOA and FTOB output levels are 0 until the first
compare-match.

Because OCRA and OCRB are 16-bit registers, a temporary register (TEMP) is used for wr
access, as explained in section 9.3, CPU Interface.

OCRA and OCRSB are initialized to H'FFFF by a reset and in the standby modes.

9.2.3 Input Capture Registers A to D (ICRA to ICRD)

Bit 15 14 13 12 112 10 9 8 7 6 5 4 3 2 1 0

Initalvalue 0 O O O O O O O O O O o o o o o
Read/Write R

Each input capture register is a 16-bit read-only register.

When the rising or falling edge of the signal at an input capture pin (FTIA to FTID) is detect
the current FRC value is copied to the corresponding input capture register (ICRA to ICRD)
the same time, the corresponding input capture flag (ICFA to ICFD) in the timer control/stat
register (TCSR) is set to 1. The input capture edge is selected by the input edge select bits
(IEDGA to IEDGD) in the timer control register (TCR).

Note: * The FRC contents are transferred to the input capture register regardless of the vall
input capture flag (ICFA/B/C/D).
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Ud"H

BUFEA
IEDGA | IEDGC

D6473318TF16"1 U U

FTIA >—

Edge detect and
capture signal .
generating circuit

ICRC ICRA FRC

BUFEA: Buffer enable A
IEDGA: Input edge select A
IEDGC: Input edge select C
ICRC: Input capture register C
ICRA:  Input capture register A
FRC: Free-running counter

Figure 9.2 Input Capture Buffering (Example)

Similarly, when the BUFEB bit in TCR is set to 1, ICRD is used as a buffer register for ICR

When input capture is buffered, if the two input edge bits are set to different values (EEDG.
IEDGC or IEDGB# IEDGD), then input capture is triggered on both the rising and falling ec
of the FTIA or FTIB input signal. If the two input edge bits are set to the same value (IEDC
IEDGC or IEDGB = IEDGD), then input capture is triggered on only one edge. See table 9

Table 9.3  Buffered Input Capture Edge Selection (Example)

IEDGA IEDGC Input Capture Edge
0 0 Captured on falling edge of input capture A (FTIA) (Initial value)
1 Captured on both rising and falling edges of input capture A (FTIA)
1 0
1 Captured on rising edge of input capture A (FTIA)

Because the input capture registers are 16-bit registers, a temporary register (TEMP) is us
they are read. See section 9.3, CPU Interface, for details.
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9.2.4 Timer Interrupt Enable Register (TIER)

Bit 7 6 5 4 3 2 1 0

[ [ "HD6473318TF16CIAE] [1ICIBE | ICICE | ICIDE | OCIAE | OCIBE | OVIE | — |
Initial value 0 0 0 0 0 0 0 1
Read/Write R/W R/W R/W R/W R/W R/W R/W —

TIER is an 8-bit readable/writable register that enables and disables interrupts. TIER is initi
to H'01 by a reset and in the standby modes.

Bit 7—Input Capture Interrupt A Enable (ICIAE): This bit selects whether to request input
capture interrupt A (ICIA) when input capture flag A (ICFA) in the timer status/control regist
(TCSR) is set to 1.

Bit 7

ICIAE Description

0 Input capture interrupt request A (ICIA) is disabled (Initial value)
1 Input capture interrupt request A (ICIA) is enabled

Bit 6—Input Capture Interrupt B Enable (ICIBE): This bit selects whether to request input
capture interrupt B (ICIB) when input capture flag B (ICFB) in TCSR is set to 1.

Bit 6

ICIBE Description

0 Input capture interrupt request B (ICIB) is disabled (Initial value)
1 Input capture interrupt request B (ICIB) is enabled

Bit 5—Input Capture Interrupt C Enable (ICICE): This bit selects whether to request input
capture interrupt C (ICIC) when input capture flag C (ICFC) in TCSR is setto 1.

Bit 5

ICICE Description

0 Input capture interrupt request C (ICIC) is disabled (Initial value)
1 Input capture interrupt request C (ICIC) is enabled
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0 Input capture interrupt request D (ICID) is disabled (Initial value)

1 Input capture interrupt request D (ICID) is enabled
W Bit 3—0utput Compare Interrupt A Enable (OCIAE): This bit selects whether to request
M&%&:’E&%EE&&&&% A (OCIA) when output compare flag A (OCFA) in TCSR is set to
Bit 3
OCIAE Description
0 Output compare interrupt request A (OCIA) is disabled (Initial value)
1 Output compare interrupt request A (OCIA) is enabled

Bit 2—Output Compare Interrupt B Enable (OCIBE): This bit selects whether to request
output compare interrupt B (OCIB) when output compare flag B (OCFB) in TCSR is set to

Bit 2

OCIBE Description

0 Output compare interrupt request B (OCIB) is disabled (Initial value)
1 Output compare interrupt request B (OCIB) is enabled

Bit 1—Timer Overflow Interrupt Enable (OVIE): This bit selects whether to request a free
running timer overflow interrupt (FOVI) when the timer overflow flag (OVF) in TCSR is set

Bit 1

OVIE Description

0 Timer overflow interrupt request (FOVI) is disabled (Initial value)
1 Timer overflow interrupt request (FOVI) is enabled

Bit 0—Reserved: This bit cannot be modified and is always read as 1.
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inital vailue v v v v v v v
Read/Write  R/W)* R/W)* RIAW)* RIW)* RIW)* RIW)* R/(W)*  RW

Note: * Software can write 0 in bits 7 to 1 to clear the flags, but cannot write 1 in these bits.
oo H%ﬁ%@?@%ﬁ@q@t@ that controls interrupt request signals and selects whether to cleal

counter. TCSR is initialized to H'00 by a reset and in the standby modes. Timing is describe
section 9.4, Operation.

Bit 7—Input Capture Flag A (ICFA): This status bit is set to 1 to flag an input capture A eve
If BUFEA = 0, ICFA indicates that the FRC value has been copied to ICRA. If BUFEA =1, |
indicates that the old ICRA value has been moved into ICRC and the new FRC value has b
copied to ICRA.

ICFA must be cleared by software. It is set by hardware, however, and cannot be set by so

Bit 7

ICFA Description

0 To clear ICFA, the CPU must read ICFA after it has been set to 1, then write a 0 in this
bit (Initial value)

1 This bit is set to 1 when an FTIA input signal causes the FRC value to be copied to
ICRA

Bit 6—Input Capture Flag B (ICFB): This status bit is set to 1 to flag an input capture B eve
If BUFEB = 0, ICFB indicates that the FRC value has been copied to ICRB. If BUFEB =1, |
indicates that the old ICRB value has been moved into ICRD and the new FRC value has b
copied to ICRB.

ICFB must be cleared by software. It is set by hardware, however, and cannot be set by so

Bit 6

ICFB Description

0 To clear ICFB, the CPU must read ICFB after it has been set to 1, then write a 0 in this
bit (Initial value)

1 This bit is set to 1 when an FTIB input signal causes the FRC value to be copied to
ICRB
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| it e I " 2

ICFC must be cleared by software. It is set by hardware, however, and cannot be set by s

Bit 5
ICFC Description
Eis H[%OL” 990 Yo Blear Lff*'fr*, the CPU must read ICFC after it has been set to 1, then write a 0 in
this bit (Initial value)
1 This bit is set to 1 when an FTIC input signal is received

Bit 4—Input Capture Flag D (ICFD): This status bit is set to 1 to flag input of a rising or fal
edge of FTID as selected by the IEDGD bit. When BUFEB = 0, this indicates capture of th
count in ICRD. When BUFEB = 1, however, the FRC count is not captured, so ICFD becol
simply an external interrupt flag. In other words, the buffer mode frees FTID for use as a g
purpose interrupt signal (which can be enabled or disabled by the ICIDE bit).

ICFD must be cleared by software. It is set by hardware, however, and cannot be set by s

Bit 4

ICFD Description

0 To clear ICFD, the CPU must read ICFD after it has been set to 1, then write a 0 in
this bit (Initial value)

1 This bit is set to 1 when an FTID input signal is received

Bit 3—Output Compare Flag A (OCFA): This status flag is set to 1 when the FRC value
matches the OCRA value. This flag must be cleared by software. It is set by hardware, ho
and cannot be set by software.

Bit 3
OCFA Description
0 To clear OCFA, the CPU must read OCFA after it has been set to 1, then write a O in
this bit (Initial value)
1 This bit is set to 1 when FRC = OCRA
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OCFB Description

0 To clear OCFB, the CPU must read OCFB after it has been set to 1, then write a O in
this bit (Initial value)
1 This bit is set to 1 when FRC = OCRB

0 0 "HD6473318TF16"1 [ I
Bit 1—Timer Overflow Flag (OVF): This status flag is set to 1 when FRC overflows (change
from H'FFFF to H'0000). This flag must be cleared by software. It is set by hardware, howe:
and cannot be set by software.

Bit 1

OVF Description

0 To clear OVF, the CPU must read OVF after it has been set to 1, then write a 0 in this
bit (Initial value)

1 This bit is set to 1 when FRC changes from H'FFFF to H'0000

Bit 0—Counter Clear A (CCLRA): This bit selects whether to clear FRC at compare-match
(when the FRC and OCRA values match).

Bit 0

CCLRA Description

0 The FRC is not cleared (Initial value)
1 The FRC is cleared at compare-match A
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Initial value v v v v U U U U
Read/Write R/IW R/W R/W R/W R/W R/W R/W R/W

TCR is an 8-bit readable/writable register that selects the rising or falling edge of the input
[ [0 "HISEAs1gnabies theingut capture buffer mode, and selects the FRC clock source.

TCR is initialized to H'00 by a reset and in the standby modes.

Bit 7—Input Edge Select A (IEDGA): This bit selects the rising or falling edge of the input
capture A signal (FTIA).

Bit 7

IEDGA Description

0 Input capture A events are recognized on the falling edge of FTIA (Initial value)
1 Input capture A events are recognized on the rising edge of FTIA

Bit 6—Input Edge Select B (IEDGB):This bit selects the rising or falling edge of the input
capture B signal (FTIB).

Bit 6

IEDGB Description

0 Input capture B events are recognized on the falling edge of FTIB (Initial value)
1 Input capture B events are recognized on the rising edge of FTIB

Bit 5—Input Edge Select C (IEDGC):This bit selects the rising or falling edge of the input
capture C signal (FTIC).

Bit 5

IEDGC Description

0 Input capture C events are recognized on the falling edge of FTIC (Initial value)
1 Input capture C events are recognized on the rising edge of FTIC
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0 Input capture D events are recognized on the falling edge of FTID (Initial value)

1 Input capture D events are recognized on the rising edge of FTID

Bit 3—Buffer Enable AﬁBUFEA): This bit selects whether to use ICRC as a buffer register

ff
0 O "Hipe4y3318TF16"] [

Bit 3

BUFEA Description

0 ICRC is used for input capture C (Initial value)
1 ICRC is used as a buffer register for input capture A

Bit 2—Buffer Enable B (BUFEB): This bit selects whether to use ICRD as a buffer register f
ICRB.

Bit 2

BUFEB Description

0 ICRD is used for input capture D (Initial value)
1 ICRD is used as a buffer register for input capture B

Bits 1 and 0—Clock Select (CKS1 and CKSO)fhese bits select external clock input or one ¢
three internal clock sources for FRC. External clock pulses are counted on the rising edge ¢
external clock input pin FTCI.

Bit 1 Bit 0

CKs1 CKSO0 Description

0 0 @,/2 internal clock source (Initial value)
1 2,/8 internal clock source

1 0 2,/32 internal clock source
1 External clock source (rising edge)
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nitial value 1 1 1 v U U U U
Read/Write — — — R/W R/W R/W R/W R/W

TOCR is an 8-bit readable/writable register that enables output from the output compare p
[ [0 "HISEEris therpypyt leyets, and switches access between output compare registers A and B

TOCR is initialized to H'EO by a reset and in the standby modes.
Bits 7 to 5—ReservedThese bits cannot be modified and are always read as 1.

Bit 4—Output Compare Register Select (OCRS)OCRA and OCRB share the same addres
When this address is accessed, the OCRS bit selects which register is accessed. This bit
affect the operation of OCRA or OCRB.

Bit 4

OCRS Description

0 OCRA is selected (Initial value)
1 OCRSB is selected

Bit 3—Output Enable A (OEA): This bit enables or disables output of the output compare |
signal (FTOA).

Bit 3

OEA Description

0 Output compare A output is disabled (Initial value)
1 Output compare A output is enabled

Bit 2—Output Enable B (OEB): This bit enables or disables output of the output compare
signal (FTOB).

Bit 2

OEB Description

0 Output compare B output is disabled (Initial value)
1 Output compare B output is enabled
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0 A 0 logic level is output for compare-match A (Initial value)

1 A 1 logic level is output for compare-match A
.+ Bit O—Outgut Level B EOLVLB): This bit selects the logic level to be output at the FTOB pit
Oo"H 1 values match.
Bit 0
OLVLB Description
0 A 0 logic level is output for compare-match B (Initial value)
1 A 1 logic level is output for compare-match B
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access is performed using an 8-bit temporary register (TEMP).
These registers are written and read as follows:

* Reqister Writ

U O "HD6 18[E i to the upper byte, the byte of write data is placed in TEMP. Next
the CPU writes to the lower byte, this byte of data is combined with the byte in TEMP a
16 bits are written in the register simultaneously.

» Register Read

When the CPU reads the upper byte, the upper byte of data is sent to the CPU and the
byte is placed in TEMP. When the CPU reads the lower byte, it receives the value in Tl

Programs that access these registers should normally use word access. Equivalently, they
access first the upper byte, then the lower byte by two consecutive byte accesses. Data w
transferred correctly if the bytes are accessed in reverse order, or if only one byte is acces

Figure 9.3 shows the data flow when FRC is accessed. The other registers are accessed |
way. As an exception, when the CPU reads OCRA or OCRSB, it reads both the upper and |
bytes directly, without using TEMP.

Coding Examples

To write the contents of general register RO to OCRAMOV.W R0, @OCRA
To transfer the contents of ICRA to general register RIDV.W @ICRA, RO
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DDII

HD6473318TF16"0 U [

TEMP
[H'AA]

VAL

FRCH FRCL
[ 1] [ ]
Lower byte write
CPU writes BUS Module data bus
data H'55 ' ' interface @
TEMP
[H'AA]
FRCH FRCL
[H'AA] [H'55]
Figure 9.3a Write Access to FRC (when CPU Writes H'AA55)
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Ud"H

D6473318TF16"1 U U

Lower byte read

CPU reads
data H'55

TEMP
[H'55]

V.

]

FRCH
[H'AA]

FRCL
[H'55]

)

Bus
interface

$

Module data bus

TEMP
[H'55]

VS

FRCH
L]

FRCL
L]

Figure 9.3b Read Access to FRC (when FRC Contains H'AA55)
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FRUNCIermcerits O a pulsc yericralel orice 101 €aclll Pperiod o e sciccled (Mteitial O €XLE
clock source. The clock source is selected by bits CKS0O and CKS1 in TCR.

Internal Clock: The internal clock sourcesd@, 4/8, @/32) are created from the system clock
(9) by a prescaler. FRC increments on a pulse generated from the falling edge of the presc

0 [ "HOGEIE STl 69 .41 [

ol
FRC clock 4,—\
pulse

FRC N-1 ><:SS N X N+1

Figure 9.4 Increment Timing for Internal Clock Source

e
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Ud"H

D64¥3818TF16-5] [ [
|

FRC clock

(( |
)) \\

pulse

((
)

FRC

N ) X N+L))

Figure 9.5

Increment Timing for External Clock Source
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° EpEpERE N

00 "HD6473318TF161 11 [

FRT N >< N+1 % % N >< N+1

OCRA N W NN

Internal compare-
match A signal y "
1) )
k i Clear*
5

OLVLA |

K ((
)T

FTOA,

Note: * Cleared by software

Figure 9.6 Timing of Output Compare A
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5 HEEEEEEEEEEE NN
0 O "HDe4 S B EINA 0 O |\—|

FRC N X H'0000

Figure 9.7 Clearing of FRC by Compare-Match A

9.4.4 Input Capture Timing

Input Capture Timing: An internal input capture signal is generated from the rising or fallin
edge of the signal at the input capture pin FTIx (x = A, B, C, D), as selected by the corresy
IEDGx bit in TCR. Figure 9.8 shows the usual input capture timing when the rising edge is
selected (IEDGx = 1).

Input data
FTI pin « |

Internal input \\

capture signal

Figure 9.8 Input Capture Timing (Usual Case)

If the upper byte of ICRA/B/C/D is being read when the corresponding input capture signa

arrives, the internal input capture signal is delayed by one state. Figure 9.9 shows the timi
this case.

235
RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

= = o

Input at FTI pin ¥ |
)T

0 0 "HD6473318TE16"0 O O v\

nal inpu Lo —L
capture signal « :

Figure 9.9 Input Capture Timing (1-State Delay due to ICRA/B/C/D Read)

Buffered Input Capture Timing: ICRC and ICRD can operate as buffers for ICRA and ICRB

Figure 9.10 shows how input capture operates when ICRA and ICRC are used in buffer mo
IEDGA and IEDGC are set to different values (IEDGA =0 and IEDGC =1, or IEDGA =1 ar
IEDGC = 0), so that input capture is performed on both the rising and falling edges of FTIA.

o LT LT LT LU L L Lt

FTIA _I

Internal input\
capture signal 4,—\

ﬁ

((
)7
FRC n >< n+1 b N ><N+l
5
ICRA M n ) n_ XN
)]
§5
ICRC m XM | M Y*n
)7

Figure 9.10 Buffered Input Capture with Both Edges Selected
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In buffered input capture, if the upper byte of either of the two registers to which data will
transferred (ICRA and ICRC, or ICRB and ICRD) is being read when the input signal arrive
input capture is delayed by one system clock (@). Figure 9.11 shows the timing when BUF

O O "HD6473318TF16"1 [1 [

Read cycle:
CPU reads upper byte of ICRA or ICRC

Input at

FTIA pin

Internal input Pooeeeed _\
capture signal [

Figure 9.11 Input Capture Timing (1-State Delay, Buffer Mode)
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|:||:|ll

° S T I I
HD64 ASTETENG 0 0 O

ICF

FRC \ N

ICR >< N

Figure 9.12 Setting of Input Capture Flag
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o4

Accordingly, when the FRC and OCR values match, the compare-match signal is not gene
until the next period of the clock source. Figure 9.13 shows the timing of the setting of the
compare flags.

U 0 "HD6473318TF16" 1 1

t—

° B O A A o A S A e O

FRC N >< N+1

OCRA or OCRB N

Internal compare- ,—l
match signal \

OCFA or OCFB |

Figure 9.13 Setting of Output Compare Flags

239
RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

DDII

NN

HD6473318TF&6'0 O [ H'FFFF X H'0000

Internal overflow

L|

9.5

Figure 9.14 Setting of Overflow Flag (OVF)

Interrupts

FRTO can request seven interrupts: (three types): input capture A to D (ICIA, ICIB, ICIC, IC
output compare A and B (OCIA and OCIB), and overflow (FOVI). Each interrupt can be eng
or disabled by an enable bit in TIER. Independent signals are sent to the interrupt controllel
each interrupt. Table 9.4 lists information about these interrupts.

Table 9.4  FRTO Interrupts

Interrupt Description Priority
ICIA Requested by ICFA High
ICIB Requested by ICFB

ICIC Requested by ICFC

ICID Requested by ICFD

OCIA Requested by OCFA

ocCiB Requested by OCFB

FOVI Requested by OVF Low
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1. The CCLRA bitin TCSR is setto 1.

2. Each time a compare-match interrupt occurs, software inverts the corresponding outpu
bit in TOCR (OLVLA or OLVLB).

Ud"H

D6473318TF16"0 O 0 Frc

HFFFF

OCRA
,

FTOB

Figure 9.15 Square-Wave Output (Example)
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Contention between FRC Write and Clear:If an internal counter clear signal is generated
during the T, state of a write cycle to the lower byte of the free-running counter, the clear sig
takes priority and the write is not performed.

Figure 9.16 shows this Hpe of contention.
0 0 "HDv473318TF16"11 [

Write cycle:
CPU write to lower byte of FRC
Ty Tz T3

e
° L
Internal address >< FRC address ><
bus
Internal write
signal
FRC clear signal
FRC N >< H'0000

Figure 9.16 FRC Write-Clear Contention
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Ud"H

D6473318TF16"1 U U

Internal address bus

Internal write signal

FRC clock pulse

FRC

Write cycle:
CPU write to lower byte of FRC

Ty T2 T3
]

>< FRC address ><

N ></VM

K

Write data

Figure 9.17 FRC Write-Increment Contention
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DDII

HD6473318TF16"0 U [

Internal address bus

Internal write signal

FRC

OCRA or OCRB

Compare-match
A or B signal

Write cycle:
CPU write to lower byte of OCRA or OCRB

T1 Tz T3
O e

L

>< OCR address ><

N >< N+1

N >< /rM

K

Write data

Inhibited

Figure 9.18 Contention between OCR Write and Compare-Match
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clock sources are changed when the old source is high and the new source is low, as in ¢
number 3 in table 9.5, the changeover generates a falling edge that triggers the FRC incre

clock pulse.

als "HDSE\){\E%E%_PE%@EP ﬁnﬁpternal and external clock source can also cause FRC to incremen

Table 9.5 Effect of Changing Internal Clock Sources
No. Description Timing
1 Low - low: old clock |
CKS1 and CKSO are source | !
rewritten while both !
clock sources are low. New clock 1
source :
FRC clock 3
pulse ] _|
FRC N X N+1 X
CKS rewrite
2 Low - high: old clock !
CKS1 and CKSO are source |
rewritten while old 1
clock source is low and New clock 1
new clock source is high. source 1
FRC clock i
pulse i
FRC N X N+1 X1 N+2 X

CKS rewrite
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rewritten while old

clock source is high and

new clock source is low.  new clock
source

00 "HDB473318TFIE"0 00 puse @
FRC N X N+1 X N+2
CKs ;ewrite

4 High - high:

Old clock i
CKS1 and CKSO are o !

rewritten while both
clock sources are high.

New clock
source

FRC clock
pulse

FRC N X N+1 X N+2

CKS r‘ewrite

Note: * The switching of clock sources is regarded as a falling edge that increments FRC.
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The H8/3318 has an on-chip 16-bit free-running timer (FRT) with two channels: FRTO and
Each channel is based on a 16-bit free-running counter (FRC) and can generate two indej
output waveforms, measure input pulse widths, or measure external clock periods.

00 "HS@EQSEWQSSETi@ﬁRTl- For FRTO, see section 9, 16-Bit Free-Running Timer 0.

The differences between FRTO and FRTL1 are that FRTO has four input-capture lines and f
input-capture interrupt sources, and allows buffering to be designated. FRT1 has only one
capture line and one input-capture interrupt source, and does not support buffering.

10.1.1 Features
The features of FRT1 are listed below.

» Selection of four clock sources

The free-running counter can be driven by an internal clock soyy@e €#8, or g/32), or an
external clock input (enabling use as an external event counter).

e Two independent comparators
Each comparator can generate an independent waveform.
e Input capture
The current count can be captured on the rising or falling edge (selectable) of an input
e Counter can be cleared under program control
The free-running counter can be cleared on compare-match A.
» Four interrupt sources
Compare-match A and B, input capture, and overflow interrupts are requested indepen
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clock sources

External ————— 2pl2
clock source —— gpl8
FTCI 2p/32
n R Clock
0 O "HD6473318T/Eks OCRA (HIL)
Compare- '
. match A Comparator A

FTOA; —-— Overflow ‘
|

FTOB; = Clear g
E Internal
FTI —= - 9 4 £ K gambus
Q n
Compare- < 3
match B kot m
©
Control %
logic B
=
Capture

- ICR (HI/L)

B -

TCR

L———= |CI

-————= OCIA
L = OCIB
L = FOVI

Interrupt signals

Legend

OCRA: Output compare register A
OCRB: Output compare register B
FRC: Free-running counter

ICR: Input capture register
TCSR: Timer control/status register
TCR: Timer control register

Figure 10.1 Block Diagram of 16-Bit Free-Running Timer 1
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Name Abbreviation 110 Function

Counter clock input FTCI Input Input of external free-running counter clock
signal
00 "HF%A%’?P@P&EGATI M ﬁTOAl* Output Output controlled by comparator A
Output compare B FTOB,* Output Output controlled by comparator B
Input capture FTI Input Input capture trigger

Note: * In this manual, the channel subscripts are normally omitted.

10.1.4  Register Configuration
Table 10.2 lists the registers of free-running timer 1.

Table 10.2 Register Configuration

Name Abbreviation R/IW {?elitlljtle Address
Timer control register TCR R/IW H'00 H'FFAQ
Timer control/status register TCSR R/(W)* H'00 H'FFAl
Free-running counter (high) FRC (H) R/W H'00 H'FFA2
Free-running counter (low) FRC (L) R/W H'00 H'FFA3
Output compare register A (high) OCRA (H) R/W H'FF H'FFA4
Output compare register A (low) OCRA (L) R/W H'FF H'FFA5
Output compare register B (high) OCRB (H) R/W H'FF H'FFAG
Output compare register B (low) OCRSB (L) R/W H'FF H'FFA7
Input capture register (high) ICR (H) R H'00 H'FFA8
Input capture register (low) ICR (L) R H'00 H'FFA9

Note: * Software can write a O to clear bits 7 to 4, but cannot write a 1 in these bits.
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DIl 419 14 419 12 4L 41U J o l O 9 “ 9 < 4 A\

Initial value o o o0 o o o o o o o o o o o o o
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W

0 0O "HD6473318TF16" U U

FRC is a 16-bit readable/writable up-counter that increments on an internal pulse generate
clock source. The clock source is selected by the clock select 1 and 0 bits (CKS1 and CKSI
timer control register (TCR).

When FRC overflows from H'FFFF to H'0000, the overflow flag (OVF) in the timer control/si
register (TCSR) is set to 1.

Because FRC is a 16-bit register, a temporary register (TEMP) is used when the FRC is wr
read. See section 10.3, CPU Interface, for details.

FRC is initialized to H'0000 by a reset and in the standby modes. It can also be cleared by
compare-match A.
10.2.2  Output Compare Registers A and B (OCRA and OCRB)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/W R/W R/W R/W R/IW R/W

OCRA and OCRB are 16-bit readable/writable registers, the contents of which are continua
compared with the value in FRC. When a match is detected, the corresponding output com
flag (OCFA or OCFB) is set in the timer control/status register (TCSR).

In addition, if the output enable bit (OEA or OEB) in the timer control register (TCR) is set t
when the output compare register and FRC values match, the logic level selected by the ot
level bit (OLVLA or OLVLB) in TCSR is output at the output compare pin (FTOAFTOB).
Following a reset, the FTQAnd FTOB output levels are 0 until the first compare-match.

Because OCRA and OCRB are 16-bit registers, a temporary register (TEMP) is used for wr
access, as explained in section 10.3, CPU Interface.
OCRA and OCRSB are initialized to H'FFFF by a reset and in the standby modes.
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midatvaule¢e. o o o o o o U U U U U OO U U U U
Read/Write R

ICR is a 16-bit read-only register.

0 O "HOBAI3ETEL O i edge of the signal at the input capture pin (FTI) is detected, the

FRC value is copied to ICR. At the same time, the input capture flag (ICF) in the timer
control/status register (TCSR) is set to 1. The input capture edge is selected by the input
select bit (IEDG) in TCSR.

Because ICR is a 16-bit register, a temporary register (TEMP) is used when it is read. See
10.3, CPU Interface, for details.

To ensure input capture, the width of the input capture pulse should be at least 1.5 systerr
cycles (1.5-9).

ICR is initialized to H'0000 by a reset and in the standby modes.

Note: When input capture is detected, the FRC value is transferred to ICR even if the inf
capture flag is already set.

10.2.4  Timer Control Register (TCR)

Bit 7 6 5 4 3 2 1 0

| ICIE | OCIBE | OCICE | OVIE | OEB | OEA | CKSL | CKSO |
Initial value 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW  RW

TCR is an 8-bit readable/writable register that enables and disables output signals and int
and selects the timer clock source.

TCR is initialized to H'00 by a reset and in the standby modes.
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ICIE Description

0 Input capture interrupt request (ICl) is disabled (Initial value)

1 Input capture interrupt request (ICl) is enabled

Oo"H iE ) terrupt Enable B (OCIEB): Selects whether to request output

compare interrupt B (OCIB) when output compare flag B (OCFB) in TCSR is set to 1.

Bit 6

OCIEB Description

0 Output compare interrupt request B (OCIB) is disabled (Initial value)
1 Output compare interrupt request B (OCIB) is enabled

Bit 5—Output Compare Interrupt Enable A (OCIEA): Selects whether to request output
compare interrupt A (OCIA) when output compare flag A (OCFA) in TCSR is set to 1.

Bit 5

OCIEA Description

0 Output compare interrupt request A (OCIA) is disabled (Initial value)
1 Output compare interrupt request A (OCIA) is enabled

Bit 4—Timer Overflow Interrupt Enable (OVIE): Selects whether to request an overflow
interrupt (FOVI) when the timer overflow flag (OVF) in TCSR is set to 1.

Bit 4

OVIE Description

0 Timer overflow interrupt request (FOVI) is disabled (Initial value)
1 Timer overflow interrupt request (FOVI) is enabled

Bit 3—Output Enable B (OEB): Enables or disables output of the output compare B signal
(FTOB). If output compare B is enabled, the FT,@B is driven to the level selected by OLVLE
in TCSR whenever the FRC value matches the value in output compare register B (OCRB)
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Bit 2—Output Enable A (OEA): Enables or disables output of the output compare A signal
(FTOA). If output compare A is enabled, the FTOA pin is driven to the level selected by Ol
in the timer status/control register (TCSR) whenever the FRC value matches the value in

0 O "HOBFPARFPRERHAAGRA)!

Bit 2

OEA Description

0 Output compare A output is disabled (Initial value)
1 Output compare A output is enabled

Bits 1 and 0—Clock Select (CKS1 and CKSO)fhese bits select external clock input or one
three internal clock sources for the FRC. External clock pulses are counted on the rising e
external clock input pin FTCI.

Bit 1 Bit 0

CKs1 CKSO0 Description

0 0 2,/2 internal clock source (Initial value)
1 2,/8 internal clock source

1 0 2,/32 internal clock source
1 External clock source (rising edge)

10.2.5 Timer Control/Status Register (TCSR)

Bit 7 6 5 4 3 2 1 0
\ ICA \ OCFB \ OCFA \ OVF \ OLVLB \ OLVLA \ IEDG \ CCLRA‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/IW)* RIW)* RIW)* RIW)* R/(W) RIW) RI(W) RIW)

Note: * Software can write a 0 in bits 7 to 4 to clear the flags, but cannot write a 1 in these bits.

TCSR is an 8-hit readable and partially writable register that contains the four interrupt flag
selects the output compare levels, input capture edge, and whether to clear the counter or
compare-match A.

TCSR is initialized to H'00 by a reset and in the standby modes.
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Bit 7
ICF Description

0 To clear ICF, the CPU must read ICF after it has been set to 1, then write a 0 in this bit
(Initial value)

00 "Hb6473318ﬂ§i€}@s ﬁetéo 1 when an input capture signal causes the FRC value to be copied to

Bit 6—Output Compare Flag B (OCFB): This status flag is set to 1 when the FRC value
matches the OCRB value.

This flag must be cleared by software. It is set by hardware, however, and cannot be set by

software.

Bit 6

OCFB Description

0 To clear OCFB, the CPU must read OCFB after it has been set to 1, then write a 0 in
this bit (Initial value)

1 This bit is set to 1 when FRC = OCRB

Bit 5—Output Compare Flag A (OCFA): This status flag is set to 1 when the FRC value
matches the OCRA value.

This flag must be cleared by software. It is set by hardware, however, and cannot be set by

software.

Bit5

OCFA Description

0 To clear OCFA, the CPU must read OCFA after it has been set to 1, then write a O in
this bit (Initial value)

1 This bit is set to 1 when FRC = OCRA

Bit 4—Timer Overflow Flag (OVF): This status flag is set to 1 when the FRC overflows
(changes from H'FFFF to H'0000).

This flag must be cleared by software. It is set by hardware, however, and cannot be set by
software.

254
RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

bl P IR I Yt Y ATl T e il iy vy s i WU

Bit 3—Output Level B (OLVLB): Selects the logic level output at the FTOB pin when the F
and OCRB values match.

0 0 "HR4/3318TF16"0 U [

OoLVLB Description

0 A 0 logic level is output for compare-match B (Initial value)

1 A 1 logic level is output for compare-match B

Bit 2—Output Level A (OLVLA): Selects the logic level output at the FTOA pin when the |
and OCRA values match.

Bit 2

OLVLA Description

0 A 0 logic level is output for compare-match A (Initial value)
1 A 1 logic level is output for compare-match A

Bit 1—Input Edge Select (IEDG): Selects the rising or falling edge of the input capture sign

(FTI.

Bit 1

IEDG Description

0 FRC contents are transferred to ICR on the falling edge of FTI (Initial value)
1 FRC contents are transferred to ICR on the rising edge of FTI

Bit 0—Counter Clear A (CCLRA): Selects whether to clear FRC at compare-match A (whe
FRC and OCRA values match).

Bit 0
CCLRA Description
0 The FRC is not cleared (Initial value)
1 The FRC is cleared at compare-match A
255

RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

performed using an 8-bit temporary register (TEMP).
These registers are written and read as follows:

» Reqister Write

UO"HD AN e to the upper byte, the byte of write data is placed in TEMP. Next,

the CPU writes to the lower byte, this byte of data is combined with the byte in TEMP ar
16 bits are written in the register simultaneously.

» Register Read

When the CPU reads the upper byte, the upper byte of data is sent to the CPU and the |
byte is placed in TEMP. When the CPU reads the lower byte, it receives the value in TE

Programs that access these registers should normally use word access. Equivalently, they
access first the upper byte, then the lower byte by two consecutive byte accesses. Data wil
transferred correctly if the bytes are accessed in reverse order, if only one byte is accessed

Coding Examples

To write the contents of general register RO to OCRMOV.W R0, @OCRA
To transfer the ICR contents to general register ROMOV.W @ICR, RO

Figure 10.2 shows the data flow when FRC is accessed. The other registers are accessed
same way. As an exception, when the CPU reads OCRA or OCRSB, it reads both the upper
lower bytes directly, without using TEMP.
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Ud"H

D6473318TF16"1 U U

Lower byte write

CPU writes
data H'55

o

Bus
interface

TEMP
[H'AA]
FRCH FRCL
[ | [ ]
Module data bus
TEMP
[H'AA]
FRCH FRCL
[H'AA] [H'55]

Figure 10.2a Write Access to FRC (When CPU Writes H'AA55)
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DDII

HD6473318TF16"0 U [

Lower byte read

CPU writes
data H'55

TEMP
[H'55]

V.

|

FRCH
[HAA]

FRCL
[H'55]

)

Bus
interface

$

Module data bus

TEMP
[H'55]

VS

FRCH
[ 1]

FRCL
L]
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Figure 10.2b Read Access to FRC (When FRC Contains H'AA55)
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FRUINCrermerits Ofl a pulse gerieratced orice 101 €acll Cycic 01 tie seiccied (Irteifial Of EXLE
clock source.

Internal Clock Sources: Can be selected by the CKS1 and CKSO bits in the TCR. Internal «
sources are created by dividing the system clock (). Three internal clock sources are ava
0 0O "HD6272383akd 6/32.[Figure 10.3 shows the increment timing.

el
FRC clock 4,—\
pulse

FRC N-1 ><:SS N X N+1

Figure 10.3 Increment Timing for Internal Clock Source

)
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Figure 10.4 shows the increment timing.

FTCI

_| ()() |
ESSeCIOCk . ,—\
FRC N SS >< N+1 SS

0 0 "HD6473318TF16" U U

Figure 10.4 Increment Timing for External Clock Source
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0 O "HD6éksgdi&bmpare [ []

match A signal o
)]

OLVLA |

K‘ («
)T

|

<

FTOA

Note: * Cleared by software

Figure 10.5 Timing of Output Compare A

10.4.3 FRC Clear Timing

If the CCLRA bitin the TCSR is set to 1, the FRC is cleared when compare-match A occul
Figure 10.6 shows the timing of this operation.

o 1 o A
Internal compare-
match A signal \

FRC N X H'0000

Figure 10.6 Clearing of FRC by Compare-Match A
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g

H D6473§1§_ [ El6"Dﬂ_D_‘

(( |
) \\
Internal input

capture signal (o
)]

Figure 10.7 Input Capture Timing (Usual Case)

If the upper byte of ICR is being read when the internal input capture signal should be gene
the internal input capture signal is delayed by one state. Figure 10.8 shows the timing for th

ICR upper byte read cycle

Input at FTI pin .

)7
Internal input peeeeeed —L
capture signal « :

Figure 10.8 Input Capture Timing (1-State Delay Due to ICR Read)
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v N S A A

0 0 "HDe47 8D 0 O ]
\|
\\

ICF

FRC

ICR >< N

Figure 10.9 Setting of Input Capture Flag

10.4.6  Setting of FRC Overflow Flag (OVF)

The FRC overflow flag (OVF) is set to 1 when FRC changes from H'FFFF to H'0000. Figui
10.10 shows the timing of this operation.

o L

FRC H'FFFF >< H'0000

Internal overflow
signal k

OVF |

Figure 10.10 Setting of Overflow Flag (OVF)
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information about these interrupts.

Table 10.3 FRT1 Interrupts

InterruQ Descri rptlon Priority
"HBR6AF33 8 16 ,
AI—Requsted by ICF High
OCIA Requested by OCFA
OCiB Requested by OCFB
FOVI Requested by OVF Low
10.6  Sample Application

In the example below, the free-running timer channel is used to generate two square-wave
with a 50% duty cycle and arbitrary phase relationship. The programming is as follows:

1. The CCLRA bitin TCSR is set to 1.

2. Each time a compare-match interrupt occurs, software inverts the corresponding output

bit in TCSR (OLVLA or OLVLB).
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Figure 10.11
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Contention between FRC Write and Clear:If an internal counter clear signal is generated
during the T, state of a write cycle to the lower byte of the free-running counter, the clear si
takes priority and the write is not performed.

. Jigure 10.12 shows this type of contention.
0 0 "HD64/73318TF16" [ [
FRC lower byte write cycle
T, Ts T3
s e T e
- L
Internal address >< FRC address
bus
Internal write
signal
FRC clear signal
FRC N >< H'0000

Figure 10.12 FRC Write-Clear Contention
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DDII

HD6473318TF16"0 U [

Internal address bus

Internal write signal

FRC clock pulse

FRC

FRC lower byte write cycle

>< FRC address ><

N ></rM

K

Write data

Figure 10.13 FRC Write-Increment Contention
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Ud"H

D6473318TF16"1 U U

Internal address bus

Internal write signal

FRC

OCRA or OCRB

Compare-match
A or B signal

OCRA or OCRB lower byte write cycle

Ty T2 T3
||

L

>< OCR address ><

N >< N+1

N >< /rM

K

Write data

Inhibited

Figure 10.14 Contention between OCR Write and Compare-Match
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clock sources are changed when the old source is high and the new source is low, as in ca
number 3 in table 10.4, the changeover generates a falling edge that triggers the FRC incre
clock pulse.

als "Hf)‘%'ﬁ%g?ﬁﬂ‘éﬁﬁaﬂ iﬁternal and external clock source can also cause FRC to increment.

Table 10.4 Effect of Changing Internal Clock Sources

No. Description Timing

1 Low — low:

CKS1 and CKSO are Old clock I

rewritten while both

clock sources are low. New clock 1
source :
FRC clock |
pulse ]
FRC N N+1 X
CKS rewrite
2 Low - high:

CKS1 and CKSO0 are S;ﬂriECk _,—\_I—l

rewritten while old
clock source is low and New clock
new clock source is high. source

EEIEeClOCk —|
FRC N X N+1 X N+2 X

CKS rewrite
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rewritten while old
clock source is high and
new clock source is low.

0 0O "HD6473318TF16" U U

New clock
source

T *
FRC clock @
pulse

N7
FRC N N+1 ! N+2
CKS rewrite

4 High - high:
CKS1 and CKSO are
rewritten while both
clock sources are high.

g [ L]

New clock
source

FRC clock
pulse
FRC N N+1 N+2
CKS r‘ewrite

Note: * The switching of clock sources is regarded as a falling edge that increments FRC.
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The H8/3318 includes an 8-bit timer module with two channels (numbered 0 and 1). Each
has an 8-bit counter (TCNT) and two time constant registers (TCORA and TCORB) that al
constantly compared with the TCNT value to detect compare-match events. One of the m:
applications of the 8-bit timer module is to generate a rectangular-wave output with an arb

0 0 "HDigdy88¢8TF16"] (1 [

11.1.1 Features
The features of the 8-bit timer module are listed below.

* Selection of seven clock sources

The counters can be driven by one of six internal clock signals or an external clock inp
(enabling use as an external event counter).

» Selection of three ways to clear the counters
The counters can be cleared on compare-match A or B, or by an external reset signal.
» Timer output controlled by two time constants

The timer output signal in each channel is controlled by two independent time constant
enabling the timer to generate output waveforms with an arbitrary duty cycle. PWM
waveforms with a duty cycle of 0 to 100% can easily be output by selecting PWM mode

» Three independent interrupts
Compare-match A and B and overflow interrupts can be requested independently.
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Elxtelznal clock sources  Channel 0 Channel 1
clock source Bpl2 Bpl2
TMCI 2p/8 2p/8
—————————  2p/32 2p/64
Zp/64 Zp/128
2p/256 2p/1024
—— 2p/1024 2p/2048
0 0 "HD6473318TH16"[1| (1|0 ) )
Clock
Compare-match A
Comparator A
MO Overflow Internal
TMRI " § data bus
=] «—
Clear ] S
& £
S g
Q ]
Control Compare-match B 2
logic <}
=
TCSR
| TCR
\—> CMIA
CMIB
ovI
Interrupt signals
Legend
TCORA: Time constant register A (8 bits)
TCORB: Time constant register B (8 bits)
TCNT: Timer counter
TCSR: Timer control status register (8 bits)
TCR: Timer control register (8 bits)
Figure 11.1 Block Diagram of 8-Bit Timer (1 Channel)
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Channel Name Abbr. * 110 Function

0 Timer output TMO, Output Output controlled by compare-match
Timer clock input TMCI, Input External clock source for the counter
O O "HD6473318TFi6idriréset input TMRI, Input External reset signal for the counter
1 Timer output TMO, Output Output controlled by compare-match
Timer clock input TMCI, Input External clock source for the counter
Timer reset input TMRI, Input External reset signal for the counter

Note: * In this manual, the channel subscripts are normally omitted.

11.1.4 Register Configuration
Table 11.2 lists the registers of the 8-bit timer module.

Table 11.2 8-Bit Timer Registers

Channel  Name Abbreviation R/W Initial Value  Address

0 Timer control register TCR R/W H'00 H'FFC8
Timer control/status register TCSR R/(W)* H'00 H'FFC9
Timer constant register A TCORA R/W H'FF H'FFCA
Timer constant register B TCORB R/W H'FF H'FFCB
Timer counter TCNT R/W H'00 H'FFCC

1 Timer control register TCR R/W H'00 H'FFDO
Timer control/status register ~ TCSR R/(W)*  H'00 H'FFD1
Timer constant register A TCORA R/W H'FF H'FFD2
Timer constant register B TCORB R/W H'FF H'FFD3
Timer counter TCNT R/W H'00 H'FFD4

Oand1 Serial/timer control register STCR R/W H'1C H'FFC3

Note: * Software can write a 0 to clear bits 7 to 5, but cannot write a 1 in these bits.
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DIl l O 9 “ 9 < 4 v

Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

0 0O "HD6473318TF16" U U

Each timer counter (TCNT) is an 8-bit up-counter that increments on a pulse generated fror
internal or external clock source selected by clock select bits 2 to 0 (CKS2 to CKSO0) of the
control register (TCR). The CPU can always read or write the timer counter.

The timer counter can be cleared by an external reset input or by an internal compare-matc
generated at a compare-match event. Clock clear bits 1 and 0 (CCLR1 and CCLRO) of the
control register select the method of clearing.

When a timer counter overflows from H'FF to H'00, the overflow flag (OVF) in the timer
control/status register (TCSR) is set to 1.

The timer counters are initialized to H'00 by a reset and in the standby modes.

11.2.2 Time Constant Registers A and B (TCORA and TCORB)

Bit 7 6 5 4 3 2 1 0

| | | | | | | | |
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

TCORA and TCORB are 8-bit readable/writable registers. The timer count is continually
compared with the constants written in these registers (except duringstateTof a write cycle
to TCORA or TCORB). When a match is detected, the corresponding compare-match flag (
or CMFB) is set in the timer control/status register (TCSR).

The timer output signal is controlled by these compare-match signals as specified by outpu
bits 3 to 0 (OS3 to OSO0) in the timer control/status register (TCSR).

TCORA and TCORSB are initialized to H'FF by a reset and in the standby modes.
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Initial value v v v v U U U U
Read/Write R/IW R/W R/W R/W R/W R/W R/W R/W

TCR is an 8-bit readable/writable register that selects the clock source and the time at whi

[0 O "HIEyteris ¢teared, and enables interrupts.
TCR is initialized to H'00 by a reset and in the standby modes.

For timing diagrams, see section 11.3, Operation.

Bit 7—Compare-match Interrupt Enable B (CMIEB): This bit selects whether to request
compare-match interrupt B (CMIB) when compare-match flag B (CMFB) in the timer
control/status register (TCSR) is set to 1.

Bit 7

CMIEB Description

0 Compare-match interrupt request B (CMIB) is disabled (Initial value)
1 Compare-match interrupt request B (CMIB) is enabled

Bit 6—Compare-match Interrupt Enable A (CMIEA): This bit selects whether to request
compare-match interrupt A (CMIA) when compare-match flag A (CMFA) in TCSR is set to

Bit 6

CMIEA Description

0 Compare-match interrupt request A (CMIA) is disabled (Initial value)
1 Compare-match interrupt request A (CMIA) is enabled

Bit 5—Timer Overflow Interrupt Enable (OVIE): This bit selects whether to request a time
overflow interrupt (OVI) when the overflow flag (OVF) in TCSR is set to 1.

Bit 5

OVIE Description

0 The timer overflow interrupt request (OVI) is disabled (Initial value)
1 The timer overflow interrupt request (OVI) is enabled
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0 0 Not cleared (Initial value)
1 Cleared on compare-match A
1 0 Cleared on compare-match B
1 Cleared on rising edge of external reset input signal
D D "ipeadz2210Tr1anr1 1
MNnvsTivoilu il LU L L L]

Bits 2, 1, and 0—Clock Select (CKS2, CKS1, and CKSQJhese bits and bits ICKS1 and
ICKSO in the serial/timer control register (STCR) select the internal or external clock source
the timer counter. Six internal clock sources, derived by prescaling the system clock, are av
for each timer channel. For internal clock sources the counter is incremented on the falling
the internal clock. For an external clock source, these bits can select whether to increment
counter on the rising or falling edge of the clock input (TMCI), or on both edges.
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@,/8 internal clock, counted on falling edge

2,./2 internal clock, counted on falling edge

oO|OoO| O

2,/64 internal clock, counted on falling edge

0

2,/32 internal clock, counted on falling edge

0 [0 "HD6473318 fF16"

Ly

2,/1024 internal clock, counted on falling edge

P O, |O|F, | O

2,/256 internal clock, counted on falling edge

No clock source (timer stopped)

External clock source, counted on rising edge

External clock source, counted on falling edge

Rl

rlrlololr|llr|lrlolo

RlolRr| ORI IRP|O|lO|R|R

External clock source, counted on both rising
and falling edges

No clock source (timer stopped) (Initial value)

2,/8 internal clock, counted on falling edge

@,/2 internal clock, counted on falling edge

2,/64 internal clock, counted on falling edge

2,/128 internal clock, counted on falling edge

2,/1024 internal clock, counted on falling edge

2,/2048 internal clock, counted on falling edge

No clock source (timer stopped)

External clock source, counted on rising edge

External clock source, counted on falling edge

P|lRPr|PIPIO O OC O O|OC|O

RlRr|lO|lO|R|R|R|R|Oo|lO|O

R|lo|r|Oo|r|r|lOo|O|r|r|O

External clock source, counted on both rising
and falling edges
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inital vailue v v v v v v v v
Read/Write  R/(W)* R/W)* RIW)*  RMW RIW RIW RIW RIW

Note: * Software can write a O in bits 7 to 5 to clear the flags, but cannot write a 1 in these bits.

U U "HRE64AIBENELR Iddeable and partially writable register that indicates compare-match and

overflow status and selects the effect of compare-match events on the timer output signal.
TCSR is initialized to H'00 by a reset and in the standby modes.

Bit 7—Compare-Match Flag B (CMFB): This status flag is set to 1 when the timer count
matches the time constant set in TCORB. CMFB must be cleared by software. It is set by
hardware, however, and cannot be set by software.

Bit 7

CMFB Description

0 To clear CMFB, the CPU must read CMFB after it has been set to 1, then write a 0 in
this bit (Initial value)

1 This bit is set to 1 when TCNT = TCORB

Bit 6—Compare-Match Flag A (CMFA): This status flag is set to 1 when the timer count
matches the time constant set in TCORA. CMFA must be cleared by software. It is set by
hardware, however, and cannot be set by software.

Bit 6

CMFA Description

0 To clear CMFA, the CPU must read CMFA after it has been set to 1, then write a 0 in
this bit (Initial value)

1 This bit is set to 1 when TCNT = TCORA

Bit 5—Timer Overflow Flag (OVF): This status flag is set to 1 when the timer count overflov
(changes from H'FF to H'00). OVF must be cleared by software. It is set by hardware, howe
and cannot be set by software.
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Bit 4—PWM Mode Enable (PWME): This bit selects PWM mode for the timer output.

Bit 4

U O "HDeWE318 Thééctigtioh []
0 Normal timer mode (Initial value)
1 PWM mode

In PWM mode, CCLR1 to CCLRO and OS3 to OS0 must be set so that the timer output cy
determined by the contents of TCORA, and the timer output duty cycle by the contents of
TCORSB. In this case, the timer output pulse cycle, pulse width, and duty cycle conform to
following expressions. If TCORA < TCORB, the output is saturated at a 100% duty cycle.

When TCORB< TCORA:

Timer output pulse cycle = selected internal clock cyo(ECORA + 1)
Timer output pulse width = selected internal clock cyclBRCORB
Timer output duty cycle = TCORB / (TCORA + 1)

TCR TCSR
PWM Output Mode CCLR1 CCLRO 0S3 0S2 O0OSl1 0so0
Direct output 0 1 0 1 1 0
(when the above timer pulse width is high)
Inverted output 0 1 1 0 0 1

(when the above timer pulse width is low)

In PWM mode, a buffer register is inserted between TCORB and the module data bus, an
data written to TCORB is held in the buffer register until a TCORA compare-match occurs
makes it easy to obtain PWM output with no disruption of the waveform. As regards the tir
output specification made by OS3 to OS0, the priority of a change due to compare-match

higher. Care is required since the operation is different from that in the normal timer mode

Bits 3 to 0—Output Select 3 to 0 (OS3 to OSOThese bits specify the effect of TCOR-TCN"
compare-match events on the timer output signal (TMO). Bits OS3 and OS2 control the ef
compare-match B on the output level. Bits OS1 and OSO0 control the effect of compare-ma
the output level.
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When all four output select bits are cleared to O the timer output signal is disabled.

Bit 3 Bit 2
0sSs3 0S2 Description

0 0 No change when compare-match B occurs (Initial value)
0 0 "HD6473318TF16"0 O L

utput changes to 0 when compare-match B occurs

1 0 Output changes to 1 when compare-match B occurs
1

Output inverts (toggles) when compare-match B occurs

Bit 1 Bit0

0s1 0s0 Description

0 0 No change when compare-match A occurs (Initial value)
1 Output changes to 0 when compare-match A occurs

1 0 Output changes to 1 when compare-match A occurs
1 Output inverts (toggles) when compare-match A occurs

11.2.5 Serial/Timer Control Register (STCR)

Bit 7 6 5 4 3 2 1 0

| RING | CMPF | CMPIE | LOAD | MARK | — | ICKS1 | ICKSO |
Initial value 0 0 0 1 1 1 0 0
Read/Write RW  RIW)*  RW W) W) — RW  RMW

Note: * Software can write a O in bit 6 to clear the flags, but cannot write a 1 in this bit.

STCR is an 8-bit readable/writable register that controls the serial communication interface,
selects clock sources for the timer counters, and controls DTU channel B.

STCR is initialized to H'1C by a reset.

Bits 7 to 3—DTU Channel B Control: These bits control DTU channel B. For details, see
section 5, Data Transfer Unit.

Bit 2—Reserved:This bit cannot be modified, and is always read as 1.
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11.3  Operation

11.3.1 TCNT Incrementation Timing

0 O "HDOb/$388 Ehdbtér irtrements on a pulse generated once for each period of the selected (i
external) clock source.

Internal Clock: Internal clock sources are created from the system clock by a prescaler. Tl
counter increments on an internal TCNT clock pulse generated from the falling edge of the
prescaler output, as shown in figure 11.2. Bits CKS2 to CKSO0 of TCR and bits ICKS1 and
of STCR can select one of the six internal clocks.

el N o
'FI)'S:IIS\IeT clock ) .
TCNT N-1 ><38 N X N+1

Figure 11.2 Count Timing for Internal Clock Input
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single edge, and at least 2.5 system clock periods for incrementation on both edges. The c
will not increment correctly if the pulse width is shorter than these values.

noodisestred ol | L L LT L LT

External clock |

source TMCI K
TCNT clock
pulse (6 §5

( (

TCNT N-1 X j’ N >< :) N+ 1
( (
7 ]

Figure 11.3 Count Timing for External Clock Input
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~

the match is true, just before the timer counter increments to a new value.

Accordingly, when the timer count matches one of the time constants, the compare-match
not generated until the next period of the clock source. Figure 11.4 shows the timing of the

0 0 "HOBARSPFPRIBPRIS A0S

° T A

TCNT N >< N+ 1

TCOR
Internal compare- ,—\
match signal

CMF |

Figure 11.4 Setting of Compare-Match Flags
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o ipEpEnEnE RN

H D6 ie3Rd&cbmbare [ [
match A si?falrj (

\ ((
)7

Timer output |
(TMO)

DDII

It

Figure 11.5 Timing of Timer Output

Timing of Compare-Match Clear: Depending on the CCLR1 and CCLRO bits in TCR, the tin

counter can be cleared when compare-match A or B occurs. Figure 11.6 shows the timing ¢
operation.

° 1 T D A
Internal compare-
match signal

\

TCNT N X H'00

Figure 11.6 Timing of Compare-Match Clear
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Ud"H D6473E18TF16"D 0d

input (TMRI)

Internal clear k‘,—\
pulse

TCNT N-1 X N X H'00

Figure 11.7 Timing of External Reset

11.3.4  Setting of TCSR Overflow Flag (OVF)

The overflow flag (OVF) is set to 1 when the timer count overflows (changes from H'FF to
Figure 11.8 shows the timing of this operation.

o RN

TCNT HFE X H'00

Internal overflow
signal

\
OVF

Figure 11.8 Setting of Overflow Flag (OVF)
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lists information about these interrupts.

Table 11.3 8-Bit Timer Interrupts

D D mny ||I|'1\t!e‘r/1ryIQE'\4 QTIr-1 ﬂllﬁDeﬁscrﬂPtion Priority
I IﬁxglOQ.LU 10 L LT L] ted by CMFA ngh
CMIB Requested by CMFB %
ovi Requested by OVF Low
11.5 Sample Application

In the example below, the 8-bit timer is used to generate a pulse output with a selected dut

The control bits are set as follows:

1.

its value matches the constant in TCORA.

2.

A and to 0 on compare-match B.

With these settings, the 8-bit timer provides output of pulses at a rate determined by TCOR

In TCR, CCLR1 is cleared to 0 and CCLRO is set to 1 so that the timer counter is cleare

In TCSR, bits OS3 to OS0 are set to 0110, causing the output to change to 1 on compa

a pulse width determined by TCORB. No software intervention is required.

TCNT
HFF oo
ﬁ Clear counter ﬁ

TCORA ¢ +

TCORB ---------f----o-o R R B AL

Hoo b SR - L S R

TMO pin

Figure 11.9 Example of Pulse Output
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11.6.1 Contention between TCNT Write and Clear

If an internal counter clear signal is generated during {istafe of a write cycle to the timer
counter, the clear signal takes priority and the write is not performed.

0 0 "HD6473318TF16" [J [
— fFigure 110 shows this

istype of contention.

Internal address
bus

Internal write
signal

Counter clear
signal

TCNT

Write cycle: CPU writes to TCNT

Ty T T3
}4—»’4—»’4—»‘
>< TCNT address

N >< H'00

Figure 11.10 TCNT Write-Clear Contention
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DDII

Figure 11.11 shows this type of contention.

HD6473318TF16"0 U [

Internal address bus

Internal write signal

TCNT clock pulse

TNCT

Write cycle: CPU writes to TCNT

>< TCNT address ><

N ></rM

K

Write data

Figure 11.11 TCNT Write-Increment Contention
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Figure 11.12 shows this type of contention.

Ud"H

D6473318TF16"1 U U

Internal address bus

Internal write signal

TCNT

TCORA or TCORB

Compare-match
A or B signal

Write cycle: CPU writes to TCORA or TCORB

L

>< TCOR address ><

N >< N+1
N >< /rM

K TCOR write data

Inhibited

Figure 11.12 Contention between TCOR Write and Compare-Match
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“ ~ ' <

Table 11.4 Priority of Timer Output

Output Selection Priority
" " High
00 HB84 3318 TFIe 00y Mo
Toutput
0 output
No change Low

11.6.5 Incrementation Caused by Changing of Internal Clock Source

When an internal clock source is changed, the changeover may cause the timer counter to
increment. This depends on the time at which the clock select bits (CKS1, CKSO0) are rewrit
shown in table 11.5.

The pulse that increments the timer counter is generated at the falling edge of the internal c
source signal. If clock sources are changed when the old source is high and the new sourc
as in case number 3 in table 11.5, the changeover generates a falling edge that triggers the
clock pulse and increments the timer counter.

Switching between an internal and external clock source can also cause the timer counter t
increment.

290
RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

T

rewritten while both

clock sources are low. New clock
TCNT clock i _|
ulse 1
[0 00 "HD6473318TF16"] O O P |
TCNT N X ! N+1 X

CKS rewrite

2 Low — high*Z:
Clock select bits are Oid clock i I——,—\—
rewritten while old
clock source is low and New clock
new clock source is high.  source

'FI)'L(j:llS\IeT clock _|
TCNT N X N+1 X N+2 X

CKS rewrite

Notes: 1. Including a transition from low to the stopped state (CKS1 =0, CKS0 =0), or a
transition from the stopped state to low.

2. Including a transition from the stopped state to high.
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rewritten while old

clock source is high and

new clock source is low.  new clock
source

TCNT clock =
0 0"HD6473318TF16'0 00 puse @
TCNT N X N+1 X N+2 X
CKs ;ewrite

4 High - high:

Clock select bits are Old clock |
source !

rewritten while both
clock sources are high.

New clock
source

;S's\g clock —|
TCNT N X N+1 X N+2 X

CKS r‘ewrite

Notes: 3. Including a transition from high to the stopped state.
4. The switching of clock sources is regarded as a falling edge that increments TCNT.
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The H8/3318 has a built-in programmable timing pattern controller (TPC) that provides pul
outputs by using free-running timer 0 or 1 (FRTO or FRT1) as a time base. The TPC pulse
are divided into 4-bit groups (group 3 to group 0) that can operate simultaneously and
independently.

0 0O "HD6473318TF16" U U

12.1.1 Features

The TPC has the following features:

16-bit output data
Maximum 16-bit data can be output. TPC output can be enabled on a bit-by-bit basis.
Four output groups

Output trigger signals can be selected in 4-bit groups to provide up to four different 4-bi
outputs.

Selectable output trigger signals

Output trigger signals can be selected for each group from the compare-match signals
and FRT1.

Non-overlap mode
A non-overlap margin can be provided between pulse outputs.
Can operate together with the data transfer unit (DTU)

The compare-match signals selected as trigger signals can activate the DTU for seque
output of data without CPU intervention.
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FR1U ana Fx1 1 compare-matcn signais

'

vy

P1DDR P2DDR
. NDER1 NDER2
Control logic TPMR TPCR
0 0 "HD6473318TR16" [ I
TPi5 ]
TP14 =+ Pulse output
TP13 = pins, group 3
TPy <
TPy <~ P2DR ~— NDRB--
TP10 =+ Pulse output
TPy =+ pins, group 2
TPy <] pins, group
TP; —a—
TPg -=— Pulse output
TPs - pins, group 1
TPy ~-—
TPy = T P1DR - NDRA--
TP, -s—| Pulse output
TP, -=—{ pins, group O
TPO ~-—|

Legend
TPMR:
TPCR:

NDER2:
NDER1:
P2DDR:
P1DDR:

NDRB:
NDRA:
P2DR:
P1DR:

TPC output mode register
TPC output control register
Next data enable register 2
Next data enable register 1
Port 2 data direction register
Port 1 data direction register
Next data register B

Next data register A

Port 2 data register

Port 1 data register

Internal data bus
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Name Symbol 1/0 Function
TPC output O TP, Output Group 0 pulse output
TPC output 1 TP, Output
0 0 "HD&£733p8TF16"1 [ (TP, Output
TPC output 3 TP, Output
TPC output 4 TP, Output Group 1 pulse output
TPC output 5 TP, Output
TPC output 6 TP, Output
TPC output 7 TP, Output
TPC output 8 TP, Output Group 2 pulse output
TPC output 9 TP, Output
TPC output 10 TP, Output
TPC output 11 TP, Output
TPC output 12 TP, Output Group 3 pulse output
TPC output 13 TP, Output
TPC output 14 TP, Output
TPC output 15 TP Output

RENESAS
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Name Abbreviation  R/W Initial Value  Address
Port 1 data direction register P1DDR w H'00 H'FFBO
Port 1 data register P1DR R/(W)** H'00 H'FFB2
[ [ "Hiexgvy 833 d@ih elgistér P2DDR w H'00 H'EFB1
Port 2 data register P2DR R/(W)** H'00 H'FFB3
TPC output mode register TPMR R/W H'FO H'FFEA
TPC output control register TPCR R/W H'FF H'FFEB
Next data enable register 2 NDER2 R/W H'00 H'FFCD
Next data enable register 1 NDER1 R/W H'00 H'FFD5
Next data register A NDRA R/W H'00 H'FFCF/H'FFD7*?
Next data register B NDRB R/W H'00 H'FFCE/H'FFD6**

Notes: 1. Bits used for TPC output cannot be written to.

2. The NDRA address is H'FFCF when the same output trigger is selected for TPC output
groups 0 and 1 by settings in TPCR. When the output triggers are different, the NDRA
address is H'FFD7 for group 0 and H'FFAS for group 1. Similarly, the address of NDRB
is H'FFCE when the same output trigger is selected for TPC output groups 2 and 3 by
settings in TPCR. When the output triggers are different, the NDRB address is H'FFD6
for group 2 and H'FFCE for group 3.
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FLUUR 1S dll o-DIt WIHE-0111y Teglistel tlal scelieCls IMput OF output 101 €eacli pin in port 1.

Bit 7 6 5 4 3 2 1 0

| P1,DDR | P1,DDR | P1,DDR | P1,0DR | P1,DDR | P1,DDR | P1,0DR | P1,DDR |
. Anitial value W0 0 0 0 0 0 0 0
ogo"H 73318TF16 0 W W W W W W W

Port 1 is multiplexed with pins TRo TR,. Bits corresponding to pins used for TPC output mu
set to 1. For further information about P1DDR, see section 8.2, Port 1.

12.2.2 Port 1 Data Register (P1DR)

P1DR is an 8-hit readable/writable register that stores TPC output data for groups 0 and 1
these TPC output groups are used.

Bit 7 6 5 4 3 2 1 0
Py, | P, | PL | PL | PL | PL | PL | P |
Initial value 0 0 0 0 0 0 0 0

Read/Write  RIW)*  RIW)* RIW)* RIW)* RIW)* RIW)* RIW)*  RI(W)*

Note: * Bits selected for TPC output by NDER1 settings become read-only bits.

For further information about P1DR, see section 8.2, Port 1.

12.2.3  Port 2 Data Direction Register (P2DDR)

P2DDR is an 8-bit write-only register that selects input or output for each pin in port 2.

Bit 7 6 5 4 3 2 1 0

| P2,DDR | P2,DDR | P2,DDR | P2,DDR | P2,DDR | P2,DDR | P2,0DR | P2,DDR |
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W W w w w

Port 2 is multiplexed with pins TPto TPR,. Bits corresponding to pins used for TPC output m
be set to 1. For further information about P2DDR, see section 8.3, Port 2.
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Bit 7 6 5 4 3 2 1 0

Initial value 0 0 0 0 0 0 0 0

Read/Write R/((W)*  R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)*
0 0 "HD6473318TF16" [ [
—__Noter * Bitssefected for TPC output by NDER2 settings become read-only bits.

For further information about P2DR, see section 8.3, Port 2.

12.2.5 Next Data Register A (NDRA)

NDRA is an 8-bit readable/writable register that stores the next output data for TPC output
1 and 0 (pins TPto TR). During TPC output, when an FRTO or FRT1 compare-match event
specified in TPCR occurs, NDRA contents are transferred to the corresponding bits in P1DI
address of NDRA differs depending on whether TPC output groups 0 and 1 have the same
trigger or different output triggers.

NDRA is initialized to H'00 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Same Trigger for TPC Output Groups 0 and 1:If TPC output groups 0 and 1 are triggered b
the same compare-match event, the NDRA address is H'FFCF. The upper 4 bits belong to
and the lower 4 bits to group 0. Address H'FFD7 consists entirely of reserved bits that cann
modified and always read 1.

» Address H'FFCF

Bit 7 6 5 4 3 2 1 0

| NDR7 | NDR6 | NDR5 | NDR4 | NDR3 | NDR2 | NDR1 | NDRO |
Initial value 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW  RW

Bits 7 to 4—Next Data 7 to 4 (NDR7 to NDR4)These bits store the next output data for TPC
output group 1.

Bits 3 to 0—Next Data 3 to 0 (NDR3 to NDRO)These bits store the next output data for TPC
output group O.
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nnual vailuc -+ -+ < < < < < <

Read/Write — — — — — — — _

Bits 7 to 0—ReservedThese bits cannot be modified and are always read as 1.

0 0 "HD6473318TF16"1 [ I
Different Triggers for TPC Output Groups 0 and 1: If TPC output groups 0 and 1 are trigge
by different compare-match events, the address of the upper 4 bits of NDRA (group 1) is
and the address of the lower 4 bits (group 0) is H'FFD7. Bits 3 to 0 of address H'FFCF anc
to 4 of address H'FFD7 are reserved bits that cannot be modified and always read 1.

» Address H'FFCF

Bit 7 6 5 4 3 2 1 0
| NDR7 | NDR6 | NDRS | NDR4 | — | — | — | — |

Initial value 0 0 0 0 1 1 1 1

Read/Write R/W R/W R/W R/W — — — —

Bits 7 to 4—Next Data 7 to 4 (NDR7 to NDR4)These bits store the next output data for TP
output group 1.

Bits 3 to 0—ReservedThese bits cannot be modified and are always read as 1.

* Address H'FFD7

Bit 7 6 5 4 3 2 1 0

. — | — | — | — | NDR3 | NDR2 | NDRL | NDRO |
Initial value 1 1 1 1 0 0 0 0
Read/Write _ _ _ _ RW RW  RW  RW

Bits 7 to 4—ReservedThese bits cannot be modified and are always read as 1.

Bits 3 to 0—Next Data 3 to 0 (NDR3 to NDRO)These bits store the next output data for TP
output group O.
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NDRB differs depending on whether TPC output groups 2 and 3 have the same output trige
different output triggers.

NDRB is initialized to H'00 by a reset and in hardware standby mode. It is not initialized in
0 O "HEEMAS i3y F9den

Same Trigger for TPC Output Groups 2 and 3:If TPC output groups 2 and 3 are triggered b
the same compare-match event, the NDRB address is H'FFCE. The upper 4 bits belong to
and the lower 4 bits to group 2. Address H'FFD6 consists entirely of reserved bits that cann
modified and always read 1.

* Address H'FFCE

Bit 7 6 5 4 3 2 1 0

| NDR15 | NDR14 | NDR13 | NDR12 | NDR11 | NDR10 | NDR9 | NDRS |
Initial value 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW  RW

Bits 7 to 4—Next Data 15 to 12 (NDR15 to NDR12These bits store the next output data for
TPC output group 3.

Bits 3 to 0—Next Data 11 to 8 (NDR11 to NDR8)fhese bits store the next output data for TF
output group 2.

e Address H'FFD6

Bit 7 6 5 4 3 2 1 0
-l -]l -1 -1 -1T-1=1-="

Initial value 1 1 1 1 1 1 1 1

Read/Write — — — — — — _ _

Bits 7 to 0—ReservedThese bits cannot be modified and are always read as 1.
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e Address H'FFCE

Bit 7 6 5 4 3 2 1 0

\ NDR15 \ NDR14‘ NDR13 \ NDR12 \ _ \ _ ‘ _ ‘ _ ‘
0 0O "HDeyMeTF16" P 0 O 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — _

Bits 7 to 4—Next Data 15 to 12 (NDR15 to NDR12T:hese bits store the next output data fo
TPC output group 3.

Bits 3 to 0—ReservedThese bits cannot be modified and are always read as 1.

* Address H'FFD6

Bit 7 6 5 4 3 2 1 0

. — | — | — | — | NDRi1l|NDR10 | NDR9 | NDRS |
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W

Bits 7 to 4—ReservedThese bits cannot be modified and are always read as 1.

Bits 3 to 0—Next Data 11 to 8 (NDR11 to NDR8)fhese bits store the next output data for T
output group 2.

301
RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

Bit 7 6 5 4 3 2 1 0
\ NDER7 \ NDERG‘ NDERS‘ NDER4‘ NDERS‘ NDERZ‘ NDERl‘ NDERO‘

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
[0 00 "HD6473318TF16"] O O

If a bit is enabled for TPC output by NDER1, then when the FRT compare-match event sele
the TPC output control register (TPCR) occurs, the NDRA value is automatically transferrec
the corresponding P1DR bit, updating the output value. If TPC output is disabled, the bit va
not transferred from NDRA to P1DR and the output value does not change.

NDERL1 is initialized to H'00 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 0—Next Data Enable 7 to 0 (NDER7 to NDERO)hese bits enable or disable TPC
output groups 1 and O (T TR)) on a bit-by-bit basis.

Bits 7 to O:

NDER7 to NDERO Description

0 TPC outputs TP, to TP, are disabled (NDR7 to NDRO are not transferred to
P1,to P1,) (Initial value)

1 TPC outputs TP, to TP, are enabled (NDR7 to NDRO are transferred to P1,
to P1,)
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Bit 7 6 5 4 3 2 1 0
\ NDERlS‘ NDERlA‘ NDER13‘ NDERlZ‘ NDERll‘ NDERlO‘ NDER9 \ NDERS \
Initial value 0 0 0 0 0 0 0 0

Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
0 0 "HD6473318TF16"0 U [

If a bit is enabled for TPC output by NDER2, then when the FRT compare-match event se
the TPC output control register (TPCR) occurs, the NDRB value is automatically transferre
corresponding P2DR bit, updating the output value. If TPC output is disabled, the bit value
transferred from NDRB to P2DR and the output value does not change.

NDER?2 is initialized to H'00 by a reset and in hardware standby mode. It is not initialized i
software standby mode.

Bits 7 to 0—Next Data Enable 15 to 8 (NDER15 to NDERS8These bits enable or disable TF
output groups 3 and 2 (TFo TR,)) on a bit-by-bit basis.

Bits 7 to O:

NDER15 to NDER8  Description

0 TPC outputs TP, to TP, are disabled (NDR15 to NDRS8 are not transferred
to P2, to P2,) (Initial value)

1 TPC outputs TP, to TP, are enabled (NDR15 to NDRS are transferred to
P2, to P2,)

12.2.9 TPC Output Control Register (TPCR)

TPCR is an 8-bit readable/writable register that selects output trigger signals for TPC outp
group-by-group basis.

Bit 7 6 5 4 3 2 1 0
|G3CMS1|G3CMS0| G2CMS1| G2CMS0| G1CMS1| GICMS0| GOCMS1| GOCMSO|

Initial value 1 1 1 1 1 1 1 1

Read/Write RW RW RW RW RW RW RW  RW

TPCR is initialized to H'FF by a reset and in hardware standby mode. It is not initialized in
software standby mode.
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0 0 TPC output group 3 (TP, to TP,,) is triggered by compare-match A in
FRT1

1 TPC output group 3 (TP, to TP,,) is triggered by compare-match A in
FRTO

00 [0 "HDP6473318PF16"[1 [] TPC output group 3 (TP, to TP,,) is triggered by compare-match B in
FRT1 (compare-match A can be used for non-overlap operation)

1 TPC output group 3 (TP, to TP,,) is triggered by compare-match B in
FRTO (compare-match A can be used for non-overlap operation)
(Initial value)

Bits 5 and 4—Group 2 Compare Match Select 1 and 0 (G2CMS1, G2CMSQ)hese bits
select the compare-match event that triggers TPC output group 2@ TH,).

Bit 5 Bit 4
G2CMS1 G2CMSO Description
0 0 TPC output group 2 (TP, to TP,) is triggered by compare-match A in
FRT1
1 TPC output group 2 (TP, to TPy) is triggered by compare-match A in
FRTO
1 0 TPC output group 2 (TP, to TP,) is triggered by compare-match B in
FRT1 (compare-match A can be used for non-overlap operation)
1 TPC output group 2 (TP, to TPy) is triggered by compare-match B in
FRTO (compare-match A can be used for non-overlap operation)
(Initial value)
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TPC output group 1 (TP, to TP,) is triggered by compare-match A in
FRT1

TPC output group 1 (TP, to TP,) is triggered by compare-match A in
FRTO

00 [0 "HDB6473318TFE16" 1 [ [TPC output group 1 (TP, to TP,) is triggered by compare-match B in

FRT1 (compare-match A can be used for non-overlap operation)

TPC output group 1 (TP, to TP,) is triggered by compare-match B in
FRTO (compare-match A can be used for non-overlap operation)

(Initial value)

Bits 1 and 0—Group 0 Compare Match Select 1 and 0 (GOCMS1, GOCMS()hese bits

select the compare-match event that triggers TPC output group, @(TR,).

Bit 1 Bit 0
GOCMS1 GOCMSO Description
0 0 TPC output group 0 (TP, to TP,) is triggered by compare-match A in
FRT1
1 TPC output group 0 (TP, to TP,) is triggered by compare-match A in
FRTO
1 0 TPC output group 0 (TP, to TP,) is triggered by compare-match B in
FRT1 (compare-match A can be used for non-overlap operation)
1 TPC output group 0 (TP, to TP,) is triggered by compare-match B in
FRTO (compare-match A can be used for non-overlap operation)
(Initial value)
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Bit 7 6 5 4 3 2 1 0
\ — \ — \ — \ — \ GsNov\ GzNov\ GlNOV‘ GONOV‘
Initial value 1 1 1 1 0 0 0 0

Read/Write — — — — R/W R/W R/W R/W
[0 00 "HD6473318TF16"] O O

The output trigger period of a non-overlapping TPC output waveform is set in output compa
register A (OCRA) in the FRTO or FRT1 channel selected for output triggering. The non-ove
margin is set in output compare register B (OCRB). The output values change at compare-
and B. For details see section 12.3.4, Non-Overlapping TPC Output.

TPMR is initialized to H'FO by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 4—ReservedThese bits cannot be modified, and are always read as 1.

Bit 3—Group 3 Non-Overlap (G3NOV): Selects normal or non-overlapping TPC output for
group 3 (TRsto TR,).

Bit 3
G3NOV Description
0 Normal TPC output in group 3
(output values change at the selected compare-match) (Initial value)
1 Non-overlapping TPC output in group 3

(0 and 1 output at compare-match A and B, respectively)

Bit 2—Group 2 Non-Overlap (G2NOV): Selects normal or non-overlapping TPC output for
group 2 (TR, to TRy).

Bit 2
G2NOV Description
0 Normal TPC output in group 2
(output values change at the selected compare-match) (Initial value)
1 Non-overlapping TPC output in group 2
(0 and 1 output at compare-match A and B, respectively)
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0 Normal TPC output in group 1
(output values change at the selected compare-match) (Initial value)

1 Non-overlapping TPC output in group 1
(0 and 1 output at compare-match A and B, respectively)

0 O "HD6473318TF16"J O [
Bit 0—Group 0 Non-Overlap (GONOV): Selects normal or non-overlapping TPC output for
group 0 (TRto TR).

Bit 0
GONOV Description
0 Normal TPC output in group O
(output values change at the selected compare-match) (Initial value)
1 Non-overlapping TPC output in group 0

(0 and 1 output at compare-match A and B, respectively)
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vvihiern corresponading oins 1 FLuUR OF FcUUR dllU NUERL OF NUERZ 4lfe SEeL 0 1, 170 OU
enabled. The TPC output initially consists of the corresponding P1DR or P2DR contents. W
compare-match event selected in TPCR occurs, the corresponding NDRA or NDRB bit con
are transferred to P1DR or P2DR to update the output values.

[0 [ "HDg4Z332 ZTiFiSates| the TPC output operation. Table 12.3 summarizes the TPC operating
conditions.

DDR NDER
Q Q
Output trigger signal
C
DR D= NDR -~
Q Q Internal
TPC output pin data bus
Figure 12.2 TPC Output Operation
Table 12.3 TPC Operating Conditions
NDER DDR Pin Function
0 0 General-purpose input port
General-purpose output port
1 0 General-purpose input port (but software cannot write to the DR bit,
and when compare-match occurs, the NDR bit value is transferred to
the DR bit)
1 TPC pulse output

Sequential output of up to 16-bit patterns is possible by writing new output data to NDRA al
NDRB before the next compare-match. For information on non-overlapping operation, see
12.3.4, Non-Overlapping TPC Output.
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FRC

N+1

OCRA

Compare-match
A signal

NDRB

P2DR

TPS to TP15

Figure 12.3 Timing of Transfer of Next Data Register Contents and Output (Example)
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DDII

( Normal TPC output >

HD6473318TF1 5] @eﬁct OCR functions 1 1. Set TCR or TOCR in the selected
FRT channel to disable unwanted

output signals.
Set OCR value 2 2. Setthe TPC output trigger period.

FRT setup 3. Select the counter clock source
with bits CKS1 and CKSO0 in TCR.
Select the counter clear source
with bit CCLRA in TCSR.

4. Enable the OCl interrupt in TIER
or TCR. The DTU can also be set
up to transfer data to the next data
register.

Select counting operation 3

Select interrupt request 4

Set initial output data 5 o )
5. Set the initial output values in the

DR bits of the input/output port
pins to be used for TPC output.

6. Setthe DDR bits of the
input/output port pins to be used
Port and Enable TPC output 7 for TPC output to 1.

TPC setup 7. Setthe NDER bits of the pins to
be used for TPC output to 1.

Select TPC output trigger 8 8. Select the FRT compare-match
event to be used as the TPC
output trigger in TPCR.

Set next TPC output data 9 9. Set the next TPC output values in
the NDR bits.

10. At each OCI interrupt, set the next
Compare-match? output values in the NDR bits.

Select port output 6

Yes

Set next TPC output data 10

Note: Avoid allowing compare-match to occur while steps 4 to 9 are being carried out.

Figure 12.4 Setup Procedure for Normal TPC Output (Example)
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1. The FRT channel to be used as the output trigger channel is set up so that the counter

will be cleared by compare-match A. The trigger period is set in OCRA. The OCIEA bit is
setto 1in TIER or TCR to enable the compare-match A interrupt.

. H'F8is written in P2DDR and NDER2, and bits G3CMS1, G3CMS0, G2CMS1, and

G2CMSO are set in TPCR to select compare-match in the FRT channel set up in step 1
as the output trigger. Output data H'80 is written in NDRB.

. When compare-match A occurs, the NDRB contents are transferred to P2DR and output.

The compare-match A (OCIA) interrupt service routine writes the next output data (H'CO)
in NDRB.

. Five-phase overlapping pulse output (one or two phases active at a time) can be

obtained by writing H'40, H'60, H'20, H'30, H'10, H'18, H'08, H'88... at successive OCIA
interrupts. If the DTU is set for activation by this interrupt, pulse output can be obtained
without loading the CPU.

P2DR __ 00 @@@@@E@@@@@

Figure 12.5 Normal TPC Output Example (Five-Phase Pulse Output)
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DDII

(Non-overlapping TPC output)

Select OCR functions

FRT setup

Port and
TPC setup

HD6473318TF 165 -0 |

Set OCR values

Select counting operation

Select interrupt requests

Set initial output data

Select TPC output

Enable TPC transfer

Select TPC transfer trigger

Select non-overlapping groups

Set next TPC output data

-

10

et

Compare-match B?

Yes

Set next TPC output data

No

11

. Set TCR or TOCR in the selected

FRT channel to disable unwanted
output signals.

. Set the TPC output trigger period

in OCRA and the non-overlap
margin in OCRB.

. Select the counter clock source

with bits CKS1 and CKSO0 in TCR.
Select the counter clear source
with bit CCLRA in TCSR.

Enable the OCIB interrupt in TIER

or TCR. The DTU can also be set

up to transfer data to the next
data register.

. Set the initial output values in the

DR bits of the input/output port
pins to be used for TPC output.

. Set the DDR bits of the

input/output port pins to be used
for TPC output to 1.

. Set the NDER bits of the pins to

be used for TPC output to 1.

In TPCR, select the FRT
compare-match event to be used
as the TPC output trigger.

In TPMR, select the groups that
will operate in non-overlap mode.

10. Set the next TPC output values in

the NDR bits.

11. At each OCIB interrupt, write the

next output value in the NDR bits.

Note: Avoid allowing compare-match to occur while steps 4 to 10 are being carried out.

Figure 12.6 Setup Procedure for Non-Overlapping TPC Output (Example)
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TP14

TPg

1. The FRT channel to be used as the output trigger channel is set up so that the counter will
be cleared by compare-match A. The trigger period is set in OCRA. The non-overlap margin
is set in OCRB. The OCIEB bitis setto 1 in TIER or TCR to enable OCIB interrupts.

2. H'FF is written in P2DDR and NDERZ2, and bits G3CMS1, G3CMS0, G2CMS1, and
G2CMSO are set in TPCR to select compare-match in the FRT channel set up in step 1 as
the output trigger. Bits G3NOV and G2NOV are set to 1 in TPMR to select hon-overlapping
output. Output data H'95 is written in NDRB.

3. After FRT operation begins, when compare-match A occurs, outputs change from 1 to 0.
When compare-match B occurs, outputs change from 0 to 1 (the change from 0 to 1 is
delayed by the value of OCRB). The OCIB interrupt service routine writes the next output
data (H'65) in NDRB.

4. Four-phase complementary non-overlapping pulse output can be obtained by writing H'59,
H'56, H'95... at successive OCIB interrupts. If the DTU is set for activation by this interrupt,
pulse output can be obtained without loading the CPU.

Figure 12.7 Non-Overlapping TPC Output Example (Four-Phase Complementary
Non-Overlapping Pulse Output)
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1o 1O 1 alc Imditupiexca witll address output ir thne exparnucdua Imodces. VViicer auulrcss OUlf
enabled in mode 1, the corresponding pins cannot be used for TPC output. The data transf
NDR bits to DR bits takes place, however, regardless of the usage of the pin.

Pin functions should be changed only under conditions in which the output trigger event wil

0 0O "Hoedv3318TF16") U [

12.4.2  Note on Non-Overlapping Output

During non-overlapping operation, the transfer of NDR bit values to DR bits takes place as
follows.

1. NDR bits are always transferred to DR bits at compare-match B.
2. At compare-match A, NDR bits are transferred only if their value is 0. Bits are not transfi
if their value is 1.

Figure 12.8 illustrates the non-overlapping TPC output operation.

DDR NDER
Q Q
Compare-match B
Compare-match A
Cc
<+—Q DR D= ¢ Q NDR Df=—o
TPC output pin

Figure 12.8 Non-Overlapping TPC Output
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DDII

NDR, or by having the OCIB interrupt activate the DTU. The next data must be written bef
next compare-match A occurs.

Compare-
match B

match A

NDR write

Compare-
NDR write

NDR >< ><
DR X X

0 output  0/1 output 0 output  0/1 output
—— -~
Do not Write to NDR Do not Write to NDR
write to in this interval write to in this interval
NDR in NDR in
this interval this interval

Figure 12.9 Non-Overlapping Operation and NDR Write Timing
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The H8/3318 on-chip watchdog timer (WDT) module can monitor system operation by req
a nonmaskable interrupt internally if a system crash allows the timer count to overflow. It
generate an internal chip reset instead of a nonmaskable interrupt.

00 ..H%mggkjmtgh@ogfwction is not needed, the WDT module can be used as an interval t
i f - uests an OVF interrupt at each counter overflow.

13.1.1 Features

e Selection of eight clock sources
» Selection of two modes:
0 Watchdog timer mode
O Interval timer mode
« Counter overflow generates an interrupt request or reset:
0 Reset or NMI request in watchdog timer mode
O OVF interrupt request in interval timer mode

317
RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

Rreset or Internal Nivil
(Watchdog timer mode)
Interrupt
signals Internal
Overflow
OVF (Interval | Interrupt = TCNT | — data bus
O O "HD6473318TWRé6iode) []  control ' Read/write < >
control
TCSR | —
! ‘ y Internal clock source
- ﬂp/z
Clock | ~— 2p/32
- gp/64
Clock |« gp/128
select -« 2p/256
la— @p/512
Legend - 2p/2048
TCNT: Timer counter
. . la— 2p/4096
TCSR: Timer control/status register op
Figure 13.1 Block Diagram of Watchdog Timer
13.1.3 Register Configuration
Table 13.1 lists information on the watchdog timer registers.
Table 13.1 Register Configuration
Initial Addresses
Name Abbreviation  R/W Value  Write Read
Timer counter TCNT R/W H'00 H'FFAA H'FFAB
(word transfer)
Timer control/status register TCSR R/(W)* H'10 H'FFAA H'FFAA

(word transfer)

Note: * Software can write a 0 to clear the status flag bits, but cannot write 1.
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DIt r O 9 “ 9 < 4 v

Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

0 0O "HD6473318TF16" U U

The watchdog timer counter (TCNT) is a read/write 8-bit up-counter. (TCNT is write-protec
a password. See section 13.2.3, Register Access, for details.) When the timer enable bit (
the timer control/status register (TCSR) is set to 1, the timer counter starts counting pulses
internal clock source selected by clock select bits 2 to 0 (CKS2 to CKS0) in TCSR. When
count overflows (changes from H'FF to H'00), an overflow flag (OVF) in TCSR is set to 1.

The watchdog timer counter is initialized to H'00 by a reset and when the TME bit is cleare

Note: TCNT is more difficult to write to than other registers. See section 13.2.3, Register
Access, for details.

13.2.2  Timer Control/Status Register (TCSR)

Bit 7 6 5 4 3 2 1 0

| OVF | WIT | TME | — |RST/NMI CKS2 | CKS1 | CKSO |
Initial value 0 0 0 1 0 0 0 0
Read/Write  RI(W)* RMW  RMW _ RW RW  RW  RW

Note: * Software can write a O in bit 7 to clear the flag, but cannot write a 1 in this bit.

The watchdog timer control/status register (TCSR) is an 8-bit read/write register that selec
timer mode and clock source and performs other functions. (TCSR is write-protected by a
password. See section 13.2.3, Register Access, for detalils.)

Bits 7 to 5 and bit 3 are initialized to 0 by a reset and in the standby modes. Bits 2 to 0 are
initialized to O by a reset, but retain their values in the standby modes.

Note: TCSR is more difficult to write to than other registers. See section 13.2.3, Register
Access, for detalils.
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bit (Initial value)
1 Set to 1 when TCNT changes from H'FF to H'00

Bit 6—Timer Mode Select (WTAT): Selects whether to operate in watchdog timer mode or

0 U "Hiedadkadkedd. [ [

Bit6

WT/IT Description

0 Interval timer mode (OVF request) (Initial value)
1 Watchdog timer mode (reset or NMI request)

Bit 5—Timer Enable (TME): Enables or disables the timer.

Bit 5

TME Description

0 TCNT is initialized to H'00 and stopped (Initial value)
1 TCNT runs and requests a reset or an interrupt when it overflows

Bit 4—Reserved:This bit cannot be modified and is always read as 1.

Bit 3—Reset or NMI Select (RSTNMI): Selects either an internal reset or the NMI function
watchdog timer overflow.

Bit 3

RST/NMI  Description

0 NMI function enabled (Initial value)
1 Reset function enabled

Bits 2—0—Clock Select (CKS2—-CKSO0)These bits select one of eight clock sources obtained
dividing the system clock (@).

The overflow interval listed in the following table is the time from when the watchdog timer
counter begins counting from H'00 until an overflow occurs.

In interval timer mode, OVF interrupts are requested at this interval.
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1 0 2,./64 1.6 ms
1 2./128 3.3ms
1 0 0 2,256 6.6 ms
1 2,512 13.1 ms
0 0 "HD6473318TF16" LI [d ,/2048 52.4 ms
1 2,/4096 104.9 ms

13.2.3 Register Access

The watchdog timer's TCNT and TCSR registers are more difficult to write to than other re
The procedures for writing and reading these registers are given below.

Writing to TCNT and TCSR: Word access is required. Byte data transfer instructions canr

used for write access.

The TCNT and TCSR registers have the same write address. The write data must be cont
the lower byte of a word written at this address. The upper byte must contain H'5A (passw
TCNT) or H'A5 (password for TCSR). See figure 13.2. The result of the access depicted ir
13.2 is to transfer the write data from the lower byte to TCNT or TCSR.

Writing to TCNT
H'FFAA

Writing to TCSR
H'FFAA

15

87

H'5A

Write data

15

H'AS

Write data

Figure 13.2 Writing to TCNT and TCSR

Reading TCNT and TCSR:The read addresses are H'FFAA for TCSR and H'FFAB for TCl

as indicated in table 13.2.

These two registers are read like other registers. Byte access instructions can be used.

RENESAS
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rIN

13.3  Operation

0 0 "HDS4333GTEGEL ke vode

The watchdog timer function begins operating when software sets tHa& Afd TME bits to 1 in
TCSR. Thereafter, software should periodically rewrite the contents of the timer counter (nc
by writing H'00) to prevent the count from overflowing. If a program crash allows the timer c
to overflow, the watchdog timer either requests a nonmaskable interrupt (NMI) or resets the
chip for 518 system clocks (), depending on the status of bit 3 of TCSR. Figure 13.3 show

operation.

NMI requests from the watchdog timer have the same vector as NMI requests fidMItpe.
NMI requests from the watchdog timer and NiMI should not be handled simultaneously.

A reset from the watchdog timer has the same vector as an external reset iR#if fie. The
reset source can be determined by the XRST bit in SYSCR.

Watchdog timer overflow
HIFF - oo oo oo oo
TCNT WT/IT=1
count TME =1
woo — 2 Vo oV V. YV Time t
INVA SN
WTAT =1  H'00 written Reset H'00 written
TME =1 to TCNT generated to TCNT
518 o
Figure 13.3 Operation in Watchdog Timer Mode
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function can be used to generate OVF requests at regular intervals. See figure 13.4.

H'FF

Ud"H D64733181‘+F16"D 0d

ITCNT count

H'00

T

WT/AT=0 OVF OVF OVF OVF OVF
TME =1 request request request request request

Figure 13.4 Operation in Interval Timer Mode

13.3.3  Setting the Overflow Flag

The OVF bit is set to 1 when the timer count overflows. Simultaneously, the WDT module
requests an internal reset, NMI, or OVF interrupt. The timing is shown in figure 13.5.

TCNT ¥ H'FF>< H'00
))

Internal overflow

signal < \

OVF

((
)]

Figure 13.5 Setting the OVF Bit
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the write takes priority and the timer counter is not incremented. See figure 13.6.

Write cycle (CPU writes to TCNT)
0 0 "HD6473318TF16"1 [ I

-—— T — Ty —a—T3—

Internal address bus >< TCNT address ><

Internal write signal

TCNT clock pulse

TCNT N >< M

/

Counter write data

Figure 13.6 TCNT Write-Increment Contention

13.4.2 Changing the Clock Select Bits (CKS2 to CKS0)

Software should stop the watchdog timer (by clearing the TME bit to 0) before changing the
of the clock select bits. If the clock select bits are modified while the watchdog timer is runn
the timer count may be incremented incorrectly.

13.4.3 Recovery from Software Standby Mode

TCSR bits, except bits 0-2, and the TCNT counter are reset when the chip recovers from s
standby mode. Re-initialize the watchdog timer as necessary to resume normal operation.

324
RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

The H8/3318 includes two serial communication interface channels (SCIO0 and SCI1) for
transferring serial data to and from other chips. Either synchronous or asynchronous
communication can be selected.

0 0 "HOG4 33187 &bres L [

The features of the on-chip serial communication interface are:

Asynchronous mode

An H8/3318 microcontroller can communicate with a UART (Universal Asynchronous
Receiver/Transmitter), ACIA (Asynchronous Communication Interface Adapter), or othe
that employs standard asynchronous serial communication. It also has a multiprocessc
communication function for communication with other processors. Twelve data formats
available.

Data length: 7 or 8 bits

Stop bit length: 1 or 2 bits

Parity: Even, odd, or none

Multiprocessor bit: 1 or 0

Error detection: Parity, overrun, and framing errors

Break detection: When a framing error occurs, the break condition can be detected
reading the level of the RxD line directly.

Synchronous mode

The SCI can communicate with chips able to perform clocked synchronous data transfe
0 Data length: 8 bits

O Error detection: Overrun errors

Full duplex communication

The transmitting and receiving sections are independent, so each channel can transmi
receive simultaneously. Both the transmit and receive sections use double buffering, s
continuous data transfer is possible in either direction.

Built-in baud rate generator
Any specified bit rate can be generated.
Internal or external clock source

Y I

The SCI can operate on an internal clock signal from the baud rate generator, or an ex
clock signal input at the SCKO or SCK1 pin.
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14.1.2

Block Diagram

Figure 14.1 shows a block diagram of one serial communication interface channel.

0 0 "HD6473318TF16"1 [ I °
3 Internal
£ data bus
Module data bus _é
(2]
>
R
RDR TDR SSR BRR
Y Y
SMR
RxD-—= | RSR TSR Baudrate |5 Internal
‘ SCMR generator |, 5./4 clock
Communi- -—— 0p/16
TXD —= : cation - gp/64
Parity control 1
generate i { Clock
Parity check
External clock source
SCK =
- TEl
= RXI
Legend » ERI
RSR: Receive shift register (8 bits) Interrupt signals
RDR: Receive data register (8 bits)
TSR: Transmit shift register (8 bits)
TDR: Transmit data register (8 bits)
SMR: Serial mode register (8 bits)
SCR: Serial control register (8 bits)
SSR: Serial status register (8 bits)
BRR: Bit rate register (8 bits)
SCMR: Serial communication mode register (8 bits)

Figure 14.1 Block Diagram of Serial Communication Interface
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Channel Name Abbr. * I/0 Function
0 Serial clock SCK, Input/output Serial clock input and output
Receive data RxD, Input Receive data input
(1 [0 "HD6473318Traksmit dafal TxD, Output Transmit data output
1 Serial clock SCK, Input/output Serial clock input and output
Receive data RxD, Input Receive data input
Transmit data TxD, Output Transmit data output

Note: * In this manual, the channel subscripts are normally omitted.

RENESAS
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Table 14.2 SCI Registers

Channel Name Abbr. R/W Value Address
0 Receive shift register RSR — — —
00 "HDG473318TBS€”W Eﬁi@ register RDR R H'00 H'FFDD

Transmit shift register TSR — — —
Transmit data register TDR R/W H'FF H'FFDB
Serial mode register SMR R/W H'00 H'FFD8
Serial control register SCR R/W H'00 H'FFDA
Serial status register SSR R/(W)* H'84 H'FFDC
Bit rate register BRR R/W H'FF H'FFD9
Serial communication SCMR R/W H'F2 H'FFDE
mode register

1 Receive shift register RSR — — —
Receive data register RDR R H'00 H'FF8D
Transmit shift register TSR — — —
Transmit data register TDR R/W H'FF H'FF8B
Serial mode register SMR R/W H'00 H'FF88
Serial control register SCR R/W H'00 H'FF8A
Serial status register SSR R/(W)* H'84 H'FF8C
Bit rate register BRR R/W H'FF H'FF89

Oand1 Serial/timer control register STCR R/W H'1C H'FFC3

Note: * Software can write a 0 to clear the flags in bits 7 to 3, but cannot write 1 in these bits.
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DIt r O 9 “ 9 < 4 v

Read/Write — — — — — — — _

O O "H D8R 38 B8Jrit @Epister[that converts incoming serial data to parallel data. When one data c
has been received, it is transferred to the receive data register (RDR).

The CPU cannot read or write RSR directly.

14.2.2 Receive Data Register (RDR)

Bit 7 6 5 4 3 2 1 0

| | | | | | | | |
Initial value 0 0 0 0 0 0 0 0
Read/Write R

RDR stores received data. As each character is received, it is transferred from RSR to RD
enabling RSR to receive the next character. This double-buffering allows the SCI to receiv
continuously.

RDR is a read-only register. RDR is initialized to H'00 by a reset and in the standby mode:

14.2.3  Transmit Shift Register (TSR)

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — — _

TSR is a shift register that converts parallel data to serial transmit data. When transmissio
character is completed, the next character is moved from the transmit data register (TDR)
and transmission of that character begins. If the TDRE bit is still set to 1, however, nothing
transferred to TSR.

The CPU cannot read or write TSR directly.
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initial vaiue 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

TDR is an 8-bit readable/writable register that holds the next data to be transmitted. When -
00 ..H%mw%.@eﬁﬁ written in TDR is transferred to TSR. Continuous data transmissic
f itt xt data in TDR while the current data is being transmitted from TS

TDR is initialized to H'FF by a reset and in the standby modes.

14.2.,5 Serial Mode Register (SMR)

Bit 7 6 5 4 3 2 1 0

| CA | CHR | PE | OE | STOP | MP | CKSL | CKSO |
Initial value 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW  RW

SMR is an 8-bit readable/writable register that controls the communication format and selec
clock source of the on-chip baud rate generator. It is initialized to H'00 by a reset and in the
standby modes. For further information on the SMR settings and communication formats, s
tables 14.5 and 14.7 in section 14.3, Operation.

Bit 7—Communication Mode (C/A): This bit selects asynchronous or synchronous
communication mode.

Bit 7

C/A Description

0 Asynchronous communication (Initial value)
1 Synchronous communication

Bit 6—Character Length (CHR): This bit selects the character length in asynchronous mods
Itis ignored in synchronous mode.

Bit 6

CHR Description

0 8 bits per character (Initial value)

1 7 bits per character (Bits 0 to 6 of TDR and RDR are used for transmitting and
receiving, respectively)
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0 Transmit: No parity bit is added. (Initial value)

Receive: Parity is not checked.

1 Transmit: A parity bit is added.

Receive: Parity is checked.
101

U O "HDBe4338H36+H=5

Bit 4—Parity Mode (O/E ): In asynchronous mode, when parity is enabled (PE = 1), this bi
selects even or odd parity.

Even parity means that a parity bit is added to the data bits for each character to make the
number of 1's even. Odd parity means that the total number of 1's is made odd.

This bit is ignored when PE = 0, or when a multiprocessor format is used. It is also ignorec
synchronous mode.

Bit 4

O/E Description

0 Even parity (Initial value)
1 Odd parity

Bit 3—Stop Bit Length (STOP): This bit selects the number of stop bits. It is ignored in
synchronous mode.

Bit 3

STOP Description

0 One stop bit (Initial value)
Transmit: One stop bit is added.
Receive: One stop bit is checked to detect framing errors.

1 Two stop bits

Transmit: Two stop bits are added.

Receive: The first stop bit is checked to detect framing errors. If the second stop bit is
a space (0), it is regarded as the next start bit.
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Bit 2

MP Description
0 Multiprocessor communication function is disabled. (Initial value)
1 Multiprocessor communication function is enabled.

0 0O "HD6473318TF16" U U

Bits 1 and 0—Clock Select 1 and 0 (CKS1 and CKSQJhese bits select the clock source of t
on-chip baud rate generator.

Bit 1 Bit0

CKSs1 CKSO Description

0 0 @ clock (Initial value)
1 @./4 clock

1 0 2,/16 clock
1 2,/64 clock

14.2.6  Serial Control Register (SCR)

Bit 7 6 5 4 3 2 1 0
| TE | RE | TE | RE | MPIE | TEE | CKEL | CKEO |

Initial value 0 0 0 0 0 0 0 0

Read/Write RW RW RW RW RW RW RW  RW

SCR is an 8-bit readable/writable register that enables or disables various SCI functions.
It is initialized to H'00 by a reset and in the standby modes.

Bit 7—Transmit Interrupt Enable (TIE): This bit enables or disables the TDR-empty interru
(TXI) requested when the transmit data register empty (TDRE) bit in the serial status registt
(SSR) is set to 1.

Bit 7

TIE Description

0 The TDR-empty interrupt request (TXI) is disabled. (Initial value)
1 The TDR-empty interrupt request (TXI) is enabled.
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Bit 6
RIE Description

0 The receive-end interrupt (RXI) and receive-error (ERI) requests are disabled.
(Initial value)

00 "H[36473318Tﬁ1%"@e@]eﬁnd interrupt (RXI) and receive-error (ERI) requests are enabled.

Bit 5—Transmit Enable (TE): This bit enables or disables the transmit function. When the
transmit function is enabled, the TxD pin is automatically used for output. When the transn
function is disabled, the TxD pin can be used as a general-purpose I/O port.

Bit 5

TE Description

0 The transmit function is disabled. (Initial value)
The TxD pin can be used for general-purpose 1/O.

1 The transmit function is enabled. The TxD pin is used for output.

Bit 4—Receive Enable (RE)This bit enables or disables the receive function. When the re
function is enabled, the RxD pin is automatically used for input. When the receive function
disabled, the RxD pin is available as a general-purpose /O port.

Bit 4

RE Description

0 The receive function is disabled. (Initial value)
The RxD pin can be used for general-purpose 1/0.

1 The receive function is enabled.

The RxD pin is used for input.

Bit 3—Multiprocessor Interrupt Enable (MPIE): When serial data is received in a
multiprocessor format, this bit enables or disables the receive-end interrupt (RXI) and rece
error interrupt (ERI) until data with the multiprocessor bit set to 1 is received. It also enable
disables the transfer of received data from RSR to RDR, and enables or disables setting ¢
RDRF, FER, PER, and ORER bits in the serial status register (SSR).

The MPIE bit is ignored when the MP bit is cleared to 0, and in synchronous mode.

Clearing the MPIE bit to 0 disables the multiprocessor receive interrupt function. In this co
data is received regardless of the value of the multiprocessor bit in the receive data.
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s T I I B

transferred from RSR to RDR the FER, PER and ORER bits can be set, and the receive-€
receive-error interrupts are enabled.

Bit 3
00 "H'}A\RIET!Q‘I g PESHIRIOR,
The llluulpluu-,'bbor receive interrupt function is disabled. (Initial value)
(Normal receive operation)
1 The multiprocessor receive interrupt function is enabled. During the interval before

data with the multiprocessor bit set to 1 is received, the receive interrupt request (RXI)
and receive-error interrupt request (ERI) are disabled, the RDRF, FER, PER, and
ORER bits are not set in the serial status register (SSR), and no data is transferred
from the RSR to the RDR. The MPIE bit is cleared at the following times:

1. When 0 is written in MPIE
2. When data with the multiprocessor bit set to 1 is received

Bit 2—Transmit-End Interrupt Enable (TEIE): This bit enables or disables the TSR-empty
interrupt (TEI) requested when the transmit-end bit (TEND) in the serial status register (SS}

setto 1.

Bit 2

TEIE Description

0 The TSR-empty interrupt request (TEI) is disabled. (Initial value)
1 The TSR-empty interrupt request (TEI) is enabled.

Bit 1—Clock Enable 1 (CKEL): This bit selects the internal or external clock source for the k
rate generator. When the external clock source is selected, the SCK pin is automatically us
input of the external clock signal.

Bit 1

CKE1l Description

0 Internal clock source (Initial value)
When C/A = 1, the serial clock signal is output at the SCK pin.
When C/A = 0, output depends on the CKEO bit.

1 External clock source
The SCK pin is used for input.
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For further information on the communication format and clock source selection, see table
section 14.3, Operation.

Bit 0
CKEO Description
00 "HQ6473318TE4@§8@@5 not used by the SCI (and is available as a general-purpose 1/O port).
(Initial value)
1 The SCK pin is used for serial clock output.
14.2.7  Serial Status Register (SSR)
Bit 7 6 5 4 3 2 1 0
| TDRE | RDRF | ORER | FER | PER | TEND | MPB | MPBT |
Initial value 1 0 0 0 0 1 0 0
Read/Write R/(W)*  R/(W)* R/(W)* R/(W)* RI/(W)* R R R/W

Note: * Software can write a O to clear the flags, but cannot write a 1 in these bits.

SSR is an 8-bit register that indicates transmit and receive status. It is initialized to H'84 by
and in the standby modes.

Bit 7—Transmit Data Register Empty (TDRE): This bit indicates when transmit data can se
be written in TDR.

Bit 7

TDRE Description

0 To clear TDRE, the CPU must read TDRE after it has been set to 1, then write a 0 in
this bit.
Otherwise, when a data is written to TDR in the DTU bus cycle.

1 This bit is set to 1 at the following times: (Initial value)

1. When TDR contents are transferred to TSR
2. When the TE bit in SCRis cleared to 0

335
RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

0 To clear RDRF, the CPU must read RDRF after it has been set to 1, then write a O in
this bit. (Initial value)

Otherwise, when RDR is read in the DTU bus cycle.

1 This bit is set to 1 when one character is received without error and transferred from

0 [ "HD6473318 R RPR)

Bit 5—Overrun Error (ORER): This bit indicates an overrun error during reception.

Bit 5

ORER Description

0 To clear ORER, the CPU must read ORER after it has been set to 1, then write a 0 in
this bit. (Initial value)

1 This bit is set to 1 if reception of the next character ends while the receive data

register is still full (RDRF = 1).

Bit 4—Framing Error (FER): This bit indicates a framing error during data reception in
asynchronous mode. It has no meaning in synchronous mode.

Bit 4

FER Description

0 To clear FER, the CPU must read FER after it has been set to 1, then write a 0 in this
bit. (Initial value)

1 This bit is set to 1 if a framing error occurs (stop bit = 0).

Bit 3—Parity Error (PER): This bit indicates a parity error during data reception in the
asynchronous mode, when a communication format with parity bits is used.

This bit has no meaning in the synchronous mode, or when a communication format withou
parity bits is used.

Bit 3
PER Description
0 To clear PER, the CPU must read PER after it has been set to 1, then write a 0 in this
bit. (Initial value)
1 This bit is set to 1 when a parity error occurs (the parity of the received
data does not match the parity selected by the O/E bit in SMR).
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The TEND bit is a read-only bit and cannot be modified directly. To use the TEl interrupt, f
start transmitting data, which clears TEND to O, then set TEIE to 1.

Bit 2
TEND Description
00 HEI))OL” 9910 1T Ridar Lf“:kf]n, the CPU must read TDRE after TDRE has been set to 1, then write a
0in TDRE. (Initial value)
1 This bit is set to 1 when:
1. TE=0

2. TDRE =1 at the end of transmission of a character

Bit 1—Multiprocessor Bit (MPB): Stores the value of the multiprocessor bit in data receive
multiprocessor format in asynchronous communication mode. This bit retains its previous
synchronous mode, when a multiprocessor format is not used, or when the RE bit is cleare
even if a multiprocessor format is used.

MPB can be read but not written.

Bit 1

MPB Description

0 Multiprocessor bit = 0 in receive data. (Initial value)
1 Multiprocessor bit = 1 in receive data.

Bit 0—Multiprocessor Bit Transfer (MPBT): Stores the value of the multiprocessor bit inse
in transmit data when a multiprocessor format is used in asynchronous communication mc
MPBT bit is double-buffered in the same way as TSR and TDR. The MPBT bit has no effe
synchronous mode, or when a multiprocessor format is not used.

Bit O

MPBT Description

0 Multiprocessor bit = 0 in transmit data. (Initial value)
1 Multiprocessor bit = 1 in transmit data.
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initial vaiue
Read/Write

R/W

1
R/IW

1
R/IW

4

R/W

1
R/IW

1
R/IW

4

R/W

e
R/IW

BRR is an 8-bit register that, together with the CKS1 and CKSO bits in SMR, determines the
0 0 "HI59uLs P Bebayd ate generator.

BRR is initialized to H'FF by a reset and in the standby modes.

Tables 14.3 to 14.6 show examples of BRR settings.

Table 14.3 Examples of BRR Settings in Asynchronous Mode (Whep & g)

@ (MHz)

2 2.4576 3 3.6864
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 141 +0.03 1 174 -0.26 1 212 +0.03 2 64  +0.70
150 1 103 +0.16 1 127 O 1 155 +0.16 1 191 O
300 0 207 +0.16 0 255 0 1 77 +0.16 1 95 0
600 0 103 +0.16 O 127 0 0 155 +0.16 O 191 0
1200 0 51 +0.16 O 63 O 0 77 +0.16 O 9%5 0
2400 0 25 +0.16 0 31 0 0 38 +0.16 0 47 0
4800 0 12 +0.16 O 15 0 0 19 234 0 23 0
9600 - - = 0 7 0 0 -234 0 11 0
19200 —_- — — 0 3 0 0 -2.34 0 5 0
31250 0 1 0 - - - 0 0 - - -
38400 - - = 0 1 0 - - = 0 2 0

Note: If possible, the error should be within 1%.
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it hatc =t =t =t =t
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 70 +0.03 2 86 +0.31 2 88 -0.25 2 106 -0.44
150 1 207 +0.16 1 255 0 2 64 +0.16 2 77 +0.16
00 "Hr§827'§?1 RTIE’I 6"%?%7 r—TO.lG 1 127 O 1 129 +0.16 1 155 +0.16
600 0 207 +0.16 0 255 0 1 64 +0.16 1 77 +0.16
1200 0 103 +0.16 O 127 0 0 129 +0.16 O 155 +0.16
2400 0 51 +0.16 O 63 O 0 64 +0.16 O 77  +0.16
4800 0 25 +0.16 0 31 0 0 32 -1.36 0 38 +0.16
9600 0 12 +0.16 O 15 0 0 15 +173 O 19 -234
19200 - - = 0 0 0 +1.73 0 9 -2.34
31250 0 3 0 0 4 -1.70 0 4 0 0 0
38400 - - = 0 3 0 0 +1.73 0 4 -2.34
@ (MHz)
6.144 7.3728 8 9.8304
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 108 +0.08 2 130 -0.07 2 141 +0.03 2 174 -0.26
150 2 79 0 2 95 0 2 103 +0.16 2 127 O
300 1 159 O 1 191 O 1 207 +0.16 1 255 0
600 1 79 0 1 9%5 0 1 103 +0.16 1 127 0
1200 0 159 0 0 191 0O 0 207 +0.16 O 255 0
2400 0 79 0 0 95 0 0 103 +0.16 0 127 O
4800 0 39 0 0 47 0 0 51 +0.16 O 63 O
9600 0 19 0 0 23 0 0 25 +0.16 O 31 0
19200 0 4 0 0 11 0 0 12 +0.16 0 15 0
31250 0 5 +240 — — @ — 0 7 0 0 9 -1.70
38400 0 4 0 0 5 0 - = = 0 7 0
Note: If possible, the error should be within 1%.
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Lt atc =yt =yt =yt =yt
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 177 -0.25 2 212  +0.03 2 217 +0.08 3 64 +0.70
150 2 129 +0.16 2 155 +0.16 2 159 0 2 191 0

aln "HWEA?’%’%‘IR'%F‘IB%’I M TG?.lG 2 77  +0.16 2 79 O 2 9%5 0
600 T 129 +0.16 1 155 +0.16 1 159 O 1 191 O
1200 1 64  +0.16 1 77 +0.16 1 79 O 1 9%5 0
2400 0 129 +0.16 O 155 +0.16 O 159 0 0 191 O
4800 0 64 +0.16 0 7 +0.16 0 79 0 0 95 0
9600 0 32 -1.36 0 38 +0.16 O 39 0 0 47 0
19200 0 15 +173 O 19 -234 0 19 0 0 23 0
31250 0 9 0 0 11 0 0 11 +2.4 0 14 -1.7
38400 0 7 +1.73 0 9 -234 0 9 0 0 1 0

g (MHz)

16

Bit Rate Error
(bits/s) n N (%)
110 3 70  +0.03
150 2 207 +0.16
300 2 103 +0.16
600 1 207 +0.16
1200 1 103 +0.16
2400 0 207 +0.16
4800 0 103 +0.16
9600 0 51  +0.16
19200 0 25 +0.16
31250 0 15 0
38400 0 12 +0.16
Note: If possible, the error should be within 1%.
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it hatc =t =t =t =t
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 70 0.03 1 86 0.31 1 106 -0.44 1 130 -0.07
150 1 51 0.16 1 63 0 1 77 0.16 1 95 0

aln "Hﬁﬁﬂnqu&m"F—’P% F9'16 0 255 0 1 38 0.16 1 47 0
600 0 51 0.16 0 127 O 0 77 0.16 0 95 0
1200 0 25 0.16 0 63 O 0 38 0.16 0 47 0
2400 0 12 0.16 0 31 0 0 19 234 0 23 0
4800 S — 0 15 0 0 234 0 11 O©
9600 - = = 0 7 0 0 4 -234 0 5 0
19200 - - = 0 3 0 - = = 0 0
31250 0 0 0 S — S — S —
38400 - - = 0 1 0 - - = - - =

@ (MHz)
4 49152 5 6
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 141 0.03 1 174 -0.26 1 177 -0.25 1 212 0.03
150 1 103 0.16 1 127 O 1 129 0.16 1 155 0.16
300 1 51 0.16 1 63 0 1 64 0.16 1 77 0.16
600 0 103 0.16 0 127 0 1 32 1.36 1 38 0.16
1200 0 51  0.16 0 63 0 0 64 0.16 0 77  0.16
2400 0 25 0.16 0 31 0 0 32 -1.36 0 38 0.16
4800 0 12 0.16 0 15 0 0 15 1.73 0 19 234
9600 0 - - 0 7 0 0 7 1.73 0 -2.34
19200 —_ — — 0 3 0 0 3 1.73 0 4 —-2.34
31250 0 1 0 0 - - 0 - - 0 0
38400 - - = 0 1 0 0 1 1.73 —_ = =
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Lt atc =yt =yt =yt =yt
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 217 0.08 2 64 0.70 2 70 0.03 2 86 0.31
150 1 159 0 1 191 O 1 207 0.16 1 255 0

0 0 "H%8473318tF160 O Y 1 9% 0 1 103 016 1 127 ©
600 T 39 0 1 47 0 1 51 0.16 1 63 0
1200 0 79 0 0 9%5 0 0 103 0.16 0 127 0
2400 0 39 0 0 47 0 0 51 0.16 0 63 O
4800 0 19 0 0 23 0 0 25 0.16 0 31 0
9600 0 0 0 1 0 0 12 0.16 0 31 0
19200 0 0 0 5 0 0 - - 0 15 0
31250 0 2.40 —_- — — 0 3 0 0 9 -1.70
38400 - - - 0 2 0 - - - 0 3 0

@ (MHz)

10 12 12.288 14.7456
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 88 -0.25 2 106 -0.44 2 108 0.08 2 130 -0.07
150 2 64 0.16 2 77 0.16 2 79 0 2 95 0
300 1 129 0.16 1 155 0.16 1 159 O 1 191 O
600 1 64 0.16 1 77 0.16 1 79 O 1 9%5 0
1200 0 129 0.16 0 155 0.16 0 159 0 0 191 O
2400 0 64 0.16 0 7 0.16 0 79 0 0 95 0
4800 0 32 -1.36 0 38 0.16 0 39 0 0 47 0
9600 0 15 1.73 0 19 234 0 19 0 0 23 0
19200 0 1.73 0 9 —2.34 0 9 0 0 11 0
31250 0 0 0 0 0 2.40 - - =
38400 0 1.73 0 -234 0 0 0 5 0
342

RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

Lt riatc =i

(bits/s) n N (%)

110 2 141 003
150 2 103 0.6

00"H " 16
600 1 103 0.16
1200 0 207 0.16
2400 0 103 0.16
4800 0 51 016
9600 0 25 016
19200 0 12 0.16
31250 o 7 0
38400 - - =
Legend:

Blank: No setting is available
— A setting is available, but error occurs.
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Bil rate (PIts/secona)
Baud rate generator BRR value (0 < N <255)
g, (MHz) when n# 0, or g (MHz) whenn =0
Baud rate generator input clock (n =0, 1, 2, 3)
The meaning of n is given below.

0 0O "HD6473318TF16" U U

2z

SMR WSCR
n CKS1 CKSO CKDBL Clock
0 0 0 0 2
1 0 1 0 al4
2 1 0 0 /16
3 1 1 0 2/64
0 0 0 1 2}
1 0 1 1 2/8
2 1 0 1 2132
3 1 1 1 /128
The bit rate error can be calculated with the formula below.
F x 106
Error (%) = { (N+ 1) xB x 64 x 2201 - 1} x 100
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N

N

LA

100

250 2 124 2 249 —_ - 3 124 — — 3 249
500 1 249 2 124 — - 2 249 —_- - 3 124
0 0"HD6473318TF16" 11241 1 249 — — 2 124 — — 2 249
25k 0 199 1 99 1 124 1 199 1 249 2 99
5k 0 99 0 199 0 249 1 99 1 124 1 199
10k 0 49 0 99 0 124 0 199 0 249 1 99
25k 0 19 0 39 0 49 0 79 0 99 0 159
50 k 0 0 19 0 24 0 39 0 49 0 79
100 k 0 4 0 9 - — 0 19 0 24 0 39
250 k 0 0 3 0 4 0 7 0 0 15
500 k 0 0* 0 1 —_ - 0 3 0 4 0 7
Y 0 o0* - — 0 —_ - 0 3
25M 0 0* —_ -
aMm 0 0*
Legend
Blank: No setting is available
— A setting is available, but error occurs.
*: Continuous transfer is not possible
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100 - — - — - — - — - — - —
250 1 249 2 124 — — 2 249 — — 3 124
500 1 124 1 249 — — 2 124 — — 2 249
00 "HD6473318THE6" 1 0 1 124 — — 1 249 — — 2 124
25k 0 99 1 49 - — 1 99 1 124 1 199
5k 0 49 0 99 0 124 1 49 - — 1 99
10k 0 24 0 49 - — 0 99 0 124 1 49
25 k 0 0 19 0 24 0 39 0 49 0o 79
50 k 0 4 0 - — 0 19 0 24 0 39
100 k — - 0 S — 0 9 0 12 0 19
250 k 0  0* 0 - — 0o 3 0 4 0o 7
500 k - — —  0* - — 0o 1 — — 0 3
1M - — 0 o0 - — 0
25M - — - —
aM - —
Legend

Blank: No setting is available
— A setting is available, but error occurs.
*: Continuous transfer is not possible
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F: @, (MHz) when n# 0, or g (MHz) whenn =0
n: Baud rate generator input clock (n =0, 1, 2, 3)
The meaning of n is given below.

) v . SMR WSCR

0 0 "HD6473318TF16" LI 75 CKSO CKDBL  Clock
0 0 0 0 o
1 0 1 0 ol4
2 1 0 0 /16
3 1 1 0 /64
0 0 0 1 o
1 0 1 1 /8
2 1 0 1 /32
3 1 1 1 /128
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Initial vaiue v v V) 1 1 1 v V)
Read/Write RW  RI(W)* RW (W) W) — RIW RIW

Note: * Software can write a O in bit 6 to clear the flag, but cannot write a 1 in this bit.
U U "HBR4RIBENE R Iddeable/writable register that controls the SCI operating mode, selects th

TCNT clock source in the 8-bit timers, and controls DTU channel B. STCR is initialized to H
by a reset.

Bits 7 to 3—DTU Channel B Control: These bits control DTU channel B. For details, see
section 5, Data Transfer Unit.

Bit 2—Reserved: This bit cannot be modified and is always read as 1.

Bits 1 and O—Internal Clock Source Select 1 and 0 (ICKS1, ICKSOJhese bits select the
clock input to the timer counters (TCNT) in the 8-bit timers. For details, see section 11.2.3,
Control Register.

14.2.10 Serial Communication Mode Register (SCMR)

Bit 7 6 5 4 3 2 1 0
- | — | — | — | sorR | snw | — | swF |

Initial value 1 1 1 1 0 0 1 0

Read/Write — — — — R/W R/W — R/W

SCMR is an 8-bit readable/writable register that selects the SCIO interface function.
SCMR is initialized to H'F2 by a reset and in the standby modes.

Bits 7 to 4—ReservedThese bits cannot be modified and are always read as 1.
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Receive data is stored in RDR LSB-first.

1 TDR contents are transmitted MSB-first.
Receive data is stored in RDR MSB-first.

0 O "HD6473318TF16"] [ [] o . ) )
—Bit2=Datanvert{SHNV): Specifies inversion of the data logic level. Inversion by the SIN

applies only to data bits 0 D,. To invert the parity bit, the @/bit in SMR must be inverted.

Bit 2

SINV Description

0 TDR contents are transmitted as they are. (Initial value)
Receive data is stored in RDR as it is.

1 TDR contents are inverted before being transmitted.

Receive data is stored in RDR in inverted form.

Bit 1—Reserved: This bit cannot be modified and is always read as 1.

Bit 0—Serial Communication Mode Select (SMIF):This bit is reserved, and should not be
written with 1.

Bit O

SMIF Description

0 Normal SCI mode (Initial value)
1 Reserved mode
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11e oLl SUpPpPOrLs SEflal Uala tUalisiel i two modces. 11 asynenrorous 1modadce €acll Clhialacler
synchronized individually. In synchronous mode communication is synchronized with a cloc
signal.

The selection of asynchronous or synchronous mode and the communication format depen
0 O "HEMR78218F§ 46'intlicatéd in table 14.7. The clock source depends on the settings AfaihénC,

SMR and the CKE1 and CKEO bits in SCR as indicated in table 14.8.

Asynchronous Mode

Data length: 7 or 8 bits can be selected.

A parity bit or multiprocessor bit can be added, and stop bit lengths of 1 or 2 bits can be
selected. (These selections determine the communication format and character length.)

Framing errors (FER), parity errors (PER), and overrun errors (ORER) can be detected |
receive data, and the line-break condition can be detected.

SCI clock source: An internal or external clock source can be selected.

O Internal clock: The SCl is clocked by the on-chip baud rate generator and can output
clock signal at the bit-rate frequency.

O External clock: The external clock frequency must be 16 times the bit rate. (The on-c
baud rate generator is not used.)

Synchronous Mode

350

Communication format: The data length is 8 bits.
Overrun errors (ORER) can be detected in receive data.
SCI clock source: An internal or external clock source can be selected.

O Internal clock: The SCl is clocked by the on-chip baud rate generator and outputs a <
clock signal to external devices.

O External clock: The on-chip baud rate generator is not used. The SCI operates on the
serial clock.
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0 0 0 0 Asynchronous mode 8 bits  None None 1 bit
1 2 bits
1 0 Present 1 bit
0 0"HD6473318TF16'0 0O S 2 bits
T 0 0 7 bits None 1 bit
1 2 bits
1 0 Present 1 bit
1 2 bits
1 — 0 Asynchronous mode 8 bhits  Present None 1 bit
1 (multiprocessor W
0 format) 7 bits 1 bit
1 2 bits
1 — — — Synchronous mode 8 bits  None None

Table 14.8 SCI Clock Source Selection

SMR SCR Serial Transmit/Receive Clock
Bit7  Bitl BitO
C/A CKEl CKEO Mode Clock Source SCK Pin Function
0 0 0 Async Internal Input/output port (not used by SCI)
1 Serial clock output at bit rate
1 0 External Serial clock input at 16 x bit rate
1
1 0 0 Sync Internal Serial clock output
1
1 0 External Serial clock input
1

RENESAS
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Full duplex data transfer is possible because the SCI has independent transmit and receive
sections. Double buffering in both sections enables the SCI to be programmed for continuo
transfer.

N Figure 14.2 shows the general format of one character sent or received in asynchronous m
0 O "Higd i el is normally held in the mark state (high). Character transmissic

reception starts with a transition to the space state (low).

The first bit transmitted or received is the start bit (low). It is followed by the data bits, in whi
the least significant bit (LSB) comes first. The data bits are followed by the parity or
multiprocessor bit, if present, then the stop bit or bits (high) confirming the end of the frame

In receiving, the SCI synchronizes on the falling edge of the start bit, and samples each bit
center of the bit (at the 8th cycle of the internal serial clock, which runs at 16 times the bit re

Idle state
(mark)
1 (LSB) (MSB) 1
0 DO | D1 | D2 | D3 | D4 | D5 | D6 D7 | 0/1 1 1
Start Parity| Stop bit
bit bit

Transmit/receive data

1 bit 7 or 8 hits 0or 1lor
1 bit 2 bits

One unit of transfer data (one character or frame)

Figure 14.2 Data Format in Asynchronous Mode
(Example of 8-Bit Data with Parity Bit and Two Stop Bits)
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SMR Bits

CHR PE MP STOP ‘ 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘ 6 ‘ 8 ‘ 9 ‘ 10‘ 11‘ 12‘
o 0o 0o o0 s | 8-bit data sTop
U0 "HD\064733&8TF]D6"D D1D ‘ S ‘ 8-bit data ‘STOP‘STOP
0 1 0 0 s | 8-bit data | P Jstop
0 1 0 1 ‘ S ‘ 8-bit data ‘ P ‘STOP‘STOP
1 0 0 0 ‘ S ‘ 7-bit data ‘STOP
1 0 0 1 ‘ S ‘ 7-bit data ‘STOP‘STOP
1 1 0 0 ‘ S ‘ 7-bit data ‘ P ‘STOP
1 1 0 1 ‘ S ‘ 7-bit data ‘ P ‘STOP‘STOP
0 — 1 0 ‘ S ‘ 8-bit data ‘MPB‘STOP
0 — 1 1 ‘ S ‘ 8-bit data ‘MPB‘STOP‘STOP
1 — 1 0 ‘ S ‘ 7-bit data ‘MPB‘STOP
1 — 1 1 ‘ S ‘ 7-bit data ‘MPB‘STOP‘STOP
Notes: SMR: Serial mode register
S: Start bit
STOP: Stop bit
P: Parity bit
MPB: Multiprocessor bit

RENESAS
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If an external clock is input at the SCK pin, its frequency should be 16 times the desired bit

If the internal clock provided by the on-chip baud rate generator is selected and the SCK pi
used for clock output, the output clock frequency is equal to the bit rate, and the clock pulse

als "Hié égj iﬂgﬁ: zi §h§ ttjrﬁmit data bits. Figure 14.3 shows the phase relationship between th

0 |po|D1|D2|D3|Da|D5|DE|D7 01| 1 1

One frame

|A
et

oy

Figure 14.3 Phase Relationship between Clock Output and Transmit Data
(Asynchronous Mode)

Transmitting and Receiving Data

» SCl Initialization: Before transmitting or receiving, software must clear the TE and RE bi
0 in the serial control register (SCR), then initialize the SCI as follows.

Note: When changing the communication mode or format, always clear the TE and RE bil
before following the procedure given below. Clearing TE to 0 sets TDRE to 1 and
initializes the transmit shift register (TSR). Clearing RE to 0, however, does not initiz
the RDRF, PER, FER, and ORER flags and receive data register (RDR), which reta
previous contents.

When an external clock is used, the clock should not be stopped during initialization
subsequent operation. SCI operation becomes unreliable if the clock is stopped.
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In SLK

Set CKE1 and CKEQO bits
in SCR

1 (leaving TE and RE cleared
0 0 "HD6473318TF16"©@ @] [
2 Select communication
format in SMR
3 Set value in BRR
1 bit interval
elapsed?
Yes
4 Set TE or RE to 1 in SCR,

and set RIE, TIE, TEIE, and
MPIE as necessary

CStart transmitting or receiving>

immediately after the setting is made in SCR.

Select the communication format in the serial
mode register (SMR).

Write the value corresponding to the bit rate in
the bit rate register (BRR). This step is not
necessary when an external clock is used.

Wait for at least the interval required to transmit
or receive one bit, then set TE or RE in the serial
control register (SCR). Setting TE or RE enables
the SCI to use the TxD or RxD pin.

Also set the RIE, TIE, TEIE, and MPIE bits as
necessary to enable interrupts. The initial states
are the mark transmit state, and the idle receive
state (waiting for a start bit).

Figure 14.4 Sample Flowchart for SCI Initialization

RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

( Start transmitting )

2 | Read TDRE bit in SSR |
0 0"HDE473318TE* 00
TDRE =17 -
Yes

Write transmit data in TDR

If using multiprocessor format,
select MPBT value in SSR

| Clear TDRE bitto 0 |

| Serial transmission |

End of
transmission?

Read TEND bit in SSR

Output break
signal?

Yes

| SetDR=0,DDR =1 |

| Clear TE bitin SCRto 0 |

End

3. (a)

(b)

Hiraliolint youullic avaliavic 4 11allic il ailcil 1o
bit is set.

SCI status check and transmit data write: read
the serial status register (SSR), check that the
TDRE bit is 1, then write transmit data in the
transmit data register (TDR) and clear TDRE to 0.
If a multiprocessor format is selected, after
writing the transmit data write O or 1 in the
multiprocessor bit transfer (MPBT) in SSR.
Transition of the TDRE bit from O to 1 can be
reported by an interrupt.

To continue transmitting serial data: read the
TDRE bit to check whether it is safe to write; if
TDRE =1, write data in TDR, then clear TDRE
to 0.

To end serial transmission: end of transmission
can be confirmed by checking transition of the
TEND bit from 0 to 1. This can be reported by
a TEl interrupt.

To output a break signal at the end of serial
transmission: set the DDR bit to 1 and clear the
DR bit to O (DDR and DR are /O port registers),
then clear TE to 0 in SCR.

Figure 14.5 Sample Flowchart for Transmitting Serial Data
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2. After loading the data from TDR into TSR, the SCI sets the TDRE bit to 1 and starts
transmitting. If the TIE bit (TDR-empty interrupt enable) is set to 1 in SCR, the SCI reqt
TXI interrupt (TDR-empty interrupt) at this time.

[ 0 "HD6438aaRfarkhnit datta s transmitted in the following order from the TxD pin:

a. Start bit: One 0 bit is output.
b. Transmit data: Seven or eight bits are output, LSB first.

c. Parity bit or multiprocessor bit: One parity bit (even or odd parity) or one multiproce:
bit is output. Formats in which neither a parity bit nor a multiprocessor bit is output c
also be selected.

d. Stop bit: One or two 1 bits (stop bits) are output.

Idle state: Output of 1 bits continues until the start bit of the next transmit data.

3. The SCI checks the TDRE bit when it outputs the stop bit. If TDRE is 0, after loading n
from TDR into TSR and transmitting the stop bit, the SCI begins serial transmission of 1
frame. If TDRE is 1, after setting the TEND bit to 1 in SSR and transmitting the stop bit
SCI continues 1-level output in the mark state, and if the TEIE bit (TSR-empty interrupt
enable) in SCR is set to 1, the SCI generates a TEI interrupt request (TSR-empty inter
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R Il Bttt DV B B T T M Mt P i el ldle state
X 9}

(mark)
45
TDRE |

0 0 "HD§473318TF16"0 [ (@ | /7

TXI TXI interrupt handler TXI T
request writes data in TDR and request TEI request
clears TDRE to O

1 frame

Figure 14.6 Example of SCI Transmit Operation
(8-Bit Data with Parity and One Stop Bit)
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( Startreceiving )

Read ORER, PER, and

FER in SSR
00 "HD6
3 Read RDRF bit in SSR |
Yes
4 Read receive data from RDR,

2. Recelve error handling ana break detection: It
a receive error occurs, read the ORER, PER,
and FER bits in SSR to identify the error.
After executing the necessary error handling,
clear ORER, PER, and FER all to 0.
Transmitting and receiving cannot resume if
ORER, PER, or FER remains set to 1.

When a framing error occurs, the RxD pin can
be read to detect the break state.

No

and clear RDRF bit to 0
in SSR

Finished
receiving?

Clear REto 0 in SCR |

End

Start error handling

No

-

2

( Error handling )

3. SCI status check and receive data read: read
the serial status register (SSR), check that
RDREF is set to 1, then read receive data from
the receive data register (RDR) and clear
RDRF to 0. Transition of the RDRF bit from 0
to 1 can be reported by an RXI interrupt.

4. To continue receiving serial data: read RDR
and clear RDRF to 0 before the stop bit of the
current frame is received.

Yes

Discriminate and
process error, and
clear flags

Clear REto O
in SCR

Figure 14.7 Sample Flowchart for Receiving Serial Data
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3. The parity bit and stop bit are received.
After receiving these bits, the SCI makes the following checks:

[ [0 "HD6a73R34tyrehwsk: fhenumber of 1s in the receive data must match the even or odd parit
i itin SMR.

b. Stop bit check: The stop bit value must be 1. If there are two stop bits, only the first <
is checked.

c. Status check: RDRF must be 0 so that receive data can be loaded from RSR into R

If these checks all pass, the SCI sets RDRF to 1 and stores the received data in RDR. If
the checks fails (receive error), the SCI operates as indicated in table 14.10.

Note: When a receive error flag is set, further receiving is disabled. The RDRF bit is nc
to 1. Be sure to clear the error flags.

4. After setting RDRF to 1, if the RIE bit (receive-end interrupt enable) is setto 1 in SCR, tl
SCI requests an RXI (receive-end) interrupt. If one of the error flags (ORER, PER, or FE
set to 1 and the RIE bit in SCR is also set to 1, the SCI requests an ERI (receive-error)
interrupt.

Figure 14.8 shows an example of SCI receive operation in asynchronous mode.

Table 14.10 Receive Error Conditions and SCI Operation

Receive Error Abbreviation Condition Data Transfer

Overrun error ORER Receiving of next data ends Receive data not loaded from
while RDRF is still setto 1 RSR into RDR
in SSR

Framing error FER Stop bitis 0 Receive data loaded from

RSR into RDR

Parity error PER Parity of receive data differs Receive data loaded from
from even/odd parity setting RSR into RDR
in SMR
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RDRF ’—‘ (
FER ) T T )

‘ T
0 0 "HD6473318TF16"0 O O RXI RX! interrupt hander T
request reads data in RDR and )
clears RDRF to 0 Framing error,

1 frame ! ERI request

Figure 14.8 Example of SCI Receive Operation (8-Bit Data with Parity and One Stop Bit

Multiprocessor Communication: The multiprocessor communication function enables seve
processors to share a single serial communication line. The processors communicate in
asynchronous mode using a format with an additional multiprocessor bit (multiprocessor ft

In multiprocessor communication, each receiving processor is addressed by an ID.

A serial communication cycle consists of two cycles: an ID-sending cycle that identifies the
receiving processor, and a data-sending cycle. The multiprocessor bit distinguishes ID-sel
cycles from data-sending cycles.

The transmitting processor starts by sending the ID of the receiving processor with which i
to communicate as data with the multiprocessor bit set to 1. Next the transmitting processt
transmit data with the multiprocessor bit cleared to O.

Receiving processors skip incoming data until they receive data with the multiprocessor bi
1.

After receiving data with the multiprocessor bit set to 1, the receiving processor with an ID
matching the received data continues to receive further incoming data. Multiple processor:
send and receive data in this way.

Four formats are available. Parity-bit settings are ignored when a multiprocessor format is
selected. For details see table 14.9.
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Y Y Y Y

Receiving Receiving Receiving Receiving
processor A processor B processor C processor D
(ID =01) (ID =02) (ID =03) (ID = 04)

0 0 "HD6473318TF16" U U

Serial data H'01 H'AA
(MPB = 1) (MPB = 0)
ID-sending cycle: Data-sending cycle:

receiving processor address  data sent to receiving
processor specified by 1D

MPB: Multiprocessor bit

Figure 14.9 Example of Communication among Processors using Multiprocessor Format
(Sending Data H'AA to Receiving Processor A)

» Transmitting Multiprocessor Serial Data: See figures 14.5 and 14.6.
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Ud"H

Start receiving

2| Set MPIE bitto 1 in SCR |

D6473318TF16"0

SR

Yes

ORER =17?
No

3 Read RDRF bit in SSR

No
Yes

Read receive data from RDR

No

Yes

Read ORER and FER
bits in SSR

FER + Yes

ORER =17

No

4 Read RDRF bit in SSR

RDRF =17

Yes

Read receive data from RDR |

Finished
receiving?

| Clear RE to 0in SCR |

5
( Error handling )

selected automatically.

ID receive cycle: Set the MPIE bit in the serial control register

(SCR) to 1.

SCI status check and ID check: read the serial status register
(SSR), check that RDRF is set to 1, then read receive data
from the receive data register (RDR) and compare with the
processor’s own ID. Transition of the RDRF bit from 0 to

1 can be reported by an RXI interrupt. If the ID does not match

the receive data, set MPIE to 1 again and clear RDRF to 0.
If the ID matches the receive data, clear RDRF to 0.

SCI status check and data receiving: read SSR, check that

RDRF is set to 1, then read data from the receive data register
(RDR) and write 0 in the RDRF bit. Transition of the RDRF bit

from 0 to 1 can be reported by an RXI interrupt.

Receive error handling and break detection: if a receive error

occurs, read the ORER and FER bits in SSR to identify the error.
After executing the necessary error handling, clear both ORER

and FER to 0. Receiving cannot resume while ORER or FER
remains set to 1. When a framing error occurs, the RxD pin

can be read to detect the break state.

Start error handling

Break?

Yes

Discriminate and
process error, and

Clear RE bit to
0in SCR

clear flags

Figure 14.10 Sample Flowchart for Receiving Multiprocessor Serial Data
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ML bl Gl i = it b

wAatA A\

i =2 M -

((
)T

{(
)T
|0|DO|D1||D7|1 1|0|D0|D1| D7|0|1 Idle state
) ff (mark)
if
MPIE
0 0 "HD6473318TF16" [ [
RDRF /
{( ((
)T )T
/ / i
RDR value ID1
RXI request, RXI handler reads Not own ID, so  No RXI request,
MPIE =0 RDR data and clears MPIE is set to RDR not updated
RDRF to 0 1 again
(Multiprocessor interrupt)
(&) Own ID does not match data
Start Stop Start Stop
1 bit Data (ID2) MPB bit  bit Data (Data2) MPB  bit 1
{( ((
)T )T
|O|DO|D1||D7|1 1|O|DO|D1||D7|O|1 Idle state
) ff (mark)
MPIE |
ff
RDRF /
(( ((
)T )T
/ / i
RDR value ID1 >< ID2 >< Data 2
RXI request, RXI handler reads Own ID, so receiving MPIE set to
MPIE=0 RDR data and clears continues, with data 1 again
RDRF to O received at each RXI
(Multiprocessor interrupt)
(b) Own ID matches data
Figure 14.11 Example of SCI Receive Operation
(Eight-Bit Data with Multiprocessor Bit and One Stop Bit)
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The SCI transmitter and receiver share the same clock but are otherwise independent, so
duplex communication is possible. The transmitter and receiver are also double buffered,
continuous transmitting or receiving is possible by reading or writing data while transmittin
receiving is in progress.

0 0O "HDR64 " : : -
eneral format in synchronous serial communication.

One unit (character or frame) of serial data

* - - *

LSB MSB
Serialdata 4 X Bito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7 X 4
| |

Don't care Don't care

Note: * High except in continuous transmitting or receiving

Figure 14.12 Data Format in Synchronous Communication

In synchronous serial communication, each data bit is sent on the communication line fron
falling edge of the serial clock to the next. Data is received in synchronization with the risir
of the serial clock.

In each character, the serial data bits are transmitted in order from LSB (first) to MSB (last
output of the MSB, the communication line remains in the state of the MSB.

» Communication Format: The data length is fixed at eight bits. No parity bit or multiproce
bit can be added.

» Clock: An internal clock generated by the on-chip baud rate generator or an external clc
input from the SCK pin can be selected by clearing or setting the CKE1 bit in the serial col
register (SCR). See table 14.8.

When the SCI operates on an internal clock, it outputs the clock signal at the SCK pin. Eig
pulses are output per transmitted or received character. When the SCI is not transmitting «
receiving, the clock signal remains at the high level.
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DDII

FER, or PER is set to 1.

« Transmitting Serial Data: Follow the procedure below for transmitting serial data.

HD64733

Start transmitting

Read TDRE bit in SSR

Write transmit data in
TDR and clear TDRE bit to
0in SSR
\

Serial transmission

End of
transmission?

No

Read TEND bit in SSR

No

Yes

| Clear TE bitto 0 in SCR |

3. (@

(b)

SCl initialization: the transmit data output function
of the TxD pin is selected automatically.

SCI status check and transmit data write: read
the serial status register (SSR), check that the
TDRE bit is 1, then write transmit data in the
transmit data register (TDR) and clear TDRE to 0.
Transition of the TDRE bit from 0 to 1 can be
reported by a TXI interrupt.

To continue transmitting serial data: read the
TDRE bit to check whether it is safe to write; if
TDRE = 1, write data in TDR, then clear TDRE
to 0.

To end serial transmission: end of transmission
can be confirmed by checking transition of the
TEND bit from 0 to 1. This can be reported by
a TEl interrupt.

Figure 14.13 Sample Flowchart for Serial Transmitting
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2. After loading the data from TDR into TSR, the SCI sets the TDRE bit to 1 and starts
transmitting. If the TIE bit (TDR-empty interrupt enable) in SCR is set to 1, the SCI reqt
TXI interrupt (TDR-empty interrupt) at this time.
00 ..HDGLﬂzgm_ %uﬁ cted the SCI outputs eight serial clock pulses, triggered b){ the cle
—Han external clock source is selected, the SCI outputs data in
synchronization with the input clock.
Data is output from the TxD pin in order from LSB (bit 0) to MSB (bit 7).

3. The SCI checks the TDRE bit when it outputs the MSB (bit 7). If TDRE is 0, the SCI loz
data from TDR into TSR, then begins serial transmission of the next frame. If TDRE is
SCI sets the TEND bit in SSR to 1, transmits the MSB, then holds the output in the MS
If the TEIE bit (transmit-end interrupt enable) in SCR is set to 1, a TEl interrupt (TSR-e
interrupt) is requested at this time.

4. After the end of serial transmission, the SCK pin is held at the high level.

Figure 14.14 shows an example of SCI transmit operation.

Serial clock
Serial data D CH D C) CD EI @ CT €3

TDRE \—4;—1
TEND T . T . ,7

\ ‘ \
TXI interrupt TXI T
handler writes request TEI
data in TDR and request
clears TDRE to 0

1 frame

Figure 14.14 Example of SCI Transmit Operation
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SCl initialization: the receive data function of the

RxD pin is selected automatically.
- Receive error handling: if a receive error occurs
Start receivin . L
9 read the ORER bit in SSR then, after executing
oor HD6473318TF161D 00 the necessary error handling, clear ORER to 0.
Neither transmitting nor receiving can resume
Read ORER bit in SSR while ORER remains set to 1. When clock
output mode is selected, receiving can be halted
temporarily by receiving one dummy byte and
causing an overrun error. When preparations to
receive the next data are completed, clear the
Error handling ORER bit to 0. This causes receiving to
resume, so return to the step marked 2 in the
Read RDRF bit in SSR flowchart.
SCI status check and receive data read: read
the serial status register (SSR), check that
RDRF is set to 1, then read receive data from
the receive data register (RDR) and clear RDRF
to 0. Transition of the RDRF bit from 0 to 1 can
Read receive data be reported by an RXI interrupt.
4 from RDR, and clear To continue receiving serial data: read RDR and
RDRF bitto 0in SSR clear RDRF to 0 before the MSB (bit 7) of the
current frame is received.
Finished
receiving?
| Clear REto 0 in SCR |
End
Start error handling
| Overrun error handling |
\
| Clear ORER to 0 in SSR |
Figure 14.15 Sample Flowchart for Serial Receiving
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serial clock and input of data resume as soon as the ORER bit is cleared to 0.

2. Receive data is shifted into RSR in order from LSB to MSB.
After receiving the data, the SCI checks that RDRF is 0 so that receive data can be loa

00 "HD64'7§§ g ﬁﬁé"ﬁr @t:g

table 14.8.

check passes, the SCI sets RDRF to 1 and stores the received d
s not pass (receive error), the SCI operates as indicated in

Note: Both transmitting and receiving are disabled while a receive error flag iBhset.

RDREF bit is not set to 1. Be sure to clear the error flag.

3. After setting RDRF to 1, if the RIE bit (receive-end interrupt enable) is set to 1 in SCR,
SCI requests an RXI (receive-end) interrupt. If the ORER bit is set to 1 and the RIE bit
is set to 1, the SCI requests an ERI (receive-error) interrupt.
When clock output mode is selected, clock output stops when the RE bit is cleared to C
ORER bit is set to 1. To prevent clock count errors, it is safest to receive one dummy b
generate an overrun error.

Figure 14.16 shows an example of SCI receive operation.

B O O

P €D COH I € CD CO G COY CI))

RDRF /,_—\_”_]

RENESAS

ORER 1 1 1
| | |
RXI RXI interrupt RXI ?
request handler reads request Overrun error,
data in RDR and ERI request
clears RDRF to 0
1 frame
Figure 14.16 Example of SCI Receive Operation
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1 1. SCl initialization: the transmit data output function of the
TxD pin and receive data input function of the RxD pin
are selected, enabling simultaneous transmitting and
receiving.

2. SCI status check and transmit data write: read the serial
" TR Hifli | status register (SSR), check that the TDRE bit is 1, then
Oo"H Bd47 TPR6 558 write transmit data in the transmit data register (TDR)
No and clear TDRE to 0. Transition of the TDRE bit from 0
@ to 1 can be reported by a TXI interrupt.
Yes 3. SCI status check and receive data read: read the serial
Write t it dat status register (SSR), check that the RDRF bit is 1, then
3 in TDnReaL?inzlnej;r 'I?Déll?E read receive data from the receive data register (RDR)
bit to 0 in SSR and clear RDRF to 0. Transition of the RDRF bit from 0

to 1 can be reported by an RXI interrupt.

4. Receive error handling: if a receive error occurs, read

| Read ORER bit in SSR

the ORER bit in SSR then, after executing the necessary
error handling, clear ORER to 0. Neither transmitting
Yes nor receiving can resume while ORER remains set to 1.

é

No

Error handling
| Read RDRF bit in SSR

No 5. To continue transmitting and receiving serial data: read
RDR and clear RDRF to 0 before the MSB (bit 7) of the
Yes current frame is received. Also read the TDRE bit and
Read receive data check that it is set to 1, indicating that it is safe to write;
5 from RDR and clear then write data in TDR and clear TDRE to 0 before the
RDRF bit to 0 in SSR MSB (bit 7) of the current frame is transmitted.

End of
transmitting and
receiving?

No

Yes

Clear TE and RE bits
to 0in SCR

End

Figure 14.17 Sample Flowchart for Serial Transmitting and Receiving

Note: In switching from transmitting or receiving to simultaneous transmitting and receivin
clear both TE and RE to 0, then set both TE and RE to 1.
Do not use the BSET instruction for this purpose.
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each interrupt source, except that the receive-error interrupt (ERI) is the logical OR of thre
sources: overrun error, framing error, and parity error.

The TXI interrupt indicates that the next transmit data can be written. The TEI interrupt ind

00 Hﬂéﬁtﬁ?ﬁ?ﬁ‘?ﬁtcﬁﬁﬁd transmitting data.

Table 14.11 SCI Interrupt Sources

Interrupt Description Priority
ERI Receive error interrupt (ORER, FER, or PER) High
RXI Receive end interrupt (RDRF)

TXI TDR-empty interrupt (TDRE) T
TEI TSR-empty interrupt (TEND) Low
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transferred to TSR. The TDR contents can be rewritten regardless of the TDRE value. Ifar
byte is written in TDR while the TDRE bit is 0, before the old TDR contents have been mowv:
into TSR, the old byte will be lost. Software should check that the TDRE bit is set to 1 befor
writing to the TDR.

Oo"H I able 14.12 lists the values of flag bits in the SSR when multiple
receive errors occur, and indicates whether the RSR contents are transferred to RDR.

Table 14.12 SSR Bit States and Data Transfer when Multiple Receive Errors Occur

SSR Bits RSR .
Receive error RDRF ORER FER PER RDR *?
Overrun error 1+t 1 0 0 No
Framing error 0 0 1 0 Yes
Parity error 0 0 0 1 Yes
Overrun and framing errors 1** 1 1 0 No
Overrun and parity errors 1** 1 0 1 No
Framing and parity errors 0 0 1 1 Yes
Overrun, framing, and parity errors 1** 1 1 1 No

Notes: 1. Setto 1 before the overrun error occurs.
2. Yes: The RSR contents are transferred to RDR.
No: The RSR contents are not transferred to RDR.

Line Break Detection: When the RxD pin receives a continuous stream of 0’s in asynchronc
mode (line-break state), a framing error occurs because the SCI detects a 0 stop bit. The v
H'00 is transferred from RSR to RDR. Software can detect the line-break state as a framing
accompanied by H'00 data in RDR.

The SCI continues to receive data, so if the FER bit is cleared to 0 another framing error wi
occur.
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e e e e

It follows that the receive margin can be calculated as in equation (1).

When the absolute frequency deviation of the clock signal is 0 and the clock duty cycle is (
00N 362 i%%iéeﬂﬁu}{ ﬂe Eezeived with distortion up to the margin given by equation (2). This is
. In practice, system designers should allow a margin of 20% to 3

0123456 7 89101112131415161 2 345 6 7 8 91011121314151612 3 4 5

Basic
clock

o 1, —I5pulses |1 +7.5pulses |
foceve | stnbic | | Do [ o
data L ‘ L L il
Sync M ¥
sampling ! H i

Data |1 H
sampling

Figure 14.18 Sampling Timing (Asynchronous Mode)

M: Receive margin

N: Ratio of basic clock to bit rate (N=16)

D: Duty factor of clock—ratio of high pulse width to low width (0.5 to 1.0)
L: Frame length (9 to 12)

F: Absolute clock frequency deviation

WhenD=05and F=0

M = (0.5 — 1/2 % 16) X 100 [%] = 46.875% ......vevverreerererrerrsreernen @)
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The H8/3318 includes a 10-bit successive-approximations A/D converter with a selection ¢
eight analog input channels.

15.1.1 Features
[0 00 "HD6473318TF16"] O O

A/D converter features are listed below.

* 10-bit resolution
» Eight input channels
» High-speed conversion
Conversion time: minimum 8.4 ps per channel (with 16-MHz system clock)
» Two conversion modes
Single mode: A/D conversion of one channel
Scan mode: continuous conversion on one to four channels
» Four 16-bit data registers

A/D conversion results are transferred for storage into data registers corresponding to |
channels.

» Sample-and-hold function
» A/D conversion can be externally triggered
» A/D interrupt requested at end of conversion
At the end of A/D conversion, an A/D end interrupt (ADI) can be requested.
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DDII

Module data bus

ANANAEA

Oy

HD6473318TF16"0 U [

AVce

AVss

10-bit D/A

Successive-
approximations register

|

ADDRB
ADDRC
ADDRD

ADCSR
ADCR

On-chip
data bus

>

Bus interface

—

AN
AN,
AN,
AN
AN,
AN
ANg
AN

Analog
multi-
plexer

UL

Sample-and-
hold circuit

Comparator

|

Control circuit

- ﬂp/8

[-— ﬂp/le

ADTRG

Legend

ADCR:

ADCSR:
ADDRA:
ADDRB:
ADDRC:
ADDRD:

A/D control register
A/D control/status register
A/D data register A
A/D data register B
A/D data register C
A/D data register D

\—> ADI

interrupt
signal
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Figure 15.1 A/D Converter Block Diagram
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Table 15.1 A/D Converter Pins

Pin Name Abbreviation I/0 Function
00 "HL%M%E%DWEMJ AV Input Analog power supply
—_ Analoggroundpim AV Input Analog ground and reference voltage
Analog input pin 0 AN, Input Group 0 analog inputs
Analog input pin 1 AN, Input
Analog input pin 2 AN, Input
Analog input pin 3 AN, Input
Analog input pin 4 AN, Input Group 1 analog inputs
Analog input pin 5 AN, Input
Analog input pin 6 AN, Input
Analog input pin 7 AN, Input
A/D external trigger input pin  ADTRG Input External trigger input for starting A/D

conversion

RENESAS
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Name Abbreviation R/W Initial Value Address

A/D data register A (high) ADDRAH R H'00 H'FFEO
A/D data register A (low) ADDRAL R H'00 H'FFE1
0 O "HDB4AE3 iedisker @2 (high)[] ADDRBH R H'00 H'EFE2
A/D data register B (low) ADDRBL R H'00 H'FFE3
A/D data register C (high) ADDRCH R H'00 H'FFE4
A/D data register C (low) ADDRCL R H'00 H'FFE5
A/D data register D (high) ADDRDH R H'00 H'FFE6
A/D data register D (low) ADDRDL R H'00 H'FFE7
A/D control/status register ADCSR R/I(W)* H'00 H'FFES8
A/D control register ADCR R/W H'7F H'FFE9

Note: * Only O can be written in bit 7, to clear the flag.
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DIl 49 14 4190 1L 4l 1U J o I O 9 i 9 4 4 A9
/AD9| AD8|AD6| AD5|AD4|AD3|AD2|AD1|ADO| — | — | —| —| —| — | —|

Intalvalue 0 0 O 0 O O O O O O O O O O 0 O

ReadWwitt R R R R R R R R R R R R R R R R

0 0O "HD6473318TF16" U U

Bits 15 to 6—A/D Conversion Data (AD9 to AD0)10-bit data giving an A/D conversion rest
Bits 5 to 0—ReservedThese bits cannot be modified and are always read as 0.

The four A/D data registers (ADDRA to ADDRD) are 16-bit read-only registers that store tt
results of A/D conversion.

An A/D conversion produces 10-bit data, which is transferred for storage into the A/D data
register corresponding to the selected channel. The upper 8 bits of the result are stored in
byte of the A/D data register. The lower 2 bits are stored in the lower byte. Bits 5 to 0 of ar
data register are reserved bits that always read 0. Table 15.3 indicates the pairings of ana
channels and A/D data registers.

The CPU can always read and write the A/D data registers. The upper byte can be read di
but the lower byte is read through a temporary register (TEMP). For details see section 15
Interface.

The A/D data registers are initialized to H'0000 by a reset and in standby mode.
Table 15.3 Analog Input Channels and A/D Data Registers

Analog Input Channel

Group O Group 1 A/D Data Register
AN, AN, ADDRA
AN, AN, ADDRB
AN, AN, ADDRC
AN, AN, ADDRD
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Initial vaiue v v V) v v V) v V)
Read/Write  R/(W)*  RW RIW RIW RIW RIW RIW RIW

Note: * Only O can be written, to clear the flag.

U U "HRSE E38d ik tédddblewritable register that selects the mode and controls the A/D co

ADCSR is initialized to H'00 by a reset and in standby mode.

Bit 7—A/D End Flag (ADF): Indicates the end of A/D conversion.

Bit 7

ADF Description

0 [Clearing condition] (Initial value)
Cleared by reading ADF while ADF = 1, then writing 0 in ADF

1 [Setting conditions]

1. Single mode: A/D conversion ends
2. Scan mode: A/D conversion ends in all selected channels

Bit 6—A/D Interrupt Enable (ADIE): Enables or disables the interrupt (ADI) requested at th
end of A/D conversion.

Bit 6

ADIE Description

0 A/D end interrupt request (ADI) is disabled (Initial value)
1 A/D end interrupt request (ADI) is enabled
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0 A/D conversion is stopped (Initial value)

[En

1. Single mode: A/D conversion starts; ADST is automatically cleared to 0 when
conversion ends

2. Scan mode: A/D conversion starts and continues, cycling among the selected

g "HD6473318TF1@'}'1@11@IQ until ADST is cleared to 0 by software, by a reset, or by a transition to

standby mode

Bit 4—Scan Mode (SCAN):Selects single mode or scan mode. For further information on
operation in these modes, see section 15.4, Operation. Clear the ADST bit to O before swi
the conversion mode.

Bit 4

SCAN Description

0 Single mode (Initial value)
1 Scan mode

Bit 3—Clock Select (CKS):Selects the A/D conversion time. Clear the ADST bit to O before
switching the conversion time. It & /2, the conversion time is twice as long.

Bit 3

CKS Description

0 Conversion time = 266 states (maximum) (when g, = @) (Initial value)
1 Conversion time = 134 states (maximum) (when g, = @)
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0 0 0 AN, (initial value) AN,
1 AN, AN,, AN,
1 0 AN, AN, to AN,
0 0 "HD6473318TF16"0 0 [ ! AN, AN, t0 AN,
1 0 0 AN, AN,
1 AN, AN,, AN,
1 0 AN, AN, to AN,
1 AN, AN, to AN,
15.2.3 A/D Control Register (ADCR)
Bit 7 6 5 4 3 2 1 0
2 i R B B
Initial value 0 1 1 1 1 1 1 1
Read/Write R/W — — — — — — —

ADCR is an 8-bit readable/writable register that enables or disables external triggering of A
conversion. ADCR is initialized to H'7F by a reset and in standby mode.

Bit 7—Trigger Enable (TRGE): Enables or disables external triggering of A/D conversion.

Bit 7

TRGE Description

0 A/D conversion cannot be externally triggered (Initial value)
1 Enables start of A/D conversion at the falling edge of the external trigger signal

(ADTRG) (A/D conversion can be started by an external trigger or by software.)

Bits 6 to 0—ReservedThese bits cannot be modified, and are always read as 1.
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~ ' hd ~ N 7’

An A/D data register is read as follows. When the upper byte is read, the upper-byte value
transferred directly to the CPU and the lower-byte value is transferred into TEMP. Next, w
lower byte is read, the TEMP contents are transferred to the CPU.

Oo"™H ihy%) ta register, always read the upper byte before the lower byte. It is
to read only the upper byte, but if only the lower byte is read, incorrect data may be obtain

Figure 15.2 shows the data flow for access to an A/D data register.

Upper-byte read

Module data bus

(CHEXA) Bus interface
TEMP
(H'40)
ADDRNH ADDRNL
(H'AA) (H'40)
(n=AtoD)

Lower-byte read

Module data bus

EI:—T‘BO) Bus interface
TEMP
(H'40)
ADDRNH ADDRnNL
(H'AA) (H'40)
(n=AtoD)

Figure 15.2 A/D Data Register Access Operation (Reading H'AA40)
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15.4.1 Single Mode (SCAN = 0)

Single mode should be selected when only one A/D conversion on one channel is required.
conversion starts when the ADST bit is set to 1 by software, or by external trigger input. The
[ [0 "HRB3T331 8hfdi6s setltd 11 during A/D conversion and is automatically cleared to 0 when

conversion ends.

When conversion ends the ADF bit is set to 1. If the ADIE bit is also set to 1, an ADI interru
requested at this time. To clear the ADF flag to O, first read ADCSR, then write 0 in ADF.

When the mode or analog input channel must be switched during analog conversion, to pre
incorrect operation, first clear the ADST bit to O in ADCSR to halt A/D conversion. After mal
the necessary changes, set the ADST bit to 1 to start A/D conversion again. The ADST bit
set at the same time as the mode or channel is changed.

Typical operations when channel 1 (ANs selected in single mode are described next. Figure
15.3 shows a timing diagram for this example.

1.

Single mode is selected (SCAN = 0), input channe] iselected (CH2 = CH1 =0, CHO =
1), the A/D interrupt is enabled (ADIE = 1), and A/D conversion is started (ADST = 1).

. When A/D conversion is completed, the result is transferred into ADDRB. At the same ti

the ADF flag is set to 1, the ADST bit is cleared to 0, and the A/D converter becomes idl
Since ADF = 1 and ADIE = 1, an ADI interrupt is requested.

The A/D interrupt handling routine starts.

The routine reads ADCSR, then writes 0 in the ADF flag.

The routine reads and processes the conversion result (ADDRB).

Execution of the A/D interrupt handling routine ends. After that, if the ADST bit is set to :
A/D conversion starts again and steps 2 to 7 are repeated.

384

RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

"21eM)0s Ag paIndaxa SUONRINIISUI a1edIpul Qv SMOLIE [eDILBA x :910N

adgaav
odaav
AU0D A/ X (T) unsaJ uoIsIsAU0d /Y X gyaav
102 peay | / 1INsal UoISIaNU0d peay | /
_ | vyaav
\ alp| \ _ (ENVY)
\ \ € [auueyp Jo alelS
, 3 ﬁ _ (°Nw)
/ / Z 1suueyp Jo alels
alp| NP (2) Uoisianuod i | 3| b~ (T) UOISIaAUOD V] alp| | (*Nv)
v : / & : «/ T [auueyo Jo ajels
] ET] ] _ (ONY)
0 [2uueyd Jo alelS
\ A) \ Jav
1-Llle] 4 tmm_oa
‘ 1sav
suels
«est st uoisienuoo ary
_| Jiav

est

0 0 "HD6473318TF1

Figure 15.3 Example of A/D Converter Operation

(Single Mode, Channel 1 Selected)
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selected, after conversion of the first channel ends, conversion of the second chanoel (AN
AN;) starts immediately. A/D conversion continues cyclically on the selected channels until
ADST bit is cleared to 0. The conversion results are transferred for storage into the A/D dat
registers corresponding to the channels.

0o "HDE473§18TF%6"D [ . . . .
input channel selection must be changed during analog conversi

prevent incorrect operation, first clear the ADST bit to 0 in ADCSR to halt A/D conversion. £
making the necessary changes, set the ADST bit to 1. A/D conversion will start again from 1
first channel in the group. The ADST bit can be set at the same time as the mode or channe
selection is changed.

Typical operations when three channels in group 0,#MN,) are selected in scan mode are
described next. Figure 15.4 shows a timing diagram for this example.

1.

Scan mode is selected (SCAN = 1), scan group 0 is selected (CH2 = 0), analog input ch
AN, to AN, are selected (CH1 = 1, CHO = 0), and A/D conversion is started (ADST = 1).

When A/D conversion of the first channel (A completed, the result is transferred into
ADDRA. Next, conversion of the second channel gAdtarts automatically.

Conversion proceeds in the same way through the third channgl (AN

When conversion of all selected channels {&NAN,) is completed, the ADF flag is set to 1
and conversion of the first channel (§Mtarts again. If the ADIE bit is set to 1, an ADI
interrupt is requested at this time.

Steps 2 to 4 are repeated as long as the ADST bit remains set to 1. When the ADST bit
cleared to 0, A/D conversion stops. After that, if the ADST bit is set to 1, A/D conversion
starts again from the first channel (N
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Figure 15.4 Example of A/D Converter Operation

(Scan Mode, Channels ANto AN, Selected)
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As indicated in figure 15.5, the A/D conversion time inclugesnd the input sampling time. The
length of {, varies depending on the timing of the write access to ADCSR. The total convers
time therefore varies within the ranges indicated in table 15.4.

%Mgiven in table 15.4 apply to the first conversion. In the second anc

subsequent conversions the conversion time is fixed at 256 states when CKS = 0 or 128 st:
when CKS = 1 (whengz 2).

Address bus

Write signal

Input sampling
timing (
)

ADF

tp tspL

A
Y

tCONV

Legend

(1):  ADCSR write cycle
2): ADCSR address

tp: Synchronization delay
tspL:  Input sampling time
tconv: A/D conversion time

Figure 15.5 A/D Conversion Timing

388
RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

Lytivinvtiicativil uciay ‘D B - e v - ~

Input sampling time* tspL — 80 — — 40 —
A/D conversion time* teony 259 — 266 131 — 134
Notes: Values in the table are numbers of states.

00"H D64733*18/174p%u\memqa: 2. If @, = 9/2, the values are twice those shown.

15.4.4  External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGE bit is set to 1 in ADCR, exter
trigger input is enabled at tReDTRG pin. A high-to-low transition at th&DTRG pin sets the
ADST bitto 1 in ADCSR, starting A/D conversion. Other operations, in both single and sce
modes, are the same as if the ADST bit had been set to 1 by software. Figure 15.6 shows
timing.

ADTRG

Internal trigger
signal

ADST

A/D conversion

Figure 15.6 External Trigger Input Timing
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15.6 Usage Notes

The following points should be noted when using the A/D converter.

[ [0 "HEsslre Range ¢ Anglog Power Supply and Other Pins:

1. Analog input voltage range

The voltage applied to the AMnalog input pins during A/D conversion should be in the rg
AVgs< AN, <AV c(n=0to 7).

2. AV cand AVgginput voltages

AV c should have the following value: AY= Vg If the A/D converter is not used, the valu
should be AV = Vc and AVgs = Vs

Notes on Board Designin board design, digital circuitry and analog circuitry should be as
mutually isolated as possible, and layout in which digital circuit signal lines and analog circt
signal lines cross or are in close proximity should be avoided as far as possible. Failure to c
may result in incorrect operation of the analog circuitry due to inductance, adversely affectir
conversion values.

Also, digital circuitry must be isolated from the analog input signals, {dMN,), analog
reference power supply (A)), and analog power supply (A¥ by the analog ground (A\).
Also, the analog ground (AN should be connected at one point to a stable digital grougy (V
on the board.

Notes on Noise Countermeasureg: protection circuit connected to prevent damage due to &
abnormal voltage such as an excessive surge at the analog input pirte 6MN) should be
connected between AY and AV as shown in figure 15.7.

Also, the bypass capacitors connected tq.Athe filter capacitor connected to Ab AN, must
be connected to A\

If a filter capacitor is connected as shown in figure 15.7, the input currents at the analog inf
(AN, to AN,) are averaged, and so an error may arise. Also, when A/D conversion is perfori
frequently, as in scan mode, if the current charged and discharged by the capacitance of th
sample-and-hold circuit in the A/D converter exceeds the current input via the input impeda
(Rin), an error will arise in the analog input pin voltage. Careful consideration is therefore
required when deciding the circuit constants.
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Ud"H

*1

D647331

ANO to AN7

O AVss

/\/

Notes: Figures are reference values.
1.

10 pF 0.01 pF

2. Rjn: Input impedance

Figure 15.7 Example of Analog Input Protection Circuit

A/D Conversion Precision Definitions:H8/3318 A/D conversion precision definitions are giv
below.

» Resolution
The number of A/D converter digital output codes

» Offset error

The deviation of the analog input voltage value from the ideal A/D conversion characte
when the digital output changes from the minimum voltage value B'0000000000 (H'00C
B'0000000001 (H'001) (see figure 15.9).

* Full-scale error

The deviation of the analog input voltage value from the ideal A/D conversion characte
when the digital output changes from B'1111111110 (H'3FE) to B'111111111 (H'3FF) (
figure 15.10).

e Quantization error
The deviation inherent in the A/D converter, given by 1/2 LSB (see figure 15.8).
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The deviation between the digital value and the analog input value. Includes the offset e
full-scale error, quantization error, and nonlinearity error.

ital output

D
0 0 "HD6473318TF16"L U ﬁ

Ideal A/D conversion —»
H'3FF characteristic

H'3FE -

H'3FD -
H'004 - IjA
H'003 -

H'002 — L Quantization error
H'001 —
H000 “——— f— 1
1 2 1022 1023 FS
1024 1024 1024 1024

Analog
input voltage

Figure 15.8 A/D Conversion Precision Definitions (1)
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Ud"H

Ideal A/D conversion
characteristic

D6473318TF16"1 U U

/"L— Nonlinearity
error

-—— Actual A/D conversion
characteristic

FS

Analog

Offset error input voltage

Figure 15.9 A/D Conversion Precision Definitions (2)

Permissible Signal Source Impedancd48/3318 analog input is designed so that conversior
precision is guaranteed for an input signal for which the signal source impedanc®isrless.
This specification is provided to enable the A/D converter's sample-and-hold circuit input
capacitance to be charged within the sampling time; if the sensor output impedance excee
kQ, charging may be insufficient and it may not be possible to guarantee the A/D conversi
precision.

However, if a large capacitance is provided externally, the input load will essentially comp
only the internal input resistance of 1Q kand the signal source impedance is ignored.

But since a low-pass filter effect is obtained in this case, it may not be possible to follow ai
signal with a large differential coefficient (e.g., 5 mV/usec or greater).

When converting a high-speed analog signal, a low-impedance buffer should be inserted.
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g

mounting board, so acting as antennas.

impedance,
up to 10 kQ

Sensor input ——/\AA

HD6473318TE16"[] [ [
—————————Senseroutput

H8/3318
chip

A/D converter
equivalent circuit

10 kQ

Low-pass
filter
Cto 0.1 pF

...............

Cin= l
15 pF l

20 pF

1
I

Figure 15.10 Example of Analog Input Circuit
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The H8/3318 includes 4 kbytes, of on-chip static RAM. The RAM is connected to the CPU
bit data bus. Both byte and word access to the on-chip RAM are performed in two states,
rapid data transfer and instruction execution.

00 ..Hd@m@ﬁrﬁ:ﬁ@l\ﬁiﬁﬁigned to addresses H'EF80 to H'FF7F in the H8/3318. The RAME
ister (SYSCR) can enable or disable the on-chip RAM.

16.1.1 Block Diagram

Figure 16.1 is a block diagram of the on-chip RAM.

Internal data bus (upper 8 bits)

Al

Internal data bus (lower 8 bits)

H'EF80 H'EF81
H'EF82 H'EF83
/\
\/
On-chip RAM
H'FF7E H'FF7F
Even address Odd address

Figure 16.1 Block Diagram of On-Chip RAM

395
RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

Bit 7 6 5 4 3 2 1 0
| SSBY | STS2 | STSL | STSO | XRST | NMIEG | HIE | RAME |
Initial value 0 0 0 0 1 0 0 1
Read/Write R/W R/W R/W R/W R R/W R/W R/W
0O 0 "HD6473318TF16"1 O O

The only bit in the system control register that concerns the on-chip RAM is the RAME bit. !
section 3.2, System Control Register, for the other bits.

Bit 0—RAM Enable (RAME): This bit enables or disables the on-chip RAM.

The RAME bit is initialized to 1 on the rising edge of RIS signal, so a reset enables the on-
chip RAM. The RAME bit is not initialized in software standby mode.

Bit O

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)

16.2  Operation

16.2.1 Expanded Modes (Modes 1 and 2)

If the RAME bit is set to 1, accesses to addresses H'EF80 to H'FF7F in the H8/3318, are di
to the on-chip RAM. If the RAME bit is cleared to 0, accesses to these addresses are direct
the external data bus.

16.2.2  Single-Chip Mode (Mode 3)

If the RAME bit is set to 1, accesses to addresses H'EF80 to H'FF7F in the H8/3318, are di
to the on-chip RAM.

If the RAME bit is cleared to 0, the on-chip RAM data cannot be accessed. Attempted write
has no effect. Attempted read access always results in H'FF data being read.
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The H8/3318 includes 60 kbytes, of high-speed, on-chip ROM. The on-chip ROM is conne
the CPU via a 16-bit data bus. Both byte data and word data are accessed in two states, €
rapid data transfer and instruction fetching.

00 Hd’@m@%ﬁ@% iﬁeﬁ;\bled or disabled depending on the MCU operating mode, which is
—determinedbytheinptuts at the mode pins (MBd M0Q). See table 17.1.

Table 17.1 On-Chip ROM Usage in Each MCU Mode

Mode Pins
Mode MD, MD, On-Chip ROM
Mode 1 (expanded mode) 0 1 Disabled (external addresses)
Mode 2 (expanded mode) 1 0 Enabled
Mode 3 (single-chip mode) 1 1 Enabled

In PROM mode the PROM version (H8/3318 ZTAT) can be programmed with a standard F
programmer.

In the H8/3318, the accessible ROM addresses are H'0000 to H'E77F (59,264 bytes) in m
and H'0000 to H'EF7F (61,312 bytes) in mode 3. For details, see section 3, MCU Operatir
Modes and Address Space.

399
RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

Internal data bus (upper 8 bits)

) )

Internal data bus (lower 8 bits)

0 0 "HD6473318TF16" U U

H'0000 H'0001
H'0002 H'0003
/_\
\_/
On-chip ROM
H'EF7E H'EF7F
Even address Odd address

Figure 17.1 Block Diagram of On-Chip ROM (H8/3318 Single-Chip Mode)
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I FRUNMITMOoAE, Uie fo/oolo FRUNE VETSION SUspCerius ILs Trnerocormnputer idnctors 10 allo
on-chip PROM to be programmed. The programming method is the same as for the HN27

To select PROM mode, apply the signal inputs listed in table 17.2.

0 O "HO@PR 38T FR6esanef PROM Mode

Pin Input
Mode pin MD, Low
Mode pin MD, Low
STBY pin Low
Pins P6, and P6, High

17.2.2  Socket Adapter Pin Assignments and Memory Map

The H8/3318 PROM version can be programmed with a general-purpose PROM programi
using a socket adapter to change the pin-out to 32 pins. There are different socket adapte
different packages as listed in table 17.3. Figure 17.2 shows the socket adapter pin assigr

Table 17.3 Socket Adapters

Package Socket Adapter

84-pin PLCC HS338ESCO2H HS3337ESCS1H
80-pin QFP HS338ESHO2H HS3337ESHS1H
80-pin TQFP — HS3337ESNS1H
84-pin windowed LCC HS338ESGO02H HS3337ESGS1H

The PROM size is 60 kbytes in the H8/3318. Figure 17.3 shows the memory map of the H
in PROM mode. H'FF data should be specified for unused address areas in the on-chip PI

When programming with a PROM programmer, limit the program address range to H'000C
H'EF7F. Specify H'FF data for addresses H'EF80 and above. If these addresses are progt
by mistake, it may become impossible to program or verify the PROM data. The same is t
page programming is attempted. Particular care is required with a plastic package, since t
programmed data cannot be erased.
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Note: All pins not listed in this figure should be left open.

0 0 "HD6473

Figure 17.2 Socket Adapter Pin Assignments
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Ud"H

On-chip
PROM

D6473318TF16"1 U U

HEF7F HEF7F

b1 output*

| H'1IFFFF

Note: * If this address area is read in PROM mode, the output data is H'FF.

Figure 17.3 HB8/3318 Memory Map in PROM Mode

17.3  Programming

The write, verify, and other sub-modes of the PROM mode are selected as shown in table

Table 17.4 Selection of Sub-Modes in PROM Mode

Sub-Mode CE OE PGM V., V., EO,t0EO, EA, to EA,
Write Low High Low Vop Vee Data input Address input
Verify Low Low High Ve Voo Data output Address input
Programming Low Low Low Voo Vee High impedance  Address input
inhibited Low High High

High Low Low
High High High

The H8/3318 PROM has the same standard read/write specifications as the HN27C101 E
Page programming is not supported, however, so do not select page programming mode.
programmers that provide only page programming cannot be used. When selecting a PRC
programmer, check that it supports a byte-at-a-time high-speed programming mode. Be sl
the address range to H'0000 to H'EF7F.
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Figure 17.4 shows the basic high-speed programming flowchart.

Tables 17.5 and 17.6 list the electrical characteristics of the chip in PROM mode. Figure 17

shows a féo ram/verify timing chart.

0 0 "HD64733 16"0 O
Set program/verify mode

Vee =6.0V £0.25 V,
Vpp =125V 0.3V

1

| Address =0 |

0 |

| n

v

| n+i-n |

'

| Program tpy = 0.2 ms 5% |

| Address + 1 - address
A

| Program topyw = 0.2n ms |

Last address?
Yes

Set read mode
Vee=5.0V +0.25V,

Vep = Vee

Read all
addresses

Figure 17.4 High-Speed Programming Flowchart
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voltage EA,s — EA,,

OE, CE, PGM
Input low EO, — EO,, V. -03 — 0.8 \Y
voltage EAs — EA,,

0 O "HD6473318TF16TI 111
—EO; Vou 24 — — \Y low =—200 pA

voltage
Output low EO, - EO, Voo — — 0.45 Y lo. =1.6 MA
voltage
Input leakage EO, — EQO,, [l — — 2 MA  V,=525V/05V
current EA, — EA,,

OE, CE, PGM
Ve current lee — — 40 mA
Ve Current lpp — — 40 mA
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' A2

OE setup time tocs 2 — — Us
Data setup time tos 2 — — ps
Address hold time tan 0 — — ps
0 0 "He#arssigmE16"0 0 0 tor 2 - - s
Data output disable time tor — — 130 ns
V., setup time tups 2 — — ps
Program pulse width tow 0.19 0.20 0.21 ms
OE pulse width for topw 0.19 — 5.25 ms
overwrite-programming
V. setup time tyes 2 — — ps
CE setup time tees 2 — — Us
Data output delay time toe 0 — 150 ns

Note: * Input pulse level: 0.8 Vt0 2.2 V

406

Input rise/fall time < 20 ns

Timing reference levels: input—1.0 V, 2.0 V; output—0.8 V, 2.0 V
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Ud"H

Data

R
‘

Vee

PGM

— Input data Outputdata |)——
tDS tDH |
- - - - tor
D6¢73318FF16"0 [0 0
VCC “VPS
Vee +1 )
Vee tes
‘T tces
- N
N /
tw loes _loe
lopw \

Figure 17.5 PROM Program/Verify Timing
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Caution: Applied voltages in excess of the specified values can permanently destroy the ct
particularly careful about the PROM programmer’s overshoot characteristics.

If the PROM programmer is set to HN27C101 specificatiopsyWl be 12.5 V.

U O "HRpBeSE Writin datal theck that the socket adapter and chip are correctly mounted in the

PROM writer. Overcurrent damage to the chip can result if the index marks on the PROM
programmer, socket adapter, and chip are not correctly aligned.

(3) Don't touch the socket adapter or chip while writing.Touching either of these can cause
contact faults and write errors.

(4) Page programming is not supportedDo not select page programming mode.

(5) The PROM size is 60 kbytesSet the address range to H'0000 to H'EF7F. When
programming, specify H'FF data for unused address areas (H'EF80 to H'1FFFF).

17.3.3 Reliability of Programmed Data

An effective way to assure the data holding characteristics of the programmed chips is to b:
them at 15€C, then screen them for data errors. This procedure quickly eliminates chips wit
PROM memory cells prone to early failure.

Figure 17.6 shows the recommended screening procedure.
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Ud"H

Bake with power ol

125° to 150°C, 24 to 48 Hr

Y

D6473318TF16"1 U U

Read and check program
VCC =5V

Y

C

Note: The baking time is the time from when the bake-oven reaches the specified temperature.

Figure 17.6 Recommended Screening Procedure

If a series of write errors occurs while the same PROM programmer is in use, stop prograt
and check the PROM programmer and socket adapter for defects.

Please inform Hitachi of any abnormal conditions noted during programming or in screenir
program data after high-temperature baking.

17.3.4  Erasing Data

Data is erased by exposing the transparent window in the package to ultraviolet light. The
conditions are shown in table 17.7.

Table 17.7 Erase Conditions

Item Value
Ultraviolet wavelength 253.7nm
Minimum irradiation 15W s/cm?

The erase conditions in table 17.7 can be met by exposure to a 12000 uMtaviolet lamp
positioned 2 to 3 cm directly above the chip for approximately 20 minutes.
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RUbpIng e diass crasifig wiraow ol a wirfdoweud patragc witll a piastic Iraterial Or toucrr
with an electrically charged object can create a static charge on the window surface which |
cause the chip to malfunction.

If the erasing window becomes charged, the charge can be neutralized by a short exposure
(1 [0 "HD®4vigBt8igRto™ik réfurns the chip to its normal condition, but it also reduces the charge ¢
in the floating gates of the PROM, so it is recommended that the chip be reprogrammed aft

Accumulation of static charge on the window surface can be prevented by the following
precautions:

1. When handling the package, ground yourself. Don’t wear gloves. Avoid other possible s
of static charge.

2. Avoid friction between the glass window and plastic or other materials that tend to accur
static charge.

3. Be careful when using cooling sprays, since they may have slight ion content.

4. Cover the window with an ultraviolet-shield label, preferably a label including a conducti
material. Besides protecting the PROM contents from ultraviolet light, the label protects
chip by distributing static charge uniformly.

17.4.2  Handling after Programming

Fluorescent light and sunlight contain small amounts of ultraviolet, so prolonged exposure t
types of light can cause programmed data to invert. In addition, exposure to any type of inte
light can induce photoelectric effects that may lead to chip malfunction. It is recommended !
after programming the chip, you cover the erasing window with a light-proof label (such as
ultraviolet-shield label).

17.4.3  84-Pin LCC Package

A socket should always be used when the 84-pin LCC package is mounted on a printed-cir
board. Table 17.8 shows the recommended socket.

Table 17.8 Recommended Socket for Mounting 84-Pin LCC Package

Manufacturer Code
Sumitomo 3-M 284-1273-00-1102J
410
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The H8/3318 has a power-down state that greatly reduces power consumption by stopping
all of the chip functions. The power-down state includes three modes:

1. Sleep mode—a software-triggered mode in which the CPU halts but the rest of the chi

0 O "HD64PRASTELEVE 0 O

Z. Software standby mode—a software-triggered mode in which the entire chip is inactive
3. Hardware standby mode—a hardware-triggered mode in which the entire chip is inacti

Table 18.1 lists the conditions for entering and leaving the power-down modes. It also indi
the status of the CPU, on-chip supporting modules, etc. in each power-down mode.

Table 18.1 Power-Down State

Entering CPU  Sup. Exiting
Mode Procedure Clock CPU DTU Reg’s. Mod. RAM 1/O Ports Methods
Sleep Execute  Run Halt Run Held Run Held Held « Interrupt
mode SLEEP R m

instruction

* STBY

Software Set SSBY Halt Halt Halt Held Haltand Held Held « NMI
standby  bitin initialized . _
mode SYSCR to IRQ-IRQ,

1, then IRQ,

execute * RES

_SLEEP_ . STBY

instruction
Hardware Set STBY Halt Halt Halt Not Haltand Held High +« STBY and
standby  pin to low held initialized impedance RES
mode level state

Legend
SYSCR: System control register
SSBY: Software standby bit
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Table 18.2 System Control Register

Name Abbreviation R/W Initial Value Address
System control register SYSCR R/W H'09 H'FFC4
[0 00 "HD6473318TF16"] O O
Bit 7 6 5 4 3 2 1 0
| SSBY | STS2 | STSL | STSO | XRST | NMIEG | DPME | RAME |
Initial value 0 0 0 0 1 0 0 1
Read/Write R/W R/W R/W R/W R R/W R/W R/W

Bit 7—Software Standby (SSBY):This bit enables or disables the transition to software stan
mode.

On recovery from software standby mode by an external interrupt, SSBY remains setto 1.
clear this bit, software must write a 0.

Bit 7

SSBY Description

0 The SLEEP instruction causes a transition to sleep mode (Initial value)
1 The SLEEP instruction causes a transition to software standby mode

Bits 6 to 4—Standby Timer Select 2 to 0 (STS2 to STSO)hese bits select the clock settling
time when the chip recovers from software standby mode by an external interrupt. During t
selected time, the clock oscillator runs but the CPU and on-chip supporting modules remair
standby. Set bits STS2 to STSO0 according to the clock frequency to obtain a settling time o
least 8 ms. See table 18.3.

Bit 6 Bit 5 Bit 4

STS2 STS1 STSO Description

0 0 0 Settling time = 8,192 states (Initial value)
1 Settling time = 16,384 states

1 0 Settling time = 32,768 states

1 Settling time = 65,536 states

1 0 — Settling time = 131,072 states
— Prohibited
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wWiieh the oob ¥ DILIN e Sysielll CONtrol register is ciealed 10 U, excCutorl Ol vl oL
instruction causes a transition from the program execution state to sleep mode. After exec
SLEEP instruction, the CPU halts, but the contents of its internal registers remain unchanc
on-chip supporting modules continue to operate normally.

The chip exits sleep mode when it receives an internal or external interrupt request, or a Ic
at theRES or STBY pin.

Exit by Interrupt: An interrupt releases sleep mode and starts the CPU'’s interrupt-handlin
sequence.

If an interrupt from an on-chip supporting module is disabled by the corresponding enable
bit in the module’s control register, the interrupt cannot be requested, so it cannot wake th
up. Similarly, the CPU cannot be awakened by an interrupt other than NMI if the | (interrug
mask) bit is set when the SLEEP instruction is executed.

Exit by RES pin: When theRES pin goes low, the chip exits from sleep mode to the reset st

Exit by STBY pin: When theSTBY pin goes low, the chip exits from sleep mode to hardwatr
standby mode.

18.3  Software Standby Mode

18.3.1 Transition to Software Standby Mode

To enter software standby mode, set the standby bit (SSBY) in the system control register
(SYSCR) to 1, then execute the SLEEP instruction.

In software standby mode, the system clock stops and chip functions halt, including both
functions and the functions of the on-chip supporting modules. Power consumption is redt
an extremely low level. The on-chip supporting modules and their registers are reset to the
states, but as long as a minimum necessary voltage supply is maintained, the contents of
registers and on-chip RAM remain unchanged.

413
RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

Exit by Interrupt: When an NMI, IRQ, IRQ,, IRQ,, or IRQ, interrupt request signal is input, th
clock oscillator begins operating. After the waiting time set in bits STS2 to STS0 of SYSCR
stable clock is supplied to the entire chip, software standby mode is released, and interrupt
exception-handling begins. IR® IRQ,, IRQ; interrupts should be disabled before the transitic

0 0 "HiSsRfuers siansby (slear IRQ3E to IRQSE, IRQ7E to 0).

Exit by RES Pin: When theRES input goes low, the clock oscillator begins operating. When
RES is brought to the high level (after allowing time for the clock oscillator to settle), the CP
starts reset exception handling. Be sure to R&f low long enough for clock oscillation to
stabilize.

Exit by STBY Pin: When theSTBY input goes low, the chip exits from software standby moc
to hardware standby mode.

18.3.3  Clock Settling Time for Exit from Software Standby Mode
Set bits STS2 to STSO in SYSCR as follows:

» Crystal oscillator

Set STS2 to STSO for a settling time of at least 8 ms. Table 18.3 lists the settling times <
by these bits at several clock frequencies.

« External clock

The STS bits can be set to any value. Normally, the minimum value (STS2 = STS1 = ST
0) is recommended.

Table 18.3 Times Set by Standby Timer Select Bits (Unit: ms)

Settling

Time System Clock Frequency (MHz)
STS2 STS1 STSO (States) 16 12 10 8 6 4 2 1 0.5
0 0 0 8,192 051 065 08 10 13 20 41 82 164
0 0 1 16,384 1.0 1.3 1.6 2.0 2.7 4.1 8.2 16.4 32.8
0 1 0 32,768 2.0 2.7 3.3 4.1 5.5 8.2 16.4 328 655
0 1 1 65536 41 55 66 82 109 164 328 655 131.1
1 0 — 131,072 8.2 109 131 164 218 328 655 131.1 262.1

Note: Recommended values are printed in boldface.
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DDII

The NMI edge bit (NMIEG) in the system control register is originally cleared to 0, selectin
falling edge. WhemNMI goes low, theWMI interrupt handling routine sets NMIEG to 1 (select
the rising edge), sets SSBY to 1, then executes the SLEEP instruction. The chip enters so
standby mode. It recovers from software standby mode on the next rising @dgé. of

D6473318TF16" 1 [1

oscitacor LTI a (IIm

Q

|

NMIEG |

SSBY |

NMI interrupt Software standby  Settling time NMI interrupt

handler mode (power- handler
NMIEG =1 down state)
SSBY =1

SLEEP

Figure 18.1 NMI Timing in Software Standby Mode

18.3.5 Application Note

The I/O ports retain their current states in software standby mode. If a port is in the high ot
state, the current dissipation caused by the high output current is not reduced.
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redgalrdicss 01 its CUlterlit stale, e Chip criters rardwdare stalluy moadc Wiel eV X U |
goes low.

Hardware standby mode reduces power consumption drastically by halting the CPU, stoppi
the functions of the on-chip supporting modules, and placing 1/O ports in the high-impedanc

0 O "HEe47 IBESTEGEEErS 6f the on-chip supporting modules are reset to their initial values. Only |
chip RAM is held unchanged, provided the minimum necessary voltage supply is maintaine

Notes: 1. The RAME bit in the system control register should be cleared to 0 befSiEBttie
pin goes low.
2. Do not change the inputs at the mode pins {MID,) during hardware standby mod
Be particularly careful not to let both mode pins go low in hardware standby modk
since that places the chip in PROM mode and increases current dissipation.

18.4.2 Recovery from Hardware Standby Mode

Recovery from hardware standby mode requires inputs at boSTB¥ andRES pins. When the
STBY pin goes high, the clock oscillator begins running. KBS pin should be low at this time
and should be held low long enough for the clock to stabilize. WhetB$igin changes from
low to high, the reset sequence is executed and the chip returns to the program execution ¢
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hardware standby mode. To recover, ff§BY goes high, then after the clock settling tiRES

goes high.
Clock pulse
0 O"H D64§c§ﬁ=l§t'5F16' [y (¢
RES
() ()
STBY
() ()
' Clock settling
time
' Restart
Figure 18.2 Hardware Standby Mode Timing
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Table 19.1 lists the absolute maximum ratings.

Table 19.1 Absolute Maximum Ratings

D D "HDItLe:r/p7’3’)‘l oTrianr1 r1 1 SymbOI Rating Unit
Seipphy-voltage————— Vee ~0.3t0+7.0 v
Programming voltage Vs -0.3to +13.5 \Y,
Input voltage  Ports 1-6, 8, 9 Vi, —-0.3to V. +0.3 \Y

Port 7 V. —0.3t0 AV, +0.3 \%
Analog supply voltage AV . -0.3t0 +7.0 \Y
Analog input voltage Vo —-0.3t0 AV, +0.3 \Y
Operating temperature Tor Regular specifications: —20 to +75 °C

Wide-range specifications: —40 to +85 °C

Storage temperature Tyq -55 to +125 °C
Note: Exceeding the absolute maximum ratings shown in table 19.1 can permanently destroy
the chip.

19.2 Electrical Characteristics

19.2.1 DC Characteristics

Tables 19.2, 19.3, and 19.4 list the DC characteristics of the 5V, 4 V, and 3 V versions,
respectively, and tables 19.5 and 19.6 give the allowable current output values of the 5V
and 3 V versions, respectively.
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Test

Item Symbol Min Typ Max Unit Conditions
Schmitt P8,—P8,*?, \A 1.0 — — \Y
trigger input  P9,, P9,—P9,*?,
voltage FTCI, FTIA,
O 0 "H@B473318TFEGIEIFTIE] v,  — . Vex07 V
FTID, FTI,
TMCl,, TMCI,,
TMRI, TMRL, V"~V 0.4 — — v
IRQ,, IRQ;,

ETMCI,, ETMCI,,
ETMRI,, ETMRI,

Input high RES, STBY, \ Vee—07  — Vec+03 V
voltage NMI, MD,, MD,,
) EXTAL
P7,—-P7, 2.0 — AV, +03 V
Input high Input pins Vi 2.0 — V+03 V
voltage other than
(1) and (2)
Input low RES, STBY, A -0.3 — 0.5 \Y
voltage MD,, MD,
3)
Input low Input pins V. -0.3 — 0.8 \%
voltage other than
(1) and (3)
Output high  All output pins Vou Vee—-05 — — \Y loy =—200 pA
voltage 35 — — Y loy = —=1.0 MA
Output low All output pins A — — 0.4 \Y lo. = 1.6 MA
voltage P1,-P1,, — — 1.0 VI, =10.0 mA
P2,-P2,
Input leakage RES 1] — — 10.0 MA  V,=05Vto
current Ve—05V
STBY, NMI, — — 1.0 MA
MD,, MD,
P7,-P7, — — 1.0 MA  V,=05Vto
AV, -05V
420
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current in 4,5,6,8,9 V,.—05V
3-state

(off state)

Input pull-up  Ports 1, 2, 3 —lp 30 — 250 HA V., =0V

MOS current

Ci — — 60 pF  V,=0V,
capacitance  NMI _ _ 50 pF  f=1MHz,
Ta=25°C
All input pins — — 15 pF
except RES
and NMI
Current Normal lec — 27 45 mA =12 MHz
dissipation*®  operation _ 36 60 mA  f=16 MHz
Sleep mode — 18 30 mA =12 MHz
— 24 40 mA =16 MHz
Standby modes** — 0.01 5.0 MA  Ta<50°C
— — 20.0 MA  50°C<Ta
Analog supply During A/D Al — 2.0 5.0 mA
current conversion
Waiting — 0.01 5.0 MA AV, =20V
to5.5V
Analog supply voltage** AV . 45 — 55 \Y During
operation
2.0 — 5.5 \% During wait
state or when
not in use
RAM standby voltage Vieau 2.0 — — \%
Notes: 1. Connect AV . to the power supply (Vc) and apply between 2.0 V and 5.5 V even when
the A/D converter is not used.
2. P8, to P8,, P9,, and P9, to P9, include peripheral function inputs multiplexed with these
pins.
3. Current dissipation values assume that V,; ., = Vcc — 0.5V, V, ..« = 0.5V, all output
pins are in the no-load state, and all input pull-up transistors are off.
4. For these values it is assumed that Vg, < V. <4.5Vand V, ,in = Vee X 0.9,

V =0.3V.

IL max
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Test

Item Symbol Min Typ Max Unit Conditions
Schmitt P8,— P8,*?, Vi 1.0 — — \Y Vee=45Vto
trigger input  P9,, P9, — P9,*?, 55V
voltage FTCI, FTIA, AV — — Ve x07 V
0 O "H@p6473318TFEGIB, ATIC)
FTID, FTI, V"=V 04 — — v
TMCl,, TMCI,,
TMRI, TMRI,, Vv~ 0.8 — — \Y; Ve =4.0Vto
IRQs, IRQ;, 45V
ETMCI,, ETMCI,, Vv, — — Ve x07 V
ETMRI,, ETMRI,
V"=V, 0.3 — — \Y
Input high RES, STBY, \ Vee—07  — Vec+03 V
voltage NMI, MD,, MD,,
) EXTAL
P7,-P7, 2.0 — AV, +03 V
Input high Input pins Vi 2.0 — V+03 V
voltage other than
(1) and (2)
Input low RES, STBY, A -0.3 — 0.5 \Y
voltage MD,, MD,
3)
Input low Input pins V. -0.3 — 0.8 \% V=45V to
voltage other than 55V
(1) and (3) -0.3 — 0.6 V. Vee=40Vto
45V
Output high  All output pins Vou Vee—05 — — \% loy = =200 pA
voltage 35 — — Vo 1y, =—-1.0mA,
Ve =45V to
55V
2.8 — — \Y low =—=1.0 MA,
V.=4.0Vto
45V
Output low All output pins Vo, — — 0.4 \Y loo = 1.6 MA
voltage P1,-P1, — — 1.0 V1, =10.0mA
P2,-P2,
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RENESAS

current Vee—05V
STBY, NMI, — — 1.0 HA
MD,, MD,
P7,—-P7, — — 1.0 MA  V,=05Vto
0 0 "HD6473318TF16"[1 [1 [1] AV - 0.5V
Leakage Ports 1, 2, 3, [l — — 1.0 MA  V,=05Vto
current in 4,5,6,8,9 V=05V
3-state
(off state)
Input pull-up  Ports 1, 2, 3 —lp 30 — 250 HA V., =0V,
MOS current V=45V to
55V
20 — 200 MA V=0V,
Vec=4.0Vto
45V
Input RES C. — — 60 pF  V,=0V,
capacitance  NMI _ _ 50 pF f=1 MHz,
Ta=25°C
All input pins — — 15 pF
except RES
and NMI
Current Normal lec — 27 45 mA =12 MHz
dissipation*®  operation _ 36 60 mA  f=16 MHz,
V=45V to
55V
Sleep mode — 18 30 mA =12 MHz
— 24 40 mA f=16 MHz,
V=45V to
55V
Standby modes** — 0.01 5.0 MA  Tas<50°C
— — 20.0 HA 50°C < Ta
423
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current conversion
Waiting — 0.01 5.0 MA AV, =20V
to5.5V
Analog supply voltage** AV 4.0 — 5.5 \Y During
0 0 "HD6473318TF16" [ [ operation
2.0 — 55 \% During wait
state or when
not in use
RAM standby voltage Vaau 2.0 — — \Y
Notes: 1. Connect AV . to the power supply (V.c) and apply between 2.0 V and 5.5 V even when
the A/D converter is not used.
2. P8, to P8, P9,, and P9, to P9, include peripheral function inputs multiplexed with these
pins.
3. Current dissipation values assume that V,; ., = Vc — 0.5V, V =0.5V, all output
pins are in the no-load state, and all input pull-up transistors are off.
4. For these values it is assumed that Vg, < V. <4.0 Vand V, ,in = Vee X 0.9,
Vi max = 0.3 V.
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iem SYMool  iin 1yp vliax unit conartions

Schmitt P8,—P8,*?, A Ve x 015 — — \%
trigger input ~ P9,, P9.—P9,*?,
voltage FTCI, FTIA,
(1) FTIB, FTIC, A — — Ve x07 V
0 0 "HD6473318TF16TID,[HTL]
T™MCT,, TMCI,,
TMRI,, TMRI,, V. =V," 0.2 — — \
IRQ,, IRQ,,

ETMCI,, ETMCI,,
ETMRI,, ETMRI,

Input high RES, STBY, \ Veex09 — Vec+03 V
voltage NMI, MD,, MD,,
) EXTAL
P7,-P7, Vee x0.7 — AV, +03 V
Input high Input pins vV, Ve 0.7 — V+03 V
voltage other than
(1) and (2)
Input low RES, STBY, V. -0.3 — Ve x01 V
voltage MD,, MD,
3
Input low Input pins vV, -0.3 — Ve x0.15 V
voltage other than
(1) and (3)
Output high  All output pins Vou V=05 — — \% loy = =200 pA
voltage Vee—1.0 — — \Y loy =—1.0 MA
Output low All output pins Vo, — — 0.4 \% lo. = 0.8 MA
voltage P1,-P1, — — 0.4 \ lo. = 1.6 MA
P2,-P2,
Input leakage RES 1] — — 10.0 MA  V,=05Vto
current Vee—05V
STBY, NMI, — — 1.0 HA
MD,, MD,
P7,—-P7, — — 1.0 MA  V,=05Vto
AV, -05V
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currentin 4,5,6,8,9 V,—-05V

3-state
(off state)
Input pull-up  Ports 1, 2, 3 —lp 3 — 120 HA V. =0V,
MOS current V=27V 10
0 0 "HD6473318TF16" [ [ 40V
Input RES C. — — 60 pF  V,=0V,
capacitance  NMI _ _ 50 pr  f=1MHz,
Ta=25°C
All input pins — — 15 pF
except RES
and NMI
Current Normal lec — 7 — mA =6 MHz,
dissipation*® operation V=27V to
3.6V
— 12 22 mA  f=10 MHz,
V=27V to
36V
— 25 — mA  f=10 MHz,
V.=4.0Vto
55V
Sleep mode — 5 — mA =6 MHz,
V=27V to
3.6V
— 9 16 mA  f=10 MHz,
V=27V to
36V
— 18 — mA  f=10 MHz,
V.=4.0Vto
55V
Standby modes** — 0.01 5.0 MA  Ta<50°C
— — 20.0 MA  50°C<Ta
Analog supply During A/D Al ¢ — 2.0 5.0 mA
current conversion
Waiting — 0.01 5.0 MA  AV,.=2.0V
to5.5V
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operation

2.0 — 55 \% During wait
state or when
not in use

0 O "HOWM SEsPryg99e O Ve 20 - - M

Notes: 1. Connect AV, to the power supply (Vc) and apply between 2.0 V and 5.5 V even when
the A/D converter is not used.

2. P8, to P8,, P9,, and P9, to P9, include peripheral function inputs multiplexed with these
pins.

3. Current dissipation values assume that V,; .., = Vec — 0.5V, V| ..« = 0.5V, all output
pins are in the no-load state, and all input pull-up transistors are off.

4. For these values it is assumed that Vg, < V. <2.7 Vand V, nin = Vee X 0.9,
\Y, =0.3V.

IL max
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ltem Symbol Min Typ Max Unit

Allowable output low Ports 1 and 2 lo — — 10 mA
current (per pin) Other output pins — — 2 mA
Allowable output low Ports 1 and 2, total 2o — — 80 mA
0 0 "Hév64#3ed8 F16"0] U EPlotal of all output — — 120 mA
Allowable output high All output pins —lon — — 2 mA

current (per pin)

Allowable output high Total of all output Z—loy — — 40 mA
current (total)

Table 19.6 Allowable Output Current Values (3 V Version)

Conditions: Ve=2.7V105.5V, Alc=2.7V105.5V, \c= AVss= 0V, Ta=-20 to 7

Item Symbol Min Typ Max Unit
Allowable output low Ports 1 and 2 lol — — 2 mA
current (per pin) Other output pins — — 1 mA
Allowable output low Ports 1 and 2, total 2o, — — 40 mA
current (total) Total of all output — — 60 mA
Allowable output high All output pins —lon — — 2 mA
current (per pin)

Allowable output high Total of all output Tl — — 30 mA

current (total)
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H8/3318 chip

0 0 "HD6473318TF16"0 O O
Port

Darlington 777
transistor

Figure 19.1 Example of Circuit for Driving a Darlington Transistor

H8/3318 chip

Vee

600 Q

Ports 1 or 2

LED

Figure 19.2 Example of Circuit for Driving an LED

19.2.2 AC Characteristics

The AC characteristics are listed in three tables. Bus timing parameters are given in table
control signal timing parameters in table 19.8, timing parameters of the on-chip supporting
modules in table 19.9, and external clock output delay time in table 19.10.
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Conditions B: \WV.=4.0Vto5.5V, =0V, g =2 MHz to maximum operating frequency,
Ta = -20 to 7%C (regular specifications), Ta = —40 to°85(wide-range
specifications)

0o "H&W%A&B‘Fl&wﬂ.ﬂv to 5.5V, =0V, g = 2 MHz to maximum operating frequency,
Ta=-20to 7%C

Conditions C Conditions B Conditions A

10 MHz 12 MHz 16 MHz

Test
Item Symbol  Min Max Min  Max Min Max Unit Conditions
Clock cycle time teye 100 500 83.3 500 62.5 500 ns Fig. 19.4
Clock pulse width low ter 30 — 30 — 20 — ns
Clock pulse width high ten 30 — 30 — 20 — ns
Clock rise time ter — 20 — 10 — 10 ns
Clock fall time tes — 20 — 10 — 10 ns
Address delay time tao — 50 — 35 — 30 ns
Address hold time tan 20 — 15 — 10 — ns
Address strobe delay time  t,gp — 50 — 35 — 30 ns
Write strobe delay time twsp — 50 — 35 — 30 ns
Strobe delay time tsp — 50 — 35 — 30 ns
Write strobe pulse width*  t,,q,, 110 — 90 — 60 — ns
Address setup time 1* tast 15 — 10 — 10 — ns
Address setup time 2* taso 65 — 50 — 40 — ns
Read data setup time tros 35 — 20 — 20 — ns
Read data hold time* tron 0 — 0 — 0 — ns
Read data access time*  t, . — 170 — 160 — 110 ns
Write data delay time twob — 75 — 60 — 60 ns
Write data setup time twos 5 — 5 — 5 — ns
Write data hold time twon 20 — 20 — 20 — ns
Wait setup time twrs 40 — 35 — 30 — ns Fig. 19.5
Wait hold time th 10 — 10 — 10 — ns

Note: * Values at maximum operating frequency
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Conditions B: \WV.=4.0Vto 5.5V, \{ =0V, g =2 MHz to maximum operating frequency,
Ta = -20 to 7%C (regular specifications), Ta = —40 to°85(wide-range

specifications)

0o "HW&%QE%'@ thl7vio55V, =0V, g = 2 MHz to maximum operating frequency,

Ta=-20to 75C
Conditions C  Conditions B Conditions A
10 MHz 12 MHz 16 MHz Test
Iltem Symbol  Min Max Min Max Min Max  Unit Conditions
RES setup time tress 300 — 200 — 200 — ns Fig. 19.6
RES pulse width tresw 10 — 10 — 10 — teye
NMI setup time tawis 300 — 150 — 150 — ns Fig. 19.7
(NMI, IRQ, to IRQ,)
NMI hold time tamin 10 — 10 — 10 — ns
(NMI, IRQ, to IRQ,)
Interrupt pulse width tamiw 300 — 200 — 200 — ns
for recovery from software
standby mode
(NMI, IRQ, to IRQ,, IRQ;)
Crystal oscillator settling tosct 20 — 20 — 20 — ms  Fig. 19.8
time (power-on reset)
Crystal oscillator settling tosca 8 — 8 — 8 — ms  Fig. 19.9

time (software standby)

RENESAS
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LSl ‘ |< %

tput pin ©
output pin I C= 90pF: Ports 1-4, 6,9
30 pF: Ports 5, 8

" " RL=2.4kQ
0 0 "HD6473318TF16"0 B = ¢, Rn= 12 k0
Cc
Input/output timing measurement levels
Low: 0.8V
777 High: 2.0 V

Figure 19.3 Output Load Circuit
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Conditions B: \WV.=4.0Vto 5.5V, \{ =0V, g =2 MHz to maximum operating frequency,
Ta = -20 to 7%C (regular specifications), Ta = —40 to°85(wide-range

specifications)
n " . .
0o HW&@&@J&LG\Q th7vto55 V, ¥s= 0V, g = 2 MHz to maximum operating frequency,
Ta=-20to 75C
Conditions C  Conditions B Conditions A
10 MHz 12 MHz 16 MHz Test

Iltem Symbol  Min Max Min Max Min  Max Unit Conditions

FRT Timer output  terop — 150 — 100 — 100 ns Fig. 19.10
delay time
Timer input tens 80 — 50 — 50 — ns
setup time
Timer clock teres 80 — 50 — 50 — ns Fig. 19.11
input setup
time
Timer clock terown 15 — 15 — 15 — toye
pulse width | ——

TMR Timer output  tryop — 150 — 100 — 100 ns Fig. 19.12
delay time
Timer reset trurs 80 — 50 — 50 — ns Fig. 19.14
input setup
time
Timer clock trves 80 — 50 — 50 — ns Fig. 19.13
input setup
time
Timer clock trmewn 15 — 15 — 15 — toye
pulse width
(single edge)
Timer clock | S— 25 — 25 — 25 — teye
pulse width

(both edges)
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<

SCI Input  (Async) tg. 4 — 4 — 4 — teye Fig. 19.15
clock
cycle (Sync) ey 6 — 6 — 6 — teye
Transmit data  tryp — 200 — 100 — 100 ns
n tgnﬁ
0 0 "HD6473318d,md6 11 O O
Receive data gy 150 — 100 — 100 — ns
setup time
(Sync)
Receive data  tgyy 150 — 100 — 100 — ns
hold time
(Sync)
Input clock tscrw 0.4 0.6 0.4 0.6 0.4 0.6 tee  Fig. 19.16
pulse width
Ports Output data towd — 150 — 100 — 100 ns Fig. 19.17
delay time
Input data tors 80 — 50 — 50 — ns
setup time
Input data hold  tgg,, 80 — 50 — 50 — ns
time
TPC Output data trpp — 100 — 100 — 100 ns Fig. 19.18
delay time
DPRAM Address hold  tggy 10 — 10 — 10 — ns Fig. 19.19,
read/write  time Fig. 19.20
cycle Chip select tesn 10 — 10 — 10 — ns
hold time
Address setup  tpeg 10 — 10 — 10 — ns
time
Chip select tess 10 — 10 — 10 — ns
setup time
DPRAM Write pulse towe 65 — 65 — 65 — ns Fig. 19.19
write cycle width
Write data toow 35 — 35 — 35 — ns
setup time
Write data hold  typ,, 20 — 20 — 20 — ns
time
434

RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

-

DPRAM Access time toaa — 100 — 85 — 85 ns Fig. 19.20
readcycle peaddata  thoe — 85 — 85 — 8 s
delay time
Chip select toacs — 100 — 85 — 85 ns
0 0 "HD6473318FF¢8'tme ] []
CS output tochz 0 50 0 50 0 50 ns
floating time
OE output toonz 0 50 0 50 0 50 ns
floating time
DPRAM Wait request  tyrps — 80 — 50 — 50 ns Fig. 19.21
WRQ delay time 1
output Wait request  typ, 20 — 20 — 20 — ns
delay time 2
Byte Byte access tayTeo 2 — 2 — 2 — toye Fig. 19.22
access interval 0
interval in
DPRAM Byte access tayreL 20 — 20 — 20 — ns
bound interval 1
buffer Byte access  tgyre 95 — 95 — 95 — toye
mode interval 2
Byte Byte access tayres 11 — 11 —_ 11 —_ teye
access interval 3
interval in
DPRAM
buffer
query
mode
Parallel RDY output troVDL — 80 — 80 — 80 ns Fig. 19.23
handshake delay time 1
interface S
receive RDY ou_tput trovD2 — 80 — 80 — 80 ns
delay time 2
Receive data  t;pg 20 — 20 — 20 — ns
setup time
Receive data  t;p, 25 — 25 — 25 — ns
hold time
Handshake thowe 300 — 300 — 300 — ns
pulse width
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<

Parallel WRQ output tiwropt = — 80 — 80 — 80 ns Fig. 19.24
handshake delay time 1

interface f—
transmit ~ WRQ output
delay time 2

— 80 — 80 — 80 ns

thwrap2

0 O "HY84 M3 Es FRIBIMIPpsrating frequency

Table 19.10 External Clock Output Stabilization Delay Time

Conditions: Ve=2.7t05.5V, A= 2.7105.5V, ls= AVgs= 0 V

Item Symbol Min Max Unit Notes
External clock output stabilization toexr™ 500 — s Fig. 19.25
delay time

Note: * tye,includes a 10 t,, RES pulse width (teesy).
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Conditions A: V.c=4.5V1055V, AL.=4.5V 1055V, = AV=0V, =2 MHz to
maximum operating frequency, Ta = —20 t6Q@%regular specifications),
Ta = —40 to 85C (wide-range specifications)

0 0O "HRhhR$dEd BLONL] £1400 Vto 5.5V, Alc = 4.0 V10 5.5V, ls= AV =0 V, @ = 2 MHz to
maximum operating frequency, Ta = —20 t6Q@%regular specifications),
Ta = —40 to 8%C (wide-range specifications)

Conditions C: V¢ =2.7V1t055V, A{=2.7V1t055V,\=AVs=0V, 8 =2 MHz to
maximum operating frequency, Ta = —20 t6G5

Conditions C Conditions B Conditions A
10 MHz 12 MHz 16 MHz

Item Min Typ Max Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 10 10 10 Bits
Conversion time (single — — 134 — — 112 — — 8.4 us
mode)*
Analog input capacitance — — 20 — — 20 — — 20 pF
Allowable signal source — — 5 — — 10 — — 10 kQ
impedance
Nonlinearity error — — 6.0 — — +3.0 — — +3.0 LSB
Offset error — — 40 — — 35 — — +3.5 LSB
Full-scale error — — 40 — — 35 — — +3.5 LSB
Quantizing error — — 05 — — 05 — — +0.5 LSB
Absolute accuracy — — +8.0 — — +40 — — +4.0 LSB

Note: * Values at maximum operating frequency
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19.3.2 Control Signal Timing Figures 19.6 to 19.9
19.3.3 16-Bit Free-Running Timer Timing Figures 19.10 to 19.11

19.3.4 8-Bit Timer Timing Figures 19.12 to 19.14
19.3.5 SCI Timing Figures 19.15 and 19.16
0 0 "Hs g Figure 19.17
-3~ Figure 19.18
19.3.8 DPRAM Timing Figure 19.19 to 19.24
19.3.9 External Clck Output Timing Figure 19.25

19.3.1 Bus Timing

(1) Basic Bus Cycle (without Wait States) in Expanded Modes

T T2 Ts

- -— tcr

A5 to Ay 7 ><

{asD tsp
| -

tan
-t \g —] -

3
n
3
o

1
‘E,—Y

| tros
D, to Dgy t i
(read) twso Lt
_ tas2 = twsw e tan
twop twos twon

i - - -
D, to Dg j
(write) £

Figure 19.4 Basic Bus Cycle (without Wait States) in Expanded Modes
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" - N ) — j— h— N

Ags 1o Ag >< ><

O 0 "HD6473318TF16"TO O O

ASRD

D; to Dy
(read)

WR

D, to Dy

(write) twrs | | twrn twrs | | twrn
- ’4—» 4»‘
WATT /" AN

Figure 19.5 Basic Bus Cycle (with 1 Wait State) in Expanded Modes (Modes 1, 2)

19.3.2  Control Signal Timing

(1) Reset Input Timing

? g—m
tress tress
l («
__ )T
RES
<—§—>ﬁ

tRESW

Figure 19.6 Reset Input Timing
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~ A LLALLE)

tmis

0 0 "HD6

tNmiw
g Y %
IRQ;

Note: i=0to 7; IRQg: IRQ; when edge-sensed; IRQ, : IRQ; when level-sensed

Figure 19.7 Interrupt Input Timing

(3) Clock Settling Timing

O/ AVAVAVAVAVAVAVAVA i§IAYAVAN

(( (( (
oTov L )7 )T
STBY | s \ (« 7[ ’ tosct

Y]
m
(7]
]

Figure 19.8 Clock Settling Timing
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g
>

0 0O "HD64ikég18TF16") U [

(i=0,1,2,6) toscz

Figure 19.9 Clock Settling Timing for Recovery from Software Standby Mode

19.3.3  16-Bit Free-Running Timer Timing

(1) Free-Running Timer Input/Output Timing

o 2 N G NIV N D N

Eree-runnlng Compare_ma'[ch><
timer counter

trrop
o Em— |
FTOAo, FTOBy, >J[
FTOA,, FTOB;
trmis
(-
FTI, FTIA, FTIB,
FTIC, FTID

Figure 19.10 Free-Running Timer Input/Output Timing

441
RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

tFrewL tFrewH

DDII

Figure 19.11 External Clock Input Timing for Free-Running Timer

19.3.4  8-Bit Timer Timing

(1) 8-Bit Timer Output Timing

AN NN A N

Z(')nl]ﬁtrer Compare-match><
trmop
-
TMOg,
TMO,

Figure 19.12 8-Bit Timer Output Timing

(2) 8-Bit Timer Clock Input Timing

. N/ L

trmes trmes
[~ [ — -
TMClp,  \
TMCIy i -y . -~
trmewL trMewH ‘

Figure 19.13 8-Bit Timer Clock Input Timing
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Ud"H

LTMRS‘

TMRIo,
TMRI;

D6AT5218TF16"0 O 0 N H00

Figure 19.14 8-Bit Timer Reset Input Timing

19.3.5 Serial Communication Interface Timing

(1) SCI Input/Output Timing

| tseyc

Serial clock Zl—\ﬂ
(SCKo, SCKy)

trxp

Transmit data
(TXDo, TXD]_)

trxs | |tRxH
‘4—» |t

Receive data n
(RXDo, RXDl) ><X><XLK 7W

Figure 19.15 SCI Input/Output Timing (Synchronous Mode)

(2) SCI Input Clock Timing

tsckw

SCKy, SCKy

tScyc

Figure 19.16 SCI Input Clock Timing
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tprs tprH

Portlt_o

0 0 "HD8A 388 e =
Port 1* to 4;4
port 9 (output)

Note: * Except P9g and P7; to P7q

Figure 19.17 1/O Port Input/Output Timing

19.3.7  Timing Pattern Controller Timing

= /0 ) /S

trep
TP >J;

Figure 19.18 Timing Pattern Controller Timing
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~ ~

(1) DPRAM Write Cycle

00"H D647335§vﬁ1@'mﬁ§m 75<:
os Y\ 11
tess lesH
trss tbwp _ trsH
- AST 7ZL
L oow || lbpH
DDB,-DDB, i jii

Figure 19.19 DPRAM Write Timing
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s T [T
00 "HD6473318TF167D;;i " Teen

e |\ | / ///t/////////

DDBy-DDB; _ g - >>>>;—

Figure 19.20 DPRAM Read Timing

(3) WRQ Output Timing

Data register
state

E, OE

=
Byl
9]

Other than

0

I

twrb1

twrp1

(-
twrp2

—

446

Figure 19.21 WRQ Output Timing
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T

00 [0 "HD6473318TFERUre[19.22 (a) Strobe Interval and Access Interval (withVRQ)

i
2

A

Data register >< ><E><
state 2 1 Other than 0

teyTE2 N

X o
wor [\ f N

Figure 19.22 (b) Access Interval in Bound Buffer Mode (withouWRQ)

CS, RSy-RS, >< Selected >< Not selected Selected X

\ BYTE3
w T f

ce T

Figure 19.22 (c) Access Interval during Buffer Query Mode (withouWRQ)
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tHpwp

tHrRDYD1

O 0 "HD®AY3318TF16"0 O O

tHRDYD2

—

]

DDB,-DDB-

tros

trpH

Figure 19.23 Receive Timing in Handshake Mode

(6) Transmit Timing of Parallel Handshake Interface

o A A A S Y AR A
oF | i
tHwrQD1 tHWFQDZ
- i
DDB,-DDB; { —
tboe tboHz

Figure 19.24 Transmit Timing in Handshake Mode
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|
IOV i
G S AV AVAVAVAVAVAVAVAVAVAVAVAN

0 0 "HD6473318TF16" U U

external)

)

ES ) 77

tpExT”

Note: * tpexr includes a 10 teyc RES pulse width (tresw)-

Figure 19.25 External Clock Output Stabilization Delay Time
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Operation Notation

Rd8/16

General register (destination) (8 or 16 bits)

Rs8/16

General register (source) (8 or 16 bits)

U O "HD&#/A318TF16"L Gehkral register (8 or 16 bits)

CCR Condition code register
N (negative) flag in CCR
Z (zero) flag in CCR
V (overflow) flag in CCR
C C (carry) flag in CCR
PC Program counter
SP Stack pointer
#xx:3/8/16 Immediate data (3, 8, or 16 bits)
d:8/16 Displacement (8 or 16 bits)
@aa:8/16 Absolute address (8 or 16 bhits)
+ Addition
- Subtraction
x Multiplication
+ Division
O AND logical
O OR logical
O Exclusive OR logical
- Move
o Not

Condition Code Notation

0 Modified according to the instruction result
* Undetermined (unpredictable)
0 Always cleared to 0

Not affected by the instruction result

RENESAS
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gd"H

RENESAS

vinemonic vl vperation x| |io O ©
T = CIS - &
-~ < |0 | @
© o D EIsIR = 2 ©
] 22T 82|92 o
o £ r|® 08 E vic|z
MOV.B #xx:8, Rd B | #xx:8 — Rd8 2 0 2
MYe4BB3.8PF16"[] [JERs8 ~ Rd8 2 0 2
MOV.B @Rs, Rd B | @Rs16 - Rd8 2 0 4
MOV.B @(d:16, Rs), Rd | B | @(d:16, Rs16) — Rd8 4 0 6
MOV.B @Rs+, Rd B | @Rs16 - Rd8 2 0 6
Rs16+1 - Rs16
MOV.B @aa:8, Rd B | @aa:8 - Rd8 0 4
MOV.B @aa:16, Rd B | @aa:16 - Rd8 4 0 6
MOV.B Rs, @Rd B|Rs8 -~ @Rd16 2 0 4
MOV.B Rs, @(d:16, Rd) | B | Rs8 — @(d:16, Rd16) 4 0 6
MOV.B Rs, @-Rd B |Rd16-1 - Rd16 2 0 6
Rs8 - @Rd16
MOV.B Rs, @aa:8 B |Rs8 - @aa:8 0 4
MOV.B Rs, @aa:16 B |Rs8 - @aa:16 4 0 6
MOV.W #xx:16, Rd W | #xx:16 - Rd16 4 0 4
MOV.W Rs, Rd W|Rsl16 - Rd16 2 0 2
MOV.W @Rs, Rd W| @Rs16 - Rd16 2 0 4
MOV.W @(d:16, Rs), Rd |W| @(d:16, Rs16) — Rd16 4 0 6
MOV.W @Rs+, Rd W| @Rs16 - Rd16 2 0 6
Rs16+2 - Rsl6
MOV.W @aa:16, Rd W| @aa:16 - Rd16 4 0 6
MOV.W Rs, @Rd W|Rsl16 - @Rd16 2 0 4
MOV.W Rs, @(d:16, Rd) | W|Rs16 — @(d:16, Rd16) 4 0 6
MOV.W Rs, @-Rd W|Rd16-2 - Rd16 2 0 6
Rs16 - @Rd16
MOV.W Rs, @aa:16 W|Rsl6 - @aa:16 4 0 6
POP Rd W| @SP - Rd16 2
SP+2 . SP
PUSH Rs W|SP-2 - SP 2 0 6
Rs16 - @SP
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vinemonic v vperaton x| Xlio| O ©
e g © @ 0‘_\; D'. c|S 2]
8 @© c| D 5|2 =2 °
o 22T a2(®2 S
o) £x® 06666 E HIN|Z cl|z

MOVFPE @aa:16, Rd | B | Not supported

O O "HIDBRYIBEFFFREATH [ B] Not supported
ADD.B #xx:8, Rd B | Rd8+#xx:8 —» Rd8 2 Tttt 12
ADD.B Rs, Rd B |[Rd8+Rs8 - Rd8 2 R 12
ADD.W Rs, Rd W |Rd16+Rs16 - Rd16 2 @) )¢ ]2
ADDX.B #xx:8, Rd B | Rd8+#xx:8 +C - Rd8 2 R 12
ADDX.B Rs, Rd B | Rd8+Rs8 +C — Rd8 2 1] 1) 1|2
ADDS.W #1, Rd W |Rd16+1 - Rd16 2 el e —| 2
ADDS.W #2, Rd W|Rd16+2 - Rd16 2 —|—|— — 2
INC.B Rd B |Rd8+1 - Rd8 2 —|t]t —| 2
DAA.B Rd B | Rd8 decimal adjust - Rd8 2 o]t 3)| 2
SUB.B Rs, Rd B |Rd8-Rs8 - Rd8 2 t]t]e t)2
SUB.W Rs, Rd W |Rd16-Rs16 — Rd16 2 @ s 1|2
SUBX.B #xx:8, Rd B | Rd8—#xx:8 —-C - Rd8 2 ()] ]2
SUBX.B Rs, Rd B |Rd8-Rs8 —-C - Rd8 2 tr|@)] )] 2
SUBS.W #1, Rd W |Rd16-1 - Rd16 2 —|—— — 2
SUBS.W #2, Rd W|Rd16-2 - Rd16 2 —|—|— —| 2
DEC.B Rd B |[Rd8-1 - Rd8 2 — e —| 2
DAS.B Rd B |Rd8 decimal adjust -~ Rd8 2 e —| 2
NEG.B Rd B |0-Rd8 - Rd8 2 Tttt 12
CMP.B #xx:8, Rd B | Rd8—#xx:8 2 R 1|2
CMP.B Rs, Rd B | Rd8—-Rs8 2 R 1] 2
CMP.W Rs, Rd W |Rd16-Rs16 2 @)+ ]2
MULXU.B Rs, Rd B |[Rd8 x Rs8 - Rd16 2 —|—|— —114
DIVXU.B Rs, Rd B |Rd16+Rs8 — Rd16 2 —|(6)[(7)|—|—| 14

(RdH: remainder,
RdL: quotient)
AND.B #xx:8, Rd B |Rd8#xx:8 — Rd8 2 —| ]t —
AND.B Rs, Rd B |Rd80Rs8 - Rd8 2 —| t]t —
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g

IIH

vinemonic vl vperation x| |io O I
5 5 | |95 s g2 L
§ £&16 % ® ©® % % £ Nz|v|c|g
OR.B #xx:8, Rd B | Rd8#xx:8 —» Rd8 2 11 t]0 2
OBF7RSTBTF16"[] [JERd8CRs8 — Rd8 2 t]1]0]—|2
XOR.B #xx:8, Rd B | Rd80#xx:8 — Rd8 2 11 t]0 2
XOR.B Rs, Rd B | Rd80Rs8 - Rd8 2 11 t]0 2
NOT.B Rd B|Rd - Rd 2 t]1]0 2
SHAL.B Rd B IIIIIIII 0 e 2
SHAR.B Rd B 2 11 t]0 2
rLLLLT T
b7 bo
SHLL.B Rd B IIIIIIII 0 2 tlt]0 2
SHLR.B Rd B 0 IIIIIIII 2 ] 2
b, bg
ROTXL.B Rd B IIIIIIII 2 11 t]0 2
b, bg
ROTXR.B Rd B IIIIIIII 2 tlt]0 2
ROTL.B Rd B IIIIIIII 2 tlt]0 2
b, b
ROTR.B Rd B IIIIIIII 2 t{t|0 2
g
b, by
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U 4 "HO

RENESAS

vnemonic v vperation x| Xio| O ©
° 9 Q| n
c ~ © | < |0 -l © o
8 © D E <IRS| 2 S
g 221829 s
®) £|z|9®® Qe E cl|z
BSET #xx:3, Rd B | (#xx:30f Rd8) ~ 1 2 —| 2
BITRROSTERE"[] [ B]| #xx:3 of @Rd16) « 1 4 —|8
BSET #xx:3, @aa:8 B | (#xx:3 of @aa:8) ~ 1 4 —| 8
BSET Rn, Rd B [(Rn8 of Rd8) — 1 2 —|2
BSET Rn, @Rd B | (Rn8 of @Rd16) ~ 1 4 —1/ 8
BSET Rn, @aa:8 B | (Rn8 of @aa:8) ~ 1 4 —| 8
BCLR #xx:3, Rd B | (#xx:3 of Rd8) — 0 2 —| 2
BCLR #xx:3, @Rd B | (#xx:3 of @Rd16) ~ O 4 —| 8
BCLR #xx:3, @aa:8 B | (#xx:3 of @aa:8) ~ 0 4 —1|8
BCLR Rn, Rd B [(Rn8 of Rd8) — 0 2 —|2
BCLR Rn, @Rd B | (Rn8 of @Rd16) ~ O 4 —1/ 8
BCLR Rn, @aa:8 B | (Rn8 of @aa:8) — 0 4 —| 8
BNOT #xx:3, Rd B | (#xx:3 of Rd8) ~ 2 —| 2
(#xx:3 of Rd8)
BNOT #xx:3, @Rd B | (#xx:3 of @Rd16) 4 —| 8
(#xx:3 of @Rd16)
BNOT #xx:3, @aa:8 B | (#xx:3 of @aa:8) 4 —| 8
(#xx:3 of @aa:8)
BNOT Rn, Rd B | (Rn8 of Rd8) — 2 —|2
(Rn8 of Rd8)
BNOT Rn, @Rd B | (Rn8 of @Rd16) — 4 —|8
(Rn8 of @Rd16)
BNOT Rn, @aa:8 B | (Rn8 of @aa:8) 4 —| 8
(Rn8 of @aa:8)
BTST #xx:3, Rd B | (#xx:3 of Rd8) - Z 2 —| 2
BTST #xx:3, @Rd B | (#xx:3 of @Rd16) - Z 4 —| 6
BTST #xx:3, @aa:8 B | (#xx:3 of @aa:8) - Z 4 —| 6
BTST Rn, Rd B | (Rn8 of Rd8) - Z 2 —2
BTST Rn, @Rd B | (Rn8 of @Rd16) - Z 4 —| 6
BTST Rn, @aa:8 B | (Rn8 of @aa:8) - Z 4 —| 6
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gd"H

vinemonic

vperation

#xx: 8/16

Rn

@Rn

@(d:16, Ri

@-Rn/@R

@aa: 8/16

@(d:8, PC

@@aa

Implied

BLD #xx:3, Rd

w |Operand S

(#xx:3 of Rd8) - C

627833 86" [

5]

[(#xx:3 of @Rd16) -~ C

BLD #xx:3, @aa:8

(#xx:3 of @aa:8) -~ C

BILD #xx:3, Rd

(#xx:3 of Rd8) - C

BILD #xx:3, @Rd

(#xx:3 of @RA16) - C

BILD #xx:3, @aa:8

(#xx:3 of @aa:8) - C

BST #xx:3, Rd

C - (#xx:3 of Rd8)

BST #xx:3, @Rd

0

- (#xx:3 of @Rd16)

BST #xx:3, @aa:8

- (#xx:3 of @aa:8)

BIST #xx:3, Rd

- (#xx:3 of Rd8)

BIST #xx:3, @Rd

- (#xx:3 of @Rd16)

BIST #xx:3, @aa:8

C
[
c
c

- (#xx:3 of @aa:8)

BAND #xx:3, Rd

CO#xx:3 of Rd8) - C

BAND #xx:3, @Rd

CO#xx:3 of @Rd16) - C

BAND #xx:3, @aa:8

CO(#xx:3 of @aa:8) - C

BIAND #xx:3, Rd

CO(#xx:3 of Rd8) - C

BIAND #xx:3, @Rd

CUO#xx:3 of @Rd16) - C

BIAND #xx:3, @aa:8

CO@#xx:3 of @aa:8) - C

BOR #xx:3, Rd

CO@#xx:3 of Rd8) - C

BOR #xx:3, @Rd

CO#xx:3 of @Rd16) - C

BOR #xx:3, @aa:8

CO(#xx:3 of @aa:8) - C

BIOR #xx:3, Rd

CO(#xx:3 of Rd8) - C

BIOR #xx:3, @Rd

CUO#xx:3 of @Rd16) - C

BIOR #xx:3, @aa:8

CO(#xx:3 of @aa:8) - C

BXOR #xx:3, Rd

CO#xx:3 0of Rd8) —» C

BXOR #xx:3, @Rd

CO#xx:3 of @Rd16) — C

BXOR #xx:3, @aa:8

CO#xx:3 of @aa:8) - C

BIXOR #xx:3, Rd

o2 iv 2w ilw e A v v B v w B v w v v v v v A v B A v v B v v v« B o A v Bt ww v v I w v B o« I A w o I S v v v v o v Y R v e R w0

CO(#xx:3 of Rd8) —» C

Niojlo|dVo|lo|dVN oo MooV o|lo|dM|o|lo|N| oo NMN|lo|lo || o] o | N ]|No. of Sta
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U 4 "HO

vinemaonic vryioperation ) | ol O ©
i Branching |4 RIS = n
@ Condition | 2 gl 5|8 gleo 5
g 2|2 T 8|2|9e o
le) £r|® 00O E pd
BIXOR #xx:3, @Rd B | CO(#xx:3 of @Rd16) -~ C 4 6
DBAPRIS BR8] ]| B]| CO#xx:3 of @aa:8) — C 6
BRA d:8 (BT d:8) —|PC ~ PC+d:8 2 —| 4
BRN d:8 (BF d:8) —|PC — PC+2 2 —4
BHI d:8 —|If ciz=0 2 —| 4
BLS d:8 condition g7 -4 2 —|4
is true
BCC d:8 (BHS d:8) — | then c=0 2 —| 4
BCS d:8 (BLO d:8) —|PC ~ c=1 2 —|a
BNE d: PC+d:8 Z= 2 4
8 ~ | else next; =0 —
BEQ d:8 — z=1 2 —|4
BVC d:8 — V=0 2 —| 4
BVS d:8 — V=1 2 —\ 4
BPL d:8 — N=0 2 —| 4
BMI d:8 — N=1 2 —| 4
BGE d:8 — NOV =0 2 —| 4
BLT d:8 — NOV =1 2 —| 4
BGT d:8 — ZO(NOV) =0 2 —4a
BLE d:8 — ZONOV) =1 2 —4
JMP @Rn —|PC ~ Rn16 2 —| 4
JMP @aa:16 —|PC ~ aa:l6 4 —| 6
JMP @ @aa:8 —|PC - @aa:8 2 —| 8
BSR d:8 —|SP-2 - SP 2 —1| 6
PC - @SP
PC ~ PC+d:8
JSR @Rn —|SP-2 - SP 2 —| 6
PC - @SP
PC —~ Rnl16
JSR @aa:16 —|SP-2 - SP 4 —| 8
PC - @SP
PC ~ aa:16
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vinemonic vl vperation © x| |io O ©
-~ < |0 | @
d HRPEEEEEE 5
] 22T 82|92 o
o £ r|® @O E|I|H|N|Z|V|IC|Z
JSR @@aa:8 —|SP-2 - SP 2 —|—|—|—|—|—1| 8
" " PC - @SP
0 O "HD6473318TF16"0 [ Uac © gaas
RTS —|PC - @SP 2 |—|—|—|—|—|—|8
SP+2 - SP
RTE —|CCR ~ @SP P2 I T T A A 10
SP+2 . SP
PC - @SP
SP+2 - SP
SLEEP — | Transit to sleep mode. 2 |—|—|—|—|—|—|2
LDC #xx:8, CCR B | #xx:8 - CCR 2 OB A A I 2
LDC Rs, CCR B |Rs8 - CCR 2 o T A 2
STC CCR, Rd B |CCR - Rd8 2 —|—|—=|—]—]—2
ANDC #xx:8, CCR B | CCR#xx:8 - CCR 2 OB A A I 2
ORC #xx:8, CCR B | CCR#xx:8 - CCR 2 o B T I 2
XORC #xx:8, CCR B | CCRO#xx:8 - CCR 2 F T T I A 2
NOP —|PC ~ PC+2 2 |—|—|—|—|—|—|2
EEPMOV —| if RAL#0 then 4 |—|—|—|—|—|—|@
Repeat @R5 -~ @R6
R5+1 - R5
R6+1 - R6
R4L-1 - R4L
Until R4L=0
else next

Notes: The number of states is the number of states required for execution when the instruction and its
operands are located in on-chip memory.

(1) Setto 1 when there is a carry or borrow from bit 11; otherwise cleared to 0.

(2) Ifthe result is zero, the previous value of the flag is retained; otherwise the flag is cleared to 0.

(3) Setto 1 if decimal adjustment produces a carry; otherwise cleared to 0.
(4) The number of states required for execution is 4n+8 (n = value of R4L).
(5) These instructions are not supported by the H8/3318 Series.

(6) Setto 1 if the divisor is negative; otherwise cleared to 0.

(7) Setto 1 if the divisor is zero; otherwise cleared to 0.
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Some pairs of instructions have identical first bytes. These instructions are differentiated b
first bit of the second byte (bit 7 of the first instruction word).

¥ Instruction when first bit of byte 2 (bit 7 of first instruction word) is 0.
[ 0 "HD6473318LF16" [nstriuttion when first bit of byte 2 (bit 7 of first instruction word) is 1.
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the number of cycles of each type occurring in each instruction. The total number of states
required for execution of an instruction can be calculated from these two tables as follows:

Execution states =4 S+ Jx S+ Kx S +Lx§+Mx §, + Nx §

Oo"™H I ip ROM disabled), stack located in external memory, 1 wait state
inserted in external memory access.

1. BSET #0, @FFC7
Fromtable A4: I=L=2, J=K=M=N=0
Fromtable A3: =8, $=3
Number of states required for executionx & + 2x 3 =22

2. JSR @@30
Fromtable A4: =2, J=K=1, L=M=N=0
Fromtable A3: S=5=5=8
Number of states required for executionx @ + 1x 8 + 1x 8 = 32

Table A.3 Number of States Taken by Each Cycle in Instruction Execution

Execution Status Access Location

(Instruction Cycle) On-Chip Memory  On-Chip Reg. Field  External Memory
Instruction fetch S, 2 6 6 +2m
Branch addressread S,

Stack operation Sy

Byte data access S, 3 3+m

Word data access Sy 6 6 +2m
Internal operation Sy 1 1 1

Note: m: Number of wait states inserted in access to external device.
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ADD

ADD.B #XX:o, RO
ADD.BRs, Rd
ADD.W Rs, Rd

ADDS

ADDS.W #1/2, Rd

0 O "HYSA73318PRI? P68 B

ADDX.B RS, Rd

AND

AND.B #xx:8, Rd
AND.B Rs, Rd

ANDC

ANDC #xx:8, CCR

BAND

BAND #xx:3, Rd
BAND #xx:3, @Rd
BAND #xx:3, @aa:8

Bcc

BRA d:8 (BT d:8)
BRN d:8 (BF d:8)
BHI d:8

BLS d:8

BCC d:8 (BHS d:8)
BCS d:8 (BLO d:8)
BNE d:8

BEQ d:8

BVC d:8

BVS d:8

BPL d:8

BMI d:8

BGE d:8

BLT d:8

BGT d:8

BLE d:8

BCLR

BCLR #xx:3, Rd
BCLR #xx:3, @Rd
BCLR #xx:3, @aa:8
BCLR Rn, Rd
BCLR Rn, @Rd
BCLR Rn, @aa:8

N P N N PN DN DN DNDNDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDNDNDNDNDPRPRPIRPIPFP PP RPIFPIPFP P F

N

Note: All values left blank are zero.
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BIAND DIAND #XX5, RO
BIAND #xx:3, @Rd
BIAND #xx:3, @aa:8

BILD BILD #xx:3, Rd

0 O "HD6473318 PP 3 R

BitD#xx 3 @aa 8
BIOR BIOR #xx:3, Rd
BIOR #xx:3, @Rd
BIOR #xx:3, @aa:8
BIST BIST #xx:3, Rd
BIST #xx:3, @Rd
BIST #xx:3, @aa:8
BIXOR BIXOR #xx:3, Rd
BIXOR #xx:3, @Rd
BIXOR #xx:3, @aa:8
BLD BLD #xx:3, Rd
BLD #xx:3, @Rd
BLD #xx:3, @aa:8
BNOT BNOT #xx:3, Rd
BNOT #xx:3, @Rd
BNOT #xx:3, @aa:8
BNOT Rn, Rd
BNOT Rn, @Rd
BNOT Rn, @aa:8
BOR BOR #xx:3, Rd
BOR #xx:3, @Rd
BOR #xx:3, @aa:8
BSET BSET #xx:3, Rd
BSET #xx:3, @Rd
BSET #xx:3, @aa:8
BSET Rn, Rd
BSET Rn, @Rd
BSET Rn, @aa:8 2

N P DN PN DN PN DNPFPDNMNDNDPINDNDPEPRPINDNDERPINDNDPRERPINDNDPRPRPINDNDLPRINDNLE

Note: All values left blank are zero.
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boR < 1
BST BST #xx:3, Rd 1
BST #xx:3, @Rd 2 2
BST #xx:3, @aa:8 2 2
0 O "HB8A73318FRPIEPRD  *
BTST #xX.3, @Rd 2
BTST #xx:3, @aa:8 2
BTST Rn, Rd 1
BTST Rn, @Rd 2 1
BTST Rn, @aa:8 2 1
BXOR BXOR #xx:3, Rd 1
BXOR #xx:3, @Rd 2 1
BXOR #xx:3, @aa:8 2 1
CMP CMP.B #xx:8, Rd 1
CMP.B Rs, Rd 1
CMP.W Rs, Rd 1
DAA DAA.B Rd 1
DAS DAS.B Rd 1
DEC DEC.B Rd 1
DIVXU DIVXU.B Rs, Rd 1 12
EEPMOV EEPMOV 2 2n+2* 1
INC INC.B Rd 1
JMP JMP @Rn 2
JMP @aa:16 2 2
JMP @@aa:8 2 1 2
JSR JSR @Rn 2 1
JSR @aa:16 2 1 2
JSR @@aa:8 2 1 1
LDC LDC #xx:8, CCR 1
LDC Rs, CCR 1
MOV MOV.B #xx:8, Rd 1
MOV.B Rs, Rd 1

Notes: All values left blank are zero.
* n: Initial value in R4L. Source and destination are accessed n + 1 times each.
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MOV

MOV.B @RS, Ra

MOV.B @(d:16,Rs),
Rd

MOV.B @Rs+, Rd
MOV.B @aa:8, Rd

0 0 "HD6473318Tlbs @ da 1! ra

MOV.B Rs, @Rd

MOV.B Rs,
@(d:16, Rd)

MOV.B Rs, @-Rd
MOV.B Rs, @aa:8
MOV.B Rs, @aa:16
MOV.W #xx:16, Rd
MOV.W Rs, Rd
MOV.W @Rs, Rd

MOV.W @(d:16, Rs),
Rd

MOV.W @Rs+, Rd
MOV.W @aa:16, Rd
MOV.W Rs, @Rd

MOV.W Rs,
@(d:16, Rd)

MOV.W Rs, @-Rd
MOV.W Rs, @aa:16

N

N PN R R

N R R NN R R

N = =

[

N

[N

MOVFPE

MOVFPE @aa:16,
Rd

Not supported

MOVTPE

MOVTPE.Rs,
@aa:16

Not supported

MULXU

MULXU.Rs, Rd

12

NEG

NEG.B Rd

NOP

NOP

NOT

NOT.B Rd

OR

OR.B #xx:8, Rd
OR.B Rs, Rd

1
1
1
1
1
1

ORC

ORC #xx:8, CCR

1

Note: All values left blank are zero.
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POP

PUSH PUSH Rd
ROTL ROTL.B Rd
ROTR ROTR.B Rd

0 O "HRH&(331RGTI0 ' RE [

1

1

1

1

1

ROTXR ROTXR.B Rd 1
RTE RTE 2 2
RTS RTS 2 1

SHAL SHAL.B Rd 1

SHAR SHAR.B Rd 1

SHLL SHLL.B Rd 1

SHLR SHLR.B Rd 1

SLEEP SLEEP 1

STC STC CCR, Rd 1

SuB SUB.B Rs, Rd 1

SUB.W Rs, Rd 1

SUBS SUBS.W #1/2, Rd 1

SUBX SUBX.B #xx:8, Rd 1

SUBX.B Rs, Rd 1

XOR XOR.B #xx:8, Rd 1

XOR.B Rs, Rd 1

XORC XORC #xx:8,CCR 1

Note: All values left blank are zero.
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Addr. '
(Last Register Bit Names

Byte) Name  Bit7  Bit6  Bit5 Bit4  Bit3

Bit 2 Bit 1

Bit 0 Module

H'80

External

addresses

0 O "HD®473318TF16"0 .0 0

GO0+ 1—I9

HGoZ

(in expanded

H'83

modes)

H'84

H'85

H'86

H'87

H'88 SMR C/A CHR PE OfE STOP

MP

CKs1

CKSO scin

H'89 BRR

H'8A SCR TIE RIE TE RE MPIE

TEIE

CKE1

CKEO

H'8B TDR

H'8C SSR TDRE RDRF ORER FER PER

TEND

MPB

MPBT

H'8D RDR

H8E — — — — — —

H8F — — — — — —

H'90 TIER ICIAE ICIBE ICICE ICIDE OCIAE

OCIBE

OVIE

— FRTO

H91 TCSR ICFA ICFB ICFC ICFD OCFA

OCFB

OVF

CCLRA

H'92 FRCH

H'93 FRCL

H'94 OCRAH

OCRBH

H'95 OCRAL

OCRBL

H96 TCR IEDGA IEDGB |IEDGC |IEDGD BUFEA BUFEB

CKs1

CKS0

H'97 TOCR — — — OCRS OEA

OEB

OLVLA OLVLB

H'98 ICRAH

H'99 ICRAL

Notes: FRTO: Free-running timer O
SCI1: Serial communication interface 1

RENESAS
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H'9C ICRCH
H'9D ICRCL
H'OE ICRDH
H'9F ICRDL
U0 "HPRATIBRBTFIREI U Boies oclea ovie ©OEB  OEA  CKSL  CKSO  FRTL
H'A1 TCSR ICF OCFB OCFA OVF OLVLB OLVLA IEDG CCLRA
H'A2 FRCH
H'A3 FRCL
H'A4 OCRAH
H'A5 OCRAL
H'A6 OCRBH
H'A7 OCRBL
H'A8 ICRH
H'A9 ICRL
H'AA TCSR/ WDT
TCNT
H'AB TCNT
H'AC P1PCR P1,PCR P1,PCR P1,PCR P1,PCR P1,PCR P1,PCR P1,PCR P1,PCR Port1
H'AD P2PCR P2,PCR P2,PCR P2,PCR P2,PCR P2,PCR P2,PCR P2,PCR P2,PCR Port2
H'AE P3PCR P3,PCR P3,PCR P3,PCR P3,PCR P3,PCR P3,PCR P3,PCR P3,PCR Port3
HAF — — — — — — — — — —
HBO PI1DDR P1,DDR P1,DDR P1,DDR P1,DDR P1,DDR P1,DDR P1,DDR P1,DDR Port 1
HBl1 P2DDR P2,DDR P2,DDR P2,DDR P2,DDR P2,DDR P2,DDR P2,DDR P2,DDR Port 2
HB2 P1DR P1, P1, P1, P1, P1, P1, P1, P1, Port 1
H'B3 P2DR P2, P2 P2 P2, P2, P2, P2, P2, Port 2
HB4 P3DDR P3,DDR P3,DDR P3,DDR P3,DDR P3,DDR P3,DDR P3,DDR P3,DDR Port 3
H'B5 P4DDR  P4,DDR P4,DDR P4,DDR P4,DDR P4,DDR P4,DDR P4,DDR P4,DDR Port 4
HB6 P3DR P3, P3, P3, P3, P3, P3, P3, P3, Port 3
H'B7 P4DR P4, P4, P4, P4, P4, P4, P4, P4, Port 4
HB8 P5DDR — — — — — P5,DDR P5,DDR P5,DDR Port5
Notes: FRTO: Free-running timer O
FRT1: Free-running timer 1
WDT: Watchdog timer
468
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HBB P6DR  P6, P6, P6, P6, P6, P6, P6, P6, Port 6

HBC — — — — — — — — — —
HBD P8DDR — P8,DDR P8,DDR P8,DDR P8,DDR P8,DDR P8,DDR P8,DDR Port 8
HBE P7DR  P7, P7, P7, P7, P7, P7, P7, P7, Port 7

U0 "HRR4 3348 FI6° T O the s,  ps, Ps, Ps, Ps, P8,  Poris
H'CO PYDDR P9,DDR P9,DDR P9.DDR P9,DDR P9.DDR P9,DDR P9,DDR P9,DDR Port 9

H'C1 P9DR P9, P9, P9, P9, P9, P9, P9, P9,
H'C2 WSCR — — CKDBL — WMS1 WMSO WC1 WCOo System contrc
H'C3 STCR RING CMPF CMPIE LOAD MARK — ICKS1 ICKSO

H'C4 SYSCR SSBY STS2 STS1 STSO XRST NMIEG DPME RAME

H'C5 MDCR — — — — — — MDS1  MDSO

H'C6 ISCR IRQ7SC IRQ6SC IRQ5SC IRQ4SC IRQ3SC IRQ2SC IRQ1SC IRQOSC

HC7 IER IRQ7E  IRQ6E IRQ5E IRQ4E IRQ3E IRQ2E IRQlE IRQOE

H'C8 TCR CMIEB CMIEA OVIE CCLR1 CCLRO CKSs2 CKS1 CKSO0 TMRO

H'C9 TCSR CMFB CMFA OVF PWME OS3 0S2 Os1 0S0

H'CA TCORA

H'CB TCORB

H'CC TCNT

H'CD NDER2 NDER15 NDER14 NDER13 NDER12 NDER11 NDER10 NDER9 NDER8 TPC
H'CE NDRB* NDR15 NDR14 NDR13 NDR12 NDR11 NDR10 NDR9 NDRS8
NDR15 NDR14 NDR13 NDR12 — — — —
H'CF NDRA* NDR7 NDR6 NDR5 NDR4 NDR3 NDR2 NDR1 NDRO
NDR7 NDR6 NDR5 NDR4 — — — —

H'DO TCR CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1 CKSO TMR1
HD1 TCSR CMFB CMFA OVF PWME OS3 0S2 0OSs1 0S0

H'D2 TCORA

H'D3 TCORB

H'D4 TCNT

Notes: TMRO: 8-bit timer channel 0
TMRZ1: 8-bit timer channel 1
TPC: Programmable timing pattern controller
* The address changes depending on the trigger setting
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— — — — NDR11 NDR1O NDR9 NDRS
HD7 NDRA* — — — — — — — —
— — — — NDR3 NDR2 NDRL NDRO
U U "HBATRBTFIEAT T e pe OE STOP MP CKS1 CKSO  SCI0
HD9 BRR
HDA SCR TIE RE  TE RE MPIE TEIE CKEL CKEO
HDB TDR
HDC SSR TDRE RDRF ORER FER PER TEND MPB  MPBT
HDD RDR
HDE SCMR — — — — SDIR  SINV  — SMIF
HDF — — — — — — — — —
HEO ADDRAH AD9  AD8 AD7 AD6 AD5 AD4 AD3 AD2  AD
HEL ADDRAL AD1  ADO  — — — — — —
HE2 ADDRBH AD9  AD8 AD7 AD6 AD5  AD4  AD3  AD2
HE3 ADDRBL AD1  ADO  — — — — — —
HE4 ADDRCH AD9  AD8 AD7 AD6 AD5  AD4  AD3  AD2
HE5 ADDRCL AD1  ADO  — — — — — —
HE6 ADDRDH AD9  AD8 AD7 AD6 AD5  AD4  AD3  AD2
HE7 ADDRDL AD1  ADO  — — — — — —
HE8 ADCSR ADF  ADIE ADST SCAN CKS CH2 CHL  CHO
HE9 ADCR TRGE — — — — — — —
HEA TPMR — — — — G3NOV G2NOV GINOV GONOV TPC
HEB TPCR  G3CMS1 G3CMSO0 G2CMS1 G2CMS0 G1CMS1 G1CMS0 GOCMS1 GOCMSO
HEC — — — — — — — — — —
HED — — — — — — — — —
HEE — — — — — — — — —
HEF — — — — — — — — —

Notes: A/D: Analog-to-Digital converter
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SCI0: Serial communication interface 0
TPC: Programmable timing pattern controller
* The address changes depending on the trigger setting
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HF2

RLARA

HF3

RLARB

H'F4

CPARB

HF5

DTARH

U U "HDR473318RE 160 Chrie Bub2z BUDLI  BUDO

SOS2

SOS1

SOS0

HF7

DTARA

HF8

DTCRB DTE DTIE BUD2 BUD1 BUDO

SOS2

SOS1

SOS0

H'F9

DTARB

HFA

DTCRC DTE DTIE BUD2 BUD1 BUDO

SOS2

SOS1

SOS0

HFB

DTARC

HFC

DPDRWH

HFD

DPDRWL

H'FE

DPDRRH

H'FF

DPDRRL

Note:

DTU: Data transfer controller
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Hallic

Bit No. — Bit

Initial value —— Initial value
Read/Write

0 O "HD6473318TF16

HER—1hnc e rupt £hadlc Reyister

7 6 5 4 3 2 1 0
| iciAE | iciBe | icice | icipe [ociaE [ociBE] oviE | — |
0 0 0 0 0 0 0 1 \

R/W R/IW RIW RIW

Type o

f access permitted

R

Read only

w

Write only

R/W

Read or write

472

e B R

R/W RIW RIW —

I
Overflow Interrupt Enable

0

Overflow interrupt request is disabled.

1

Overflow interrupt request is enabled.

Output Compare Interrupt B Enable

0 | Output compare interrupt request B is disabled.

1 | Output compare interrupt request B is enabled.

Output Compare Interrupt A Enable

0 | Output compare interrupt request A is disabled.

1 | Output compare interrupt request A is enabled.

Input Capture Interrupt D Enable

o

Input capture interrupt request D is disabled.

[

Input capture interrupt request D is enabled.

RENESAS

Name of
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supporting
module

Bit names
(abbreviations).
Bits marked “—'
are reserved.

Full name
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Irtial vaiue
Read/Write

0 0 "HD6473318TF16" 1 U

AV V) v V) v v AV
R/W R/W R/W R/W R/W R/W R/W R/W
Clock Select
0| 0| o clock
0 | 1|gp/4 clock
1|0 |@p/16 clock
1| 1| @p/64 clock

Multiprocessor Mode

0 | Multiprocessor function disabled

1 | Multiprocessor format selected

Stop Bit Length

0 | One stop bit

1 | Two stop bits

Parity Mode

0

Even parity

1

Odd parity

Parity Enable

0 | Transmit:
Receive:

No parity bit added.
Parity bit not checked.

1 | Transmit:
Receive:

Parity bit added.
Parity bit checked.

Character Length

0 | 8-bit data length

1 | 7-bit data length

Communication Mode

0

Asynchronous

1

Synchronous

RENESAS
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iidial vailue 4 4 L 4 4 1 4
Read/Write R/W R/W R/W R/W R/W R/W R/W

Constant that determines the bit rate

0 0O "HD6473318TF16" U U
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Irltal vaiue
Read/Write

R/W

v v v v v v v
R/W R/W R/W R/W R/W R/W R/W

0 0 "HD647331

B8TF1¢

5" 0 O

Clock Enable 0

0 | The SCK pin is not used by the SCI.

1 | The SCK pin is used for serial clock output.

Clock Enable 1
0 | Internal clock

1 | External clock

Transmit End Interrupt Enable

0 | TSR-empty interrupt request is disabled.
1 | TSR-empty interrupt request is enabled.

Multiprocessor Interrupt Enable

0

Multiprocessor receive interrupt function is disabled.

1

Multiprocessor receive interrupt function is enabled.

Receive Enable

0 | Receive disabled

1 | Receive enabled

Transmit Enable

0

Transmit disabled

1

Transmit enabled

Receive Interrupt Enable

0

Receive interrupt and receive error interrupt requests are disabled.

1

Receive interrupt and receive error interrupt requests are enabled.

Transmit Interrupt Enable

0

TDR-empty interrupt request is disabled.

1

TDR-empty interrupt request is enabled.

RENESAS
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iidial vailue
Read/Write R/W

4
R/W

R/W

4
RIW

4
R/W

R/W

R/W

R/W

0 0O "HD6473318TF16" U U
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iidal vailue 4 V) V) v v 4 v v
Read/Write  RIW)* R/(W)* RIW)* R/(W)* RI(W)* R R RIW

0 O "HD6473318TF16" U U

T
Multiprocessor Bit Transfer

0 | Multiprocessor bit = 0 in transmit data.
1 | Multiprocessor bit = 1 in transmit data.

Multiprocessor Bit
0 | Multiprocessor bit = 0 in receive data.
1 | Multiprocessor bit = 1 in receive data.

Transmit End
0 | Cleared by reading TDRE = 1, then writing 0 in TDRE.

1 | Setto 1 when TE = 0, or when TDRE = 1 at the end of
character transmission.

Parity Error
0 | Cleared by reading PER = 1, then writing O in PER.

1 | Set when a parity error occurs (parity of receive data
does not match parity selected by O/E bit in SMR).

Framing Error
0 | Cleared by reading FER = 1, then writing 0 in FER.
1 | Set when a framing error occurs (stop bit is 0).

Overrun Error

0 | Cleared by reading ORER = 1, then writing 0 in ORER.

1 | Set when an overrun error occurs (next data is completely
received while RDRF bit is set to 1).

Receive Data Register Full

0 | Cleared by reading RDRF = 1, then writing 0 in RDRF.
Or when RDR is read in the DTU bus cycle.

1 | Set when one character is received normally and transferred from RSR to RDR.

Transmit Data Register Empty
0 | Cleared by reading TDRE = 1, then writing O in TDRE.
Or when a data is written to TDR in the DTU bus cycle.

1 | Set when:
1. Data is transferred from TDR to TSR.
2. TE is cleared while TDRE = 0.

Note: * Software can write a 0 in bits 7 to 3 to clear the flags, but cannot write a 1 in these bits.
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iidial vailue v v AV v
Read/Write R R R R

Receive data

0 0O "HD6473318TF16" U U
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iital vaiue
Read/Write

0 0 "HD6473318TF1

R/W

v
R/W

v
R/W

v v v v 4
R/W R/W R/W R/W —

— ]

6"0 0|0

Input Capture Interrupt A Enable

Overflow Interrupt Enable

0 | Overflow interrupt request is disabled.

1 | Overflow interrupt request is enabled.

Output Compare Interrupt B Enable

0

Output compare interrupt request B is disabled.

1

Output compare interrupt request B is enabled.

Output Compare Interrupt A Enable

0

Output compare interrupt request A is disabled.

1

Output compare interrupt request A is enabled.

Input Capture Interrupt D Enable

0 | Input capture interrupt request D is disabled.

1 | Input capture interrupt request D is enabled.

Input Capture Interrupt C Enable

0

Input capture interrupt request C is disabled.

1

Input capture interrupt request C is enabled.

Input Capture Interrupt B Enable

0

Input capture interrupt request B is disabled.

1

Input capture interrupt request B is enabled.

0

Input capture interrupt request A is disabled.

1

Input capture interrupt request A is enabled.
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iital vaiue v v v v AV v v AV
Read/Write  RI(W)* RIW)* R/W)* RI(W)* RIAW)* RIW)* RIW)* R/W

0 0 "HD6473318TF16" [0 U

T
Counter Clear A

0 | FRC count is not cleared.

1 | FRC count is cleared by compare-match A.

Timer Overflow Flag
0 | Cleared by reading OVF = 1, then writing O in OVF.
1| Set when FRC changes from H'FFFF to H'0000.

Output Compare Flag B
0 | Cleared by reading OCFB = 1, then writing 0 in OCFB.
1 | Set when FRC = OCRB.

Output Compare Flag A
0 | Cleared by reading OCFA = 1, then writing 0 in OCFA.
1 | Set when FRC = OCRA.

Input Capture Flag D
0 | Cleared by reading ICFD = 1, then writing 0 in ICFD.
1 | Set by FTID input.

Input Capture Flag C
0 | Cleared by reading ICFC = 1, then writing O in ICFC.
1 | Setby FTIC input.

Input Capture Flag B
0 | Cleared by reading ICFB = 1, then writing 0 in ICFB.
1 | Set when FTIB input causes FRC to be copied to ICRB.

Input Capture Flag A

0

Cleared by reading ICFA = 1, then writing O in ICFA.

1

Set when FTIA input causes FRC to be copied to ICRA.

Note: * Software can write a 0 in bits 7 to 1 to clear the flags, but cannot write a 1 in these bits.
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initial vaiue v v v v v v v v
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Count value

gd"H 318TF16"[]

t Compare Register A H'FF94, H'FF95 FRTO
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/IW R/W R/W

Continually compared with FRC. OCFA is set to 1 when OCRA = FRC.

OCRB (H and L)—Output Compare Register B H'FF94, H'FF95 FRTO
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Continually compared with FRC. OCFB is set to 1 when OCRB = FRC.

481
RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

Irital value v v v

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
\
0 0 "HD6473318TF16" [0 O
f
Clock Select
0| O |Internal clock source: @p/2

Internal clock source: @p/8

Internal clock source: @p/32

0
1
1

1
0
1

External clock source: counted on rising edge

Buffer Enable B

0 | ICRD is used for input capture D.

1 | ICRD is buffer register for input capture B.

Buffer Enable A

0 | ICRC is used for input capture C.

1 | ICRC is buffer register for input capture A.

Input Edge Select D

0 | Falling edge of FTID is valid.

1 | Rising edge of FTID is valid.

Input Edge Select C

0 | Falling edge of FTIC is valid.

1 | Rising edge of FTIC is valid.

Input Edge Select B
0 | Falling edge of FTIB is valid.
1 | Rising edge of FTIB is valid.

Input Edge Select A

0

Falling edge of FTIA is valid.

1

Rising edge of FTIA is valid.
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Irital vaiue RN EN

Read/Write — —

— R/W R/W R/W R/W R/W

0 0O "HD6473318TF16" U U

Output Level B

0 | Compare-match B causes 0 output.

1 | Compare-match B causes 1 output.

Output Level A

0

Compare-match A causes 0 output.

1

Compare-match A causes 1 output.

Output Enable B

0 | Output compare B output is disabled.

1 | Output compare B output is enabled.

Output Enable A

0 | Output compare A output is disabled.

1 | Output compare A output is enabled.

Output Compare Register Select

0

The CPU can access OCRA.

1

The CPU can access OCRB.

RENESAS
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iidial vailue v v AV v V) |V v V)
Read/Write R R R R R

Contains FRC count captured on FTIA input.

DO"H 18R L pture Register B H'FF9A, H'FF9B FRTO

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R

Contains FRC count captured on FTIB input.

ICRC (H and L)—Input Capture Register C H'FF9C, H'FFOD FRTO
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R

Contains FRC count captured on FTIC input, or old ICRA value in buffer mode.

ICRD (H and L)—Input Capture Register D H'FFOE, H'FFIF FRTO
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R

Contains FRC count captured on FTID input, or old ICRB value in buffer mode.
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iidial vailue v V)
Read/Write R/W R/W

R/W R/W R/W R/W R/W

R/W

0 O "HD64

73318TF16"0I [H

|

Clock Select

0

0

Internal clock source: @p/2

Internal clock source: @p/8

Internal clock source: gp/32

0
1
1

1
0
1

External clock source: counted on rising edge

Output Enable A

0 | Output compare A output is disabled.

1 | Output compare A output is enabled.

Output Enable B

0 | Output compare B output is disabled.

1 | Output compare B output is enabled.

Timer Overflow Interrupt Enable

0 | Overflow interrupt request is disabled.

1 | Overflow interrupt request is enabled.

OQutput Compare Interrupt Enable A

0 | Output compare interrupt request A is disabled.

1 | Output compare interrupt request A is enabled.

Output Compare Interrupt Enable B

0 | Output compare interrupt request B is disabled.

1 | Output compare interrupt request B is enabled.

Input Capture Interrupt Enable

0

Input capture interrupt request is disabled.

1

Input capture interrupt request is enabled.

RENESAS
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Irltal vaiue
Read/Write

v

A v v v v

RIW)*  RIW)* R/(W)* R/(W)* RW  RW RW  RMW

U 0 "HD647331

8TF1¢

U U4

T
Counter Clear A

0 | FRC count is not cleared.

1 | FRC count is cleared by compare-match A.

Input Edge Select

0 | FRC value is transferred to ICR at falling edge of FTI

1 | FRC value is transferred to ICR at rising edge of FTI

Output Level A

0

Compare-match A causes 0 output

1

Compare-match A causes 1 output

Output Level B

0 | Compare-match B causes 0 output

1 | Compare-match B causes 1 output

Timer Overflow Flag

0 | Cleared by reading OVF = 1, then writing 0 in OVF

1 | Set when FRC changes from H'FFFF to H'0000

Output Compare Flag A

0

Cleared by reading OCFA = 1, then writing 0 in OCFA

1

Set when FRC = OCRA

Output Compare Flag B

0

Cleared by reading OCFB = 1, then writing 0 in OCFB

1

Set when FRC = OCRB

Input Capture Flag

0

Cleared by reading ICF = 1, then writing 0 in ICF

1

Set when FRC value is copied to ICR by input capture signal

Note: * Software can write a 0 to clear the flags, but cannot write a 1 in these bits.
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Irital value v v v v A v v v

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Count value
UoH SHETEAG\] t Compare Register A H'FFA4, FFA5S FRT1
Bit 7 6 5 4 3 2 1 0
Initial value ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Continually compared with FRC. OCFA is set to 1 when OCRA = FRC.

OCRB (H and L)—Output Compare Register B H'FFAB, FFA7 FRT1
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Continually compared with FRC. OCFB is set to 1 when OCRB = FRC.

ICR (H and L)—Input Capture Register H'FFA8, FFA9 FRT1
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R

Contains FRC count captured by internal input capture
signal generated from external input signal transition
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initial vaiue v v v 4 v v v v
Read/Write R/(W)3 R/W R/W — R/W R/W R/W R/W
0 0 "HD6473318TF16"1 [ I
Clock Select
0/0|0| gp/2
0/0|1]| gp/32
0|1|0| gp/64
0/1|/1| op/128
1|0|0| @p/256
1|0|1]| @p/512
1|1|0| @p/2048
1|1|1| @p/4096

Reset or NMI Select

0 | NMI function enabled

1 | Reset function enabled

Timer Enable

0 | Timer disabled: TCNT is initialized to H'00 and stopped

1| Timer enabled: TCNT runs; CPU interrupts can be requested

Timer Mode Select

0 | Interval timer mode (OVF interrupt request)
1 | Watchdog timer mode (reset or NMI request)

Overflow flag

0 | Cleared by reading OVF = 1, then writing 1 in OVF

1 | Set when TCNT changes from H'FF to H'00

Notes: 1. Read access address.
2. Write address, but write access requires word transfer to H'FFAA.
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3. Only 0 can be written, to clear the flag.
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initial vaiue v v v v v v v v
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Count value

O O "HD6Md@3 *8WHEGAEdesS tdquires word transfer to H'FFAA.

P1PCR—Port 1 Input Pull-Up Control Register H'FFAC Port 1
Bit 7 6 5 4 3 2 1 0
‘ P1,PCR ‘ P16PCR‘ P15PCR‘ P1,PCR ‘ P1;PCR ‘ P1,PCR ‘ P1,PCR ‘ P1,PCR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 1 Input Pull-Up Control

0 | Input pull-up transistor is off.
1 | Input pull-up transistor is on.

P2PCR—Port 2 Input Pull-Up Control Register H'FFAD Port 2
Bit 7 6 5 4 3 2 1 0
‘ P2,PCR ‘ P26PCR‘ P25PCR‘ P2,PCR ‘ P2;PCR ‘ P2,PCR ‘ P2,PCR ‘ P2,PCR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 2 Input Pull-Up Control
0 | Input pull-up transistor is off.
1 | Input pull-up transistor is on.
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Irtal valuce V) |V AV |V v |V |V v
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Port 3 Input Pull-Up Control
0 | Input pull-up transistor is off.
0 0 "HD6473318TF16"0 0 [ PLE PP TansIstor !
1 | Input pull-up transistor is on.
P1DDR—Port 1 Data Direction Register H'FFBO Port 1
Bit 7 6 5 4 3 2 1 0
‘ P17DDR‘ PlGDDR‘ P15DDR‘ P1,DDR ‘ P1;DDR ‘ P1,DDR ‘ P1,DDR ‘ PloDDR‘
Mode 1
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —
Modes 2 and 3
Initial value 0 0 0 0 0 0 0 0
Read/Write W wW W w W W w
Port 1 Input/Output Control
0 [Input port
1 | Output port
P1DR—Port 1 Data Register H'FFB2 Port 1
Bit 7 6 5 4 3 2 1 0
‘ P1, ‘ Plg ‘ Plg ‘ P1, ‘ P1; ‘ P1, P1, ‘ P1lo ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
490
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viode L

Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —
Modes 2 and 3
O O "HD64T831e 6" 0 00 O 0 0 0 0 0 0
Read/Write W W W W w " W w

Port 2 Input/Output Control
0 [Input port
1 | Output port

P2DR—Port 2 Data Register H'FFB3

Port 2
Bit 7 6 5 4 3 2 1 0
‘ P2, ‘ P2¢ ‘ P25 ‘ P2, ‘ P24 ‘ P2, ‘ P2, ‘ P24 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
P3DDR—Port 3 Data Direction Register H'FFB4 Port :
Bit 7 6 5 4 3 2 1 0
‘ P3,DDR ‘ P36DDR‘ P35DDR‘ P3,DDR ‘ P3;DDR ‘ P3,DDR ‘ P3,DDR ‘ P3,DDR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W W W W W
Port 3 Input/Output Control
0 [Input port
1 | Output port
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Irital value v v v v v v v v

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
P4ADDR—Port 4 Data Direction Register H'FFB5 Port 4
0 0 "HDG6473318TF16"_[J [
Bit + 6 5 4 3 2 1 0
‘ P47DDR‘ P46DDR‘ P45DDR‘ P44DDR‘ P43;DDR ‘ P4,DDR ‘ P41DDR‘ P4,DDR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port 4 Input/Output Control

0 [ Input port
1 | Output port

P4DR—Port 4 Data Register H'FFB7 Port 4
Bit 7 6 5 4 3 2 1 0
‘ P4, ‘ P4g ‘ P4s ‘ P4, ‘ P4, ‘ P4, ‘ P4, ‘ P4g ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
P5DDR—Port 5 Data Direction Register H'FFB8 Port 5
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ P5,DDR ‘ P51DDR‘ P5,DDR ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — w w w

Port 5 Input/Output Control

0 | Input port
1 | Output port
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Irital value ES EN EN 1 RN v v A

Read/Write — — — — — R/W R/W R/W
P6DDR—Port 6 Data Direction Register H'FFB9 Port €
0 0 "HD6473318TF16"1 L1 O
Bit -+ 6 5 4 3 2 1 0
‘ P6,DDR ‘ P66DDR‘ P65DDR‘ P6,DDR ‘ P63;DDR ‘ P6,DDR ‘ P6,DDR ‘ P6,DDR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W W w W W

Port 6 Input/Output Control

0 | Input port
1 | Output port

P6DR—Port 6 Data Register H'FFBB Port €
Bit 7 6 5 4 3 2 1 0
‘ P6- ‘ P6g ‘ P6g ‘ P6,4 ‘ P63 ‘ P6, ‘ P64 ‘ P6g ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
P7DR—Port 7 Data Register H'FFBE Port 7
Bit 7 6 5 4 3 2 1 0
‘ P7; ‘ P76 ‘ P75 ‘ P74 ‘ P73 ‘ P7, ‘ P7, ‘ P7q ‘
Initial value * * * * * * * *
Read/Write R R R R R R R R

Note: * Depends on the levels of pins P7; to P7,.
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Irital value

Read/Write — W w W w w "
|
Port 8 Input/Output Control
0 | Input port
0 O "HD6473318TF16"0 O O PP
1 | Output port
P8DR—Port 8 Data Register H'FFBF Port 8
Bit 7 6 5 4 3 2 1 0
‘ — ‘ P8g ‘ P85 ‘ P8, ‘ P8, ‘ P8, P8, P8, ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W
PODDR—Port 9 Data Direction Register H'FFCO Port 9
Bit 7 6 5 4 3 2 1 0

‘ P97DDR‘ P96DDR‘ P95DDR‘ P94DDR‘ P93;DDR ‘ P9,DDR ‘ P91DDR‘ P9,DDR ‘

Modes 1 and 2

Initial value 0 1 0 0 0 0 0 0
Read/Write w — W W W W W W
Mode 3 T
Initial value 0 0 0 0 0 0 0 0
Read/Write w W W w W w W
|
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Port 9 Input/Output Control
0 [Input port
1 | Output port
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0

Clock for supporting modules is not divided (gp = @)

1

Clock for supporting modules is divided by 2 (gp = 9/2)

RENESAS

Itial valuc v - |V V) A |V |V A
Read/Write R/W R R/W R/W R/W R/W R/W R/W
Note: * Depends on the level of pin P9g.
0 0 "HD6473318TF16" [J [ _
—  WSCR—Wait-State Control Register H'FFC2
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘CKDBL‘ — ‘WMSl‘WMSO‘ WC1 ‘ WCO ‘
Initial value 1 1 0 1 0 0 0 0
Read/Write — — R/W — R/W R/W R/W R/W
Wait Count
0| 0 | No wait states inserted by wait-state
controller
1|1 state inserted
0 | 2 states inserted
1 | 3 states inserted
Wait Mode Select
0| 0 | Programmable wait mode
0| 1 | No wait states inserted by wait-state
controller
1| 0| Pin wait mode
1|1 | Pin auto-wait mode
Clock Double
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iidial vailue
Read/Write

— ]

0 0O "HD6473318TF

v AV 4 4 1 v
RIW  RIW)*  R/W W) (W) — RIW

16”0 O O

Internal Clock Source Select

Pointer Mark

See TCR under TMRO and TMR1.

R/W

0 | DTARB contents are copied to RLARB

1 | No operation

Pointer Load
0 | RLARB contents are copied to DTARB
1 | No operation

Compare Interrupt Enable
0 | Interrupt request (CMPI) by CMPF is disabled
1 | Interrupt request (CMPI) by CMPF is enabled

Compare Interrupt Flag

0

Cleared by reading CMPF = 1, then writing 0 in CMPF

1

Ring buffer overrun error
Set when DTARB contents match CPARB contents
after being incremented by DTU cycle occurrence

Ring Buffer Mode

0

DTU channel B does not operate in ring buffer mode

1

DTU channel B operates in ring buffer mode

Note: * Software can write a 0 in bit 6 to clear the flag, but cannot write a 1 in this bit.
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initial vaiue v v v v 4 v v 4
Read/Write R/W R/W R/W R/W R R/W R/W R/W

0 0 "HD6473318TF16" [0 U

RAM Enable
0 | On-chip RAM is disabled.
1 | On-chip RAM is enabled.

Dual-Port RAM Mode Enable
0 | Not being set to slave mode.
1 | Being set to slave mode.

NMI Edge
0 | Falling edge of NMI is detected.
1 | Rising edge of NMl is detected.

External Reset

0 | The chip is reset by a watchdog timer overflow.
1| The chip is reset by an external reset signal.

Standby Timer Select
0|0

0 | Clock settling time = 8,192 states

1| Clock settling time = 16,384 states
0 | Clock settling time = 32,768 states
1| Clock settling time = 65,536 states
—| Clock settling time = 131,072 states
—| Prohibited

===
Rlo|lk|k|o

Software Standby

0 | SLEEP instruction causes transition to sleep mode.

1 | SLEEP instruction causes transition to software standby mode.
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iidial vailue 4 4 L v V) 1 . -
Read/Write — — — — — — R R

-

Mode Select Bits
‘ Value at mode pins. ‘

0 0O "HD6473318TF16" U U

Note: * Determined by inputs at pins MD; and MD,.

ISCR—IRQ Sense Control Register H'FFC6
Bit 7 6 5 4 3 2 1 0
‘ IRQ7SC ‘ IRQ6SC‘ IRQSSC‘ IRQ4SC‘ IRQ3SC ‘ IRQ2SC ‘ IRQlSC‘ IRQOSC ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

IRQg to IRQ7 Sense Control
0 |TRQq to IRQ; are level-sensed (active low).
1 |IRQy to IRQ; are edge-sensed (falling edge).

IER—IRQ Enable Register H'FFC7
Bit 7 6 5 4 3 2 1 0
‘ IRQ7E ‘ IRQ6E ‘ IRQ5E ‘ IRQ4E ‘ IRQ3E ‘ IRQ2E ‘ IRQ1E ‘ IRQOE ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

IRQg to IRQ7 Enable
0 | IRQy to IRQ; are disabled.
1 |IRQq to IRQ; are enabled.
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Ital valuc v |V V) v |V |V v
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
‘ |
0 0 "HD6473318TF16"[] Clokck Select
TCR STCR .
Description
CKS2| CKS1| CKS0|ICKS1|ICKSO
0 0 0 — — | Timer stopped
0 0 1 — 0 @p/8 internal clock, falling edge
0 0 1 — 1 op/2 internal clock, falling edge
0 1 0 — 0 op/64 internal clock, falling edge
0 1 0 — 1 @p/32 internal clock, falling edge
0 1 1 — 0 2p/1024 internal clock, falling edge
0 1 1 — 1 @p/256 internal clock, falling edge
1 0 0 — — | Timer stopped
1 0 1 — — | External clock, rising edge
1 1 0 — — | External clock, falling edge
1 1 1 — — | External clock, rising and falling edges

Counter Clear

0 | Counter is not cleared.

Cleared by compare-match A.

R k| OO

1
0 | Cleared by compare-match B.
1 | Cleared on rising edge of external reset input.

Timer Overflow Interrupt Enable

0 | Overflow interrupt request is disabled.

1 | Overflow interrupt request is enabled.

Compare-Match Interrupt Enable A

0 | Compare-match A interrupt request is disabled.

1 | Compare-match A interrupt request is enabled.

Compare-Match Interrupt Enable B

0

Compare-match B interrupt request is disabled.

1

Compare-match B interrupt request is enabled.

RENESAS
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iidial vaiue v v V) |V v AV |V v
Read/Write  R/(W)*1 R/(W)'l RI(W)'T RW  RW  R/W RW  RMW

0 0 "HD6473318TF16") U [

Outpu‘t Select

0 | 0 | No change on compare-match A.

0| 1 | Output 0 on compare-match A.

1|0 | Output 1 on compare-match A.

1|1 Invert (toggle) output on compare-match A.

Output Select

0| 0| No change on compare-match B.

Output 0 on compare-match B.

01
1|0 | Output 1 on compare-match B.
1|1 Invert (toggle) output on compare-match B.

PWM Mode Enable
0 | Normal timer mode
1| PWM mode

Timer Overflow Flag
0 | Cleared by reading OVF = 1, then writing 0 in OVF.
1 | Set when TCNT changes from H'FF to H'00.

Compare-Match Flag A
0 | Cleared by reading CMFA = 1, then writing 0 in CMFA.
1 | Set when TCNT = TCORA.

Compare-Match Flag B
0 | Cleared by reading CMFB = 1, then writing 0 in CMFB.
1 | Set when TCNT = TCORB.

Notes: 1. Software can write a 0 in bits 7 to 5 to clear the flags, but cannot write a 1 in these bits.
2. When all four bits (OS3 to OSO0) are cleared to 0, output is disabled.
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Irital value ES EN EN 1

EN

1

RENESAS

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
The CMFA bit is set to 1‘ when TCORA = TCNT.
U 0 "HObe SILIe LY t Register B H'FFCB TMRO
Bit 7 6 5 4 3 2 1 0
- |
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
The CMFB bit is set to 1‘ when TCORB = TCNT.
TCNT—Timer Counter H'FFCC TMRO
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Counl value
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Irital value v v v v v v v v

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Next Data Enable 15 to 8 J
0 0 "HD6473318TF16"C L Descript
escription
'HWEI to8 P

0 TPC outputs TP, 5 to TPg are disabled
(NDR15 to NDRS8 cannot be transferred to P27 to P2)

1 TPC outputs TP15 to TPg are enabled
(NDR15 to NDRS8 can be transferred to P2, to P2)
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Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14‘ NDR13 ‘ NDR12 ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDR8 ‘

Initial value 0 0 0 0 0 0 0 0
Read/Write RIW R/W R/W R/W R/W R/W R/W R/W
0 0 "HD6473318TF16"] & | |

Next output data for Next output data for

TPC output group 3 TPC output group 2
Address H'FFD6
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1

Read/Write — — — — — — — _

» Different Triggers for TPC Output Groups 2 and 3
Address H'FFCE

Bit 7 6 5 4 3 2 1 0

‘ NDR15 ‘ NDR14‘ NDR13 ‘ NDR12 ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —

Next output data for
TPC output group 3

Address H'FFD6

Bit 7 6 5 4 3 2 1 0

— ‘ — ‘ — ‘ — ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDR8 ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W

Next output data for
TPC output group 2
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Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘

Initial value 0 0 0 0 0 0 0 0
Read/Write RIW_ R/W R/W R/W R/W R/W R/W R/W
0 0 "HD6473318TF16" I | |

Next output data for Next output data for

TPC output group 1 TPC output group 0
Address H'FFD7
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1

Read/Write — — — — — — — _

« Different Triggers for TPC Output Groups 0 and 1
Address H'FFCF

Bit 7 6 5 4 3 2 1 0

‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —

Next output data for
TPC output group 1

Address H'FFD7

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W

Next output data for
TPC output group 0
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Ital valuc v |V V) v |V |V v
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
‘ |
0 0 "HD6473318TF16"[] Clokck Select
TCR STCR .
Description
CKS2| CKS1| CKS0|ICKS1|ICKSO0
0 0 0 — — | Timer stopped
0 0 1 0 — | #p/8 internal clock, falling edge
0 0 1 1 — | @p/2 internal clock, falling edge
0 1 0 0 — | @p/64 internal clock, falling edge
0 1 0 1 — | #p/128 internal clock, falling edge
0 1 1 0 — | #p/1024 internal clock, falling edge
0 1 1 1 — | @p/2048 internal clock, falling edge
1 0 0 — — | Timer stopped
1 0 1 — — | External clock, rising edge
1 1 0 — — | External clock, falling edge
1 1 1 — — | External clock, rising and falling edges

Counter Clear

0 | Counter is not cleared.

Cleared by compare-match A.

R k| OO

1
0 | Cleared by compare-match B.
1

Cleared on rising edge of external reset input.

Timer Overflow Interrupt Enable

0 | Overflow interrupt request is disabled.

1 | Overflow interrupt request is enabled.

Compare-Match Interrupt Enable A

0 | Compare-match A interrupt request is disabled.

1 | Compare-match A interrupt request is enabled.

Compare-Match Interrupt Enable B

0

Compare-match B interrupt request is disabled.

1

Compare-match B interrupt request is enabled.

RENESAS
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initial vailue v v v
ReadWrite  R/(W)*1 R/(W)'l R/(W)*1 R/W

Notes: Bit functions are the same as for TMRO.

R/W

U
R/IW

U
R/IW

v
R/W

1. Software can write a 0 in bits 7 to 5 to clear the flags, but cannot write a 1 in these bits.

[0 [0 "HD647321 81 Ereifour pits (OS3 to OSO0) are cleared to 0, output is disabled.

TCORA—Time Constant Register A H'FFD2 TMR1
Bit 7 6 5 4 3 2 1 0
[ ] |
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Note: Bit functions are the same as for TMRO.
TCORB—Time Constant Register B H'FFD3 TMR1
Bit 7 6 5 4 3 2 1 0
[ ] |
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Note: Bit functions are the same as for TMRO.
TCNT—Timer Counter H'FFD4 TMR1
Bit 7 6 5 4 3 2 1 0
[ [ ] |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for TMRO.
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ITital value v v U v v U v v
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Next Data Enable 7 to O4
Bits 7to 0 o
0 0 "HD6473318TF16" 5 [ILH, . o Description
0 TPC outputs TP, to TPy are disabled
(NDR7 to NDRO cannot be transferred to P1; to P1g)
1 TPC outputs TP; to TP are enabled
(NDR?7 to NDRO can be transferred to P1; to P1g)
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ital vaiue
Read/Write

0 0 "HD6473318TF16"[1 U U

v v
R/W R/W R/W

v v v v v
R/W R/W R/W R/W R/W
Clock Select
0| 0@ clock
0| 1|@p/4 clock
1| 0|ep/16 clock
1|1 |@p/64 clock

Multiprocessor Mode

0 | Multiprocessor function disabled

1 | Multiprocessor format selected

Stop Bit Length
0 | One stop hit
1 | Two stop bits

Parity Mode

0

Even parity

1

Odd parity

Parity Enable

0 | Transmit:
Receive:

No parity bit added.
Parity bit not checked.

1 | Transmit:
Receive:

Parity bit added.
Parity bit checked.

Character Length

0 | 8-bit data length

1 | 7-bit data length

Communication Mode

0

Asynchronous

1

Synchronous

Note: Bit functions are the same as for SCI1.
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nitial value 4 4 1 1 1 1 1 4
Read/Write R/IW RIW R/W R/IW R/W R/W R/IW R/W

Constant that determines the bit rate

[ O "HD6&K4é33 8iTtkd&idns(dré the same as for SCIL.
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Irital value

Read/Write
]

U O "HD647331

R/W

R/W

R/W R/W R/W R/W R/W

8TF16"0 [

10

\
Clock Enable 0

0 | The SCK pin is not used by the SCI.

1| The SCK pin is used for serial clock output.

Clock Enable 1
0 | Internal clock

1 | External clock

Transmit End Interrupt Enable

0 | TSR-empty interrupt request is disabled.
1 | TSR-empty interrupt request is enabled.

Multiprocessor Interrupt Enable

0

Multiprocessor receive interrupt function is disabled.

1

Multiprocessor receive interrupt function is enabled.

Receive Enable

0 | Receive disabled

1 | Receive enabled

Transmit Enable

0 | Transmit disabled

1 | Transmit enabled

Receive Interrupt Enable

0 | Receive interrupt and receive error interrupt requests are disabled.

1 | Receive interrupt and receive error interrupt requests are enabled.

Transmit Interrupt Enable

0 | TDR-empty interrupt request is disabled.
1 | TDR-empty interrupt request is enabled.

Note: Bit functions are the same as for SCI1.
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iidal vailue 4 4 1 4 L 4 4 L
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Transmit data

0 0O "HD6473318TF16" U U

Note: Bit functions are the same as for SCI1.
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iidial vailue 4 v AV v
ReadWrite  R/I(W)* RIW)* R/W)* R/(W)* R/(W)* R R RIW

v EN v v

0 0 "HD6473318TF16"1 O U

Mult

T
Multiprocessor Bit Transfer

0 | Multiprocessor bit = 0 in transmit data.

1 | Multiprocessor bit = 1 in transmit data.

iprocessor Bit

0

Multiprocessor bit = 0 in receive data.

1

Multiprocessor bit = 1 in receive data.

Transmit En

d

0 | Cleared by reading TDRE = 1, then writing 0 in TDRE.

1 | Setto 1 when TE =0, or when TDRE = 1 at the end of
character transmission.

Parity Error

0 | Cleared by reading PER = 1, then writing O in PER.

1 | Set when a parity

does not match parity selected by O/E bit in SMR).

error occurs (parity of receive data

Framing Error

0 | Cleared by reading FER = 1, then writing 0 in FER.

1 | Set when a framing error occurs (stop bit is 0).

Overrun Error

0 | Cleared by reading ORER = 1, then

writing 0 in ORER.

1 | Set when an overrun error occurs (n
received while RDRF bit is set to 1).

ext data is completely

Receive Data Register Full

0 | Cleared by reading RDRF = 1, then writing 0

in RDRF.

1 | Set when one character is received normally

and transferred from RSR to RDR.

Transmit Data Register Empty

0

Cleared by reading TDRE = 1, then writing 0 in TDRE.

1

Set when:
1. Data is transferred from TDR to TSR.
2. TE is cleared while TDRE = 0.

Note: * Software can write a O in bits 7 to 3 to clear the flags, but cannot write a 1 in these bits.
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Irital value v v v

Read/Write R R R R R

Receive data

0 0O "HD6473318TF16" U U

Note: Bit functions are the same as for SCI1.

SCMR—Serial Communication Mode Register H'FFDE SCIC
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ SDIR ‘ SINV ‘ — ‘ SMIF ‘
Initial value 1 1 1 1 0 0 1 0
Read/Write — — — — R/W R/W — i/VL

Serial Communication Mode Select —
0 | Normal SCI mode
1 | Reserved mode

Data Invert

0 | TDR contents are transmitted as they are.
Receive data is stored in RDR as it is.

1| TDR contents are inverted before being transmitted.
Receive data is stored in RDR in inverted form.

Data Transfer Direction

0 | TDR contents are transmitted LSB-first.
Receive data is stored in RDR LSB-first

1 | TDR contents are transmitted MSB-first.
Receive data is stored in RDR MSB-first.
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Initial vaiue

Read/Write R R R R R R R R R R R R R R R R
ADDRAH ADDRAL
0 0 "HD6473318TF16" 0 | |
%/QConversion Data Reserved Bits
10-bit data giving an A/D conversion result
ADDRB (H and L)—A/D Data Register B H'FFE2, H'FFE3 A/D
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o0
‘ADQ‘ADB‘AD7‘ADG‘ADS‘AD4‘AD3‘AD2‘AD1‘ADO‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R R R R R R R R R
ADDRBH ADDRBL
A/D Conversion Data Reserved Bits

10-bit data giving an A/D conversion result
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Initial vaiue

Read/Write R R R R R R R R R R R R R R R R
ADDRCH ADDRCL
0 0 "HD6473318TF16"1 | |
A,% @cnversion Data Reserved Bits
10-bit data giving an A/D conversion result
ADDRD (H and L)—A/D Data Register D H'FFE6, H'FFE7 A/D
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ADQ‘ADB‘AD?‘ADG‘ADS‘AD4‘AD3‘AD2‘AD1‘ADO‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 o0 0 0 0 o0 0 0 0 0 0 o0 0
Read/Write R R R R R R R R R R R R R R R R
ADDRDH ADDRDL
A/D Conversion Data Reserved Bits
10-bit data giving an A/D conversion result
515
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Iitial valuce v v \v v v
Read/Write R/(W)* R/W R/W R/W R/W

R/W R/W

R/W

0 O "HD6473318TF16"] O [ \
Channel Select
Grou_p Chanr]el Description
Selection Selection
CH2 CH1 CHO | Single Mode | Scan Mode
0 0 0 ANp ANp
1 ANy ANp, AN,
1 0 AN, ANg to AN»
1 AN3 ANO to AN3
1 0 0 ANy ANy
1 ANs ANy to AN
1 0 ANg ANy, to ANg
1 AN AN4 to AN7;

Clock Select
0 | Conversion time = 266 states (max)
1 | Conversion time = 134 states (max)

Scan Mode
0 | Single mode
1 | Scan mode

A/D Start

0 | A/D conversion is stopped

1 | 1. Single mode:

2. Scan mode:
A/D conversion starts and continues, cycling among the se

A/D conversion starts; ADST is automatically cleared to 0 when conversion ends

lected channels,

until ADST is cleared to 0 by software, by a reset, or by a transition to standby mode

A/D Interrupt Enable
0 | A/D end interrupt request is disabled
1 | A/D end interrupt request is enabled

A/D End Flag
0 | Cleared by reading ADF = 1, then writing O in ADF

1 | Set when A/D conversion ends in single mode.
Set when A/D conversion ends on all selected channels in scan mode.

Note: * Only 0 can be written, to clear the flag.
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iritial vaiue v 4 1 4 4 1 4 4
Read/Write R/W — — — — — _ _

-

Trigger Enable

D conversion cannot be externally triggered
1 -A/D-conversion starts at the fall of the external trigger signal (ADTRG)

I__lo

0 0O "HD6473318TF16"(

517
RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

Irital value 1 4

Read/Write — —

0 O "HD64}

— R/W R/W R/W R/W

3318TF16"0 U O

518

Group 0 Non-Overlap

0

Normal operation in TPC group 0, output values
changing at selected FRT compare match

Non-overlapping operation in TPC group O,
using selected FRT compare match A and B

Group 1 Non-Overlap

0

Normal operation in TPC group 1, output values
changing at selected FRT compare match

Non-overlapping operation in TPC group 1,
using selected FRT compare match A and B

Group 2 Non-Overlap

0 | Normal operation in TPC group 2, output values

changing at selected FRT compare match

Non-overlapping operation in TPC group 2,
using selected FRT compare match A and B

Group 3 Non-Overlap

0

Normal operation in TPC group 3, output values
changing at selected FRT compare match

Non-overlapping operation in TPC group 3,
using selected FRT compare match A and B
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iidial vaiue
Read/Write

0 0O "HD6473318TF1610 U (4

B RN EN ES EN EN ES
R/W R/W R/W R/W R/W R/W R/W R/W
|
Group 0 Compare Match Select 1 and 0
H Bitl Bit 0 o Triager Selecti
GOCMS1 | GOCMSO utput Trigger Selection
0 0 TPC output group 0 (TP3 to TPy) is triggered
by compare match A in FRT1
1 TPC output group 0 (TP3 to TPy) is triggered
by compare match A in FRTO
1 0 TPC output group 0 (TP3 to TPy) is triggered by compare
match B in FRT1 (and can be non-overlapped)
1 TPC output group 0 (TP3 to TPy) is triggered by compare
match B in FRTO (and can be non-overlapped)

Group 1 Compare Match Select 1 and 0

Bit 3 Bit 2 Outout Tri Selecti
G1CMS1 | G1CMSO0 utput Trigger Selection
0 0 TPC output group 1 (TP7 to TP4) is triggered
by compare match A in FRT1
1 TPC output group 1 (TP7 to TP4) is triggered
by compare match A in FRTO
1 0 TPC output group 1 (TP7 to TP4) is triggered by compare
match B in FRT1 (and can be non-overlapped)
1 TPC output group 1 (TP7 to TP4) is triggered by compare
match B in FRTO (and can be non-overlapped)

Group 2 Compare Match Select 1 and 0

Bit5 Bit 4 Output Trigger Selection
G2CMS1 | G2CMS0
0 0 TPC output group 2 (TP1; to TPg) is triggered
by compare match A in FRT1
1 TPC output group 2 (TP11 to TPsg) is triggered
by compare match A in FRTO
1 0 TPC output group 2 (TP to TPg) is triggered by compare
match B in FRT1 (and can be non-overlapped)
1 TPC output group 2 (TP11 to TPg) is triggered by compare
match B in FRTO (and can be non-overlapped)

Group 3 Compare Match Select 1 and O

Bit 7 Bit 6 . .
GacMs1 | GacMso Output Trigger Selection
0 0 TPC output group 3 (TP35 to TP1») is triggered
by compare match A in FRT1
1 TPC output group 3 (TP35 to TP1>) is triggered
by compare match A in FRTO
1 0 TPC output group 3 (TP15 to TP1y) is triggered by compare
match B in FRT1 (and can be non-overlapped)
1 TPC output group 3 (TP15 to TP1») is triggered by compare
match B in FRTO (and can be non-overlapped)
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e VV/ AN \‘ el \I'\I\I'\I\‘ IVIVY bl

‘ LAALEY 1} —iVivVvi = IVIT AT

0 0 0 1 0 0
R R R(W) R/(W) RW  RW
RIW RIW R R R R

NPT VVINY
Initial value 0 0
Read/Write

Internal CPU R R

0 0 "HDeY?¥818TR16fo O RW

]

Enable Wait Request*?

Query Read End Flag

Enable Master Read Interrupt

0

Disables interrupt request (MREI) by MREF

1

Enables interrupt request (MREI) by MREF

Enable Master Write Interrupt

0

Disables interrupt request (MWEI) by MWEF

1

Enables interrupt request (MWEI) by MWEF

(Enables operation of the WRQ pin)

Master Read End Flag*?

Master Write End Flag*2

Enable Write Acknowledge and Request*?
(Enables operation of the RDY pin by master write access)

Enable Read Acknowledge and Request™?
(Enables operation of the RDY pin by master read access)

0 | DPDRRQ contains data

Cleared when DTC writes on-chip RAM data in DPDRRQ

RAM address in DPDRRQ

1 | DPDRRQ contains the lower byte of an on-chip RAM address
Set when master CPU writes lower byte of an on-chip

Notes: 1. Value of register select inputs (RS2 to RS0) by which the master CPU selects

a PBI register.

2. For details see section 5, DTU.
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Irital vaiue —_— —_— —_— _— _ -_— —_—

Read/Write
Internal CPU w* w* w* w* w* w* wW* W*
Master CPU  R/W R/W R/W R/W R/W R/W R/W R/W
0 0 "HD6473318TF16" [ [ |
On-chip RAM data, or lower 8 bits of on-chip RAM address
Note: * Transferred automatically from on-chip RAM by DTU.
RLARA—Reload Address Register A H'FFF2 (— from Master) DTU
Bit 7 6 5 4 3 2 1 0
Initial value — — — — — — — —
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Data for initializing DTAR at boundary overflow
RLARB—Reload Address Register B H'FFF3 (— from Master) DTU
Bit 7 6 5 4 3 2 1 0
Initial value — — — — — — — —
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Data for initializing DTAR at boundary overflow,
and auxiliary pointer in ring-buffer mode

RENESAS
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initial vaiuc - - - - — —_— -_— —_—
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Auxiliary pointer in ring-buffer mode

0 0 "HD6473318TF16"1 O U
— DTARH—Data Transfer A

ddress Register H H'FFF5 (— from Master) DTU
Bit 7 6 5 4 3 2 1 0
Initial value — — — — — — — —
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
|
Upper 8 bits of on-chip RAM address
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Initial value v U U v U v 1
Read/Write R/W R/W R/W R/W R/W R/W —

Repeat Enable

O 0 "HD6473318TF16"0 O O 0 | Transfer in normal mode

1 | Transfer in repeat mode

DPRAM Enable
0 | I/O transfer or direct word mode
1 | Bound buffer mode

Parallel Handshake Enable
0 | Handshake mode
1 | DPRAM mode

Note: The DPME, HSCE, DPEA, and DPEB bits combine to specify the following modes.

DTC Operating Mode Settings

git7 | Bit6 | Bits Hand- | Query Bgffer Bound Buffer | Bound Buffer Direct Word Direct Word
DPME HSCE | DPEA | DPEB shake Operation Mode Mode Mode Mode
Mode |(DTC Channel R) |(DTC Channel A) (DTC Channel B)] (DPDRRH/L) | (DPDRWH/L)
1 1 — — O X I/0 transfer I/0 transfer Handshake Handshake
0 0 x O (read) I/0 transfer I/0 transfer O (read) O (write)
1 0 x O (read) O (read) I/0 transfer Bound buffer | O (write)
0 1 X O (read) I/0 transfer O (write) O (read) Bound buffer
1 1 X O (read) O (read) O (write) Bound buffer Bound buffer
0 — — — x X I/0 transfer I/0 transfer x x

Note: For I/O transfer, set the DTE bit to 1 in DTCRA, DTCRB, or DTCRC.
Handshake mode operation is only supported in single-chip mode.
Do not set bit HSCE to 1 in expanded mode.
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Initial vaiue v v v v v v v v
Read/Write
I/O transfer R/W R/W R/W R/W R/W R/W R/W R/W
Bound buffer
0 0"HD6ATEBI@PRL" 00 ] RW RW RW RW RW  RW RW
Master CPU 0 R R R R R R R
\
Source Select
SOS2|SOS1|SOSO0| Interrupt Source | Module Transfer Clearing of Source
0 0 1 RXIO SCI0 |RDR - RAM (byte) O
0 1 0 TXIO SCI0 |RAM - TDR (byte) O
0 1 1 ADI ADC |ADDRA - RAM (word) O
1 0 0 OCIAlL FRT1 |RAM - OCRA (word) O
1 0 1 OCIAlL FRT1 |RAM - OCRA (word) x
1 1 0 OoCiB1 FRT1 |RAM - OCRB (word) x
1 1 1 — — Reserved —
Boundary
BUD2 |BUD1 |BUDO| DTAR Overflow Timing Max. Bytes Transferred
0 0 0 End of each byte transfer 1
0 0 1 Carry from bit 0 to bit 1 2
0 1 0 Carry from bit 1 to bit 2 4
0 1 1 Carry from bit 2 to bit 3 8
1 0 0 Carry from bit 3 to bit 4 16
1 0 1 Carry from bit 4 to bit 5 32
1 1 0 Carry from bit 5 to bit 6 64
1 1 1 Carry from bit 6 to bit 7 128

Data Transfer Interrupt Enable

0 | Disables the interrupt requested when the DTE bit is cleared to O (DTIA)

1 | Enables the interrupt requested when the DTE bit is cleared to 0 (DTIA)

Data Transfer Enable

0

Indicates that I/O transfer is halted

Cleared when 0 is written in DTE, or when a transfer terminates at the boundary in normal mode

Indicates that I/O transfer is in progress

Set by reading DTCR while DTE = 0, then writing 1 in DTE

Note: 0: Always read as 0.
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Ifitial vaiue —_— - —_ —_— _ -_— —_— —
Read/Write

I/O transfer R/W R/W R/W R/W R/W R/W R/W R/W
Bound buffer

00 "HD64'7@3*J58'QE’}B"[RNVD R/W R/W R/W R/W R/W R/W R/W
Master CPU R R R R R R R R

Lower 8 bits of on-chip RAM address
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initial vaiue
Read/Write

I/O transfer

R/W

Bound buffer
0 O "HD6ATSSEERYG "1 01 I

Master CPU

R/W

0 R R

Source Select

S0OS2|SOS1

SOS0

Interrupt Source

Module

Transfer

Clearing of Source

1 RXIO

SCIO

RDR - RAM (byte)

TXIO

SCIO

RAM - TDR (byte)

ADI

ADC

ADDRA — RAM (word)

OCIAl

TPC

RAM - NDRB (word)

OCIAl

TPC

RAM - NDRA (byte)

N == =)
Rlkr|o|o|k |k o

ROk O |O

x |O]0|0|0|0]0

OCIAL FRT1 |RAM - OCRA (word)
OCIAL FRT1 |RAM - OCRA (word)
Boundary
BUD2 |BUD1 |BUDO| DTAR Overflow Timing Max. Bytes Transferred
0 0 0 End of each byte transfer 1
0 0 1 Carry from bit O to bit 1 2
0 1 0 Carry from bit 1 to bit 2 4
0 1 1 Carry from bit 2 to bit 3 8
1 0 0 Carry from bit 3 to bit 4 16
1 0 1 Carry from bit 4 to bit 5 32
1 1 0 Carry from bit 5 to bit 6 64
1 1 1 Carry from bit 6 to bit 7 128

Data Transfer Interrupt Enable

0 | Disables the interrupt requested when the DTE bit is cleared to 0 (DTIB)
1 | Enables the interrupt requested when the DTE bit is cleared to 0 (DTIB)
Data Transfer Enable
0 | Indicates that I/O transfer is halted
Cleared when 0 is written in DTE, or when a transfer terminates at the boundary in normal mode
1 | Indicates that I/O transfer is in progress
Set by reading DTCR while DTE = 0, then writing 1 in DTE
Notes: — : Cannot be used. Cannot be modified.
0 : Always read as 0.
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Ifitial vaiue —_— - —_ —_— _— -_— —_— —
Read/Write

I/O transfer R/W R/W R/W R/W R/W R/W R/W R/W
Bound buffer

O 0 "HD64T83 18 PELS" O R O R R R R R R R
Master CPU W W W W W w W w

Lower 8 bits of on-chip RAM address
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iritial vailue v v v v v v v
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
]
0 0 "HD6473318TF16T I [T 11
SOS2|S0OS1|S0S0| Interrupt Source | Module Transfer Clearing of Source
0 0 1 RXI0 SCI0 |RDR - RAM (byte) O
0 1 0 TXIO SCI0 |RAM - TDR (byte) O
0 1 1 ADI ADC |ADDRA - RAM (word) O
1 0 0 OCIB1 TPC |RAM - NDRB (word) O
1 0 1 OCIAL TPC |RAM - NDRB (word) O
1 1 0 OCIB1 TPC |RAM - NDRA (byte) O
1 1 1 OCIAL TPC |RAM - NDRA (byte) O
Boundary
BUD2 | BUD1|BUDO| DTAR Overflow Timing Max. Bytes Transferred

0 0 0 End of each byte transfer 1

0 0 1 Carry from bit 0 to bit 1 2

0 1 0 Carry from bit 1 to bit 2 4

0 1 1 Carry from bit 2 to bit 3 8

1 0 0 Carry from bit 3 to bit 4 16

1 0 1 Carry from bit 4 to bit 5 32

1 1 0 Carry from bit 5 to bit 6 64

1 1 1 Carry from bit 6 to bit 7 128

Data Transfer Interrupt Enable

0 | Disables the interrupt requested when the DTE bit is cleared to 0 (DTIC)

1 | Enables the interrupt requested when the DTE bit is cleared to 0 (DTIC)

Data Transfer Enable

0

Indicates that I/O transfer is halted

Cleared when 0 is written in DTE, or when a transfer terminates at the boundary in normal mode

Indicates that I/O transfer is in progress
Set by reading DTCR while DTE = 0, then writing 1 in DTE
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Irital vaiue - -

Read/Write R/W R/W

R/W

RENESAS

R/W R/W R/W R/W R/W
Lower 8 bits of on-chip RAM address
0 0 "HD6473318TF16"[] [ [1 _ _
— DPDRWH—DPRAM Data Register Write H H'FFFC (100 from Master) DTU
Bit 7 6 5 4 3 2 1 0
Initial value — — — — — — — —
Read/Write
Bound buffer mode
On-chip CPU R* R™ R R* R R™ R* R”
Master CPU w w w w w w w w
Direct word mode
Internal CPU R R R R R R R R
Master CPU w w w w w w w w
Data register reserved for write access by master CPU.
Note: * Transferred to on-chip RAM automatically by the DTU.
529
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iital vailuce e _— — —
Read/Write
Bound buffer mode

On-chip CPU R*1 R*1 R*1 R*1 R*1 R*1 R*1 R*1
00 "HDéPeseBYFIe 0 Mo W w w w w w w
Direct word mode
Internal CPU R R R R R R R R
Master CPU w w w w w w w w
Handshake mode
Internal CPU R R R R R R R R
Master CPU w*? w*? w*2 w2 w2 w2 w*? w2
Data register reserved for write access by master CPU.
Notes: 1. Transferred to on-chip RAM automatically by the DTU.

2. Data on the DDB lines is latched at the falling edge of the WE input.
DPDRRH—DPRAM Data Register Read H H'FFFE (110 from Master) DTU
Bit 7 6 5 4 3 2 1 0
Initial value — — — — — — — —
Read/Write
Bound buffer mode

On-chip CPU w* w* w* w* w* w* w* w*

Master CPU R R R R R R R R
Direct word mode

Internal CPU w w w w w w w w

Master CPU R R R R R R R R

Data register reserved for read access by the master CPU.

Note: * Transferred from on-chip RAM automatically by the DTU.
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Iital vaiuc - b -_ _— _— —_— —

Read/Write
Bound buffer mode
On-chip CPU wrl wrl wril wrl wrl w*i w1 wri
0 O "HD&RI8ME16"0 O R R R R R R R
Direct word mode
Internal CPU w w w w w w w w
Master CPU R R R R R R R R
Handshake mode
Internal CPU w w w w w w w w
Master CPU R*2 R*? R"2 R*2 R"2 R*? R*2 R"2
Data register reserved for read access by the master CPU.
Notes: 1. Transferred from on-chip RAM automatically by the DTU.
2. Data is output on the DDB lines when the OE input is low.
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Re‘set

]
>
e N P
2 13
(&)
00 "HD6473318TF16"0 O O g5
k] ©
T 5]
ARE
Hardware standby Mode 1 Reset A
S R|* £
D 2
P1,DD =
C
Mode 3 WI‘DlD
Reset TPC
| .
R :
Pl, \/I—<:g QPl DIE ! Next data
n 3 H
& WP1D
<:g ! i Output trigger
i Output enable
Mode 1
Mode 2
(CE RP1
™
L~ L~

WP1P: Write to P1IPCR
WP1D: Write to PADDR
WP1:  Write to port 1
RP1P: Read P1PCR
RP1: Read port 1
n=0to7

Note: * Set priority

Figure C.1 Port 1 Block Diagram
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Ud"H

Il 2| o
2 |8
s s
S| |
S ®
= |z
Mode 1 Reset 2 s
1 ndb c =
D6473318TF16'H%F PF™ L £z
— Q D g
P2,DD =
C
Mode 3 Wl‘:’ZD
Reset TPC
A T O R e
P2 .
n \/I—<:g b2,DR | 5 Next data
C
WP2D :
<:% s i Output trigger
i Output enable
P '
Mode 1
Mode 2

I

L~

WP2P: Write to P2PCR
WP2D: Write to P2DDR
WP2:  Write to port 2
RP2P: Read P2PCR
RP2: Read port 2
n=0to7

Note: * Set priority

Figure C.2 Port 2 Block Diagram

RENESAS
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Mode 3 D D

3
(e 2
©
©
©
£
[0
00 "HD6473318TK16"0 O O TS E
OE Reset
|
R
D
External P3,DDR
address c
write WP3D
Re‘set
P3, R5
P3,DR
C
WP3
Modes 1 and 2 o
&S
WE
|
External " RP3
N address read
| |

WP3P: Write to P3PCR
WP3D: Write to P3DDR
WP3:  Write to port 3
RP3P: Read P3PCR
RP3: Read port 3
n=0to7

Note: When HSCE =1, CS is internally fixed to 0.

DPRAM data bus

Figure C.3 Port 3 Block Diagram
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— v 5|8
OE ©
%:ESCS Reset § <§(
| S| |z
R *2 o
Q D = |°
P4,DDR
0 0 "HD6473318TF16"0 O O C\
WP4D

pa 1 , Re‘set
n ~J R
Q D

P4,DR
__ C
CE—cs ‘
r WE WP4

*—RP4

v&%:

8-bit timer ?_—_b_l_t_t_l[‘\:\_e_l:"_"". _______
input bus i Counter clock input

i Counter reset input

WP4D: Write to PADDR
WP4:  Write to port 4
RP4: Read port 4
n=0,23,5

Note: When HSCE = 1, CS is internally fixed to 0.

Figure C.4 (a) Port 4 Block Diagram (Pins P4 P4,, P4, P4)
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R 5 o
[ Rl IE] |8
P4,DDR =
£
WP4D
n n L Re\SEt
[ O "HIDEZ7B318TEL6 -
" ~ : Q D 8-bit timer
. P4,DR Free-running timer
C‘: ;
WP4 :
— Output enable
+— 8-bit timer output
(E@ i Output compare
[ WE output
I/ >
; |
,\F@fm:m
[> |
WPA4D: Write to PADDR
WP4:  Write to port 4
RP4: Read port 4
n=1,4,6,7
Note: When HSCE = 1, CS is internally fixed to 0.
Figure C.4 (b) Port 4 Block Diagram (Pins P4 P4,, P4, P4)
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Ud"H

D6473318TF16"]

A

0d

P50

A
~

Q
P5,DDR

D

WP5D

Internal data bu

Output enable

Serial transmit

v

o

J—Cﬁ RP5

N
|

WPSD:  Write to PSDDR

WP5:
RPS5:

Write to port 5
Read port 5

data

Figure C.5 (a) Port 5 Block Diagram (Pin P9

RENESAS
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SCl
+— Input enable
Re‘set
P5 Q RD
0 0 "HD6473818TF16' O [ P5:DR
c
I
WPS
J—Cﬁ-— RP5
IS
L~ L~
» Serial receive
. : data
WP5D: Write to PSDDR
WP5:  Write to port 5
RP5: Read port 5
Figure C.5 (b) Port 5 Block Diagram (Pin P9
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‘—’—" —_—
WP5D SClI
Clock input
Reset enable
|
3 o RD
0 0 "HD6473 » P5,DR
¥

WP5

Clock output
enable

Clock output

J—Cﬁ»— RP5
N
|

WP5D:  Write to PSDDR
WP5:  Write to port 5
RP5: Read port 5

» Clock input

Figure C.5 (c) Port 5 Block Diagram (Pin PH
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DDII

Internal data bus

Free-running timer

: Input capture input

|
R
Q D
P6,DDR
&
WP6D
HD6473318TF16"[] [ [
Re‘set
R
P6 g Q D
n ~J P6,DR
7
WP6
»
’\E@RPG
™S
L~ L
WP6D: Write to P6DDR ﬁﬁdMeEs 1and?2
WP6:  Write to port 6
RP6:  Read port 6 >
n=0,35 -

-

Counter clock input

8-bit timer input bus

540

Figure C.6 (a) Port 6 Block Diagram (Pins P§ P6;, P&)
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| =
WP6D £
RLTset
R
n P m D
0 O "HDe4733I8TFI6"SI0 O — P6,DR o
C Free-running timer
WP6 :
— Output enable
. Output compare
: output
>
RP6
N
L~ L~
WPED: Write to P6DDR
WP6:  Write to port 6
RP6: Read port 6

Figure C.6 (b) Port 6 Block Diagram (Pin P§
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DDII

Inte

|
WP6D

Re‘zset

Q
P6,DR

P6,

HD

473318TF16™ O O

WP6

A4

RP6

N
L~

WP6D: Write to P6DDR

WP6:
RP6:

Write to port 6
Read port 6

Free-running timer

»|nput capture

input

542

Figure C.6 (c) Port 6 Block Diagram (Pin P§
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8-bit timer

Output enable

8-bit timer output

| =
WP6D £
Reset
n m ' Q D
O 0O "HDe473318TF16"™ND O b P6,DR
ﬂ? :
Modes 1 and 2
C_FopPME wP6
J—@ RP6
N
L~ L~

Free-running timer

“» Input capture

WP6D: Write to P6DDR
WP6:  Write to port 6
RP6: Read port 6

input

Figure C.6 (d) Port 6 Block Diagram (Pin P§)
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W|56D ?‘:.’.
£
Re‘set
R
Di
0 0 "HDBA7B318TFI6YT O - P6:DR o
c Free-running timer
WP6 |
Output enable

Output compare
output

\ 4

J—Cﬁ RP6
DPME
’\EG: Modes 1 and 2
8-bit timer input bus
(TMRIy)

WP6D: Write to P6DDR » IRQ6 input

WP6:  Write to port 6 IRQ enable register

RP6: Read port 6 prTTT e
— |RQ6 enable

\V4
\

\ 4

\

Figure C.6 (e) Port 6 Block Diagram (Pin P§
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Interr

|
WP6D

Re‘set
R
0 0 "HD643B18TF16 boor | ||
C 8bittimer
Modes 1 and ZWPG :
G DPME Output enable

8-bit timer output

J—CFQL RP6
N
| L~
WP6D: Write to PEDDR > IRQ7 input
WP6:  Write to port 6 IRQ enable register
RP6: Read port 6 TTTTTTTmmmmmsmmmmmeeees
IRQ7 enable

Figure C.6 (f) Port 6 Block Diagram (Pin P6)

545

RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

RP7

N § R
Elfoon ©

Internal data bu

A/D converter

0 0 "HD64733181

» Analog input

RP7: Read port 7
n=0to7

Figure C.7 Port 7 Block Diagram (Pins Pgto P7,)
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P8,DDR E
C s
T ©
WP8D °
0 O "HD6473318TF16" [ [[J g
Re‘set £
P | R
P8, D
~ QPSnDR
¢
WP8

’\[@RP8
™S
L L
» Register

. ¢ select
WP8D: Write to PBDDR ¢ input
WPS8:  Write to port 8 '
RP8: Read port 8

n=0to2

Figure C.8 (a) Port 8 Block Diagram (Pins Pgto P8,

547
RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

W|58D §
£
| - i WRQ output enable
7 WRQ signal
0 O "HDBAT3318Tk16" VoTel 1 d27
S ~N - odes 2an “ RDY signal
Reset
R :
Di
P8sDR
C
(077, WP8
I/ L
(@.7 RP8

\

>

WP8D: Write to PSDDR
WP8:  Write to port 8
RP8: Read port 8

Figure C.8 (b) Port 8 Block Diagram (Pin P§)
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0 O "HDBAY3318TF16

0
WP8D

Interne

R(T.set

R
Q D
» P8,DR

WP8

Output enable

Serial transmit data

v

J—Cﬁ»— RPS

W4

WP8D: Write to PBDDR
WP8:  Write to port 8
RP8: Read port 8

IRQ3 input
IRQ enable register

IRQ3 enable

DPME
’\EG: Modes 1 and 2

L

PBI input bus (WE)

Figure C.8 (c) Port 8 Block Diagram (Pin Pg
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T
[e0)
(3]
O
o
B
Int

N~
¢ SCI
wp8D | | T
Input enable
Reset :
0 0 "HP6443318TF161[1 U [ =
P85 ' Q D
N P8sDR
¥
WP8

’J—CﬁRps

™~
L L~
Serial receive
data
°l> ) IRQ4 input
IRQ enable register
IRQ4 enable

WP8D: Write to PBDDR
WP8:  Write to port 8
RP8: Read port 8

Figure C.8 (d) Port 8 Block Diagram (Pin P§
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< P8;DDR £
¢ SCI
WP8D jrTTT s
Clock input enable
R(‘eset :
0 0 "HD8443318TF16"[] I [ R
P8 l Q D
6 ~ P8¢DR
;
WP8 :
— Clock output enable
Clock output
>
J@»*RPB
™S
L L
Clock input
Ol> ) IRQ5 input
1RQ enable register
IRQ5 enable
WP8D: Write to P8DDR DPME
WP8:  Write to port 8 ’\[G: Modes 1 and 2
RP8: Read port 8 . —
e » | PBl input bus (OE)
Figure C.8 (e) Port 8 Block Diagram (Pin P§
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R
Di
P9yDDR ,
c 3
WP9D g
0O 0 "HD6473318TF16"] O O E
Re‘set g
1 ‘ Rl
o< 300
¢
WP9
’J—@RPQ
> >

A/D converter

External trigger
input

Y4
)

» IRQ2 input

IRQ enable register

WP9D: Write to PODDR :
WP9:  Write to port 9 e
RP9:  Read port 9

Figure C.9 (a) Port 9 Block Diagram (Pin P§)
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Q
WP9D g
©
E
R(?set g

n - £~ — * D

0 0 "HD6478318TF16" 0K 0 30,08

¢
WP9
’\[@Rpg
> >

)

O|> IRQL input

IRQ enable register

WPID: Write to PODDR IRQ1 enable

WP9:  Write to port 9
RP9: Read port 9

DPME
’J—<:|: Modes 1 and 2

> » | PBI input bus (CS)

Figure C.9 (b) Port 9 Block Diagram (Pin P9
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Q
WP9D g
o
g
Reset g
0 0 "HD64733] 0 1 Bo,08
;i
WP9
’\[@ RPY
> >

Y4
)

IRQO input

IRQ enable register

WP9D: Write to PODDR IRQO enable

WP9:  Write to port 9
RP9: Read port 9

Figure C.9 (c) Port 9 Block Diagram (Pin P9
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‘ v::(j T nescet <
\ E R ©
AN Q D! E
P9,DDR z
c 15
\ 5
WP9D
0 0 "HD6473318TF16"[] 0 [ ~ Mode3 Reset
|
R
P9 d Q D
" ~ <:(g P9,DR
Modes 1 and 2 \C
oaes 1 an
WP9 RD output
WR output
’\[@%Rpg
™S
L L~
PBI
PBI
WPID: Write to PODDR II\/ input bus CE input
WP9:  Write to port 9 OE input
RP9:  Read port 9

n=3,4 L CLLEE TR

Figure C.9 (d) Port 9 Block Diagram (Pins P9 P9,)
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0 0 "HD6473318TF16"1 U U Reset

(

Internal date

POs \41 | R

Modes 1 and 2 ‘

N (Cl:prg

| |
WPOD: Write to P9DDR
WP9:  Write to port 9
RP9: Read port 9

Note: * NMOS open drain when DPME = 1 in mode 3.

0<] AS output
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Figure C.9 (e) Port 9 Block Diagram (Pin P9
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P9sDDR
C *

WP9D

Internal

0 0 "HD6473318TF16" U U

PY%

d
~

V3

™~
L~

WP9D: Write to P9DDR
WP9:  Write to port 9
RP9:  Read port 9

Note: * Set priority

Figure C.9 (f) Port 9 Block Diagram (Pin P9)
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DDII

HD6473318TF16"L] U [

Modes 1 and 2

R(‘eset

Q D
P9,DDR

Internal data bus

I
WP9D
Rt‘eset

Q D

P9, \/II

P9;DR

WP9

V4

WP9D: Write to PODDR
WP9:  Write to port 9
RP9:  Read port 9

WAIT input

g@RPg
ol>

4|\/

m PBI input bus —

Figure C.9 (g) Port 9 Block Diagram (Pin P9

558

RENESAS


http://www.dzsc.com/stock_HD6/HD6473318TF16.html

Table D.1 Port States

Hardware Software Program
Pin Name Mode Reset Standby Mode Standby Mode Sleep Mode Execution Mode
00 "HB8®BleTFe' 00l 7 . ke AjtoA,
A, t0 A, 2 T (DDR = 1) L/keep Address output
TP, to TP, (DDR = 0) keep or input port
3 keep 1/0 port
P2, to P2, 1 L T L keep** A, to A,
A to Ay 2 T (DDR =1) L/keep Address output
TP, to TP, (DDR = 0) keep or input port
3 keep 1/0 port
P3,toP3, 1 T T T T D, to D,
D, to D, 2
DDB, to DDB,, 3 keep keep 1/0 port
P4, to P4, 1 T T keep*? keep I/O port
2
3
P5, to P5, 1 T T keep*? keep I/O port
2
3
P6, to P6, 1 T T keep*? keep I/O port
2
3
P7,to P7, 1 T T T T Input port
2
3
P8, to P8, 1 T T keep*? keep I/O port
2
3

RENESAS
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3 keep keep 1/0 port
P9./a Clock T H Clock output Clock output
Eﬁ.&ﬂ
0 0 "HD6473318T
(DDR=1)H Clock output Clock output
(DDR=0) T (DDR =1) or (DDR =1)or
T (DDR =0) input port
(DDR =0)
P9,to P9, 1 H T H H AS, WR, RD
AS,WR,RD 2
3 T keep keep 1/0 port
P9, to P9, 1 T T keep keep 1/0 port
2
3
Legend
H: High
L: Low
T: High-impedance state

keep: Input pins are in the high-impedance state (with input pull-up on if PCR = 1) ; output pins
maintain their previous state.

Notes: 1. Address output pins hold the last address accessed.

2. On-chip supporting modules are initialized, so these pins revert to I/O ports controlled
by their DDR and DR bits.
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e Al

(1) To retain RAM contents when the RAME bit in SYSCR is cleared to 0, drivREResignal
low 10 system clock cycles before $8i€BY signal goes low, as shown beloRES must
remain low untilSTBY goes low (minimum delay frol8TBY low toRES high: 0 ns).

O O "HD6473318TF16"1 [1 [

STBY

|

Y
m
(@]

(2) When the RAME bit in SYSCR is set to 1 or when it is not necessary to retain RAM cor
RES does not have to be driven low as in (1).

Timing of Recovery From Hardware Standby Mode:Drive theRES signal low approximately
100 ns befor8§ TBY goes high.

STBY
t=>100 ns tosc

0
m
w
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Fackage (nitacnl

Product Type Product Code Mark Code Package Code)
H8/3318  ZTAT version HD6473318CG16 HD6473318CG16 84-pin windowed LCC
(CG-84)
" " HD6473318CP16 HD6473318CP16 84-pin PLCC
0 0 "HD6473318TF16"0 0 O (CP-84)
HD6473318F16 HD6473318F16 80-pin QFP
(FP-80A)
HD6473318TF16 HD6473318TF16 80-pin TQFP
(TFP-80C)
Mask ROM HD6433318CP HD6433318(*** )CP  84-pin PLCC
version (CP-84)
HD6433318F HD6433318(*** )F 80-pin QFP
(FP-80A)
HD6433318TF HD6433318(*** )TF  80-pin TQFP
(TFP-80C)

Note: (*** ) in mask ROM version is the ROM code.
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dimensions of the CE-84 package

17.2+0.3 Unit: mm
0 0 "HD6473318TF1
61
™
=}
+
N
N~ v
— I
) [
*0.32 £ 0.08
0.30 £ 0.06 Plo1z 3 ol
o)
0.83 ° S 2% 16,
o ™ N~ (0
bniba:
L1 Gt L
no 7 00 - 80
3 08+03 |
b
© Hitachi Code FP-80A
JEDEC —
*Dimension including the plating thickness EIAJ Conforms
Base material dimension Weight (reference value)| 1.2 g

Figure G.1 Package Dimensions (FP-80A)
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o~ =
S = %.,=M
+ E o
o =
3
0 O "HD6473318TF16" [ [ =
80 =21
A
1 20
*0.22 + 0.05 s 8|13
0202004~ 1#10.10 W) = S|o
1.25 8 & e 1.0 ..
| o o
L L AN - - _ko. o O N 8
SAAAAAAAAAAAAAAAAAAAE ., L | © Y G AAAAAAAAAAAAAA hY
S 05+0.1 || ;
—|=]o.10] o
+ Hitachi Code TFP-80C
3 JEDEC —
*Dimension including the plating thickness =} EIAJ Conforms
Base material dimension Weight (reference value)| 0.4 g
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Figure G.2

Package Dimensions (TFP-80C)
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30.23:31%

[]29.28

L .. |
75E 153
L 1]
0 0 "HD6473318THL6" "] 1 I o
i i
= :
Bl 1 ;
N
g 4 i
0 1]
O i
O i
O i
0 1]
: :
110 f33
o
12 2 3
+
0.75 1.94 S
<
/]

*0.42 +0.10 1.27
D10.20 (3550708~ T

*Dimension including the plating thickness
Base material dimension

Hitachi Code CP-84
JEDEC Conforms
EIAJ Conforms
Weight (reference value)| 6.4 g

Figure G.3 Package Dimensions (CP-84)
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x
]
=
o ™
=}
<
0 O "HD6473318TF 16" iR
32
= 33
=
- [92]
2 ©
2 o
253
Hitachi Code CG-84
1.27 JEDEC —
‘ EIAJ —
Weight (reference value)| 8.96 g

Figure G.4 Package Dimensions (CG-84)
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