Philips Semiconductors Military Microcontroller Products Product specification

Single-chip 8-bit EPROM microcontroller with 10-bit

A/D, capture compare timer, high-speed outputs, PWM 87C552

CFEATURES PIN CONFIGURATION
® 80C51 centrai processing unit
® 8k x 8 EPROM expandable externally to 64k bytes
® An additional 16-bit timer/counter coupled to four capture registers
and three compare registers
® Two standard 16-bit tmer/counters
® 256 x 8 RAM, expandable externally to 64k bytes
® Capable of producing eight synchronized, timed outputs
® A 10-bit ADC with eight multipiexed analog inputs
© Two 8-bit resolution, pulse width modulation outputs Pin  Function Pin  Function
® Five 8-bit /O ports plus one 8-bit input port shared with analog : Cz:’ ADCO > C::“
Inputs 3 STADC 37 Vs
4 PWMO 38 NC
® [2C-bus senal I/O port with byte onented master and slave 5 PWMT 39 P20/A0B
functions 6 EW 40 P2 1/A09
7 P40/CMSRO 41 P22JA10
- i 8 P4 1/CMRS1 42 P23/AN
® Full-duplex UART compatible with the standard 80C51 o P420MSRD G Poamin
10 P4 3/CMSR3 44 P25/A13
® On-chip watchdog timer 1 P44/CMSRa 45 P2e/AT
12 P4 5S/CMSR5 45 P27/A15
® Extended temperature ranges 13 P4GICMTO 47 PSER
. 14 P4 7/CMT1 48 AUl
® OTP package available oo - ENE/\/T:M
16 P10/ICTOl 50 PO 7/AD7
17 P11CTH 51 POG6/ADG
DESCRIPTION 18 P12/CT2l 52 PO S/ADS
The 87C552 Single-Chip 8-Bit Microcontroller 1s manufactured in an 19 P13/CT3I S3  PO4/AD4
advanced CMOS process and Is a denvative of the 80C51 S? 2} ;%2 Zg Eg %82
microcontrolier family. The 87C552 has the same instruction set as 22 P16/SCL 56 PO 1/AD1
23 P17/SDA 57 PO OJADO
the 80C51. The 87C552 1s an EPROM version of the 83C552. 24 P3ORD Se AVl
The 87C552 contains an 8k x 8 EPROM program memory, a volatile 25 P31TxD 59 Avref+
256 x 8 read/write data memory, five 8-bit I/O ports, one 8-bit input gs :.i gmf g? 25§§
port, two 16-bit timer/event counters (1dentical to the timers of the 28  P34/T0 62 P57/ADC7
) 29 P35/T1 63  P56/ADCS
80C51), an additional 16-bit timer coupled to ca.pture and compare 20 P3eAR &4 PeeabDon
latches, a 15-source, two-prionty-level, nested interrupt structure, an 31 P3a7mAD 65 PS5 4/ADC4
8-input ADC, a dual DAC pulse width modulated interface, two serial gs :g g;s 25 gj:ggg
interfaces (UART and 12C-bus), a “watchdog” timer and on-chip 34 XTAL2 68 Pg 1/ADC1
oscillator and tming circuits. For systems that require extra
capability, the 87C552 can be expanded using standard TTL
compatible memories and logic.
In addition, the 87C552 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, senal ports, 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
ORDERING INFORMATION
DESCRIPTION ORDER CODE FREQUENCY | PKG DESIGNATOR*
Ceramic Quad Flat Pack with
J Bend Leads 87C552/BMA 35-12MHz GQCC1-J68
* MIL-STD 1835 or Appendix A of 1995 Military Data Handbook
April 30. 1992 127 853-1557 06625
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- . 87C552
capture compare timer, high-speed outputs, PWM
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0] ALTERNATE FUNCTION OF PORTO [ 3 | ALTERNATE FUNCTION OF PORT 3 [(4]] ALTERNATE RUNCTION OF PORT 4
(7] ALTERNATE FUNCTION OF PORT1 [ 2] ALTERNATE FUNCTION OF PORT 2 [57] ALTERNATE FUNCTION OF PORT §
PIN DESCRIPTION
MNEMONIC | PIN NO. | TYPE NAME AND FUNCTION

Voo 2 | Digital Power Supply: +5V power supply pin during normal operation, idle and power-down mode.

STADC 3 ] Start ADC Operation: Input starting analog to digital conversion (ADC operation can also be started by
software).

PWMO 4 (o] Pulse Width Modulation: Output 0.

PWMT 5 e} Pulse Width Modulation: Output 1.

EW 6 ! Enable Watchdog Timer: Enable for T3 watchdog timer and disable power-down mode.

P0.0-P0.7 57-50 1o Port 0: Port 0 1s an 8-bit open-drain bidirectional /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 intemal pull-ups
when emitting 1s. Port 0 is also used to input the code byte duning programming and to output the code
byte during verification.

P1.0-P1.7 16-23 110 Port 1: 8-bit /O port. Altemate functions include:

16-21 11O (P1.0-P1.5): Quasi-bidirectional port pins.

22-23 1{e] (P1.6, P1.7): Open drain port pins.

16-19 | CTOI-CT3I (P1.0-P1.3): Capture timer input signals for timer T2. .
20 | T2 (P1.4): T2 event input
21 | RT2 (P1.5): T2 timer reset signal. Rising edge triggered.
22 /O | SCL (P1.6): Serial port clock line 12C-bus.
23 /] SDA (P1.7): Serial port data line 12C-bus. Port 1 is also used to input the lower order address byte dunng

EPROM programming and verification. A0 is on P1.0, etc.
April 30, 1992 128
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PIN DESCRIPTION (Continued)

MNEMONIC | PINNO. | TYPE NAME AND FUNCTION
P2.0-P2.7 39-46 170 Port 2: 8-bit quasi-bidirectional I/Q port.
Alternate function- High-order address byte for external memory (A08-A15) Port 21s also used to input
the upper order address during EPROM programming and verification A81son P2 0, A9 on P2 1 , through
Al2onP24
P3 0-P3.7 24-31 [l{e} Port 3: 8-bit quasi-bidirectiona!l 110 port Alternate functions include:
24 RxD(P3.0): Senal input port
25 TxD (P3.1): Senal output port.
26 INTO (P3.2): External interrupt
27 INTT (P3.3): External interrupt
28 TO (P3.4): Timer 0 external input
29 T1 (P3.5): Timer 1 external mnput
30 WR (P3.6): External data memory write strobe.
31 RD (P3.7): External data memory read strobe.
P4.0-P4.7 7-14 170 Port 4: 8-bit quasi-bidirectional 1/O pont. Alternate functions include
7-12 (o] CMSRO0-CMSRS (P4.0-P4.5): Timer T2 compare and set/reset outputs on a match with timer 72
13,14 [¢] CMTO, CMT1 (P4.6, P4.7): Timer T2 compare and toggle outputs on a match with timer T2
P50-P57 68-62, | Port 5: 8-bit input port
1 ADCO-ADC7 (P5.0-P5.7): Alternate function Eight input channeis to ADC
RST 15 1o Reset: Input to reset the 87C552 It also provides a reset pulse as output when timer T3 overflows.
XTAL1 35 1 Crystal Input 1: Input to the inverting amplifier that forms the oscillator, and input to the internal clock gen-
erator Receives the external clock signal when an external oscitiator i1s used
XTAL2 34 O Crystallnput 2: Qutputof theinverting amplifier that forms the oscillator Leftopen-circuit when an externat
clock 1s used
Vsg 36, 37 ! Digital ground.
PSEN 47 o] Program Store Enable: Active-low read strobe to external program memory
ALE/PROG 48 e} Address Latch Enable: Latches the low byte of the address during accesses to external memory It is
activated every six oscillator periods. During an external data memory access, one ALE pulse is skipped
ALE can drive up to eight LS TTL inputs and handies CMOS inputs without an external pull-up This pin
is also the program pulse input (PROG) durning EPROM programming
EANpp 49 1 External Access: When EA is held at TTL level high, the CPU executes out of the internal program ROM
provided the program counter is less than 8192. When EA is held at TTL low level, the CPU executes out
of external program memory. EA is not allowed to float This pin also receives the 12 75V programming
supply voltage (Vpp) during EPROM programming
AVper. 58 | Analog to Digital Conversion Reference Resistor: Low-end
AVREE: 59 ! Analog to Digital Conversion Reference Resistor: High-end.
AVgg 60 | Analog Ground
AVpp 61 | Analog Power Supply

NOTE: To avoid “latch-up”

respectively.

OSCILLATOR CHARACTERISTICS

effect at power-on, the voltage on any pin at any time must not be higher or lower than Vpp + 0 5V or Vgg =0 5V,

RESET

XTAL1 and XTAL2 are the input and output,

respectively, of an inverting amplifier The pins can be configured for
use as an on-chip os- cillator, as shown in the logic symbol, page 1
To dnve the device from an externai clock source, XTAL1 should be
dniven while XTAL2 1s left unconnected There are no requirements
on the duty cycle of the external clock signal, because the input to
the internal clock circutry is through a divide-by-two flip-flop.
However, mimimum and maximum high and low times specified in
the data sheet must be observed

A reset 1s accomplished by holding the RST pin high for at least two
machine cycles (24 oscilator periods), while the oscillator 1s running
To mnsure a good power-on 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-on, the voltage on
Vpp and RST must come up at the same time for a proper start-up

April 30, 1992
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Single-chip 8-bit EPROM microcontroller with 10-bit A/D, 87C552
capture compare timer, high-speed outputs, PWM

IDLE MODE POWER-DOWN MODE

In the idle mode, the CPU puts itself to sleep while ait of the on-chip In the power-down mode, the oscillator is stopped and the
peripherals stay active. The instruction to invoke the idle mode is the instruction to invoke power-down is the last instruction executed.
last instruction executed in the normal operating mode before the Only the contents of the on-chip RAM are preserved. A hardware
idle mode is activated. The CPU contents, the on-chip RAM, and ali reset is the only way to terminate the power-down mode. The control
of the special function registers remain intact during this mode. The bits for the reduced power modes are in the special function register
idle mode can be terminated either by any enabled interrupt (at PCON. Table 1 shows the state of the 1/O ports during low current
which time the process is picked up at the interrupt service routine operating modes.

and continued), or by a hardware reset which starts the processor in
the same manner as a power-on reset.

Table 1. External Pin Status During Idle and Power-Down Modes

PROGRAM PWMO/

MODE MEMORY ALE PSEN PORT 0 PORT 1 PORT 2 PORT 3 PORT 4 PWM1
Idie Internal 1 1 Data Data Data Data Data High
Idie External 1 1 Float Data Address Data Data High
Power-down Internal 0 0 Data Data Data Data Data High
Power-down External 0 0 Float Data Data Data Data High

Serial Control Register (S1CON) - See Table 2

S1CON (D8H) l CcR2 l ENs1l STA | sT0 l si l AA [ CRi l CcRO |
Bits CRO, CR1 and CR2 determine the serial clock frequency that is generated in the master mode of operation.

B

Table 2. Serial Clock Rates

CR2 CR1 CRO BIT FREQUENCY (kHz) AT fosc fosc DIVIDED BY
12MHz
0 0 0 47 256
0 0 1 54 224
0 1 0 62.5 192
0 1 1 75 160
1 0 0 125 960
1 0 1 100 120
1 1 0 200! 60
1 1 1 0.5< 625 96 x (256 - (reload value Timer 1))
(Reload value range: 0 - 254 in mode 2)

ABSOLUTE MAXIMUM RATINGS?: 2, 4

PARAMETER RATING UNIT
Storage temperature range -65 to +150 K]
Voltage on EA/Vpp to Vgg -0.5to +13 \'
Voltage on any other pin to Vsg -0.5t0 +6.5 \
Power dissipation (based on package heat transfer limitations, not device power consumption) 1.0 w

EE 711082kL 0084939 &87 WM
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Single-chip 8-bit EPROM microcontroller with 10-bit A/D,

. ) 87C552
capture compare timer, high-speed outputs, PWM
DC ELECTRICAL CHARACTERISTICS
Tamb = -55°C to +125°C, Vpp, AVpp = 5V +10%, Vgg, AVss = OV
SYMBOL PARAMETER TEST LIMITS UNIT
CONDITIONS MIN TYPS MAX
Vpp Supply voltage 45 55 \%
lop Power supply current See note ?
Active mode @ 12MHz s 30 mA
Idle mode @ 12MHz 13 7 mA
Power down mode 3 200 HA
Inputs
ViL Input low voltage, except EA,P1 8/SCL, P1 7/SDA -0.5 02Vpp-025 \
Vi Input low voltage to EA -0.5 0 2Vpp-0 45 \
ViLo Input low voltage to P1.6/SCL, P1.7/SDA® 05 0 3Vpp v
Input high voltage, except XTAL1, RST, P1 6/SCL,
Vi 5 1"‘; o B0S, excep 0 2Vpp+0.10 Vpp+0.45 v
Vi Input high voltage, XTALY, RST °'7Vf2>0+° Vpp+0 5 v
Vinz Input high voltage, P1.6/SCL, P1.7/SDA? 07Vpp 60 v
Logical 0 Input current, ports 1, 2, 3, 4, except _ R
hc P1.6/SCL, P1.7/SDA Vin =045V 75 HA
Logical 1-to-0 transition current, ports 1, 2, 3, 4, 8 :
I except P1.6/SCL, P1.7/SDA See nole 750 HA
iy input leakage current, port 0, EA, STADC, EW Q 45V<V|<Vpp +10 WA
OV<V<6V
hie Input leakage curient, P1 6/SCL, P1 7/SDA OV<Vpp<5 5V +10 HA
Outputs
Output low voltage, ports 1, 2, 3, 4 except P1 6/SCL, _ 6
VoL P1.7/SDA loL =1 6mA! 0.45 A
Ouitput low voltage, port 0, ALE, PSEN, PWMD,
VoL P age, p loL = 8 2mA8 0.45 v
Vol Output low voltage, P1 6/SCL, P1 7/SDA loL = 3.0mAS 04 Y
VoH Qutput high voltage, ports 1, 2, 3, 4, except P1 6/SCL, lgH = -60pA 24 \
P1.7/SDA loH = -25pA 075Vpp v
lon =-10pA 0.9Vpp Y
Vo1 Output high voltage (port 0 In external bus mode, ALE, lon = -400pA 2.4 Vv
PSEN, FWMO, PWMT)7 lon = -150pA 0 75Vpp Vv
lop = -40pA 0.9Vpp v
Vonz High level output voltage (RST) loH = -400pA 2.4 \4
IoH = -120pA 08Vpp v
RrsT Internal reset pull-down resistor 50 150 kS
Cio 1/O buffer pin capacitance3 TestTf;eg 2=5!£‘>/|sz 10 pF
Except I/O buffer and analog input pins1S 20 pF
Analog inputs
AVpp Analog supply voltage!? AVpp = Vpp+0.2V 45 55 v
Analog supply current. Port5=14v
Alpp Operating 11 mA
Idie mode 50 HA
Power-down AVpp = 2-5.5V 50 HA
AViy Analeg input voltage AVgg-0.2 AVpp+0 2 Vv
AVRep Reference voltage: AVRer. AVgs-02 v
Reference voltage: AVger, AVpp+0 2 \
RRrer Resistance between AVrer, and AVpee. 10 50 kQ
B 711082k 0084940 5T9 WM
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DC ELECTRICAL CHARACTERISTICS (Continued)

SYMBOL PARAMETER TEST LIMITS UNIT
CONDITIONS MIN | TYP* | MAX
Analog Inputs (Continued)
Cia Analog input capacitance# Test freq = 1MHz, 15 pF
Ta=25C

taps Sampling time 8tey us
tapc Conversion time (including sampling time) 50tcy us
DLe Differential non-linearity!2 -1 +2 LSB
ILe Integral non-linearity'2 +2 LSB
0S, Offset error12 +2 LSB
Go Gain error'2 0.4 %
McTe Channel to channel matching +1 LSB
Cy Crosstalk!3 0-100kHz -60 dB

711082k 0084941 435 WA
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AC ELECTRICAL CHARACTERISTICS14

Tamb = -55°C to +125°C, Vpp, AVpp = 5V +10%, Vgg, AVgg = OV
SYMBOL FIGURE | PARAMETER 12MHz CLOCK VARIABLE CLOCK UNIT

MIN MAX MIN MAX

1tcLeL 1 Oscillator frequency 35 12 MHz
tLHLL 1 ALE pulse width 112 2tecL-55 ns
taviL 1 Address valid to ALE low 13 toLoL-70 ns
tLiax 1 Address hold after ALE low 33 toLeL-50 ns
v 1 ALE low to valid instruction in 219 e cL-115 ns
tpL 1 ALE low to PSEN low 28 tcLoL-55 ns
tpLPH 1 PSEN pulse width 190 3tcrcL-60 ns
teLIv 1 PSEN low to valid instruction in 130 3toLe-120 ns
texix 1 Input instruction hold after PSEN 0 0 ns
tpy1z 1 Input instruction float after PSEN 59 fcic-25 ns
taviv 1 Address to vald instruction in 272 SteLoL-140 ns
tpLaz 1 PSEN low to address float 25 25 ns
Data Memory
tRLRH 2,3 RD pulse width 400 6t cL-100 ns
twiwH 2,3 WR pulse width 400 6tcLcL-100 ns
tRLOV 2,3 RD low to valid data in 232 5toLoL-185 ns
tRHDX 2,3 Data hold after RD 0 0 ns
tRHDZ 2,8 Data float after RD 82 2tcicL-85 ns
tLLov 2,3 ALE low to valid data in 497 8to c-170 ns
tavov 2,3 Address to valid data in 565 SteLcL-185 ns
tLiwL 2,3 ALE low to RD or WR low 185 315 3tcLcoL-65 Bt oL +65 ns
tAvWL 2,3 Address valid to WR low or RD low 188 Ao cL-145 ns
tavwx 2,3 Data valid to WR transition 8 toLoL-75 ns
twHax 2,3 Data hold after WR 18 tcioL-65 ns
taLAZ 2,3 RD low to address float 0 0 ns
tWHLH 2,3 RD or WR high to ALE high 18 148 toLoL-65 toLoL+65 ns
External Clock
teHexX 5 High time$ 20 20 ns
teLex 5 Low time15 20 20 ns
toLcH 5 Rise tme?S 20 20 ns
teHoL 5 Fall time?S 20 20 ns
Shift Register
XL 4 Serial port clock cycle time?5 1.0 12tcL oL Hs
tovxH 4 Output data setup to clock nsing edge 700 10tc oL -133 ns
txHQxX 4 Output data hold after clock nsing edge 50 2o c-117 ns
txHDX 4 Input data hold after clock rising edge 0 0 ns
txHDV 4 Clock nising edge to input data valid 700 10teLcL-133 ns

NOTES: On following page.

B 711082t 008u4Su2 371 IN
April 30, 1992 133

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



Philips Semiconductors Military Microcontroller Products Product specification

Single-chip 8-bit EPROM microcontroller with 10-bit A/D,
capture compare timer, high-speed outputs, PWM

87C552

NOTES:

1. These frequencies exceed the upper limit of 100kHz of the 12C-bus specification and cannot be used in an 12C-bus apptication.

2. 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 based on a limited number of samples taken from early manufacturing iots and are not guaranteed. The values listed are

at room temperature, 5V.

. 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 extemnal 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. Ig_ can exceed these conditions provided that no
single output sinks more than 5mA and no more than two outputs exceed the test conditions.

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

address bits are stabilizing.

8. Pins of ports 1 (except P1.6, P1.7), 2, 3 and 4 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.

9. See Figures 8 through 11 for Ipp test conditions.

10. The input threshold voitage of P1.6 and P1.7 (SIO1) meets the I2C specification, so an input voitage below 1.5V will be recognized as a logic

0 while an input voltage above 3.0V will be recognized as a logic 1.

11. The following condition must not be exceeded: Vpp - 0.2V < AVpp < Vpp = 0.2V.

12. Conditions: AVRgr. = OV; AVpp = 5.0V, AVger, = 4.977V. ADC is monotonic with no missing codes.

13. This should be considered when both analog and digitat signals are simultaneously input to port 5.

14. Load capacitance for port 0, ALE, and PSECE = 100pF, load capacitance for all other oufputs = 80pF.

15. These values are characterized but not 100% production tested.

o m s

EXPLANATION OF THE AC SYMBOLS Q - Output data

Each timing symbol has five characters. The first character is always R - RD signal

' (= time). The other characters, depending on their positions, t - Time

indicate the name of a signal or the logical status of that signal. The V - Valid

designations are: Ww- WR signal

A - Address ’ X - No longer a valid logic level

C - Clock Z - Float

D - Input data Examples:

H - Logic level high tavie = Time for address valid to ALE low.
| - Instruction (program memory contents) tupL. = Time for ALE low to PSEN low.
L - Logic level low, or ALE

P - PSEN

tLHLL

tPLPH
tavu ‘_’]"
t LT

«— v —>

tiax *— tpLaz

Ve
POATO D—( An-A7 INSTR IN AD-A7 >—<:
N

<  taviv >
I

PORT 2 >< AG-A1S ¢ AB-ALS
N

Fiaure 1. External Program Memory Read Cycle

m TILUBEE goayqu3 208 WM
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= twHLH *4
_/ u
tLiov
e twL tRLAH
RD j\ //
tavi <™ heax (< tguov —> E— trHDZ
t
< trLAZ RHDX
° AT Y
PORT | FROM Ri OR DPL ~(_ oATAm AG-A7 FROM PCL INSTR IN
e tavwL ———>|
tavoy

L
PORT 2 K P2.0-P2.7 OR AB-A15 FROM DPH KD-AW FROM PCH

Figure 2. External Data Memory Read Cycle

'* twHLH

< towe twiwn - ‘
WR \
tiax L
taviL tavwx ] twhax
’  aoaz
PORT 0 [ FRoW SR ppL DATA OUT >< X A0-A7 FROM PCL INSTR IN
}

e tavwiL —

: y
PORT 2 - P2 0-P2.7 OR A8-A15 FROM DPH KAO—IUS FROM PCH

Figure 3. External Data Memory Write Cycle
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.

cuoex I B e B e B e B

|" txnax ‘
tavxH

CLEARRI

Figure 4. Shift Register Mode Timing

OUTPUT DATA \ >( X X W X X )< /
WRITE TO SBUF - }‘_" - |+ txHDX SE:TI

/ MAX ACTIVE MODE

Figure 5. External Clock Drive /

Ipp mA
V) .5
DD~0- ><g,,2vbpw.9 X 20
0.2V .1
045V DD

/ TYP ACTIVE MODE
NOTE: b 4 /
AC inputs during testing are driven at Vpp -0.5 for a logic '1* and 0 45V for a logic 0"
Timing measurements are made at Vi min for a logic *1* and V) max for a logic 0’ / /
190
/ /
Figure 6. AC Testing Input/Output / / MAX IDLE MODE
5 7 //
/ | 1 TYPIDLE MODE
/ /
Pty
Vi +0.1V VOH-0-1V
LOAD <: A R:F::‘EGNCE e OH AMHz  8MHz  12MHz  16MHz
VLOAD
LO VLOAD-0-V V's POINTS ~a VoLV \ore: FREQ AT XTAL1
NOTE: Valid only within frequency specifications of the device under test
For timing purposes, a port is no longer floating when a 100mV change from load Maximum values takenat VDD = § 5V and worst case temperature
voltage occurs, and begwns to float when a 100mV change from the loaded VOM/ Typical values taken at Vpp = 5 0V and 25°C
VoL level occurs IOHMOL 2 4 20mA
Figure 7. Float Waveform Figure 8. Ipp vs. FREQ
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Vpbp VDD VoD T Voo
'bp Ipp
P16 P1.6
P1.7 vop P17 VDD

87C552

VpD Vpp RST Vpp
STADC "
PO PO
RST N —]

T—J STADC EX EA

EW
= (NO) XTAL2 (NC) XTAL2 EW
CLOCK SIGNAL———»] XTAL1 CLOCK SIGNAL— ] XTAL1

Avgg [€—

AVgg [€ —
Vss AVyef. [€— [ Vss AVref 4{
_

Figure 9. Ipp Test Condition, Active Mode Figure 10. Ipp Test Condition, Idle Mode
Al other pins are disconnected! All other pins are disconnected?
Vbp Vbp
o]
P16 |
P17 Vpp
RST VYob
VoD0s T 7 2 0.7Ypp E STADC |
04s5v 0.2vpp-0.1 L PO N —
(NC) XTAL2 EA
XTAL1 EwW
‘ AV
vss ss
AVyet.
teLcn = toweL = 5ns L -4
Figure 11. Clock Signal Waveform for Ipp Figure 12. Ipp Test Condition, Power Down Mode
Tests in Active and |dle Modes All other pins are disconnected. Vpp = 2V to 5.5V3
NOTES:
1 Active Mode:

a. The foliowing pins must be forced to Vpp: EA, RST, Port 0, and EW.
b. The following pins must be forced to Vgg: STADC, AV, and AVies..
c. Ports 1 6 and 1 7 should be connected to Vpp through resistors of sufficiently high value such that the sink current into these pins cannot
exceed the |g| 1 spec of these pins
d The following pins must be disconnected XTAL2 and all pins not specified above.
2. ldle Mode
a. The following pins must be forced to Vpp' EA, Port 0, and EW.
b The following pins must be forced to Vgg. RST, STADC, AVgq, and AVigg..
¢ Ports 168 .and 1 7 should be connected to Vpp through resistors of sufficiently high value such that the sink current into these pins cannot
exceed the lpy 1 spec of these pins. These pins must not have logic 0 written to them prior to this measurement
d  The following pins must be disconnected XTAL2 and all pins not specified above.
3 Power-Down Mode
a. The following pins must be forced to Vpp: EA, Port 0, and EW
b The following pins must be forced to Vgg RST, STADC, XTALI, AV, and AV es..
¢ Ports 1 6and 1 7 should be connected to Vpp through resistors of sufficiently tigh value such that the sink current into these pins cannot
exceed the I 1 spec of these pins. These pins must not have logic 0 written to them prior to this measurement.
d. The following pins must be disconnected: XTAL2 and all pins not specified above.
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EPROM CHARACTERISTICS

The 87C552 is programmed by using a modified Quick-Pulse
Programming™ algorithm. It differs from older methods in the value
used for Vpp (programming supply voltage) and in the width and
number of the ALE/PROG pulses.

The 87C552 contains two signature bytes that can be read and used
by an EPROM programming system to identify the device. The
signature bytes identify the device as an 87C552 manufactured by
Philips Semiconductors.

Table 3 shows the logic levels for reading the signature byte, and for
programming the program memory, theencryption table, and the lock
bits. The circuit configuration and waveforms for quick-pulse
programming are shown in Figures 13 and 14. Figure 15 shows the
circuit configuration for normal program memory vertfication.

Quick-Pulse Programming

The setup for microcontroller quick-pulse programming is shown in
Figure 13. Note that the 87C552 is running with a 4 to 6MHz
oscillator. The reason the oscillator needs to be running is that the
device is executing internal address and program data transfers.

The address of the EPROM location to be programmed 1s applied to
ports 1 and 2, as shown in Figure 13. The code byte to be
programmed into that location is applied to port 0. RST, PSEN, and
pins of ports 2 and 3 specified in Table 3 are held at the “Program
Code Data” fevels indicated in Table 3. The ALE/PROG is pulsed
low 25 times as shown in Figure 14.

To program the encryption table, repeat the 25-pulse programming
sequence for addresses 0 through 1FH, using the “Pgm Encryption
Table” levels. Do not forget that after the encryption table is
programmed, verification cycles will produce only encrypted data.

To program the lock bits, repeat the 25-pulse programming
sequence using the “Pgm Lock Bit” levels. After one lock bit is
programmed, further programming of the code memory and
encryption table 1s disabled. However, the other lock bit can still be
programmed.

Note that the EA/Vpp pin must not be allowed to go above the
maximum specified Vpp level for any amount of ime. Even a narrow
ghtch above that voltage can cause permanent damage to the
device. The Vpp source should be well regulated and free of glitches
and overshoot

Program Verification

If lock bit 2 has not been programmed, the on-chip program memory
can be read out for program verification. The address of the program
memory locations to be red is applied to ports 1 and 2 as shown in
Figure 15. The other pins are held at the “Verity Code Data” levels
indicated in Table 3. The contents of the address location will be
emitted on port 0. External pull-ups are required on port 0 for this
operation.

If the encryption table has been programmed, the data presented at
port 0 will be the exclusive NOR of the program byte with one of the
encryption bytes. The user will have to know the encryption table
contents in order to correctly decode the venfication data. The
encrypton table itself cannot be read out.

™Trademark phrase of Intel Corporation.
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Reading the Signature Bytes

The signature bytes are read by the same procedure as a normal
verification of locations 030H and 031H, except that P3.6 and P3.7
need to be pulled to a logic low. The values are:

(030H) = 15H indicates manufactured by

Signetics
(031H) = 94H indicates 87C552
Program/Verify Algorithms

Any algorithm in agreement with the conditions listed in Table 3, and
which satisfies the timing specifications, is suitable.

LOGIC SYMBOL
Vss
Voo i l
XTAL1 — | <« <«
XTALZ «—] > <«
EAW - > o <> LOW ORDER
‘LE’%%E > <«—>| k£ <« | ___  ADDRESS AND
A N “«>| O« DATA BUS
SS > > <«
AVDD —>| > «>
AVrels —» - >
Avref- —»| o
STADC —»| bind <+— crul
P «—| 12 ¢
PWNT «— <> <«— cT2
«—>| [ «— cT3
A e A g - T2
] <> & «— RAT2
e > <« SCL
ADCO-7 —» «~>| <«—» SDA
e — -« —5
g— —» «—> i
g | —» e .
»|  HIGH ORDER
e <« E ADDRESS AND
L—>] «> ST DATA BUS
[—> - »
<« <> >
CMSRO-5 > —
T e «—5]| <“— RxD/DATA
-3 DY <«—» | —> TxD/ICLOCK
2 |e—>| <«—»| ©<«— [NTD
CMTO€— |+« <« 54— wi’
> «—> <
cMT € IS <> < m
RST <«—>» <> —» WR
EW —> - —>» RD

Erasure Characteristics

Erasure of the EPROM begins to occur when the chip is exposed to
light with wavelengths shorter than approximately 4,000 angstroms.
Since sunlight and fluorescent ighting have wavelengths in this
range, exposure to the light sources over an extended time (about 1
week in sunlight, or 3 years in room level fluorescent ighting) could
cause Inadvertent erasure. For this and secondary effects, itis
recommended that an opaque label be placed over the window.
For elevated temperature or environments where solvents are being
used, apply Kapton tape Fluorglas part number 2345-5, or
equivalent.

The recommended erasure procedure is exposure to ultraviolet light
(at 2537 angstroms) to an integrated dose of at least 15W-sec/cm?.
Exposing the EPROM to an ultraviolet lamp of 12,000pW/cm? rating
for 20 to 39 minutes, at a distance of about 1 inch, should be
sufficient. Erasure leaves the array in an all 1s state.
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Table 3. EPROM Programming Modes

MODE RST PSEN | ALE/PROG | EANpp P2.7 P2.6 P3.7 P3.6

Read signature 1 0 1 1 0 0 0 ]
Program code data 1 0 0* Vpp 1 0 1 1
Verity code data 1 0 1 1 0 0 1 1
Pgm encryption 1 0 o Vpp 1 0 1 0
table
Pgm lock bit 1 1 0 o* Vpp 1 1
Pgm lock bit 2 1 0 0* Vpp 1 1 0 0

NOTES:

0 = Valid low for that pin; 1 = valid high for that pin.

Vpp = 12 75V +0.25V

Vop = 5V £10% dunng programming and verification.

ALE/PROG receives 25 programming pulses whill Vpp is held at 12.75V. Each programming pulse 1s low for 100us (+10us) and
high for a minimum of 10us.

L

Vop
AG-A7 A p1 PO [ PGM DATA
1 —— | RST EANpp [¢———— +1275V
1 ——— » P36 ALE/PROG [¢———— 25 100us PULSES TO GROUND
1 ———> p37 87C652 PSEN [¢&——« 0
XTALZ P27 f—— 1
asMHz P2g [ — 0
XTAL1 P20-P2.4 K AB-A12
Vss

Figure 13. Programming Configuration

l—

f 25 PULSES
1

|
>
ALE/PROG: Olllllllll ________ ||||||ll||

1\\’ 108 MIN —.t }4‘ 10us+10 hnl
L []

Figure 14. PROG Waveform
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+5V
VoD
AO-AT ____\/‘ P PO PGM DATA
1 ——— > RST EANpp [« 1
1 — > P38 R S
1 ——» P37 87C652 PSEN j¢—— 0
__L—T—— XTAL2 p27 f&————— OERABLE
oMz P [ @
XTAL1 p2.0P2.4 K AB-A12
vss
Figure 15. Program Verification

EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS
Tamp = 21°C o0 +27°C, Vpp = 5V+10%, Vgs = OV (See Figure 16)

SYMBOL PARAMETER MIN MAX UNIT
Vpp Programming supply voltage 125 13.0 v
Ipp Programming supply current 50 mA
MeLcL Oscillator frequency 4 6 MHz
tavaL Address setup to PROG low 48tcLcL

tGHAX Address hold after PROG 48tcicL

tovat Data setup to PROG low 48tcicL

tGHDX Data hold after PROG 4BloLcL

teHsH P2.7 (ENABLE) high to Vpp 48tcLcL

tsHGL Vpp setup to PROG low 10 us
tgHSL Vpp hold after PROG 10 us
tGLGH PROG width 90 110 s
tavav Address to data valid 48tcioL

teLaz ENABLE low to data valid 48t el

tenaz Data float after ENABLE 0 48tcioL

tGHG PROG high to PROG low 10 us

7110826 0084949 72t IR
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PROGRAMMING* VERIFICATION*
P1OPLT —_<: ADDRESS ﬁ/ ADDRESS 3—7
[“— tavav
PORTD —m— | 4 { DATA OUT —
Ne—  /
ALE/PROG

LOGIC 1 LOGIC 1

teLav teHaz
P2.7
*FOR PROGRAMMING VERIFICATION SEE FIGURE 13
FOR VERIFICATION CONDITIONS SEE FIGURE 15

Figure 16. EPROM Programming and Verification
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