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NEC Electronics Inc.

oooooopceoooooan HPD7516H
4-BIT, SINGLE-CHIP

CMOS MICROCOMPUTER
WITH FIP® CONTROLLER/DRIVER

Description

The uPD7516H and 75CG16H are 4-bit, single-chip
CMOS microcomputers with the uPD7500 series archi-
tecture and a FIP controller/driver. On-board peripheral
functions include an 8-bit timer/event counter, an 8-bit
serial interface, a 14-bit programmable pulse generator,
and a display controller/driver that supervises all of the
timing requirements by the 24-port S segment drivers ei-
ther for a 16-character, 7-segment FIP, or an 8-character,
14-segment FIP. The uPD7516H is functionally equiva-
lent to the uPD7519H except for ROM size.

Twenty-eight 1/O lines are organized into seven 4-bit
ports: the input/serial interface port 0, output ports 2
and 3,and /O ports 1,4, 5, and 6.

The subroutine stack is implemented in RAM for greater
nesting depth and flexibility, providing such operations
as the pushing and popping of register values.

The uPD7516H/75CG16H has a 2.44 s instruction cycie
time at fyx = 6.55 MHz.

For the uPD7516H, current consumption is less than
6mA for normal operation (Vpp=5V =+10%, fxx
=6.55 MHz, high speed mode).

The uPD75CG16H, a piggyback EPROM version, is avail-
able for prototyping and program development. It is pin-
compatible and functionally equivalent to the masked
version.

Features

6144 x 8-bit program memory (ROM)
256 x 4-bit data memory (RAM)
281/0lines

Programmable FIP controller/driver
— 24 high-voltage output lines

8-bit serial interface

8-bit timer/event counter
Programmable pulse generator (PPG)
— Variable duty port (D/ A converter)
— Signal generator port

— 1-bit output port
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* FIP is the registered trademark for NEC's fluorescent indicator panel! (vac-
uum fluorescent display).

O Vectored, prioritized interrupts
— Two external: INTO, INT1
— Two internal: timer (INTT) and
serial (INTS)
Four 4-bit general purpose registers
107 instructions; subset of uPD7500 series instruc-
tion set A
— Look-up-table capability
— Indirect indexed addressing
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0 Instruction cycle
— uPD7516H low speed mode: 15.26 us/4.19 MHz
— uPD7516H low speed mode: 9.77 4s/6.55 MHz
— uPD7516H high speed mode: 3.81us/4.19 MHz
— uPD7516H high speed mode: 2.44 us/6.55 MHz

O Two power-down modes
O Single power supply (25V to6V)

Applications

The uPD7516H has a variety of flexible powerful func-
tions and is best suited for the following apptications:
* Video tape recorders

¢ Plain paper copiers

¢ Electronic cash registers

¢ Telephone sets

¢ Electronic scales

¢ Automobiles

Figures 1-4 show how to apply the device to a digital
tuning system, a telephone, an ECR, and automotive
equipment.

Ordering Information

Part Max Frequency
Number Package Type of Operation
uPD7516HG-12 64-pin plastic miniflat 6.55 MHz
uPD7516HG-36 64-pin plastic QUIP 6.55 MHz
uPD7516HCW 64-pin plastic shrink DIP 6.55 MHz
uPD75CG1BHE 64-pin ceramic piggyback 6.55 MHz

aQuip
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Pin Configurations

64-Pin Plastic Miniflat 64-Pin Plastic QUIR and Shrink DIP
- § ls P29/PSTB Ij 1 U 84 {1 Vpp
ol EEIE . w P2y/PTOUT [] 2 63 1 INT1
2fadsasigeas} rpotle  mfe
ooononnQionnn P23 []4 611 P3,
(" 64 63 62 61 60 59 58 57 56 55 54 53 52 ) RESET [ 5 60 [ P34
ner] 1 51 1 Viomo PO (] 6 59 [1 P30
POY/INTO [] 2 50 [T Nec[]7 58 [ Vppe
P04/SCK [] 3 O o POYINTO ] 8 57 [ Vioao
PoiSO[] 4 sOT P0y/SCK [] @ 56 [ To
PoySI (] 5 70T PO2/SO [] 10 55 [Ty
P& []6 46 [T, POISI (] 11 541 T;
P67 4 Ts Peg [ 12 s3[1Ts
P62 ] 8 “Te pey [] 13 52 [1Ts
P83 (] 9 apin P8y [] 14 510 Ts
PS5 £ 10 uPD7516H 42 [ TySy Pe[J15 L. s0[dTs
psy ] 11 41 [ To/Se Pso]1e #4917
ps. [ 12 40 1 TrolS1o P17 & as[1Tese
P5y (] 13 39 [1 T11/S14 P5; [ 18 T a7 [0 Teise
P10 (] 14 38 {J Ty2lS12 Psy ] 19 46 11 T1o/S1o
P11 15 37 [ T1a/S1a P1o [ 20 45 [ T14/S1y
P12 [] 18 36 [1 T1alS1a P14 21 44 [ T12/S12
P13 ] 17 35 [J T15/S1s Piz[] 22 43 [ T13/S13
P4o ] 18 34 [0S P13 [] 23 42 [ T44/S14
P4 q 1920 21 22 23 24 25 26 27 28 29 30 31 3233 s NC O 24 411 T5/S15
\. /
Bpugspupupagegagagapapags :"E:: ::3:"
$PEYINR28FTESITR S ! !
& a g > > P4y [] 27 B[S,
& Pay [] 28 s hs,
830029794 EVENT (] 29 36 [1S,
x2 [} 30 35 0ss
x10] 31 34 [sg
Pin Identification ves O 22 shs,
. . . 83-002080A
Plastic Miniflat, QUIP, and Shrink DIP
Plat QUIR(1) Symbol Function
1 7,24 NC No connection Flat QUIP(1) Symbol Function
2 8 PO/ INTQ Port 0, or external interrupt 51 57 ViI0AD High voltage option resistor
3 9 PO+ /SCK INTO and the serial | /0 supply negative. This pin is not
1 interface used (NC) in the uPD75CG16H.
4 10 P05 /SO - -
2 52 58 VPRE High voltage predriver supply
5 n P03/ S negative
6-9 12-15 P6o-P63 Port 6 53-56 59-62 P3,-P33 Port 3
10-13 16-19 P5)-P53 Port § 57 63 INT? External interrupt
117 20-23 Plp-P13 Port 1 59 1 P2,/ PSTB Port 2, or port 1 STB signal,
18-21 25_98 P4g-P43 Port 4 80 2 P2,/ PTOUT timer F /F output, internal CL
- - output, and general purpose
22 29 EVENT Timer / event counter input 61 3 P25/ PCL output
23,24 30, 3 X2, X1 Crystal clock input 62 4 P23
25 32 Vss Ground 63 5 RESET RESET input
26, 58 64 Voo Power supply positive 64 6 PPO PPG output
27-34 33-40 Sp-57 Segment outputs Note:
B4z 4148 Te/Sg Timing / segment outputs M l:ls QUIP pin identification is also true for the shrink DIP and piggy-
ck packages.
Ty5/S15
43-50 49-56 To-T7 Timing outputs
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uPD7516H

Pin Configurations (cont)

64-Pin Ceramic Piggyback QUIP

P20/PSTB [ 1 \J 64 | Voo
P2)/PTOUT | 2 63| INT1
p2,PCL | 3 uPDTSCG16H 62| P33
P2;| 4 61| P32
RESET | 5 60| P34
pPO| 6 591 P3o
NC| 7 58 | VeRe
PO/INTO | 8 57 | NC
PO(ISCK | 8 56 | To
P0O/SO | 10 1 [vop 55| T
POySI | 11 2 [vep 54| T2
P6g | 12 3 [Avop 53| Ts
Pé1 | 13 4 A 52| Te
Py | 14 5 ) Ag 51| Ts
Pe3 | 15 6 Ay 50| Ts
Pso | 16 7 vss 49| T7
ps| 17 8 [ A 48] TesSs
Psy| 18 9 [ Ce 47 | TeiSg
P53 | 19 iy 46 | T10/S10
Plgf 20 [Tt 45 | T11/S14
P14] 21 s 44 | T12/S42
P1,| 22 [ 14 43| T13/S13
P13 23 ul¥ 42 | T14/S14
NC| 24 41| T15/S15
P4g| 25 40] So
P4y| 26 39 | St
Pag| 27 38} S
P4s) 28 37| 83
EVENT | 29 361 Sa
x2 |30 35185
X131 34| Sg
vss | 32 33| sr
83-002981A

Pin Identification (cont)

uPD75CG16H, Piggyback EPROM

No. Symbol Function

1 Vop Unused

2-10, 21, Ag-Agp Program counter output

23-25

1-13, 1519 Ip-i7 Data input from the 2764

14 Vss Same as bottom pin 32; connected to
2764 GND pin

20 CE Chip enable output

22 Vss Same as bottom pin 32; supplies OE
signal to the 2764

26 Voo Same as bottom pin 64; supplies V¢
tothe 2764

27,28 Voo Unused

Pin Functions

(Except EPROM)
P0Og/INTO, POﬂW(, P02/S0, P03/SI (Port 0)

This port can be configured as the 4-bit, parallel input
port 0, or as the 8-bit serial I/ O interface under control of
the serial mode select register. The 8-bit serial |/O inter-
face consists of the serial input (SI), the serial output
(S0), and a serial clock (SCK) used for synchronizing
data transfer. Line POg is shared with external interrupt
INTO, which is a rising edge-triggered interrupt.

P1g-P13 (Port 1)

Individual lines can be configured as a4-bitinputorasa
latched, three-state output under control of the port 1
mode select register.

P2¢/PSTB, P21/PTOUT, P22/PCL, P23

P2g-P23 are the 4-bit latched output port 2. PSTB is the
port 1 output strobe pulse. PTOUT is the timer-out F/F
signal. PCL is the internal system clock output. P23 is a
general purpose output.

P3¢p-P33 (Port 3)

4-bit, latched three-state output port 3.

P4¢-P43 (Port 4)

4-bit latched three-state 1/O port. Can perform 8-bit par-
allel I/0O in conjunction with port 5.

P5¢-P53 (Port 5)

4-bit latched three-state 1/O port. Can perform 8-bit par-
allel 1/0 in conjunction with port 4.

P6¢-P63 (Port 6)

Individual lines can be configured as a 4-bitinputorasa
latched, three-state output under control of the port 6
mode select register.

EVENT

1-bit external event input for the timer/event counter.

So-S7, Tg/Sg~T15/S15, To-T7

High voltage outputs. Sg-S7 are segment driver out-
puts, and To-T7 are digit driver outputs. Tg/Sg-T45/S15
can be configured as either segment or digit driver out-
puts under control of the display mode select register.
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uPD7516H
INT1 EPROM Pin Functions
External, rising edge triggered interrupt. Piggyback EPROM

PPO

1-bit programmable pulse generator output. PPO can
operate as the pulse width modulation output, signal
generator port, or 1-bit output port, as dictated by the
PPG mode select register.

RESET

RESET input. R/C circuit or pulse initializes uPD7516H
and also releases stop or halt mode.

X1, X2

Crystal clock connection. A crystal oscillator circuit is
connected to X1 and X2 for system clock operation, or
an external clock may be connected to X1 and an in-
verted clock to X2.

VPRE

High voltage predriver supply. Apply single voltage from
Vpp — 12V to Vpp for proper display operation.

VLOAD

High voltage option resistor supply negative. Apply sin-
gle voltage from Vpp —40V to Vpp for proper display
operation. This pin is not used (NC} in the uPD75CG16H.

Vpp

Power supply positive. Apply single voltage ranging
from 2.5V to 6.0V for proper operation.

Vss
Ground.

Ag-A12 (Address)

Output the 13 bits of the program counter (PCy-PC11),
which are the address signals of EPROM 2764.

lp-17 (Data Input)

Input data from the 2764.

CE (Chip Enable)

Outputs the chip enable signal to the 2764.
Vpp (Pin1)

Electrically equivalent to Vpp of the bottom pins. Pro-
vided for future devices. Use in the open condition.

Vpp (Pin 26)

Electrically equivalent to Vpp of the bottom pins. Sup-
plies Vg to 2764.

Vpp (Pins 27, 28)

Electrically equivalent to Vpp of the bottom pins. Do not
use these pins.

Vss (Pin 22)

Electrically equivalent to VSS of the bottom pins. Sup-
plies OE signal to the 2764.

Vss (Pin 14)

Electrically equivalent to Vgg of the bottom pins. Con-
nected to 2764 GND pin.
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Block Diagrams
uPD7516H
EVENT INT1 INTG/POg SCKIPOy SO/PO;  SIiPO;
fx
2 _s] Clock cp Timer/ INTT Interrupt INTS Port 0
128 Control Event Counter Control Buffer POg-PO3
cL <> Levour <>
Port 1
[ Q Bufter <Z>P‘°'P13
: P2g-P23
Port 2
Program Counter (12) I ALU Latch 4 PSTBIP2y
Buffer PTOUTIP2y
PCLIP22
{} D& E@
H@ L@ <:> ports |
Latch 4 P3o-P3;
Stack Pointer (8) Buffer
RoM Instruction
Program Memory {
6144 x 8 Blts (uPD7516H) Decoder Port 4
<:> Latch Pdg-Pay
Bufter
RAM
Data Memory
256 x 4 Bits
Port §
4 CL fd128 ;‘:fh P59-PS3
ufter
MO
f ? t E bFIP {}
Standby Clock . Port 6
Pulse FIP
Control Generator Generator Controller/Driver © ;::,Tr <:> P6o-P83
L) L |
X1 X2 PPO Tr%o T|5IS15 Sr-Sp Vpre ViOAD

830020828
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Block Diagrams (cont)

uPD75CG16H
EVENT INT1  INTO/POy SCKIPO, SO/P0;  SIIPO;
i Clock Timer/ INTT | Interrupt INTS Serial <l’:
28 CcP nterrup! . Port 0
128 Control  [=—*| Event Counter Control Interface Buffer @ P0o-PO3
cL
Port 1
» <> Butter <i> PloPls
a
o
2
a ‘
: o] sk
< Latch A PSTBIP2y
2 Buffer PTOUTIP2,
E PCL/P2;
=~ D {4) E (4)
H (4) L4 Port 3
Latch 4 P3p-P33
Stack Pointer (8) Bufter
Instruction
DP7C
Decoder 1 U Port 4
Instruction Latch P4g-P43
Buffer Address Decoder Butfer
Data Memory
256 x 4 Bits Port §
cE 4 CL fy1128 Latch P59-P53
Butter
EMO
* $FIP
Standby Clock vy Port 6
FIP Puise FiP
Control Generator uls: Controllet/Driver Latch P6(-P6;3
Butter
dpprG L]
| | ! WAVRYA
X1 X2 PPO TrTo Tis/S1s S7So Vere
Te/Ss
830028638
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Absolute Maximum Ratings

Ta=25°C

Supply voitages
Voo -0.3Vto +7V
Vioap (uPD7516H) Vpp —40V 10 +Vpp +0.3V
VpRe Vpp —12Vto +Vpp +0.3V

Input voltage, V,

—0.3VtoVpp +0.3V

Output voltage, Vo
Display outputs, Vg

Vpp —40VtoVpp +0.3V

Other outputs, Vop

-0.3VtoVpp +0.3V

Output current high, lpg

Consumption:
() CPU
55V x 20mA=11mwW

(2) Output pins
Segment pins:(5/7 x 2V) X 5mA x 9=64mW
Timing pins: 2V x 15mA=30mW
LED output pins: (10/15 X 2V) X 10mA x 4=53mW

(3) Puli-down resistors
(30 + 5.5V)2/80kQ x 10=158 mW

Therefore, PT=(1) + (2) + (3) = 316 mW

Per pin, other than display outputs —15mA
a ey DC Characteristics
Per pin. $9-S7 —1SmA . PD7516H: Ty = ~ 10°Cto +70°C, Vpp =25V 106V
Per pin, Tg-T7, Tg/ Sg-T15/ S5 -30mA uPD75CG16H: Ta = —10°Cto +70°C,Vpp =5V + 10%
Total, display outputs, uPD7516H —120mA Limits Tost
display outputs, uPD75CG16H ~90mA Parameter Symbol Min Typ Max Unit Conditions
Total, other than display outputs —~20mA Inputvoltage Vg 0.7Vpp Vop V  Other than X1, X2
Output current low, lg high Vina Vpp—-0.4 Voo V X1, X2 (Note 1)
Per pin TmA  nputvotage. Vi 0 0.3Vgp V  OtherthanXi, X2
Total, ali output ports 60 mA low Vit 0 0.4 VX1, X2 (Note1)
Total power consumption (Note 1), PT _ —5V£10%
Plastic flat package (uPD7516H) somw  Dutputoliage Vo Voo-10 V. Jop=oY£10%,
igh oH=-—1
Plastic QUIP, (uPD7516H) 600 mwW Vop-0.5 V_ uPD75%6H only
Operating temperature, Topr ~10°C to +70°C loy=-100pA
Storage temperature, Tsrg -65°C to +150°C Output voltage VoL 0.4 V. Vpp=5Vx10%,
Comment: Exposing the device to stresses above those listed in Abso- low loL=1.6mA
lute Maximum Ratings could cause permanent damage. The device is 0.5 V. uPD7516H only,
not meant to be operated under conditions outside the limits de- loL =400 A
scribed in the operational sections of the specification. Exposure to Inout leakage | 3 Vi=Vnn: other
absolute maximum rating conditions for extended periods may affect cuetjent higg LiH1 uh th|an XD10’X2
device reliability. .
Note: ILiH2 20 uh  Vi=Vpp; X1, X2
(1) Calculation of PT: there are three kinds of power consumption, the Input leakage T4 -3 uA  Vy=0V; other than
totat of which should be less than the total power consumption (PT) current low X1, X2
in this specification. Use of less than 80% of PT is recommended. oy
The three different power consumptions are as follows: iz -0 pA Vi=0V.X1, X2
1. CPU power consumption. Vpp(max) X Ippy(max) Input leakage I —200 uA  uPD75CG16H only;
2. Power consumption of output pins. This includes both normal current V=0V, lg-l7
output and display output. Calculate the total consumption of —
each output pin to which the maximum current flows. g::gl:]ttlﬁ?k:ge lLow 3 A Vo=Vpp
3. Power consumption of on-chip pull-down resistors (mask option). g
Output leakage I qp1 -3 uA  Vg=0V; other
Example current low than display
outputs
Configuration: Lotz -0 pA Vo=Vioao=
9 segments x 11digits, 4 LED outpuis Vpp—35V; display
Vpp=5V +£10%, 4.19 MHz oscillation outputs

Segment pin =5 mA (max)

Timing pin =15 mA (max)

LED output pin =10 mA (max)

Vacuum fiuorescent display (Vi pap)= — 30V
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DC Characteristics {cont)
uPD7516H: Ty = — 10°C to +70°C, Vpp =25V106V
uPD75CG16H: T = — 10°C to +70°C, Vpp =5V = 10%

Limits Tost Limits Tost
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit Conditions
Display output  1gp -7 mA  Sp-S7; Supply current, Ipp1 1.2 36 mA Highspeed
current (Notes 2 & 3) uPD75CG16H Vpp=4.75V1o
4 mA  uPD75CGIH; 5:5V; (Nate 5)
(Notes 2 & 3) 1.0 3.0 mA  High speed; (Note
-15 mA To-Ts 6)
(Notes 2 & 3) b2 350 1000 pA Halt mode
10 mA  uPD75CGIBH; Hon=2V £ 10%:
(Notes 2 & 3) (Nate 6)
-3 mA  Sg-Sy; (Note 4) 'oos 2 HA g;op mode; (Note
-2 mA  uPD75CG16H;
{Note 4) Note:
(1) The circuits in figures 19 and 20 are recommended.
-7 mA  Tg-Tqs (Note 4) o ;
(2) The external circuit in figure 21is recommended.
-5 mA  uPD75CG16H;
(Note 4) (3) Vpre=Vpp—9V£1V,Vpp=4Vto 6V,Vop=Vpp-2V
On-chip AL 20 70 120 k@ Vop-Viopp=35v @ Vere=0Y:Vop=Vpp-2V
pull-down (5) 6.55MHz crystal, C1=C2=10pF
resistance (6) 419 MHzcrystal, Ci=C2=10pF
Supply current, lpp1 3.0 9.0 mA Highspeed
uPD7516H Vpp=5V £10%; Capaclitance
(Note 5) Ta=25°C; Vpp =0V
Ipp2 06 19 mA  Low speed
halt mode _ﬂ”____ Tost
Vop=5V +=10%; Parameter Symbol Min Typ Max Unit Conditions
(Nate 5) Input Cy 5 pF (Note 1)
Iop1 20 60 mA Highspeed capacitance
= LT
m’&;g)v = 10%; Output Co
capacitance,
400 1200 A Vpp=3Vx10%; Display 35 pF {Note 1)
{Note 6) outputs
lpp2 450 1500  pA  Halt mode Other 15 pF (Note 1)
Vpp=>5V £10%; outputs
(Note 6) -
|/0 capacitance Cjg 15 pF (Note 1)
150 400 pA Haltmode
Vpp=3V£10%,; Note:
(Note 6) (1) fo=1MHz, Unmeasured pins are connected to 0V.
%) 0.1 20 wA  Stop mode
Vpp=5V £10%;
(Note 6)

0.1 10 uA  Stop mode
Vpp=3V £10%;
(Note 6)
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AC Characteristics
Clock Operation Port 11/0 Operation (cont)
uPD7516H: Ty = —10°C to +70°C, Vpp=25V1to6V Limits Tt
uPD75GC16H: Tp = — 10°Cto +70°C, Vpp =5V +10% Parameter Symbol m Unit Conditions
_ Hmits Tost Input data valid tspy 700 s (Note 2)

Parameter Symbol Min Typ Max Unkt Conditions tiﬂ (after
Systemclock  f 35 419 42 MHz (Notest,2&3) PSTB )
oscillation 42 655 6.6 MHz Vpp=45Vto Input data tsToF 0 ns (Note 2)

6.0V: floating time

(Notes 1, 2& 3) (after PSTB 1)
Systemclock Ty 0.1 42  MHz (Notes1&4) tcll‘:l’::’(‘:gs%%p ) lest 100 ns (Note 2)
input frequency 4.2 6.6 MHz Vpp=45V10 :

6.0V; Control hold time tgrc

(Notes 1& 4) Output 100 ns (Note 2)
X1, X2 t 100 Notes 1& 4 command

. X2 input ns otes

pulse wlid‘i: IXH 7 i/ ~a5v :0 Input 0 80 ns (Note 2)
high, low AL SPOD\; : command

(Notes 1& 4) PSTB pulse tsria 750 ns (Note 2)

width low
EVENTinput  f¢ 40 KkHz Vpp=4.0Vto
frequency 6.0V r:ot;c:> outout mod
80  kHz wPD7516H only () Port output mode.
{2) 1/0 expander mode Vpp=4Vto6V.
EVENT input e 1.2 us  Vpp=4.0Vio
uise width 6.0V .
gigh, low ; 525 PD7516 onl Port 11/0 Operation
EH : w_H ony WPD7516H: Ty = —10°Cto +70°C, Vpp =45V 10 6.0V

Note:

{1) Thecircuits in figures 19 and 20 are recommended.
(2) Refer to the Operating Supply Voitage table.

(3) Crystal osciliation.

(4) External clock.

Port 11/0 Operation

uPD7516H: Ty = — 10°C to +70°C, Vpp =25V 106V
uPD75CG16H: Ta = —10°C to +70°C, Vpp =5V =10%
0.1MHz < fy, fyy € 42MHz

Limits Test
Parameter Symbol Min Typ Max Unit Conditions

Port 1 output set- tpgT 250 ns {Note 1)
up time (to
PSTE 1)

Port 1 output tstp 100 ns (Note 1)
hold time (after
PSTB 1)

PSTB pulse gty 450 ns (Note 1)
width low

Output data set- tpgt 200 ns (Note 2)
up time (to
PSTB 1)

Output data hold tgp 100 ns (Note 2)
time (after
PSTB 1)

uPD75CGI6H: Ta = —10°C to +70°C, Vpp =475V 1065V
42MHzZ < fy, fy < 66 MHzZ
Low Speed Mode(1) (EM =0)

Limits Tost
Parameter Symbol Min Typ Max Unit Conditions

Port 1 output set- tpgr 400 ns (Note 2)
up time (to
PSTE 1)

Port 1 output tstp 100 ns (Note 2)

hold time (after
PSTB 1)

PSTB pulse tsry 600 ns (Note 2)
width low

Qutput data set- 1pgt 400 ns (Note 3)
up time (to
PSTB 1)

Output data hold tgrp 100 ns (Note 3)
time (after
PSTB 1)

Input datavalid tgtpy 850 ns (Note 3)
time (after
PSTB ¥)

Input data tsTDF 0 ns {Note 3)
floating time
(after PSTB 1)

Control set-up  tcst 400 ns (Note 3)
time (to PSTB )
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AC Characteristics (cont)

Port 11/0 Operation (cont) Other Operations
Limits Test uPD7516H: Ty = — 10°C to +70°C, Vpp =45V 106.0V
Parameter Symbol Min Typ Max Unit Conditions uPD75CG16H: Ty = —10°C to +70°C,Vpp =4.75Vto 5.5V
Control hold time tgc Limits Tost
Output 100 ns (Note 3) Parameter Symbol Min Typ Max Unit Conditions
command
INTO pulse tioH, 10 us
Input 0 80 ns (Note 3) width high, low g,
command
PSTBpulse  tgrp 1200 ns (Note 3) 'h'lﬂr: plz\';e width tay, (1) Hs
width low gn, L
Note: RESET pulse  tpsy, 10 us
(1) The uPD82C43/8243H, etc, cannot interface with the xPD7516H in width high, low 1gs|.
high speed mode (EM, = 1). Note:
(2) Port output mode. (1) 26/, or 26/fx
(3) 1/0 expander mode Vpp=4Vto6V. e
uPD75CG16H EPROM Characteristics
. . = —10° °C; Vpp = 109
Serial Interface Operation Ta= ~10°Cto +70°C;Vpp =5V £10%
uPD7516H: Ty = — 10°C to +70°C, Vpp =25V to 6V Limits Tost
uPD75CG16H: Ty = —10°C to +70°C, Vpp =5V £10% Parameter Symbol Min Typ Max Unit Conditions
Limits Tost Access time tace 700 ns
Parameter Symbol Min Typ Max Unit Conditions ﬁ low set-up ) oe 700 ns
SCKcycletime tggy 2.1 us  Vpp=4V1t06V; time to data valid
Input Datavalidhold tiy 0 ns
125 us  uPD7516H only: time to CE rising
nput edge
R us  Vpp=4Vio6V,
Output Operating Supply Voltages
2 us  uPD7516H only; Ta=—10°Cto +70°C
Output Limits Tost
SCK pulse width tcy 0.7 us  Vpp=4Vio6V, Parameter  Symbol Min Typ Max Unit  Conditions
high, low Input
¢ P CPU (Note 1) 45 6.0 Vi, fy=4.2MHzto
tkL 6.5 us rPDZﬂSH only; 6.6 MHz, (Note 3)
ooy 4.0 6.0 VvV fy=0.1MHzto
3) us  Vpp=4Vtw 6V, 4.2 MHz,
Output fx=3.5MHz1t0
(4) us  uPD7516H only; 4.2 MHz, (Note 3)
Output 45 6.0 V fy hx=4.2MHzto
Slset-uptime tgk 300 ns  Vpp=4Vto6V 6.6 MHz, (Note 4)
(to SCK 1) 1000 ns  uPD7516H only 2.5 6.0 Vv ?;&-:‘MHNO
. Z,
SI hold time tks) 450 ns  Vpp=4Vio6V fe=3.5MHz 1o
(after SCK 1) 1000 ns  uPD7516H only 4.2MHz, (Note 4)
SO output delay tksg 500 ns  Vpp=4VtobVfor
time (after 7516H
SCKY) 2000 ns  uPD7516H only
Note:

(1) High speed mode: 16/, or 16/f,,
Low speed mode: 64/f, or 64/f,,

(2) B84/1,y Or B4/t

(3) High speed mode: 8/f, or 8/f,,
Low speed mode: 32/f, or 32/f,y

{4) 32/, — 2.0us, 0r 32/4,y ~ 2.0u8
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AC Characteristics (cont)

Operating Supply Voltages (cont)

Limits Tost
Parameter Symbol WMin Typ Max Unit Conditions
Crystal 45 6.0 V  fx=4.2MHzto
oscillation 6.6 MHz,
circuit C1=10pF C2<
{Note 2) 10 pF, (Note 5)
2.7 6.0 VvV  C1=10pF C2<
10 pF,
fx=3.5MHz to
4.2 MHz, (Note 5)
2.85 6.0 V C1=10pF C2<
22pF,
fix=3.5MHz to
4.2 MHz, (Note 5)
2.5 6.0 V  External clock
Display control- 4.0 6.0 v
ler
PPG 4.0 6.0 v
Port 1 2.5 6.0 V  Port output mode
4.0 6.0 V. 1/0expander
mode
Note:

(1) Except the crystal oscillation circuit, display controller, PPG, and
port 1.

(2) The circuits in figure 19 and 20 are recommended.
(3) High speed mode, EMa=1.

(4) Low speed mode, EMy=0.

(5) Crystai Oscillator.

AC Waveform Measurement Points (Except X1, X2)

0.7 Voo

0.7 Voo Test
0.3 Vop = points 0.3 Vop

83-002909A

Timing Waveforms

Data Retention Timing
+———STOP Mods————1
I.D." Retention Mode-l
B e

Execution of
STOP Instruction tshs
RESET

83-002959A

Clock Timing
i ]
txL AXH——]
X1 input ‘::: V_ e
83-002960A
EVENT Timing

1ite

|
teL ten
\ 4 Y
EVENT

EPROM Timing

4
) 4
.

tace
CE
tce [+ tiy

lo-bz <4

83-002961A

B3-002962A

Strobe Output Timing

Plo-Pl3 ———_-< Output Data )E_

tstp

e——tpsT

PSTB

tsTul

83-002963A
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Timing Waveforms (cont)

Port 1/0 Expander 1/0 Timing

Interrupt Input Timing

Expander i
Port -——i Port Control Output Data
Output 1\
tost

— Y
Port Port Control
Input A

Input Data
-

PSTB

83-002964A

Serial Transfer Timing

SCK \

Sl _—< Input Data P—-———
W
—=itkso

83-002965A

[Te) Output Data

te—tioL tioH

INTO \

fe—tuL tin

INT1
(Rising

Edge)
tn tie

INT1

(Falling

Edge)

83.002966A
RESET Input Timing
[e—1RsL tRsH

RESET \

83-002967A
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Figure 1. Digital Tuning System Application

FiP

Tuning Signal . _l l l 24| {l

Vere Vioap  So'Sy
To-T1s
Tuner LPF PPO

El
{Analog Output}

Keyboard
Memory <j>

uPD7516H

SO
8243 P1o-P13 sl System
SCK Control

P2y/PSTB

Vop

|
I I

Byt

|||———> z?

830028858
Figure 2. Telephone Application Figure 3. ECR Application
FIP
8 Seg ,FI:‘S Digits 9 Seg x 16 Digits
RAM
e Ly
Vi -S:

e Pre Vioan 'I§:-T175 VeRe Vioao ?o_?v

VENT oT1s

l P22IPCL INT O "
22 \_
INT 1 [«—— Hook Switch, etc. Printer :‘J>
N oammm PPO Keyboard
Buzzer | JOJ PD7516H > Li K
v rD-E_ Vs uPDY: ne Control J—
Telephone Line +—{P21/PTOUT p
(Dial Pulse) Keyboard i la— Power Fail
Buzzer =i

X1 X2 Vop Vss Melody J: X1 X2 Voo Vss

o T1L Fuod T 1

I 1 I I

83-002086A 83-002087A
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Figure 4. Automotive Equipment Application

4 LED
12 sag x 8 Digits

e

S12/T12 VeRe So Su
Digital Input S15M1s v,
* Speed sense LOAD
Pulse Keyboard
* Light switch
uPD7516H
Analog Input
* Fuel ’J\ AD J\ PPO
* Temperature "l/ Converter _/ Buzzer
¢ Battery = melody
X1 X2 Vnn Vss ;L—

“Fi

I

830029888

Functional Description
Program Memory (ROM), 6144 Words x 8 Bits

This mask-programmable memory is addressed by the
bank flag (BNK) and the program counter (PC), and is
used to store programs and table data. See figure 5.

Figure 5. Program Memory Map

0000H

0000H RESET vector
256 x 8
00FFH 0010H INTT vector
0100H
0020H INTO/S vector
™ 3,840 x 8 0030H INT1 vector
.- L
P
1FFFH

00COH
Reference table (16 x 8)

for LHLT instruction
00CFH

00DOH

Reference table (48 x 8)
for CALT instruction

00FFH

83-002938A

General Purpose Registers

Four 4-bit general purpose registers (D, E, H, L) may be
paired as follows for 8-bit operations: DE, HL, and DL.
These 8-bit register pairs are commonly used as
pointers to memory locations. When using the HL regis-
ter pair as a data pointer, auto-increment and auto-
decrement of the L register may be specified.

Data Memory (RAM), 256 Words x 4 Bits

This static RAM used to store display and operation
data. It may also function with the accumulator (A) for 8-
bit data processing.

There are three types of data memory addressing:

¢ Direct. Address designation is made on the second
byte of the instruction.

 Register indirect. Address designation is made by the
contents of a register pair designated by the instruc-
tion.

» Stack. Indirect address designation is made by the
contents of the stack pointer (SP).

Data memory addresses are from 00H to OFFH. The first
64 locations are pre-assigned as display data for the FIP
display (00H to 03BH) and the programmable pulse gen-
erator (PPG) modulo section (03CH to 03FH). When dis-
play data is written in O0H-03BH, the FIP
controller/driver automatically reads it and generates
drive signals for the FIP. See figure 6.

Addresses 00H-03FH cannot be accessed by stack op-
erations. RAM locations 40H-0OFFH can be used as a
stack area addressed by the SP. This data memory area
is used when executing call or return instructions
(CALL, CALT, RT, RTS, RTSPW), push/pop instructions
(PSHDE, PSHHL, POPDE, POPHL), and when answer-
ing an interrupt.

When executing a call instruction or interrupt oc-
curence with interrupts enabled, the contents of the PC
and program status word (PSW) are stored in the stack
area. A push instruction stores the contents of DE or HL
in the stack area. See figure 7.

Figure 6. Data Memory Map

Data Memory
} (0) 00H
Disptay Data Area 60 x 4
{59) 3BH
(60) 3CH
PPG Modulo Section 4 x4
(63) 3FH
Directiindirect (64) 40H
Address Area 256 x 4
Stack Area 192 x 4
{255) FFH
83-002939A
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Figure 7. Push, Call, interrupt * 32 (system clock, CLL; and FOP controller clock,
FIP)
Push Instruction Call Instruction/Interrupt e 128 (timer/event counter clock)
Stack Stack

The system clock (CL) may be s or V2 frequency-

SP-4) POvPCe divided, depending on the state of expansion mode reg-

I ::: P:::'c ister bit 2 (EMy). EM2 = 1 selects /s, and EM2 = 0 selects
NN sy ot Pc,_,,c‘: /a2, CL is supplied to all circuits except the FIP control-

ler and PPG, which use the fyy X a2 and fyx X 2, re-
spectively. CL is 1z frequency divided to supply the CPU
() clock. CL is an input to the clock control circuitry
used to generate the count pulse (CP) used by the timer/
event counter.

83-002840A

Clock Generator
The standby mode control circuit consists mainly of the

The system clock generator consists of a crystal oscil-  stop and halt flip-flops. The stop flip-flop, when set,
lator, a frequency divider, and a standby (stop/halt)  stops the crystal oscillator. There is no input to the fre-
mode control circuit, as shown in figure 8. When anex-  quency divider, so no clocks are output to the uPD7516H
ternal crystal is connected to X1and X2, the crystal os-  circuitry. The STOP instruction sets the stop flip-flop;
cillator generates the fyyx. (The notation ‘fyy’ is used RESET clears it. The halt flip-flop, when set, inhibits the
when referring to crystal oscillation; ‘fy’ is used when an input to the 12 frequency divider that generates ¢,
external clock is input.) It is also possible to obtain a  thereby stopping é. A HALT or STOP sets this flip-flop; it
clock by inputting an external clock into X1 and an in- is reset by the RELEASE signal (generated when an in-

verted clock to X2. terrupt flag is set) or at the falling edge of the internal
The frequency divider divides the output of the crystal  reset (IRESET) signal. (IRESET is released after a wait-
oscillatgr intoyfourfrequencies, as foII?)ws: i ing time following the release of the external RESET
* 2 (pulse generator clock, PPG) input.)

* 1z (system clock, CLH)

Figure 8. Clock Generator Circuit

RESET
Q s STOP [Note 1]

Osciilation Stop Clear a
X1 £
o & STOP FIF
Crystal X Frequency Divider
ID Oscillator a Y

X2 1/2 1/8 1132 11128

= 4.19 MHz ° s
HALT [Note 1]
R g T cLy R
HALT FIF HALT RELEASE

I RESET ( ™a_ )

$ {to CPU)

CL (Sy Clock)

to Ti counter

to FIP controlle
Note: br1p roller)

[1] Instruction execution.

$ppG (to pulse generator)
830029418
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Figure 9. Clock Control Circuit

Pf Internal Bus S
i} OP, OPL [Note 1]
I CM3 | CM2| CM1 I CMLI
to Timer/Event ]
Counter
[
128 Prescaler 2 Prescaler 3
{118) (118)
cL Prsi:::‘l)ev 1
Multiplexer
Event O— {}% cp
{to Timer/Event
Counter)
Note:
[1] Instruction execution.
830029428

Clock Control Circuit Figure 10. Clock Mode Register
This circuit consists of a 4-bit clock mode register Clock Mode Registor
{CMp-CM3), three prescalers, and a multiplexer, as [Gwowz[omiTcmo] [cwz[cwilowe i
shown in figure 9. The circuit generates the clock pulse N
(CP) input to the timer/event counter from the following ojoqe 256
inputs: ol o 1 {fext ortyx
* System clock (CL) 1 — n%
* 1128 divided clock from the crystal oscillator (fyx/128) o 7 | 1] BVENT input
* External EVENT puise v loloefct x;,Z
Bit CMg-CM2 determine the clock input selection and o | 4 [ fex oty x .
divide ratio. CM3 gates the output of a timer out signal — 1 1024 1024
from the PTOUT (P24) pin. When CM3 =1, output from 7] 4| mhibit
the timer out tlop-flop (TOUT) is output to P24. Executing SWs | Destanation o7 Tmer Got FIF Gutput
an OP or OPL instruction loads the clock mode register. 0 | stop
The format of the clock mode register is shown in 1| Output
figure 10. 83-002043A

Timer/Event Counter

This counter consists of an 8-bit counter register, an 8-
bit modulo register, an 8-bit comparator, and a timer-out
flip-flop, as shown in figure 11.

The 8-bit count increments at every rising edge of the
clock pulse (CP). It is cleared to 0 when executing the
TIMER instruction, a RESET input, or a coincidence sig-
nal from the comparator.

The modulo register determines the INTT signal inter-
val. The contents of this register are set via the TAM-
MOD instruction. RESET sets the contents to OFFH.

The timer-out flip-flop inverts with every INTT signal out-
put from the comparator. Its output, TOUT, can by sent
to the PTOUT pin when bit 3(CM3) of the clock mode reg-
ister is set. TOUT may also be used as a serial clock
source to the serial interface.
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Figure 1.  Structure of the Timer/Event Counter

Serial Interface

The serial interface is used for serial data 1/0. It con-
§ On-Chip Bus ! sists of an 8-bit shift register, a 4-bit shift mode register,
TCNTAM % ° and a 3-bit counter, as shown in figure 12. Figure 13
[Note 1] shows the serial shift timing.
- mwr Cometren Slaned The serial clock (SCK) controls the serial data communi-
cation rate. An 8-bit byte clocks into the serial input (S))
port or out of the serial output (SO) port starting with the
MSB. Data transmission occurs synchronously with the
cp—s] Count Hold falling edge of SCK. Data reception occurs synchro-
CLR — nously with the rising edge of SCK.
TOUT
L:"' F’: {to serial intertace) The 3-bit counter counts the number of serial clock
I pulses. When a byte of serial data is transferred, an in-
Timer Resat ternal interrupt signal (INTS) is generated. Selecting
Note: INote 1) INTS (setting SM3 of the shift mode register to 0) sets
1] Instruction execution. cma prouT the interrupt request flag, INTO/S RQF.

S The end of transfer of each byte can also be verified by
testing INTS RQF with the SKI instruction instead of in-
terrupt processing.

Figure 12.  Serial Interface Block Diagram
( On-Chip Bus 2

P 4} TSIOAM —4%
IPL [Note 1]
r

s TAMSIO OP, OPL
[Note 1) {Note 1]

[Note 1] l I T ! : : : T
] 1
PO3/SI O {} ) : 18:Bit Shitt Reg ! : I | — Shift Mode Reg
I S R S T L.
) I | ! | 1 . | ] l
PoSO0 {I\I (Note 2
; 1
! E | } 3 Bit CNT
I_D ; L
P0/SCK O—————4
l- Tout Notes:
4]
¢ [2] SM3 to the interrupt controller.
R INTS
PO/INTO O {} INTO G RS  FIF
Q sfe———————SI0
[Note 1]
83-0020458
CPU Clock (3) Table 1. SCK Frequencies

When the SIO instruction executes, eight CPU clock
pulses ($) are supplied to the serial interface for the se-
rial clock and output from SCK. After the eighth clock,
SCK is fixed high level, automatically stopping serial
data I/0 after one byte has transferred.

SCK does not have to be software controlled. Its trans-

[ P L N D IR S [ T ¥ TR S 3 T . P Ui U P 1

fax Low Speed Mode High Speed Mode
6.55 MHz 102.4kHz 409.6 kHz
419MHz 65.5kHz 262 kHz
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Figure 13. Serial Shift Timing

generating

83-002946A

Interrupt Function

There are two external and two internal interrupts, with
the specifications listed in table 2. The external inter-
rupt INTO uses the POg port pin as the interrupt signal
input, and has the same interrupt process as the inter-
nal serial interrupt INTS. Selection of the interrupt is
programmabie and depends on the application.

Table 2. Interrupt Specifications

Int/ Vector
Source Ext Priority Address
INTT (coincidence signal from timer/event  int i 10H(16)
counter)
INTO (interrupt signal from POg terminal) ext 2 20H(32)
INTS (end of transfer signal from serial int 2 20H(32)
interface)
INT1 (interrupt signal from INT1 terminat) ext 3 30H(48)

Interrupt Sequence

When an interrupt goes active, the following occur:

¢ A corresponding interrupt request flag is set.

¢ The interrupt master enable flip-flop is reset.

¢ The contents of the PC and PSW are saved in the
stack.

¢ An interrupt start address is generated and jumped
to.

¢ Theinterrupt request flag set by the interrupt is reset.

Two machine cycles are required for interrupt execution,
one for saving the return address and one for jumping to
the interrupt start address. If several interrupts occur si-
multaneously, all respective request flags are set, and
the interrupt with the highest priority is processed. The
remaining interrupts are pending until serviced by

reenabling the master interrupt flip-flop or until their in-
terrupt request flags are reset by executing a SKIl in-
struction.

Figure 14 is a block diagram of the interrupt control
circuit.

FIP Controller/Driver

The FIP controlter/driver consists of 60 4-bit nibbles of
display memory (000-03BH of data RAM), a 4-bit display
mode register (DM3-DMp), a 4-bit timing mode register
(TM3-TMy), a 4-bit blanking mode register (BM3-BMg),
an output selector, and a high voltage output driver. See
figure 15.

The FIP controller/driver has 24 outputs for directly driv-
ing a high voltage vacuum fluorescent display:

* 8 segment signal outputs (Sg-S7)

¢ 8timing signal (grid) outputs (To-T7)

¢ 8 timing or segment outputs (Tg/Sg-T15/S15)

The contents of the display mode register determines
which of the five display modes is available to the user.
The modes are as follows:
¢ Static mode

— 24 static output
¢ Dynamic mode

— Bsegment mode

— 12 segment mode |

— 12 segment mode i

— 16 segment mode

The contents of the timing mode register determine the
number of display digits (1-16) and control the number
of timing signals (Tg-T+s) output. Timing signals drive
the grids of vacuum fluorescent display tubes. The
voltage on the grid will determine the brightness of a
digit (made up of one or more segments) or if the digit
will be turned on or off.

The width of the timing signal pulse can be adjusted at
eight independent steps by the value loaded into the
blanking mode register. This function is useful for dim-
ming control and for preventing display cross-talk of ad-
jacent digits.

The active level of the timing signal can be designated
high or low by bit DM3.
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Figure 14. Interrupt Control Circuit Block Diagram

2 On-Chip Bus 2
[Note 1] OP, °P‘-—{} {Note 1] sx|—><> INote 1] El‘é E——m [Note 1)
T
! int Enable I INT
Mode Test Control Reg i Master
Register 1 Enable
. T QIS 1 FIF

{Note 2] I l _l

INT1 o Sync s
Edge INT1

ci—a]  Dotect l:D_ o ROF ‘:D\
' S ntois D—
Edge RQF priority |——N] Vector

INTS
PO/INTO O Detect R Control ] Address
[Note 1] MUX Gen
)
INTT Nonsync s
Edge INTT

Detect R RQF

Note:
1l [Note 1] Timer

{2] SM3 is bit 3 of the shift mode register @_,
(selection of INTO or INTS). HALT Release

83.002947B
Figure 15. FIP Controller/Driver Block Diagram
2 On-chip Bus g
¢ Lo U
Display Timing Blanking
Mode Mode Mode
Register Register Register
P Soaman” '|= R <
- R g =
L —

Segment Data Latch (16 bits) l

UL} N\ RO
| P— 1L Po— ]

v
E FIP Driver I PRE
Vioap
{8} (PD7516H only)

Ta/Se-T1iS11 T12/812T15/S15 To-T7

g

FIP Driver

L FIP Driver ]:]

Y
Y

23
& K
e
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Display Mode Register (DM)

This 4-bit write-only register (DM3-DMg) determines the
display mode (dynamic, static, and off) of the FIP
controller/driver. It also determines the active level of
the display timing signals. This is shown in figure 16.

The DM register has an output address of 0BH and is
accessed by the output instructions OP and OPL when
bit EM3 of the expansion mode register is set. The DM
register is cleared by a RESET.

Figure 17 showns a display example in 12-segment
mode .

Figure 16. Display Mode Register Format

v owow o

00 Display OFF

[ Use Inhibited

01

01 Static display (24 segment output)

10 8 segment mode (up to 16 digits)
i0 Dynamic 12 segment mode | (up to 15 digits)
11 Display |45 segment mode 11 {up to 11 digits)
11 16 segment mode {up to 11 digits)

0 | Timing signal Tn: active high

1| Timing signal Tn: active low

83-002949A
Figure 17. Display Example in 12-Segment Mode |
Display Data Memory
2BH 27H  23H 1FH 1BH 17H  13H OFH OBH 07H  O03H
DM = [x[101] 20H 25H 21H 1DH 19H 15H 11H ODH 09H 05H O1H
™ = [1010) 28H 24H 20H 1CH 18H 14H  10H OCH 08H 04H  0O0H
0 0 1 [ [} ) 0 0 0 0 o |b3
1 b2
[} 0 0 0 0 0 0 [} 0 LI LA
0 0 0 1 [ 0 0 [} 0 0 o |b1
[} 0 0 0 0 0 1 0 [} 0 o {bo
[} 0 0 [} 0 0 0 o [ 0 o |b3
0 [ [ 0 1 1 0 0 1 1 1 |b2
L 4n + 1
0 0 [} 0 1 1 [ [} 0 0 1 |1
0 0 0 0 [ [ o 0 0 1 1 |bo
0 [ [} 0 0 1 [} 0 1 1 o |bs
0 1 1 ) 1 1 Q9 1 1 (1] 1 b2
an
[} 1 1 0 1 0 [ 1 1 0 o |b1
1 0 [} 0 0 1 0 0 1 0 o |bo
1
1 EH
T1s T Tis Toz l
S1s S14 S13S12 S7 56 S5 S4 S3 $2 St SO T11/811 T1o/S10 Te/Sy Ta/Ss T Te Ts Ts Ts T2 T To
Lk[j[lh[gledctJa l
SUN | MON | TUE_ | WED | THU | FRI | SAT N
awe | LT ol S| el
PMb efd|c
AR A T A A A A A A )
0 1 2 3 4 5 [ 7 8 9 li10h

830029508
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Standby Function

Two standby modes, stop and halt, hold device power
consumption to a minimum. Stop mode is entered via
the STOP instruction, and halt mode is entered via the
HALT instruction. In stop mode, all clocks are stopped.
In halt mode, only the CPU clock (¢) is stopped.

Stop mode can only be released by a RESET. Halt mode
may be released either by a RESET or by the setting of
an interrupt request flag.

Stop Mode

In stop mode, the contents of memory are retained, and
all other functions are stopped. RESET releases stop
mode.

In stop mode, the X1input is internally shorted to Vgg in
order to hold the crystal oscillator leakage to a mini-
mum. A system using stop mode cannot use an external
clock.

Halt Mode

When no interrupt flags are set, the HALT instruction
causes the device to enter hait mode. In this mode, only
¢ stops; all other clocks continue to operate. The follow-
ing functions continue to operate:

¢ Clock osciliation

Frequency division and output of clocks other than ¢
Event input

Timer/event counter

Serial interface (except when ¢ is used as SCK)

FIP controlter/driver

PPG

Interrupts (INTO, INTS, INTT, INT1)

RESET

Since a set interrupt flag releases the device from halt
mode, this mode cannot be entered if an interrupt re-
quest flag is set. It is therefore necessary to reset the
request flag(s) either by answering the interrupt(s) (set-
ting the interrupt master enable F/F and process inter-
rupt) or by executing the SK! instruction.

In halt mode, CPU power consumption is eliminated. To
hold power consumption to a minimum, all unneces-
sary circuits should be inactive and the steps below
should be taken:

¢ Set the system clock (CL) to low speed

* Set the FIP controller/driver to the off mode

¢ Set the PPG for static operation

» Stop SCK input

Low Supply Voltage Data Retention (uPD7516H
only)

Data retention is possible with Vpp as low as 2V. Vpp
should be lowered after the device is put in stop mode
and while RESET is inactive. Stop mode cannot be re-
leased in low voltage data retention mode; Vpp should
first be raised to normal operation.

Release of Stop Mode

RESET releases stop mode. On RESET'’s rising edge,
the device mode changes to halt mode, starting clock
oscillation. At the falling edge of RESET, a waiting time
(about 62.5 ms/4.19 MHz, 40 ms/6.55 MHz) elapses, al-
lowing for stabilization of crystal operation; following
this the halt mode is released. After normal RESET oper-
ation, the CPU begins program execution from address
0000H.

In the release operation, the contents of data memory
are retained while the contents of other registers be-
come undefined.

Power-on Reset Circuit

An example of the simplest power-on reset circuit using
aresistor and capacitor is shown in figure 18.

Figure 18. Power-on Reset Circuit

+5V

RESET

83-0029518B

Figure19. Crystal

Ciz c2

C1= 10pF 1

C2 < 22 pF

83-002956A
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Figure 20. External Clock

Figure 21. External Circuit

X1

X2

-

X

o High-Speed CMOS Inverters

External Clock

83-002057A
Operating Characteristics
Ta=256°C
lop vs. (VDD - VOD) (VDD = 4 Vo 8 V)
[ I 7177 T 1
/ Voo - Vere = 7V
g [T vemezoyf 7 -
E /1 / ;
§100 / / P oo - VpRE = 5 V
P / l/ pd - !
£
3 Vpp - VpRe = 4 V
; / /, D PRE
H /777 =1 [ |
© 50 //, // v -
: M 117 o von - Voo
£ /.1 So'S7 i
3 4 —lop <
VPRE Voo - VPRE n %
8
0 1 1 ) 1 | 3
0 1 2 3 4 5
Voo - Voo (V)
I0H vs. (VDD - VOH)
5
Vpp = 5V
Vpp = 6V,
T4 /
E
3 / Vop = 4V
£ 3
f // Vpp = 3V
=
H
t, // |
3 /// Vpp = 2.5V
g
5 ;
o 4l P B
W :
0 3
1 2 3 4
Vop - Von (V)

Voo —0-5V
+J.
_l_ 3.3 4F RDY.1EL

VPRE
S
E; 68 ko
Vioao 0 ~-30V
V. Note:
s RD9.1EL: Zener Diode (NEC)
| Zener Voltage = 8.29 V t0 9.30 V

83-002958A

Timing Output Current, lop (mA)

Output Current Low, loL (mA)

lop vs. (VDD - VOD) (VDD = 4 to 6 V)

30 7 I
Vop — Vere = 89 V) Voo - Vere = 7V
| /
/ 1/ Vop - Vpre = 5
20 a4 P
VAR 4 !
//// /// Vop - VpRE = 4 V——
V.
7/ /. e i
10 ey Voo 4
/ L~ Voo - Voo
W oA gy p—
Y/ Te/SsT15/S15 loo «
g VeRe Vpp - VPRE %
8
0 L 1 ! 1 1 b4
0 1 2 3 4 5
Voo - Voo (V}
loL vs. VoL
20 ‘
Voo = 6V Vop = 5V
/ / /DD =av
15
Vop = 3V
10 //
/ Vpp = 25V
5 [
4
g
8
0 2
0 1 2 3 a

Qutput Voitage Low, VoL (V)
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Operating Characteristics (cont)

Ipp vs. Vpp Ipp vs. Vpp
(Ta = 25°C, fxx = 4.19 MH2I] (A = 25°C, fxx = 6.5 MH2)3
T 1 T
High Spead Mode
" AN
1000 High Speed Mode | 1000 High Speed Halt Mode
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