NEC

NEC Electronics Inc.

uPD7533/75CG33E
4-Bit, Single-Chip
CMOS Microcomputers
With A/D Converter

Description

The uPD7533 is a 4-bit, single-chip CMOS micro-
computer with a 4-channel, 8-bit A/D converter, 8-bit
timer/event counter, and an 8-bit seriai interface. The
HPD7533 has 30 I/0 lines, 8 of which can be used to
directly drive LEDs. The uPD7533 executes 67 instruc-
tions of the uPD7500 series “A” instruction set.

The A/D converter has various temperature mopitoring
applications that can be used with household electrical
appliances, such as air conditioners and electric
ovens. Other applications include health monitoring
equipment and cameras.

The uPD75CG33E consists of a 28-pin socket “piggy-
backed” on the lower 42-pin ceramic DIP. This socket
is configured to hold either a 2732A or 2764 EPROM.
For engineering purposes, programs can be tried and
debugged before ROM code submission.

Features

O 4-bit single chip microcomputer
0O 67 instructions (subset of uPD7500 series set A)
O Instruction cycle
— 5 us at 5V, 400-kHz clock at ceramic oscillation,
DIVSEL = high
— 10 us at 5V, 400-kHz clock at ceramic
oscillation, DIVSEL = low
O Program memory (ROM): 4096 words x 8 bits
— External in the uPD75CG33E
O Data memory (RAM): 160 words x 4 bits
0O 8 high current output lines for LED direct drive
O Input/output ports
— Two 4-bit input ports
— One 2-bit output port
— One 4-bit output port
— Three 4-bit input/output ports (two of these
can function in 8-bit units)
— One 4-bit input/output port usable at bit level
O Interrupts: two internal and one external
O 8-bit serial interface
O Standby operation
— STOP mode
— HALT mode
O On-chip system clock oscillator
— Ceramic resonator
— Fuli or 1/2 oscillation frequency
[0 CMOS technology
O Low power consumption
[ Single power supply

50276 (NECEL-460)

Ordering Information

Maximum
Part Package Frequency
Number i Type of Dperation
1PD7533C 42-pin plastic DIP 510 kHz
u#PD7533CU—~"  42-pin plastic shrink DIP 510 kHz
uPD7533G-22 44-pin plastic QFP 510 kHz
1PD75CG33E 7 42-pin ceramic piggyback DIP 510 kHz
Pin Configurations
42-Pin Plastic DIP or Plastic Shrink DIP
paz ] 1 UV [ vss
Paz [ 2 a1 3 Psp
Py 3 40 [1 PSy
Pag [ a 39 [0 P52
P05 38 [ P53
p24/PTOUT O 6 T cL2
prs (7 36 [ c11
ez 8 35 [] DIVSEL
P71 e 34 [1 RESET
P70 ] 10 5 33 [ POo/INTO/EVENT
P30 B 32 [1 Pov/SCK
P12 % 31 [dPoso
P3¢+ [ 13 30 [1 poa/si
P3g ] 14 29 [JPto
Avss [ 15 28 [ P#y
AN3 [ 16 27 [1 P12
AaN2 17 26 [1 P13
AN1 [ 18 25 [1 Péo
ano [ 19 24 1 P8y
varer (] 20 23 s
vpo O] 21 22 ;] P63
83-002631A
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Pin Configurations (cont)

42-Pin Ceramic Piggyback DIP

Pag 1 hd 42 vss

P4z [ 2 4PDT5CGIIE 41 Psp

Pag [ 3 40 [J P54

Pag ] a 391 Ps;

P2, 5 vop1 281 voo 38 [ ps3

P21/PTOUT |6 vss}2 27 [dvpp 370 cL2

pral]7 aA703 26[0vop 36[1cL

pr2]8 As[]4 25[1As 351 DIVSEL

P9 As]s 24[JAs 34|37 RESET

P70 ] 10 As[]6 23|71 At1 33 [ POY/INTO/EVENT

P33} 11 Asl]7 22[3vss 32| Poy/SCK

P32 12 A2008 21[JAs0 31 Poxso

P34 013 A9 20JCTE 30[0PossI

P3ig ] 14 Ag[]10o 1901z 28[1pyy
Avgs[]15 1w n 1O 280p1y

aNa[J16 ]2 1701 27pe1;

AN2[ 17 118 1sdu 23 P13

AN1[]18 vss[} 15[J13 250 psp

ANO ] 19 24 [] P6q
Vager [] 20 23 [J P62

vpo [ 21 22 [1 P63

83-G02633A

44-Pin Plastic QFP

[T _T11P4z

[T 1 vss

[ T T1P5¢

F—Tipss

4 I—T1 P22
11 Pag
a2 [ 7T pay

P24/PTOUT (T__T 1
P73 T}
P72 (1§
P71 [T
PTo I —17s
P33 (T T}
PR CT—T§7
P31 [T_T]
Ly —— ]

AVss (T T
AN3 [T T 1

O

w

[T T1P4a3
38T _T1PSo

#PD7533

36 [T—T7 PS5,

T IIcCL2

33[T_TINC

[T T3cu

31 [T_TJ DIVSEL
' T_TIRESET
29 Fr—1y EORNTO/
| T 11 P0y/SCK
27 f[T—T13PO2/SO
(T T Poa/SI
25T T1P1g
[T—TI1P1y
BT T1P1,

AN2 [T

AN1 T

ANOCT—T] 14
Varer (T

NC (T T17 18
vpp (TT]
Pe3 (11|18
P6 (T 1§
peq 1] 20
) ——

83-002632A
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Pin Identification

42-Pin DIP, Shrink DIP, and Piggyback DIP

No. Symbol Function

1-4 Pd3-P4; . 1/0 port 4

56 P2,, P24/PTOUT Port 2 output

7-10 P73-P7q 110 port 7

11-14 P33-P3y Port 3 output

15 Ayss A/D converter ground

16-19 AN3-ANO Analog input

20 VAREF A/D reference voltage input

21 Vop Positive power supply

22-25 P63-P6g 1/0 port 6

26-29 P13-P1g Port 1 input

30 PO3/8I Port 0 input/Serial input

31 P0,/S0 Port 0 input/Serial output

32 P0;/SCK Port 0 input/(1/0) Serial clock

33 POo/INTO/EVENT !’ort 0 input/interrupt 0/Event
input

K2} RESET RESET input

35 DIVSEL System clock selection input

36,37 CL1, CL2 External clock input/System
clock terminal

3841 P53-P5¢ 1/0 port5

42 Vss Ground
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Pin Identification (cont)

44-Pin QFP

No. Symbol Function

1,44 P24/PTOUT, P2 Port 2 output

25 P73-P7g 170 port 7

6-9 P33-P3g Part 3 output

10 Ayss A/D converter ground

11-14 AN3-ANO Analog input

15 VAREF A/D reference voltage input

17 Vop Pasitive power supply

18-21 P63-P6g 1/0 port 6

22-25 P13-P1g Port 1 input

26 PO3/SI Port 0 input/Serial input

27 P0o/S0 Port 0 input/Serial output

2 P04/SCK Port 0 input/(1/0) Serial clock

29 POg/INTO/EVENT Port 0 input/interrupt 0/Event
input

30 RESET RESET input

31 DIVSEL System clock selection input

32,34 CL1,CL2 External clock input/System
clock

35-38 P53-P5g 1/0 port 5

39 Vsg Ground

40-43 P43-P4g 170 port 4

16, 33 NC No connect

28-Pin EPROM Socket on 42-pin Piggyback DIP

No. Symbol Function

1,26-28 Voo Positive power supply
2,14, 22 Vss Ground

20 CE Chip enable output
3-10, 21, Ag-Aq Address bus

23-25

11-13, to-17 Data bus

15-19

Pin Functions
P0g-P03 [Port 0]

P0g-PO3 function as port 0. POg also functions as a
count pulse input pin for the timer/event counter
(EVENT) orasinterrupt 0 (INTO0). PO, also functions as
a serial clock input/output pin (SCK) for the serial
interface. PO, functions as a serial data output pin (SO)
and pins P03 as a serial data input pin (SI). The P04/SCK
and P0,/SO pins are three-state input/output.

The shift mode register (SMg-SM3) determines the
operation mode of the port 0 input/output pins; how-
ever, the data on PQy-PO3 can be loaded into the
accumulator at any time by executing a port input
instruction (IP/IPL). This is possible even when P04-
PQ3 are functioning as the serial interface.

After a RESET, P0g-P03 become input ports (high
impedance).

P1¢-P13 [Port 1]

P143-P13 function as port 1. Execution of an IP or IPL
instruction reads data present on P15-P13 into the
accumulator. Tieany unused lines of P1p-P13to Vpp or

P24-P23 [Port 2]

P2,-P2, function as port 2 with an output latch. When
an output instruction (OP/OPL) to port 2 is executed,
the middle 2 bits (A4 and Ay) of the accumulator are
latched by the output latch and, at the same time,
output to P2{-P2,.

After being written once, the output latch contents
remain until they are rewritten by an outputinstruction
or a reset. The status of the corresponding output
signal also remains. After a reset, the output latch
contents become undefined, all output signals are
disabled, and the output drivers are turned off.

P2, is also used as an output pin (PTOUT) for the
timer-out F/F signal (PTOUT). Bit 3 (CM3) of the clock
mode register controls the PTOUT output. When CM3
is 1, TOUT is ORed with the P24 output latch contents
and sent to the output driver. Therefore, to output the
P2, output latch contents, reset CM3 to 0 to inhibit the
TOUT signal.

Note that soon after the RESET signal is asserted, CM3
is reset and TOUT is inhibited. However, since the
output latch contents are undefined after a reset, to
output the TOUT signal, first write 0 in the P24 output
latch and then set CM3 to 1 to output TOUT.
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P3¢-P33 [Port 3]

P3;-P33 function as port 3 with an output latch. When
an output instruction to port 3 is executed, the accu-
mulator contents are latched and output.

Once data is written in the output latch, the datais held
until the next outputinstruction to port 3 is executed or
RESET is asserted. After a reset, the output latch
contents become undefined and the output driver is
turned off.

P4g-P43 [Port 4]
P5¢-P53 [Port 5]

P4y-P4 function as port 4 and P5g-P53 function as port
5. When an input instruction is executed, the data on
these pins is read into the accumulator. When an
output instruction is executed, the accumulator
contents are latched and output. After the data is
written into the latch, it is held until the next output
instruction to ports 4 or 5 is executed, or RESET is
asserted.

Ports 4 and 5 can work as a pair enabling data (input
with the IP54 instruction and output with the OP54
instruction) in 8-bit units. The high four bits of dataare
from the accumulator and the low four bits are from
memory (addressed by HL).

Ports 4 and 5 automatically setin the input mode (high
impedance output) after a reset or when the input
instructions to these ports are executed. After a reset,
the output latch contents become undefined. Both
ports 4 and 5 can drive LEDs directly.

Note that after the port changes from output mode to
input mode, the data on the line is unstable when the
input instruction that changes the mode is first exe-
cuted. It is strongly recommended that you re-execute
the input instruction considering the input/output
mode switching time. This will insure reading stable
data.

The bit manipulation instruction affects the specified
bit only. So when the output latch contents are un-
defined, (immediately after a reset), initialize the output
latch contents with an output instruction before the bit
manipulation instruction is executed.
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P69-P63 [Port 6]

P6y-P63 function as the 4-bit input latched, three-state
output port. The individual lines can be programmed
as either inputs or outputs.

In input mode, data present at this port is read into the
accumulator by the execution of an IP or IPL instruc-
tion. Accumulator data written to this port by the
execution of an OP, OPL, ANP, or ORP instruction is
statically latched, and remains unchanged until re-
written. This data, however, is not output since the
output buffer is disabled and placed in the high
impedance state.

In output mode, accumulator data written to the
specified port line by the execution of the OP, OPL,
ANP, or ORP instruction is statically latched and
output to the P6, pin. Data present at P6, is read into
the accumulator by the execution of the IP or IPL
instruction, making it possible to read the contents of
the P6,, output latch.

All lines of port 6 are initialized to the high impedance
state at Reset. Leave any unused lines open (if outputs)
or tied to Vpp or Vgg (if inputs).

The port 6 mode select register (MSR) controls the
function of the individual port 6 lines. The execution of
the OP or OPL instruction locads the port 6 MSR with
the accumulator contents. The 4-bit immediate data
operand or the contents of the L register must be setto
OEH. Figure 1 shows the format of the port 6 MSR.

Port 6 MSR Format

I PM3 rPM2 1 PM1 ] PMy I
L

Figure 1.

P6p
P61
P62
P63

PMqn Port 6 Selection

0 P6n input [output butfer high-impedance!

1 P6n outpul [output buffer on]

83-0025344
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P7¢-P73 [Port 7]

Port7 is a4-bitinput or latched three-state output port.
The execution of an IP or IPL instruction execution
reads data present at this port into the accumulator.
Accumulator data written to this port by the execution
of an OP, OPL, ANP, or ORP instruction is statically
latched and remains unchanged until rewritten.

Upon reset, all lines are initialized to the high-
impedance state. Leave any unused lines open (if
outputs) or tied to Vpp or Vgg (if inputs).

ANO-AN3 [A/D Input Terminal]

ANO-ANS3 are the 4-channel A/D converter input ter-
minals. The A/D converter uses a successive approxi-
mation method.

VAREF [A/D Converter Positive Reference]

The voltage on Vargr determines the full scale analog
voltage.

Avss [A/D Converter Ground]

Ayss is the ground for the A/D circuit.

CL1, CL2 [Clock]

CL1 and CL2 connect external oscillator elements to
the system clock. Connect a ceramic resonator to
these pins. If an external clock is used, place a buffer
between the clock source and the CL1 and CL2 pins.

When connecting the oscillation parts to the CL1 and
CL2 pins, use the shortest wiring possible. Ground the
capacitor as close to the Vgg pin as possible.
DIVSEL [System Clock Divider Selection Input]

DIVSEL selects whether the system clock runs at
ceramic oscillation frequency, or at one-half the ceramic
oscillation frequency. If a logic 0 (Vgg) is connected to
DIVSEL, the system clock is one-fourth the ceramic
oscillation. If DIVSEL is high, then the system clock will
be one-half of the ceramic oscillation.

RESET [Reset]

A high on RESET activates this input.

Vpp [Power Supply]
Vpp is the positive power supply pin.

Vgs [Ground]
Vgs is the ground pin.

Pin Functions, uPD75CG33 EPROM
Ag-A11 [EPROM Address]

Ag-Aq; output the contents of the EPROM program
address counter. A reset leaves Ag-Aq1 undefined.
lp-17 [Data Bus]

lo-17 input the contents of the EPROM data bus.

CE [Chip Enable]

CE outputs the EPROM chip enable signal. (Active
low.)

Vpp [Power Supply], Vgs {Ground]

Vpp is the positive power supply pin with the same
voltage as the lower portion pin 21. Vgg is the ground
pin with the same voltage as the lower portion pin 42.
The following voltages are supplied to the 2764 or
2732A pins from Vpp or Vgs.

Pin Number
2164 2732A Symbel Voltage
1 20 Vpp Vpp pin21=+5V
28 24 Vee Vpp pin2t =+5V
22 20 0E Vgg pind2 =0V
2 - Ay Vpp pin21=+5V
14 12 Vss Vgg pind2 =0V
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Block Diagram

INTO/EVENT/POg I
SCK/P0y SO/PG2 SI/PO3
? INTO T (T) T -
EVENT L Clock cp Timer/Event INTT Interrupt INTS Seriat
Control Counter Control Interface Port 0
'Ol
[ r T e K rwre
: §t-0 0
Port
l < Bﬁ::er <I] P1-P103
I 1 :> Pon? :2 > P2yPTOUT
¢ Al8) Butfer 2
Program Counter[12] ALU
General Registers Port 3
ﬂ Latch 4 P3g-P33
U Ha) Li4] Butfer
Stack Pointer|8]
Port 4
<:> Latch <_T_> Pag-P43
Program Memory :> Instruction Butter
4096 x 8 Bits Decorder
Port 5
sty TN T G K eseess
uffer
cL o
T T Port6
System A/D © Latch <I> P6o-P63
p-ioth Standby el @ Bufter
Generator Control
Port 7
) L 1] T 7] s
L | Buffer
cL1 cL2 VoD Vss RESET ANg-AN3  VAREF Avgs
3-2028358
Absolute Maximum Ratings Capacitance
Tp=25°C Tpo=25°C,Vpp =0V
Power supply veoltage, Vpp —03to+7.0V Limits Test
Input voltage, V; —0.3VtoVpp+03V Parameter Symbol Min Max Unit Conditions
Output voltage, Vg -03VtoVpp+03V  Input Cin 5 pF f=1MHz
High level output current, | 17 mA (1 pin) capaciance Unmeasured
g p - loH P Output Cout 5  pF pins are O V.
—20 mA (all output ports) capacitance
Low level output current, lg 17mA(1pin) 110 Cio 15 pF

80 mA ports 2,347 (total pins)

80 mA ports 0,5,6

Operating temperature, Topt —10 to +70°C
Starage temperature, Tgrg —65 to +150°C
A/D Vgg, Ayss —03t0+0.3V
A/D reference, VARer —0.3Vto Vpp

Comment: Exposing the device to stresses above those listed in
Absolute Maximum Ratings could cause permanent damage. The
device is not meant to be operated under conditions outside the
limits described in the operational sections of this specification.
Exposure to absolute maximum rating conditions for extended

periods may affect device reliability.
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DC Characteristics DC Characteristics
Ta =—101t0 +70°C, Vpp = 2.7 t0 6.0 V, DIVSEL =1 Ta=—1010 +70°C, Vpp = 2.7 10 6.0 V, DIVSEL = 1
_ Lmits Test _Limits Tost
Parameter Symbol  Min Max  Unit Conditions Parameter Symbol  Min Max  Unit Conditions
High level ViHt 0.7 Vpp Voo vV Conditions Supply current Ippy 1.0 (typ) 3.0 mA Operating mode:
input voltage specified by foo = 500 kHz
(other than oscillation 0 K
- D2 250 (typ) 750 pA  HALT mode:
CL1,CL2) characteristics fog = 500 kHz
ngh level Viz  Vpop—05 Vpp v 300 (typ) 900 uh (750G33:
input voltage — X
(CL1, CL2) Vpp=45-60V;
! fog = 500 kHz)
Low level iy 0  03vpp V
input voltage lpp3 0.1 (typ) 10 pA  STOP mode
{other than 25(yp) 200 uA (750633
CL1, CL2) Vpp=45-6.0V)
!_ow level ViLe 0 0.5 v
"(‘:‘E‘;‘ ‘é‘ﬁ'z‘age AC Characteristics
(CL1, CL2) T = —10t0 +70°C, Vpp = 2.7 10 6.0 V
rligh level Von Vpp—10 vV Vpp=45-60V Limits
output voltage oy =—1mA _ Test
except P63 Parameter Symboi Min Max  Unit Cenditions
Vpp— 05 Vo lgn=—1004A Cycle time toy 392 200 us  Vpp=45-60V
Vpp—05Vpp—02 V  Vpp=45-60V 952 200 s
loh=—2 mA EVENT input  fg 0 510 kHz Vpp=45-60V
(P63 only) frequency 0 210 kHz
Low level Vo 06(typ) 20 V. Vpp=45-60V  EVENT input tEn 0.8 us  Vpp=45-6.0V
output voltage lo, =15mA high duration
0.7 (typ) 25 V(750633 EVENT input L 2.2 us
Vpp=45-60V) low duration
04 vV lgL=16mA SCK cycle tkey 40 us  Input
Ty I°L . time Vpp =45-6.0V
: ’ oL = 4004 392 us  Output
High level L1 3 pA ViN=Vpp Vpp=45-6.0V
input leakage
current (other 100 Ks__Input
than CL1, CL2) 9.52 us  Output
; = SCK high, tKH, 18 us  Input
High level  —lunz 20 WA ViN=Vop low level ta Vpp =45-6.0V
input leakage duration
current (CL1, 1.786 us  Output
CL2) Vpp=45-60V
Low level e -3  wA V=0V 48 us  Input
input leakage 46 us  Output
current {other Sl setup -— 30 s
than CL1, CL2) time (SCK high)
-LUW level |L§L2 -20 LA V|N =QV S| hold th' 450 ns
input 'ﬁ'éige time (SCK high)
curren ,
cL2) ch(;ow so 850 ns Vpp=45-60V
to
Highlevel  lLon 3 uA Vour=Voo output delay 1200
output leakage time
current INTO high, tioH, 10 us
Low level oL -3 uA Vour=0v low level toL
output leakage duration
current RESET high, 18SH. 10 us
low levet tRsL
duration
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'Data Memory, STOP Mode Data Retention

Characteristics
Ta =—10to +70°C

A/D Converter Characteristics
Ta = —1010 +70°C, Vpp = +5.0 V 15%,
Vgs = Aygg =0V, Vaper = Vpp — 05 Vto Vpp

Limits Test Limits Test
Parameter Symbol Min Typ Max Unit  Conditions Parameter Symbot Min Typ Max_Umit  Conditions
Data Voopr 2.0 60 V Resolution 8 Bits
retention Absolute +15 LSB
supply voltage accuracy
Data retention  IpppR 01 10 wA Vpppr=20V Conversion tcoww 9 tove* Voo — 05
supply current time < Vaper < Vop
RESET setup  tspg 0 us Sampling tSAMP 1 tove
time time
Oscillation tos 20 ms  Ceramic Analog input vV A v "
stabilizing resonator: voltagge P AN FVSS AREF
time when Vpp -
greater than Analog input Ran 1000 MO
45V impedance
VAREF current lagep 0.4 1 2 mA
*toye = 2 (DIVSEL = 1)
fcc
Data Retention Timing
STOP Mod "
! 2 HALT ‘_3;’::.""9
- > Mode
Data
ion Mode
Voo t \ VDDDR /
sToP tshs [+
peser  Execution 7N
—{ 105 [e—
83-002636A
Oscillator Characteristics
Ta =—10t0 +70°C, Vpp = 2.7 t0 6.0 V, DIVSEL =1
Limits Test
Dscillation Configuration Parameter Min  Typ Max Unit Conditions
Ceramic See figure 3 Oscillation frequency (foc) 3% 500 510 kHz Vpp=45t0560V
390 500 510 kHz Vpp=40tc6.0V
390 500 510 kHz Vpp=30to6.0V
DIVSEL =0
390 400 410 kHz Vpp=271060V
DIVSEL =0
Stabilization time 20 ms Vpp greater than 4.5V
External clock See figure 3 CL1 input frequency 10 510 kHz Vpp=45t060V
10 210 kHz
CL1 input high, low level durations (tcp.tg) 1.0 5 us Vpp=45106.0V
1.0 5 s
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Timing Waveforms

AC Timing Measuring Points (Except CL1) Serial Transfer Timing
07V | . tkey
X 03 V:)z :> Measuring Points < z: zzz X KL KH
83-002637A TR ——\ Z S
Clock Timing e— 151K —a- k51
r— 3
sl 3( Input Data 75—
e . ‘Ksol‘_
ot o $O Z Output Data x
cLi Z Vinz 83-002640A
: : Yo

83-002638A

Interrupt Input Timing

EVENT Timing . .
oL |e——tioH ——=
11e _\
INTG
EVENT S
Z S; RESET input Timing
83-002635A
tRsL tRSH-—
RESET \ Z b
K
83-002642A
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Functional Description
System Clock Generator

The ceramic oscillator circuit generates the system
clock for the uPD7533. Figure 2 shows that the oscillator
circuit for the uPD7533 includes a ceramic oscillator,
two divide-by-two circuits, the DIVSEL input, and
control circuitry for the standby modes, HALT and
STOP.

Figure 3 shows that the ceramic oscillator requires that
a ceramic resonator be connected to the CL1 and CL2
pins. An external clock can also be inputat CL1. In this
case, the oscillator operates as an inverted buffer.

Figure 2 shows that the output frequency from the
ceramic oscillator connects either directly to the clock
selector or via a divide-by-two circuit. The selector is
controlled by the DIVSEL line. If DIVSEL is low, the
divide-by-two frequency is selected. This option is
used during a low power operating mode. If DIVSEL is
high, then the direct frequency is chosen. The output
of the selector is used as system clock (CL), and isalso
divided by two to supply the CPU clock (¢).

Table 1 shows how DIVSEL selects the system and
CPU clocks, and machine cycle timing.

Standby Control

The HALT F/F and the STOP F/F comprise the control
circuitry for standby mode (figure 2). The STOP F/F is
set by the STOP instruction. When the STOP F/F is set,
the ceramic oscillator stops. The rising edge of the
RESET input resets the STOP F/F.

The HALT instruction sets the HALT F/F and inhibits
the input of the half-frequency divider which generates
the CPU clock. As a result, only the CPU clock is
stopped in HALT mode. The RELEASE signal resets
the HALT F/F. RELEASE becomes active when any
interrupt request flag is set, or at the falling edge of the
RESET input.

While RESET is active, the HALT F/F is set, and the
chip goes into the HALT mode. At a power-on Reset,
the ceramic oscillation is driven when the RESET input
signal becomes high.

Figure 3. Clock Driver Configuration

20 pF
External
— b CL1 Clock p cLt

Ceramic CMOS
Resonator Inverter

30 pF
_| » CL2 $ CL2

Table 1. Clock Selection
System Clock CPU Clock el
DIVSEL (CL) (®) Machine Cycle 83-002644A
Low 200 kHz 100 kHz 10 us
High 400 kHz 200 kHz 5us
Figure 2. System Clock Generator
STOPF/F
o s Y G STOP
HALTF/F
R —1{Q L1 HALT instruction
RESET
—G_—_i Standby Release
Osciltator R RESET ~\_
Stop RESET _/~
cu
Ceramic fee | 12 \_D—— 1 esceu
Oscillator
Clock
CL2 O— Selector CL To Timer/Event Counter
DIVSEL O— J
B83-002643B
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Ittakes a short period of time for the oscillator output to Figure 5. Format of Clock Mode Register
become stable. To prevent errors due to an unstable
ciock, the HALT F/F is set to inhibit the CPU clock

CM3 | CM2 | CMq | CMp

while the RESET input is high. Therefore, the high- T T ]
level pulse width for the RESET input should be wide
enough to cover the required time for the ceramic CMz | CM1 | CMp | CP Count Pulse
resonator oscillation to stabilize. 0 0 ° cLx é
Clock Control | I EVENTx g

[ 1 [} EVENT

Figure 4 shows that the clock controller contains a
4-bit clock mode register (CM0-CM3), prescalers 1-3, o | 1 1 EVENT
and multiplexers. The clock controller selects the
clock sources and prescalers, and supplies the count
pulses (CP) to the timer/event counter. The clock 1 o | 1 EVENTx T
sources are the system clock generator output (CL) or

1
1 0 0 CL){H

1
the EVENT pulse. R Cre
The OP 12 or OPL (L = 12) instruction sets codes in the Tl EVENT
clock mode register. CM3 designates the output of the
timer-out signals. If CM3 = 1, the output of the timer- o E———
out F/F (TOUT) is available at the PTOUT (P21) pin. : i

] PTOUT inhibited
Figure 5 shows the format of the clock mode register.
1 PTOUT output enabled
B3-DO2646A
Figure 4. Clock Controlier Block Diagram
/ Internal Bus /
«+——— OP, OPL instruction Execution
[ CM3 | (o] F) l CMq l CMg l
Timer/Event Counter
Mux
Prescaler 2 Prescaler 3
[1/8] [1/8]
cL Fre[s::/a‘l]eﬂ
EVENT [POg/INTO] O~ DC {
Hug Timer/Event Counter
cP
—
—1J
83-0026458
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Timer/Event Counter

Figure 6 shows the timer/event counter has an 8-bit
count register, 8-bit modulo register, an 8-bit com-
parator, and a timer-out flip flop.

Timer Operation

After the TAMMOD instruction sets a count valuein the
modulo register and the TIMER instruction clears the
caontents of the count register, the timer starts counting
count pulses (CP). If an external clock is used, the
count pulses are synchronized with the rising edge of
CL1 or the P0Og input.

When the value of the modulo register equals the value
of the count register, the comparator generates a
coincidence signal (INTT) to set an interrupt request
flag. Then it clears the count register to repeat the
counting. In this manner, the timer functions as an
interval timer whose interval is set by the modulo
register.

Regardless of any instructions, the count pulses are
always input into the count register, updating the
count value. If the contents of the count register are
equal to those of the modulo register, the INTT request
flag is then set. For this reason, inhibit INTT interrupts
when not using the timer.

Figure 6. Block Diagram of Timer/Event Counter

Event Counter Operation

To use the timer/event counter as an event counter,
input the external event pulse into the POg pin, and
select POy’ as the count pulse (CP) for the clock
controller. The count register counts the external event
pulses input at the POy pin, either as they are, or
frequency divided.

As a result, the timer/event counter operates as an
event counter that generates interrupts after observing
the number of counts (events) specified by the modulo
register. The TCNTAM instruction can read the current
count at any time.

Set the modulo register with the number of count
pulses minus one. If set to 0, no counting will occur
because the counter register is held at 0 (both the
detection of coincidence and zero-clearing are simul-
taneously made).

TCNTAM Execution

8 TAMMOD
Instruction Execution
TCNTAM
Instruction
Execution
8-Bit Modulo Reg.
8 8
8-Bit Comp INTT
]
Count Hoid
CP Circuit for 8-Bit Count Reg.

CLR

TOUT
—= Serial Interface
and Port 2

Timer-
out F/F

Timer Reset
Instructlion Execution

HA 3026478
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Serial Interface

Asfigure 7 shows, the serial interface includes an 8-bit
shift register, a 4-bit shift mode register, and a 3-bit
counter.

The serial clock controls serial data 1/0. At the falling
edge of the serial clock (QEP_(), the SO line outputs the
most significant bit (7) of the shift register. The
contents of the shift register are shifted by one bit at the
rising edge of the next serial clock (n <=0 n+1). At the
same time, the data on the SI line is loaded into the
least significant bit (0) of the shift register.

The 3-bit counter (octal counter) counts up the serial
clocks and generates an internal interrupt signal INTS
at every count of 8 clocks (at the end of a 1-byte serial
data transfer). It then sets the interrupt request flag
(INTO/S RQF). The TAMSIO instruction sets data in
the shift register during the transmission of serial data,
then startstransmission. Atthe end of the transmission
of each byte (8 bits) an internal interrupt (INTS) is
generated.

The SIO instruction also starts the reception of serial
data. The received data is taken from the shift register
by executing the TSIOAM instruction after an interrupt
(INTS) is generated by the reception of one byte of
data.

Figure 7. Serial Interface Block Diagram

The end of a 1-byte transfer can be confirmed by
testing the INTS RQF with the SKI instruction instead
of interrupt processing.

The following three types of serial clock sources are
available: system clock ¢, external clock (SCK input),
and timer-out F/F output signal (TOUT). Bits SM»>-SMg
of the shift mode register select the clock source.

If the system clock ¢ is chosen, execute the SIO
instruction to supply the clock to the serial interface,
controlling the input/output of serial data while ¢ is
output from the SCK pin.

After eight ¢ pulses, the clock is automatically discon-
tinued by holding the SCK output at a high level.
Therefore, the input/output of serial data automatically
stops after each byte has been transferred. Con-
sequently, the software does not need to control the
serial clock and the transfer rate is determined by the
system clock frequency.

In this mode, after six machine cycles from the execu-
tion of the SIO, the TSIOAM instruction can read out
the received data from the shift register or can write in
the next transmit data.

Figure 8 shows the shift mode register format.

) Internal Bus )
IP,IPL" —| 4 TSIOAM™ —| 8 8 [«— TAMSIO" -—— OP. OPL"
'\ l I T T T T T 1 T Ll 1
P03/St O VvV LsSB | ) 8-bit Shift Register | | MSB Shitt Mode Register
I‘llllll lllllll [1 1 1
l E SM3
P02/S1 O~ 7/~}
| § I ) i 3-bit CNT I—ﬁ
P01/SCK
: TOUT
~
[
POQ/INTO/EVENT O—D——’ INTO/EVENT
] INTS
RS F/F
G. *} S 510"
“Instruction Execution
83267468
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Figure 8. Format of Shift Mode Reglster

SM, M, SM, POy/81 PO,/s0 PO, /SCK Serial Operation
0 0 0 Port input Port input Port input Stops
0 1 0 Outputs ¢ continuously
0 1 1 Outputs TOUT continuousty
1 0 0 St input S0 output SCK input Operates with external clock
1 1 0 5CK output (¢ x 8) Operates with ¢
1 1 1 SCK output (TOUT) Operates with TOUT

Bit SMj selects the interrupt source in the following
manner:

SM3 Interrupt Source

0 INTS
1 INTO

If the external clock (SCK input) is selected, the serial
clocks are input from SCK. When the eighth external
serial clock is input, an internal interrupt (INTS) is
generated, signalling the end of a 1-byte data transfer.

Since the serial clocks are not internally inhibited, the
external clock must hoid the signal high after eight
clocks. The external serial clock determines the transfer
rate. The serial interface can be operated from DC to
the maximum rate in the electrical specifications.

If TOUT is selected, the half-frequency divided co-
incidence signal of the timer/event counter is the serial
clock. This serial clock controls the input/output of the
serial data and is output from the SCK pin.
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The count pulse supplied to the timer/event counter
and the value set in the modulo register determine the
transfer rate. The end of a 1-byte data transfer is
signalled by INTS. TOUT is notinhibited automatically,
therefore the program should stop TOUT atintervals of
16.

To use the external clock or the TOUT signal, execute
the SIO, TAMSIO or TSIOAM instructions while the
serial clock (SCK) is held high. Operation cannot be
guaranteed if these intructions are executed over the
rising or falling edge of SCK, or at the low level.

In a system that does not require serial data transfer,
the 8-bit shift register can be ued as a register with the
serial operation stopped. The TSIOAM or TAMSIO
instruction can read or write data.
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Analog to Digital Converter

The #PD7533 integrates a 4-channel 8-bit A/D converter
with separate positive reference and ground from the
device power supply. Figure 9 shows that the A/D
converter includes an A/D converter mode register,
successive approximation (SA) register, and end of
conversion (EOC) control circuitry.

A/D Converter Mode Register

The A/D converter mode register is a 4-bit internal port
that controls the A/D circuitry. The lower two bits,
ANIO and ANI1, select which analog signal (ANQO-AN3)
is input to the A/D converter. The most significant bit,
ADS, initiates the A/D conversion. If ADS is set to a

logic 1, the analog signal selected by ANI1 and ANIO is ! Iniistes A/ Conversion
converted to 8-bit digital data. Upon completion of the a A/D Conversion Completed

data conversion, ADS is cleared to 0. X = Do Not Care = eoseon
Figure 10 shows the format for the A/D conversion

mode register.

Figure 9. A/D Converter Block Diagram

Figure 10. A/D Conversion Mode Register Format

ADS [ X I ANy | ARlg l

Analog Input Selection

0 0 ANO
a 1 AN1
1 0 AN2

1 1 AN3

A/D Conversion Start

ADM Register

-

Avgs O—

] ADS L =lAH]
3
ANI1
ANIO l T
: IPOAH"
A/D Start Control L
Circuit l EOC IL=AH)
|
ANg O ;“
High 5
ANt O—————1 +
Mux + 5
SA Py =
O——»] . .
ANz Register PL £
- L=9H]
AN3 O Comparator
Low
1.2
eL:
[L =8H]
Analog Vollage Selector
VAREF OE«MJWVIW\.L —————————— D/A Converter
R/2 R R R Rs2

*Instruction Execution

83-002649A
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Successive Approximation [SA]

The 8-bit data converted from the analog signal using
the successive approximation method is stored in the
SAregister. When ADS is set to a logic 1, the contents
of the SA register are undetermined. The SA register is
set to 7FH after a reset.

End of Conversion [EOC] Flag

The EOC flag specifies the completion of an A/D
conversion. When ADS issetto 1,the EOC flagis setto
a logic 0 and an A/D conversion starts. When the 8-bit
A/D conversion is complete, the EOC flag is set to a
logic 1. The EOC flag resides in bit 2 of internal Port A.
The IP 0AH or IPL instruction can read the contents of
Port A when the L register is set to 0AH. The contents of
Port A (other than bit 2) will be read as a logic 0. The
EOC flag is set to 1 after a reset.

A/D Converter Operation

An OP 0AH or OPL instruction selects one of four
analog signals and starts a conversion when the L
register is set to OAH. The lower two bits of the
accumulator specify which analog signal will be con-
verted. Bit 3 of the accumulator sets to 1 to initiate the
A/D conversion. The A/D conversion requires 9
machine cycles for compietion. When the conversion
is complete, the EOC flag is set.

In order to assure an accurate data conversion, do not
execute an output instruction when ECC is a logic 0.

Figure 11 shows how the analog input voltage corres-
ponds to the converted digital data.

Figure 11. A/D Conversion Graph
T T 1 & T T
FFH |—
FEH |— -
£
3
a <
5 FOHI— - -1
) e
a = e *
g oM = —
38
02H — —
<
O1H|— 18
boH | | L oy ! 1 3
[ 1 2 3 253 254 255 1
256 256 256

258 256 256
Analog Input Vollage
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Reading Converted Data

internal port 9 specifies the upper four bits of the SA
register. Therefore, execute an IP 8 or IPL (L = 9)
instruction to read the data in the accumulator.

Internal port 8 specifies the lower four bits of the SA
register. Therefore, execute an IP 8 or IPL (L = 8)
instruction to read the data in the accumulator. Do not
read the SA register until EOC is setto 1.

Figure 12 shows the configuration for the A/D converter
reference voltage during standby mode.

Interrupt Function

The uPD7533 provides one external interrupt and two
types of internal interrupts. The POq pin is used as the
input pin for external interrupt INTO. INTO shares
priority and vectored addresses with internal interrupt
INTS. Figure 13 shows the interrupt controller block
diagram.

Figure 12. Configuration of Vggr for
Standby Mode Operation

#PD7533

sv Voo

P63

VAREF

Resistor
String

S

AVss

P63 Outpul VAREF

High Level VAREF approximately = Vpp

Low Level

¥ imately =
or High Impedance AREF approximately = 0 V

B3-002852A
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Figure 13. Interrupt Controller Block Diagram
( Internal Bus j
“SKI —] E Di {\
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Test Control IE : IME
o I 1|
SM3 —
INTS —1
y S NTors
Detest 3 m ROF
INTO/POg — r‘_/
oD il I
Generator
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*“TIMER I;'_/
r\ Standby
*Instruction Execulion o B Release
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Standby Function

The uPD7533 has two types of standby modes (STOP
and HALT) to minimize power consumption during a
program standby state. STOP mode is set by the STOP
instruction and HALT mode by the HALT instruction.

When standby mode is set, program execution is
stopped, and the contents of all internal registers and
data memory are held. However, it is possible to
operate the shift register and the timer/event counter.
An interrupt or reset releases standby mode. Since an
interrupt releases standby mode, neither STOP nor
HALT modes can be set if an interrupt request flag is
set. Therefore, when setting standby mode when there
is a possibility of a request flag being set, first reset the
interrupt request flag by processing the interrupt in
advance or by executing the SKI instruction.

The major difference in the two modes is that crystal
oscillation {CL) stopsin STOP mode but does not stop
in HALT mode.

In STOP mode, it is possible to go into data retention
mode by lowering the power supply voltage. During
data retention mode, all operation stops and only the
data RAM stays intact.

Table 2 shows the differences between STOP and
HALT modes.

Table2. Differences Between STOP and HALT Modes

Mode

QOperation STOP Mode  HALT Mode
Ceramic Oscillation X (1) 0(2)
1/2 Geramic Oscillation X (1) X
CPU X(1) X ()
Serial 110 3) 2)
Timer/Event Counter X(1) 0(@2)
A/D Converter X (1) 0@
Release of Standby RESET  INTO0/S RQF
Mode NTT RQF

RESET Input
Note:
(1) Not possible
(2) Possible

(3) Possible depending on clock source selected
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STOP Mode

In STOP mode, ceramic oscillation and the half-
frequency divider stop. The CPU stops and the opera-
tions requiring the system clock (CL, 0) stop.

Release from STOP mode is with the RESET input
only. All other functions cease to operate.

In order to minimize power consumption, the current
flowing through the resistor ladder of the A/D converter
must be minimized. To minimize power consumption,
turn off the power to the Varer pin.

Note that ceramic oscillation stops and disables the
system clock during STOP mode by bringing CL2 to
ground. Therefore, if the external clock is connectedto
CL1 and a STOP instruction is executed, the CPU will
enter HALT mode instead.

HALT Mode

in HALT mode, only the half-frequency divider circuit
stops in the clock generator circuit (CGL operates, ¢
stops). Therefore, the CPU and the operation of the
serial interface (when using ¢ as a serial clock) stop.

However, since the clock contro! circuit is still in
operation, it can select the CL signal from the clock
generator or the EVENT input and supply the count
pulse (CP) to the timer/event counter.

Consequently, the timer/event counter can be operated
in HALT mode. The serial interface operates if a serial
clock other than ¢ (such as the external clock, TOUT
signal) is selected. The HALT mode is released by the
RESET input or an interrupt, even if the interrupt is
disabled.

Release from Standby Mode by Interrupt

The standby mode is released when the interrupt
request flag is set by an interrupt source, whether
interrupts are disabled or enabled. However, the opera-
tions after release differ in each case.

If the interrupt master enable F/F is enabled, and if the
interrupt is enabled, the corresponding interrupt routine
is initiated after execution of one instruction after the
STOP/HALT instruction. Then, the result flag is reset.
If the corresponding bit of the interrupt enable register
has been reset, execution of instructions starts after
the STOP/HALT instruction, and the interrupt routine
is not initiated. In this case, the request flag for release
remains set. If necessary, reset the request flag with the
SKl instruction.
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If the interrupt master enable F/F is disabled, the
instruction following the STOP/HALT instruction is
executed regardless of the state of the interruptenable
register (interrupt routine is not initiated). In this case,
the interrupt request flag is left set. If necessary, it can
be reset by the SKI instruction.

After any release, operation resumes with the same
register contents as before standby mode.

Release From Standby Mode with RESET

Both STOP and HALT modes are released uncondi-
tionally by the RESET input. Figure 14 shows the
release timing.

If the device is reset during STOP mode, the low to high
transition of the RESET pin will take the processor
from STOP mode to HALT mode. When RESET goes
high to low, the HALT mode is abandoned, and aftera
normal reset operation, the PC is initialized to 0. Only
the data memory will stay intact during the HALT
mode, but all registers become undefined.

If the device is reset during HALT mode, the high to low
transition of RESET will release the device from standby
mode. After a normal reset operation, the PC is
initialized to 0. Only the data memory will stay intact
during the HALT mode, but all registers become
undefined.

Figure 15 shows the release from HALT mode by
RESET.

Figure 14. Release from STOP mode by RESET

I STOPI

-

RESET
Input

HALT Mode
STOP Reset Operation
Mode |—» PC=0
Clock Oscillation
Begins

83-002654A

Figure 15. Release from HALT Mode by RESET

HALT Mode l
T Reset Operation
PC=10
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Reset Function Power-on Reset Circuit

The uPD7533 is reset and initialized by the input of the Figure 16 shows an example of the simplest power-on
RESET signal (active high). reset circuit using a resistor and a capacitor.

A RESET causes the CPU to initialize in the following Figure 16. Power-on Reset Circult

manner:

e Program counter (PC) is cleared to 0 15V #PD7533

e Skip flags (SK1, SK0) and program status word .
(PSW) are reset to 0 =

e Timer/event counter:
— Count register = 00H
— Modulo register = FFH
— Timer-out F/F =0

e Clock control circuitry:

RESET

B3-002656A
— Clock mode register (CM3-CMp) =0
CL
CP =256

— Timer-out FF signal not output to PTOUT
— Prescalers 1-3=0
o Shift Mode Register (SMa-SMy) is cleared to 0.
— Shift operation stops
— Port 0 is in input mode (high impedance)
— INTS is selected interrupt source of INT0/S
e A/D converter circuit:
— ADM register is set to 0
— ANO is selected
— SA register is set to 7FH
— EOC flag is set to logic 1
e Interrupt control circuit:
— Interrupt request flags =0
— Interrupt master enable F/F =0
— Interrupt enable register =0
— All pending interrupts are cancelled
— All interrupts are disabled
o All Port 2-7 output buffers are turned off
* Contents of data memory and the following registers
are undefined:
— Stack pointer (SP)
— Accumuiator (A)
— Carry flag (C)
— General purpose registers (H,L)
- All port output latches
— Shift register
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