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CMOS LSt

No.2577B / LC6538D

SINGLE-CHIP 4-BIT MICROCOMPUTER FOR
LARGE-SCALE CONTROL-ORIENTED APPLICATIONS
{with FLT Controlier/ Drivers, Comparator, PWM Output, 8K Byte-ROM)

The LC6538D is a single-chip 4-bit microcomputer placed in a 64-pin package. It contains a high-speed CPU
{minimum cycle time: 0.92us) which is the heart of the LC6538D, an 8K-byte ROM, a 448-word RAM, an
automatic FLT display controller/drivers, a dual 8-bit serial |/0 port, an B-bit timer, an interval timer capable of
delivering 14-bit PWM output signal or 8-bit + 6-bit PWM output signal, a 14-bit time-keeping time base timer
which can be also used as an event counter or watchdog timer, a 4-channel comparator input port, a horizontal
sync detection counter, and provides 8 interrupt sources with 4 vector addresses. The LC6358D has 2 crystal
oscillators (4.19MHz and 32.768kHz) which make it possible to select either clock signal for system clock or
time-keeping as required and also make it possible to use either clock signal to continue time-keeping in the
standby mode. The LCB538D is especially suited for use in VCR, CD, ECR applications. In particular, the
LC6538D is so designed as to facilitate processing of the time-keeping/timer function, voltage/frecuency
synthesizer tuner control, remote control signal reception, tape counter, etc. on a single chip. Since the FLT
display controller has the static output mode and structure capable of being also used as a general-purpose
output port, the LC6538D is also especially suited for use in VCR, CD system/servo controller applications.

Features
- & 78 instructions ;

¢ On-chip 8192-byte ROM, 448x4-bit RAM {B64x4 bits of the 448x4-bit RAM are used both for data memory
and display, KEY Return Data memory.}

®* Minimum instruction cycle time: 0.92us {4.33MHz, Vpp = 4.5V)

61us (32.768kHz, Vpp = 2.7V}

* Power-down function available when a system clock signal is selected {program-selectable)
* When 4.19MHz clock signal is selected: 0.95us, 1.9us, 30.6us
® When 32.768kHz clock signal is selected: 61us

* \Working register/flag function
® (16 flags + 8 working registers) x 4 banks

® Stack level: 16 levels

® |/0 port: 55 pins in all

® |nput-only port 4 pins ([common with comparator input)
® [nput/output common port 27 pins (high-current port for LED drive: 8 pins)
s Qutput-only port 24 pins {FLT direct drive capability, high-current output for digits: 16 pins}

* On-chip FLT display controlier
¢ Number of segments; 81012 Program-selectable

® Number of digits: 16t0 8 Program-selectable
® On-chip automatic KEY Return Data input function
® 4x15-bit

® Timer; 3 channels
® 6-bit prescaler + B8-bit programmable timer
® Interval timer: Commeon with PWM DAC, capable of freauency division for melody generation
® Time-keeping time base timer: On-chip 14-stage frequency divider
* PWM DAC output: Common with Timer 1 {Interval Timer)
& B-bit PWM DAC + 8-bit PWM DAC or 14-bit PWM DAC
¢ Serial input/output interface (LSB first)
& B-bit input/output x 2 channels or 16-bit input/output x 1 channel
® Interrupt function: 8 sources, 4 vector addresses

* External intefrupt 2 lines
® Timer interrupt 3 lines
e Serial 1/0Q interrupt 2 lines
* Digit interrupt 1 line

* On-chip comparater for AFC signal detection_(4 channels)
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LC6538D

®* Main clock: 4.19MHz crystal OSC or 4.0MHz ceramic resonator OSC
® Subclock: 32.768kHz crystal OSC

Standby function: 2 modes of HALT and HOLD
Supply voltage: 2.7 to 6.0V
Package: DIP-64S

Evatuation LSl: LC6593 {evaluation chip} + EVABD0-TB6523 {evaluation chip board)

LC65PG38D (piggyback)
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Development Support Tools

The follwoing tools are provided to support the program development for the LC6538D microcomputer.

{1} User's Manual
"LCBb38D User's Manual” (Issued in February, 1988)

(2) Developement Tool Manual
This contains the basic information on the EVA-800. For more detailed information on the LC6538D, refer to

the description of Developement Support Tools in "LC6538D User’s Manual”.
(3) Development Tools
(D For program development {Note 1)
i. MS-DOS-based host systern and cross-assembler-
ii. Crossassembler ... MS-DOS bhase cross assembler: (LC85S.EXE)
@ For program evaluation

i.  Evaluation chip : LC6593
ii. Piggyback microcomputer: LC65PG38D _
iii. Emulator . The EVA-800 controller board and evaluation chip board, or the EVA-850

emulator and evaluation chip board

Appearance of Development Support System

» Host processer control program
¢ | C85S8.EXE cross assembler

EVA-800 or EPROM

EVA-850 2764, 27128
emulator

Evaluation chip board ‘%

EVAB00-TB6538

Piggyback
LC65PG38D

User's application board

{Note 1) MS-DOS: Trademark of MicroSoft Corporation

(Note 2)  The EVA-800, EVA-B50 is a general term for emislator. A $uffix (A, B, --)-is added at the' énd of EVA-800g
EVA-850 as the: EVA-800, EVA-850 is improved to be a newer version.’Do not use the EVA-800, EVA-850
with no suffix added.
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Pin Assignment

0 08C1, 0SC2 : Crystal or ceramic resonator QSC circuit for main OSC
/510 [0 [62] Trass9 X1, X2 . Crystal OSC circuit for sub-05C
Tiz/s [2] [63] Tis/58 PAQ.3 : Input/output common port  Ag_3, +15Y breakdown voltage
™ E E Vp PBg.3 . Reference voltage variable input-only port Bp.3
T10 E [61] 57 PCo.3 . Input/output common port  Cg_3, +15V breakdown voltage
T3 3] 6] s6 PDg.3 ¢ Input/output common port  Dg.3, 415V breakdown voltage
Te [5] 5] s5 PEQ.2 : Input/output common port  Eg_, PE|2 only has +15V breakdown
vaoltage.
7 ] 58] 54 PFg.3 : Input/output common port ~ Fg_3, +15V breakdown voltage
Té E E 53 PGp.3 ¢ Input/output common port  Gg.3, +15V breakdown voltage
T5 (9 [55] 52 PHp.3 "; Input/output common port Hp.3. +15V breakdown voltage
T4 [io [55] s TO-T11 : QOutput port for digit only
T3 m E S0 T12/511-T15/88 : Qutput port for both digit/segment } P-channel high-voltage output
T2 E '5_—3, PH3/HGNT 50-57 . Qutput port for ;egment only _
. E E PH2/S0R \F;’_ES_ : :ower supply pin for P-channel high-voltage output port
i . Reset
TO [51] PHI/DATT TEST . Test
Voo 5} PHo/DACE VpD. Vss : Power supply pin
05C1 |_06538D E F‘GS/W v . C H P
REFO : Comparator O reference voltage input pin
0sC?2 E PG2/SCK1 VREF1 : Comparator 1 reference voltage input pin
Do S e
. B-bi -bit serial input por
TEE.T_ 6] PGo/sIt 500 : B-bit/16-bit serial ouF;put port
RES 23 PFwE SCKO . Input/output for serial ctock O
X1 [47] PF2/5CKD INTO ¢ Interrupt O reques! input
X2 [43] PF1/s00 si : B-bit serial input port
PCo E PF0/S10 S01 . B-bit serial cutput port
PC 21 PE2/START SCK1 ; lnput/output for serial clock 1
INT1 ; Interrupt 1 request input
PG: 40| PE1/VREFT DACD : B-bit PWM output
P 35| PEo/Vrees DACT © 6-bit/14-bit PWM output
PCo 8] P82 SQR : Burst pulse output
PD1 37| PB: HCNT . Horizontal sync detection input
PD2 36| PB1
PD3 35] PBo
PAg (3] Pa: .
PAI 53] Paz Package Dimensions 3071-D64IC
{ unit: mm)
DIP 645 -
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Pin Description PU: Qutput with pull-up MOS

OD: Open drain output

Pin Name | Pins | 1/0 Functions Output Option During
Driver Reset
VDb 1 — | Power supply pin — — —
Vgg 1 —
TEST 1 I ] LSl test pin. Must be connected to Vgs. — — —
RE 1 | System reset input — — —
Initial reset at RES=L
asc1 1 b Pin used for main system clock OSC — —_ —
0SC2 1 o For the external clock mode, the OSC2 is
made open and the external clock is applied
to the OSC1.
With feedback resistance
X1 1 | Pin used for sub-clock OSC — — —
X2 1 0 For the external clock mode, the X2 is made
open and the external clock is applied to the
X1.
With feedback resistance, damping resistance
TO to T11 12 C | Output for FLT digit only Pch high Presence or L
Outputs a fixed address in the display RAM at breakdown absence of pull-
the static mode. voltage down resistance
High-current |{in bit units)
type
T12/811 4 C | Output for FLT digit/segment Pch high Presence or L
to T16/58 Cutputs a fixed address in the display RAM at breakdown absence of pull-
the static mode. voltage down resistance
High-current  |{in bit units)
type
50 to 57 8 O | Output for FLT segment only Pch high Presence or L
Outputs a fixed address in the display RAM at breakdown absence of pull-
the static mode. voltage down resistance
Medium- {in bit units)
current type
Vp 1 Power supply pin for FLT output pull-down -— — —
resistance
PAQ to PA3 4 170 | 4-bit and single-bit input/output +15v PU or OD to be H
The input is of low threshold type for key scan breakdown specified in bit
and has the function to automatically fetch the voltage units
key scan data into the RAM. Medium-
current type
PBp to PB3 4 | With 4-channel independint comparator — — Input
Internal/external reference voltage selectable function
4-bit/single-bit input stop
The input function stops at the low-speed
mode {1/32 mode, sub-clock mode).
PCoto PC3 4 170 } 4-bit and single-bit input/output +15V oPUor ODto [H/L {option
breakdown be specified
voltage in hit units
High-current {+ Cutput at the
type reset mode
PDg to PD3 4 170 | 4-bit and single-bit input/output +15V *PUorODto ([H/L (obtion)
breakdown be specified
voltage in bit units
High-current | ® Qutput at the
type reset mode

Continued on next page.
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Continued from proceding page.

PH2/SQR  Common with burst pulse output
PH3/HCNT Common with horizontal sync
detection input

Pin Name | Pins| 1/0 Functions Output Option During
Driver Reset
PEg to PE2 3 1/0 | 3-bit and single-bit input/output PE2 only: PU or OD to be H
PEQ/VREFO Common with external reference| 415V specified in bit
voltage input of PB1.3 breakdown units
PE1/VREF1 Common with external reference|voltage
voltage input of PBg Other pins:
PE3/START Common with HALT mode Normal voltage
control START Medium-
current type
PFg to PFg 4 |70 | 4-bit and single-bit input/output +16V PU or OD to be H
PFo/SI0  Common with serial input SIO hreakdown specified in bit
PF1/800 Common with serial output SO0 | voltage units
PF2/5CKO Common with serial clock Medium-
input/output SCKO current type
PF3/INTO  Common with INTO interrupt input
PGgp to PG3 4 /0 | 4-bit and single-bit input/output +15v PU or OD to be H
PGp/ S Commeon with serial input SI1 breakdown specified in bit
PG1/801 Common with serial output SO1 voltage units
PG2/5CK1 Common with serial clock Medium-
input/output SCK1 current type
PG3/INTT Common with INTT interrupt input
PHQ to PH3 4 170 | 4-bit and single-bit input/output +16V PU or OD to be H
PHo/DACO Common with 6-bit PWM D/A | breakdown specified in bit
output voltage units
PH1/DAC1 Common with 8/14-bit PWM Medium-
D/A ocutput current type
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User Options

1) Option of ports C, D Output Level at the Reset Mode,
For input/output common ports C, D, either of the following two output levels may be selected in a group of 4
bits during reset by option. :

Option Name Conditions, etc.

1. Output at the reset mode:

“H” level All of 4 bits of ports C, D

2. Qutput at the reset mode:

L level All of 4 bits of ports C, D

2) Option of Port Output Configuration
For each input/output common port, either of the following two output configurations may be selected by
option {in bit units).

Option Name Circuit Conditions, etc.
1. Open drain cutput Ports A, C,D,E, F, G, H

TO~TN, T12/511~T16/58, 50~S57

2. Output with pull-up Ports A,C, D, E, F, G, H
resistance

3. Quiput with’ TO~TH1, T12/S11~T15/58, S0~37
pull-down
resistance =
RD
Vp

3) Watchdog Reset Option
The presence or absence of the time base timer-used watchdog reset function may be selected by option.

Option Name Conditions, etc.

1. With watchdog reset function Programming must be made so that the time base interrupt
request flag is reset within a certain period of time not to cause
the watchdog reset to be performed as long as no runaway occurs.

2. Without watchdog reset function —
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LC6538D Electrical Characteristics

1. Absolute Maximum Ratings at T3=25°C, Vgg=0V

Parameter Symbol Applicable Pins, Remarks Conditions Limits Unit
Maximum Supply Vpp max vVpp —0.3t0 +7.0 v
Voltage
Output Voltage Vpll) X2,08C2 Allowable up to v

voitage generated
Vol2) Toto T17, Vpp—45 to v
T12/811 10 Vpp+0.3
T15/58, 5010 57
Input Voltage V(1) X1, 0s8C1 Allowable up to Y
voltage generated
Vi(2) TEST, RES, PBO —0.3to Vpp+0.3 A
to 3, OSC1, X1 at
external clock
mode
Vi{3} Vp Vpp—45 to A
Vpp+0.3
Input/Qutput Veltage VipiT) Ports At open drain —0.31t0 +15 Y
ACDE2FGH output option
Vipi2) Ports EQ,E1 —0.3to Vpp+0.3 v
Ports At pull-up MOS- —0.3to Vpp+0.3 v
ACDE2FGH provided output
option
Peak Qutput Current lop(1) Ports AE.F.G,H 21010 mA
Iop(2) Ports C,.D —2to 30 mA
iop(3) TOto T11, —30t0 0 mA
T12/811 to
T15/58
lqp(4) SQto 57 —10to O mA
Average Qutput Current lpall) Ports A,EF.G.H Per pin -2t 10 mA
Average over the
period of 100 msec.
loal2) Ports C,D Per pin —2 10 30 mA
Average cver the
period of 100 msec.
loal3) TOte T11, Per pin —30t0 0 mA
T12/811 to Average over the
T15/58 period of 100 msec.
loald) 50 to 87 Per pin =101t 0 mA
Average over the
period of 100 msec,
Zlpall) Ports AE Total current of all —14 to 20 mA
applicable pins
Average over the
period of
100msec.
Ilpal2) Ports F.G.H Total current of all —24 to 60 mA
applicable pins
Average over the
pericd of
100msec.
Zlpal3) Ports C,D Total current of all —161to0 80 mA
applicable pins
Average over the
period of
100msec.
Slpald) TOto T11, Total current of all —100toc O mA
T12/811 1o applicable pins
T15/58, SOto 57 Average over the
period of
100msec.
Altowable Power Pd max DIP64S Ta=—30to 600 mw
Dissipation +70°C
QOperating Temperature Topr —30t0 +70 °C
Storage Temperature Tstg —b51t0 +1256 °C
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2. Allowable Operating Conditions at Ta=—30 to +70°C, Vgs=0V

Applicable Pins, . Limits
Parameter Symbol Flglgl.arks Conditions VpplV] min typ max  |Unit
Operating Supply Vpp(1} Vpp 0.92us=Teye — 45 8.0 V
Voltage <1.9us
{Including supply Vppl2) VDD 1.9us=Tcyc =6us — 4.0 6.0| V
voltage at standby
mode)
Vpp(3! VDD Bus<Tcyc =67us — 30 60| V
Vpp(4) Vpp 4.19MHz OSC stop, — 2.7 6.0 V
32kHz OSC
operating
Memory Retention vVsT Vpp At operation — 18 60| V
Supply Voltage completely stopped
mode (HOLD mode)
“H"-Level Input VIHi1) Port A of OD type | Output Nch Tr OFF | 3.0 to 6.0 1.90 13.5| Vv
Voltage VIH(2) Port A of PU type | Output Nch Tr OFF {3.0t0 6.0 1.90 VoD
v
VIRI3) Ports C, D of OD | Output Nch Tr OFF |4.5t0 6.0 | 0.70Vpp 135| V
type 30t0 6.0 0.75VpD 13.5| V
ViH(4) Ports C, D of PU Qutput Nch Tr OFF |4.5t0 6.0 | 0.70VpD Vppl V
type 3.0t06.0| 0.756Vpp Vop| V
Vin(5} Ports E2, F to H of | Qutput Nch Tr OFF (4510 6.0 | 0.75Vpp 13.5| V
0D type - [3.01t06.0| 0.80Vpp 136| V
VIH(6) Ports E2, F to H of | Qutput Nch Tr OFF [4.5t0 6.0 | 0.75Vpp Vppl V
PU type 3.0t0 6.0 | 0.80Vpp Vop| V
VIH(7) Ports EO, E1 Output Nch Tr OFF |4.5t0 6.0 | 0.75Vpp Vopl V
3.0t06.0| 0.80Vpp Vpp| V
VIH(8) Port B At internal 4.0t 6.0| 0.65Vpp vppl| Vv
: reference voltage
mode
VIH(9) 0sc1, X1 Fig. 5, Fig. 6 4510 6.0| 0.70Vpp Vpp!| Vv
3.010 6.0 0.80Vpp Vppl| V
VIiH(10) RES Fig. 7 4.510 6.0| 0.75Vpp Vop| V
1.810 6.0 | 0.80Vpp Vopl| V
“L"-Level Input Vi Port A Qutput Nch Tr OFF |4.5 10 6.0 Vss 05| Vv
Voltage 3.01t0 6.0 Vgg 035 V
V)L(2) Ports C, D Output Nch Tr OFF |4.5 to 6.0 Vss 0.30Vpp| V
30t06.0 Vsg 0.25Vpp| V
VILi3) Ports E, F, G, H Qutput Nch Tr OFF |4.5to 6.0 Vgsg 0.25Vpp| V
3.01t06.0 Vsgs 0.20Vpp| V
ViLi4} Port B At internal 4010 6.0 Vgg 0.35Vpp| V
reference voltage
mode
V|L(5} RES Fig. 7 4510 6.0 Vgs 0.25Vpp| V
1.8106.0 Vgg 0.20Vpp| V
VL(6) 0sc1,. x1 Fig. 5, Fig. & 4510 6.0 Vsgg 0.30vpp| V
3.0t0 6.0 Vgs 0.20Vpp| V
VIL7} TEST 4.5106.0 Vsgs 0.30Vpp| V
3.0t06.0 Vgg 0.25Vpp| V
Common-Mode Input | Vemm Port B Offset voltage 451060 | Vgg+1.0 Vpp—1.5| V
Voltage Range =VOFs
Instruction Cycle Time | Tcyc {Note 1) {Note 1) 0.92 67| us
Main Clock OSC fosc 0SC1, 0SC2 Crystal, ceramic 30te60 35 419 4.2(MHz
Frequency Range resonator OSC
{Note 1) Fig. 1
Main Clock Input fEosc 0sC1 External clock 3.0t 6.0 2.0 4.33(MHz
Frequency Range {Note 1) Fig. &
Main Clock Input tWOSCH | 05C1 External clock 3.0t0 6.0 100 ns
"H"-Level Pulse Width Fig. 6 :
Main Clock Input twoscL | 0SC1 External clock 3.01t0 6.0 100 ns
"L"-Level Pulse Width Fig. 5
Main Clock Rise Time | tosCcR 0sC1 External clock 3.0t0 6.0 30| ns
Fig. &

Continued on next page.
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Continued from proceding page.

Parameter Symbol ;\_ppllcable Conditions - Limits .
ins, Remarks VpDIV] min typ max |Unit
Main Clock Fall Time | tosCF 0sC1 External clock 3.0t06.0 30| ns
Fig. 5
Main Clock OSC CO1, CO2 Fig. 1 3.0t 6.0 Refer to Table 1. —
Constant
Sub-clock OSC - fx X1, X2 Crystal OSC 2710 6.0 . 30| 327768 35| kHz
Freguency Range Fig. 2
Sub-clock Input fEx X1 External clock 2.7t0 6.0 30 35| kHz
Frequency Range Fig. 6
Sub-clock Input TAXH X1 External clock 271060 6 34| us
“H"-Level Pulse Width Fig. 8
Sub-clock Input haXL X1 External clock 2.7106.0 6 34| ws
“L"-Level Pulse Width Fig. 6
Sub-clock Input Rise | txR X1 External clock 2.71t086.0 0.2] us
Time Fig. 6
Sub-clock Input Fall tXF X1 External clock 2.7t0 6.0 0.2 us
Time Fig. 6
Sub-clock OSC CX1, CX2 Fig. 2 2.7t0 6.0 Refer to Table 2. —
Constant
(Note 1)  Since the freauency also depends on the supply voltage and operating cycle time, both must be

referred to.
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3. Electrical Characteristics at T, = —30 to +70°C, Vgg = OV

Applicable Limits
Parameter Symbol Piﬁ';, Remarks Conditions VoplV] in tvp max_TUnit
"H"-Level Input TSIRM Poris A, C, D, E2, | Output Nch Tr OFF [ 2.7 to 6.0 5.0 uA
Current Fto H of OD {Including Nch Tr
type OFF leakage
current)
VIN=7+13.5V
iH(2) Ports EQ, E1 Output Nch Tr OFF | 2.7 10 6.0 1.0] pA
{Including Neh Tr .
OFF leakage
current)
_ VINEVDD
Port B, RES VIN=VDD
TRED 05C1, X1 VIN=VDD 2710 6.0 10| pA
“L"-Level Input LR Ports A, C to H of | Output Nch Tr OFF [ 2.7 to0 6.0 —1.0 LA
Current 0D type VIN=VSS
Port B ViN=Vss 2710 6.0 —1.0 HA
hL(2) Ports A, C to H of | Output Nch Tr OFF [ 2.7 10 6.0 —1.3 —0.35 mA |
PU type VIN=Vss
i3y 0Ssc1, X1 VIN=Vsg 2.71086.0 =10 A
I (4} RES VIN=Vssg 27106.0 —60 —25 MA
“H”-Level Output VoHi1) Ports A, C to H of | IgH=--50uA 4010 6.0|Vpp—1.2 v
Voltage PU type
VOoHi2} Ports A, Cto H of | IgH=—10uA 30t 6.0(Vpp—0.5 \'
PU type 3
VoH(3} TOto T11, lpH=—20mA 40t0 6.0 1Vpp—1.8 v
T12/511 10
T15/58
Vo Hi4} TOto TH1, loH=—1mA 30t 6.0 (Vpp—1.0 Y]
T12/511 to IgH in other ports
T15/58 is less than —1mA.
VoH(5) S0to §7 IoH==-5mA 4010 6.0 |Vpp—1.8 \
VoH(6) S0to 57 IgH=—TmA 30t06.0|Vpp—1.0 v
: IoH in other ports
‘ is less than —1mA.
“L"-Level Output VoL(1) Ports C, D IpL=20mA 40t0 6.0 1.5 V
Voltage
VoL(2) Ports C, D loL=2mA 3.0t0 6.0 05| v
oL in other ports is
less than 1TmA.
Vou(3) Ports A, Eto H loL=5mA 4010 6.0 1.5| V
VoLi4) Ports A, Eto H loL=TmA 3.0t0 6.0 05| Vv
loL in other ports is
less than TmA.
“L"-Level Cutput IoL TOto TI1, Qutput Pch Tr OFF 5.0 190 362 760 uA
Current T12/811 to Vour=3.0v
{Current flowing in T15/58, 50 to 57 | Vp=—3bV
pull-down resistor) of PD type
Output OFF-State IoFF(T) TOto T11, Output Pch Tr OFF |3.0t0 6.0 30| uA
Leakage Current T12/511 to Vout=vpD
T15/88, 50to S7
of OD type
10FF(2) TOto T11, Qutput Pch Tr OFF (3.0 to 6.0 —30 HA
T12/511 to Vout=Vpp—40v
' T15/88, SO to S7
of OD type
Resistance of Pull-up | RTpy Ports A, Cto H of 5.0 6 156 24| k)
MQOS Transistor PU type
Pull-up Resistance Ru RES 5.0 100 220 400] k)
Pull-down Resistance | Rd TGto T11, 5.0 50 105 200} k2
T12/811 to
T15/58, S0to §7
of PD type
Main Clock OSC tMXS 0SC1, 0SC2 4.19MHz crystal 30t06.0 30| ms
Stabilizing Period 0SC
IMCFS 05C1, 0sC2 4 0MHz ceramic 30t0 6.0 10| ms
resonator OSC

Continued on next page.
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Continued from proceding page.

Applicable s Limits
Parameter Symbol Pil:'lps, Remarks Conditions Vpp[V] min typ max  |Unit
Sub-clock OSC tgxsg X1, X2 32.768kHz crystal [2.7t0 6.0 10} s
Stabilizing Period 0SsC
Serial Clock |
Input Clock Cycle tckeyil) | SCKO, SCK1 Fig. 8 4510 6.0 1.6 s
Output Clock Cycie tckeyt2) | SCKO, SCK1 Fig. 8 ' 4510 6.0 1.84 us
tnput Clock “L’-Level | tckL(1) SCKO, 5CK1 Fig. 8 4510 6.0 0.7 us
Pulse width {Note 2)
Qutput Clock tokL(2) SCKO, 5CK1 Fig. 8 451t06.0 0.92 S
“L"-Level Pulse Width
Input Cloek “H™-Level | tcgp(1) | SCKO, SCKi Fig. 8 4510 6.0 07 us
Pulse Width (Note 2)
Output Clock tCKH(2) SCKO, SCK1 Fig. 8 451t06.0 0.92 us
“H”-Level Pulse Width
Input Clock Rise Time | tckp(1) SCKO, 5CK1 Fig. 8 4510 6.0 30 us
Output Clock Rise tcKR{2) SCKO, SCK1 Fig. 8 4510 6.0 0.1 ws
Time
Input Clock Fall Time | tckp(l) SCKO, SCK1 Fig. 8 4.5106.0 30| us
Output Clock Fall Time| tckFp(2) SCKQ, SCK1 Fig. 8 451060 0.1 us
Serial Input .
Data Setup Time ticK SIo, SI1 Specified for /of |45106.0 0.2 us
SCKO, SCK1
Fig. 8
Data Hold Time tCKI SI0, SI1 " 145106.0 0.2 LS
Serial Output_| .
Output Delay Time - | tCKO S00, 801 Specified from™_of| 4.5 to 6.0 05| us
SCKO, SCK1
External 1k}
1 External 50pF
Fig. 8
Hysteresis Voltage VHYS Ports E to H, RES 3.0to 8.0 0.1Vpp v
Comparator Response | TRg Port B At 100mV 4.5 to 6.0 50| us
Speed overdrive mode
Comparator [nput VOFs Port B VIN=1.0V to 4510 6.0 +20 100 mV
Offset Voltage Vpp—1.5V
VREF=1.0V to
Vpp—1.5V
Operating Current Iopopr{l) | VDD 4.19MHz x 1/1 4510 6.0 45 10| mA
Dissipation (Note 3) high-speed
operation mode
{Tcyc=0.95us)
32.768kHz sub-
clock oscillating
IppopPi2t| VbD 419MHzx 1/2 |4.0106.0 2.7 8 mA
high-speed
operation mode
{Tcyc=1.9us)
32.768kHz sub-
clock oscillating
Ippopri3dl | VDD 4.19MHz x 1/32 3.0 0,35 0.7 mA
low speed 6.0 1.5 3 mA
operation mode
(Tcyc=30.5us)
32.768kHz sub-
clock oscillating
Ippori4t| VDD 32.768kHz low- 27 0.035 0.12 mA
speed operation 6.0 04 1.2] maA
| mode
(Tcyc=61us)
4.19MHz main
clock stop.

{Note 2) When using the internal clock, Tewm and Tewe (pins SCKO and SCK1) have a minimum pulsewidth of 0.92 us. This
value Js, however, dependent on the pull-up resistor and may, in some cases, be less than the above rating. The
value of the pull-up resistance should be selected to ensure a minimum pulsewidth for Towy and Tew that is

greater than the rated 0.7 us. Continued on next page.
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Continued from preceding page.

Parameter Symbol Applicable Conditions - Limits -
Pins, Remarks VpplV] min typ max |Unit
Standby Current IppsT(!) | VoD 4.19MHz main 2.7 4 18| uA
Dissipation (Note 3) clock stop 6.0 120 300| pA

32.768BkHz sub-

clock oscillating

{HALT mode}

ibpsTi2) | VoD Complete standby i8 0.02 4] pA
{HOLD mode) 6.0 0.05 10| uA

{Note 3)  The current flowing in the 1/0 port transistors and pull-up/pull-down resistors is excluded.
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0sC1 0scz X1 X2
+—i0F— t+—i0—
A xval A 1 Xl e
Co1 Sra o o2 cX1 Cx2
; resonator .;)l;. .J; I
Fig. 1 Main Clock OSC Circuit Fig. 2 Sub-clock Crystal OSC Circuit

Table 1 Main Clock OSC-Guaranteed Constants Table 2 Sub-clock Crystal 0SC-Guaranteed Constants

0OSC Mode | Maker Resonator CO01 | CO2 OSC Mode | Maker.| Resonator CX1 | CX2
HC-43/u 22pF | 22pF KF-38G-13200 |22pF |22pF
Tokyo | CL=18pF 32.768kHz Co=13pF
Defipa " | Drive level erystal 05C | " T 38610000 | 200F | 220F
4.194304 MHz =100mWV CL=10pF Trimmer
erystal OSC HC-49/u 160F | 150F
Kinseki CL=16pF {Note) C|: Internal load capacitance of crystal resonator
HC-498/u 270F | 27pF
CL=24pF
CSA-4.00MG | 33pF | 33pF
Murata ®4| Unnec- | Unnec-
4.0MFZ CST-4.00MG*1 essary | essary
ceramic KBR-4.0MS 33pF | 33pF

resonator OSC Kyocera

KBR_A . UMES“I Unnec- | Unnec-

essary essary

The differential between CO1 and CO2 should be within

+ 10%, including wiring capacitance.

*1: 3-pin ceramic Vresonr:).tor with on-chip capacitor Voo
s]8}

Lower limit of
operating Vpp

Lower limit of
operating Vpp

------------------ ov R LI T A
0SC X
Unstabilized OSC period - Unstabilized OSC period
e f Stabilized OSC r~ i Stabilized OSC
IMXS Of tIMCFS t5xs |
Fig. 3 Main Clock OSC Stalibizing Period Fig. 4 Sub-clock OSC Stabilizing Period
| osc1 0sc2 | | xi x2 |
External clock OPEN External clock OPEN
.
- --------’ ----- - Vik{g)
SRl I e ol e -~ ViL(6)
R L s Rl Vss
TwoscL tWOSCH twxi, 1WXH
1ty ! i t
t05CF toscr IXF txr
Fig. 5 Main Clock {External Clock) Input Fig. 6 Sub-clock {(External Clock) Input . .

Waveform . Waveform,
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S10
sit

Soo
501

{Note)
When the rise time of the power supply is 0, the
reset time becomes 10ms to 100ms at CRgg=

RES O.1uF. )
l y If the rise time of the power supply is long, the
Cres (=0, 1.F) value of CRES must be fixed so that the reset time
;L ’ becomes longer than the main clock OSC stabiliz-
ing period.
Fig. 7 Reset Circuit
Voo
1kQ
test point
J; 50pF
Serial Output Load
1CKCY
oKL [c<R toKH tOKF
4 0.75Vpp (Input)
0.25Vpp (Input) Vpp—1V (Output)
0.6V {Output) { N
| tiCK 1CKI

N/ 0.75v00

, 0.25Voo

1CKO

Voo-1V

0.5v

Fig. 8 Serial Clock Timing
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Notes for Program Evaluation

* When evaluating the LC653BD with the evaluation chip (LC6593, LC66PG38D), the following must
observed.
E';; c Function .
w0 ltem - Notes for evaluation
‘-_,‘! = Mass-production chip Evaluation chip
Ports C, D Ports C, D can be brought to | Port C and port D ¢can be CHL pin and DHL pin must be set
output level | “H" or “L" in a group of 4 brought to "H" or “L" by according to option specified for

at reset mode

bits.

CHL pin and DHL pin, re-
spectively.

mass-preduction chip.

Watehdog
reset
function

The presence or absence of
time base timer-used
watchdog reset function can
be selected.

Whether or not to perform
watchdog reset function
with WDC pin can be
determined.

WDC pin must be set according to
option specified for mass-production
chip.

Port output

PU or OD can be selected in

Cnly Nch OD configuration

{LC6593-applied evaluation)

§ | configuration | bit units, without pull-up resistance External resistor {10kohms) on
% | PU/OD evaluation chip board must be
e connected to necessary port,
£ (LC65PG38D-applied evaluation}
i Resistor must be connected to
é"‘: necessary port on applilcation board.
PU resistor PU resistor brought to Hi-2 PU resistor, being external For mass-production chip, leakage
configuration | at “L.” output mode (Pch Tr is| resistor, whose impedance current only flows in Pch Tr at “L"
turned OFF} remains unchanged at "L” output mode; for evaluation chip,
output mode. current continues flowing in PU
’ resistor at "L” cutput mode.
Port output PD or OD can be selected in Only Pch OD configuration {LC6593-applied evaluation)
configuration | bit units, without pull-down External resistor {100kohms} on
PD/0OD resistance. evaluation chip board must be
connected to necessary port.
(LCB5PG38D-applied evaluation)
Resistor must be connected to
necessary port on application board.
Load power supply must be also
supplied on application board side.
Constants for | (Crystal OSC), (Ceramic {Crystal OSC), (Ceramic (Crystal OSC), (Ceramic resonator
main clock resonator OSC) resonator O5C) QS
Catalog-guaranteed Different from mass- External constants must he fine-
Q constants provide OSC at production chip in circuit adjusted according to service
8 frequency specified in design and characteristic. conditions.
5 catalog. 0SC may be made unstable | Refer to note given below.
‘; by wiring capacitance.
% Constants for| (Crystal OSC) {Crystal OSC) {Crystal OSC)
< | sub-clock Catalog-guaranteed Different from mass- External conostants must be fine-
constants provide OSC at production chip in circuit adjusted according to service
frequency specified in design and characteristic. conditions, Refer to note given below.
cataleg. OSC may be made unstable
by wiring capacitance.
0SC OSC frequency Different from mass- ES, CS must be used to evaluate
frequency for | characteristic as indicated in | production chip in circuit characteristic in detail.
main clock, catalog design and characteristic.
‘Q sub-clock
@ Operating Current characteristic as Ditferent from mass- Standby current cannot be evaluated
.“..U’ current, indicated in catalog production chip in circuit in detail. However, standby current
® | standby design and characteristic. can be confirmed roughly in the
2 | current manner shown below, Be sure to
» confirm standby current,
b1 ES, CS must be used to evaluate
% characteristic in detail.
% Operating Supply voltage range as Restricted to the operating Evaluation chip must be also used at
5 | voltage indicated in catalog range of EPROM, other LS| | Vpp = 5Vi5% at which EPROM,
v : other LS| are used. Therefore, Vpp =
g 5V+5% only ¢an be used for
=z evaluation of mass-production
microcomputers,
Operating Temperature range as Guaranteed temperature LC6593 and LC65PG3BD must be
temperature | indicated in catalog range: 10°C to 40°C used at 10°C to 40°C for evaluation.

be
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< Confirmation methods for the standby function >

The standby current at the standby mode of the evaluation chip can be evaluated not exactly but approximately.

Then, do the following steps.

{a} Confirmation of the standby state
Be sure to confirm whether or not the LS| enters the standby mode when the standby conditions are

satisfied.

The following Table gives the current dissipation {typ.} at each mode as a guideline for confirmation of mode,

Mode Main clock (4.19MHz) | Sub-clock (32kHz) | Current dissipation {typ.}
NORMAL, main clock 1/1 mode 0scC 0SscC Approx. 3.5mA to 3.7mA
NORMAL, main clock 1/2 mode 0SC 0SC Approx. 2.3mA to 2.5mA
NORMAL, main clock 1/32 mode 0SC 0SsC Approx. TmA to 1.2mA
NORMAL, sub-clock mode 0scC 0SsC
NORMAL, sub-clock mode Stop 0sC Approx. 100uA to 300uA
HALT, main clock 1/1 mode 0sC 0sC Approx. TmA
HALT, main clock 1/2 mode 0sC 0SsC
HALT, main clock 1/32 mode 0sC 0sC
HALT, sub-clock mode 0sC 0scC
HALT, sub-clock mode Stop 0sC Approx. 50uA
HOLD mode Stop Stop Several nA to 300nA

The current dissipation values shown above are the values obtained when a separate power supply is
The current dissipation values shown above are the values obtained when the WDC, CHL, DHL pins

When brought to “H"" level, the current dissipation value per pin increases by approximately 30uA.
The current dissipation at the NORMAL mode varies by the value of current dissipated in the pull-up

IMO to IM7: The current dissipation per bit at “L" level increases by approximately 25uA.
The current dissipation values at the HALT or HOLD mode are the values obtained when the EPROM is

Note 1)
used for the EPROM power supply.
2)
are brought to "L level.
3)
resistor of IMO to IM7.
4)
removed,
5)

All other pins for the evaluation chip are left open.

(b} Confirmation by the load current

Your program must be designed so that the current is not transmitted to the input/output ports prior to the

execution of the HALT instruction. This can reduce the useless dissipation of the load current at the standby

mode and be confirmed on an oscilloscope.

1) Design your program so that the current is not transmitted to the output ports prior to the execution of the
HALT instruction.

2) Design your program and peripherals so that the input/output ports are not brought to the floating state
{Hi-Z) at the standby mode.
If brought to the floating state {Hi-Z), current flows in the microcomputer input circuit section, causing
more current dissipation. Therefore, the backup enable time is shortened extremely in applications where
the capacitor backup is used.

< 0SC constants when the EVABOO-TBG538 is used >

When developing your program using evaluation chip board EVA800-TB6538, adjust the capacitor value
accerding to the stray capacitance of the circuit because the crystal/ceramic resonator OSC constants for main
clock and the crystal OSC constants for sub-clock depend on the conditions for evaluation and the cable length,

etc.
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LC6538D INSTRUCTION SET (by function)

Symbol Description

AC : Accumulator M1{DP) . Memaory 1 addressed by DP (Y (! :Contents
ACt : Accumulator bit t MZ{DP) : Memory 2 addressed by DP — . Transfer and direction
CF : Carry flag P(DPL) : Input/output port addressed by DPL + . Addition
CTL : Control register GP(DP) | Pseudo port specified by DP - . - Bubtraction
MSTEN - Master interrupt enable flag PC : Program counter I - AND
DP : Data pointer STACK : Stack register v - OR
E : E registor TMO : Timer Q Vi . Exclusive OR
bFn : Flag bit n TMOF : Timer Q interrupt request flag
M1 : Memory 1 bALbHabLa : Working register
M2 : Memory 2 ZF : Zero flag
) Instruction code elz Status flsg
o Mnermonic € 'r.;:_ Function Description — Remarks
E B;Dg0cDe |[D2D00 Do (O
E CLA Clear AC 1100|000 Q{1 [1|AaC—D The AC contents are cleared, ZF * ]
E CLC Clear CF 1110|0001 1|1 |CF=0 The CF contents are clearsd. CF
E |sTe Set CF T1 11 fooo |1 fr]ce— The CF is set. CE
5 CMA Complement AC 111 0lro oy ] lac -TED The AC contents are complamented. 2F
'a INC increment AC Q0001 1 Y0 [ ]|1 |AC=(ACH+! The AC contents ara incrementad +1. ZF CF
E DEC Decrement AC o0 O (1 1 1 1 [1 1 |AC +(ACI—] The AC contents are decremented —1. IF CF
8 Rotate AC lelt Y ACe —(CF1 ACn+12= | The AC contents are shifted left through
e through CF 90001000 1 1T e cFejacal the CF. ZF ok
5 TAE Transter AC 10 E QO 00|00 1 1 1|1 ]E«—(AQ) The AC contents sre transterred to the E,
< | XAE Exchange AC with E [0 0 ©C 0 |1V Y O 1 |1 |1 [tACIS(E) I;‘:h‘:c contents wnd the £ conents are
§ ['nm Increment M1 o001 0111 ¢ |t |1 |MYDP) - [MI{DP)+1 |Tha M1{DP) contents are incremented +1.) ZF  CF
g OEM Decrement M1 a0 101 111 |1 ]1 |MIUDP — [M1{DP)—1 |The M1{DP) contents are decremented =1 2¢  CF
g . A single bit of the M1{DP) specified with
E_E SMBbit [SetMidatabit [0 0 0 0|1 0 B1Bo|1 [1 | MUDP ByBg—1 BB e set {DP) specified wi
& ;
[=] N . . N
e . ; A single bit of the M1{DP) fied with
g E RME bit | Reset M1 data bit 001 Q|1 0B.Bg|t |1 |M1{DPBBg-O By ngis rosat {OP) specified wi zE
Hinary addition of the AC contenis and |
AD Add M1 10 AC o110looo0o|1]r |AC—{ACKH[MIDP) |the M1(DP)contents is performed and ZF CF
_ the result is stored in thg AC.
— P Binary addition of the AC, CF contents
ADC AddMItoACwithCF [0 0 1 0|0 O OO |1 AC F {ACHHM1(DR) and the M1 (OP) contents is performed | ZF CF
HCF) and the result is stored in the AC.
Daa P:c:;;: t .aodrf ust ATy v oo o |1 |1 |acmaCi+6 6 is added 10 the AC contents, 7F
DAS &EC;TD:'[ 2ot AC v ra ol oo | lac—aci+i0 10 is added to the AC contents. zZF
The AC contenis and the MT(DP) contents
E EXL Exclusive ORM110 AC [1 1 1 110 1 0 1 |1 ]1 |AC—{ACI¥ [MDP)] |are exciusive-ORed and the result is stored| ZF
E - in the AC.
g Tha AC contents and the M1{DF) contents
E AND ANDMTtoAC v 1 0o v 1t 1] |AC=(AC) A [M1(DP})] |are ANDed and the result is stored in the | ZF
£ AC,
€ The AC contants and the M 1{DP}contents
B lor ORMItAC 11 1 0o 1 o |1 |1 ]AC—(AC)VI[MUDP)] are ORed and the resul e | 2¢
a .
: 1 The AC contents and the M1{DF} contems
§ &M Compare ACwithM1 [ 1 1 1 [1 0 1 1 |1 [1: [MI{DFHACH1 are compared and the CF and ZF are ZF CF
& set/resat
% Comparison result CF ZF
£ M1{DP)] >(AC) 0 0
3 MI[DP}] = (AC) ' 1
E MUDP)] < (AC) } 0
£ -
£ |ci deta |Compare AC with |0 0 1 G |1 1 0 0 |2]2]i30z0s1p+iaCi+1 |The AC contents and the immediste | ;¢
< immediate data 0100 (tglalylyg data |3lglylg sew compered and the ZF
and CF are set/reset.
Comparkson result CF ZF
13121y 1g > (AC) Q0 0
Iglalylg=taCi| 1 1
I3l 1y lg<i (A ] 1 0
CLl dsle Compare DPL wilh corofrrooj2|2]ipPLMIAIzLIIg The DP_contents and the immediste F
immedialte data YOV |l3lalaig data l3|2I1|0 are compared.
Load AC with The immediate data 141511 is loaded in
Li data | o0 e dara 1100 [latayig |1 {1 [AC=I31z)11y the AC. ZF wl
S Store ACto M1 | 0049 00 Vo[ ] MIDP—I(AC) The AC contents are stored in the M1{DF).
L Load AC from M1 loorvofooo1|1|1|AC—[MIiDP) -| The M1(DP) contents are icaded in the AC] 2F
h AC with M1 — The AL contems and the M3 (DF} Tha ZF is wnv
p | ¥Mdata f::ni::\‘ggifv%:n LT 01 0 [0 MMiMe|Y |2 ;El :[[';"'p”DP” contents are exchanged and then the 2F sctodingtathe |
£ Nk “'H w+(DP ¥ DPy contents are modified with the vt of {0}
!Eﬁ with immediate data“ . OM3aM 1Mo contents of (DP)¥ OMaM Mg YOMIM My
B [x Exchange ACwith M1 |1 0 1 0 [0 0 0 C |1 |2 |(AC)S [MI{DP)] |The AG contents and the M1(DP) cantants g
‘® are exchanged. ZF DF,, content o
.g ::;I&nolr-num
; P The AL contents and the M1{DP) The ZF L w/remt
¥ [« lli:::a:ge AC W|g1pM1. IR IERIEMEL gp(:l = é':‘”op? conterts org exchanged andthen the [ ZF scxording o the
a ingrement DPy L—DP LY + DP| contents are incrementad +1. ok ol DR +),
i -— The AC contents and the MTIDP} Tha ZF s setiremt
XD E:chf:jnge AC wnglpML Ty ot [z [vac = IMHDP) contents are exchanged and then the IF wemonding to the
than decrement DP| DPL —{DP =1 DP)_contents are decremented —1. remit ot 1DF ~1)

Continued on next page.
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Continued from proceding page.

Instruction code

. gk Status lag
Mnemanic S (E Function Description Hected Remarks
i D+ Dg D5 Da DDy Dy D |2 |O affect
— The contents of ROM sddressad by the
ATBL Read rabie data from|0 1 1 0 |0 O 1 Y [¥ |2 }AC E—ROM PC whee low-order B bits are replaced
program ROM (PCh E. AC) with the E and AC contents are loaded in
the AC and E.
E | Loz 5213 Loso OPuwitn Zeroana|s 0 0 0 |13tz 11 10 1|1 | DPa =0 The OP, ond DP_are loaded with 0 and
5 DPL wih \mmediate DPL—13d211 10 the immediste data 31514 I respectively.
E data respectively
‘e |LHI data|Load OPH with 01 00C tatzlate |1 ]|V [DPu=1lal21110 The DP|, is losded with the immedists
§ immediate data data lglahy Iy,
2 |~o Increment DPL T 1LY 0t Y0 |y |DPL—{DP The DP_contents are incramented +1. ZF
E DED Decrement DP. t 11 ot v 1| [DPC={DPLI— The DP|_contents are decremented =1, ZF
g TAL Transter AC 1o DPL |1 1 Y 1 |0 1 1 1 [1 [y [DPL ~¢ACH The AC contants sre transferred to the DP |
2 [r1a Transier DPL 1o AC 111 o 1 1|1 Jac—ioPiy The DP|_ contents are transterred 10 the AQ 7 F
-
5 [xan Exchange ACwih DPw [0 O 1 © 11|y [rac SioPw The AC contants and the DF} contants are|
X AT Exchange AC with The AC contents and the contents of
— working register At are exchanged. At is
c Xa0  [working register At |1 1 1 § O [1 | [raC = {bag) assignad one of bAG, bA1, bAZ. DA3
% XA 1110 0 [1 |1 |1AC) 2 {BAT) according ta Lytg of spacified register
E A2 1Tt10 o |1 | |[cac) = (bAZ) bank b.
E XA 1110 o1 | [tac) = BAY
E XHa Exchange DPH with The DPy contents and the conten:s of
working register Ha are exchanged. Ha is
£ XHO working register Ha 11 0 |1 |1 [(DPH) = {bHO) essigned sither of bHO or bH1 according
E'g XH1 11 0 |1 |1 [1DPH S bHY to  of specified register bank b.
2 E Xla Exchangn DPL with Thel?PL contemtand the contents of
) — working register L are exchanged. La is
g §| XLO |workng regsier La 1 1 11 O |1 |1 [{BPLI=(blO) assignad either of bLO to bL1 according
EEl x1 111 0 |1 |1 [iDPL) =LY to a of specified register bank b.
SRBA Set Register 11 11 0 |1 |1 | RBF —l1loof 58 The bark value specified by the SB instruc-
Bank Address tion is set in the register bank fiag.
SFB flag|Ser flag bu 010 1 |B3g2BiBo|1 |1 |BFR=1 The flag specified with BaBy81 By of
specified register bank b 1s set.
RFB flag|Resetr flag bi 00 0 1 (BaBzBiBo |1 |t |bFR—0Q The flag specified with B3B2B 1By of ZF The flags ere
specified register bank b s reset. divided into
e 16 groups of
§ OFO 10 OF3,
H OF4 1o OF7 --
2 -, JFB 1
B IF11, IF12
= to 3F15. The
g 2Fis
'5 sel/reset
2 according to
£ the 4 bits
z including a
singla bit
L3 specified
w with
immediate
data
B838284Bp
JMP addr | Jumg «n the gurrenl 01 1 0|1 PoPgPa|2 |2 ]|PC~PC12PCN1 :;cr‘um'fclo 1rt1e addras].s s;;e_'ciiiaddgvhh éha ;:'n:.:::g(i;n':ﬂm
bank F1PgPgPy|PaPa PP or PCT1 1g7Cy tor Py q) end immediate datg ;
1PeFsPa|PaP2P Po tPnoPo P:: P7PgPs PwagPaI;?PePs 4P3P2F 1P oceurs. v,
PaPaPzPiIPo hanged
11011 - A jump to the address spacified with
JPEA Jump n the current 1 010 |1 |1 ]PCr~0 +—{E.AC} the contents of the PC whose low order
] page modified by E B bits are replacad by the E and AC
2 and AC contents occurs,
E CZP addr | Call subroutine nihe {1 O 1 1 [PaP2P1Pp|1 |1 | STACK «—[FC)+1 A subrautine in page 0 of bank O is called.
,E 210 page PC12-6, PC1 ~p ~0
B PC5~2+=PaP2P1Po
§ CAL addr | Call subroutine inthe |1 O 1 0 11 PpoPoPg |2 |2 | STACK~(PCI+2 A tubrouting in bank 0 is called,
'ﬁ zer0 bank P7PsPsPa|PaPzP1Pp PC12~0 — OOP10PgPe
E P7P6PSP4P3P2P1 PO
3 |mT Retyrn from subroutire O 1 1 0 [0 O 1 O |1 |1 |PC—([STACK) A return Irom a subroutine ocours,
RTI Return from mterrupt 10 0 1 0 [0 O 1 0 [1 |1 ]PCe=(STACK) A roturn from an interrupt service routine | ;¢
routine CF ZF «—CSF.Z5F | o0t
BANK Change bank 111101t 100 b {ecu~—(PC The bank of ROM is specified. The
GPDP) pseu_d_o port is specified. The AAM2 is
M2DP) specified.
sB Sel bank 011 0{0r nw|1!|PC2PCu~nl0 The bank of ROM is spacified, The bank
ABF — lilo of working register, flag is spacified.

Continued on next page.
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Continued from preceding page.

£
.E Instruction code ols
En Mnemonic 5 g Function Description Status fiag Ramarks
11 070605 D4 D20y 0y Dy [# aHocted
BAC addr | Branch on AC bl 01 1 1]|00 tato|2]|2|PCr-o—P7PsPsPa IL-_ﬂnﬂl:d!?‘" 0; the AC _wf'ﬂ‘h: wit: Mamonie i BAD
p the immadiate data tytq is 1, 3 branc w0 BAJ scoonding
P1PePsPa | PaPIPIPO PIPIPIPO |1 e nddress soscified with the Immadiats 0 the vk 011
HoACE=1 data PoP gPeP 4P-PoP 1Py within the mme
pape aeours,
BNAr addr| Branch [ .y — If a single bit of the AC specified with Mnemanic is BNAD
1| Branch on no AC bt [0 0 % ! |0 Otatg |2 |2 |PCr-oa PrPaPsPa | LA 008 o ats tyly i 0, & branch to Yo BNAT scooedhg
PrPsPsPa(PaP2P1Po P3Pz P1 PO | yhe address specified with the immediate 19 the sk ol 1,
it AC1=0 data PaPgPeP PP 5P Pg within the same
page occurs.
BM1 addr | Branch on p1 bir 011 1|0 1t tg|2]|2]|PC?~0+ PrPsPsP4 | Ifasingle bit of the M1(DP) specified Mremonic i BMO 1o
PIPsPLP with the immediate deta t15is 1, a BM sooording 10
6PyPa|PaP2P1 Po PaP2 ,P1 Po branch to the address spec1:i ied with the tha v oft.
1t [M1(DP, t1to)] = 1 immediate data P7PgPgP4P3PaPyPg
, : within the sarme page oteurs.
BNM1 addr| Branch on no M1 bt 0011|011t tg|2|2|PC7~0=P7PsPsPa INa singlq bit of the M1(DP} specified Mrrncnic: iy BNIO
PrPsPs P4l Py P2 PP PyP2P1 B with the immediate data ty15is 0, @ to BNM moonting
o IP2F PO | branch to the address specified with the 1o the value of t
it [MIOP, 1ol =0 immediate data P7PgPEP4P3P2P 1P
e AL N A L S ]
within the same page occurs.
P1 add I s - If a single bit of port PIDP | wpecified
BPt 1 | Branch on Port il o110 0111a|2 |2 |PCr~o—PrPaPsPa | S O mediste data t tlb i ::;wﬂe:‘l'::.
P7 Pg P Pa|PaP2P1 PO P3P2P1 PO | branch to the addres spocitiad with the “_"‘M"'t’
H {PIDPL Lilg))=1 | immediste data PoPgPgP PaPoP Py
g within the same page occurs,
5 B il
T | aner sddr h p e If a single bit of port PIDP || specified Minamonic i SNPO 16
3 |one Branch on no Porl b 2 2 ; ! L glpl ‘PO 2|2|PCr~o E’E"P”F‘ with the Immediats data 11g is 0, » DHP3 sotning to
@ 7 Pg Py Pa[ P2 P2 P1 Po 3P2P3Po | branch to the addres specifled with the thewhisot 1,
£ @ (PIDPL. 11t ¢l J=0 | immediats dsta PyPgPgP4P3PoF Py
e within the same page oceurs,
£ —Ps if the CF is 1, a Obranch to
& BC addr | Branch on CF g1t vt 1 v |22 |PCrwo=P;PsPsPa the eddress specilied with the
P1PgP5Pa|PIP2P1Po PaP2P1Pg | immediste data P7PGP59‘P3P2|’1P0
i CF=1 within the same paga gccurs.
! . it the CF is 0, s branth to
BNC addr | Branch on no CF 00 Tt 111|212 |PCrog+—P2P6ePsPa the addess specified with the
FrPePsPaPaPzP1Fo P3P2P1IPo | immesiate data PoPgPsPaP3PaP 1Py
it CF =0 within the same page occurs.
. If the &F 8 1, a branch o
BZ agdr | Branch on 2F {2 S S O R R N Y o T . ' PC7~0 P7PgP5Pa the address specified with the
PrPgPsFPa|P3P2P1Po PaP2P1Po |immediate data PyPePgP P4PoP Py
o ZF =1 within the same page occurs.
' g — 1t the ZF is O, a branch to
BNZ addr| Branch on no ZF OO0 1 1|1y VO (|2]|2|PCro—P:PsgP5Pa the sddress specified with the
Pi1PgPsPa|PaP2P1Po P1P2P1 PO (immediate date P7PgPgP4P3P2P1Pg
it ZF =0 within the ssme page ocoun.
F h 1 . 11 1 gy - If the immediate data nansnqng-
BFn addr| Branch on flag b o O 1 tnanianing|2 |2 [PCr~o =Py PePsPa | e of the 16 Tlags of oA
1PePsPa|PIP2PI PO PaP2P1Po | ghecified register bank bis 4, & branch to e velut 0F 0.
tl bFn=1 the address specified with immediate
cala P7PgPgPaP3PaP 1Pg within the
same page occurs.
| 1 1 - 1 the immediate data nynanyng- "
BNF~ addr| Branch on no flag 00 nanzn ng|2 |2 |PCr-0~P1PePsPa spacifiod flag bit of the ?6%“’195%{ ::n:;:?;:;':’?‘
. ol P1PsPsPa [P3P2PI PO P3P2P1Po | gpecified registar bank b is 0, @ branch 1o o th vaiye of n,
i BFR=0 the address specifiad with immediate
data P7PgPgP4PaP2P1Pg within the
Same page GCccurs,
1P Input port Lo AC oooo|r 1 o011 |AC—[MDPY or | The contents of port (D ) or pseudo .| 7F
W [GP{DP}} or [M2(DP)] part GP{DP} or RAM2 are Toaded in the
5 AC.
"g opP Output AC 1o port o1 10|looo0 1 ||y |PDPYor GRDP)or The AC contents are output 1o port
= MZDP) — (AC) P{DP} or pseudo port GP{DP} or RAMZ,
1% T
s [ 1 1 |2 | PDPL B1BO) or A singte bit in port PIDP| J or pseudo port Whan thit instruttion
= SPB biL | Sel port bt Q000|0 B1Bo GR(OP, B1B0) or GP(DR or RAM2 specifiléd with o oxvosind thy €
g M2(DF. B1B2) — 1 immediate data B1Bg is set. prabmi
o
b - —
= |RPB b1 | Reset [ bit 001 0|01 112 DPL B180) or A single bit in port P(DP| ) or pseudo port | 7F Whan this |
5 |RFB o [Reset port b 8180 E(P(DP amé) o GPDP) or RAM2 specifiéd with Aot €
£ MZ(DF; BiB2) — 0 immediate data BB is reset. coments are demrayed
, - The immediate data B4B4B Bgy-specified
SCTL bit | Set conteot registier cor1olt1roo0f2]2 C‘h?#?,i“l“f 1 bits of the contrel mgigm?unuieidum *2
bl 160 0 |B:B2B1Bo ar interrupt enabie flag) or the master
interrupt enable flag is set.
y B3B2B1B0 — The immediate deta B3B8 Bo-specified *9
g [RETL b [Reser conlral register G010 1100|2192 f:',;'ﬂs%; __8 0 bits of the control regicter findividual zF 2
2 bt 1001 [BaB7B'BO R interrupt enable flag} or the master
E interrupt enable flag is reset.
i - T 1 ~(E), The E and AC contents are loaded in the | TMOF
g WITM Wte timer =0 090 HY imgF_Ec',(Ac, timer 0. The TMF is reset.
X
8 |HaLt Halt 1 v 1 11lo 11 e |1 ]} Ha Hold The standby maode is entered.
NOP No operalion 000|000 0/[1]|1]|No operatron No operation is performed, but 1 machine
eyl it conpumed.

*1 If the CLA instruction is used consecutively in such a manner as CLA, CLA,

following CLA instructions are changed to the NOP instructions. This is also true of the Ll instruction.

*2 B3B3B1Bg = COO0EB to 10008

, the first CLA instruction only is effective and the
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LC6538D Option Code Specifying Method

General Description

It is requested that you should submit to us various mask options of the LC6538D together with the program
code which are stored in an EPROM. ‘

By using our cross assembler for the LC6538D, the option code can be specified interactively and stored in the
EPROM. '

If our cross assembler is not used, specify the option code as shown below. (This is the same as the method
where the cross assembler is created.)

The Type No. of the EPROM to be submitted is 27128.

EPROM address map

0000H -
Program code area (BK bytes}

1FFFH J
it —

H ERSSSES \
ggng\ ANRANN

3H

5004HK ANERRRNRRRNAN
2005H
2006H
2008

H .
2000H Option code area
200AH
200BH
200CH
200DH
200EH
200FH )
2010H \\\

= L
3IFFFH

m Always write 00" in this shaded area.
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Option Code Contents

27 20
2000H (0] | [ JoToTo]o]
\_[_l ’J\_—‘\_J;—T—J

- Always write “0",
» Port C output level at initial reset mode

0 "L"-level output

1 “H"-level output
« Port D output level at initial reset mode

0 “L”-level output
1 “H"-level output
+ Watchdog timer reset function

27 20
2001H [o]o oJolo]olo]o]
\, /
T
Always write “0",

27 20
2002H | PAs | PAz | PAI | Phd |
\ J

l_ 0 Without function
1 With function

= Port A output configuration select

27 20
2003H [o]ofolofc]olo|o]

Always write 0",

917 20
2004H [ PCa [ PC2| PCi] PCa|

A\ /

L

00 Nch open drain output
01 Output with pull-up MOS

:?]No allocation (not selectable)

+ PortC output configuration select
00 Nch open drain output

27 20
2005+ [PB: ] 7Bz 7D [ 7]
3 —_—

01 Output with pull-up MOS

1?}No allocation (not selectable)

« Port D output configuration select

00 Nch open drain output
01 Qutput with pull-up MOS

1?}No allocation (not selectable)

Continued on next page.
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Continued from preceding page.

77 20
2006H [0]0] PE2 | PE1 | PEo |
;_T._.JI ]

« Port E output configuration select
00 Nch open drain output
01 Output with pull-up MOS

Always write 0",

:?‘No allocation (not selectable)

27 20
2007+ | PFs | PF2 | PF1 | PFo |

= Port F output configuration select
00 Nch open drain output
01 Output with pull-up MOS

:?]No allocation (not selectable)

27 20
2008 (P62 [ P8 [ 760 | 761 ]

‘ + Port G output configuration select
00 Nch open drain output
01 Qutput with pull-up MOS

10 ,
11 }No allocation (not selectable)

27 20
2009H | PHy | PHe | PHI [ PHo |
= L ' » Port H output configuration select
‘ 00 Nch open drain output
01 Output with pull-up MOS
1?}No allocation (not selectable)
27 20

200aK [ T3 (T2 [ T1 [ To |

| » Digit-only pin cutput configuration select — (1)
00 Pch open drain output
01 No allocation {not selectable)
10 Output with pull-down resistance
11 No allocation (not selectable)

27 20
2008H | T7 [ T8 [ T5 [ T4 ]

j.

| ? + Digit-only pin output configuration select — (2}
Q0 Pch open drain output
01 No allocation {not selectable)
10 Output with pull-down resistance
11 No allocation {not selectable)

Continued on next page.
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Continued from preceding page.

97 . 90
poocH [ T [ T [ TO [ T8 |

[ ]

| . Digit-only pin output configuration select — (3).
00 Pch open drain output
01 No allocation (not selectable)
10 Cutput with pull-down resistance
11 No allecation {not selectable)

27 20
2000H | T15/sa| Tiarse [riz/sio[Tressn ]

[ 7

| « Digit/segment common pin output configuration select
00 Pch open drain output

01 No allocation {not selectable)

10 OQutput with pull-down resistance

11 No allocation {not selectable)

27 20
200EH | S8 | Sz | S1 | SO |

1 i

| + Segment-only pin output configuration select — (1}
00 Pch open drain output

01 No allocation {not selectable)

10 Qutput with pull-down resistance

11 No allocation {not selectable)

27 20
200FH | s7 [ s6 | s5 | s4 |

A, J

L « Segment-only pin output configuration select — (2}
00 Pch open drain output

01 No allocation {not selectable)

10 Output with pull-down resistance

11 No allocation (not selectable)
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Notes on Programming

® In this section, we shall describe the notes on developing programs for the LC6538D microcomputer.

ltem

Function

Notes

System clock

System clock
mode

One of the following clock sources can be selected on your
program as the system clock source for the LC6538D
microcomputer.
(O Main clock 1/1 mode (Tgyc=0.95us}
@ Main clock 1/2 mode (Teyg=1.9us}
& Main clock 1/32 mode (Toy=30.5us)
@ Sub-clock mode (Toyc=61us)
{Note} Main clock: 4.194304MHz
Sub-clock: 32.768kHz

The main clock must be supplied
at the system start-up.

The sub-clock must be supplied
when your application is
designed to use the sub-clock
mode. :

System clock
select

The system clock source can be selected by setting data in
the clock mode flag (CMF: 2 bits) of the system clock control
register.

CMF Mode
0 Main clock 1/32 mode (at the reset)
1 Main clock 1/1 mode
2 Main clock 1/2 mode
3 Sub-clock mode

System clock modes can be
changed only when the main
clock oscillation is stable or the
clock signals are sent from
external clock with the 4MSTPF
flag set to 0"

The clock mode newly selected
by the CMF flag is actually
activated up to 64/fggc cycles
later after data is set in that
flag. To change high-speed
mode to low-speed mode and
then start the standby mode,
execute the HALT instruction
after the buffer time elapses.
Clock modes should be
changed, with supplied voltage
at 4.0V or greater.

Main clock
oscillation
halt/start

The main clock operatiori {halt/start) can be controlled by
setting data in the 4MSTPF flag of the system clock control
register. .

4MSTPF Main clock
0 Start (at the reset)
1 Halt

If one of the main clock modes
is selected as the system clock
source, you must not set the
4AMSTPF flagto 1",

Set the 4MSTPF flagto 1"
after the sub-clock mode
becomes actually activated.
That is, you have to set the flag
to "1" after the sub-clock mode
is specified by the flag data and
then becomes activated after
the buffer time elapses.

To change the main clock halt
state at the sub-clock mode to
one of the main clock modes,
set the 4AMSTPF flag to "0~
and wait at least until the main
clock oscillation becomes stable.
Wait for tpxs or MCES cycles.

Low-speed
operation mode

The foltowing blocks are forced to stop their functions when
the low-speed operation mode {main clock 1/32 mode or
sub-clock mode) is selected.

Item Contents
Port B If data is input to the accumulator
{comparator input) | {AC}from port B, O (zero) is input to
the AC.
H counter The contents of the H counter are
cleared.

Display controller Not to support dynamic display

mode operation

Do not use the blocks at the left
column during the low-speed
operation mode.

Note that the low-speed
operation is selected at the
system reset,

Continued on next page.
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Continued from preceding page.

Item

Function

Notes

Standby mode

HALT mode
activation/release

{Activation}

The HALT mode can be activated by executing the HALT
instruction when the SLPF flag of the standby control regis-
ter has been already set to "0, However, the HALT instruc-
tion will be processed equally as the NOP instruction when
the following HALT mode release conditions are satisfied.

(Release)

(D Reset

@ The PE2/START pin signal level is “H" with the WG2=1.
() The interrupt release signal is delivered with the WG3=1.
(® The overflow signal is generated by the time base timer

o If you want to release the HALT
mode by using the PEg/START
pin "H" level signal or interrupt
release signal, set the WG2 or
WG3 flag prior to the execution
of the HALT instruction.

circuit.
HOLD mode {Activation) " ® The HOLD mode can be
activation/ The HOLD mode can be selected by executing the HALT released only by the reset
release instruction with the SLPF="1". signal.

(Release)
Reset

® Execute a single NOP
instruction prior to the
execution of the HALT
instruction for activating the
HOLD mode.

® Never output logic "1 to bit 1
of the standby control register
{STBC). -

Watchdog timer
reset (effective
only if the
watchdog timer
function has been
selected by
option)

The time base timer ¢an be used to detect runaway and
cause watchdog reset to occur.

® You have to create a routine
which allows the TBF flag to be
reset every program-defined
time cycle {0.5sec. max.).

® The clock which has been
already in operation must be
selected as the time base timer
source,

e if the time base interrupt request
flag ({TBF) is set to “1” prior to
HALT activation, the HALT
mode release signal triggered
by time base overflow signal
and watchdog reset signal are
to be generated at the same
time.

To avoid the generation of

watchdog reset signal in the

above case, there are two
methods as follows:

() Reset the TBF flag
immediately before the
HALT instruction is
executed.

or

(@ Set the time base interrupt
enable flag (TBEN) and HALT
release enable flag (WG3})
before the HALT instruction
is executed.

Interrupt

Interrupt enable
flag (Control
register: 8 bits)

o There are 8 interrupt enable flags, which are assigned to
8 interrupt sources. These flags are set to enable inter-
rupt requests by SCTLO to SCTL7 instructions. Note that
two or more flags cannot be set at a time.

® A|l the interrupt enable flags are set to disable interrupt
at the reset mode.

® The interrupt enable flags are
not reset after interrupt
processing is carried out. If you
want to reset interrupt enable
flag, you have to use the RCTL
instruction.

¢ All the interrupt enable flags
are reset when the HOLD mode
is started up. You have to set
necessary flags after the HOLD
mode is released,

Continued on next page.
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Continued from preceding page.

Item

Function

Notes

Interrupt

Interrupt request

® There are 8 interrupt request flags, which are assigned to

& These flags are not reset even

Notes on use of common ports

flag 8 interrupt sources. after interrupt processing is
Four interrupt request flags are assigned as an interrupt carried out.
extended register. That is, 8 interrupt request flags are Reset the interrupt source flag
assigned as two internal extended registers. Therefore, of a corresponding interrupt
these registers can be accessed by executing the BANK source factor when interrupt
and IP/OP instructions consecutively. If you input data to processing is performed.
the accumulator (AC) from one of these registers, youcan | # All the flags are reset when the
use the BANK and IP instructions consecutively. If you HOLD mode is started up.
output data to one of these registers, you can use the ® The interrupt request register
BANK and OP instructions consecutively. However, you cannot be manipulated by the
cannot set any bit of the internal extended register. if you BANK + SPB/RPB instructions.
are to reset some bits of the register, set data of O for
them but 1 for other bits in the accumulator and output
the data to interrupt request register by executing the
BANK and OP instructions consecutively. :
® Flags other than timer 1 interrupt request flag{TM1F) are
set to “0” at the reset mode.
® The TMOF, SIQOF, SIOTF flags are reset at the time of
WTTM instruction execution, SI00, SI01 data transfer
start, respectively.
PEg/VREFQ | Port Eg and Eq can be also used as the external reference ® |f you want to use these pins as
W PE{/VREE1 | voltage input pins VREFQ and VREF1 for comparator input VREFQ. VREF1. and START, you
1: {port B). have to output logic "1 to the
< PE2/START | Port E2 can be also used as the HALT mode control pin —1 PE%’ PEI_?' ';réd PEZP'E(At t_he reset
START mo e,“t f o to PE2 pins are all
setto "1}
PFo/Slp Port Fg and F1 , and F2 can be also used as the SI0, SO0, and| ® If you want to use these pins as
W PF4/S00 SCKO pins for serial data transfer O. SI0, SO0, SCKO, and INTO, you .
= | PF2/5CKO have to output logic “1" to the
£ PF3/INTO (F)’ol: F;;z can be also used as the INTO pin for external interrupt :;soe’tpnila:,thr{ea;goptzs};’::gt;irrl'nes_
put. are all setto “17.)
PGp/SI1 Port Gg, G1, and Gg can be also used as the 511, SO1, and & If you want to use these pins as
PG1/801 | SCK1 pins for serial data transfer 1. SI1, $O1, §CK1, and INTT, you
(g PG2/8CK1 have to output logic 1" to the
5 PG3/W Pgrt (G3 can be also used as the INT1 pin for external interrupt rﬁsgt ':S)Lepgi :Eg ':SSG(:LT::
1 input. g
are all set 10 ”1".)
PHo/DACO | ® PortHpandHq can be also used as the DACOand DAC1 | ® If you want to use these pins as
PH4/DAC1 pins for PWM type DAC output. DACO, CAC1, and SQR pins, you
____________ e e s s T 71 have to output logic 0" to the
PH2/SQR L sPi(:;rl:al-ll%L:taprLtbe also used as the SOR pin for burst pulse PHo, PH1, and PH. (At the reset
T ' mode, the PHp, FH1q, and PH2
:c_> pins are all setto "'1".)
PH3/HCNT | ® Port H3 can be also used as the HCNT pin for horizontal | @ If you want to use these pins as

sync signal input.

HCNT, you have to output logic
“1" to the PH3. (At the reset
mode, the PH3 pin is set to 1"}

Continued on next page.
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Continued from preceding page.

Display controller

Item Function Notes
Operational When the CPU has entered low-speed operation mode (main | ® When low-speed operation mode
status at system clock 1/32 mode or sub-clock mode), dynamic display mode is employed, do not select the
clock selection operation is not successfully carried out. dynamic display mode.
Operational Dynamic & Segment output pin----"H"-level output at | ® Select display OFF mode prior to
status at display mode all the pins the standby mode activation so
standby mode ® Digit output pin----Unpredictable that no current is dissipated by
® Fixed address output pin------Keeps old FLT pin.

contents.

Static display | ® S0to S7 pins---"H"-level output at all the

maode pins

TOto T11

T12/511 to T15/58 ping-=--- Keeps old
contents.

Display OFF ® All FLT pins----"L"-level output at the all
mode pins

their officers and employees jointly or severally.

third parties.

M No products described or contained herein are intended for use in susgical implants, life-support systems,
aerospace equipment, nuclear power control systems, vehicles, disaster/crime-prevention equipment and
the like, the failure of which may directly or indirectly cause injury, death or property loss.

B Anyone purchasing any products described or contained herein for an above-mentioned use shall:

@ Accept full responsibility and indemnify and defend SANYO ELECTRIC CO., LTD, its affiliates,
subsidiaries and distributors and all their officers and employees, jointly and severally, against any
and all claims and Itigation and all damages, cost and expenses associated with such use:

@ Not impose any responsibility for any fault or negligence which may be cited in any such claim or
ltigation on SANYQ ELECTRIC GO, LTD, its affiiates, subsidiaries and distributors or any of

B Information (including circuit diagrams and circuit parameters) herein is for example only; it is not guarant-
esd for volume production. SANYOQ believes information herein is accurate and reliable, but no guarantees
are made or implied regarding its use or any infringements ot intellectual property rights or other rights of




