Philips Semiconductors Military Microprocessor Products

Product specification

CMOS single-chip 8-bit microcontroller

80C32/80C32-16
80C52/80C52-16

FEATURES
® 80C51 architecture

— 8k x 8 ROM

~ 256 x 8 RAM

— Three 16-bit counter/timers
Full duptex serial channel

— Boolean processor

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

® Power control modes:
— Idle mode
- Power-down mode

® CMOS and TTL compatible

® Two speed ranges:
- 3.5t0 12MHz
- 3.5t0 16MHz

® Military temperature ranges

DESCRIPTION

The Philips 80C52 is a high-performance microcontroller fabricated
with Philips high-density CMOS technology. The CMOS 80C52 is
functionally compatible with the NMOS SCNB8032/8052
microcontrollers. The Philips CMOS technology combines the
high-speed and density characteristics of HMOS with the low-power
attributes of CMOS. Philips epitaxial substrate minimizes latch-up
sensitivity.

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

In addition, the BOC52 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, serial port, and
interrupt system to continue functioning. The power-down mode
saves the RAM contents but freezes the oscillator, causing all other
chip functions 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
oscillator, as shown in the logic symbol.

To drive the device from an external clock source, XTAL1 should be
driven while XTALZ2 is left unconnected. There are no requirements
on the duty cycle of the external clock signal, because the input to
the internal clock circuitry is 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 accomplished by holding the RST pin high for at least two
machine cycles (24 oscillator periods), while the oscillator is running.
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To insure a good power-up reset, the RST pin must be high iong
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

in idle mode, the CPU puts itself to sleep while all of the on-chip
peripherals stay active. The instruction to invoke the idie mode is the
last instruction executed in the normal operating mode before the
idle mode 15 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 enabied interrupt (at
which time the process is 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 is 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 is 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 start-up.

When the idle mode is 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 idle is terminated by reset, the instruction
following the one that invokes idle should not be one that writes to a
port pin or to external memory.

Table 1 shows the state of I0 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, 80C32-12BMA GQCC1-J44
12 MHz
44-Pin Ceramic QFP B0C52-12/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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PIN CONFIGURATION

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
Idle Internat 1 1 Data Data Data Data
idie External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down External Q Q Float Data Data Data
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QFP PIN FUNCTIONS LOGIC SYMBOL
3 1 a0
7 F— 39
vss vee
XTAL1 0 _
j—> |
aFp ) le—> 4—:’ e
je—>» o €«—» Wl
Na
= fe—> £ o> Wwg
2 je—> [ g > g2
7 = le—> -« 2%
t—> -
<
— XTALZ i .; « >
18 28 _L je T2
= j—> T2EX
RST —» fe——» -
PIN Functlon Pin Function f—» =
1 NC 23 NC EANpp > [~ §
2 T2/P10 24 P2.0/A8 PSEN f—>
3 TEXP1.1 25 P2.1/A9 >
1 P12 26 P22/A10 ALEPROG «+—— e >
5 P13 27 P2 3/A11 [TRD —» —
6 P14 28 P2.4/A12 ) ™0 < : Milld i
7 P15 29 P2.5/A13 28 | mw , . [« > 2
8 P16 30 P2.6/A14 e Rn o le—> | o —»| @
9 P17 31 P2.7/A15 § g To > e > fe—> | £ —> &
10 RST 32 PSEN ] —> ] > id - u
1" AxDP30 33 ALE @ T —> —> —»| &
12 NC 34 NC WR o« — —> g
13 TXDP3.1 35 EA A0 +— —> —
14 INTO/P3.2 36 P0.7/AD7 -
15 INT1/P3 3 37 PQ.6/AD6
6 TO/P3.4 38 PO.5/ADS
17 T1/P3.5 39 PO 4/AD4
18 WR/P3.6 40 P0.3/AD3
19 RDIP3 7 41 PQ.2/AD2
20 XTALY 42 PO.1/ADY
21 XTAL2 43 PO.0/ADO
22 Vssg 44 vee
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PIN DESCRIPTION
MNEMONIC PIN NO. TYPE
DIP QFpP NAME AND FUNCTION
Vss 20 22 [ Ground: OV reference.
Vee 40 44 | Power Supply: This is the power supply voltage for normal, idle, and power-down operation.
P0.0-0.7 39-32 | 43-46 /0 | Port 0: Port 0 is an open-drain, bidirectional 1/O port. Port 0 pins that have 1s written to them float

and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order address and
data bus during accesses to external program and data memory. In this application, it uses strong
internal pull-ups when emitting 1s. Port 0 also outputs the code bytes during program verification in
the 87C52. External pull-ups are required during program verification.

P1.0-P1.7 1-8 2-9 O | Port 1: Port 1 is an 8-bit bidirectional /O port with internal putl-ups. Port 1 pins that have 1s written
to them are putted high by the intemnat pull-ups and can be used as inputs. As inputs, port 1 pins
that are externally pulted low will source current because of the intemal pull-ups. (See DC
Electrical Characteristics: i ). Pins P1.0 and P1.1 also. Port 1 also receives the low-order address
byte during program memory verification. Port 1 also serves alternate functions for timer 2:

1 2 I T2 (P1.0): Timer/counter 2 external count input.

2 3 | T2EX (P1.1): Timer/counter 2 trigger input.

P2.0-P2.7 21-28 | 24-31 I/0 | Port 2: Port 2 is an 8-bit bidirectional I/O port with intemal puli-ups. Port 2 pins that have 1s written
to them are putled high by the internal pull-ups and can be used as inputs. As inputs, port 2 pins
that are extemally being pulled low will source current because of the intemal pull-ups. {See DC
Electrical Characteristics: I ). Port 2 emits the high-order address byte during fetches from
exiernal program memory and during accesses to external data memory that use 16-bit addresses
(MOVX @DPTR). In this application, it uses strong internal pull-ups when emitting 1s. During
accesses to external data memory that use 8-bit addresses {MOV @Ri), port 2 emits the contents
of the P2 special function register.

P3.0-P3.7 10-17 11, 11O Port 3: Port 3 is an 8-bit bidirectional I/0 port with internal pull-ups. Port 3 pins that have 1s written
13-19 to them are pulled high by the internal puli-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 Electrical
Characteristics: I ). Port 3 also serves the special features of the 80C51 family, as listed below:

10 1 | RxD (P3.0): Serial input port

1A 13 o] TxD (P3.1): Serial output port

12 14 | INTO (P3.2): External interrupt

13 15 | INTT (P3.3): External interrupt

14 16 | TO (P3.4): Timer 0 external input

15 17 | T1 (P3.5): Timer 1 external input

16 18 (o] WR (P3.6): External data memory write strobe
17 19 [e] RD (P3.7): External data memory read strobe

RST 9 10 I 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

ALE 30 33 /O | Address Latch Enable: Output pulse for latching the low byte of the address during an access to
external memory. in normal operation, ALE is 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 is skipped
during each access to external data memory.

PSEN 29 32 0 Program Store Enable: The read strobe to external program memory. When the device is
executing code from the external pragram memory, is activated twice each machine cycle,
except that two PSEN activations are skipped during each access to external data memory.
is not activated during fetches from internal program memory.

EA 31 35 External Access Enable/Programming Supply Voitage: EA must be externally held low to enable
the device to fetch code from external program memory locations 0000H to 1FFFH. It EA is held
high, the device executes from internal program memory unless the program counter contains an
address greater than 1FFFH.

XTAL1 19 21 | Crystal 1: Input to the inverting oscillator amplifier and input to the internal clock generator circuits.

XTAL2 18 20 [¢] Crystal 2: Output from the inverting oscillator amplifier.
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ABSOLUTE MAXIMUM RATING' 2.3

PARAMETER RATING UNIT
Operating temperature under bias -55t0 +125 °C
Storage temperature range -65to +150 °C
Voltage on any pin to Vgg -0.510 +6.5 v
Input, output current on any two pins 10 mA
Power dissipation {based on package heat transfer iimitations, not device power consumption) 1.5 w

DC ELECTRICAL CHARACTERISTICS
Ta = -55°C < Tp £ +125°C, Ve = 5V 210%, Vgg = OV

SYMBOL PARAMETER TEST LIMITS UNIT
CONDITIONS MIN TYP4 MAX
Vi input low voltage, except EA -0.5 0.2Vcc-0.25 \
ViLt Input low voltage to EA 0 0.2Vcc-0.45 \
Vik {nput high voltage, except XTAL1, RST 0.2Vee+t Vec+0.5 v
VIH1 Input high voltage, XTAL1, RST 0.7Vge+0.2 Veot+0.5 \"
VoL Output low voltage, ports 1, 2, 3 lor = 1.6mAS 0.45 \%
Voui Output low voltage, port 0, ALE, PSEN loL = 3.2mAS 0.45 \Y
loH = -60RA, 2.4 v
Vou Output high voltage, ports 1, 2. 3, ALE, PSENS oy = -25pA 0.75Vee \
loy = -10pA 0.9Vce Vv
IoH = -800pA, 24 \
VoH1 Qutput high voltage (port 0 in external bus mode) lon = -300pA 0.75Vce \'
oy = -80pA 0.9Vee Vv
liL Logical 0 input current, ports 1, 2, 3 Vin=0.45V -75 A
2 N Logical 1-to-0 transition current, ports 1, 2, 3 See note 7 -750 pA
L Input leakage current, port 0 Vin=V orVig +10 pA
Power supply current:
Active mode @ 16MHz8 1238 39 mA
lec Idle mode @ 16MHz8 See note 9 1.5 7 mA
Power-down mode 3 75 A
RrsT Internal reset pull-down resistor 50 300 kQ
Cio Pin capacitance!3 10 pF
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AC ELECTRICAL CHARACTERISTICS
Ta = -55°C < Ta 5 +125°C, Vg = 5V £10%, Vgg = OV10. 11

SYMBOL | FIGURE PARAMETER 12MHz CLOCK | 16MHz CLOCK VARIABLE CLOCK UNIT
MIN MAX MiIN MAX MIN MAX
1tcLeL 1 Oscillator frqcy: Speed Versions
BXC32/52 E 3.5 16 MHz
LHLL 1 ALE pulse width 112 68 2tc cL-55 ns
taviL 1 Address valid to ALE low 13 5 teLeL-70 ns
tLLax 1 Address hold after ALE low 33 12 teLcL-50 ns
tLuy 1 ALE low to valid instruction in 218 132 4tc o 115 ns
tLLPL 1 ALE low to PSEN low 28 7 toLcL-55 ns
tpLPM 1 PSEN pulse width 190 125 3ty oL -60 ns
teLiv 1 PSEN fow to valid instruction in 130 65 3toLcr-120 ns
texix 1 Input instruction hold after PSEN 0 0 0 ns
tpx1z 1 Input instruction float after PSEN 58 37 toLcL-25 ns
taviv 1 Address to valid instruction in 312 188 StoLeL-120 ns
teLaz 1 PSEN low to address float 25 25 25 ns
Data Memory
tRLRH 2,3 RD pulse width 400 270 6tcLeL-100 ns
twiwH 2,3 WR pulse width 400 270 BtoLcL-100 ns
tRLDY 2,3 RD low to valid data in 232 123 StcicL-185 ns
tRHDX 2,3 Data hold after RD 0 0 0 ns
tRHDZ 2,3 Data float after D 82 38 2teLcL-85 ns
tLov 2,3 ALE low to valid data in 496 320 8tcLcL-170 ns
tavbv 2,3 Address io valid data in 565 370 OtcLcL-185 ns
tiwe 2,3 ALE low to RD or WR low 185 315 120 250 3teLcL-65 3tcLcL+65 ns
tavwL 2,3 Address valid to WR low or RD low | 188 102 AtoLeL-145 ns
tavwx 2,3 Data valid to WR transition 8 5 teLel-75 ns
twHax 2,3 Data hold after WR 18 5 toLcL-65 ns
taLAzZ 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 toLeL+65 ns
External Clock
tcHox 5 High time 20 20 20 ns
toLex 5 Low time 20 20 20 ns
toLeH 5 Rise time!2 20 20 20 ns
tcHCL 5 Fall time'2 20 20 20 ns
Shift Register
txLXL 4 Serial port clock cycle time 1000 740 12ter oL ns
tavxH 4 Output data setup to clock rising 700 484 10toLo-133 ns
edge
txHQX 4 Output data hold after clock rising 50 6 2toLoL-117 ns
edge
txHDX 4 Input data hold after clock rising 0 0 0 ns
edge
txHov 4 'dIOCk rising edge to input data val- 700 484 10to o -133 ns
[l

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 notimplied.

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

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

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

5. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the Vo s of ALE and ports 1 and 3. The noise is 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. Io| 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 Vg 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 transition current when they are being externally driven from 1 to 0. The transition current reaches its
maximum value when V) is approximately 2V.

8. IgcMax at other frequencies is given by: Active mode: IccMax = 0.94 x FREQ + 23.72: Idle mode: IccMax = 0.14 = 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 log 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.Cyp is tested initially and after any design or process changes which may affect capacitance.

EXPLANATION OF THE AC SYMBOLS

Each timing symbol has five characters. The first character is always Q - Outputdata
‘' (= time). The other characters, depending on their positions, .
indicate the name of a signal or the logical status of that signal. The R - RD signal
designations are: t - Time
A - Address .
V - Valid
C - Clock
W - WRsignal
D - Inputdata
. X - No longer a valid logic level
H - Logic level high
. Z - Float
I - Instruction (program memory contents)
L - Logic level low, or ALE Examples:l _
tavee = Time tor address valid to ALE low.
P - PSEN tupL = Time for ALE low to PSEN iow.

F WHLL >
aLE [ r_\
_

{‘ teLpH >
t
AVLL [ L

tLiax L—» texix F‘ ‘

/
S

—>

taviv

PORT 2 AO-A15 )< AB-Al5

Figure 1. External Program Memory Read Cycle

July 20, 1992 28



Philips Semiconductors Military Microprocessor Products Product specification

80C32/80C32-16
80C52/80C52-16

CMOS single-chip 8-bit microcontroller

e X\ ) A NS4

[e— twHLH -‘-‘
PSEN —/
[ twov _’\

N

[ tLiwL e tRLRH
RO
N, /
tavie L—"* tyax ™ taLoy —> > trHDEZ
thHDX >
)%

—>| taLaz \
POR Al
To FROM R?.SZI DPL DATA IN K AO-A7 FROM PCL INSTR IN
N /

[e—— taywr ——>

tavpy 1

Y
PORT 2 P2.0-P2.7 OR A8-A15 FROM DPF >< A0-A15 FROM PCH
N

Figure 2. External Data Memory Read Cycle

ALE
N

< twhi >

e towe > twiwH >
WR
N /
tiax
taviL tovwx ’f < twHox

<
ACA7
PORT 0 >—<tmw Rl OR DPL DATA OUT )< >< A0-A7 FROM PCL >—@

[e— taywp ——>|

PORT 2 X P2.0-P2.7 DR AB-A15 FROM DPF )( AD-A15 FROM PCH

Figure 3. External Data Memory Write Cycle
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INSTRUCTION | 0 | 1
e LMy
!*‘XLXL "‘
cuoe 1 T e 1 e O e Y 1 Y

OUTPUT DATA tovx” +’ r txuox )

WRITE TO SBUF ooy F». -»| Ie txHDX serm
= 9 98200 0 0.5
3

CLEARRI
SETRI

Figure 4. Shift Register Mode Timing

veets - - -
0.45v
Figure 5. External Clock Drive
v .5 VoHo0.1v
ce? 0.2VgeH0.9 VLOADWY A o TIMING e on
v ~ REFERENCE
0.2Vcg-0.1 LOAD POINTS Sa

o4V cc VLOAD-O-1V VoL+0.1V
NOTE: NOTE:
AC inputs during testing are driven at VGG -0.5 for a logic *1' and 0.45V for a logic 0’ For timing purposes, a port 1s no longer floating when a 100mV change from load
Timing measurements are made at V| min for a logic "1’ and V|| for a logic ‘0’ voltage occurs. and begins lo fioat when a 100mV change from the loaded VOH/

VoL level occurs IQH/IoL 2 £+ 20mA.
Figure 6. AC Testing input/Output Figure 7. Float Waveform
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lce mA

35

30

MAX ACTIVE MODE
-
/ TYP ACTIVE MODE
p yd
/ g
7
/ MAX IDLE MODE
d I TYP IDLE MODE
f”——_ ——_—-"/
/
T p———
4MHz  BMHz  12MMz  16MHz  20MHz  24MHz
FREQ AT XTAL1

Figure 8. lgc vs. FREQ
Valid only within frequency specifications of the device under test
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Figure 9. lcc Test Condition, Active Mode
All other pins are discaonnected

(NC)

Figure 10. Igc Test Condition, Power Down Mode
All other pins are disconnected. Ve = 2V to 5.5V
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gle-chip 80C52/80C52-16
Vee

I

=

vee
—| RST vee

3

I,

vee05 - - - - 0TVeo
0.45v 0.2vee-0.1

(NC) XTAL2

——>| XTAL1

vss

Figure 12. I¢¢ Test Condition, Power Down Mode
All other pins are disconnected. Voo = 2V to 5.5V

Figure 11. Clock Signal Waveform for Icc Tests in Active
and Idle Modes t¢) oy = teHoL = 5ns
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