




























































































































































































































































































































































































































































































































































































80C752180C732 

The 80C752 can operate in two modes: the Keyboard 
controller Mode and the General Purpose 
Microcontroller Mode. The selection between these two 
modes in done with GFO, general purpose flag 0 in 
PC ON (*), power control register. 

1) The Keyboard Controller Mode: in this mode, GFO 
is set 
- in ROMLESS version PORTO is a standard 80C52 

AddresslData PORT, and PORT 2 is and Ad­
dress/SFR Standard PORT. 
When using external ROM, some dedicated glue is 
necessary to recreat 1/0 PORT 0 and 2 (see fig­
ure 1). To have a complete software compatibility 
between ROMESS version and ROM version con­
figuration, these 2 new external PORT 0 and 2, 

8 
PO 

8OC732 

Serial { 
link ------1 P2 

ALE.!5Si:R 
110 

VIm 

EA 

must be mapped at Address : FFFFh and FFFEh 
respectively. 

- in ROM version PORT 0 and PORT 2 are dedi­
cated for the keyboard scanning output lines. 

- When the Controller executes a MOVX instruc­
tion: 
- no control signal si sent to PORT3 (this allows 

the use of P3.6 and P3.7 as an 1/0 PORT) 
- no Address Data are sent on PORT 0 and 

PORT 2. 

2) The General Purpose Microcontroller Mode: 
In this Mode GFO is reset, and all functions are work­
ing as a standard 80C52. 
* Note : For more information, see MHS 80C51 
user's manual. 

AoI7 

AD 
A15 NJ A15 

A15 

PSEN 

Note: The two scanning ports are mapped in the external memory spaced of address OFFFEh and OFFFFh 
so that the software will be the same when switching to the ROMed controller. 

Figure 1 : Keyboard Controller Mode in ROMLESS Version. 
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1/0 FUNCTION STRUCTURE OPTION 
PO.0-PO.7 ADbus # GFO = 0 bidirectional ADbus Soft 

or 
scanning Out # GFO = 1 scanning output: output Port Soft 

P1.0-P1.3 1/0 port Quasi bi-directional 1/0 with TTL input level Mask 
or 

scanning In Input from resistive or capacitive matrix Mask 
P1.4-P1.7 scanning In Input from resistive or capacitive matrix 

P2.0-P2.7 Scanning Out Scanning output: output port only 

P3.0/RxD High current CMOS or TTL input level Mask 
1/0 Open-drain or quasi bi-directional 

1/0 port - 10L = 10 mA @ 0.45 Volt Mask 
P3.11TxD High current CMOS or TTL input level Mask 

1/0 Open-drain or quasi bi-directional 
1/0 port - 10L = 12 mA @ 0.45 Volt Mask 

P3.2/INTO Key-pressed Output activated (at 0) when a key is pressed in the 
output Signal scanned line. 

P3.3/1NT1 High current CMOS or TTL input level Mask 
110 Open-drain or quasi bi-directional 

1/0 port - 10L = 10 mA @ 0.45 Volt Mask 
P3.41T0 High current CMOS or TTL input level Mask 

1/0 Open-drain or quasi bi-directional 
1/0 port - 10L = 3.2 mA @ 0.45 Volt Mask 
can be used as an 17th scanning Out. 

P3.51T1 High current CMOS or TTL input level Mask 
1/0 Open-drain or quasi bi-directional 

1/0 port - 10L = 10 mA @ 0.45 Volt Mask 
P3.6/WR High current CMOS or TTL input level Mask 

1/0 Open-drain or quasi bi-directional 
1/0 port - 10L = 10 mA @ 0.45 Volt Mask 
No WR pulse in single-chip mode 

P3.7/RD High current CMOS or TTL input level Mask 
1/0 Open-drain or quasi bi-directional 

1/0 port - 10L = 10 mA @ 0.45 Volt Mask 
No RD pulse in single-chip mode 

Table 1 : 80C752 (-M or -C version). 
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SOC732's STRUCTURE 

The SOC732 has no on-chip ROM; as the SOC32, it 
uses PortO and Port2 to fetch opcodes and to access 
external data memory (RAM or I/O port mapped in the 
external memory space). But, as the chip has no 
masked-ROM, no options are possible on Port1 and 
Port2. 

Port1 operation is the same as SOC752's. Port3' 110 
lines operate as Port3 of SOC32. 

I/O FUNCTION 
PO.0-PO.7 ADbus 

P1.0-P1.3 scanning In 
P1.4-P1.7 

P2.0-P2.7 Add bus 

P3.0/RxD High current 
I/O 

P3.1/TxD High current 
110 

P3.2/INTO Key-pressed 
output signal 

P3.3/INT1 High current 
I/O 

P3.4/T0 High current 
I/O 

P3.5/T1 High current 
I/O 

P3.6/WR High current 
I/O 

P3.7/RD High current 
I/O 

The table 2 shows the characteristics of the I/O port of 
the SOC732. 

STRUCTURE OPTION 

Bidirectional ADbus 

Input from resistive or capacitive matrix 

AS-A 15 adress bus 

TTL input level 
quasi bi-directional 
I/O port - 10L = 10 mA @ 0.45 Volt 
TTL input level 
quasi bi-directional 
I/O port - 10L = 12 mA @ 0.45 Volt 
Output activated (at 0) when a key is pressed in the 
scanned line. 
TTL input level 
quasi bi-directional 
I/O port - 10L = 10 mA @ 0.45 Volt 
TTL input level 
quasi bi-directional 
I/O port - 10L = 3.2 mA @ 0.45 Volt 
TTL input level 
quasi bi-directional 
I/O port - 10L = 10 mA @ 0.45 Volt 
TTL input level 
quasi bi-directional 
I/O port - 10L = 10 mA @ 0.45 Volt 
WR pulse during each WRITE instruction 
TTL input level 
quasi bi-directional 
I/O port - 10L = 10 mA @ 0.45 Volt 
RD pulse during each READ instruction 

Table 2: SOC752 (-M or -C version). 

iiii'Miiii 
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MECHANICAL KEYBOARDS 
80C7S2-M/80C732-M 

The operation of the mechanical keyboards is based on 
the use of contacting switches. These switches can be 
elastomer-dome, mechanical, membrane and snap­
dome; they rely on basically the same hardware and 
software techniques. 

The 80C752-M and the 80C732-M are designed to 
directly interface these types of mechanical keyboards, 
whatever the types of the contacting switches. 

-------------, 

IOC752-t.4 

Port 0 -

ROft/Rotf 

Ronl 
Roll 

Port 2 scanni1g ouIput 
I 
I 

Keyboard matrix 

SWITCH ROLLOVER TECHNIQUES 

Depending on the keyboard's technology and its ap­
plication, designers can use several rollover or valida­
tion schemes (defined as the number of keys that the 
keyboard circuit can process as closed in the correct se­
quence at the same time). The most common types of 
roll-over in use today are N-key lockout, two-key rol­
lover, three-key rollover, and N-key rollover. 

The 80C752-M and the 80C732-M allow all these dif­
ferent schemes. The number of roll-over is determined 
by the value of the ON-resistor and the presence of a 
blocking diode. 
- without blocking diode. 

If the ON-resistor is less than 2 kQ, 16 keys can be 
pressed at the same time on a same column (16 Key 
Rollover). To avoid risk of phantom key only one column 
must be activated at the same time. 
- with blocking diode. 

Adding a blocking diode at each switch location 
eliminates phantom key closures and provides current 
protection with low ON-resistor switches. This techni­
que also enables the use of the N-key rollover scheme, 
whatever the characteristics of the switch. The blocking 
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THE ON-CHIP ANALOG INTERFACE 

PRINCIPLE 

The measurement is based on a voltage comparison 
between the selected threshold voltage and the voltage 
coming from the matrix: 

The output voltage from the matrix may depend on the 
state of the non-scanned keys. The user must take this 
into account when selecting the threshold voltage. 

r------------------
I Vee 

Ronl 
Roff 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

lf11( (MINI 
IOC7SZ-M 

1 it RI~Ron 

OifRI=RoIl 

L~O~~~c~~_~_~J~ ______ _ 

diode is mandatory for keyboards with mechanical 
switches. 

SCANNING TECHNIQUE 

The scanning consists of resetting one of the drive lig­
nes high and reading the state of the voltage com­
parators. Only one output at a given time can be active 
(low level) ; this means that between two different active 
states. 

THRESHOLD SETTING 

To accomodate different types of contacting switches, 
the user can adjust the threshold voltage of the 
80C752-M/80C732-M by adjusting the input voltage on 
Vref pin. 

KEY PRESSED DETECTION 

The 80C752-M and the 80C732-M provide hardware 
detection of a pressed key. This information (state of the 
P3.2 pin) can be used as a flag (state read by software) 
or as an interrupt source, if INTO is enabled. The state 
of P3.2 is updated after the start of every new scanning; 
this is the reason why INTO must be edge triggerred (bit 
ITO in TCON must be set). 
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EMULATION 
The 80C752-M has been designed so that any program 
developed forthe 80C732-M, with the two output scan­
ning ports mapped at external memory addresses 
OFFFEh and OFFFFh, can be exactly the same for the 
80C752-M. This is the reason why PortO and Port2 of 
the 80C752 are mapped in the SFR space and in the 
external memory space. 

For the software and/or hardware debugging, any 
80C52 emulator can be used to emulate the 80C752-M, 
but the user has to add some external "glue logic" 
around the emulator probe to build the mechanical in­
terface of the 80C752-M and the drivers integrated in 
Port3 pins. Hereafter is the schematic of the mechanical 
interface which must be added between the 8 outputs 
from the matrix and the 8 pins of Port1 of the emulator: 

from 
Mechanical 
matrix 

r--- _~~!!l~~t~ 
rn~--~I---t~~----~I--r> 

I 1/41C1 1 
/---- ---------/ 

Cl 1 1 

: 1/41C1 I 
r---- --------""1 
1 1 
1 1 
1--------- ------~ 

1------- --------1 
1 1 
1 1 
1 1 
1---- ---------1 

~~--~:~-J:1~----~I--C> 
1 1/41C2 i 
L___ ------J:.-...l 
\b: v ret 2 -= VSSa 

Figure 2 : Mechanical Interface Schematic. 
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80C732-M EMULATION 

For 80C732-M emulation, the user has to provide one 
or two external ports, to be mapped in the external 
memory space forthe scanning output port. It is recom-

16.8Kays 

MechanIcal 
Interface 

(See fig') 

.... ---1 p~.o 
Pl.7 

P32 

P3.3 

Figure 3 : 80C732-M Emulation Schematic. 

8 

8 

mended to map these ports at the addressed OFFFEh 
and OFFFFh because when going from ROM less to 
ROMed version, the software will remain the same. 
This is the complete emulation schematic: 

ror-----+-~~~+--L------~--~ 

~r-----------------~ ALE 1-___ ALE 

!-----Io_ WIt 
!----PSm 
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80C752-M EMULATION 

For 80C752-M emulation, it is not useful to build the ex­
ternal output ports (and it is not recommended) be­
cause the SFR and bit addressing of the scanning ports 
(PO and P2) is preferable when using the external 

8 

16x8Keys 
8 

memory addressing and also because this allows the 
use of P3.6 as an 1/0. 

The below figure shows the complete emulation 
schematic: 

8OC52/C32 
Enwlator 

Probe 

Mechanical 

Interface Pl.0 

P1.7 

P32 

'b:: 

P3.4 

Serial P3.1 
link 

P3.o 

Figure 4 : 80C752-M Emulation Schematic. 

IDLE AND POWER-DOWN OPERATION 

As shown in the below figure, the idle and power-down 
modes are the same than with 80C51 (see MHS 80C51 
user's manual). As illustrated, Power-down operation 
stops the oscillator and idle mode operation allows the 
interrupt, serial port, and timer blocks to continue to 
function while the clock to the CPU is gated off. 

During power-down, the analog interface is powered­
off to minimize circuit power consumption. The only way 
to escape from power-down mode is to reset the CPU. 

During idle, if any key is pressed, P3.2 will fall down and, 
if INTO is enabled, the CPU will escape from idle mode. 

po.O 

PO.7 

P2.0 

P2.7 

P3.3 

Pa5 

P3.6 
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CAPACITIVE KEYBOARDS 
80C7S2-C/80C732-C 

There are 2 types of capacitive keys: the full c?pacitive 
type and the switch~capacitor type. 

The 80C752~C and the 80C732~C are designed to 
directly interface these two types of capacitive key~ 
boards, independently of the state of each capacitive 
key. 

-~-~ -------~I 

I 
I 
I 
I 
I 
I 

"L: 
I 
I 
I 
I 

A B 

8OC75Z·C I Z CPl 

Porto !CP I I 
Port 2 scamitg I -=-
~ ______ J Keyboard malril 

At the falling edge of the scanning output, the voltage 
at node B goes down below the regulation voltage of the 
"zener ". 

The voltage decreasing virtually disconnect the 
regulator and all the current from the current generator 
goes to the capacitors. 

So, the capacitors are charged with a constant current. 
At the end of the process, the voltage value is the same 
as before the falling edge; this means that Cp1 has no 
influence on the time to charge Ct the capacitor of the 
key: 

t = Va x Ct/lref => Ct = (t x Iref)/Va 

The voltage driven technique on the node A eliminates 
the influence of Cp2. 

Cp1 and Cp2 have no influence on Ct measurement; 
this allows the 80C752~C and the 80C732~C to be used 
in design with N~key rollover technique. They can fit with 
a wide range of capacitive matrices because the on~ 
chip hardware allows the selection of the capacitor 
threshold value. 

SCANNING TECHNIQUE 

The scanning must be done with a rolling zero on the 
scanning outputs (the other outputs remain high). Only 
one output at agiven time can be active (low level) ; this 
means that between two different active states all scan~ 
ning outputs must be desactivated. 
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THE ON-CHIP ANALOG INTERFACE 

PRINCIPLE 

The 80C752~C and the 80C732~C allow the N~Key rol~ 
lever technique; this means that they can detect a key 
independently of the state of the other keys and of the 
technology of the matrix (flexprint...). 
The measurement is based on a constant current 
charge of the capacitor of the key: 

r---~--------------

':Fe 

I 
I 
I 
I 
I 

L~~~ ~!'!~ ______ _ 

THRESHOLD SETTING 

The formula which determines the operation of the 
capacitive interface is : 

Ct = (t x Iref)/Va 

~ Ct, is the capacitor threshold value, 

~ Va, which is the value of the voltage variation on the 
scanning output, Vee ~ 0.5 V, 

~ t, determines the moment when the output of the com~ 
parator is strobed (0 if the capacitor is recharged, 1 if 
not recharged). 

Iref, which is the value of the constant current driving Ct. 
It can be adjusted by an extemal resistor. This allows 
the 80C752~C and the 80C732~C to operate with dif~ 
ferent types of capacitive matrixes. Iref can be fixed with 
only one resistor; the formula to select Iref is Iref = 
(Vcc - 1.5 V}/R, where R is the value of the extemal 
resistor. 

KEY PRESSED DETECTION 

The 80C752~C and the 80C732~C provide an internal 
hardware detection of pressed key. This signal is output 
on P3.2 and internally connected to INTO. This informa~ 
tion (state of P3.2) can be used as a flag (state read by 
software) or as an interrupt source, if INTO is enabled. 
This is the reason why INTO must be edge triggered (bit 
ITO in TCON must be set). 
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EMULATION 
The 80C752-C has been designed so that any program 
developed for the ROMless, with the two output scan­
ning ports mapped at external memory address 
OFFFEH and OFFFFh, can be exactly the same for the 
80C752-C. This is the reason why PortO and Port2 of 
the 80C752 are mapped in the SFR space and in the 
external memory space. 

R 

For software and/or hardware debugging, any 80C52 
emulator can be used to emulate the 80C752-C, but the 
user has to add some external" glue logic" around the 
emulator probe to build the capacitive interface of the 
80C752-C and the drivers integrated in port3 pins. 
Hereafter is the schematic diagram of the capacitive in­
terface which mut be added between the 8 inputs from 
the matrix and the 8 pins of Port1 of the emulator: 

""·rL-~_~~~_r-_-_-,------------~ 

from 
the 

mabix 

I I 

co~n ;-1 --DP1.o 

: r-----------------,~ : r-~~~~~~~~~~~~~~I 
1 I I 
1 L ______________ I 
1 I I 1 L ________________ -' 

1 I I 
1 I I 

1 I I 
1 I I 1 L ________________ -' 

1 I I 
I I 

l::>i !-+-il-D P1.6 
C6 I. 

f~--~---~:~~ ---I 
eT I 0 Qt-t---r-I -I1-f--DP1.7 

Figure 5 : Capacitive Interface Schematic. 
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80C732-C EMULATION 

For 80C732-C emulation, the user has to provide one 
or two external ports, to be mapped in the external 
memory space for the scanning output port. It is recom-

8 

16 x 8 Keys 
8 

~ 
P1.0 

Interface 
P1.7 

P32 

P3.3 

Figure 6 : 80C732-C Emulation Schematic. 

1'0 

P2 

ALE 
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mended to map these ports at the addresses OFFFEh 
and OFFFFh because when going from ROM less to 
ROMed version, the software will remain the same. 
Here is the complete emulation schematic: 

OO.D7 

I Serial 
link 
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80C752-C EMULATION 

For 80C752-C emulation, there is no need to build the 
external output ports. However it is not recommended 
since the SFR and bit addressing of the scanning ports 

8 

8 

(PO and P2) is better than the external memory ad­
dressing and also because this allows the use of P3.6 
(WR) as an 1/0. The below figure shows the complete 
emulation schematic: 

8OC52/C32 
Emulator 

Probe 

CapacHive 

Interface 

Serial 
link 

\tc 

Figure 7 : 80C752-C Emulation Schematic. 

IDLE AND POWER-DOWN OPERATION 

Pl.0 

P1.7 

P3.2 

P3.4 

P3.1 

P3.0 

As shown in the figure below, the idle and power-down 
modes are the same as for 80C51 (see MHS 80C51 
user's manual). As illustrated, Power-down operation 
stops the oscillator and Idle mode operation allows the 
interrupt, serial port, and timer blocks to continue to 
function while the clock to the CPU is gated off. 

During power-down the capacitive interface is powe­
red-off to minimize circuit power consumption. P3.2 
remains in the same state until a new scanning value 
is sent; if any key is pressed during Idle or Power-down, 
it will not change the state of P3.2 and the circuit will stay 
in the same mode. 

1'0.0 

PO.7 

P2.0 

P2.7 

P3.3 

P3.5 

P3.6 

P3.7 
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SOFTWARE CONSIDERATIONS 

The 80C752 has been built to simplify the design of key­
boards and thus allowing the user to concentrate on the 
real problems such as keys organisation, type of matrix, 
design of the keys and the box of the keyboard ... 

As a result, only one software has to be written by the 
user. The same software can be used for: 

- ROM less devices, 
- ROMed devices, 
- mechanical or resistive matrixes, 
- capacitive matrixes. 

Moreover MHS can also provide a masked version for 
IBM-PC (*) compatible keyboards, the PCK52, and the 
assembly source program of the PCK52, named 
PCS52. 

1. MECHANICAL OR RESISTIVE MATRIXES. The 
scanning is based on the static level of each input: 
at any moment, the state of P3.2 and the data read 
in SFR Port1 indicate the real state of the scanned­
keys. 

2. CAPACITIVE MATRIXES. The scanning is based on 
the dynaic level of each input of the matrix : the 
capacitor measurement until (integrated in Port1) is 

(') IBM is a trademark of International Business Machine Corporation. 
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retriggered at each new scan generation (i.e. after 
the falling edge of a scan line) and for some micro­
second only. 

So, the state of P3.2 and the data read in SFR Port1 do 
not indicate at every moment the state of the scanned­
keys. 

Design considerations: 

The data in Port1, which should be normally strobed 
3 I-ls after a new scan generation, are not strobed on 
this design. 

The consequences are: 

- P3.2 must not be used for software tests and for in­
terrupt generation. 

- The 31-ls delay must be done by software, 
- During the active time of the scanning, all interrupts 

must be masked to ensure that the 3 I-ls software 
delay will be always the same. 

- The data in SFR Port1 must be read immediatly after 
the 3 Jls delay. 

3. EXAMPLE: Hereafter is an example of a scanning 
routine which can be used for capacitive or resistive 
matrixes and for ROMed or ROMless devices. 
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SCANNING_ROUTINE: 

SETB C 
MOV A, RS 

; ASSUME (R?, RS) CONTAINS THE 
; SCANNING VALUE 

RLC A ; ROLLING 0 THROUGH (R?, RS) 
MOV RS,A 
MOV PSW.S, C ; STORE CARRY FLAG IN GF1 
CJNE A, #OFFH, SCAN_LOW 
MOV C, PSW.S 
MOV A, R? 
RLC A 
MOV R?,A 
CJNE A, #OFFH, SCAN HIGH 
MOV RS, #OFEH -

MOV 
MOV 
CLR 
MOVX 
NOP 
NOP 
MOV 
JMP 

MOV 
MOV 
CLR 
MOVX 
NOP 
NOP 
MOV 

TEST_DETECT: 
SETB 
CPL 
JZ 

KEY-DETECTED: 
NO_KEY: 

RET 

A,RS 
DPTR,#OFFFFH 
IE.? 
@DPTR,A 

A, P1 
TEST_DETECT 

A,R? 
DPTR,#OFFFEH 
IE.? 
@DPTR,A 

A, P1 

IE.? 
A 
NO_KEY 
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; DISABLE ALL IT 
; SCAN: FALLING EDGE ON PO.X 

; 311S DELAY BETWEEN SCAN AND SENSE 

; DISABLE ALL IT 
; SCAN: FALLING EDGE ON P2.X 

; 311S DELAY BETWEEN SCAN AND SENSE 

; RE-ENABLES ALL IT 

; TEST FOR PUSHED KEYS 
; TEST FOR RELEASED KEYS 
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PCK52 
The PCK52 has been specially designed for IBM-PC 
keyboards. It is supplied in 2 versions : 

- PCK52-M for mechanical or resistive matrix, 
- PCK52-C for capacitive matrix. 

Pl.0 Pl.1 

PO.O 0 0 

PO.1 53 60 

PO.2 47 46 

PO.3 33 32 

PO.4 19 18 

PO.S 4 3 

PO.6 0 0 

PO.7 114 113 

P2.0 0 0 

P2.1 91 96 

P2.2 41 40 

P2.3 108 106 

P2.4 90 95 

P2.S 27 26 

P2.6 12 11 

P2.7 122 121 
SWI : ON : PC-Xl, OFF: PC-AT3. 

Table 3 : Key Mapping of PCK52. 

PCK52 MASK OPTIONS: 

P1.2 

0 

52 

45 

31 

17 

2 

0 

112 

0 

101 

39 

105 

100 

25 

10 

120 

P1.3 

0 

58 

44 

30 

16 

1 

SWl 

110 

0 

103 

38 

104 

102 

24 

9 

119 

It can be used in PC-XT or PC-AT applications, depend­
ing of the state of switch 1 (SW1). 
The Key-mapping is shown in table 3. The number 
given in this table designates the keybutton position, 
conforming to the IBM nomenclature for keyboards. 

P1.4 P1.5 P1.6 P1.7 

0 0 0 0 

61 62 56 54 

51 50 49 48 

37 36 35 34 

23 22 21 20 

8 7 6 5 

0 0 0 0 

118 117 116 115 

0 0 0 0 

0 42 93 98 

83 64 57 0 

84 79 89 99 

86 85 92 97 

81 76 43 28 

80 75 15 13 

126 125 124 123 

Hereunder are described the Mask options of the actual version of PCK52 for Mechanical Keyboard: 80C752M.290. 

80C752-M 290 MASK OPTIONS 

KEYBOARD MATRIX 

MECHANICAL or CAPACITIVE -
PORT 1 Pl.0 Pl.l Pl.2 P1.3 Pl.4 Pl.5 Pl.6 P1.7 
SELECTIONS 

110 port with YES YES YES YES YES YES YES YES 
TTL input 

INPUT SELECTION OUTPUT SELECTION 

PORT 3 TTL CMOS C51 TYPE OPEN DRAIN 
OPTIONS (51 type) (*) 

P3.0/RXD YES YES 10 mA (max) 

P3.1/TXD YES YES 12 rnA (max) 

P3.3/1NTl YES YES 10 rnA (max) 

P3.4/T0 YES YES 3.2 rnA (max) 

P3.5/T1 YES YES 10 rnA (max) 

P3.6/WR YES YES 10 mA (max) 

P3.7/RD YES YES 10 mA (max) 
(0) : Quasi bi-dlrectlonnal high current @ 0.45 V. 
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The Hardware environment must be following: 
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,~ ,GIll 
, !--';-< I 10: 

~~.J 
PC_ 

.. 
f5V 

Keyboard using scanning 1 method. 

.---
f5Vr--

r-

~ .. 
<'-

PCK52 
~ a.,01m 

x, flU SCAN INO 

Pl.' 
SCAN IN , 

Pl2 SCANIN 2 

Pl.' 
SCANIH3 

X2 Pl.4 5CAN1N4 

Pl.5 SCAN IN' 

Pl •• SCANII. 

lIST Pl.7 SCAN IN 7 

EA I ... SCANOIIfo r- ., 
VREFO 1'0.1 SCANOIIf , 

VREF, 1'02 SCANOIIf' 

VSSA 1'1" 
SCANOIIf 3 

VSS8 I'U SCAN OUT 4 

'05 SCANOIIf' 

1'0.6 SCANOIIf' 

1'0.7 SCAH0UT7 

".t/RXIl PU 
SCNfOllfa 

1'3.111lD 1'2.1 
SCAN0IIf9 

1'22 
SCNfOllf 11 

1'2.3 
SCM OUT 11 

P3.3 1'2.4 
SCNfOllflZ 

1'3.' 1'25 
SCNf OUT 13 

1'3.7 1'2.6 
SCNfOUf14 

1'3.4 1'2.7 
SCANOUf15 

SOC7S2MZ90 112 KEYS KE'tIJOARD 

.sV 
lIZ 01 ... 

'v f/~ 
CoVSlOQ( 

113 lIZ ... 
fI~ 

_UJC1( 

R4 03 ..... 
flf'fI( SCROllLOO< 

PCS52 
The PSC52 is the assembly source of the PCK52 pro­
gram. 

This software, fully documented, allows to change the 
main characteristics of a keyboard by modifing some 
parameters in the assembly is the source program: 

- the key-mapping 
- the 3 internal timings: 

• the debounce time, 
• the scanning rate, 
• the auto-repeat rate. 
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- the default type of the keys: 
• make/break, 
• typematic. 

- the type of the scanning: 
• positive or negative. 

This source file, in 8051 assembly code is provided in 
1 floppy (5 or 3 inches) for MS-DOS compatible PC. 
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APPLICATION EXAMPLES 

1 . Keyboard controller for Personal Computer: 

136 Keys Keyboard 
17xS 

L-_,,"s--1P1 

'---'_-II ref 
Pad Nit.m ScIaII Caps 
lock lock lock Lock 

PO 

1'3.4 

8OC752-
lED's 

't:.. ....... __ -IP3.7 

'-----<_-11'3.6 
L----__ >---1P3.5 

In this configuration, the BOC752-C can control key­
boards with up to 136 keys. 
The following options must be selected in order to drive 
the capacitive matrix and to comply with the DC 
specifications of the serial link with the PC : 
Input levels: 
P3.0 and P3.1 : TTL (O.B V; 2.4 V), selected by mask 
option. 

8 

8OC732 

Serial { 
link _-----( 

P2 

I/O 

P3.t 1----4-+-_ 110 PC 

P3.0"'---~-

2. Keyboard controller with extemal EPROM: 

Output structures: 

P3.0, P3.1 : open drain, selected by mask option, 

P3.4 : quasi bi-directional port, selected by mask option, 

P3.3, P3.5, P3.7 : open drain, selected by mask option. 

Note: The two scanning ports are mapped in the external memory space of address OFFFEh and OFFFFh so that the software 
will be the same when switching to the ROMed controller. 
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ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias: 
Commercial ........................................... - O·C to 70·C 

Storage Temperature ..................... - 65·C to + 150·C 

Voltage on Vee to Vss .................... - 0.5 to Vee + 7 V 

Voltage on any pin to Vss ......... - 0.5 V to Vee + 0.5 V 

Power Dissipation .......................................... 200 mW 

DC CHARACTERISTICS 

TA = O·C to + 70·C; Vss = 0 V; Vcc = 5 V ± 10 % 

SYMBOL PARAMETER 

VIL Input Low Voltage 

VIH Input High Voltage 
(Except XTAL1 and RST) 

VIHl Input High Voltage (RST and XT AL 1 ) 

VOL Output Low Voltage (Ports 1, 2, 3) 

VOLl Output Low Voltage Port 0, ALE, PSEN, 
P3.4, Port 2 

VOL2 Output Low Voltage 
P3.3, P3.5, P3.6, P3.7 

VOL3 Output Low Voltage P3.0, P3.1 

VOH Output High Voltage Ports 1, 2, 3 

VOHl Output High Voltage 
(Port 0 in External Bus Mode, ALE, 
PSEN) 

ilL Logical 0 Input Current Ports 1, 2, 3 

III Input Leakage Current (Port 0, EA) 

ITL Logical 1 to 0 Transition Current 
(Ports 1, 2, 3) 

IPD Power Supply Current 
(Power Down Mode) 

RRST RST Pulldown Resistor 

CIO Capacitance of I/O Buffer 

VREF Reference Voltage 

RVREF Source Impedance of VREF 

IRef Current reference for current minors 

• NOTICE: Stresses at or above those listed under "Ab­
solute 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 other 
conditions above those indicated in the operational sec­
tions of this specification is not implied. Exposure to ab­
solute maximum rating conditions may affect device 
reliability. 

MIN. MAX. UNIT TEST CONDITIONS 

-0.5 0.2 Vcc V 
-0.1 

0.2 Vcc Vee + 0.5 V 
+0.9 

0.7 Vec Vee + 0.5 V 

0.45 V 10L = 1.6 mA (note 2) 

0.45 V 10L = 3.2 mA (note 2) 

0.45 V 10L = 10 rnA (note 2) 

0.45 V 10L = 12 rnA (note 2) 

0.9 Vee V 10H = - 10 f.IA 
0.75 Vee V 10H = - 25 f.IA 

2.4 V 10H = - 60 f.IA 
Vee = 5 V± 10 % 

0.9 Vee V 10H = - 40 f.IA 
0.75 Vee V 10H = 150 f.IA 

2.4 V 10H = - 400 f.IA 
Vcc = 5 V ± 10 % 

-SO f.IA Vin = 0.45 V 

± 10 f.IA 0.45 < Vin < Vee 

-650 f.IA Vin = 2.0 V 

100 f.IA Vee = 2.0 Vto 5.5 V 
(note 1) 

SO 150 kQ 

10 pF fc = 1 MHz 
TA = 25°C 

1.0 Vec -1.0 V SOC752-M/SOC732-M 

1.0 MQ SOC752-M/SOC732-M 

10 500 f.IA SOC752-C/SOC732-C 
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Vcc-G,6V-

o,7VCC 

\ 
I 

D,2 VCC-o.1 I ~ 
G,45V- 1t:HCX 100._. Ta.CX foe TaDt 

TQ.Il.. 

Figure: Clock Signal Waveform for ICC Tests in Active and Idle Modes. TCLCH = TCHCL = 5 ns. 

vee 

Figure: ICC Test Condition, Power Down Mode. 
All other pins are Disconnected. 

Note: 1. ICC is measured with all output pins disconnected; 
XTAL1 driven with TCLCH, TCHCL = 5 ns, VIL = VS 
+ 5 V, VIH = VCC -.5 V; XTAL2 N.C. ; EA = RST = 
Port 0 = VCC. ICC would be slightly higher if a crys· 
tal oscillator used. 

Idle ICC is measured with all output pins disconnected; 
XTAL 1 driven with TCLCH, TCHCL = 5 ns, VIL = VSS + 
.5 V, VIH = VCC -.5 V; XTAL2 N.C. ; Port 0 = VCC; 
EA = RST = VSS. 

Power down ICC is measured with all output pins dis­
connected; EA = PORT 0 = VCC ; XTAL2 N.C. ; RST = 
VSS. 
Note: 2. Capacitance loading on Ports 0 and 2 may cause 

spurious noise, pulses to be superimposed on the 
VOLS 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 
transistions during bus operations. In the worst 
cases (capacitive loading 100 pF), the noise pulse 
on the ALE line may exceed 0.45 V with maxi VOL 
peak 0.6 V. A Schmitt Trigger use is not necessary. 

EXTERNAL CLOCK DRIVE CHARACTERISTICS (XTAL 1) 

VARIABLE CLOCK 
SYMBOL PARAMETER FREQ = 0 to 12 MHz UNIT 

MIN. MAX. 
1JTCLCL Oscillator Frequency 83 ns 

TCHCX High Time 20 ns 

TCLCX Low Time 20 ns 
TCLCH Rise Time 20 ns 
TCHCL Fall Time 20 ns 
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AC PARAMETERS 
TA + O·C to 70·C; VSS = 0 V; VCC = 5 V± 10 % (commercial) 
(load capacitance for Port 0, ALE; and PSEN = 100 pf ; load capacitance for all other outputs = 80 pt). 

EXTERNAL PROGRAM MEMORY CHARACTERISTICS 

SYMBOL PARAMETER MIN. MAX. UNIT 

TLHLL ALE Pulse Width 2TCLCL-40 ns 
TAVLL Address Valid to ALE TCLCL-55 ns 

TLLAX Address Hold After ALE TCLCL-35 ns 

TLLlV ALE to Valid Instr in 4TCLCL-110 ns 

TLLPL ALE to PSEN TCLCL-40 ns 
TPLPH PSEN Pulse Width 3TCLCL-45 ns 

TPLIV PSEN to Valid Instr in 3TCLCL-105 ns 

TPXIX Input Instr Hold After PSEN 0 ns 

TPXIZ Input Instr Float After PSEN TCLCL-25 ns 

TPXAV PSEN to Address Valid TCLCL-8 ns 

TAVIV Address to Valid Instr in 5TCLCL-105 ns 

TPLAZ PSEN Low to Address Float 10 ns 

EXTERNAL DATA MEMORY CHARACTERISTICS 

SYMBOL PARAMETER MIN. MAX. UNIT 

TRLRH RD Pulse Width 6TCLCL-100 ns 

TWLWH WR Pulse Width 6TCLCL-100 ns 

TLLAX Data Address Hold After ALE TCLCL-35 ns 

TRLDV RD to Valid Data in 5TCLCL-165 ns 

TRHDX Data Hold After RD 0 ns 

TRHDZ Data Float After RD 2TCLCL-70 ns 

TLLDV ALE to Valid Data in 8TCLCL-150 ns 
TAVDV Address to Valid Data in 9TCLCL-165 ns 

TLLWL ALE to WR or RD 3TCLCL-50 3TCLCL+50 ns 

TAVWL Address to WR or RD 4TCLCL-130 ns 
TQVWX Data Valid to WR Transition TCLCL-60 ns 
TQVWH Data Setup to WR High 7TCLCL-150 ns 

TWHQX Data Hold After WR TCLCL-50 ns 
TRLAZ RD Low to Address Float 0 ns 

TWHLH RD or WR High to ALE High TCLCL-40 TCLCL+40 ns 
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AC TIMING DIAGRAMS 
EXTERNAL PROGRAM MEMORY READ CYCLE 

.--------~---12Ta.n------------_t 

AlE 

PORT 0 INSTR IN 

ADDRESS 
P0Rr2 OR SFR-P2 

TlHlL_-+-_-

NJ-N 1NS1R IN 

AIJORESS A8-A15 ADIJRESS AB-A15 

EXTERNAL DATA MEMORY READ CYCLE 

TWHUl _ 

,-----~~-----TWN----~·~I 

ALE 

PORf2 

AlE 

---------------+----------~~-------+TIUHI--------~~------

ADRESS 
ORSFR-P2 AIlORESS A8-A15 OR SFR-P2 

EXTERNAL DATA MEMORY WRITE CYCLE 

" 
_1U.WL ___ 

.I TWlWH 

TWHlH 
I 

r 
, TAVYIL __ l' / .. :I .. TWHOX '---Tll.AX ~ .. T_ 1DIIWX mvwH 

PORrO :>---<t ~Ngl'----______ IlIifAOUT------1~ 

PORr2-----~-SFR-J~~~=--==--~=--~=--~=--~=~---------------~~~~~=A8-==M=5~OR=SFR==~===================:;~ 
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AC TESTING INPUT/OUTPUT, FLOAT WAVEFORMS 

INPUT 10UIPUT 

02\tc-0.9 \r-VCC-
Q5V=X 

O,4SV ~Q,;;;;l;.,;\tc;;;;,.--,;;;O'l~ ____ A-

AC inputs during testing are driven at Vcc - 0,5 for a 
logic" 1 "and 0,45 V for a logic" 0 ", Timing measure­
ments are made at VIH min for a logic" 1 "and VIL max 
for a logic "0", For timing purposes a port pin is no longer 

SERIAL PORT TIMING - SHIFT REGISTER MODE 

SYMBOL PARAMETER 

TXLXL Serial Port Clock Cycle Time 

TQVXH Output Data Setup to Clock Rising 
Edge 

TXHQX Output Data Hold after Clock Rising 
Edge 

TXHDX Input Data Hold after Clock Rising 
Edge 

TXHDV Clock Rising Edge to Input Data 
Valid 

FlDI'ir 

~-------~T------~ 

IIOH-O,1V 
VLOAD 

__ Ir VOl.+D.1V 

floating when a 100 mV change from load voltage oc­
curs and begins to float when a 100 mV change from 
the loaded VOHIVOL level occurs. lollloH ~ 20 Ma. 

MIN. MAX, UNIT 

12TCLCL J.lS 
10TCLCL-133 ns 

2TCLCL-117 ns 

0 ns 

10TLCL-133 ns 

SHIFT REGISTER TIMING WAVEFORMS 

flSlRJCTlON 

I 0 
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EXPLANATION OF THE AC SYMBOLS 
Each timing symbol has 5 characters. The first charac­
ter is always a "T " (stands for time). The other charac­
ters, depending on their positions, stand for the name 
of a signal or the logical status of that signal. The fol­
lowing is a list of all the characters and what they stand 
for. 

A : Address 
C : Clock 
D : Input Data 
H : Logic Level HIGH 
I : Instruction (program memory contents) 
L : Logic Level LOW, or ALE 
P : PSEN 

EXAMPLE: 
TAVLL = Time for Address Valid to ALE low. 

TLLPL = Time for ALE low to PSEN low. 

Q : Output data 
R : READ Signal 
T : Time 
V: Valid 
W : WRITE Signal 
X : No Longer a Valid Logic Level 
Z : Float 

CLOCK WAVEFORMS 

~ I SWE4 I Sll\IE5 I SWE6 I Sll\TE. I SWE2 I SWE3 I STAlE. I STAlE5 I 
~I~ ~I~ ~I~ ~I~ ~I~ ~I~ ~I~ ~I~ 

lCTAl.2 

AlE 

~I "lH'SESIONALS_NOf' 

ACTI\IAfB) DUlING TIE 
EXECUIION OF A MO\IX INSIRJCI10N 

'-----'-_ ..... 1 I t I L 
PII 

~CEXT) 

IEADC'IC!.!i 

PCLOUT l---~. 

I .. 

m -------------------, 

PCLOUT !-_~. 

I-

OOHISEMITTEJ) PCLOUTCF_ 

: -======:~:~~~~~~DUIING~!~lr~~~-~~~ruw~~~~IWA~~====~.l"""i"i:" 
_ ~ IlPH OR ~ SFRIO PCH1RANSIlIONS • 

~ 

Wi'! 

PO 

MCNPORrSRC OlD !>VA I NEW !>VA 

MCNoe;rPII I:::;:J 
II!;N OESI"PORr:""CP1.=P2.--P3)----S A PO PItS MNI'lBl 

CINCWJESINTO. 1NT'.To.T1) 'T' ... -----------------------------~ 
~P1.P2.P3P1NSSAIFl.Bl L;~~!:!..~ li!BlLPO!!!"SlFTgpac; _ ~~_ 

~O)---------....:..._i_I , r 

This diagram indicates when signals are clocked inter­
nally. The time it takes the signals to propagate to the 
pins however ranges from 25 to 125 ns. This propaga­
tion delay is dependent on variables such as tempera­
ture and pin loading. Propagation also varies from 
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RXDSAMPUD 

output to output and component to component. Typical­
ly though (TA = 25°C, fully loaded) RD and WR 
propagation delays are approximately 50 ns. The other 
signal are typically 85 ns. Propagation delays are incor­
porated in the AC specifications. 
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ORDERING INFORMATION 

P 
I 

T S 

temperature range: 
blank: commercial 
I : industrial 

PCK52 

Package type 
P : Plastic OIL 
S/Plastic LCC 

80C732 

80C752 

I 
80C732 : Romless 

version 
80C752 : Rom 4k x 8 

-M 

-C 

M : Mechanical 
C : Capacitive 

xxx 

T 
Customer ROM 
Code (80C752 only) 

* Commercial version in POIL(P) or PLCC(S) package of PCK52 (Personal Computer Keyboard Controller 
containing Software PCS52). 

PCS52 : (assembly source code only) 
* Personal Computer Software dedicated for: IBM PC keyboard. 
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APPLICATION NOTE AN1022 

DESIGN OF A PROCESSOR CARD USING 
THE 8051/31 AH OR THE 80C51/C31 

NOTA: IN THE TEXT HEREAFTER, 8051 REFERS TO THE 8051AH (HMOS) OR 80C51 (CMOS). 

I - 8051/31 OVERVIEW 
The 8051 is a stand-alone high performance single-chip 
microcontroller. It provides hardware features, architec­
tural enhancements and new instructions that make it 
a powerful and cost-effective controller for applications 
that require up to 64 K bytes of program memory and/or 
64 K bytes of data memory. 

Figure 1 : Block Diagram. 

4096BYTES 
PROGRAM 
MEMORY 

8051 

64K-BYTEBUS 
EXRI\NSION 
CONTROL 

The 8031 is a control-oriented CPU without on-chip pro­
gram memory (ROM). It can address up to 64 K bytes 
of program memory in addition to 64 K bytes of external 
data memory. 

128BYTES 
tlAJAMEMORY 

1W)11H!1T 
TNER/EVENT 

OCIUNTEAS 

PROGRAMMAIllE 
SERlALPORT 

-FUI..LOUPI..EX 
UARI" 

-SYNCHRONOUS 
SHFTER 

SERIAL SERIAl. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
J 

IMAllElPORTS 
ADORESSIDATABUS 
AND 110 PINS 

IN our 
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8051/31AH or 8OC51/31 

RST/VPO 

o(~ 
.. 
i 
~ 

~\~ ~ .. 
OJ 

I 

-l 
~\ . 

RlCO_ 

J~ g TXD_ 

~ 1NtD_ .. 
::> 

il 
iifi ___ .. 

I 
10_ 

~\= m 
Tt_ ~ Wi!_ 
ii>_ .-

Internally the 8051/31 comprises: 

- 4 K bytes of program memory (8051 only) 
- 128 bytes of data memory 
- Four 8-bit ports giving up to 32 input/output lines 
- Two 16-bit timers/event counters 
- Full-duplex serial communications port 
- An enhanced 8048 architecture 
- Boolean processor within the CPU 
- Externally an 8051/31 system may be expanded to 

comprise: 
- Up to 64 K bytes of program memory 
- Up to 64 K bytes of data memory 

- Input/output expansion using memory-mapped 
peripherals 

PIO \ICC 

PI I PO.O ADO 

PI.2 PIli ADI 

PI3 PIl2 m2 

P1." PO.3 AD3 

PIS PO.4 AD4 

PI6 1'0.5 ADS 

PI7 1'0.6 ADS 

RST/VPO 1'0.7 N11 

100) 1'3.0 ~ 

TXD 1'31 ALE 

iffii P32 P§3ii 

iNTi P33 1'2.7 A15 

10 1'34 1'2.6 AI4 

TI 1'35 P2.5 AI3 

Wi! 1'3.6 1'2.4 A12 

ii> P37 P2.3 A1t 

X1l\L2 P2.2 AIO 

XTALI 1'2.\ /oS 

vss P2.O A8 

Most instructions are of one or two bytes and are exe­
cuted in one or two cycles. With a 12 MHz crystal the 
cycle time is 1 Ils. Only multiplication and division re­
quire 4 cycles to execute (4 IlS at 12 MHz). 

Because the architecture is based on the 8048 proces­
sors, programs written for the 8048 can be transferred 
to the 8051 with some modification. These progams will 
run at 2 1/2-10 times the speed of equivalent programs 
on the 8048, due to the 8051 processor's higher 
throughput. 

vss 
8051 FAMILY PIN DESCRIPTION 

PORT 2 

Circuit ground potential. 

vee 
+ 5 V power supply during operation and program 
verification. 

PORT 0 

Port 0 is an 8-bit open drain bidirectional I/O port. It is 
also the multiplexed low-order address and data bus 
when using external memory. It is used for data output 
during program verification. Port 0 can sink/source 
eight LS TIL loads. 

PORT 1 

Port 1 is an 8-bit quasi-bidirectional I/O port. It is used 
for the low-order address byte during program verifica­
tion. Port 1 can sink/source three LS TTL loads. 

7·4 

Port 2 is an 8-bit quasi-bidirectional I/O port. It also 
emits the high-order address byte when accessing ex-
ternal memory. It is used for the high-order address and 
the control signals during program verification. Port 2 
can sink/source three LS TTL loads. 

PORT 3 

Port 3 is an 8-bit quasi bidirectional I/O porL!!.also con­
tains the interrupt, timer, serial port and RD and WR 
pins that are used by various options. The output latch 
corresponding to a secondary function must be 
programmed to a one (1) for that function to operate. 
Port 3 can sink/source three LS TIL loads. The secon­
dary functions are assigned to the pins of Port 3, as fol­
lows: 

- RXD/data (P3.0). Serial port's receiver data input 
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(asynchronous) or data input/output (synchronous). 

- TXD/clock (P3.1). Serial port's transmitter data output 
(asynchronous) or clock output (synchronous). 
- INTO (P3.2). Interrupt 0 input or gate control input for 
counter o. 
- INT1 (P3.3). Interrupt 1 input or gate control input for 
counter 1. 
- TO (P3.4). Input to counter O. 
- IlJP3.5). Input to counter 1. 
- WR (P3.6). The write control signals latches the data 
b~from Port 0 into the External Data Memory. 
- RD (P3.7). The read control signal enables External 
Data Memory to Port o. 
RSTIVPD 

A high level on this pin resets the 8051. A small internal 
pulldown resistor permits power-on reset using only a 
capacitor connected to VCC. If VPD is held within its 
spec while VCC drops below spec, VPD will provide 
standby power to the RAM. When VPD is low, the 
RAM's current is drawn from VCC. 

ALE 
Provides Address Latch Enable output used for latching 
the address into external memory during normal opera-

1.1.8051 CPU ARCHITECTURE 
The CPU operates in four memory spaces. These are: 
- 64 K byte program memory 
- 64 K byte external data memory 
- 384 byte internal data memory 
- 16 bit program counter 
The 384 byte internal data memory is divided into 
256 bytes of RAM and 128 bytes forthe special function 
registers (SFR). The top 128 bytes of RAM and the SER 
are overlapped. Of the 384 bytes theoretically available, 
only 128 bytes of RAM are provided together with 
20 bytes in the SFR. 
The SFR contains all the 8051 registers except the pro-

.,t 64K 

tion. It is activated every six oscillator periods except 
during an external data memory access. 

PSEN 
The Program Store Enable output is a control signal that 
enables the external Program Memory to the bus during 
extemal fetch operations. It is activated every six oscil­
lator periods, except during external data memory 
accesses. Remains high during internal program 
execution. 

EA 
When held at a TTL high level, the 8051 executes in­
structions from the internal ROM when the PC is less 
than 4096. When held at a TTL low level, the 8051 
fetches all instructions from external Program Memory. 

XTAL1 

Input to the oscillator's high gain amplifier. Required 
when a crystal is used. Connect to VSS when external 
source is used on XTAL2. 

XTAL2 

Output from the oscillator's amplifier. Input to the inter­
nal timing circuitry. A crystal or external source can be 
used. 

gram counter, allowing operations to be carried out on 
all registers. Within the internal RAM and SFR there are 
also bit variables. The 16 bytes from 20H to 2FH contain 
128 directly addressable bits. There are another 
128 bits allocated to the SFR although not all of them 
are assigned. Contained within the 8051 CPU is a 
boolean processing unit. 
This unit uses the carry as an accumulator in conjunc­
tion with bit instructions allowing fast and simple bit­
manipulation without the need for masking. 

!14K 

O\IER.APPED SIN:E 

-----L-~----A 4095 

INTI: JW. I I 
2551 1 256 

I 1~1 I 128 I 0 0 
~ --- -" - . 
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___________ S05i/3iAM or 8OC5i/3i __________ _ 

a) RAM Bit Addresses. 

RAIl 
BYtE (IISB) 

7FH1 

2FH 

2&1 

2DH 

201 

2 ... 

2AH 

28M 

28H 

27M 

26H 

25H 

24H 

23H 

22H 

21H 

20t1 

1FH 

~ 

18H 
f1H 

10H 
OFH 

08H 
01H 

OOH 

7F 

77 

8F 

ffI 

5F 

S1 

4F 

1ft 

3F 

:fI 

2F 

%I 

1F 

11 

OF 

at 

7E 7D 

78 75 

6E eo 

88 66 

5E 50 

5& 55 

4E 4D 

45 45 

3E 3D 

38 35 

2E 2D 

28 25 

1E 10 

18 15 

OE OD 

08 05 

'iI 

7C 7B 7A 78 78 

74 73 72 71 70 

6C 88 SA 88 88 

84 83 82 81 80 

5C 58 SA 89 88 

54 53 52 51 50 

4C 4B 4A 49 48 

44 43 42 41 40 

3C 3B SA 39 38 

34 33 32 31 30 

2e 28 2A 29 28 

24 23 22 21 20 

1C 18 1A 19 18 

14 13 12 11 10 

OC OS OA 09 08 

04 03 02 01 00 

881*3 

Bank 2 

BaM1· 

881*0 
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b) Hardware Register Bit Addresses. 

DhcI: =-
OFFH 

OFOH 

OEOH 

ODOH 

088H 

OBOH 

OASH 

OAOH 

98H 

90H 

88H 

SOH 

.AdeII ••••• 

F71 F81 FSI F41 F31F21 Pli FO 

E7leeIESJE4IE3IE2IE11 EO 

mloeIDSID4ID3ID2ID11 DO 

-1-1-l ac l-IBAI B9 l aa 

B71B8laslB4IB3IB2IB1lao 

AFI - 1 -IACJABIAAI A9 I AS 

A7 I AS 1 AS 1 A4 I A3 1 A2 1 A1 1 AO 

9FI 9E I 9D J 9C 1 98 I 9A 1 99 I 9S 

91J98\95194193\92191190 

SFISE\SDISCIS8I sA I 89 l aa 

S1 J 88 1 85 1 84.1 83 1 S2 I 81 1 80 

8 

PSW 

p 

P3 

E 

P2 

SCON 

P1 

TCON 

PO 

As in the 8048 there are also eight general purpose 
registers RO·R? asssigned to RAM addresses. In the 
8051 there are four banks of eight registers that are 
available, the bank in use being selected by two bits in 
the processor status word (PSW). This is useful for task 
changing, such as interrupt processing. The stack has 
also changed from that of the 8048. There is an 8-bit 
stack pointer that directly addresses internal RAM al­
lowing all of the internal memory to be used (up to 128 
bytes). 

In the 8051 the lower 4 K of the 64 K program memory 
address space is filled by internal ROM. By tying the EA 
pin high, the processor can be forced to fetch from the 
internal ROM for program memory addresses between 
o and 4 K. If the EA pin is tied low, then all program 
memory fetches are from external memory. The execu­
tion speed is the same regardless of whether fetches 
are from internal or external memory. 
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1.2 8051 INSTRUCTION SET 
The following table summarises the 8051 instruction set. 

ARITHMETIC OPERATIONS 
MNEMONIC DESCRIPTION BYTE CYC 
ADD A.Rn Add register to Accumulator 1 1 
ADD A.direct Add direct byte to Accumulator 2 1 
ADD A.@Ri Add indirect RAM to Accumulator 1 1 
ADD A.#data Add immediate data to Accumulator 2 1 
ADDC A.Rn Add register to Accumulator with Carry 1 1 
ADDC A.direct Add direct byte to A with Carry flag 2 1 
ADDC A.@Ri Add indirect RAM to A with Carry flag 1 1 
ADDC A.#data Add immediate data to A with Carry flag 2 1 
SUBB A.Rn Subtract register from A with Borrow 1 1 
SUBB A.direct Subtract direct byte from A with Borrow 2 1 
SUBB A.@Ri Subtract indirect RAM from A with Borrow 1 1 
SUBB A.#data Subtract immed. data from A with Borrow 2 1 
INC A Increment Accumulator 1 1 
INC Rn Increment register 1 1 
INC direct Increment direct byte 2 1 
INC @Ri Increment indirect RAM 1 1 
DEC A Decrement Accumulator 1 1 
DEC Rn Decrement register 1 1 
DEC direct Decrement direct byte 2 1 
DEC @Ri Decrement indirect RAM 1 1 
INC DPTR Increment Data Pointer 1 2 
MUI AB Multiply A & B 1 4 
DIV AB Divide A by B 1 4 
DA A Decimal Adjust Accumulator 1 1 
LOGICAL OPERATIONS 
MNEMONIC DESTINATION BYTE CYC 
ANL A.Rn AND register to Accumulator 1 1 
ANL A.direct AND direct byte to Accumulator 2 1 
ANL A.@Ri AND indirect RAM to Accumulator 1 1 
ANL A.#data AND immediate data to Accumulator 2 1 
ANL direct.A AND Accumulator to direct byte 2 1 
ANL direct.#data AND immediate data to direct byte 3 2 
ORL A.Rn OR register to Accumulator 1 1 
ORL A.direct OR direct byte to Accumulator 2 1 
ORL A.@Ri OR indirect RAM to Accumulator 1 1 
ORL A.#data OR immediate data to Accumulator 2 1 
ORL direct.A OR Accumulator to direct byte 2 1 
ORL direct.#data OR immediate data to direct byte 3 2 
XRL A.Rn Exclusive-OR register to Accumulator 1 1 
XRL A.direct Exclusive-OR direct byte to Accumulator 2 1 
XRL A.@Ri Exclusive-OR indirect RAM to A 1 1 
XRL A.#data Exclusive-OR immediate data to A 2 1 
XRL direct.A Exclusive-OR Accumulator to direct byte 2 1 
XRL direct.#data Exclusive-OR immediate data to direct 3 2 
CLR A Clear Accumulator 1 1 
CPL A Complement Accumulator 1 1 
RL A Rotate Accumulator left 1 1 
RLC A Rotate A left through the Carry flag 1 1 
RR A Rotate Accumulator Right 1 1 
RRC A Rotate A Right through Carry flag 1 1 
SWAP A Swap nibbles within the Accumulator 1 1 
DATA TRANSFER 
MNEMONIC DESCRIPTION BYTE CYC 
MOV A.Rn Move register to Accumulator 1 1 
MOV A.direct Move direct byte to Accumulator 2 1 
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MOV A.@Ri Move indirect RAM to Accumulator 1 1 
MOV A.#data Move immediate data to Accumulator 2 1 
MOV Rn.A Move Accumulator to register 1 1 
MOV Rn.direct Move direct byte to register 2 2 
MOV Rn.#data Move immediate data to register 2 1 
MOV direct.A Move Accumulator to direct byte 2 1 
MOV direct.Rn Move register to direct byte 2 2 
MOV direct.direct Move direct byte to direct 3 2 
MOV direct.@Ri Move indirect RAM to direct byte 2 2 
MOV direct.#data Move immediate data to direct byte 3 2 
MOV @Ri.A Move Accumulator to indirect RAM 1 1 
MOV @Ri.direct Move direct byte to indirect RAM 2 2 
MOV @Ri.#data Move immediate data to indirect RAM 2 1 
MOV DPTR.#data16 Load Data Pointer with a 16-bit constant 3 2 
MOVC A.@A+ DPTR Move Code byte relative to DPTR to A 1 2 
MOVC A.@A+ PC Move Code byte relative to PC to A 1 2 
MOVX A.@Ri Move External RAM (8-bit addr) to A 1 2 
MOVX A.@DPTR Move External RAM (16-bit addr) to A 1 2 
MOVX @Ri.A Move A to External RAM (8-bit addr) 1 2 
MOVX @DPTR.A Move A to External RAM (16-bit addr) 1 2 
PUSH direct Push direct byte onto stack 2 2 
POP direct Pop direct byte from stack 2 2 
XCH A.Rn Exchange register with Accumulator 1 1 
XCH A.direct Exchange direct byte with Accumulator 2 1 
XCH A.@Ri Exchange indirect RAM with A 1 1 
XCHD A.@Ri Exchange low-order Digit indo RAM w/A 1 1 
BOOLEAN VARIABLE MANIPULATION 
MNEMONIC DESCRIPTION BYTE CYC 
CLR C Clear Carry flag 1 1 
CLR bit Clear direct bit 2 1 
SETB C Set Carry flag 1 1 
SETB bit Set direct Bit 2 1 
CPL C Complement Carry flag 1 1 
CPL bit Complement direct bit 2 1 
ANL C.bit AND direct bit to Carry flag 2 2 
ANL C.bit AND complement of direct bit to Carry 2 2 
ORL C.bit OR direct bit to Carry flag 2 2 
ORL C.bit OR complement of direct bit to Carry 2 2 
MOV C.bit Move direct bit to Carry flag 2 1 
MOV bit.C Move Carry flag to direct bit 2 2 
PROGRAM AND MACHINE CONTROL 
MNEMONIC DESCRIPTION BYTE CYC 
ACALL addr11 Absolute Subroutine Call 2 2 
LCALL addr16 Long Subroutine Call 3 2 
RET Return from subroutine 1 2 
RETI Return from interrupt 1 2 
AJMP addr11 Absolute Jump 2 2 
LJMP addr16 Long Jump 3 2 
SJMP rei Short Jump (relative addr) 2 2 
JMP @A+DPTR Jump indirect relative to the DPTR 1 2 
JZ rei Jump if Accumulator is Zero 2 2 
JNZ rei Jump if Accumulator is Not Zero 2 2 
JC rei Jump if Carry flag is set 2 2 
JNC rei Jump if No Carry flag 2 2 
JB bitrel Jump if direct Bit set 3 2 
JNB bitrel Jump if direct Bit Not set 3 2 
JBC bitrel Jump if direct Bit is set & Clear bit 3 2 
CJNE A.directrel Compare direct to A & Jump if Not Equal 3 2 
CJNE A.#data.rel Camp. immed. to A & Jump if Not Equal 3 2 
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CJNE Rn.#data.rel Compo immed. to reg & Jump if Not Equal 3 2 
CJNE @Ri.#data.rel Camp. immed. to indo & Jump if Not Equal 3 2 
DJNZ Rn.rel Decrement register & Jump if Not Zero 2 2 
DJNZ direct. rei Decrement direct & Jump if Not Zero 3 2 
NOP No operation 1 1 
NOTES ON DATA ADDRESSING MODES: 
Rn Working register RO-R? 
direct 128 internal RAM locations, any I 0 port, control or status register 
@Ri Indirect internal RAM location addressed by register RO or R1 
#data 8-bit constant included in instruction 
#data16 16-bit constant included as bytes 2 & 3 of instruction 
bit 128 software flags, any I 0 pin, control or status bit 
NOTES ON PROGRAM ADDRESSING MODES: 
addr16 Destination address for LCALL & LJMP may be anywhere within the 64-Kilobyte program 

memory address space. 
addr11 Destination address for ACALL & AJMP will be within the same 2-Kilobyte page of 

program memory as the first byte of the following instruction 
rei SJMP and all conditional jumps include an 8-bit offset byte. Range is + 127 - 128 bytes 

relative to first byte of the following instruction. 

1.3. INPUT/OUTPUT PORTS 
The 8051 contains four 8-bit ports known as PO-P3. Any 
line on any port may be individually configured as an 
input or an output. Ports 0, 2 and 3 can also carry out 
other functions, depending upon how the 8051 has 
been programmed. 

Port 0 : 
Bidirectional port with open-drain pins capable of driv­
ing 2 TTL loads. Multiplexed low-order address and 
data bus for 8051 expansion. 

Port 1 : 
Quasi-bidirectional port capable of driving a single TTL 
load. 

READ PULSE (READ. 
MOOIFY.WRITE) 

WRItE PULSE 

a 
Q 

o 
RJP 
FLOP 

~~ -+--------~ 

READ PULSE 
(NON READ. 
MODIfY.WRTE) 

Figure 7: Port Pin Structure. 

110 
PIN 

PORI" 
o 

7-10 

Port 2 : 

Quasi-bidirectional port capable of driving a single TTL 
load. High-order address bus for 8051 expansion. 

Port 3 : 

Quasi-bidirectional port capable of driving a single TTL 
load. Contains interrupt and timer inputs, serial input! 
output and external memory control signals. 

The differences between the types of port are at the 
chip level. At functional and programming levels there 
are no differences (except for Port 0 drive capability). 
After power-up all ports are configured as inputs, they 
may be reconfigured by writing a zero (0) to the pin. 

INTERNAl 
BUS 

WRItE PULSE 

+5V 
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When writing a new value to port output pins, a one (1) 
must be written to all those pins that are to remain as 
inputs. All port pins may also be addressed individually 
by bit instructions. The secondaryfunctions of Port 3 are 
generated if the pin is configured as an input. 

In the 8051 instruction set there are three classes of in­
structions. 

Read: Read current value from source 
Write: Write value to destination 
Read-modify-write : Read from source, perform opera­
tion, write to destination. 

Each class of instruction operates differently on the 110 
parts. 

The flip-flop contains the value that was written to the 
port. If it was one (1) the port pulls up the output line. 
This gives an output of one (1) for an output or allows 
reading of the port pin for an input. Read-modify-write 
instructions use the value in the flip-flop as the source. 
This means that pins configured as inputs will not be 
changed (unless done so by the instructions) '!Yhen the 
write back is performed. Consequently, read-modify­
write instructions are used to configure ports. After 
power-on all bits are inputs (at the one (1) level). Per­
forming an AND of one (1) with bits to remain as inputs 
and zero (0) with bits to become outputs will change this 
configu ration. 

Crystal 

S OSCIllator 

0 70 External 
XXX I source 

Example: Configure bits Pl.0-Pl.2 as outputs leaving 
Pl.3-Pl.7 as inputs. 

ANL Pl , # 11111 OOOB 

If later on, we wish Pl.l to be an input and Pl. 7 to be 
an output, then the following is performed. 

ORL Pl, # 0000001 OB ; set Pl.l to an input 
ANL Pl, # 01111111 B ; set Pl.7 to an output 

Reading and writing of ports is accomplished by 
"MOVE" instructions. 

MOV A, Pl ; read port 1 
MOV PO, # OFFH ; write to port 0 

1.4. TIMER/COUNTERS 
The 8051 contains two 16-bit progammable timers/ 
event counters. They can be used to measure time in­
teNals, extemal pulse widths or generate periodic inter­
rupt request. Each timer may be configured into one of 
four modes. Modes 0-2 are identical for each timer, only 
Mode 3 is different. 

A-Mode 0 : 

An 8-bit counter/timer with a 5-bit pres caler. Reading the 
high order half (THO or TH1) accesses bits 12-5 of the 
counter. The lower half (TLO or TL 1) contains the pres­
caler in bits 4-0. Bits 5-7 are not used and should be set 
to zero. 

B 7 

I Overflow 
interrupt ~ I 

0 1 234 5 6 7 8 9 10 11 ~T request 

5-bit prescaler 8-bit counter 

~--
Pulse to serial 

port-timer 1 
only 

Figure 8 : Timer Mode O. 
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~:or"~12 B B 
8demm 0r-________ ~ror_----~----~7 
source 1 1 1 0verfIc7N 

.. -0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15T interrupt 

"-..... _----..... ------~/ request - y' 
1&bit counter 

~ Pulse to serial 

Figure 9 : Timer Mode 1. 

C - Mode 2 : 
An 8-bit auto-reload timer. The lower half is incre­
mented until it overflows. The auto-reload value in the 

n -- port-timer 1 
only 

top half is then loaded into the lower half and counting 
resumes. 

=O:1+j'1 0 B 7 

=~ .. __ 1'-1------;1 Overflow 

7
-.-- interrupt request 

o 111 t 
'-Ir------B:~-=--==~I ~~~ 

Figure 10: Timer Mode 2. 

O-Mode 3 : 
Timer ° is configured as two independent 8-bit timers. 
The upper half, THO, is an 8-bit timer using the clock as 
a source. It is controlled by the bits of Timer 1. The 'Run' 
and 'Overflow' bits fo Timer 1 are, therefore, not avail­
able to Timer 1. The lower half of Timer ° , TLO, is con­
figured as an 8-bit counter/timer in the usual manner. 

Timer 1 has no overflow or run bits when Timer ° is in 
mode 3. To overcome this, mode 3 of Timer 1 is used 
to halt counting, changing to another mode will start it 
again. Although Timer 1 can be used in Modes 0-2, note 
that it cannot generate an interrupt. 

Crystal 

°Source=·B .. +12_~r-1 _J§l_~_-:,7 I 0 J§l 7 
~t~ ~ ___________ ~~~. __________ ~I~~~ 

=..-EJ §t' J![ · ~"'= =-.. J_ ... I----__ ---JI-. ______ ..J Program~~~~ 
Mode 3 halts timer 

Figure 11 : Timer Mode 3. 

E· Timer control called TMOD and TCON-timer mode and timer control. 
Associated with the timers are two control registers The bit explanations are given in the tables. 
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(MSB) (LSB) 

I GATE CIT M1 MO I GATE CIT M1 MO I 
TIMER 1 

GATE 
Gating control. When set, Timer/counter "x" is enabled 
only while "INTx" pin is high and "TRx" control bit is set. 
When cleared, timer/counter is enabled whenever 
"TRx" control bit is set. 

CIT 

Timer or Counter Selector. Cleared for Timer operation 
(input from internal system clock). Set for Counter 
operation (input from "Tx" input pin). 

(MSB) 

I TF1 TR1 TFO TRO 

Symbol Position Name and Significance 

TF1 TCON.7 Timer 1 overflow Flag. Set by 
hardware on timer counter 
overflow. Cleared when interrupt 
processed. 

TR1 TCON.6 Timer 1 Run control bit. Set! 
cleared by software to turn timer/ 
counter on/off. 

TFO TCON.5 Timer 0 overflow Flag. Set by 
hardware on timer/counter 
overflow. Cleared when interrupt 
processed. 

TRO TCON.4 Timer 0 Run control bit. Set! 
cleared by software to turn timer/ 
counter on/off. 
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M1 

o 

TIMER 0 

MO Operating Mode 

o 8048 Timer. "TLx" serves as five-bit 
prescaler. 

o 16-bit timer/counter. "THx" and "TLx" 
are cascaded; there is no prescaler. 

o 8-bit auto-reload timer/counter. "THx" 
holds a value which is to be reloaded 
into "TLx" each time it overflows. 

(Timer 0) 
TLO is an eight-bit timer/counter 
controlled by the standard Timer 0 
control bits. 
THO is an eight-bit timer only controlled 
by Timer 1 control bits. 

(Timer 1) 
Timer/counter 1 stopped. 

(LSB) 

IE1 IT1 lEO ITO I 

IE1 TCON.3 Interrupt 1 Edge flag. Set by 
hardware when external interrupt 
edge detected. Cleared when 
interrupt processed. 

IT1 TCON.2 Interrupt 1 Type control bit. Set! 
cleared by software to specify 
falling edge/low level triggered 
external interrupts. 

lEO TCON.1 Interrupt 0 Edge flag. Set by 
hardware when external interrupt 
edge detected. Cleared when 
interrupt processed. 

ITO TCON.O Interrupt 0 Type control bit. Set! 
cleared by software to specify 
falling edge/low level triggered 
external interrupts. 
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1.5. SERIAL PORT 
The 8051 contains a serial port that can link with UART 
devices or expand input/output. The serial port is 
programmable into one of four modes. 

Mode 0 : Synchronous input/output using TTL or 
CMOS shiff registers. 

Mode 1 : UART interface with a 1 O-bit frame and vari­
able transmission rate. 

Mode 2 : UART interface with an 11-bit frame and fixed 
transmission rate. 

(MSB) 

I SMO I SM1 I SM2 I REN 

Symbol Position Name and Significance 

SMO SCON.? Serial port Mode control bit o. 
Set/cleared by software 
(see note). 

SM1 SCON.6 Serial port Mode control bit 1. 
Set/cleared by software 
(see note). 

SM2 SCON.5 Serial port Mode control bit 2. 
Set by software to disable 
reception of frames for which bit 
8 is zero. 

REN SCON.4 Receiver Enable control bit. Set/ 
cleared by software to enablel 
disable serial data reception. 

TB8 SCON.3 Transmit Bit 8. Set/cleared by 
hardware to determine state of 
ninth data bit transmitted in 
9-bit UART mode. 

A-Mode 0 : synchronous input/output 

Two lines are used, P3.0 and P3.1. The first is the serial 
data, either input or output, and the second is a bit clock. 
Every time a byte is written to SBUF it is shifted out on 
P3.0. Every time the receive flag (R1) is cleared, 8-bits 
are read in from P3.0 to SBUF. Once completed, R1 is 
set again. Data can be clocked into a shift register on 
the rising edge of the clock (P3.1). 
With the addition of more hardware and port lines a fully 
interlocked full or half-duplex system can be built. For 
parallel intercommunications it is probably more ex­
pedient to use one of the ports. The advantage of this 
serial system is that it is faster than a UART, transfer is 
at 1 M bit/second with a 12 MHz clock, and may be 
cheaper than a parallel system since only two lines are 
needed (P3.0 and P3.1). 

B-Modes 1-3 

These are the UART modes of the Serial Port. Each bit 
is divided into 16 "ticks", the bit being sampled during 

Mode 3 : UART interface with an 11-bit frame and vari­
able transmission rate. 

The port is full duplex, meaning that it can transmit and 
receive at the same time. The serial port buffer register 
(SBUF) holds the received data and the data to be 
transmitted, a write loading the transmit register and a 
read reading from the receive register. 

The control register, SCON, contains the information to 
configure the port. 

(LSB) 

TB8 RB8 TI RI I 

RB8 SCON.2 Receive Bit 8. Set/cleared by 
hardware to indicate state of 
ninth data bit received. 

TI SCON.1 Transmit interrupt flag. Set by 
hardware when byte transmitted. 
Cleared by software after 
servicing. 

RI SCON.O Received Interrupt flag. Set by 
hardware when byte received. 
Cleared by software after 
servicing. 

Note - the state of (SMO.SM1) selects: 
(0, 0) - Shift register 1/0 expansion. 
(0, 1) - 8 bit UART, variable data rate. 
(1, 0) - 9 bit UART, fixed data rate. 
(1, 1) - 9 bit UART, variable data rate. 

8051 

DA.TA 1----4 
a.oa< 

PORrPIN 

A. 110 INPUT 
EXPANSION 

8051 

DAJ.6. I----~ 
a..oo< 

PORrPIN 

INHNS 
SIN 

as 
EN 

the seventh, eighth and ninth ticks. Format is the usual B. VO OUTPUT 
UART/RS 232C format of one start bit, eight or nine EXFY>.NSION 
data bits and one or two stops bits. Typical frame for-
mats are shown below. Figure 14: 1/0 Expansion Technique. 

=.. ~ 
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__ .-__________ .-__ .-__ .---,MODE 

[ 1 3 TTY 

7-BITDIOA PAII1Y 2 SlOP 

1 

TYPICAL 
CRT 

7-BlTDIOA MARK SlOP 

3 

PARfTYSlOP 

MUlll­
PROCESSOR 
COMMUNICA­
TIONS 

L-__ L-______________ ~ __ -L __ ~I 2&3 

1 2 &3 
~~--~-------~-BlT--DIOA----------~sro--OP~ 

110 
EXPANSION 

Figure 15 : Typical Frame Formats. 

8DITS 

Mode 1 consists of start and stop bits around 8 data bits. 
This is a format used by many VDUs. The code is 7-bit 
ASCII and parity, or is an 8-bit code (normally ASCII 
with bit 7 at zero plus 128 special codes). For teletypes 
two stop bits are usually required to reset the mechani­
cal apparatus of the next character. Mode 3 can used 
with the eighth bit set to a one (1) so that two stop bits 
are always generated. The same mode can be used of 
a CRT device having special codes as well as character 
codes plus parity. 

1. Slaves - Configure serial port to interrupt CPU if 
the received ninth data bit is a one (1). 

2. Master - Transmit frame containing address in 
first 8 data bits and set ninth data bit (i.e. ninth data 
bit designates address frame). 

3. Slaves - Serial port interrupts CPU when address 
frame is received. Interrupt service program com­
pares received address to its address. The slave 
which has been addressed reconfigures its serial 
port to interrupt the CPU on all subsequent trans­
missions. 

4. Master - Transmit control frames and data frames 
(these will be accepted only by the previously ad­
dressed slave). 
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For multiprocessor communication between 8051 sys­
tems modes 2 and 3 are used. There are special fea­
tures of the 8051 which make it advantageous to use 
these modes. Mode 2 is exactly the same as mode 3 
except that its transmission rate is fixed. 
As in mode 0 the transmit interrut (TI) bits is set when 
the byte has been transmitted. This indicates that the 
buffer is free for another character. On reception of a 
byte the receive interrupt (RI) bit is set. If the interrupt 
enable bits are set then an interrupt will occur whenever 
another character can be transmitted or when a char­
acter has been received. 

C-Transmission rate 

The serial port is clocked by the overflow of timer 1. The 
input to timer 1 is either the crystal frequency divided by 
12, or an external clock via the T1 input of Port 3. In 
modes 0 and 2 the input frequency is feied at the oscil­
lator frequency divided by 12 or 64 respectively. For 
mode 0 this gives 1 M bit per second with a 12 MHz crys­
tal, and 187,500 bits per second for mode 2 (again with 
a 12 MHz crystal). Modes 1 and 3 have the transmission 
rate determined by timer 1. The timer is configured in 
autoreload to generate a fixed frequency. Either one­
twelfth of the oscillator frequency or the T1 input is 
divided by "256-Minus-The-Value-in-TH1" (auto-reload 
value) which is then divided by 32 and used to clock the 
UART shift register. At 12 MHz this allows transmission 
rates from 122 to 31,250 bits per second. 

III 
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~I+rl 0 g 
~en:' • _f',-------i7 Overflow _ ..... _ ------II .. r:;L-UARTCock 

TL1 D-
For a UART operating at 300 bps using an S051 clock 
at 12 MHz, the auto reload value is given by : 

Clock Rate 
Auto-reload = 

12 x 32 x Bit Rate 

If an external clock is used, via T1 

Auto-reload = Clock Rate 
32 x Bit Rate 

So with an S051 clock of 12 MHz and a transmission 
rate of 300 bps. 

12 X 106 
Auto-reload = --:-c:-----~ 

12x32x300 

Auto-reload value = 104.16 

The nearest integer is 104, so the actual value for the 
timer is 256 - 104 = 152 (9SH in hexadecimal). Loading 
TH1 with a value of 9SH gives the correct speed. 

For a simple polling operation of the UART (no inter­
rupts) the following routines can be used. 

INIT : MOV TMOD,# 001 OXXXXB ; timer 1 = mode 2 
MOV TH1 ,# 9SH ; auto-reload 

value 
MOV SCON,# 01010000B ; set up UART 
SETB TR1 ; start timer 

Bit T1 is set in SCON to enable the routine to load the 
first character. Afterwards it waits until T1 is set before 
sending any new characters. 

READ : JNB RI, READ 

MOVA, SBUF 
CLRRI 
CLRACC? 
RET 

WRITE: MOV A, CHAR 
MOVC, P 

MOVACC?C 

WAIT : JNB TI, WAIT 

MOV SBUF, A 
RETI 

; wait for 
character 

; load character 
; reset flag 
; clear parity 
; end routine 
; load character 
; load parity into 

carry 
; transfer to 

accumulator 
; wait for buffer 

to be free 
; load character 
; end routine 

II - EXTERNAL MEMORY 
2.1. Accessing external memory 

All memory, either program or data, is addressed using 
16 address lines. Normally the first 4 K of program 
memory is contained in the CPU. The rest is accessed 
by using the secondary functions of the I/O ports. Port 
2 emits the upper address byte (AS-A 15) and Port 0 
emits the lower address byte and data byte (ADO-AD?). 
The two signals ALE and PSEN are used together with 
two pins from Port 3 (RD and WElL The PSEN line 
selects external PrQ9@m Memory, RD selects external 
Data Memory and WR latches data into external Data 
Memory. If PSEN and RD are OR-ed together, then the 
processor has a continuous 64 K program and data 
space, as found on many computers (cf. SOS5). The Ad­
dress Latch Enable (ALE) is used to latch the address 
into external latches or synchronous memories. 
The S051 can address 64 K bytes of external program 
memory (as the S031 does) when the EA pin is tied to 
a low level. This disables the internal 4 K of program 
memory Ports 0 and 2 are automatically configured as 
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outputs. Data access is via MOVX instructions using the 
DPTR or RO or R1. 

2.2 Timing diagrams 
The basic cycle of the S051 is six oscillator periods. 
When accessing Program Memory the instruction 
fetches overlap with the start of the next cycle. This 
means that the S051 always fetches an even number 
of bytes, even if the second is ignored. External Data 
Memory accesses last for two cycles allowing slower 
peripherals or data memory than program memory. 
The address is valid on the falling edge of ALE. This is 
used to latch the address into the memory or for demul­
tiplexing circuitry. For a read, of either data or program 
memory, the PSEN or RD signal enables the bus 
drivers. Data or an instruction is clocked into tlliu;lroces­
:,or. on the rising edge of PSEN or RD. The WR signal 
indicates that the data on the bus is valid. During a write 
cycle, it can also be used to enable external buffers or 
latches in the system. 
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Figure 18 : Address/Data Latching. 

2.3. External program memory 
To add external memory we must examine the timing 
diagrams and choose a component with a suitable ac­
cess time. The access time is the time from the valida­
tion of the chip select (CS) signal to the latching of the 
data into the processor, less and delays and set-up 
times. Most memory components require a latched 
demultiplexed bus with some decoding. The diagram 

Data lines 
to programIdata 
memory 

U1,2: 8282174 
U3 :8286n4 

LS :rT3n4 LS 734 
LS245 

UA : 3205n4 LS 136 

below divides the memory space between 0 and 16 K 
into 2 K blocks. 

For the 8051, addresses are stable by the falling edge 
of ALE. This is used to clock the address into the buf­
fers. The data is clocked into the processor on the rising 
edge of PSEN. The time between the two is the maxi­
mum time available to access program memory. 

~-----------------------TCY'--------------------------~."'I 

ALE 

PORrO INSTR IN /IiI-AO 1:-lSTR IN 

PORr2 ADDRESS A15-AB 

Figure 19: Read Cycle. 

7-17 



8051/31AH or 8OC51/31 

Time to chip select being valid after ALE = delay through 
buffer and decoder. Time for data to be valid at proces­
sor = access time and delay through buffer. 

We have to calculate the time allowed by the processor 
for a memory access, including any set-up times, ac­
cording to the waveforms above. This is as follows: 

Address hold time after ALE (TLLAX) 
+ Address float to PSEN (TAZPL) 
+ PSEN pulse width (TPLPH) 
- Set-up time for 8051 

This gives up : 

48 + 0 + 215 + 0 = 263 nS (minimum) at 12 MHz 

We now have to calculate the worst case delays across 
all the system components (buffers, decoders, etc.). 
For a typical system using all MOS components and a 
system with all TIL LS components, we have: 

Buffer delay (max) from ALEMOS : 45 nS LSTIL : 
30 nS from ALE 
Decoder delay (max) MOS : 40 nS LS TIL : 39 nS 
Data buffer delay (max) MOS : 30 nS LS TIL: 12 nS 
Total MOS: 115 nS LS TIL: 81 nS 

Times can be reduced by using inverting buffers and/or 
Schottky TTL logic. These times are subtracted from 
the time calculated above to give us the maximum ac­
cess time on the memory. 

MOS components: 263 - 115 = 148 nS 
TIL components : 263 - 81 = 182 nS 

It is possible to lengthen the access times if the address 
latches are replaced by transparent latches, i.e., the 
outputs follow the inputs until latched. The address from 
the 8051 is valid 53 nS before the falling edge of ALE 
so it is possible to use this time to perform selection, ef­
fectively gaining all of the 53 nS. This technique does 
not work for flip-flop latches (i8282, 74 LS 374). 

This effectively increases the access time to : 

MOS components: 148 + 53 = 201 nS 
TIL components : 182 + 53 = 235 nS 

If a demultiplexed system is not required and large 
loads are not being driven, then it may be possible to 
do without latching and buffers altogether. There are 
certain memories that incorporate on chip address 
latches and are, therefore, ideally suited for multiplexed 
buses. These are known as synchronous memories, 
while those without internal latches are synchronous 
memories. 
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Also associated with memories is the Output Enable 
(OE). This signal enables the external drivers to pass 
information onto the bus. For demultiplexed signals the 
PSEN line can be used directly for program memory 
output enable. 

From _____ --, 

decoder 

Address Address Data t--.,..... 

ALE _____ -, 

AddressIdata Address Data t--.,..... 

From . _____ ---' 

decoder 

Figure 20 : ROM Selection. 

In synchronous systems ALE is used to load the ad­
dress register and OE (or G in this case) is selected by 
the decoder. This gains a little extra time as address 
decoding can start immediately after ALE, with all 
memories reading a particular byte. The decoder then 
selects the correct memory and enables its output 
drivers. Power consumption doesn't increase too 
much, as it is the output drivers that consume the most 
current. Note also, thata latched decoder (or equivalent 
system) mut also be used if AO-A7 are used for address 
decoding (A8-A15 are available throughout the cycle). 
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2.4. External data memory 
External data memory will usually be RAM since the 
ability to read and write data will be required. Generally 
in a system of this sort most accesses will be to the pro­
gram memory, interspersed with RAM accesses. Be­
cause RAM accesses are not as common as ROM 
accesses, the time allowed for them can be longer 

ALE 

PORTO 

PORT 2 

ALE 

PORTO 

without much system degradation. In the 8051 RAM ac­
cesses are twice as long as ROM accesses allowing the 
use of slower and chea~ RAMs. As-.1b.e timing 
diagrams show, the read (RD) and write (WR) signals 
are active for much longer, in fact a minimum of 400 nS. 

Dl'JAIN 

TRI.AZ 

ADDRESS AI5-AS OR SFR-P2 

TWHl.H 

TDVWX _lWHClX 

1lATA0lIT 

PORT 2 
ADmESS 
ORSFR-P2 ADDRESS AI5-AS OR SFR-P2 

Figure 21 : RAM Read and Write Timing. 

If using an asynchronous system with latches this al­
lows an access time of at least 485 nS (for MOS com­
ponents) which is ample for most memories. The circuit 
configurations are very similar. The RAM and ROM can 
be placed in parallel and the output enable lines (OE) 
selected by PSEN or RD. Synchronous RAMs are more 
difficult to deal with. We cannot use the same techni-

from . ____ --.--. 

decoder 

Asynclvonous system 
(Demultiplexed) 

RAM 

IN OEI---RD 

Figure 22 : RAM/ROM Selection. 
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ques as for PROMs. Loading the address into.,g!! 
memories and selecting a particular output with the RD 
signal and decodLQgJogic is fine, but we will also have 
to do this with the WR signal whenever we update data. 
It becomes apparentthatl!J.§..much easier to decode the 
address first and use the WR and RD signals for writing 
and output enable. 

from . ____ ~---, 
decoder 

Synchronous system 
(Multiplexed bus) 

RAM 

.-__ RD 
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To generate the control signals for the synchronous 

~~F - - - EO-E1 RIHWR EN 

Figure 23 : Generation of Selection Signals. 

2.5. Single memory space configuration 
Often it is useful to be able to treat program information 
as data. This is especially true of development systems 
where you wish to enter instructions as data, and then 
execute them. To accomplish this on the 8051 it is 
necessary to combine the program and data memory 
spaces. Both 64 K byte areas can be map.Qruj to a single 
memory space that is selected by RD, WR or PSEN. 
The only modification necessary is to "OR" the PSEN 

12 111Hz 

18 

9: pu .. •• III ... •• 70 .. " • 0'" "3 

-

scheme, the following circuit can be used. 

This scheme iE..Qossible because the addresses are 
stable before RD + WR and remain valid throughout 
the cycle (A!L::.A1~Jt may be possible to use ALE 
in place of RD + WR. but this depends upon the 
memory characteristics. 

and RD signals to form a new read signal for memory. 
Note that the RAM access time must be the same as 
that for the ROM - in the region of 200 nS. 

----10)--- READ 
to RAM and ROM 

Figure 24 : Generation of Read. 
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." D7 
DO 
DO 
D4 
D3 
DO 
0' 
00 

U2 LS 373 (8282) 
U3 74 LS 373 (8282) 

iiiiD U4 8286 (74 LS 245) 
U5 74 LS 138 
U6 74 LS 08 OE 

or CMOS equivalents .. for 80C31 

Figure 26 : Example 8051 System. 
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A circuit diagram of a CPU card using this system is 
given below. All signals are buffered to provide drive to 
external systems via a connector as well as all the 
memory components. Only the first 16 K from 0 - 16 K 
has been decoded into 2 K blocks that are selectable 
between ROM and RAM (apart from the first block). 
This is accomplished by a switch on the write (WR) line. 
The ROM and RAM chips used are the HM 6616 and 
HM 6116 which are directly..m.o-compatibie. Pin 21 is 
either the program or write (WR) line. 

+vcc ROM 

~ ROM RAM PWl21 
WR ____ .~ 

RAM 

Figure 25 : Selection of RAM/ROM. 

III - INTERFACING PERIPHERAL DEVICES 
This section contains details of how various devices can 
be connected to the 8051, both via input/output ports 
and by memory-mapping techniques. The applications 
presented were used to build a small, completely self­
contained 8051 system that could be used to form the 
basis of an industrial controller. 

3.1. Hexadecimal Keyboard and LED 
display 
A small keyboard consisting of 20 keys in a 4 x 5 matrix 
was interfaced to the 8051 together with a 7 digit 7-
segment LED display. Because the system uses exter­
nal memory it means that only Port 1 was free for 
input/output. The final scheme consists of using Port 1 
together with a memory-mapped latch to drive both the 
keyboard and the LED display. 

A-LED display 

To keep hardware costs to a minimum the LED display 
was multiplexed. Each of the digits is lit up in turn to give 
the appearance of a continuous display. To select a 
digit the segment code must be set up and then the digit 
tumed on. The same code is presented to all digits but 
only one of them is ever turned on, this process is 
repeated for each of the digits in turn so that the whole 
display is refreshed about 40-50 times each second. 
The LED segments are connected in parallel as fol­
lows: 
- all segments of the same LED display are connected 
to the same point. This is normally done within the pack­
age, in this case common cathode devices were used, 
but common anode devices also exist and can be used 
in much the same manner. 
- the same segments of each LED digit are connected 
in parallel. All the anodes are connected together. 

to the serne 
aegmentol _LB) 
1Ua. 

This gives rise to two sets of drivers, since MOS or TTL 
cannot drive LEOs directly. These are digit drivers and 
segment drivers, which are connected to the common 
connections of the cathodes and anodes. These are 
made from discrete transistors because large currents 
are required. An active high TTL signal switches the 
transistors on, using PNP transistors will allow an active 
low TTL signal to turn them on. 

+5V ThIo.-tor_ .... 
34Q 

.,....... far .... diIpIay 
~ 

IIIIQI1IIII1t 510Q 
2N2222 

selection OIlIer segments 
dOlherdiljls 

dVI 4-7KQ 2N2222 Other segments 01 
.... _digit 

selection (common ca_l 

Figure 28 : LED Display Drivers. 

Digit selection is accomplished by using a 3 : 8 decoder 
connected to Port 1 bits P1.5-P1.7. This leaves 5 bits 
left for the keyboard. Of the eight signals available only 
seven are actually used. The decoder signals are active 
low, whereas the drivers use active high signals; in this 
prototype inverters were added but the same effect 
could be obtained by using a PNP transistors as the 
digit driver. Q 
Segment selection requires an external latch since only 
5 bits of Port 1 remain and we require 7-bits (8 if the 
decimal point is included). The latch used was a 74 LS 
374 8-bit latch which is loaded on the rising edge of the 
clock input. Only very simple decoding was used. Writ-
ing to any byte for which A15 is a one (1), i.e., address 
8000H upwards, will write to the latch. More sophisticated 
decoding can be used if the application demands it. 

10 __ 

Data • doCked on ItIe 
riaIng edge 01 a.K, whk;h 

~..l!!.lhenaing 
.... OIIthaWRSVlBI 

Figure 27 : LED Digit Connections. Figure 29 : Latch Configuration. 
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B-Hexadecimal keyboard 

This is a small keyboard organised as a 4 x 5 matrix. It 
too is connected using the 3 : 8 decoder of the LED dis­
play and the rest of Port 1 . This allows an expansion of 
up to 8 x 5 (40 keys) with very little hardware modifica­
tion. 

Pins P1.5-P1.7 are programmed as outputs, controlling 
the decoder, while P1.0-P1.4 are inputs from the key­
board matrix. Software test to see if any of P1.0-P1.4 
are zero (0) and then checks if the combination is valid. 
If so the value is translated to the key value and 
presented to the calling program. 

......-.... _. YO ... 
Pt.7 -" y, -

38 
8 

74LS 
3: 

dacodar 

C YO 

v. 
Y4 

YS 

VB 

Y7 

"--
P1.o p .1 Pt.2 Pt.3 PU 

Figure 30 : Keyboard Configuration. 

~ .. ;;" .. 
~ 
l'. .. 
~ .. !'-

The diagram above shows the actual keyboard and the 
expansion possibilities. 

C-Software 

The keyboard scanning and LED display refresh are 
controlled by the same program. This is called peri­
odically by interruption from one of the 8051 internal 
timers. To achieve a refresh rate of 40-50 times a 
second the timer interrupts the main program every 3 
ms, since the program only updates a single digit at a 
time. This 3 ms time delay is also used to provide 
debouncing of the keyboard which is read by the same 
routine. The values to be displayed are kept in a table 
in RAM, changing the value in the table automatically 
causes the digit of the display to be changed. 

The interrupt program used is given in the appendix. 

3.2. Parallel input/output 
By adding more sophisticated decoding it is possible to 
have as many latches as required. Bidirectional ports 
can be constructed by using two latches in the same 
manner as before. 

Both latches are 8282 or 74 LS 374 or similar. The ex­
ternal device buses may also be connected together if 
they are three-state and bidirectional. Obviously there 
is no interlock or handshaking between devices so its 
area of applications is somewhat limited. Adding control 
via interrupt or status lines can be carried out but this 
soon becomes expensive and much easier to use LSI 
peripheral controller such as the 8255. 

3.3. Serial input/output 

The 8051 provides an UART giving a single full-duplex 
channel. By itself the UART control cannot provide an 
RS 232C compatible interface since the voltage levels 
are incorrect. It is necessary to add line drivers and 
receivers, suitable circuits being the 75188 and 75189. 
If more serial channels are desired it is normally 
necessary to add a UART such as the HD 6402 plus as­
sociated decoding and status logic. However if only one 
channel is in operation at anyone time it is possible to 
multiplex the 8051 serial channel between several ac­
tual channels. A two channel system, using a single 
extra port pin was constructed using this method. 

Figure 32 : Multiplexing Circuit for UART. 

---
Figure 31 : Parallel Input/Output. 
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By using more port pins and decoding logic it is possible 
to expand this system. The only problem to be aware 
of is when changing channels. If a character is being 
transmitted it is essential that the routine waits until 
transmission is finished [indicated by TI being one (1)] 
before changing the channel. Otherwise some of the 
character will appear on one line and the rest on 

another, which will more than likely cause framing er­
rors. 
But apart from this point the system works well in prac­
tice. By keeping a record of the channel and its speed 
it is possible to reload the timer every channel change 
and have multiple channels all operating at different 
speeds. 

IV - CONCLUSION 
This application note has attempted to describe and 
show what can be done using the 8051 and a modest 
amount of hardware. All of the applications describe 
have been implemented and debugged. The actual 
CPU card was built on a single eurocard with another 
eurocard being used forthe keyboard and LED display. 
At the moment the CPU card is running a Tiny BASIC 
system that controls an RS 232C terminal and 
hardcopy device, such as a line printer or cassette re­
corder. This gives some idea of the applications avail-

able. Other applications include: 

• consumer products • medical instruments 
• portable instruments • aero-space applications 
• telecommunications • automotive products 
• test equipment • etc. 
In all the 8051 can be used where a small high-perfor­
mance processor and associated peripherals are 
necessary up to large applications requiring up to 64 K 
of RAM and 64 K of ROM. 

APPENDIX I 
Listing of the interrupt program used to control the keyboard and display. 

MCS-51 MACRO ASSEMBLER KEYBOARD/DISPLAY REFRESH PROGRAM 
ISIS-II MCS-51 MACRO ASSEMBLER V2.0 
OBJECT MODULE PLACED IN : FO : APPLlC.OBJ 
ASSEMBLER INVOKED BY : : F1 : ASM51 APPLlC.A51 XREF 

LOC OBJ LINE SOURCE 

1 $TITLE (KEYBOARD/DISPLAY REFRESH PROGRAM) 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

KEYBOARD/DISPLAY SCAN INTERRUPT ROUTINE 

THIS ROUTINE UPDATES THE SEVEN SEGMENT DISPLAY 
AND CHECKS THE KEYPAD TO SEE IF A KEY IS BEING 
PRESSED. IF SO, THE FLAG "DBNCE" IS SET. THIS 
CAUSES THE ROUTINE TO CHECK THE REST OF THE 
KEYBOARD TO DETECT MULTIPLE CLOSURES, IT ALSO 
SERVES TO DEBOUNCE THE CURRENT KEY. WHEN A KEY 
HAS BEEN SEEN THE FLAG "CHARFND" IS SET TO 
INDICATE THAT A VALID KEY CODE IS IN THE BYTE 
"LAST KY". NO MORE KEYS WILL BE READ UNTIL THE 
KEY IS RELEASED - INDICATED BY CLEARING 
"CHARFND". 

P1.5-P1.7 = NUMBER OF COLUMN OUTPUT 
P1.0-P1.4 = NUMBER OF ROW INPUT 

7·23 

II 



8051/31AH or 8OC51/31 

LOC OBJ LINE SOURCE 
24 ; DEFINITION OF CONSTANTS AND WORKING VARIABLES 
25; 
26 DSEG AT30H 
27 ; 

0030 28 LAST_KY: DS ; LAST KEY READ FROM KEYBOARD IN MATRIX 
29 ; NOTATION. 

0031 30 ROW NO: OS 1 ; NUMBER OF LINE STROBED ON KEYBOARD. 
0032 31 DIGIT: DS 1 ; NUMBER OF DISPLAY DIGIT CURRENTLY LIT. 
0033 32 DATADDR: DS 1 ; DIGITS OF DISPLAY 

FFFF 33 DISPLAY EQU OFFFFH ; ADDRESS FOR 7-8EGMENT DISPLAY LATCH 
ooF4 34 INTVALH EQU OF4H ; TIME BETWEEN INTERRUPTS 
0000 35 INTVALL EQU OOH 

36 
37 BSEG ATO 
38; 

0000 39 CHARFND: DBIT ; CHARACTER VALID FLAG 
0001 40 DBNCE: DBIT ; DELAY FLAG 

41 
42 ; END OF VARIABLE DEFINITIONS 
43 
44 CSEG ATO 
45 

0000 46 ORG RESET 
47 

00000195 48 AJMP START ; RESET VECTOR 
49 

oooB 50 ORG TlMERO 
51 

000B0130 52 AJMP KEYSCAN ; JUMP TO INTERRUPT ROUTINE 
53 

0030 54 ORG 30H ; START AFTER OTHER INTERRUPT VECTORS 
55; 

oo30COEO 56 KEYSCAN: PUSH ACC ; SAVE REGISTERS 
0032C083 57 PUSH DPH 
0034C082 58 PUSH DPL 

59 , 
60 ; READ THE VALUE FROM THE PORT. IF NO KEYS HAVE BEEN DEPRESSED BITS P1.0-P1.4 
61 ; WILL BE ONE (1). THIS IS TESTED BY INVERTING AND LOOKING FOR ZERO. IF A KEY HAS 
62 ; BEEN PRESSED THEN THE DIGIT NUMBER IS ADDED BACK TO CREATE THE FULL CODE. 
63 

0036 E590 64 MOV P,P1 ; READ PORT -NEW DATA IN P1.4-P1.0 
003844EO 65 ORL A, OEOH ; MASK-IF NO KEY, ACC IS FFH 

II 
003AF4 66 CPL A ; INPUT IS THE INVERSE 
00386015 67 JZ RNISH ; TEST FOR A KEY 
oo3D2532 68 ADD A,DIGIT ; FORM FULL ADDRESS-ADD DIGIT NUMBER 
003F2oo109 69 JB DBNCE,CHECK ; TEST DEBOUNCE FLAG 

70 
; FIRST DEPRESSION-sA VE THE KEY CODE AND THE DIGIT NUMBER. SET THE DBNCE 71 

72 ; FLAG TO INDICATE THIS HAS BEEN DONE. 
73 

0042F530 74 MOV LAST_KY,A ; FIRST TlME-8TORE ACC 
0404D201 75 SETB DBNCE ; SET DBNCE FLAG 
0046853231 76 MOV ROW_NO,DIGIT ; SAVE DIGIT NUMBER 
00498010 77 SJMP NO_KEY ; KEY NOT VALID YET 

78 , 
79 ; IF THE DBNCE FLAG IS SET THEN THIS CODE CHECKS ALL OTHER KEYS IN TURN. WHEN IT 
80 ; SEES A KEY PRESS IT TESTS FOR THE SAME KEY AS BEFORE, THIS DELAY ALSO PROVIDES 
81 ; TIME TO ELIMINATE CONTACT BOUNCE. IF IT IS THE SAME KEY THEN A VALID KEY HAS 
82 ; BEEN SEEN, IF NOT THE DBNCE FLAG IS RESET AND THE PROGRAM RESTARTS. 
83; 

0048853009 84 CHECK: CJNE A,LAST _KY,DIFF ; SAME KEY AFTER DEBOUNCE? 
004ED2OQ 85 SETB CHARFND ; YE&CHARACTER VALID 
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LOC OB.) LINE SOURCE 
00508009 86 SJMP NO_KEY ; CONTINUE 

87 , 
88 ; HERE THERE ARE NO KEYS PRESSED AT ALL. THE CURRENT DIGIT NUMBER IS 
89 ; COMPARED WITH THAT OF THE LAST VALID KEY. IF THEY ARE THE SAME THEN THE KEY 
90 ; HAS BEEN RELEASED AD THE CHARFND FLAG CAN BE CLEARED, OTHERWISE 
91 ; CONTROL PASSES DIRECTLY TO THE REFRESH ROUTINE 
92 ; 

0052 E532 93 FINISH: MOV A,DIGIT ; NO KEYS PRESSED-LOAD PRESENT LINE 
0054853104 94 CJNE A,ROW_NO,NO_KEY ; SAME AS LAST TIME ? 
0057C201 95 DIFF: CLR DBNCE ; YES-RESET FLAGS FOR NEXT KEY 
0059C200 96 CLR CHARFND 

97 
; REFRESH DISPLAY ROUTINE. LIGHTS EACH DIGIT OF THE DISPLAY IN TURN 98 

99 , 
100 ; THE PRESENT DIGIT IS BLANKED BY CLEARING THE SEGMENTS. AFTERWARDS THE NEXT 
101 ; DIGIT IS SELECTED BY INCREMENTING THE DIGIT NUMBER OF P1.5-P1.7, DONE BY 
102 ; ADDING 20H TO THE PRESENT PORT VALUE. 
103 ; 

005B90FFFF 104 NO_KEY: MOV DPTR, DISPLAY ; ADDRESS OF OLITPLIT LATCH FOR DISPLAY 
005EE4 105 CLR A ; BLANK CHARACTER 
005FFO 106 MOVX @DPTR,A ; OUTPLIT TO DISPLAY 
0060 E532 107 MOV A,DIGIT ; CURRENTLY LIT DIGIT 
00622420 108 ADD A, 20H ; NEXT DIGIT 
0064F532 109 MOV DIGITA ; STORE FOR NEXTl1ME 
0066441F 110 ORL A, 1FH ; SET P1 
0068F590 111 MOV P1A ; OLITPLIT ACC TO SELECT NEXT DIGIT 

112 ; 
113 ; LOAD THE LATCH WITH THE CORRECT CODE FROM THE TABLE. THIS IS DONE BY 
114 ; SHIFllNG THE DIGIT NUMBER AND USING IT TO INDEX THE RAM TABLE CONTAINING 
115 ; THE 7-SEGMENT CHARACTER CODES. REGISTER RO IS SED TO INDEX THE TABLE 
116 ; AFTER HAVING BEEN SAVED FIRST. IT IS RESTORED AFTERWARDS 
117 

006AE532 118 MOV A,DIGIT ; GET DIGIT NUMBER AGAIN 
006CC4 119 SWAP A ; DIGIT = P1.3-P1.1 
006D03 120 RR A ; DIGIT = P1.2-P1.0 
006E2433 121 ADD A, DATADDR ; ADD RAM TABLE ADDRESS 
0070es 122 XCH A,RO 
0071 COED 123 PUSH ACC ;SAVERO 
0073E6 124 MOV A,@RO ; SEVEN SEGMENT CODE OF DIGIT 
0074FO. 125 MOVX @DPTR,A ; OLITPUT TO DISPLAY 
0075DOEO 126 POP ACC ; RESTORE OLD VALUE OF RO 
0077es 127 XCH A,RO 

128 
; RELOAD THE TIMER FOR THE NEXT INTERRUPT IN 3 MS. RESTORE ALL THE REGISTERS II 129 

130 ; AND RETURN FROM THE INTERRUPT. 
131 

0078118E 132 ACALL RELOAD ; LOAD TIMER AGAIN 
007AD082 133 POP DPL ; RESTORE VARIABLES FROM 
007CD083 134 POP DPH ; STACK AND EXIT INTERRUPT 
007EDOEO 135 POP ACC 
008032 136 REl1 

137 
138 , 
139 ; END OF INTERRUPT SERVICE ROUTlNE 
140 
141 ; 

0081 C201 142 LOAD: CLR DBNCE ; INITIALISE VARIABLES 
0083C200 143 CLR CHARFND 
0085753200 144 MOV DIGIT, 0 
00885389FO 145 ANL TMOD, OFOH ; SET UP KEYBOARD TIMER 
OO8B438901 146 ORL TMOD, 01H 
OO8E758AOO 147 RELOAD: MOV TLO, INTVALL ; LOAD DELAY 
0091758CF4 148 MOV THO, INTVALH 
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LOC OBJ 
009422 

LINE SOURCE 
149 RET ; JUMP TO MONITOR 
150 
151 ;ENDOFINITIALISATION 
152 

0095 1181 
153 . 
154 START: 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 , 
165 END 

ACALL LOAD ; START OF PROG-SET UP TIMER 

.. 
REST OF PROGRAM 
CONTINUES FROM HERE 

MCS-51 MACRO ASSEMBLER KEY BOARD/DISPLAY REFRESH PROGRAM 

XREF SYMBOL TABLE LISTING 

NAME TYPE 

ACC ................. DADDR 
CHARFND ........ B ADDR 
CHECK ............ C ADDR 
DATADDR ........ DADDR 
DBNCE ............ B ADDR 
DIFF ................. CADDR 
DIGIT ............... D ADDR 
DiSPLAy .......... NUMB 
DPH ................. DADDR 
DPL. ................. DADDR 
FINISH ............. C ADDR 
INlVALH .......... NUMB 
INlVALL ........... NUMB 
KEYSCAN ........ C ADDR 
LAST-KY ............ D ADDR 
LOAD ............... CADDR 
NO-KEy ............. C ADDR 
P1 .................... DADDR 
RELAOD .......... C ADDR 
RESET ............. C ADDR 
ROW-NO .......... D ADDR 
START ............. C ADDR 
THO .................. DADDR 
TIMERO .. ,. '" ..... C ADDR 
TLO .................. DADDR 
TMOD .............. DADDR 

VALUE 

OOEOH 
0020H.0 
004BH 
0033H 
0020H.1 
0057H 
0032H 
FFFFH 
0083H 
0082H 
0052H 
00F4H 
OOOOH 
0030H 
0030H 
0081H 
005BH 
0090H 
008EH 
OOOOH 
0031H 
0095H 
008CH 
OOOBH 
008AH 
0089H 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

ATTRIBUTES AND REFERENCES 

56123126135 
39 8596143 
6984 
32 121 
40 69 75 95 142 
8495 
31 687693107109118144 
33 104 
57134 
58133 
6793 
34 148 
35 147 
5256 
28 7484 
142 154 
778694104 
64111 
132147 
46 
30 7694 
48154 
148 
50 
147 
145146 

REGISTER BANK (S) USED: 0, TARGET MACHINE(S) : 8051 

ASSEMBLY COMPLETE, NO ERRORS FOUND 

= .... 
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8051/31AH or 80C51/31 

APPENDIX 2 
Circuit diagram 
The circuit diagram for the CPU card is given overleaf. 
All connections, except to RAM/ROM are shown. The 
decoding has been carried out in 2 K blocks allowing the 
use of HM6516, HM65161 or HM6116 RAMs and the 
HM6616 PROM. All of these components are directly 
pin compatible allowing easy system changes or 
upgrades. Although this 8051 card uses an 8031, it is 
possible to plug in a preprogrammed 8051. Changing 
the EA switch setting will cause the internal ROM to be 
enabled. 

Because the program memory time access is about 
200 ns the only EPROMs that can be used are the 
2732A or 2764. The 2716 EPROMs are not guaranteed 
to this speed. In practice the prototype system 
described here works well with 2716 EPROMs from 
four different manufacturers. It must be stressed that 
this is under laboratory conditions, working well within 
the manufacturers specifications. If speed is not a prob­
lem, slowing the processor clock will increase the avail­
able access time, guaranteeing operation under worst 
case conditions. 

8051 CPU CARD 

= {--------------'1~3,-14 iii'I1PJJ 

8051 

U214 LS 313 (8282) 
U314 LS 313 {8282, 
U4 8286 (74LS 245) 
U51415138 
U674 LS08 
U774LSOO 
UB74LS 32 
0915189 
UlO15188 

",CMOS_ 
bllOC31 

30 

::111 "'11 ~ 

~" 

r--+~-----------~~ 

}-L-___ +-__________ ~ .. 
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APPLICATION NOTE AN1040 

DIFFERENCES BETWEEN THE 8051 AH 
AND THE 80C51 

This article discusses the few differences which exist 
between the HMOS 8051AH and the CMOS 80C51 
microcontrollers. From the CMOS family's point of view, 
these differences consist of the addition to the software 

of two instructions for power saving and, hardwarewise, 
the inversion of the input from an external clock on in­
puts XT AL 1 and XT AL2, and the increased value of the 
resitance of input RST. 

SOFTWARE DIFFERENCES BETWEEN THE TWO FAMILIES 
The 80C51 microcontroller has two additional power 
saving modes: POWER-DOWN and IDLE. 
These additional modes are accessed by the PCON 
(87H) register. To activate these modes, it is simply 
necessary to put a "1" in bit PO = PCON. 1 or bit IDL = 
PCON.O 

POWER DOWN 

This mode is entered by setting PO = PCON.1JQ "1". 
As shown in figure 1, the oscillator is stopped (PO = 0) 
and the 80C51 's activity is suspended. 
While this mode is active, the status of the special 

OSOUAlOR 

PO --t----------' 

Figure 1. 
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registers and the internal RAM is fixed. Only a reset via 
the RST input enables exit from this status. The time 
taken by the 80C51 to exit from this mode is equivalent 
to the duration of the RESET and depends on the 
oscillator's start-up time, the operating frequency and 
the quartz used. If tosc is the oscillator's start-up time, 
the duration of RESET should be equal to tosc + 2 
machine cycles. 
When the 80C51 returns to the normal mode, only the 
content of the internal RAM remains unchanged, all the 
special registers are reconfigured as a result of the 
RESET. 

a..oa< 
GENERAlOR 

01 

02 

MATRA MHS 
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8051AH AND 8OC51 ____________ _ 

Table 1 shows the content of the special registers after 
execution of a reset. 

REGISTERS 
PC 
ACC 
B 
PSW 
SP 
DPTR 
PO-P3 
IP 
IE 
TMOD 
TCON 
THO 
TLO 
TH1 
TL1 
SCON 
SBUF 
PCON 

IDLE MODE 

CONTENT 
OOOOH 

OOH 
OOH 
OOH 
07H 

OOOOH 
OFFH 

XXXOOOOOB 
OXXOOOOOB 

OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 

OXXXOOOOB 

This mode is activated by setting bit IDL = PCON.O to 
"1". In this mode (as shown in figure 2), the CPU is no 
longer driven by the clock and its arithmetical, logical, 

etc. operations are suspended. Only the TIMERs, the 
UART and the INTERRUPTS remain under the clock's 
control. 
Power dissipation which was 1SmA at VCC = SV and 
at 12MHz, drops to 3mA. Once this mode has been 
entered, the status of the special registers and the in­
ternal RAM is frozen. 
There are two ways of exiting from this mode, either by 
a reset or by means of any of the interrupts. 
A reset, maintained during 2 machine cycles has the 
same effects as a normal reset: the internal RAM's con­
tent is conserved and the special registers assume the 
values given in table 1 . 
The interrupt sub-routine, which enables exit from this 
mode, will be executed and instruction RETI will result 
in the continuation in sequence of the instruction placed 
immediately after the IDLE mode instruction. 

DISSIPATION 

Table 2 shows the different dissipation according to the 
operating mode and the technology used. 

OPERATING 
80C31/ MODE AT 12 MHZ 80131/51AH 

VCC = 5 V 80C51 

Normal 125 mA 15 mA 

Power-down SOJ.IA 
Idle 3mA 

a...oCK 
GENERAlOR 

TIMER 0 AND 1 
~~-------- UART 

INTERRUPTS 
OSaLLATOR 

IPO AND 
IIOL _________ ~ ~---CPu 

Figure 2. 

Table 3 shows the status of the different Inputs/Outputs during the two power saving modes. 

MODE 
PROGRAM 

ALE PSEN PORTO PORT1 PORT2 PORT3 MEMORY 

IDLE Internal 1 1 Port Data Port Data Port Data Port Data 
IDLE External 1 1 Floating Port Data Address Port Data 

Power-down Internal 0 0 Port Data Port Data Port Data Port Data 
Power-down External 0 0 Floating Port Data Port Data Port Data 

7-30 
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HARDWARE DIFFERENCES BETWEEN THE TWO FAMILIES 
The impedance of input RST and the input on XTAL 1, 
when an external clock is used, are the differences be­
tween the two families. 

8051AH 

18 
External clock- XTAL2 

19 
- XTAL1 

Figure 3. 

RSTINPUT 

The value of the RST input resistor is changed from 8.2 
k to 125k in the CMOS version. As a result, the value 
of the reset capacitance can be lower while conserving 
the same time constant. 

7-31 

EXTERNAL CLOCK 
A fundamental difference is the case of the driving of the 
microcontroller by an external clock. 
Where as driving is on input 18 (XT AL2) for the 8051 AH, 
it is on input 19 (XTAL1) on the 80C51 (see figure 3). 

80C51 

18 
-
19 

External clock-
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APPLICATION NOTE AN1041 

STATIC WORKING OF MHS C51 
MICROCONTROLLERS USED FOR THE 

SYNCHRONIZATION OF SLOW PERIPHERALS 

The MHS C51 family of microcontrollers are built in 
CMOS technology and are 100 % static. Their feature 
is that they can operate at very low frequency and can 

even stop the clock whilst operating without altering ex­
ecution of the program. 

LIMIT OF INTERFACING WITH A SLOW PERIPHERAL 
In certain applications, for example that given in figu­
re 1, it often happens that the peripheral's access time 
is longer than the microcontroller's read/write cycle. 

P2 

WRJ 
RDI 

ALE 

8OC511~~ 
83C154 

'0V'I0 • ....., 8 bits 

Figure 1 : Interfacing with a peripheral. 

The timing diagram in figure 2 shows the different para­
meters that must be taken into account in order to solve 
the problems of peripheral access time. 
Thus, one of the parameters, tplatch, (latch address 
propagation time) introduces a delay which varies ac­
cording to the latch technology used (ct. TAB1). 

A4fi1! 01-8nS 

nbits 

,1 
L 
A 
T 
C 
H 

'--
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Therefore, it is necessary that the peripheral can sub­
ject the microcontroller's activity to its own speed to en­
sure correct operation of the cycle. 

NJ-An 

IWR 
lAD 

Memory 

8 bits 
AD-A7 

00-07 

8 bits J 

TAB 1. tpd = tplatch according to technology used. 

MATRA MHS 
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READ CYCLE 

STATIC WORKING OF MHS C51 MICROCONTROLLERS 

o 0+1 

aJ( 

ALE 

AD-A7 ~t------'X,,------,'[ 

l ~ 
~-y f-------'>-DOC 
ADI l j~/ 

~J-TRlW 
Figure 2 : Peripheral read access. 

The peripheral's maximum response time is given by 
other parameters relating to the microcontroller : 
TRDLV and TAVDV. Therefore, if the microcontroller's 

operating frequency is 12 MHz and the latch is a 
74HCT193, the peripheral must respond in at least: 

- trep < TADV = (9 x TCLCL - 165) - tplatch = 585 - 49 = 563 ns 
in relation to the appearance of the address 

and 
- trep < TRLDV = (5 x TCLCL -165) = 251 ns 

in relation to the appearance of the command 

If the peripheral's response time is greater that 251 ns 
or 536 ns, it is necessary to prolong the cycle until the 
peripheral has completed the command. 
For example, if the peripheral's response time in rela-

7-34 

tion to the command is 600 ns, the command cycle must 
be prolonged by: 600 - 251 =349 ns or349/83.34 clock 
periods at 12 MHz. 



STATIC WORKING OF MHS C51 MICROCONTROLLERS 

SOLUTION FOR INTERFACING WITH A SLOW PERIPHERAL 

Figure 3 is a schematic of a typical application in which the peripheral controls the microcontroller's by means of the 
Ready signal. 

80C51/C52/C154 

XTAL1 
AO-A15 RR rD1 DD-D7 DW RST IVCC 

I 74LS124 I 
f----r). lEW 

8 8 A N 
b b N 0 0 
i i D R R 
t t 
s s » 
DD-D7 RW Ready 

AO-A15 D R 

PERIPHERIQUE 

Figure 3 : Interfacing with a slow peripheral. 

Figure 4 gives the timing diagrams for operating with a 
peripheral that is not adapted to the microcontroller's 
read cycle. The data arrives too late on the data bus 00-
07. Therefore, the access time, TROLV and TAVOV, 
must be prolonged by a value equivalent to twait. 
The schematic in figure 3 enables prolongation of the 
read/write cycle for as long as the peripheral requires 
in order to execute the command generated by the 
microcontroller. 

7-35 

The microcontroller is equipped with an external oscil­
lator, built with a 74LS124, driven by a quartz and con­
nected to XTAL 1. The 74LS124 oscillator's operation 
can be blocked by means of its /EW input. A "1" applied 
to this input forces the 74LS124 to terminate the current 
clock cycle and to stop on a low level. A "0" level on 
inpuVEW reinitiates the clock which effectively restarts 
on a level "1 ". Replacement of this circuit by a 748124 
is not possible, once enabled this circuit requires seve­
ral cycles before it becomes stable. 



STATIC WORKING OF MHS C51 MICROCONTROLLERS 

Therefore, the particularity of this circuit is to provide a stop and restart specific to the microcontroller. 

XTAL1 ~ll 

ALE 

~ll II 
IWR+/RD 

Ready t:~ ~ 
l-twaitJ 

ADO-AD7 

Figure 4 : Timing diagrams for Figure 3. 

At the beginning of the read/write cycle, the peripheral's 
Ready output is at "1" and inpuVEW is at "0". When a 
command is generated, IWR or /RD = 0, inputlEW goes 
to "1" and the oscillator stops effectively on completion 
of its current clock cycle, setting its Ready output to "0". 
At the same time, the command synchronizes the 
Ready signal's transition to level "0". After prolonging 

Ready 

11 

the read cycle by twait, the Ready signal's transition to 
"1" indicates to the microcontroller that the peripheral 
has terminated execution of the command and that it 
can complete the current cycle. 
Another solution, if no 74LS124 is available, is to use 
the schematic shown in figure 5. 

EXTERNAL CLOO< --4-_-~U XTAL1 

Figure 5. 
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This circuit performs the same functions as the 
74LS124 circuit, that is to effectively stop and restart the 

EXTERNAl a..oa< 

IWR+/RD 

/0 

XTAL1 

Figure 6. 

The peripheral controls the Ready signal and several 
circuit can be used. Figures 7 and 8 show two of the 
many possible solutions. 

IWR 
JRD 

vee 

R 

twait=R X C X In(vcc/(VCC-VIH) 
forVCC= 5V and VIH=2V 
twait=O.51 X R X C 

Figure 7 : Solution 1. 

Ready 

Before the command is generated (/wR and /RO are at 
"1 ") the two inputs X1 and X2 are at 1 and the Ready 
output is at "1 ". A write or read access changes the state 
of inputs X1 and X2 (X2 = 0, X1 = 0) and the Ready out­
put goes to "0". Input X1 evolves at the speed ofthe time 
constant RC. When the voltage reaches the threshold 

7-37 

microcontrolier. The timing diagrams in figure 6 show 
the electrical operation of this circuit. 

voltage VIH (2 V) at the end of a time equivalent to twait, 
X1 = 1 and X2 = a and the Ready output returns to "1". 
The microcontrolier terminates the current command 
by raising the write/read signal. 

MONOSTABLE Timer 

X1 
vee 

Rint 
/0 

CextlRext 
74LS121 

L---.-______ ..J Ready 

twait = 7*R*C 
2KQ<R<40KQ 
10pf<C< 10}lf 

Figure 8 : Solution 2. 

CONCLUSION 
The staticity of the MHS C51 microcontroliers makes it 
possible to provide simple interfacing for any 
peripheral, fast or slow. 

~"II1MIS 
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APPLICATION NOTE AN1042 

80C51 OSCILLATORS 

OSCILLATOR START-UP 
• The 80C51 's oscillator start-up time depends on two 

main parameters: 
- the characteristics of the power supply, 
- the values of the capacitances placed at the ter-
minals of the quartz. 

l 

CHANNEL A 
\t;c 

\t;c 
OOC51 

• The continuation of this article discusses the oscil­
lator start-up time as a function of these two 
parameters. 

\t;c 

o ~-----r--------~~t 

CHANNELB 

C1 
X1 19 I 

/ : 
f 0 'IQ=12 MHZ i 
\, I 

X2 18'-- _/ : 
C2 

1{ IA::c 
O<Vcc<6V 

.. t 
I 

U· td 

.~ 
td: OSOLLAlOR srART-UPTlME 

Channel B 

.. t 

1. Test Circuit. 
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80C51 OSCILLATORS 

2. Power supply characteristics 

• At the given capacitance Cx, the oscillator's start-up 
time depends on the value of the power supply and 
its rise time. 

• Value of Vee 
- For a given rise time, the start-up time td decreases 
when the supply voltage Vcc increases. 

v cc (V) 3 4 5 6 

td (ms) 2 1.5 1.2 

Cx = 54 pf ; tr = 1 ~s 

• Vcc rise time 
- For a given Vcc value, the start-up time td increases 
when the rise time tr increases. 

tr (ms) 

td (ms) 

Cx = 54 pf ; VCC = 5 V 

- Comment: on powering-up, the oscillator has its 
own internal delay. It can be measured by approach­
ing the rise time of the power supply close to zero. 

.. t 

tdo: SPECIFIC OSClUAlOR DELAY 

~ t 

- Conclusion: The power supply's rise time causes 
an additional delay to the oscillator's rise time. 
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\Co VD 6?(= VD~22V 
I I 

~ t 
I I 
I I 

. !tdoi .Ann 
td~vVL 

td I i tdo I~ 
VO : is the minimal supply voltage required by the 
BOC51 in order to start its oscillator. 

3. Capacitance Cx at the terminals of the 
quartz 

• For a given power supply characteristic, the 
oscillator's start-up time td increases when 
capacitance Cx increases. 

Cx (pf) 

INTEL (ms) 

MHS (ms) 

OKI (ms) 

PHILIPPS (ms) 

Vee = 5 V ; tr = 1 ~s 

Cx (pf) 

INTEL (ms) 

MHS (ms) 

OKI (ms) 

PHILIPPS (ms) 

Vee = 3 V ; tr = 1 ms 

4. Synthesis 

27 

.4 

.6 

.2 

.4 

27 

.75 

1 

.5 

.6 

54 81 108 
.B 1.6 3.2 

1.2 2.4 3.2 

.4 1.2 2.4 

1.2 2.4 4 

54 81 108 
1.5 3 6 

2 4 B 

1 2 3 

1.8 3.6 7.2 

The table below shows the parameters to be manipu­
lated in order to increase or decrease the oscillator's 
start-up time. 

tr Vcc Cx 

td .... 

td, 
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APPLICATION NOTE AN1043 

DIFFERENCES BETWEEN 
THE 83C154 AND THE 80C52 

The 83C154 is an 8-bit microcontroller belonging to the 
MHS C51 family of microcontrollers. Its instruction set 
and the numberof functions implemented are fully com­
patible with this family. The innovations concern the 
size of RAM available, 16 Kbytes instead of 8 and the 
new functions listed in table 1. 

- TIMER 1 and TIMER 0 : 
32-bit TIMER/COUNTER, 
WATCH DOG, 
Asynchronous counting in POWER-DOWN mode. 

- PORTS, 1,2,3: 
Choice of output resistance value. 

- UART: 
Receive error detection. 

- POWER-DOWN MODE: 
Software and hardware control. 

-IDLE MODE: 
New possibility for exiting from this mode. 

- INTERRUPTS: 
New mode. 

IOCON 
Figure 1 shows the correspondence between the 
83C154's new functions and the different bits of the 

IOCON register (OF8H) which can only be addressed 
by bit. 

Figure 1. 

IOCON 

PORTs 1.2.3 floating 
'----- (POWER-DOWN) 

'----11- PORT 1: floatingllZC 

L..---II_ PORT 2: floating or IZC 

'----II- PORT 3: floating or IZC 

'----II-PORTs 1.2.3100ko or 10kO 

Error detection on serial link 

32-bit TIMER/COUNTER 

WATCH-DOG 

7·41 MATRA MHS 



83C154 AND 80C52 ____________ _ 

BITS RPD AND HPD 
Two supplementary bits of register PCON, RPD and 
HPD, are used to provide the additional management 
functions for the POWER-DOWN and IDLE modes. 

Figure 2 shows the correspondence between the 
PCON register bits and the new power saving modes. 
PCON is not bit-addressable. 

o 
PCON 

'----~IDLE mode 

POWER-DOWN mode 

'---- General purpose FLAG 0 

'--_~ General purpose FLAG 1 

'----~ Supplementary functions for the POWER-DOWN and IDLE modes 

Supplementary function for POWER-DOWN mode 

'----~ BAUD generator 

Figure 2. 

TIMER/COUNTERs 0 AND 1 
The 83C154 has three 16-bit TIMER/COUNTERS, 
TIMER 0, TIMER 1 and TIMER 2. The architecture and 
instruction set of these three TIMERS are compatible 
with the MHS C51 family. In addition to the 4 existing 
modes, 2 other modes have been added for TIMER 1 
and TIMER 0: 

err ----+ 

TO 

Figure 3. 

iiii'Miiii 

- a WATCH-DOG mode, 
- A 32-bit TIMER/COUNTER mode. 

These new modes are explained in detail below. 
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32·81T MODE: 
This mode is activated by setting bit T32 of register 
laCON (ICON.6 = OFEH) to " 1 ". This action causes 
TIMER 0 AND TIMER 1 to be configured as a 32-bit 
TIMER/COUNTER and this, whatever the value of the 
configuration register TMOD. TIMER 0 constitutes the 
LSBs and TIMER 1 the MSBs. Two sources provide 
control of this 32-bit TIMER/COUNTER, either the 
83C154's clock (TIMER mode) or an external clock con­
nected to input TO (COUNTER mode). This selection is 
made by programming bit CITO of register TMOD 
(089H). If (CITO) = 0, the 83C154 is in TIMER mode and 
if (CIT) = 1, it is COUNTER mode. 
Counting is started when bit (T32) = 1 and is stopped 
by complementing T32. If the TIMER/COUNTER is to 
be stopped, when restarted and stopped again, care 
must be taken to ensure that bits TRO and TR1 are 
programmed with the value o. The contrary would result 
in the restarting of one of the two TIMER/COUNTERs 
which would modify the content of the 32-bit 
TIMER/COUNTER Bit TF1 enables detection of a 
TIMER/COUNTER overflow. The following formulae 
are to be used for calculating the required frequency: 

32-bit TIMER MODE 

IXTALI--fx-ta-I--IEJf-----l1 TO, T1 ~ TF1 

f = ~~~-----'.fx.c::.ta:.:..I~~_ 
12 x (65536 - (TO, T1)) 

32-bit COUNTER MODE 

TO _fe_x_t -------11 TO, T1 ~ TF1 

f = ~~~~fe_x_t~~_ 
65536 - (TO, T1) 

fext < fxtal 
24 

In order to be able to increment its counter, the 83C154 
must detect a complete signal at its input, that is to say 
a succession of two transitions. On each machine cycle 
the 83C154 samples its TO input (fxtal/12). Therefore, 
to increment its counter, it must read its TO input at least 
twice, in other words a minimum time of 24 clock 
periods. Thus, the maximum frequency of signal fxtal is 
less than or equal to fxtal/24. 
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WATCH·DOG MODE 

TIMER 0 (mode 3) THO, 8 BI1S 

TIMER I (modes 0, 1,2,) 

32-BITTIMER 

This mode is activated by setting bit WDT of register 
ICON (ICON.? = OFFH) to" 1 ". 
Several configurations are possible, but always based 
on TIMERs 0 and 1 : 

- TIMER 0 : program in mode 3, THO is seen as an 8-bit 
TIMER and is controlled by TR1. 
- TIMER 1 : can be programmed in mode 0, 1 and 2. 
- TIMER 32 : special 83C154 mode which combines the 
bits of TIMER 0 and TIMER 1 to form a single 32-bit 
TIMER. 
Whatever the chosen configuration, the WATCH-DOG 
can be controlled either by an internal source (C/T = 0) 
or by an external source (CIT = 1). The TIMER is started 
by setting bit TRO or TR1 or TR32 of register TCON or 
ICON to " 1 ". A timer overflow is detected by flag TF1 
(TF1 = 1) of register TCON (TCON.? = 08FH). When 
an overflow occurs (TF1) = 1, the 83C154 is reset im­
mediately. This action has the same effects as a 
hardware reset. As there are no precautions for protect­
ing bit WDT, special care must be taken during program 
writing to avoid accidental manipulation of this bit. In 
particular, the user should use the IOCON register bit 
manipulation instructions: 
- SETB X and CLR X 
in preference to the byte manipulation instructions: 
- MOV laCON, #XXH, ORL laCON, #XXH, ANL 
laCON, #OXXH, ..... . 

iiii'M1lii 
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EXTERNAL COUNTING IN POWER­
DOWN MODE 
In POWER-DOWN mode, the oscillator is stopped and 
the 83C154's activity is frozen. However, if an external 
clock is connected to one of the inputs T1 or TO, im­
plementation of the functions of TIMER 0 and TIMER 1 
can continue. In this case, counting is asynchronous 
and the maximum, admissible signal frequency on input 
T1 or TO only depends on the counter's intrinsic cons­
tants. Overflow of one of the counters, TFO = 1 or 
TF1 = 1 will either trigger the interrupt or will force a 
reset if the counter is programmed in the WATCH-DOG 
mode (COUNTER 1 only). In both cases, the overflow 
of one of the two counters results in exit from the 
POWER-DOWN mode. 

POWER SAVING MODE IDLE MODE 
This mode is 100 % compatible with that of the 80C52 
and has an additional function. This mode is software­
controlled. Entry and execution are implemented by 
setting the IDL bit to " 1 ". Exit from this mode is con­
trolled by bit RPD of register PCON and the interrupt 
register IE : 
- RPD = 0 
If no interrupt is enabled, the only possibility of exiting 
from this mode is a reset of the 83C154. 
If the interrupts are enabled, exit from the mode can be 
made either by interrupt or by reset. 
- RPD = 1 
- Whether enabled or not, an interrupt request causes 
the 83C154 to exit from the POWER-DOWN mode. 
- If no interrupt is present, only a reset will cause the 
83C154 to exit from this mode. 
Table 2 summarizes the different types of operation of 
this mode. 

INPUT OUTPUT 
CONDITIONS CONDITIONS 

IDLE IDL RPD INTERRUPTS RST 

SOFTWARE 
1 0 if authorized YES 

1 1 Authorized or not YES 

Table 2. 

INPUT CONDITIONS 
POWER-DOWN HPD PO T1 

0 1 X 
SOFTWARE 

0 1 X 

HARDWARE 1 0 

HARDWARE and 1 0 
SOFTWARE 1 1 

x = without action 

Table 3. 
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POWER-DOWN MODE 
This mode is controlled by : 
- software by bits PO, RPD and the IE register, 
- hardware by bit HPD. 
On entry into this mode, the clock is stopped and the 
83C154's activity is suspended. However, the UART 
ant TIMER (0/1) functions continue to work if : 
- an external clock is connected to one of the inputs TO 
or T1 
- register TMOD is programmed correctly (CIT = 1). 

HARDWARE CONTROL 

Hardware control (HPD = 1) 
This mode is entirely software-controlled by an external 
signal connected to input T1. The trailing edge of this 
signal activates fhe POWER-DOWN mode (after the 
current instruction has been executed). The leading 
edge of this same signal (T1) or a reset enables the 
83C154 to quit this mode. Interrupt requests, even if 
enabled, do not enable exit from this mode. 

SOFTWARE CONTROL 
- Entry to mode (PO = 1) 
The POWER-DOWN mode is entered when bit PO of 
register PCON is at" 1 ". 
- Exit from mode 
Exit from this mode is controlled by bit RPD. 
(RPD = 0) 
If the interrupts are not enabled, the only means of exit 
from this mode is to apply a reset to input RST. 
(RPD = 1) 
Whether the interrupts are enabled or not, an interrupt 
request or a reset causes the 83C154 to quit this mode. 
If the interrupt requests are enabled by the IE register, 
execution of the program continues with the servicing 
of the interrupt sub-routine. 
If the interrupt requests are not enabled, the instruction 
following the POWER-DOWN mode instruction is ex­
ecuted. 
Table 3 summarizes the different types of operation in 
this mode. 

OUTPUT CONDITIONS 

T1 RPD INTERRUPTS RST 
X 0 if authorized Yes 

X 1 Authorized or not Yes 

X X Yes 

0 If authorized Yes 

1 Authorized or not Yes 
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COMMENT 
In the case of mixed-hardware software working, the 
POWER-DOWN mode can be entered by means of 
HPD = 1 or PD = 1. 
When RPD = 1, exit from the mode occurs when T1 
retums to 1 and when an interrupt request is generated .. 
Otherwise the only way of quitting the mode is to apply 
a reset to input RST. 

It is possible to operate the POWER-DOWN and IDLE 
modes in parallel. Exit is only possible when exit T1 
goes high and if, with RPD 1 = 1, an interrupt request 
has been generated. Otherwise the only possibility of 
exiting is to generate a reset on input RST. 

SERIAL LINK 
The 83C154 has all four of the 80C52's operating 
modes, with an addition: 

- FRAME and OVERRUN error detection, 

- Operation (mode 1, 3) in POWER-DOWN and IDLE 
mode. 

FRAME ERROR 
This function enables detection of a transmission error 
in the format of a received character. Arrival of a char­
acter is detected by the trailing edge of the character 
start bit. All received bits are sampled on the 7th, 8th 
and 9th bits of the receive clock (16 or 32 times the 
reception speed). A majority vote is taken on these 3 
bits to determine if the received bit is a "1" or a "0". If a 
"0" is read in place of a stop bit (which is always at "1 ", 
there is an error in the transmission format and bit 
SERR (SERR) = 1 of register IOCON (IOCON = OF8H) 
is set at "1". The timing diagram below represents a 
character with its stop bit missing. A format error is sig­
nalled by bit SERR. 
Figure 3 gives the timing diagrams for a serial gate 
presenting this error. 

RXO ll...--.L.-I 0_0 .1.-1 0_1 .L.-I 0_2 .L.-I 0_3 ..1-1 0_4..1-1 0_5....1..-1 O_B....L..I_OY....L..I-s_-;OP_-=_0 __ 

RI 

SERR 

Figure 3. 

As in the case of the RI flag, the SERR flag is reset to zero by the software. 

OVERRUN ERROR 
This function detects when a received character has not 
been read and has been replaced by another character. 
Reception of a character is signalled to the 83C 154 by 
raising the RI flag to "1 ". This flag stays at "1 " until the 
user resets it to "0" (CLR RI). If the next character is sent 

before the previous character has been read, an error 
is detected and bit SERR of register IOCON (IOCON = 
OF8H) is set to "1 ". 
Figure 4 shows the timing diagrams of the serial link for 
this error. 

RXOl~ __ ~C_H_A_RA_cr __ E_R_1-L ____ ~I __ -LI_C_H_AR_A_cr __ ER __ 2~1 ____ ___ 
RI 

ERR 

Figure 4. 

As in the case of the RI flag, the SERR flag is reset to zero by the software. 

7-45 



III 

83C154AND80C52 ____________ _ 

POWER-DOWN AN IDLE MODE 
The serial link is able to run in power down and idle 
mode. As the CPU clock is frozen, only the UART mode 
1 and 3 are operationnal. 

I/O PORT 

The transmission clock has to be generated with Timer 
1 and use the external clock ((CIT) = 1, ((Gate = 0)). 
Max frequency will be : Fext (FxtaI/24). 
Fext :s; OSC/24 

vee vee vee 

P1 P2 P3 

10 
port PORT.X 

latch 

OR 
PD.ALF 

+ 
PnHZ 

N 

GND 

lZe 

P1 =1 KQ: P2=100 KQ: P3=10 KQ 

Figure 6. 

The 1/0 drives for P1, P2, P3 of the 83C154 are im­
pedance programmable. 
The 1/0 buffers for ports 1, 2 and 3 implemented as 
shown in Fig. 6. 

The impedance can be programmed through the 
register 10CON (lOCON = OF8H). 
Table 4 is a detail of register 10CON showing PORT im­
pedance selection. 

IOCON 

PORTs 1.2,3 floating 

PORT 1 : floatingllZe 

PORT 2: floating or IZC 

L--___ .. PORT 3: floating or IZC 

PORTs 1,2,3: 1001<0 or 10ko 

Table 4. 
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There is a choice of three possible resistance values: 
10k, 100 k, and floating. 
ALF = 1, all the PORTS (1, 2 and 3) are floating in 
POWER-DOWN mode. 
P1 HZ, P2HZ or P3HZ = 0 the output resistance 
depends on the choice of IZC. 
P1 HZ, P2HZ or P3HZ = 1 the PORT is floating. 
IZC = 0, the output resistance is 10 kQ. 
IZC = 1, the output resistance is 100 kQ. 
Table 5 below is a summary of the possibilities offered 
by register IOCON. 

The 83C154's IP register (OB8H) has a new function as 
the possibility of making the interrupt level identical for 
all types of 83C154 interrupts. 

ALF Ize PnHZ 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 X X 

F = FLOATING; X = 1 or 0; 1 <; n <; 3 
* in POWER-DOWN mode 

Pn 
10 kQ 

F 

100 kQ 

F 

*F 

Programming of bit PCT (PCT = 1, PCT = IP.?) gives 
all interrupts the same level. 
Table 6 is a detail of the IP register. 

IP 

L---~INTOI 

~~TIMERO 

~~INTI1 

TIMER 1 

L.-.......... RI+TI 

L..--~TIMER II 

L.--"'ldentical level for all interrupts 

Table 4. 

All the bits of this register can be addressed directly. 
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APPLICATION NOTE AN1044 

DIFFERENCES BETWEEN OKI 
AND MHS 83C154s 

MHS's 83C154 is a development of INTEL's 80C51 152 
family of microcontrollers. All the basic mechanisms (in­
terrupts, 1/0, etc.) of MHS's 83C154 are 100 % com­
patible with those of the INTEL 80C51/C52 family. 

There are several incompatibilities between the basic 
mechanisms of the OKI83C154 and the MHS 83C154. 
In practice, these differences are invisible to the user. 
They are listed hereafter: 

- Division by zero. 
- Conditional jump. 
- Long jump on a call from a sub-routine. 
- Serial port. 
- Port writing. 
- TIMER interrupt request. 

These differences are discussed in the following para­
graphs. 

DIVISION BY ZERO 

Division by zero is performed by putting the numerator 
in register B and the denominator in register A. The 
result in the division is stored in register A and the 

A460 / 01-8775 7-49 

remainder in register B. The difference between MHS 
and OKI is in the result and is shown below: 

I 
A div B -'> result =A 

I remainder =B 

II MHS B = FF OKI B = 00 II 
CONDITIONAL JUMP 
Conditional jumps JC, JNC, JZ and JNZ are single byte 
instructions that execute in 2 machine cycles. Before 
branching to the new address : 

- MHS increments the PC twice. 
- OKI increments the PC once. 

LONG JUMP 
The long jumps, LCALL and LJMP are three-byte in­
structions that execute in 2 machine cycles. Before 
branching to the new address: 

- MHS increments the PC 3 times, 
- OKI increments the PC twice. 

MATRA MHS 
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SERIAL PORT 

Transmission clock start-up in modes 1 , 2 and 3. 

TIMER 1 

The divider by 16 which, ultimately, generates the clock, 
is controlled differently according to the manufacturer: 

- MHS : the divider starts on completion of RESET, 
- OKI : the divider starts after the following instructions: 

MHS 

fbaud 

WRITING IN 
SBUFF 

TXD 

OKI 

fbaud 

WRITING IN 
SBUFF 

TXD 

7-50 

fbaud 

- MOV TCON, #XX 
- MOV SCON, #XX 
- MOV SBUF, #XX 

The following timing diagrams illustrate the differences: 

START8JT 

STARfBlT 
DO 



83C154 

INPUT/OUTPUT PORTS 

The port write instructions execute in 2 cycles. The data 
arrives at the gate outputs on the second instruction 
cycle. The rapidity with which the data arrives at the 
gates varies with the manufacturer: 

C1 

MHSPORT 

OKIPORT 

INTERRUPTS 

When a TIMER (0, 1 or 2) times out, the interrupt request 
is generated in the same instruction cycle in the case of 

Ci 

TIMER 2 OVERFLOW 

SIGNAL TF2 SETTO 1 

MHS 

OKI 

7-51 

MHS : the data arrives in phase with the 1 st clock cycle 
of the instruction cycle following the write cycle. 
OKI : the data arrive in phase with the 6th clock cycle 
of the 2nd write cycle. 

C2 

the MHS microcontroller and in the next cycle in the case 
of the OK!. 

Ci+ 1 

fiilijM IS 
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INTERQ SIGNAL INTERRUPT REQUEST 

Ci Ci+1 

CONCLUSION 

In pratice, all these differences are transparent from the likely to prevent full compatibility between the two cir-
User's point of view. Only the differences in the division cuits. 
by zero and the interrupt requests form the TIMERS are 
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PACKAGING 

PACKAGE SELECTION GUIDE 

CERAMIC PACKAGE PLASTIC PACKAGE 

PART NUMBER SIDE CERDIP BRAZE 

80C31/51 - 5H 

80C32/52 - C4 

80C 154/83C 154 - C4 

80C732/752 - C4 
* Contact your nearest sales office for other requirements. 

STANDARD NOTES FOR PLASTIC D.I.L. 
1 - Controlling dimensions: inches 

In case of conflict or interpretation between the 
english and metric tabulation, the inch dimensions 
are controlling. 

2 - Dimensioning and tolerancing per ansi y 
14.5M-1982. 

3 - Dimensions A.A 1. and L are measured with the 
package seated in jedec seatind plane gauge GS-3. 

4 - D and E1 dimensions do not include mold flash or 
protusions. Mold flash or protusions shall not ex­
ceed. 010 inch (0.25 mm). 

5 - E and eA measured at the leads contrained to be 
perpendicular to the base plane. 

6 - eB is measured at the lead tips with the leads un­
contrained. 

7 - Corner leads may be configured as shown in fig­
ure2. 

STANDARD NOTES FOR CERAMIC D.I.L. 
1 - Controlling dimensions: inches. 

In case of conflict or interpretation between the 
english and metric tabulation, the inch dimensions 
are controlling. 

2 - Dimensioning and tolerancing per ansi y 
14.5M-1982. 

3 - Dimensions A.A 1. and L are measured with the 
package seated in jedec seatind plane gauge GS-3. 

4 - E and eA measured at the leads contrained to be 
perpendicular to the base plane. 

5 - eB is measured at the lead tips with the leads un­
contrained. 

6 - Corner leads may be configured as shown in 
figure 2. 

LCC JLCC PGA OIL PLCC QUAD 
FLAT 

L09 

EA 

EA 

EA 

8-3 

J44 - X22 K04 F03 

J44 - X29 K03 F04 

J44 - X29 K16 F04 

J44 - X29 K16 -

7 - Leads within 0.127 radius of true position at gauge 
plane with MMC (maximum material condition) and 
unit installed. 

STANDARD NOTES FOR PLCC 
1 - Controlling dimensions: inches. 

In case of conflict or interpretation between the 
english and metric tabulation, the inch dimensions 
are controlling. 

2 - Dimensioning and tolerancing per ansi y 
14.5 M-1982. 

3 - D and E1 dimensions do not include mold flash or 
protusions. Mold flash or protusions shall not ex­
ceed 0.25 mm (.010 inch). 

STANDARD NOTES FOR PLASTIC QFP 

1 - Controlling dimensions: mm. 

2 - Dimensioning and tolerancing per ansi y 14.5 M-
1982. 

3 - D1 and E1 dimensions do not include mold flash or 
protusions. Mold flash or protusions shall not ex­
ceed 0.25 mm (.010 inch). 

4 - Datum plane -H- located at top of mold parting line 
and coincident with top of lead, where lead exit plas­
tic body. 

5 - Datums -A- and -D- to be determined where center 
of leads exit plastic body. 

6 - When NBR of lead per side is even. Datums -A- and 
-D- are determined by adding the half pitch basic 
dim to the centerline of the adjacent lead. 
When NBR of lead per side is odd. Datums -A- and 
-0- are determined by the centerline of the lead. 

MATRA MHS 



PLCC PACKAGE 

CODES: K03 - K04 - K16 44 PINS PLCC REV: C 

MM dimens. IN dimens. 

min max min max 

A 4.20 4.57 .165 .180 

A1 2.29 3.04 .090 .120 

D 17.40 17.65 .685 .695 

D1 16.51 16.66 .650 .656 

D2 14.99 16.00 .590 .630 

E 17.40 17.65 .685 .695 

E1 16.51 16.66 .650 .656 

E2 14.99 16.00 .590 .630 
H 

e 1.27 B.S.C .050 B.S.C 

G 1.07 1.22 .042 .048 

H 1.07 1.42 .042 .056 

J 0.51 - .020 -
K 0.33 0.53 .013 .021 

PKG STD: 00 
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CERDIP DUAL IN LINE 

CODES: 5H - C4 CERDIP 40 PINS.600 REV: D 

MM dimens. IN dimens. 

min max min max 

A 4.07 5.58 .160 .220 

A1 0.51 1.78 .020 .070 -CD ._, A2 - 5.08 - .200 
INDU (EJ ~ I 

B 0.38 0.51 .014 .020 
A.U I -1 '181~ 

B1 1.15 1.39 .045 .055 r m, "".... 81 MAX • 
C 0.20 0.38 .006 . 015 

D 52.00 53.87 2.047 2.070 - ~ ~~ D1 0.25 - .010 - 'UH1 . -1" 
.UlIMa . ',1)::1,1.1--1. p,. '} \ E 15.41 15.62 .607 .615 - JPAjJUII .. '/;' · '~ E1 12.95 14.73 .510 .580 

01 JL -- k-01 f ~ •• ~U 
e 2.54 B.S.C .100 B.S.C 1-81 8 I!I c--l .1 

15.24 B.S.C . 600 B.S.C 
e • 

eA 

eB - 17.78 - .700 

L 3.17 5.06 .125 .200 

PKG SrD : 01 
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LEADLESS CHIP CARRIER 

CODES: L09 - EA 44 LOS .050 CENTER LEAD LESS SQUARE CHIP CARRIER REV:C 

MM dimens. IN dimens. 
min max min max 

A 1.47 1.83 .058 .072 

A1 1.73 2.26 .068 .089 

B 0.635TYP .025TYP 

D 16.33 16.82 .643 .662 

E 16.33 16.82 .643 .662 

e 1.27 B.S.C. .050 B.S.C. 

h 1.016 .040 

j 0.51 .020 

ND 11 11 

NE 11 11 

PKG STD: 01 
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J LEADED CHIP CARRIER 

CODE: J44 44 LEADS JLCC. LEADED J TYPE REV: C 

A 

o 

MM dimens. IN dimens. 

min max min max 

A-B 17.40 17.65 .685 .695 B 81 ...:..'+-+-+ 

A1-B1 16.26 16.76 .640 .660 

0 1.27 B.S.C .050 B.S.C 

E 0.51 TYP .020 TYP 

F 2.03 REF .080 REF 

J 0.89 1.14 .035 .045 

K 1.50 1.80 .059 0.71 

L 2.64 3.25 .104 .128 

Q 14.99 16.00 .590 .630 

N1 11 11 

N2 11 11 

PKG STD : 01 

8-7 



PLASTIC DUAL IN LINE 

CODES: X22 - X29 40 PINS PLASTIC .600 REV: D 

MM dimens. IN dimens. 

min max min max 

A - 5.08 - .200 

A1 0.38 - .015 -
A2 3.18 4.95 .125 .195 

B 0.36 0.56 .014 .022 

B1 0.76 1.78 .030 .070 

C 0.20 0.38 .008 .015 

D 50.29 53.21 1.980 2.095 II A1 L 

E 15.24 15.87 .600 .625 -' 1-01 
E1 12.32 14.73 .485 .580 

e 2.54 B.S.C. .100 B.S.C. 

eA 15.24 B.S.C. .600 B.S.C. 

eB - 17.78 - .700 

L 2.93 3.81 .115 .150 

D1 0.13 - .005 -
PKG STD: 02 
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PLASTIC QUAD FLAT PACK 

CODE: F03 - F04 40 PINS PLASTIC QUAD FLAT PACK. SQUARE GULLWING REV: C 

MM dimens. IN dimens. o 
min max min max 

A 2.08 2.43 .081 .095 

c 0.13 0.20 .005 .008 
D1-E1 9.63 10.13 .379 .399 
D-E 13.90 14.50 .547 .559 

e . 80 B.S.C. .03158.S.C . 

f 0.36 0.46 .014 .018 

J 0.15 0.30 .006 .012 

L 0.51 1.11 .020 .044 
N1-N2 11 11 
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QUALITY 

1 - INTRODUCTION 
1.1 - STATEMENT OF SCOPE 

This section establishes the detail requirements for 
MATRA MHS' circuits screened and tested under the 
Quality Assurance Program. 

Included in this section are the Quality standards and 
screening methods for commercial parts which must 
perform reliable in the field. 

1.2 - APPLICABLE DOCUMENTS 

The following documents form a part of this section to 
the extent referenced herein and provide the founda­
tion of Matra MHS Quality Program: 

MIL-M-38510G "General Specification of 
Microcircuits" 

MIL-STD-883C "Test Methods and Procedures for 
Microelectronics" 

ESAlSCC9000 "European Space Agency Specifica-
tion for Microelectronics" 

The MHS Quality Assurance Manual, which is avail­
able upon request, describes the total function and 
policies of the organization to assure product reliability 
and quality. All customers are encouraged to visit the 
MATRA MHS facilities and survey the deployment of 
the Quality function. 

MATRA MHS maintains a Quality Assurance Program 
(QAP) using the above defined documents as a guide. 
This program assures compliance with the require­
ments and quality standard of control drawings and the 
requirements of this specification. 

The special military and space programs will also be 
found useful by those MATRA MHS customers who 
must generate their own procurement specifications 
(see hi-reI databook). 

Use of the enclosed MATRA MHS standard test tables, 
test parameters and burn-in circuits will aid in reducing 
specification negociation time. 

1.3 - QUALITY AND RELIABILITY AT MATRA 
MHS 

Our Quality Division strives to assure that the quality 
and reliability of products shipped to customers are 
high quality level and consistent with customer's re­
quirements. 

9-3 

To achieve these requirements, MATRA MHS has 
started in early 1988 a Quality Improvement Program. 
The objective of this program is to call for continuous 
Progress and committment of every employee to total 
Quality. 

The reliability approach at MATRA MHS is based on 
designing in reliability rather than testing for reliability 
only. The latter is applied to check and confirm that 
sound design with quality and reliability ground rules 
are observed and correctly executed in a new product 
design. 

Reliability engineering becomes involved as early as 
concept review of a new product and continues to 
remain involved through design and layout reviews. At 
these critical development points of a new design, 
basic reliability layout guidelines are invoked to insure 
an all around reliable design. This concept is reflected 
by the MATRA MHS reliability procedures which en­
compass mandatory first run product evaluation. This 
is done at not only the circuit level, but also at the 
process and package level. Reliability engineering ap­
proval is required before new product designs are 
released to manufacturing. 

Both maximum rated and accelerated stress condi­
tions are performed. Acceleration is important to deter­
mine how and at what stress level a new design would 
fail. From this information, necessary design changes 
can be implemented to insure a wider and safer margin 
between the maximum rated stress condition and the 
device's stress limitation. 
PPM PROGRAM 
• For standard and volume products, MHS proposes 

to his customers a PPM program. Cooperation 
agreement could be established with customer will­
ing to engage such an improvement program. 

• PPM programs are already existing and we expect 
an optimum of 2 or 3 customers agreements by D 
product. It is obvious that the upgrade of the quality • 
level achieved is effective for all customers. 

1.4 - AGENCIES QUALIFICATIONS 

As part of specific qualification on military or space 
programs, MATRA MHS received several agreements 
from french agencies. 

MATRA MHS 



In 1986, MHS received the RAQ 1 certification (RAQ 1/ 
AQAP 1 Regulation quality assurance level 1 ) from the 
SIAR (service de surveillance industrielle de 
I'armement). 

delivery of MOS products and on customer support on 
custom design. 

The RAQ1 means that MATRA MHS quality as­
surance procedures satisfy design, manufacturing and 

The major MHS technologies and products are agreed 
by french telecommunication agency (CNET). These 
products are in qualified list (LNZ). 

2 - QUALITY CONTROL 
FLOW PROCESS TYPICAL ITEM FREQUENCY REQUIREMENTS 

• Resistivity 
• Bow-particles 

Silicon wafers 
• Flatness 

[ 
• Taper Every 

Incoming Inspection • Oxygen content manufactured lot 25 Wafers/LOT 

• Dimensions 
• Appearance 

• Defects 
Masks • Dimensions 

Every mask 
Incoming Inspection • Registration 

• Conformity 

Oxidize Thickness Every run 3 Wafers/run 
5 points/wafer 

Implant Resistivity Every run 2 Wafers/run 
Thersal wave 5 points/wafer 

Diffuse Resistivity Every run 3 Wafers/lot 
Thickness 5 points/wafer 

Silicon nitride Thickness Every run 3 Wafers/run 
Critical dimensions (*) 5 points/wafer 

Thickness 
3 Wafers/lot Gate oxide Defect rates Every run 

VFBDVFB 5 points/wafer 

• Resistivity 

Polysilicon 
• Thickness Every run 3 Wafers/lot 
• Critical dimensions (*) 5 points/wafer 
• Sem Inspection Periodical 

• Resistivity 

Metallization 
• Thickness Every run 1 Wafer/run • Critical dimensions (*) 
• Sem Inspection Periodical 

• Doping 
Passivation • CVD Thickness Every run 3 points/wafer 

• Sem Inspection Periodical 

Test site Electrical charact. Every Wafer 5 PCM/wafer 

Blacklap Thickness Every lot 1 wafer/lot 

QC visual gate Visual Sampling 5 wafer/lot 

Wafer sort Electrical charact. 100 % chips 
• All Critical Dimensions (After etching) : Every lot ·3 wafers/lot 

- 5 pOintslwafer. 

Table 1 : Quality flow chart of wafer processing. 
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2.1 - PROCESS CONTROLS 
As shown by table 1 each integrated circuit is con­
structed by manufacturing processes which are under 
the surveillance of MATRA MHS Quality Control 
Department. The processes are monitored and con­
trolled by use of statistical techniques and com­
puterization in accordance with published 
specifications and procedures. MATRA MHS prepares 
and maintains suitable documentation (such as quality 
control manuals, inspection instructions, control 
charts, etc.) covering all phases of incoming part and 
material inspection and in-process specification. The 
customer may verify, with the permission of and in the 

company of MATRA MHS's designated repre­
sentative, that suitable documentation exists and is 
being applied. Information designated as proprietary 
by MATRA MHS is made available to the customer or 
its representative only with the written permission of 
MATRA MHS. 

Process control is recognized as being vital to the con­
cept of "built-in" quality. The process control program 
includes a scanning electron microscope (SEM) 
monitor program for evaluating the metal integrity over 
oxide step and oxide step contour. The SEM analysis 
is defined in a Quality & Reliability Assurance docu­
ment. 

FLOW PROCESS 
INSPECTION METHOD FREQUENCY MATERIALS 

Scribing Visual 2010 Cond B Monitor 

2 Nd Optical Visual 2010 Cond B 100% 

Scribing Visual 2010 Cond B 100 % 

QC Inspection Visual 2010 Cond B Every lot 

Lead Frame, base 
(incoming inspection) 

Die Bonding 

QC Inspection Appearance Every lot 

Wire 
(incoming inspection) 

Wire Bonding Bond sirength 2011 Every lot 

Praseal inspection Visual 100 % 

QC Inspection Visual Every lot 

Prestabilization sealing 

Temperature Cycling 
1010 

100 % Condition C 

Centrifuge 
2001 

100 % Condition E 

Lead cut 

Plating 

Plating inspection 
Appearance 

Every lot 'thickness 

Marking Permanency 2015 Every lot 

Fine leak 
1014 

100 % Condition A or B 

Gross leak 
1014 

100 % Condition C 

QA monitoring All QC inspection 

Table 2: QC Ceramic flow charts of assembly process (1). 
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2.1 • CONTROL OF PROCUREMENT SOUR· 
CES 

MATRA MHS is responsible for assuring that all sup­
plies and services conform to this specification, the 
detail specification and MHS's procurement require­
ments. 

A· MATRA MHS/supplier convention 

Prior to use in production, MATRA MHS verifies the 
capability of the supplier QA, manufacturing engineer­
ing and services to deliver material conform to 
specification and kept under control. Formal agree­
ment is established between the two partners. 

B • Receiving inspection 

Purchased supplies are subjected to inspection after 
receipt as necessary to ensure conformance to con­
tract requirements. In selecting sampling plans, con­
sideration is given to the controls exercised by the 
procurement source and evidence of substained 
quality conformance. 

C· MATRA MHS initiates corrective action with the 
procurement source depending upon the nature and 
frequency of receipt of nonconforming supplies. 

COMMERCIAL TEMP. RANGE INDUSTRIAL TEMP. RANGE AUTOMOTIVE MILITARY TEMP. RANGE 
O°C to 70°C - 40°C to + 85°C - 40°C to 110°C - 55°C to + 125°C 

Family STD STD + B.1. Family STD STD + B.1. Family Family STD STD + B.1. 

Memory 
-5 -5+ 

Memory 
-9 -9+ Memory -2 -8 suffix suffix 

Micro's 
Q 

Micro's 
I L 

Micro's prefix 
Micro's M---/B prefix prefix A 

Gate Gate 
Gate array -5 -5+ array -9 -9+ -2 -8 

suffix suffix array 

Table 1 : PROCESS FLOWS INFORMATION 

COMMERCIAL INDUSTRIAL 
AUTOMOTIVE 

MILITARY 

STD STD + B.I. STD STD + B.I. STD STD + B.I. 

QA Wafer visual inspection Monitor Monitor Monitor Monitor Monitor Monitor Manito( 

Electrical test and probe 25°C 100% 100% 100% 100% 100% 100% 100% 

Assembly (see table 2 and 3) 100% 100% 100% 100% 100% 100% 100% 

Pre Burn-in test 100% 100% 100% 100% 

Burn-in 100% (1) 100% (1) 100% (1) 100% (1) 

Post Burn-in test 100% 100% 100% 100% 

P.D.A 
5% (2) 5% (2) 5% (2) 5% (2) (percentage defective allowable) 

100% high 
Final electrical test temp. idem idem idem idem idem idem 
(per MHS specification) Low temp. 

optional 

Marking (lot number + branding week 
100% 100% 100% 100% 100% 100% code, per MATRA MHS specification) 

Lead Straigthen 100% 100% 100% 100% 100% 100% 100% 

MATRA MHSQuality final acceptance 
electrical (3) (3) (3) (3) (3) (3) (3) 

mechanical (visual) 100% 100% 100% 100% 100% 100% 100% 
Notes: 1) Burn-in is performed as 24 h, 12S'C (or equivalent) minimum. 

2) ff a lot fails the S % PDA, but is < 10 %, the lot may be submitted to burn-in on time only to the same time and temperature condition. 
3) MHS quality final acceptance is performed following quality dispositions to assure 200 ppm. Average Outgoing Quality. 
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3 - RELIABILITY RESULTS 
The objective failure rate at 55"C, 60 % UCL is in any 
case lower than 100 fits. Details about data base are 

available upon request in Reliability Reports, written 
for each product or product family. 

4 - MILITARY HI-REL PRODUCTS 
A broad choice of quality grades is available. 

CB : CECC program according to level B of CECC 
90000. 

MB : military program according to class B of MIL-STD 
SS3C. 

SB : space program according to level B of SCC 9000 
(LAT 1,2,3). 

SC : space program according to level C or SCC9000 
(LAT 1, 2, 3). 

DB: dice military program with qualification flow. 

(refer to MATRA MHS high reliability Data-book) 

5 - DICE/WAFER FORM 
MATRA MHS Memory, Gate Arrays and 
Microcontrolier products are available in chip form and 
wafer form to the hybrid microcircuit designer. Table 1 
gives the different flows used for Military and Standard 
levels with the production operations and QC gates. 

So as to respond to specific requirements of the hybrid 
industry, MATRA MHS has several additionnal options 
to table 1 as electrical qualification lots for military dice, 
available upon request at extra cost. 

PROCESS FLOWS INFORMATION (Table 1) 

STANDARD FLOW MILITARY FLOW 
FAMILY DICE FORM WAFER FORM FAMILY DICE FORM WAFER FORM 

MEMORY HMO-65162-6 HMW-65162-6 MEMORY HMO-65162-2 HMW-65162-2 

MICRO'S XX-80C31 XW-80C31 MICRO'S -80C31 XW-80C31 

GATE ARRAY MAD-250A69-6 MAW-250A69-6 GATE ARRAY MAO-250A69-2 MAW-250A69-2 

DICE FORM WAFER FORM DICE FORM WAFER FORM 

"'- "'- - -
IPQC IPQC IPQC IPQC 

_100.., _100.., _100" --
Scribing 

QCGIITE 
2OIOIB 
10 DlC!;jWAFER 
6 WAFERS 

QCGIIlE 
Scribing 10 DlCfIW'AFER 

DICE INI!PEC11ON 6 WAFERS 
_:lO1O ~ 
OOnd.B 

IJ1CE IN8PEClION ~ _:!010 
QCGIIIE Ccn1B _2010 
OOnd.B 
LTPD 10 A-il QCGAl£ 

_:!01OB 
LTPD 10 A=O 

""'**111 - --
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MHS ELECTRONIC CENTER 
La ChantrerielRoute de Gachet 
CP 3008 
44087 Nantes Cedex 03/France 

M.H.S. 
LOCATIONS 

Tel. : (33) 40303030 - Twx : 711930 - Fax: (33) 40300216 

SALES OFFICES 

FRANCE 
"Les Quadrants" 
3, avenue du Centre 
BP309 
78054 St-Quentin-Yvelines Cedex 
Tel.: (33) 1-30607000 
Twx :697317 
Fax: (33) 1-30640693 

GERMANY 
Erfu rterstrasse 29 
D-8057 Eching 
Tel. : (49) 89-31900550 
Twx: 524126 
Fax: (49) 89-31900555 

ITALY 
Via Vigliani 13 
1-20148 Milano 
Tel. : (39) 2-4984586 
(39) 2-462602 
Twx :334595 
Fax: (39) 2-4818660 

EUROPEAN DISTRIBUTORS 

AUSTRIA 
TRANSISTOR 
VERTRIEBSGESELLSCHAFT 
mbHCO-KG 
Auhofstrasse 41 A 
A-1130Wien 
Tel. : (43) 222-829401 
Twx: 133738 
Fax: (43) 222-826440 

BELGIUM 
MICROTRON NV S.A. 
Generaal Dewittelaan 7 
2800 Mechelen 
Tel.: (32) 15-212223 
Twx :22606 
Fax: (32) 15-210069 

SCANDINAVIA 
MD Semiconductor AB 
Dragon Plan 1 , Rissne 
Box 2042 - 17202 Sundbyberg 
Sweden 
Tel. : (46) 87.33.00.90 
Fax: (46) 87.33.05.58 

UNITED KINGDOM 
Easthampstead Road 
Bracknell 
Berkshire RG12 1 LX 
Tel. : (0344) 485757 
Inti: (44) 344-485757 
Twx: 849392 
Fax: (44) 344-427371 

FAR EAST 
MATRA DESIGN SEMICONDUCTOR 
ASIA 
Room 1601, 16/FL, Shui on Centre 
6-8 Harbour Road 
Wanchai 
Hong Kong 
Tel. : (852)-5-8650861 
Fax: (852)-5-8651273 
Tlx: 85351 HX 

DENMARK 
DITZ SCHWEITZER A.S. 
Vallensbakvej 41 
Post Box 5 
DK-2600 Glostrup 
Tel. : (45) 2-453044 
Twx :33257 
Fax: (45) 2-459206 

FINLAND 
YLEISELEKTRONIKKA OY 
P.O. Box 73 
SF-02201 Espoo 
Tel. : (358) 0-4521255 
Twx: 123212 
Fax: (358) 0-428932 
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USA 
MATRA DESIGN SEMICONDUCTOR 
2895 Northwestern Parkway 
Santa Clara, CA 95051 
Tel. : (1) 4081986-9000 
Twx :299656 
Fax: (1) 408/748-1038 

FRANCE 
A2M 
6, avo Charles-de-Gaulle 
78150 Le Chesnay 
Tel.: (33) 1-39549113 
Twx :698376 
Fax: (33) 1-39543061 

ALMEX 
48, rue de l'Aubepine 
92160 Antony 
Tel. : (33) 1-46662112 
Twx :250067 
Fax: (33) 1-46666028 

EL TEK (Wafer dice only) 
BP 1077 
Z.A. La Tuilerie 
78204 Mantes-Ia-Jotie Cedex 
Tel. : (33) 1-34771616 
Twx :699717 

MATRA MHS 
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EUROPEAN DISTRIBUTORS (continued) 

FRANCE (continued) 
FEUTRIER 
5, rue Jean-Zay 
42271 St-Priest-en-Jarez 
Tel. : (33) 77934040 
Twx: 300021 
Fax: (33) 77932631 

RTF 
81, rue Pierre Semard 
92320 Chatillon 
Tel. : (33) 1-49652700 
Twx: 632247 
Fax: (33) 1-49652738 

ERICSSON COMPOSANTS 
1 , Parc Club Ariane 
Rue Helene Boucher 
78284 Guyancourt 
Tel. : (33) 1-30640900 
Twx: 697347 
Fax: (33) 1-30641146 

GERMANY 
ALFRED NEYE ENATECHNIK GMBH 
Schillerstrasse 14 
D-2085 Quickborn 
Tel. : (49) 4106-6121 
Twx: 213590 
Fax: (49) 4106-612268 

JERMYN GMBH 
1m DachsstOck 9 
D-6250 Limburg 
Tel. : (49) 6431-5080 
Twx: 4152570 
Fax: (49) 6431-508289 

RUTRONIK-RSC-Halbleiter und 
Elektronische Bauelemente GMBH 
I ndustriestrasse 2 
D-7536 Ispringen 
Tel. : (49) 7231-8010 
Twx: 783650 
Fax: (49) 7231-82282 

SPOERLE ELECTRONICS GMBH 
Max-Plank-Strasse 1-3 
Postfach 102140 
D-6072 Dreleich 1 
Tel. : (49) 6103-3040 
Twx: 417972 
Fax: (49) 6103-304201 

ITALY 
CAMEL ELETTRONICA 
Via Tiziano 18 
1-20145 Milano 
Tel. : (39) 2-4981481 
Twx: 325237 
Fax: (39) 2-4818637 

KONTRON SPA 
Via Fantoli 16/15 
1-20138 Milano 
Tel. : (39) 2-50721 
Twx: 312288 
Fax: (39) 2-5060918 

LASI ELETTRONICA SPA 
Viale Fulvio Testi 126 
1-20092 Cinisello Balsamo 
Tel. : (39) 2-2440012 
Twx: 352040 
Fax: (39) 2-2487717 

NETHERLANDS 
NIJKERK 
Drentestraat 7 
1083 HK AMSTERDAM 
Postbus 7920 
1008 AC AMSTERDAM 
Tel. : (31) 20-5495-969 
Twx: 11625 NESCO 
Fax: (31) 20-423-948 

NORWAY 
TAHONICAIS 
P.O. Box 140/KALBAKKEN 
N-0902 OSLO 9 
Tel. : (47) 2-161610 
Twx: 77397 
Fax: (47) 2-257317 

SPAIN 
SELCOSA 
Paseo de la Habana 190 
28036 Madrid 
Tel. : (34) 1-4054213 
Twx: 45458 
Fax: (34) 1-2592284 

SWITZERLAND 
ELECTRONITEL 
Chemin du Grand Clos 1 
B.P.93 
CH-1752 VILLARS-SUR-GLANE 
Tel. :(37)41.00.60 
Fax: (37) 41.00.70 

FAR EAST REPRESENTATIVES AND DISTRIBUTORS 

INDIA 
SPARTEX SYSTEMS & SERVICES 
Pvt Ltd., 
N" 68, Michael Palyarn, 
Near Deccan Studio, 
C.V. RAMAN NAGAR POST, 
BANGALORE - 560 093, 
INDIA 
Tel. : 564211, 568772 
Tlx : 0845 - 2190 MLHR IN 

JAPAN 
CHRONIX INCORPORATED 
Maruyama Bid 4F 
7-9-7, Nishishinjuku 
Shinjuku-ku, Tokyo, 160 
Tel. : (81) 3-371-5711 
Twx: 26244 
Fax: (81) 3-371-5738 
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UNITED KINGDOM AND IRELAND 
MACRO MARKETING L TO 
Burnham Lane - SLOUGH 
Berkshire SL 1 6LN. 
Tel. : (06286) 4422 
IntI. : (44) 62864422 
Twx:847945 
Fax: (06286) 66873 

MTL MICROTECHNOLOGY LIMITED 
(Die Distributor) 
Test House - Mill Lane - ALTON 
Hampshire. GU34 2QG. 
Tel. : (0420) 88022 
IntI. : 44 420 88022 
Tlx: 858456 
Fax: (0420) 87259 

POLAR ELECTRONICS LIMITED 
Cherry court Way 
Leighton Buzzard 
Bedfordshire. LU7 8YY. 
Tel. : (0525) 377093 
IntI. : 44 525 377093 
Tlx: 825238 
Fax: (0525) 378367 

R R ELECTRONICS LIMITED 
SI. Martin's Way Industrial Estate 
Cambridge Road - BEDFORD 
Bedfordshire. MK42 OLF 
Tel. : (0234) 47188 
IntI. : 4423447188 
Tlx: 826251 
Fax: (0234) 210674 

THAME COMPONENTS LIMITED 
Thame Park Road - THAME 
Oxfordshire OX9 3XD. 
Tel. : (084426) 1188 
IntI. : 44 84426 1188 
Twx :837917 
Fax: (084426) 1681 

SWEDEN 
TH:S ELEKTRONIK 
P.O. Box 3027 
16303 Spanga - Sweden 
Tel. : (46) 8.362970 
Fax: (46) 8.761.30.65 

KOREA 
BUK SUNG INDUSTRIAL CO L TO 
3/FL, Samyuna Bida, 159-22 
Docksan-4 Dong, Guro-Ku 
Seoul 
Tel. : (82) 2.854.1362 
Twx: BUSUCOK26925 
Fax: (82) 2.8621273 
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FAR EAST REPRESENTATIVES AND DISTRIBUTORS (continued) 

SINGAPORE 
WESTECH ELECTRONICS PTE 
LTD. 
3, Lorong Bakar Balu # 05-02 
Brightway Building 
Singapore 1334 
Tel. : (65)-7436355 
Twx: 55070 
Fax: (65)-7461396 

SCAN TECHNOLOGY(s) PTE L TO 
So Kallana Bahru # 04-01/03 
Kallana Basin Ind 
Singapore 1233 
Tel. : (65)-2942112 
Twx: RS74983 STECH 
Fax: (65) 2961685 

AUSTRALIA 
CONSULAUST INTERNATIONAL 
PTY, LTD. 
1, Norfolk Road - Surrey Hills, 
PO Box 357, Camberwell 
Victoria, 3124 
Tel. : (61) 3-8362566 
Twx: CONAUS AA37455 
Fax:61-3-8301764 

US REPRESENTATIVES 

ANCHOR ENGR. 
11 WALKUP DR, 
WESTBORO 
MASSACHUSSEnS 01581-1018 
Tel. : 508-898-2724 
Fax: 508-870-0573 

ARBOTEK 
10404 W. JOPPA RD. 
TOWSON 
MARYLAND 21204 
Tel. : 301-825-0775 
Fax: 301-337-2781 

2201 ANGUS RD., SUITE 14 
CHARLOnESVILLE 
VIRGINIA 22901 
Tel. : 804-971-5736 

C.C. ELECTRO 
5335 N. TACOMA AVE., SUITE #1 
INDIANAPOLIS 
INDIANA 48220 
Tel. : 317-255-1508 
Fax: 317-266-6875 

5635 FORDHAM CIRCLE #203 
CANTON 
MICHIGAN 48187 
Tel. : 313-981-9298 

9735 RAVENNA RD. 
TWINSBURG 
OHIO 44087 
Tel. : 216-425-8338 
Fax: 216-425-2147 

TAIWAN 
UNION TECHNOLOGY 
CORPORATION 
3/FL, 585 Ming Sheng East Road 
Taipei, Taiwan 
Tel. : (886) 2-505.8616 
Twx: 202 61 MECTAL 
Fax: (886) 2-5056609 

WORLD PEACE INDUSTRIAL 
CO LTD 
5/1L, 309 Sung Chiang Road 
Taipei, Taiwan 
Tel. : (886) 2-5056621/5056345 
Fax: (886) 2-5058760 

CAHILL, SCHMITZ & HOWE 
4905 Lakeside Drive 
N.E. SUITE 100 
CEDAR RAPIDS 
IOWA 52402 
Tel. : 319-377-8219 
Fax: 319-377-0958 

E.M.A. 
6695 PEACHTREE IND. BLVD., 
SUITE 101 
ATLANTA 
GEORGIA 30360 
Tel. :404-448-1215 
Fax: 404-446-9363 

210 W. STONE AVE. 
GREENVILLE 
S. CAROLINA 29609 
Tel. : 803-233-4637 
Fax: 803-242-3089 

7501 South Memorial Parkway, #202 
HUNTSVILLE 
ALABAMA 35802 
Tel. : 205-880-8050 
Fax: 205-880-8054 

8512 SIX FORKS RD., SUITE 601 A 
RALEIGH 
N. CAROLINA 27615 
Tel. : 919-847-8800 
Fax: 919-848-1787 
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HONG KONG 
PROTECH COMPONENTS LTD 
Flat 3, 10/F, Wing Shing Ind. Bldg 
26 Ng Fong Street 
San Po Kong, Kowloon 
Tel. : (852) 3-3522181 
Fax: (852) 3-3523759 

WILLAS COMPANY LTD 
8/F, Wing Tai Centre 
12 Hing Yip Street 
Kwun Tong, Kowloon 
Tel. : (852) 3-414281, 3-890343 
Twx: 39315 WILAS HX 
Fax: (852) 3-431229 

ELECTEC 
3211 scon BLVD., SU ITE 101 
SANTA CLARA 
CALIFORNIA 95054 
Tel. : 408-496-0706 
Fax: 408-727-9817 

8465 ROYAL OAKS DRIVE 
GRANITE BAY 
CALIFORNIA 95661 
Tel. :916-797-0414 
Fax: 916-456-6001 

GEORGE RUSSEL & ASSOC. 
8030 CEDAR AVE. SOUTH, 
SUITE 114 
MINNEAPOLIS 
MINNESOTA 55420 
Tel. :612-854-1168 

LANDA & ASSOC. 
1518 COTNER AVE. 
LOS ANGELES 
CALIFORNIA 90025 
Tel. : 213-879-0770 
Fax. : 213-478-0190 

1616 E. 4TH ST. 
SANTA ANA 
CALIFORNIA 92701 
Tel. : 714-543-7805 
Tax: 714-543-1380 

662 NARDO AVE. 
SOLANA BEACH 
CALIFORNIA 92075 

;'~MIS 
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US REPRESENTATIVES (continued) 

M.E.C. SW MARKETING ASSOC. 
700 W. HILLSBORO BLVD., BLDG. 4, 10940 ALDER CIRCLE 
#204 DALLAS 
DEERFIELD BEACH TEXAS 75238 
FLORIDA 33441 Tel. :214-341-8631 
Tel. : 305-426-8944 Fax: 214-340-5870 

Fax: 305-426-8799 13006 KELLIES FARMLANE 
830 N. ATLANTIC BLVD., SUITE B401 AUSTIN 
COCOA BEACH TEXAS 78727 
FLORIDA 32931 Tel. :512-255-8010 
Tel. : 407-799-0520 
Fax: 407-799-0923 

511 CARRIAGE ROAD 
INDIAN HARBOUR BEACH 
FLORIDA 32937 
Tel. : 407-332-7158 
Fax: 407-830-5436 

100145THAVE., NE 
ST. PETERSBURG 
FLORIDA 33703 
Tel. : 813-522-3433 
Fax: 813-522-3933 

N.E. COMPONENTS 
155 GRANDVIEW LANE 
MAHWAH 
NEW JERSEY 07430 
Tel. : 201-825-0233 
Fax: 201-934-1310 

22 LAWRENCE AVE, 
SMITHTOWN 
NEW YORK 11787 
Tel. : 516-724-3485 

PHOENIX SALES 
257 MAIN ST. 
TORRINGTON 
CONNECTICUT 06790 
Tel. : 203-496-7709 
Fax: 203-496-0912 

US DISTRIBUTORS 

400 FM 1960 WEST, SUITE 100-15 
HOUSTON 
TEXAS 77090 
Tel. :713-537-8166 
Fax: 713-537-9738 

6713 E. 54TH ST. 
TULSA 
OKLAHOMA 74145 
Tel. : 918-663-7536 

SYNERGISTIC SALES 
501 MITCHELL ROAD 
GLENDALE HEIGHTS 
ILLINOIS 60139 
Tel. : 312-858-8686 
Fax: 312-790-9799 

TECH SALES ASSOC. 
EXEC. MEWS, RJ-52, 2300 
COMPUTER AVE. 
WILLOW GROVE 
PENNSYLVANIA 19090 
Tel. :215-784-0170 
Fax: 215-784-9201 

THORSON CO. n.w. 
12340 N.E. 8TH ST., SUITE 201 
BELLEVUE 
WASHINGTON 98005 
Tel. : 206-455-9180 
Fax: 206-455-9185 

8700 S.w. 105TH AVE. 
BEAVERTON 
OREGON 97005 
Tel. : 503-644-5900 
fax: 503-644-5919 

TRUE NORTH TECH. LTD. 
100 WESTMORE DR., SUITE 12E 
REXDALE, ONTARIO 
CANADA MOV 5C3 
Tel. :416-744-2233 
Fax: 416-744-3376 

1883 LONGMAN CRESCENT 
GLOUCESTER, ONTARIO 
CANADA K1 C 5G7 
Tel. : 613 824-8957 
Fax: 614-745-0315 

WEST. INC. 
1740 PLATTE SR. #200 
DENVER 
COLORADO 80202 
Tel. :303-477-1134 

460 EAST 100 SOUTH 
CENTERVILLE 
UTAH 84014-5087 
Tel. : 801-292-8787 
Fax: 801-298-0788 

ADDED VALUE ELECTRONIC DISTRIBUTION, INC. 

1512 PARKWAY LOOP, UNIT G 
TUSTIN, CA 92680 
Tel.: (714) 259-8258 
Fax: (714) 259-0828 

31194 LA BAY A DRIVE, SUITE 100 
WESTLAKE VILLAGE, CA 91362 
Tel: (805) 643-2101 

(818) 889-2861 
Fax: (818) 889-2472 

2360 QUME DRIVE, SUITE C 
SAN JOSE, CA 95131 
Tel.: (408) 943-1200 
Fax: (408) 943-1393 

7741 E. GRAY ROAD, SUITE 9 
SCOTTSDALE, AZ 85260 
Tel.: (602) 951-9788 
Fax: (602) 951-4182 

A.V.E.D. - ROCKY MOUNTAIN, INC. 
1836 PARKWAY BLVD. 
WEST VALLEY CITY, UT 84119 
Tel.: (801) 975-9500 
Fax: (801) 977-0245 

ALL AMERICAN SEMICONDUCTOR CORP. 

16251 N.w. 54TH. AVENUE 
MIAMI, FL33014 
Tel.: (305) 621-8282 

(800) 228-7459 
Fax: (305) 620-7831 
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A.V.E.D. - ROCKY MOUNTAIN, INC. 
4090 YOUNGFIELD ST. 
WHEAT RIDGE, CO 80033 
Tel.: (303) 422-1701 
Fax: (303) 422-2529 

A.V.E.D. - SOUTHWEST INC. 
4470 SPRING VALLEY ROAD 
DALLAS, TX 75244 
Tel.: (214) 404-1144 
Fax: (214) 233-2614 

369 VAN NESS WAY, SUITE 701 
TORRANCE, CA 90501 
Tel.: (213) 320-0240 

(800) 669-8300 
Fax: (213) 320-7207 
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US DISTRIBUTORS (continued) 

ALL AMERICAN SEMICONDUCTOR CORP. (continued) 

5009 HIATUS ROAD 
SUNRISE, FL 

107 AUDUBON ROAD, SUITE 104 
WAFEFIELD, MA 01880 
Tel.: (617) 246-2300 

1819 FIRMAN DRIVE, #127 
RICHARDSON, TX 75081 
Tel.: (214) 231-5300 
Fax: (214) 437-0353 

1031 PUTNAM DRIVE, SUITE A 
HUNTSVILLE, AL 35816 
Tel.: (205) 837-1074 
Fax: (205) 830-5598 

306 E. ALONDRA BLVD. 
GARDENA, CA 90247 
Tel.: (213) 515-1800 
Fax: (213)777-3111 X306 

11812 SAN VINCENTE BLVD., #300 
LOS ANGELES, CA 90049 
Tel.: (213) 826-6778 
Fax: (213) 258-6932 

1705 W. 4TH ST. 
TEMPE, AZ 85281 
Tel.: (602) 966-7800 
Fax: (602) 967-6584 

11095 KNOTT AVE., SUITE E 
CYPRESS, CA 90630 
Tel.: (714) 891-4570 

4311 ANTHONYCOURT,#100 
ROCKLIN, CA 96677 
Tel.: (916) 652-0414 
Fax: (916) 652-0403 

7450 RONSON ROAD 
SAN DIEGO, CA 92111 
Tel.: (619) 268-1277 
Fax: (619) 268-3733 

638 SO, MILITARY TRAIL 
DEERFIELD BEACH, FL 33442 
Tel.: (305) 421-1997 
Fax: (305) 421-5705 

3020 A BUSINESS PARK DRIVE 
NORCROSS, GA 30071 
Tel.: (404) 662-0923 
Fax: (404) 449-6901 

130 KILLARNEY 
URBANA,IL61801 
Tel.: (217) 328-1077 
Fax: (217) 328-1148 

14636 ROTHGEB DRIVE 
ROCHVILLE, MD 20850 
Tel.: (301) 251-1205 
Fax: (301) 251-8574 

711-2 KOEHLER AVENUE 
RONKONKOMA, NY 11779 
Tel.: (516) 981·3935 

(800) 874·2830 
Fax: (516) 931·3947 

BELL INDUSTRIES 

5230 WEST 79TH ST. 
INDIANAPOLIS, IN 46268 
Tel.: (317) 875-8200 
Fax: (317) 875·8219 

1161 NO. FAIROAKS AVE. 
SUNNYVALE, CA 94089 
Tel.: (408) 734-8570 
Fax: (408) 734-8875 

12421 W. 49TH AVENUE 
WHEATH RIDGE, CO 80033 
Tel.: (303) 424-1985 
fax: (303) 424-0932 

10810 72ND ST. NORTH, SUITE 201 
LARGO, FL 33541 
Tel.: (813) 541-4434 
Fax: (813) 546-6418 

515 BUSSE AVENUE, UNIT D-I 
ELK GROVE VILLAGE, IL 60007 
Tel.: (312) 640-1910 
Fax: (312) 640-0474 

3433 E. WASHINGTON BLVD. 
FT. WAYNE, IN 46803 
Tel.: (21C;) 423-3422 
Fax: (219) 424-2433 

1221 PARK PLACE, N.E. 
CEDAR RAPIDS, IA 52402 
Tel.: (319) 395-0730 
Fax: (319) 395-9761 

100 BURTT ROAD? #106 
ANDOVER, MA01810 
Tel.: (508) 474-8880 
Fax: (508) 474-8902 

814 PHOENIX DRIVE 
ANN ARBOR, MI 48404 
Tel.: (313) 971-9093 
Fax: (313) 971-9178 

444 WINDSOR PARK DRIVE 
DAYTON, OH 45459 
Tel.: (513) 435-8660 
Fax: (513) 435-6765 
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11409 VALLEY VIEW ROAD 
EDEN PRAIRIE, MN 55344 
Tel.: (800) 342-7364 
Fax: (612) 944-9803 

6024 SOUTHWEST JEAN ROAD 
LAKE OSWEGO, OR 97034 
Tel.: (503) 241-4115 
Fax: (503) 635-6500 

6912 SOUTH 185 WEST, SUITE B 
MIDVALE, UT 84044 
Tel.: (801) 255-9611 
Fax: (801) 255-2477 

W. 227N, 913 WESTMOUND DRIVE 
WAUKESHA, WI 53186 
Tel.: (414) 547-8879 
Fax: (414) 547-6547 

6979 WASHINGTON AVE. SO., 
SUITE 200 
EDINA, MN 55435 
Tel.: (612) 941-1493 
Fax: (612) 941-2964 

11728 LINN, N.E. 
ALBUQUERQUE, NM 87123 
Tel.: (505) 292-2700 
Fax: (505) 275-2819 

118 WESTPARK ROAD 
DAYTON, OH 45459 
Tel.: (513) 434-8231 
Fax: (513) 434-8103 

1701 GREENVILLE, #306 
RICHARDSON, TX 75081 
Tel.: (214) 690-0466 
Fax: (214) 690-0822 

8553 154TH AVE. N.E. 
REDMOND, WA 98052 
Tel.: (206) 885-9963 
Fax: (206) 867-5159 

30101 AGOURA COURT, SUITE 118 
AGOURA HILLS, CA 91301 
Tel.: (818) 706-2608 
Fax: (818) 891-7695 
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US DISTRIBUTORS (continued) 

2975 BRIGHTON HENRIETIA 
TOWN LINE RD. 
ROCHESTER, NY 14623 
Tel.: (716) 427-9999 
Fax: (716) 427-7559 

7973-B WASHINGTON WOOD DRIVE 
DAYTON, OH 45459 
Tel.: (513) 433-5551 
Fax: (513) 461-4329 

5 HIGGINS DRIVE 
MILFORD, CT 06460 
Tel.: (203) 878-5272 
Fax: (203) 877-2010 

4411-B EVANGEL CIRCLE NW. 
HUNTSVILLE, AL 35816 
Tel.: (205) 830-4764 
Fax: (205) 830-4287 

6600 NW. 21ST AVE., 8AY D 
FT. LAUDERDALE, FL 33309 
Tel.: (305) 973-7103 

(FT LAUDERDALE) 
Fax: (305) 973-7601 

151 ANDOVER ST. 
DANVERS, MA 01923 
Tel.: (617) 777-8800 
Fax: (617) 777-8806 

6000 NEW HORIZONS BLVD. 
AMITYVILLE, NY 11701 
Tel.: (516) 226-6000 
Fax: (516) 226-6262 

85 Spy COURT 
MARKHAM, ONTARIO 
CANADA L3R 424 
Tel.: (416) 475-3922 
Fax: (416) 475-4158 

1827 WOODWARD DRIVE, 
SUITE 303 
OTIAWA, ONTARIO 
CANADA K2C OR3 
Tel.: (613) 727-8325 
Fax: (613) 727-9489 

CAM RPC ELECTRONICS 

749 MINER ROAD 
CLEVELAND, OH 44143 
Tel.: (216)461-4700 
Fax: (216) 461-4329 

FALCON ELECTRONICS INC. 

CATON RESEARCH CENTER, 
SUITE 0 
1520 CATON CENTER DRIVE 
BALTIMORE, MD 21227 
Tel.: (301) 247-5800 
Fax: (301) 247-5893 

HAMMOND ELECTRONICS, INC. 

2923 PACIFIC AVE. 
GREENBORO, NC 27420 
Tel.: (919) 275-6391 

1230 WEST CENTRAL BLVD. 
ORLANDO, FL 32802 
Tel.: (407) 841-1 010 (ORLANDO) 
Fax: (407) 648-8584 

NU HORIZONS ELECTRONICS CORP. 

39 U.S. ROUTE 46 
PINE BROCK, NJ 07058 
Tel.: (201) 882-8300 
Fax: (201) 882-8398 

2002C GREENTREE EXECUTIVE 
CAMPUS 
MARLTON, NJ 08053 
Tel.: (609) 596-1833 
Fax: (609) 596-0612 

SEMAD/DGW ELECTRONICS CORP. 

8563 GOVERNMENT ST. 
BURNABY, B.C. 
CANADA V3N 4S9 
Tel.: (604420-9889 
Fax: (604) 420-0124 

243 PLACE FRONTENAC 
POINTE CLAIRE, PO 
CANADA H9R 4Z7 
Tel.: (514) 694-0860 
Fax: (514) 694-0965 

620 ALPHA DRIVE 
PITISBURGH, PA 15238 
Tel.: (412) 963-6202 
Fax: (412) 963-6210 

1383 VETERAN'S MEMORIAL HWY. 
HAUPPAGE, NY 11788 
Tel.: (516) 724)-0980 

(800) 528-0016 
Fax: (516) 724-0993 

5680 OAKBROOK PKWY., SU ITE 160 
NORCROSS, GA 30093 
Tel.: (404) 449-1996 

(800) 241-5437 
Fax: (404) 424-9834 

100 BLUFF DRIVE 
EACH ROCHESTER, NY 1445 
Tel.: (716) 248-5980 

(203) 265-0162 
Fax: (716) 248-9132 

6120 THIRD ST., SE UNIT #G 
CALGARY, ALBERTA 
CANADA T2H 1 K4 
Tel.: (403) 252-5664 
Fax: (403) 255-0966 

MATRA MHS products are sold by description only. MHS reser- Information contained in application notes is intended solely for 
ves the right to make changes in circuit design, specifications general guidance; use of the information for user's specific ap-
and other information at any time without prior notice. Accord- plication is at user's risk. Reference to products of other 
ingly, the reader is cautioned to verify that data sheets and other manufacturers are solely for convenience of comparison and do 
information in this publication are current before placing orders. not imply total equivalency of design, performance, or otherwise. 
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