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Single-chip 8-bit microcontroller 87C552
Single-chip 8-bit microcontroller with 10-bit A/D, capture/compare timer, high-speed outputs, PWM
DESCRIPTION PIN CONFIGURATIONS
The 87C552 Single-Chip 8-Bit Microcontroller ‘ |
is manufactured in an advanced CMOS
process and is a derivative of the 80C51
microcontraller family. The 87C552 has the CERAMIC E
same instruction set as the 80C51. Three AND
versions of the derivative exist: EEL':%ES
° — CHIP
83C552—8k bytes mask programmable A
ROM E
® 80C552—ROMless version of the 83C552 127] (&
® 87C552—8k bytes EPROM FEATURES
® 80C51 central processing unit Pin  Function Pln  Function
The 87C552 contains a 8k x 8 a volatile ! PSOADCO 3 XTALY
256 x 8 read/write data memory, five 8-bit /o ® 8k x 8 EPROM expandable exterally to 2 Vpp 8 Vss
ports, one 8-bit input port, two 16-bit 64k bytes 3 STADC a7 Vsg
ﬁmer/event Counter.s. (ldentlcal .to.the timers Of ® An addiﬁonal 16.b|t timer/counter coup|ed 5 PWNT 2: SOIAOB
the 80C51), an additional 16-bit timer coupled to four capture registers and three compare 6 EW 40  P2.1/A09
to cap!ur_e and compare lgtches, a 15-source, registers 7 P4.O/CMSRO 41 P2.2/A10
two-priority-level, nested interrupt structure, L 8 P4.1/CMSR1 42 P2YVAN
an 8-input ADC, a dual DAC pulse width @ Two standard 16-bit timer/counters 9  P42/CMSR2 43 P4/A12
modulated interface, two serial interfaces @ 256 x 8 RAM, expandable extarnally to 64k 10 P4.3/CMSR3 44 P25/A13
(UART and 12C-bus), a “watchdog” timer and bytes + P y ;‘ P4.4/CMSR4 45 P2O/AM
on-chip oscillator and timing circuits. For : 12 ::.x:Tsoas :: :g'é#“"
systems that require extra capability, the ® Capable of producing eight synchronized, 14 PATICMTY 5 ALEPRCS
87C552 can be expanded using standard timed outputs 18 RST 49 ERvpp
TTL compatible memories and logic. ® A 10-bit ADC with eight multiplexed analog 16 PLOCT 50 PO.7IAD7
In addition, the 87C552 has two software  inputs Al S posne
selectable modes of power reduchqn—xdle _ ® Two 8-bit resolution, pulse width 19 P1LACTH 53 PO.4/ADA
mode and power-down mode. The idle mode modulation o ts - 20 PlLaT2 54 P0.3/AD3
freezes the CPU while allowing the RAM, utpu 21 P1SMAT2 56 P0.2/AD2
timers, serial ports, and interrupt system to @ Five 8-bit I/O ports plus one 8-bit input port 2 PLe/SCL 56  PO.1/AD1
continue functioning. The power-down mode shared with analog inputs T A
RAM b . ORxD '
ceciltor,causing alloher chip functonato ® PC-0uS serial V0 port with byt orented UMD 59 Ak
be inopel"ah've. master and slave functions 26 P3.2NTO 60 AVss
. . 27 P3MNTT 61  AVpp
The device also functions as an arithmetic ® Full-dupiex UART compatible with the 28 P3ATO 62  P5.7/ADCT
processor having facilities for both binary and standard 80C51 » Pa-;%n 63 P5.6/ADCS
BCD arithmetic plus bit-handling capabilities. @ On-chip watchdog timer %0 Pa, 64  P5.5/ADCS
The instruction set consists of over 100 - g; :‘é’m :g ::;xaca
instructions: 49 one-byte, 45 two-byts, and 17  ® Three speed ranges: s e 67 P5.2/ADC?
three-byte. With a 16MHz (24MHz) crystal, ~ 16MHz 34 XTAL2 68  PS5.1/ADCH
58% of the instructions are executed in °
0.75us (0.5) and 40% in 1.5us (143). Extended temperature ranges
Multiply and divide instructions require 3us @ OTP package available
(2ps).
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Single-chip 8-bit microcontroller

Product specification

87C552

PLASTIC QUAD FLAT PACK

PIN FUNCTIONS LOGIC SYMBOL
vss
Voo l
XTAL1 —» <5 >
Eg\?m <« «> >
PP —> “>»| o 4>
AEFROE «¥ 1o 5| £« s ADDNESS AND
PSEN <«— «—>| O > DATA BUS
Avgg —» > * >
Avpp —» <« «—>
AVrel+ —»| «—>
s | Sew
PWND > < CTil
PWNT «— i T
Pin  Function Pin  Function < <« cT3
1 P41CMSR1 41 PRUAN <« E «— T
2 P4.2/CMSR2 42 P24/A12 ~—> <« <«— RT2
3 NC 43 NC — > <—» SCL
ADCO-7 —p <« <> SDA
4 PA3/CMSR3 4 NC o | % -
5 P44/CMSR4 45 P25/A13 |_, B4 & > —
8  P45/ICMSRS 8 P2EA4 @1 —| || o
7 PAGICMTO 47 P2TIAIS —> > | —>| HGHORDER
8 PA7ICMTY 48 P3EN | —>» L g:: DATA BUS
9 RST 49 ALEFROG [—>] 3 .
10 P1LOCTO s0 EANpp CMSRO-5 ::: s —
11 PLICTI 51 PO.7/AD7 L ¥ le—»| |«—F] +— RXDDATA
12 PL2CT2 52 PO.G/ADS E—._., <—»| —» TDICLOCK
13 P1.ACTA 53  PO.S/ADS > z © <— IR0
> | @ «—— INTT
14 PlLAT2 54 PO4/AD4 CMTOo +— - -— T0
15 P1.SWT2 55  PO.YAD3 CMT1 €— L& > -— T
18 PL.&/SCL 58  PO.2/AD2 RST <—»] «—> — WH
17 PL7/SDA 57  PO.1/AD1 EW —»> <> —» AD
18 P3.ORXD 58  PO.VADO
19 PAIMXD 59 AViel-
20 P32/NTO 80  Avrels
21 NC 61 Avss
2 N 62 NC
23 PAINTT 83 AVpp
24 PaATO 64  PS.7/ADC?
25 P3sST1 85 P5.6/ADCS
26 P36WH 68  P5.5/ADCS
27 PAIFD 67 P5.4/ADC4
28 NC 68 PS.JADC3
29 NC 69 P5.2/ADC2
0 NC 70 PS.1/ADCH
31 XTAR2 71 P5.0/ADCO
32 XTAL1 72 Vop
3 I K
M4 Vg 74 STADC
35 Vgs 75 PWWO
38 Vss 7¢ PWMT
a7 NC 77 EW
38 P20/AC8 7% NC
% PUAOS % NC
40 P22/A10 8  P4.OCMSRO
NC = not connected
IC = ntemally connected (do not use)
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Single-chip 8-bit microcontroller 87C552
ORDERING INFORMATION
PHILIPS
NORTH AMERICA PHILIPS
PART ORDER NUMBER
PART MARKING PART ORDER NUMBER DRAWING TEMPERATURE °C FREQ
ROMIess ROM ROMIess ROM NUMBER AND PACKAGE MHz
PCBB0C552-5-16WP | PCB83C552-5WP/xxx | 800552.4A68 | S83Cs52-4a68 | soTigs | 010 +70. P'g;fz e'-readed Chip | 46
PCB80CS52-5-16H | PCBB3C552-5H/xxx | S80C552-4B | S83C552.4B SOT318 | 0to +70, Plastic Quad Flat Pack | 16
PCFB0C552-5-16WP | PCF83C552-5WP/xxx | S80C552-5A68 | S83Cs52-5A68 | SOT1as | —4010 +85, %Zﬁnt!'gr‘-eaded Chip 45
PCFB0C552-5-16H | PCFB3C552-5HMx | S80C552-5B | S83C852-58 SoTaig | 4010 +85, §f§f° QuadFlat | .o
PCAB0C552-5-16WP | PCAB3C552-5WP/xxx | S80C552-6A68 | S83C552-6A68 | SOT1ag | —4010 +125, g’:;“n‘;"r Leaded Chip | ¢
PCAB0CS52-5-16H | PCAB3C552-5H0 | S80C552-68 | S83C552-68 soTaig | 40t +‘25',f;2§ﬁ° Quad Flat | o
PCB80C552-5-24WP | PCBB3C552-5WP/xxx | S80C552-AA68 | S83C552-aA68 | SOT1ss | 010 +70, P'gsa'ifi;"aded Chip | o4
PCBBOCS52-5-24H | PGBA3CS52-5Hiox | S80CS52-AB | S83C552-AB | SOT318 | 0to +70, Plastic Quad Flat Pack | 24
PCFB0C552-5-24WP | PCFB3C552-5WP/xx | 580C552-BA68 | S83Cs52-8A68 | SOT1ss | —40 10 +85, %:sr‘:‘;gr'-"aded Chip | o4
PCFB0C552-5-24H | PCFB3C552-5HAxx | S80C552-BB | S83css52-BB | SoTats | —401to+85, ';':j,fc QuadFlat | ,,
PCBB0CS552-5-30WP | PCBB3C552-5WPhox | S80C552-CA68 | S8acss2-cass | soTiss | 010 +70, P'g‘jg e'-readed Chip | 34
PCBA0CS52-5-30H | PCBB3CSS2-5HAox | $80C552-CB [ S83C552-CB | SOT318 | 010470, Plastic Quad Fiat Pack | 30
NOTE:
1. 2 denotes the ROM code number.
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Single-chip 8-bit microcontroller

87C552

DRAWING TEMPERATURE °C FREQ
EPROM NUMBER AND PACKAGE MHz
0 to +70, Plastic Leaded Chip
§87C552-4A68 0398E Carrier 16
0 to +70, Ceramic Leaded Chip
S$87C552-4K68 1473A Carrier w/Window 16
$87C552-48 SOT318 | 0 to +70, Plastic Quad Flat Pack 16
~40 to +85, Plastic Leaded Chip
S$87C552-5A68 0398E Carrier 16
—40 to +85, Ceramic Leaded
$87C552-5K68 1473A Chip Carrier w/Window 16
S87C552-58 SOT318 -40 to +85, Plastic Quad Flat 16
Pack
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Single-chip 8-bit microcontroller 87C552

BLOCK DIAGRAM
T0 T TG INTT PWWG PWMT avgg AVRgr ADCO-7 SDA SCL
+
Ex ey =& Voo Vss wop| STt | L (T[T
SRS Rl 5 [ SRR SRR EIEIARE
] 1 1
' i h 4 4 L 4 / 1
1 - - 1
XTAL1 .
, TWO 68T FROGRAM DATA DUAL semaL | 1
JSTALZ TIMER/EVENT cPU MEMORY MEMORY PWM ADC 12G PORT | *
' COUNTERS 8kx8 256 x 8 RAM X
B& EPROM .
i
¥ .
HE 80C51 CORE X
EXCLUDING
psEl ROMRAM :
o !
1
WH I 8-BIT INTERNAL BUS ]
' ]
&y .
g )
1 16 1
o, 7 | | '
b 1
4 ADO-7 T T2 :
v PARALLEL VO SERIAL FOUR 1 16 16-BIT "] COMPARA- T3
z PORTS AND UART sar 1681 ot ko] compara s Tor WATCH X
' EXTERNAL BUS RT CAPTURE TORS QUTPUT TIMER
PO EVENT ] [
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AS-15 REGISTERS '
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(] ]
. £ -l !
1] t
|_ - - PR D R - .- bweame- - ol - ® .- .- --a ]
"E 3] 01 O ] « |
PO P1 P2 P3 TD RxD PS P4 CTO-CT3 T2 RT2 CMSROCMSRS  RST EW
[0 ALTERNATE FUNCTION OF PORTO [ 3] ALTERNATE FUNCTION OF PORT 3
[7] ALTERNATE FUNCTIONOF PORT1 [ 4] ALTERNATE FUNGTION OF PORT 4
[Z] ALTERNATE FUNGTIONOF PORT2 L5 ] ALTERNATE FUNGTION OF FORT §
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Single-chip 8-bit microcontroller

87C552

PIN DESCRIPTION
PIN NO.
MNEMONIC PLCC QFP TYPE NAME AND FUNCTION
Voo 2 72 | Digital Power Supply: +5V power supply pin during normal operation, idle and
power-down mode.
STADC 3 74 | Start ADC Operation: Input starting analog to digital conversion (ADC operation can also
be started by softwars).
PWMO 4 75 (o] Pulse Width Modulation: Output 0.
PWNMT 5 76 (o] Pulse Width Modulation: Output 1.
EW 6 77 | Enable Watchdog Timer: Enable for T3 watchdog timer and disable power-down mode.
P0.0-P0.7 57-50 58-51 VO | Port0: Port 0 is an 8-bit open-drain bidirectional /O port. Port 0 pins that have 1s writen
to them float and can be used as high-impedance inputs. Port 0 is also the muitiplexed
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 is also used to input
the code byte during programming and to output the code byte during verification.
P1.0-P1.7 16-23 10-17 /O | Port 1: 8-bit I/O port. Alternate functions include:
16-21 10-15 /O | (P1.0-P1.5): Quasi-bidirectional port pins.
22-23 16-17 /0 | (P1.6, P1.7): Open drain port pins.
16-19 10-13 1 CTOI-CT3t (P1.0-P1.3): Capture timer input signals for timer T2.
20 14 | T2 (P1.4): T2 eventinput.
21 15 | RT2 (P1.5): T2 timer reset signal. Rising edge triggered.
22 16 /O | SCL (P1.6): Serial port clock line 12C-bus.
23 17 VO | SDA (P1.7): Serial port data line 12C-bus.
Port 1 is also used to input the lower order address byte during EPROM programming and
verification. AO is on P1.0, etc.
P2.0-P2.7 39-46 38-42, /O | Port 2: 8-bit quasi-bidirectional I/O port.

45-47 Altemnate function: High-order address byte for external memory (A08-A15). Port 2 is also
used to input the upper order address during EPROM programming and verification. A8 is
on P2.0, A9 on P2.1, through A12 on P2.4.

P3.0-P3.7 24-31 12 %.2291 /0 | Port 3: 8-bit quasi-bidirectional I/O port. Altemate functions include:
24 18 RxD(P3.0): Serial input port.
25 19 TxD (P3.1): Serial output port.
26 20 INTD (P3.2): External interrupt.
27 23 INTT (P3.3): External interrupt.
28 24 T0 (P3.4): Timer 0 extemal input.
29 25 T1 (P3.5): Timer 1 external input.
30 26 WH (P3.6): Extemal data memory write strobe.
a1 27 RAD (P3.7): Extenal data memory read strobe.
P4.0-P4.7 7-14 804.-3 -2 /O | Port 4: 8-bit quasi-bidirectional I/O port. Altemate functions include:
7-12 80, 1-2 0 CMSRO0-CMSRS (P4.0-P4.5): Timer T2 compare and set/reset outputs on a match with
. 4-6 timer T2.
13,14 7,8 o) CMTO, CMT1 (PA.6, PA.7): Timer T2 compare and toggle outputs on a match with timer T2.
P5.0-P5.7 68-62, 71-64, l Port 5: 8-bit input port.
1 ADCO0-ADC7 (P5.0-P5.7): Aiternate function: Eight input channels to ADC.
RST 15 9 /O | Resst: input to reset the 87C552. It also provides a reset pulse as output when timer T3
overflows.
XTAL1 35 a2 I Crystal Input 1: Input to the inverting amplifier that forms the oscillator, and input to the
intemal clock generator. Receives the external clock signal when an external oscillator is
XTAL2 4 31 (o] Crystal Input 2: Output of the inverting amplifier that forms the oscillator. Left open-circuit
when an extemal clock is used.
Vss 36,37 34-38 ! Digital ground.
PSEN 47 48 O | Program Store Enable: Active-low read strobe to external program memory.

January 7, 1993
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87C552

PIN DESCRIPTION (Continued)

PIN NO.
MNEMONIC PLCC QFP TYPE NAME AND FUNCTION

ALE/PROG 48 49 O | 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 handles
CMOS inputs without an external pull-up. This pin is also the program pulse input (PROG)
during EPROM programming.

EANpp 49 50 | 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 voitage (Vpp) during EPROM
programming.

AVREF- 58 59 | Analog to Digital Conversion Reference Resistor: Low-end.

AVREF. 59 60 I Analog to Digital Conversion Reference Resistor: High-end.

AVgs 60 61 [ Analog Ground

AVpp 61 63 | Analog Power Supply

NOTE:

1. To avoid 1atch-up” 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,
respectively.

OSCILLATOR RESET remain intact during this mode. The idle

CHARACTERISTICS A reset is accomplished by holding the RST ~ Moade can be terminated either by any

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

To drive the device from an external clock
source, XTAL1 should be driven while XTAL2
is left unconnected. There are no
requirements on the duty cycle of the extemal
clock signal, because the input to the intemal
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.

pin high for at least two machine cycles (24
oscillator periods), while the oscillator is
running. To insure 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
powaer-on, the voltage on Vpp and RST must
come up at the same time for a proper
start-up.

IDLE MODE

In the idle mode, the CPU puts itself to sleep
while all of the on-chip peripherals stay
active. The instruction to invoke the idle
maode is the last instruction executed in the
normal operating mode before the idle mode

enabled 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
powar-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
contral bits for the reduced power modes are
in the special function register PCON. Tabie 1
shows the state of the 1/O ports during low

is activated. The CPU contents, the onchip  current operating modes.
RAM, and all of the special function registers
Table 1. External Pin Status During ldle and Power-Down Modes
PROGRAM PWMO/
MODE MEMORY ALE PSEN PORTO | PORT1 PORT2 | PORT3 PORT 4 PWM1
Idle Intemal 1 1 Data Data Data - Data Data High
Idte Extemal 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
January 7, 1993 660
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Single-chip 8-bit microcontroller 87C552

Serial Control Register (S1CON) — See Table 2
S1CON (D8H) !Tnz | ENS!I STA [sm [ st | AA | CR1 [cnol
Bits CRO, CR1 and CR2 determine the serial clock frequency that is generated in the master mode of operation.

Table 2. Serial Clock Rates

BIT FREQUENCY (kHz) AT fosc
CR2 CR1 CRO 6MHz 12MHz 16MHz fosc DIVIDED BY
0 0 0 23 47 62.5 256
0 0 1 27 54 71 224
0 1 0 31.25 62.5 83.3 192
0 1 1 37 75 100 160
1 0 0 6.25 12.5 17 960
1 0 1 50 100 133 1 . 120
1 1 0 100 200 267 1 60
1 1 1 0.25<62.5 0.5<625 0.67 < 56 96 x (256 — (reload vatue Timer 1))
0to 225 0 to 224 0 to 223 Timer 1 in Mode 2.
NOTE:

1. These frequencies exceed the upper limit of 100kHz of the 12C-bus specification and cannot be used in an (2C-bus application,

ABSOLUTE MAXIMUM RATINGS. 2.3

PARAMETER RATING UNIT
Storage temperature range -85 to +150 °C
Voitage on EA/Vpp to Vgs -0.5t0 +13 v
Voitage on any other pin to Vgg ~0.5to +6.5 \'4
Input, output DC current on any single I/O pin 50 mA
Power dissipation (based on package heat transfer limitations, not device power 1.0 w
consumption)
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.

2. 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.

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

DEVICE SPECIFICATIONS
SUPPLY VOLTAGE (V) | FREQUENCY (MHz)
TYPE MIN MAX MIN MAX | TEMPERATURE RANGE (°C)
P87C552-4 45 5.5 35 16 0to +70
P87C552-5 45 5.5 35 16 —40t0 +85
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DC ELECTRICAL CHARACTERISTICS
Vgs, AVgg = 0V
TEST LIMITS
SYMBOL | PARAMETER CONDITIONS MIN MAX UNIT
lop Supply current operating: See notes 1 and 2
PCA8XC552-5-16 fosc = 16MHz 40 mA
p ldle mode: See notes 1 and 3
87C552 fogc = 16MHz 7 mA
Ipp Power-down current: See notes 1 and 4;
2V < Vpp < Vpp max
87C552 50 HA
Inputs
ViL Input low voltage, except EA, P1.6, P1.7 -0.5 0.2Vpp-0.1 \'
ViL1 Input low voltage to EA -0.5 0.2Vpp-03{ V
Viz Input low voltage to P1.6/SCL, P1.7/SDAS -0.5 0.3Vpp v
ViH Input high voitags, except XTAL1, RST 0.2Vpp+0. | Vpp+0.5 \'
9
ViH1 Input high voitage, XTAL1, RST 0.7Vpp Vpp+0.5 Vv
ViHz Input high voltage, P1.6/SCL, P1.7/SDAS 0.7Vpp 6.0 \)
It Logical 0 input current, ports 1, 2, 3, 4, except P1.6, P1.7 Vin=0.45V ~50 MA
L Logical 1-to-0 transition current, ports 1, 2, 3, 4, except P1.6, P1.7 See note 6 -650 pA
Hy g Input leakage current, port 0, EA, STADC, EW 0.45V <V, <Vpp 10 pA
0V<Vi<6V
Hyo Input leakage current, P1.6/SCL, P1.7/SDA OV < Vpp < 5.5V 10 pA
Hi 3 Input leakage current, port 5 0.45V <V} <Vpp 1 A
Outputs
Vou Output low voltage, ports 1, 2, 3, 4, except P1.6, P1.7 loL = 1.6mA7 045 - v
Voii Output low voitage, port 0, ALE, PSEN, PFWMO, lo = 3.2mA7 0.45 v
PWMT
Vorz Output low voltage, P1.6/SCL, P1.7/SDA loL = 3.0mA7 0.4 v
Vou Qutput high voltage, ports 1, 2, 3, 4, except P1.6/SCL, P1.7/SDA
~lon = 60pA 24 \'
~lop = 26uA 0.75Vpp v
—lon = 100A 0.9Vpp v
Vo1 Output high voitage (port 0 in extarnal bus mode, ALE,
PSEN, P\?VW PR ~loH = 400pA 24 v
—lox = 150puA 0.75Vpp v
—lon = 40uA 0.9Vpp v
Vou2 Output high votage (RST) ~low = 400pA 24 v
—low = 120uA 0.8Vpp \
Brst Internal reset pukl-down resistor 50 150 kQ
Cio Pin capacitance Test fraq = 1MHz, 10 pF
Tm =X 25°C
Analog Inputs
AVpp Analog supply voitage:
8705529 AVpp = Vppi0.2V 45 5.5 \
Alpp Analog supply current: operating: Port5 =0 to AVpp 1.2 mA
Alp Idle mode:
87C552 50 HA
Alpp Power-down mode: 2V < AVpp < AVpp max
87C552 50 pA
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DC ELECTRICAL CHARACTERISTICS (Continued)

TEST LIMITS

SYMBOL PARAMETER CONDITIONS MIN l MAX UNIT
Analog Inputs (Continued)
AVin Analog input voltage AVgs-0.2 | AVpp+0.2 \
AVRer Reference voltage:

AVREF- AVgs—0.2 \

AVREF+ AVpp+0.2 Vv
Rrger Resistance between AVgrer, and AVRgr- 10 50 kQ
Cia Analog input capacitance 15 pF
tans Sampling time 8ty us
tapc Conversion time (including sampling time) 50tcy us
DL, Differantial non-linearity10: 1. 12 +1 LsB
Ly integral non-tinearity10. 13 +2 LSB
0S, Offset error10. 14 +2 LSB
c Gain error10. 15 0.4 %
Ag Absolute voltage error10. 18 13 LS8
Mete Channel to channel matching +1 LS8
C Crosstalk between inputs of port 517 0-100kHz -60 dB

NOTES FOR DC ELECTRICAL CHARACTERISTICS:

See Figures 10 through 15 for Ipp test conditions.

The operating supply current is measured with all output pins disconnected; XTAL1 driven with t, = t = 10ns; V| = Vgg + 0.5V,

Vin = Vpp - 0.5V; XTAL2 not connected; EA = RST = Port 0 = EW = Vpp; STADC = Vgg.

The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with t, = ty= 10ns; V). = Vgg + 0.5V;

Vi = Vpp — 0.5V; XTAL2 not connected; Port 0 = EW = Vpp; EA = RST = STADC = Vgg

The power-down current is measured with all output pins disconnected; XTAL2 not connected Port 0 =EW = Vpp;

EA = RST = STADC = XTAL1 = Vgg.

. The input threshold voltage of P1.6 and P1.7 (SIO1) meets the 12C specification, so an input voltage below 1.5V will be recognized as a logic

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

. 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 Vi is approx:mately 2V.

. Capacitive loading on ports 0 and 2 may cause spurious noise o be superimposed on the Vg 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. o can exceed thess conditions provided that no
single output sinks more than 5mA and no more than two outputs exceed the test conditions.

8. 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.

9. The following condition must not be exceeded: Vpp — 0.2V < AVpp < Vpp + 0.2V.

10. Conditions: AVpgp- = 0V; AVpp = 5.0V. Measurement by continuous conversion of AViy = —20mV to 5.12V in steps of 0.5mV, derivating

parameters from collected conversion results of ADC. AVper,. (87C552) = 4.977V. ADC is monotonic with no missing codes.
11. The differential non-linearity (DL,) is the difference between the actual step width and the ideal step width. (See Figure 1.)
12.The ADC is monotonic; there are no missing codes.
13. The integral non-linearity (iL,) is the peak difference between the center of the steps of the actual and the ideal transfer curve after
appropriate adpustment of gain and offset error. (See Figure 1.)

14.The offset error (OS,) is the absolute difference between the straight line which fits the actual transfer curve (after removing gain error), and
a straight line which fits the ideal transfer curve. (See Figurs 1.)

15.The gain eror (G,) is the relative difference in percent between the straight line fitting the actual transfer curve (after removing offset error),
and the straight line which fits the ideal transfer curve. Gain error is constant at every point on the transfer curve. (See Figure 1.)

16.The absolute voltage arror (A,) is the maximum difference between the center of the steps of the actual transfer curve of the non-calibrated
ADC and the ideal transfer curve.

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

N @ oo or o N
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(1) Example of an actual transfer curve,
{2) The ideal transfer curve.
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(5) Center of a step of the actual transter curve.
Figure 1. ADC Conversion Characteristic
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AC ELECTRICAL CHARACTERISTICS: 2

12MHz CLOCK | 16MHz CLOCK VARIABLE CLOCK
SYMBOL | FIGURE PARAMETER MIN MAX | MIN | MAX MIN MAX UNIT
1AcLeL 2 Oscillator frequency 3.5 16 MHz
tLHLL 2 ALE pulse width 127 85 2teLcL—40 ns
taviL 2 Address valid to ALE low 28 8 toLocL—55 ns
tiax 2 Address hold after ALE low 48 28 toLcL—35 ns
v 2 ALE low to valid instruction in 234 150 4t cL~100 ns
tueL 2 ALE low to PSEN low 43 23 toLoL—40 ns
teLPH 2 PSEN pulse width 205 143 3toLcL—45 ns
truv 2 PSEN low to valid instruction in 145 83 3toLc-105 ns
tpxix 2 Input instruction hold after PSEN 0 0 0 ns
tpxiz 2 Input instruction float after PSEN 59 as toLeL—25 ns
taviv 2 Address to valid instruction in 312 208 SteLcL~105 ns
tpLaz 2 FSEN low to address float 10 10 10 ns
Data Memory
taviL 3,4 Address valid to ALE low 43 23 toLcL—40 ns
taLRH 3 RD pulse width 400 275 6tercL—100 ns
twiwH 3 WR pulse width 400 275 6tcrc—100 ns
tRLDV 3 RD low to valid data in 252 148 StoLoL—165 ns
taHDX 3 Data hold after RD 0 0 0 ns
taHDZ 3 Data fioat after RD 97 55 2tcLcL~70 ns
Loy 3 ALE low to valid data in 517 350 8toLcL—~150 ns
tavov 3 Address to valid data in 585 398 9toLcL—~165 ns
LWL 3,4 |ALElow to RD or WH low 200 | 300 | 138 | 238 | 3terc-50 | StercL+50 ns
tavwL 3,4 Address valid to WH low or RD low 203 120 4tc o -130 ns
tavwx 4 Data valid to WH transition 23 3 toLcL—60 ns
tow 4 Data before WR 433 288 TtoLoL~150 ns
twHOX 4 Data hold after WR 33 13 torcL—50 ns
talaz 4 RD low to address float o 0 0 ns
twHLH 3,4 RD or WH high to ALE high 43 123 23 103 toLcL—40 toLoL+40 ns
External Clock
tcHex 5 High time? 20 20 20 ns
tcrex 5 Low time? 20 20 20 ns
tcLcH 5 Risa time3 20 20 20 ns
teHeL 5 Fail ime3 20 20 20 ns
Serial Timing — Shift Register Mode* (Test Conditions: Tamy, = 0°C to +70°C; Vgg = OV; Load Capaciance = 80pF)
txuxe 6 Serial port clock cycle time 1.0 0.75 12toLeL us
tavxH 6 Output data setup to clock rising edge | 700 492 10!0(_51_—13 ns
txnax 6 Output data hold after clock risingedge | S0 8 oo ~117 ns
txHDX 6 Input data hoid after clock rising edge 0 0 0 ns
txHDV 4] Clock rising edge to input data valid 700 492 10tc'_g|_—13 ns
NOTES:
1. Parameters are valid over operating temperatura range unless otherwise specified.

2. Load capacitance for port 0, ALE, and PSEN = 100pF, load capacitance for all other outputs = 80pF.
3. tore = Mose = one oscillator clock period.

torcL = 83.3ns at fose = 12MHz.

toLoL = 62.5ns at fogo = 16MHz.
4. These values are characterized but not 100% production tested.
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AC ELECTRICAL CHARACTERISTICS (Continued)

SYMBOL PARAMETER INPUT OUTPUT

12C Interface (Refer to Figure 9)°

tup; STA | START condition hold time 2141100 >4.0us?

tow SCL low time 216 toLeL >4.7us !

tiigH SCL high time 214 1g0L >4.0us?

tac SCL rise time <1ps -2

tee SCL fall ime <0.3us <0.3us 3

tsy: DAT1 | Data set-up time > 250ns >20tcicL—tRp

tgy; DAT2 | SDA set-up time (before rep. START cond.) 2250ns > 1ps!

tgu: DAT3 | SDA set-up time (before STOP cond.) 2 250ns > 8 toLeL

typ: DAT | Data hold time 20ns >8toLeL ~tre

tsu; STA | Repeated START set-up time 214 toLoL >4.7ust

tsu: STO | STOP condition set-up time 214 tooL >4.0ps !

taur Bus free time 2141ga >4.7us

tro SDA rise time < fus =2

tep SDA fall time £0.3us <0.3us 3
NOTES:

1. At 100 kbit/s. At other bit rates this value is invarsely proportional to the bit-rate of 100 kbit/s.
. Determined by the external bus-line capacitance and the external bus-line pull-resistor, this mustbe < 1pus.

SCL = 400pF.
. toreL = 1Hosc = one oscillator clock period at pin XTAL1. For 62ns (42s) < tc oL < 285ns (16MHz (24Hz) > fogc > 3.5MHz) the SI101

interface meets the [2C-bus specification for bit-rates up to 100 kbit/s.

2
3. Spikes on the SDA and SCL lines with a duration of less than 3 tg ¢ will be filtered out. Maximum capacitance on bus-lines SDA and
4
5

. Thesa values are guaranteed but not 100% production tested.
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EXPLANATION OF THE AC SYMBOLS

Each timing symbol has five characters. The

Q - Outputdata

first character is always ‘t’ (= time). The other R - RD signal
characters, depending on their positions, t - Time
indicate the name of a signal or the logical V - Valid
status of that signal. The designations are: W - WH signal
A -~ Address X ~ No longer a valid logic level
C — Clock Z - Float
D - inputdata Examples: tay = Time for address valid to
H - Logic level high ALE low.
I - Instruction (program memory contents) tuLpL = Time for ALE low to
L — Logic level low, or ALE PSEN low.
P - PSEN
ttH —

tave [ tue

\ /_—_\

€ tpLPH

v —

-« tayiv ——»

N> teuv L

k¢
tLax < tplAz PXl
tpxix
L/
AO-A7 INSTR IN AO-A7
\

AS-A1S AB-A1S

X

Figure 2. External Program Memory Read Cycle

wax

A 4

< twhLH
tuov
— WL — e tg gy —————>
\p //
— to oy —> tanpz
Az, tRHOX —> |<—

POAT 0 D_.< FROM o O DPL <: DATAIN AO-A7 FROM PCL >—@mm—__
l—— tayw, ————>
tavov
PORT 2 ><: P2.0-P2.7 OR AB-A15 FROM DPH X AB-A1S FROM PCH

Figure 3. External Data Memory Read Cycle
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ALE ﬁ
N
< twHLH —
FSEN—/ T N\, /

—— t L ——P e twwH ————>

tuLax > | tovwx > twHax
tow

4 A Y
PORT O :>—< FROMA;%' 0; oL X DATA OUT X X A0-A7 FROM PCL INSTRIN

[e————— taywL — >

4

taveL €

—
PORT 2 >< P2.0-P2.7 OR A8-A15 FROM DPH AB-A15 FROM PCH
N—

Figure 4. External Data Memory Write Cycle

e tHigH —> —>
r/ ViHt Vini N
0.8V 0.8V
—— tLow —>|

\

tereL

Figure 5. External Clock Drive XTAL1

INSTRUCTION | 0 | | 2 | s | | s | s L7 | |
—
L r i

> [+ teax
tavxH [e—»

e o X X = X 5 X X s X s X 7

CLOCK

WRITE TO SBUF DY _.| I._ tXHDX 35:11
INPUT DATA
1 oo v XvauoX X XvaseX Xl XvauoX Xy
A
SETRI

Figure 6. Shift Register Mode Timing
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Float
2.4V 2.4V 2.4v
2.0V - 20V 2.0V 2.0v
Test Points
0.8V 4~ ~ 0.8V N 0.8V 08V
0.45V 0.45V ) : 0.45V
AN(O:LE;::uts during testing are driven at 2.4V for a logic ‘1’ and 0.45V for a logic "0" NOTE:
Timing measurements are made at 2.0V far a logic ‘1 and 0.8V for a logic ‘0. Iho:rg::‘ sl c'ac(e!Isaﬁ::?}g;:ggl?egﬁ;z:;‘hwhmh aport 0 pin sinks 3.2mA or
Figure 7. AC Testing Input/Output Figure 8. AC Testing Input, Float Waveform
- (repeated START condition )
(START or repealed START condition ) START condition

1SU;STA

<F

J

NOTE:

These values are valid only within the frequency specifications of the device under test.

SDA ) }l \ 0.7Vee
(NpuTIOUTPUT) Y A /X \ __ X osvee
WD  WCTM[™ Mt wre ‘-’l
: 'SU; STO
SCL \ [! ! : z[ 0.7Vee
{INPUT/QUTPUT) k 0.3Vee
™ [* su;pAT3
HD;STA %LOW  'HIGH 1SU;DATH THD;DAT 1SU;DAT2
Figure 9. Timing SIO1 (12C) Interface
50
(1)
40
30
ippmA @
20 ,/
//
et ~
10 = — (3)
1 | T )
=T
0
0 4 8 12 18
1(MHz)

Figure 10. 16MHz Version Supply Current (Ipp) as a Function of Frequency at XTAL1 (fogc)

(1) Maximum operating mode; Vpp = 6V
(2) Maximum operating mode; Vpp = 4V
(3) Maximum idle mode; Vpp = 6V
(4) Maximum idie mode; Vpp = 4V
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T~ Voo T Voo T Vob -~ VpD
Ipp IbD
VWA P1.6 VWA~ 1.8
AAA P17 VoD & —AAA, 1.7 VD o l
Voo Yop RST Yoo
L =
RST Po PO <:
STADC EA =
=  (NC)———] xTAL2 EW (NC)————] xTAL2 Ew
EA
CLOCK SIGNAL ———»] XTAL1 CLOCK SIGNAL ——— 3] XTAL1
AVgs AVgg
! Vss AVrgf- l Vss AVigf-

Figure 11. Ipp Test Condition, Active Mode
All other pins are disconnected!

Figure 12. 1pp Test Condition, ldle Mode
All other pins are disconnected?

Vpp-058 - -~ -
0.5V

and Idle Modes
teucH = terer = 5ns

Figure 13. Clock Signal Waveform for ipp Tests in Active

T~ Voo | DT‘ VoD
VWA P18 T
Av‘v‘v P17 VDD
RST VoD
STADC
A Po K
NO)——— xa2 EW
»| XTALY )
Vss AVss
AVrat- |

Figure 14. Ipp Teat Condition, Power Down Mode
All other pins are disconnected. Vpp = 2V to 5.5V3

NOTES:
1. Active Mode:

a. The following pins must be forced to Vpp: EA, RST, Port 0, and EW.
b. The following pins must be forced to Vgg: STADC, AV, and AV er.

¢. 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 lo 1 spec of these pins.
d. The follov!i_r_ag pins must be disconnected: XTAL2 and all pins not specified above.

2. ldie Mode:

a. The foliowing pins must be forced to Vpp: Port 0 and EW.

b. The foltowing pins must be forced to Vgg: RST, STADC, AVgy,, AV et-, and EA.

¢. 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 loy 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: Port 0 and EW.

b. The following pins must be forced to Vgg: RST, STADC, XTAL1, AVy,,, AVret, and EA.

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
éxceed the lo ; spec of these pins. These pins must not have logic 0 written to them prior to this measurement.

d. The foliowing 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.

Table 3 shows the logic levels for reading the
signature byte, and for programming the
program memory, the encryption table, and
the lock bits. The circuit configuration and
waveforms for quick-pulse programming are
shown in Figures 15 and 16. Figure 17 shows
the circuit configuration for normal program
memory verification.

Quick-Pulse Programming

The setup for microcontroller quick-pulse
programming is shown in Figure 15. 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
intemal address and program data transfers.

The address of the EPROM location to be
programmed is applied to ports 1 and 2, as
shown in Figure 15. The code byte to be
programmed into that location is applied to
port 0. RST, PSEN, and pins of ports 2and 3
specified in Table 3 are held at the “Program
Code Data” levels indicated in Table 3. The
ALE/PROG is pulsed low 25 times as shown
in Figure 16.

To program the encryption table, repeat the
25-pulse programming sequencs 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 is 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 time. Even a narrow glitch
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 17. The other pins ars held at the
*Verify 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 O for this operation.

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

Table 3. EPROM Programming Modes

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
Philips Components
(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.

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 lighting have
wavelengths in this range, exposure to the
light sources over an extended time (about 1
woek in sunlight, or 3 years in room level
fluorescent lighting) could cause inadvertent
erasure. For this and secondary effects, it
Is 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 uftraviolet light (at 2537
angstroms) to an integrated dose of at least
15W-sec/cm?2, 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.

MODE RAST PSEN ALEPROG | EANpp P2.7 P2.6 P3.7 P36

Read signature 1 0 1 1 0 0 0 0
Program code data 1 0 o Vep 1 0 1 1
Verify code data’ 1 0 1 1 0 0 1 1
Pgm encryption table 1 0 0* Vep 1 0 1 0
Pgm lock bit 1 1 0 o Vpp 1 1 1 1
Pgm lock bit 2 1 0 0* Vep 1 1 0 0

NOTES:

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

2. Vpp = 12,75V 10.25V.

3. Vpp =5V £10% during programming and verification.

minimum of 10us.

™“Trademark phrase of Intel Corporation.

January 7, 1993

671

ALE/PROG receives 25 programming pulsas while Vpp is held at 12.75V. Each programming pulse is low for 100us (+10us) and high for a




M 711082L 00bLL535 59% EEPHIN

Philips Semiconductors Microcontroller Products Product specification
Single-chip 8-bit microcontroller 87C552
+5V
VDo "T
AO-A7 1 P Po K PGM DATA
1 ————— 3 RST EAnpp [¢———— #1275V
1 —— 3 P36 ALE/PROG f¢———— 25 100us PULSES TO GROUND
1 ——>f P37 87C562 PSEN f¢———— 0
_E_T XTAL2 P27 je— 1
somiz T3 g [ 0
T XTALS p2.0-P2.4 K A8-A12
vVss
Figure 15. Programming Configuration
le 25 PULSE )
]
il 'I
ALEPRUG: ol 1 1 1 I 1 1} Jeeaecaaa
: le |
10us MIN —-' 1003410
‘ P il
ALEPROG! 0 | l | l
Figure 16. PROG Waveform
+5V
Voo
AO-A7 A p1 PO PGM DATA

RST

P3.7

vss

XTAL2

T XTALY

87Cs52

EAvpp —— 1

1

PSEN j¢&———— 0

0 ENABLE

P28 j&——— O

Figure 17. Program Verification

AB-A12

January 7, 1993

672




‘BN 711082b 00LL53L 422 EMPHIN
Philips Semiconductors Microcontroller Products Product specification

Single-chip 8-bit microcontroller ' 87C552

EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS
Tamb = 21°C t0 +27°C, Vpp = 5V10%, Vgg = OV

SYMBOL PARAMETER MIN MAX UNIT
Vep Programming supply voltage 12.5 13.0 v
Ipp Programming supply current 50 mA
1cLeL Oscillator frequency 4 6 MHz
tavaL Address setup to PROG low 48te 1oL
tGHAX Address hold after PROG 48tcLcL
tovaL Data setup to PROG low - 48tci oL
tGHDX Data hold after PROG 48toLcL
teHsH P2.7 (ENABLE) high to Vpp 48tc oL
tsHGL Vep setup to PROG low 10 us
taHsL Vpp hold after PROG 10 us
taLGH PROG width 90 110 us
tavav Address to data valid 48toLcL
teLaz ENABLE low to data valid 48teL oL
teHaz Data float after ENABLE 0 48tc oL
tGHGL PROG high to PROG low - 10 us
PROGRAMMING” VERIFICATION®
g;:m 7 ——-(L ADDRESS j ADDRESS >——
tavavie—
PORT 0 { DATA OUT >
toval - taHDX
tava toH
ALE/FROG
taLgH taHaL
tsHat taHsL
L/
/ LOGIC LOGIC 1
EAVpp _
..... e DRI [
. teHsH—> teLav teHoz
e S
ERABLE *FOR PROGRAMMING VERIFICATION SEE FIGURE 17.
FOR VERIFICATION CONDITIONS SEE TABLE 3,
Figure 18. EPROM Programming and Verification
2
Purchase of Philips’ I2C components conveys a license under the
B U s PhiIiPs' 12C patent to use the components in the Izq-system' B
provided the system conforms to the 12C specifications defined by Philips.
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