Philips Semiconductors Military Microprocessor Products

Product specification

.

CMOS single-chip 8-bit microcontroller

FEATURES
® 80C51 architecture

- 8k x 8 ROM

— 256 x 8 RAM

— Three 16-bit counter/timers
Full duplex senal channel
~ Boolean processor

® Memory addressing capability
~ 64k ROM and 64k RAM

® Power control modes-
- |dle mode
— Power-down mode

® CMOS and TTL compatible

® Two speed ranges:
- 35t0 12MHz
— 35to 16MHz

® Military temperature ranges

DESCRIPTION

The Philips 80C52 s a high-performance microcontroller fabricated
with Philips high-density CMOS technology The CMOS 80C52 1s
functionally compatible with the NMOS SCN8032/8052
microcontrollers. The Philips CMOS technology combines the
high-speed and density charactenstics of HMOS with the low-power
attributes of CMOS  Phiitps epitaxial substrate minimizes latch-up
sensitivity.

The 80C52 contains an 8k x 8 ROM, a 256 x 8 RAM, 32 I/O lines,
three 16-bit counter/timers, a six-source, two-priority level nested
interrupt structure, a senal 1/O port for either multi-processor
communications, /0 expansion or full duplex UART, and on-chip
oscillator and clock circuits.

In addition, the 80C52 has two software selectable modes of power
reduction — idle mode and power-down mode The idle mode
freezes the CPU while allowing the RAM, timers, seral port, and
interrupt system to continue functioning. The power-down mode
saves the RAM contents but freezes the oscillator, causing all other
chip funchons to be inoperative.

OSCILLATORCHARACTERISTICS

XTAL1 and XTAL2 are the input and output, respectively, of an
inverting amplifier. The pins can be configured for use as an on-chip
osclillator, as shown in the logic symbol

To drive the device from an external clock source, XTAL1 should be
driven while XTAL2 s left unconnected There are no requirements
on the duty cycle of the external clock signal, because the input to
the internal clock circuitry 1s through a divide-by-two flip-flop.
However, minimum and maximum high and low times specified in
the data sheet must be observed

RESET
A reset is accomphished by holding the RST pin high for at least two

machine cycles (24 oscillator penods), while the oscillator is running.
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To insure a good power-up reset, the RST pin must be high long
enough to allow the oscillator time to start up (normally a few
milliseconds) plus two machine cycles At power-up, the voltage on
Ve and RST must come up at the same time for a proper start-up

IDLE MODE

Inidle mode, the CPU puts itself to sleep while all of the on-chip
peripherals stay active The instruction to invoke the idle mode is the
last nstruction executed in the normal operating mode before the
idle mode 1s activated. The CPU contents, the on-chip RAM, and all
of the special function registers remain intact during this mode The
idle mode can be terminated either by any enabled interrupt (at
which time the process I1s picked up at the interrupt service routine
and continued), or by a hardware reset which starts the processor in
the same manner as a power-on reset.

POWER-DOWN MODE

In the power-down mode, the oscillator 1s stopped and the
instruction to invoke power-down is the last instruction executed.
Only the contents of the on-chip RAM are preserved. A hardware
reset 1s the only way to terminate the power-down mode the control
bits for the reduced power modes are in the special function register
PCON

DESIGN CONSIDERATIONS
At power-on, the voltage on V¢ and RST must come up at the
same time for a proper stant-up

When the 1dle mode 1s terminated by a hardware reset, the device
normally resumes program execution, from where it left off, up to
two machine cycles before the internal reset algorithm takes control.
On-chip hardware inhibits access to internal RAM in this event, but
access to the port pins is not inhibited. To eliminate the possibility of
an unexpected write when idie is terminated by reset, the instruction
following the one that invokes idie should not be one that writes to a
port pin or to external memory.

Table 1 shows the state of I/O ports during low current operating
modes.

ORDERING INFORMATION

DESCRIPTION ORDER CODE PACKAGE
DESIGNATOR*

40-Pin Ceramic DIP 80C32/BQA GDIP1-T40
12MHz
40-Pin Ceramic DIP 80C52/BQA GDIP1-T40
12MHz
40-Pin Ceramic DIP 80C32-16/BQA GDIP1-T40
16MHz
40-Pin Ceramic DIP 80C52-16/BQA GDIP1-T40
16MHz
44-Pin Ceramic QFP, | 80C32-12/BMA GQCC1-J44
12 MHz
44-Pin Ceramic QFP 80C52-12/BMA GQCC1-J44
12 MHz
44-Pin Ceramic QFP 80C32-16/BMA GQCC1-J44
16MHz
44-Pin Ceramic QFP 80C52-16/BMA GQCC1-J44
16MHz

* MIL-STD 1835 or Appendix A of 1995 Military Data Handbook
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80C52/80C52-16
PIN CONFIGURATION
Pr.om2 [1] Voo
P1.1/52EX [ 2] 5 PO.0/ADO
P12 3] § PO.1/AD1
P1.3 3] PO.2AD2
P14 [5] 6 PO.AD3
P15 6] 5 PO.4/AD4
P18 E PO.5/ADS
P17 (8} | P0.6/ADS
RST 9] 32 PO.7/AD7
RxvP3.0{10} EA
TxorP3.1 [17] 0] ALE
NTOP3.2 [13] 29 PSEN
NTIP33 [13] 28] P2.7/A15
ToP34 [13) P2.6/A14
T1/P3s [i8] 5 P2.5/A13
WRP3.6 [16] P24A12
AD/P3.7 [17] P2.VAN
XTaL2 [18] | P2.2/a10
XTAL1 [15} 2 P21/AD
vss [29] P2.0/A8
s 1 a0
7 > 39
QFP
17 o 29
18 28
SEE NEXT PAGE FOR QFP PIN FUNCTIONS
Table 1. External Pin Status During Idle and Power-Down Modes
MODE PROGRAM MEMORY ALE PSEN PORT 0 PORT 1 PORT 2 PORT 3
idie Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down Extemnal 0 0 Float Data Data Data
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QFP PIN FUNCTIONS LOGIC SYMBOL
6 1 40
7 == 39
Vss Vee
XTAL1 L -
Al f—> ]
QFP J g
je—> o <«—» @0
= > | £« lig
<> [ 5 <« 52
7 = 29 N fe—> <> Qg
7 fe—> -« 2
L " xma2 J
18 28 - > T2
= t—» T2EX
RST — ) l— | -
PIN Function Pin Functlon fe—> =
1 NC 23 NC EAvpp — fe—> &
2 T2/P10 24 P2 0/A8 PSEN «—] > | @
3 TREX/P1 1 25 P2 1/A9 e »
It P12 26 P22/A10 ALE/PROG. < ‘_,J
5 P13 27 P2 3/A11 RD —» — =
6 P14 28 P2 4/A12 Zo | wo < ] <> - »
7 P15 29 P2 5/A13 < Z [« —> 5
8 P16 30 P2e/Als 2R > o > > | &« —> @
N —» —>] Py w
9 P17 31 P2 7/A15 8¢ o 3 > | £ — 2
10 RST 32 PSEN 2 5 e | > "5 —» &
11 RxD/P3 0 33 ALE » T — —> le—> | & | §
12 NG 34 NC WR — —> le—»> —>| g
13 TXD/P3 1 35 EA RO «— —> le—> —
14 INTO/P3 2 36 PO 7/AD7 =
15 INTI/P3 3 37 PO 6/AD6
16 TO/P3 4 38 PO 5/ADS
17 Ti/P35 39 PO 4/AD4
18 WR/P3 6 40 PO 3/AD3
19 AD/P3 7 41 PO 2/AD2
20 XTALY a2 PO 1/AD1
21 XTAL2 43 PO 0/ADO
22 Vss 44 vee
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PIN DESCRIPTION

MNEMONIC

PIN NO.

DIP

QFP

TYPE

NAME AND FUNCTION

Vss
Vee
P0.0-07

P10-P1.7

P2.0-P2.7

P3.0-P3.7

RST

ALE

XTAL1
XTAL2

20
40
39-32

1-8

21-28

10-17

30

29

31

19
18

22
44
43-46

2-9

24-31

",
13-19

11
14
15
16

18
19

10

33

32

35

21
20

11O

110

o]

/1o

0O0-—=-~=-0-

lle}

Ground: OV reference.
Power Supply: This is the power supply voltage for normal, idle, and power-down operation.

Port 0. Port 0 is an open-dran, bidirectional 1/O por. Port 0 pins that have 1s written to them float
and can be used as high-impedance inputs. Port 0 1s also the multiplexed low-order address and
data bus during accesses to external program and data memory. In this apphcation, it uses strong
internal pull-ups when emitting 1s. Port 0 also outputs the code bytes dunng program verification in
the B7C52. External pull-ups are required during program verification.

Port 1: Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 1 pins that have 1s written
to them are pulled high by the internal pull-ups and can be used as nputs. As inputs, port 1 pins
that are externally pulled low will source current because of the internal pull-ups. (See DC
Electncal Characteristics: |j). Pins P1.0 and P1.1 alsa Port 1 also recewves the low-order address
byte during program memory verification. Port 1 also serves alternate functions for timer 2-

T2 (P1.0) Timer/counter 2 external count Input.

T2EX (P1.1): Timer/counter 2 tngger input.

Port 2. Port 2 1s an 8-bit bidirectional /O port with internal pull-ups. Port 2 pins that have 1s wnitten
to them are pulled high by the interal pull-ups and can be used as inputs. As inputs, port 2 pins
that are externally being pulled low will source current because of the internal pull-ups. (See DC
Electrical Charactenistics: i) Port 2 emits the high-order address byte during fetches from
external program memory and during accesses 1o external data memory that use 16-bit addresses
(MOVX @DPTR). In this application, it uses strong internal puil-ups when emitting 1s. Dunng
accesses to external data memory that use 8-bit addresses (MOV @RIi), port 2 emits the contents
of the P2 special function register.

Port3 Port 3 is an 8-bit bidirectional 1/O port with internal pull-ups Port 3 pins that have 1s written
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 3 pins
that are externally being pulled low will source current because of the pull-ups. (See DC Eiectrical
Characteristics: || ). Port 3 also serves the special features of the 80C51 family, as listed below:
RxD (P3 0): Senal input port

TxD (P3.1): Senal output port

INTO (P3.2): External interrupt

TNTT (P3.3): External interrupt

T0 (P3 4) Timer 0 external input

T1 (P3 5) Timer 1 external input

WH (P3 6)- External data memory write strobe

RD (P3 7) External data memory read strobe

Reset A high on this pin for two machine cycles while the oscillator is running, resets the device
An internal diffused resistor to Vgg permits a power-on reset using only an external capacitor to
Vee

Address Latch Enable Output pulse for latching the low byte of the address during an access to
external memory. In normal operation, ALE I1s emitted at a constant rate of 1/6 the oscillator
frequency, and can be used for external timing or clocking Note that one ALE pulse s skipped
dunng each access to external data memory.

Program Store Enable: The read strobe to external program memory When the device is
executing code from the external program memory, PSEN is activated twice each machine cycle,
except that two PSEN activations are skipped during each access to external data memory. PSEN
1s not activated during fetches from internai program memory

External Access Enable/Programming Supply Voltage EA must be externally held iow 1o enable
the device to fetch code from external program memory locations 0000H to 1FFFH. If EA 1s held
high, the device executes from internal program memory unless the program counter contains an
address greater than 1FFFH.

Crystal 1 Input to the inverting oscillator amplifier and input to the internal clock generator circurts

Crystal 2 Qutput from the inverting oscillator amplifier

July 20, 1992
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ABSOLUTE MAXIMUM RATING' 2.3

PARAMETER RATING UNIT
Operating temperature under bias -55 to +125 °C
Storage temperature range -65 to +150 °C
Voltage on any pin to Vgs -0.5t0 +6.5 v
Input, output current on any two pins +10 mA
Power dissipation (based on package heat transfer limitations, not device power consumption) 1.5 w

DC ELECTRICAL CHARACTERISTICS
Ta= -58°C < TAo £ +125°C, Ve = 5V +10%, Vgg = OV

SYMBOL PARAMETER TEST LIMITS UNIT
CONDITIONS MIN TYP* MAX
ViL Input low voltage, except EA -0.5 0.2Vc-0.25 v
Vit Input low voltage to EA 0 0.2Vcc-0.45 \
Vin Input high voltage, except XTAL1, RST 0.2Vge+1.1 Vee+0.5 \
ViH1 Input high voltage, XTAL1, RST 0.7Vgc+0.2 Vee+0.5 Vv
VoL Qutput low voltage, ports 1, 2, 3 loL = 1.6mAS 0.45 \
Vo1 Output low voltage, port 0, ALE, PSEN loL = 3.2mA3 0.45 \"
loH = -60pA, 24 \"
Vou Output high voltage, ports 1, 2, 3, ALE, PSEN® IgH = -25pA 0.75Vce \
lon = -10uA 0.9V v
Ion = -BOOpA, 2.4 v
VoH1 - Output high voltage (port 0 in external bus mode) lon = -300pA 0.75Vce v
lon = -80pA 0.9Vce v
IiL Logical 0 input current, ports 1, 2, 3 VN = 0.45V -75 pA
I Logical 1-to-0 transition current, ports 1,2, 3 Seenote 7 -750 pA
N} Input leakage current, port 0 Vin=ViLorViy +10 HA
Power supply current:
Active mode @ 16MHz8 128 39 mA
lcc Idle mode @ 16MHz® See note 9 15 7 mA
Power-down mode 3 75 RA
RpsT Internal reset pull-down resistor 50 300 kQ
Cio Pin capacitance’3 10 pF
July 20, 1992 26
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CM - - troll
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AC ELECTRICAL CHARACTERISTICS
Ta = -55°C < Ta < +125°C, Vg = 5V £10%, Vg = OV10, 11

SYMBOL | FIGURE PARAMETER 12MHz CLOCK | 16MHz CLOCK VARIABLE CLOCK UNIT
MIN MAX MIN MAX MIN MAX
1Mol 1 Oscillator frqcy: Speed Versions
8XC32/52 E 3.5 16 MHz
tLHLL 1 ALE pulse width 112 68 2tcoL-55 ns
taviL 1 Address valid to ALE low 13 5 tcieoL-70 ns
LA 1 Address hold after ALE low 33 12 toLeL-50 ns
tuy 1 ALE low to valid instruction m 218 132 dto 115 ns
tpL 1 ALE low to PSEN low 28 7 toLeL-55 ns
teLPH 1 PSEN pulse width 190 125 3te oL -60 ns
trLv 1 PSEN low to valid instruction in 130 65 3toLoL-120 ns
texix 1 Input Instruction hold after PSEN 0 0 0 ns
tpxiz 1 Input instruction float after PSEN 58 37 tcLeL-25 ns
taviv 1 Address to vatid mnstruction in 312 188 SteLcL-120 ns
trLaz 1 PSEN low to address float 25 25 25 ns
Data Memory
tRLRH 2,3 RD pulse width 400 270 BteLcL-100 ns
tWLwH 2,3 WR puise width 400 270 6tcLcL-100 ns
taL DV 2,3 RD low to valid data 1n 232 123 StoLcL-185 ns
tRHDX 2,3 Data hold after RD 0 0 0 ns
tRHDZ 2,3 Data float after RD 82 38 2tcLcL-85 ns
tuov 2,3 ALE low to valid data in 496 320 8tcgL-170 ns
tavov 2,3 Address to valid data in 565 370 g cL-185 ns
tLwe 2,3 ALE low to RD or WR low 185 315 120 250 3teLcL-65 3toLoL+65 ns
tavwi 2,3 Address valid to WRlow or RD low | 188 102 Mg oL -145 ns
tovwx 2,3 Data valid to WR transition 8 5 toLeL-75 ns
twHax 2,3 Data hold after WR 18 5 teLeL-65 ns
tRLAZ 2,3 RD low to address float 0 0 0 ns
tWHLH 2,3 RD or WR high to ALE high 18 148 5 127 toLcL-65 tcLoL+65 ns
External Clock
tcHex 5 High time 20 20 20 ns
toLex 5 Low time 20 20 20 ns
toLeH 5 Rise time 12 20 20 20 ns
tehoL 5 Fall ime12 20 20 20 ns
Shift Register
txixL 4 Serial port clock cycle time 1000 740 12icLoL ns
tQuxH 4 Output data setup to clock nsing 700 484 10t oL -133 ns
edge
txHax 4 Output data hold after clock nsing 50 6 2toLc-117 ns
edge
txHDX 4 Input data hold after clock nising 0 0 0 ns
edge
tXHDV 4 (élock nsing edge to input data val- 700 484 10te c-133 ns
1

NOTES: On following page.
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NOTES:

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section
of this specification is not implied.

. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima.

. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vgg unless otherwise
noted.

. Typical ratings are not guaranteed. The values listed are at room temperature, 5V.

. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimpased on the Vg, s of ALE and ports 1 and 3. The noise 1s due
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the
worst cases (capacitive loading > 100pF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. o can exceed these conditions provided that no
single output sinks more than 5mA and no more than two outputs exceed the test conditions.

6. Capacitive loading on ports 0 and 2 may cause the Vo on ALE and PSEN to momentarily fall below the 0.9V ¢ specification when the

address bits are stabilizing.

7. Pins of ports 1, 2 and 3 source a fransition current when they are being externally driven from 1 to 0. The transition current reaches its

maximum value when Vyy is approximately 2V.

8. IccMax at other frequencies is given by: Active mode: IgcMax = 0.94 x FREQ + 23.72: Idle mode: iccMax = 0.14 x FREQ + 4.32, where

FREQ is the external oscillator frequency in MHz. IccMAX is given in mA. See Figure 8.

9. See Figures 9 through 12 for Ic test conditions.

10. Parameters are valid over operating temperature range unless otherwise specified.

11. Load capacitance for port 0, ALE, and PSEN = 100pF, load capacitance for all other outputs = 80pF.

12. This parameter is guaranteed but not tested to the limits specified.

13.C\g is tested initially and after any design or process changes which may affect capacitance.

N

(S0 ]

EXPLANATION OF THE AC SYMBOLS

Each timing symbol has five characters. The first character is always Q - Output data
t' (= me). The other characters, depending on their positions, X
indicate the name of a signal or the logical status of that signal. The R - RDsignal
designations are:
t - Time
A - Address "
Vv - Valid
C - Clock
W - WH signal
D - Inputdata
. X - Nolonger a valid logic level
H - Logic level high
| - Instruction (program memory contents) 2 - Float
L - Logiclevel low, or ALE Examples: )
taviL = Time for address valid to ALE low.
P - PSEN tpL = Time for ALE low to PSEN low.
tLHLL 44
ALE \——__/___\
T Smm— " tpLPH
tupL
— tuv
J
—» tpLaz texiz
tLLax texix
Y e
PORT O :>——< AC-A7 INSTRIN A0-A7 )——C
N N
e tavy 7
/
PORT 2 >< AG-A15 )< AB-A15
Figure 1. External Program Memory Read Cycle
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ALE ﬁ
N
[ twHLH
__/ u
tLov
e—— tiwi tRLRH >
i11)
o 7
taviL hiax < tripv —> tRHDEZ
t, — ’4—
trLAZ RAHDX

v V
PORT 0 >_< AQ-AT 4 obatam }Qm-n FROM PCLH INSTR IN
\ FROM RI OR DPL — g

tavwi

tavov

PORT 2 é
P2.0-P2.7 OR AB-A15 FROM DPF A0-A15 FROM PCH

Figure 2. External Data Memory Read Cycle

[ twhiy —>

M tiwe —r¢e—— twiwH ——>

e | — /

tavie [« tavwx > twhox

Y AQ-AT

PORT 0 >—< FROM RI OR DPL. DATA OUT )<_>< AC-A7 FROM PCL INSTR IN
N

e tavwL ‘%

%
PORT 2 N P2.0-P2.7 OR AB-A15 FROM DPF y AD-A15 FROM PCH
N

Figure 3. External Data Memory Write Cycle
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INSTRUCTION

ALE

e O e A

Jue eyl

-

oLock L e rer e rer
> ’*txuox I
OUTPUT DATA favx
L XX X XX X X X/
WRITE TO SBUF "’I ¢ 4
txHoV “—’| ’t XHOX SETTI
INPUT DATA
x T OO T T OO T8O
{
SEI?FII
Figure 4. Shift Register Mode Timing
Vecos © - T -
0.45V
Figure 5. External Clock Drive
0.45v 0.2vee01 Voo VLOAD 0.1V il powTs ~ VoL+0.1V
NOTE:

NOTE:

AC nputs dunng testing are driven at VGG -0 S for a logic '1* and 0 45V for a logic 'O’
Timing measuremants are made at Vi mimn for a logic *1” and Vy_ for a logk 0’

Figure 6. AC Testing Input/Output

For iming purposes, a port 18 no longer floating when a 100mV change from load
voltage occurs, and begns to float when a 100mV change from the loaded VOH/
VoL level occurs IQHAQL 2 +.20mA

Figure 7. Float Waveform
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40
s /

. yd

MAX ACTIVE MODE

TYP ACTIVE MODE

icc mA

10 /
/ MAX IDLE MODE
5

V o —T || TP ioLE MODE

4MHz 8MHz 12MHz  16MHz  20MMz 24MHz
FREQ AT XTAL1

Figure 8. lg¢ vs. FREQ
Valid only within frequency specifications of the device under test

Vi
vee cc
icc lec

Vee
Vee
Yee vee RST vee
PO
L RST Po ﬁ = :‘1 :_
- EA
(NC) XTAL2 (NC) XTAL2

CLOCK SIGNAL———»] XTAL1 XTAL1
v
Vss ss

Figure 10. Icc Test Condition, Power Down Mode

Figure 8. icc Test Condition, Active Mode All other pins are disconnected. V¢e = 2V to 5.5V

All other pins are disconnected
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vgeo0s - - - -
0.45V

07vee
02vge-0.1

Figure 11. Clock Signal Waveform for Icc Tests in Active
and Idle Modes tc cu = tcheL = 5ns

v

icc

E
1

vece

|||—-l‘

{NC) XTAL2

XTAL1

vss

l”_m

Figure 12, lgc Test Condition, Power Down Mode
All other pins are disconnected. Ve = 2V to 5.5V
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