










































































































































































































































































































































































































































































































































































































































































































































TEMIC 
Semiconductors ANM031 
Secret Tag on 80eS1 Family Microcontrollers 

Overview 

The Secret Tag is a feature which allows serialization of 
each microcontroller for identification of a specific 
equipment. 

For instance, on a network, each terminal equipment can 
be identified by comparing the identifier sent via network 
with the identification number stored in the 
microcontroller. 

One unique number per device is implemented. This 
serial number is a 64-bit binary value, which is contained 
and addressable in SFR (Special Function Registers) area. 

This value can be used as an identification number, and 

Description 
The secret tag register is composed of two groups of four 
consecutive bytes in the Special Function Register (SFR) 
area. One is placed at the FCh to FFh addresses and the 
other at the ECh to EFh addresses. 

These registers are used as follows: 
• Lot number (LO-Ll5) : number from 0 to 65535 

referring to TEMIC fab lot number. 

• Lot Number Extension (EO-E3): <space> = 0 

TAGl 

TAG2 

TAG3 

TAG4 

TAGS 

TAG6 

TAG7 

TAG8 

MATRAMHS 
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ADDRESS 

ECh 

EDh 

EEh 

EFh 

FCh 

FDh 

FEh 

FFh 

A = 1 
o = 15 

b7 

IL7 

I LIS 

I C3 

I Cl1 

IY3 

IW7 

I S7 

I SIS 

b6 

I L6 

1L14 

I C2 

IClO 

I Y2 

IW6 

I S6 

I S14 

permits personalization of any electronic equipment 
using a 80C51 architecture. 

The coding of the different registers allows TEMIC to 
guarantee that each value of the Secret Tag is UNIQUE. 

For confidentiality on secret tag value, no special 
marking is written neither on the die nor on the final 
package. This value can be read out by classical 
instruction set routine. This routine is implemented inside 
the microcontroller ROM memory which can be kept 
secret (and then the value of the secret tag also) by using 
a ROM ENCRYPTION. 

• Customized number (CO-C 11) : fixed number from 0 
to 4095 given by the customer. 

• Year (YO-Y3): 1994 is 0,1995 is I, and so on. 

• Month (MO-M3) : number from 1 to 12. 

• Wafer Number (WO-W7) : number of Wafer. 

• Serial Number (SO-SI5) : number from 0 to 65535 
incremented step by step. 

b5 b4 b3 b2 bl bO 

I LS I L4 1L3 1L2 ILI ILO 

1L13 I LI2 ILll ILIO IL9 I L8 

ICl I co I E3 I E2 lEI I EO 

I C9 I C8 I C7 I C6 I CS IC4 

I Yl Iyo 1M3 1M2 IMI IMO 

Iws IW4 IW3 IW2 IWI Iwo 

Iss I S4 I S3 I S2 lSI I SO 

I S13 I S12 I Sl1 I S10 I S9 I S8 

IILl.1 
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• Lot Number 

• Lot Number Extension 

• Customized Number 

= 1025 

=2 

=0 

• Production Year 

• Production Month 

• Serial Number 

80eS1 Routine to Read Out the Secret Tag 

TEMIC 
Semiconductors 

= 1995 (1) 

= August (8) 

= 291 

The eight secret tag registers are mapped into 80C51 SFR area (Special Function Registers). The routine listed hereafter 
reads the Secret Tag Registers and sends it on the serial data link. 

Main_Program: 
========= UART Initialization ============== 

Mov SCON, #53H ; 8-bit UART Variable/REN 

TI / RI =1. 

Mov TMOD, #20H ; 8-bit auto-reload mode for 

baud rate generator. 

Mov TH1, #OE8H ; 1200bds at 11.059MHZ. 

Setb TR1 

Somewhere in the program the routine is 

called to transfer the Secret tag registers. 

Call 

========= Character Sending Routine 

Send_Char: 

1 

Jnb TI,$ test if the transmitter is free to 
send a new character. 

Clr TI 

Mov SBUF,A send the new character. 

Ret 

======== Secret Tag Transfer Routine ========= 

Secret_Tag_Transfer: 

Mov A,TAG1 

Call Send_Char 

Mov A,TAG2 

Call Send_Char 

Mov A,TAG3 

Call Send_Char 

111.1.2 MATRAMHS 
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Mov A,TAG4 

Call Send_Char 

Mov A,TAG5 

Call Send_Char 

Mov A,TAG6 

Call Send_Char 

Mov A,TAG7 

Call Send_Char 

Mov A,TAG8 

Call Send_Char 

Ret 

+5 V 

C3 

MAX233 

CI 
27pF 

~Q' -=- 12MHzD 

C2 
27pF 

Additional Information 

For additional information on Microcontrollers, and 
Ordering Information, please refer to the product 
datasheets available upon request. 
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0 II " 
u 28 

31 lEA ;; P2.7 27 
P2.6 
P2.5 

9 RST 
P2.4 
P2.3 
P2.2 

11 ITXD P2.1 
10 IRXD P2.0 

PO.7 
PO.6 
PO.5 

80eS1 
PO.4 
PO.3 

12 PO.2 
P3.2 PO.I 

PO.O 
P3.3 

Pl.7 
Pl.6 

19 Pl.5 
XTALI PI.4 

P1.3 
P1.2 
Pl.l 

18 PI.O 
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How to use a Third Overtone Crystal with a soCst Family 
Microcontroller 

Description 

For cost reason using an overtone crystal is 5 to 6 times 
cheaper than a fundamental one. Using this type of crystal 
is slightly different comparing to a fundamental one. The 
frequency of an overtone crystal is adjusted on the 
fundamental one and this one must be trapped by a LC 
pass-band filter. The typical schematic is shown below. 

CPl and CP2 are the parasitic capacitors due to the 
packaging and the PCB lay-out. L1 and Cl is the 

iT = ~Q = 36.:64 = 12.288 MHz 

1 

L= 1 =43H 
1 (2 X 3l x 12.288 X 106) X (39 X 10 12) . Ii 

The standard one is 4.7J..lH and not critical because the 
bandwidth is large enough . C2 is chosen to be equal to 

CPl 

T 

passe-band filter used to trap the fundamental frequency. 
C2 is a small capacitor to increase a little bit the 
open-loop gain given by: 

A x B = A x CP2 + C2 
CPl 

where A is the gain a the operating frequency and B is the 
gain of the feed-back. The frequency of the filter is given 
below: 

Where C3 = 33 pF 

lOpf (a larger value break-down the amplifier and the 
open loop gain) . 

CP2 

T 
L....---I0 I---.L--r---. 

MATRAMHS 
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Q = 36.864MHZ 

C2 
Ll 

C3 

T 
Figure 1. Typical application with a third overtone crystal 
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How to Read Out the Internal Memory Code of a socst 
Microcontroller Family 

Overview 
A single chip microcontroller is a controller with a ROM 
memory storing the program code of the specific 
application. The program is masked during the 
processing of the integrated circuit. The great advantage 
is that no 110 ressource is consumed to interface the 
external code memory. 110 line possibilities consequently 
are increased. 

In order to test or to check this internal ROM, some 
solutions can be implemented. 

TEST MODE VER to dump the ROM 

The TEST MODE VER can be used by setting some 
80Cxxx inputs shown in figure I . The PORTs PI and P2 
receive respectively the low address lines and the high 

+5V 

EA 

ALE 

PSEN 

P3.6 

P3.7 

Reset RST 

Al5-A8 P2.7 
P2.0 

A7-AO Pl.7 
PI.O 

Xta12 

T 
Xtall 

T 

This application note describes a solution to dump the 
internal ROM and is based on a specific TEST MODE 
(TEST MODE VER) used to test the microcontroller in 
production. 

In this note a member of TEMIC's 80CSI family will be 
named 80Cxxx . 

address lines. The code program in that condition is read 
from PO . The lines of PORTO is open drain and must be 
tied with lOkohm pull-up resistors. 

+5V 

10 Kohms 

PO.7 
PO.O 

D7-DO 

Figure 1. Configuration for the TEST MODE VER 

To activate and to dump the ROM a specific timing must 
be applied, it is shown in figure 2. 

Before generating the first Read cycle a delay at least 
equal to 24 clock periods has to be waited. This time is 
needed to reset correctly the 8OCxxx. At this time the first 

MATRAMHS 
Rev. B (14 Jan. 97) 

address is read by the 80Cxxx from the PORT 1 and 2. To 
read the first data it is necessary to wait again 12 clock 
periods. This is due to the internal synchronisation and the 
internal ROM access time. So the data only appears 36 
clock periods after the reset is applied. 

111.3.1 

11 
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XTAL2 I 1f\JVVV\1 (\J\J\JV\J\ 
~------------~~I ----------------

Reset 

------r-------~~I-------------
ALE, PSEN, P27--6 

------r-------~~I-------------

------r-------~~---,r-------~ 
A.x-AO ____ +-_..:.AD=R::;:O __ ~ ADRI ~ ADR2 

lreset> 24 clock periods tread> 12 clock periods 

D7-DO ____ ----"D~/'i..:::;I:..:;f\X::....__~ ~: ____ ...JX DATAO ~ ~,--___ D:::;/'i.:..:.T:::;f\~I __ __ 

Figure 2. Timings to dump the ROM 

Example Dump ROM Application 
Figure 3 shows the schematic of this typical application 
using a 87C51 (01P version). The main idea is to control 
the 80Cxxx by another one in order to generate all the 

+5V 

TRIG 

C3 

CI 
27pF 

31 lEA 

9 RST 

11 ITXD 

IRXD 

12 
P3.2 

signals we need and to output the dumped data on a serial 
line or to trace the dumped data on PORTO with a logical 
analyser. 

0 
.". 

ALE 

lEA 

80Cxxx 

XTALI 18 

~ C,.!D 
19 

XTALI 
IPSEN 9 

P3.7 

P3.6 

111.3.2 

C2 
27pF 

18 

~ ~----~~-----~~ 

Figure 3. Typical application 
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Flow chart of the program 

Figure 4 shows the flow chart of the program .The 
program starts with the serial line configuration 
(2400bds, 8-bit of data) and the set-up of target 80Cxxx 
for the DUMP operation. Then read operation of the ROM 

is performed and the read data is transmitted on the serial 
line. In the same time, the TRIG signal is active low to 
synchronize an external logical analyser. 

Serial Line, Dump set-up 

Read Operation of the ROM 

Transmission of the data 
Trigger for the logical Analyse 

Same Operation for the entire ROM 

Figure 4. Flow chart for the dump ROM program 

Subroutine of the Initialization Sequence 

;=== initialization ============================== 

Speed = 2400bds , Format = 8 bits 

;======================================= 
;---Set-up the Baud Rate Generator---------------

SetB 

MOV TMOD,#Baud_Rate_Timer 

MOV TH1,#Speed 

Setb TRl 

Target under Reset 

TIMERl = 20H 

Speed = OF3H 

;------Set-up the UART------------------------

MOV SCON,#FORMAT 

;===ROM Dump operation Set-Up============== 

Size_Rom = 4095 bytes 

MOV DPL,#OO 

MATRAMHS 
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FORMAT =42H 

starts with first address 
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Subroutine of the dump ROM operation 

;===ROM Read Operation==================== 

Dump operation: 

MOV PO,DPL 

MOV P2,DPH 

CLR Trig 

MOV A,Pl 

Call Serial trans 

SETB Trig 

INC DPTR 

MOV A,#Size_ROM_Low 

CJNE A,DPL,Dum_operation 

MOV A,#Size_ROM_High 

CJNE A,DPH,Dump_operation 

JMP $ 

Serial trans : 

JNB TI,Serial_trans 

CLR TI 

MOV SBUF,A 

RET 

Timings analysis 
Two parameters are critical in the dump ROM application 
(figure 2) : treset and tread. 

Treset parameter is the minimum time required from the 
active Reset to the output of the first data. The minimum 
value of this parameter is 24 clock periods. 

In this application, the first data appears 168 clock 
periods after the first address. 

Conclusion 
This application based on a TEMIC piggy-back is easy 
to implement and requires only few components. 

Additional Information 
For additional information on Microcontrollers, and 
Ordering Information, please refer to the product 
datasheets available on request. 

III. 3.4 

Address of the Read 

Analyser TRiggering 

Serial transmission 

Next address 

To determine when data coming from the ROM can be 
read, tread parameter must be taken into account. 

The minimum value of this parameter is 12 clock periods 
measured when the address is stable and the data can be 
read. 

In this application, tread will be read 72 clock periods 
after the address is driven. So, both of the parameters are 
not critical . 

Furthermore this basic application can be improved by 
adding a software interface developed on a Personal 
Computer to compare the dumped ROM and the original 
one. 

MATRAMHS 
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Compatibility between 80Cx2 and 8xC154 Microcontrollers 

Description 

An application based on 80C52/80C32 can be replaced by 
83CI54/80CI54 if some precautions have been taken in 
order to not activate special features of the 8XCI54 
contained in one common register. This note gives details 
about the differences. 

Features 
The 8XCI54 is an enhanced version of the 80C52/80C32. 
The main differences are mainly due to Internal Program 
memory, the Power-Down mode, the serial link and the 
Programmable port impedance.These differences are 
summarized in Table 1. 

Table 1. Main Differences Between Microcontrollers 

'·:·'n'··.·,·· ,)re;:lt9;t!!S : .. ' .' ........... ..... . '.,'. '" 

".' , ·~fC~2I$OCS2 
ROM (80C52 & 83C154) 8 Kbytes 

Frame Error Detection 

Overrun Error Detection 

Recover Mode 

Hardware Power-Down Mode 

Programmable 1/0 Port Impedance 

Programmable Port Impedance 

The impedance of the port 1,2 and 3 can be programmed 
in one of the three impedance modes through the laCON 
register ( OF8H) shown in table 2. The impedance can be 
normal, high or floating .This mode is not supported by 
the 80C32/80C52 and a program written on 
80C32/80C52 never accesses to this register. 

Table 2. laCON register description 

I/OCON (OF8h) WDT T32 SERR 
I/O Control register 

No 

No 

No 

No 

No 

IZC 

..' ...... ,:; .~. ", '. " ·81lClS4/S3eis4 .... :, "",,, 'I' -', ",<,'t,::, '~:;i 

16 Kbytes 

Yes 

Yes 

Yes 

Yes 

Yes 

P3HZ P2HZ PlHZ 

IZC=1 Set by software to select High impedance for Port I. 2 and 3. 
When cleared, Port 1, 2 and 3 have a normal impedance. 
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PxHZ= I 

ALF=1 

When set by software. the Port (1. 2 and 3) become a floating input. 
When cleared, the impedance is selected by IZC bit. 

When set by software, all the Ports (1, 2 and 3) become floating when the 
power-down mode is activated 

,', .... 

ALF 

III. 4. 1 
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Power Reduction modes There are basically four power 
reduction modes in the SxC154: 

• Idle 
• Recover 

• Software 

• Hardware 

Table 3. PC ON register description 

TEMIC 
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All these modes are activated with the four bits 
PD,HPR,RPD and IDL in the PCON register shown in 
table 3. . 

The SOC52/32 has only two power reduction modes: Idle 
and software power-down modes. All these modes are 
controlled by the two bits PD and IDL in the PCON 
register shown in Table 3. 

peON (87h) register L..1_S_M_O_D---'_H_P_D_"-_R_P_D_-'-___ -'-_G_F_l_-'-_G_F_O_"'--_P_D_-'-_I_D_l_-, 

IZC= I Set by software to select High impedance for Port I, 2 and 3. 
When cleared, Port I, 2 and 3 have a normal impedance. 

Power-Down Mode 

This software mode is used to reduce to the minimum the 
power consumption (50 i!A) . This mode is activated by 
software by setting to one the bit PD in the PCON register 
and the way to cancel it depends on the controller used: 

• SOC32/S0C52: Only a hardware reset can cancel this 
mode. 

• SXC154: A hardware reset or an external interrupt 
(INTO or INTI) can cancel this mode. 

Idle Mode 

This mode is used to reduces the power consumption 
down to 25% of the nominal consumption and to maintain 
a minimum of CPU activities (TIMER/COUNTER, 
UART). This mode is activated by setting to one the bit 
IDL in the PCON register.The way to cancel it can be 
done either by an hardware reset or by all the interrupt 
request sources. 

Recover Mode 

This mode is used only on the SXCI54 and is enabled by 
setting to one the bit RPD in the PCON register. This 
mode controls the way to cancel the power reduction 
mode (Power-Down and IDLE) and can be either an 
hardware reset or external interrupt requests (INTO and 
INTI). The RECOVER mode allows two ways of 
cancelling mode :RPD = 0 , the power reduction mode is 
cancelled by the external interruptions only if they are 
enabled (EXO=l, EXI=I in IE register) , RPD = I , the 
power reduction mode is cancelled even if the external 
interrupts are disabled and if there is an interrupt request. 

This mode is not supported by the SOC52/S0C32 part 
and is an enhancement of the SXC154. 

111.4.2 

Hardware Power Down Mode 

This mode allows to control the Power-Down mode by an 
external signal through the TI pin (P3.5). When a falling 
is applied on this pin and if the HPD bit of the PCON 
register is set to one, the controller stops the clock and 
goes in power-down mode. A rising edge on TI pin 
awakes the controller, restarts the oscillator and the 
execution of the program. This mode works 
independantly of the software mode. This mode is not 
supported by the SOC52/S0C32 part and is an 
enhancement of the SXC154. 

Overrun and Frame Errors 

These errors are detected when a problem has been 
detected on the serial link. If it is the case, the SERR bit 
in the IOCON register is set to one. The overrun error 
occured when a new character is received and overwrites 
the last one which has not been read. The frame error 
occurs when the length of the data received is not correct 
(a stop bit is missing). This mode is supported by the 
SOC32/S0C52 . 

MATRAMHS 
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Conclusions 
Replacing a SOC32/S0C52 by a SXCl54 can be done 
easily but the programmer must take care of the 
RECOVER mode and the HARDWARE power--down 
mode, which are not to be set in the program. If no 
precautions are taken, the application can be disturbed as 
detailed below: 

• Hardware mode: If a rising edge is applied on pin TI, 
the controller will enter in power-down. 

• Recover mode: If the RPD bit is set to one and if the 

Additional Information 
For additional information on Microcontrollers, and 
Ordering Information, please refer to the following 
datasheets available on request. 

MATRAMHS 
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PD bit is set to one as well, the controller will enter in 
power-down mode and will be cancelled as soon as an 
interrupt request will be set. If an interrupt is pending, 
the power-down will be cancelled immediately. In 
that case it looks like the power-down mode has never 
been executed. 

All other differences will be transparent for the software. 

IlIA. 3 
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Encryption on 80eS1 Family Microcontrollers 

Introduction 
TEMIC provides a hardware encryption mechanism in 
order to protect the program memory against piracy. 

For this purpose, an encryption array is scrambled within 
the ROM matrix. 

This array is programmed by the factory at the same time 
as the program memory, its content being different for 
each application, and is totally secure from outside. 

The size of the encryption array depends on the size of the 
ROM matrix : 

• 128 bytes for 80C5l 

Design Considerations 

When the program verification is performed, or when 
MOVC instructions are executed from external memory 
for accessing internal memory, each byte of internal ROM 
is exclusive-nor'ed with an encryption byte, in order to 
provide on Port 0 an encrypted byte. 

The algorithm for selecting one encryption byte uses a 

MATRAMHS 
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ROM 
Code 

4 Kbytes 
8 Kbytes 
16 Kbytes 
32 Kbytes 

Internal 
adelress bus 

• 256 bytes for 80C52 

• 512 bytes for 83C154 

• 1024 bytes for 83C154D 

When the internal code is read out at a given address, this 
address selects one byte of the ROM memory map and 
one byte of the encrypted array following an algorithm. 

These two bytes are combined to create an encrypted byte 
at the output port. 

This will be reproduced for each address. 

combinaison of the internal memory address lines : 

• 7 address lines for 80C51 

• 8 address lines for 80C52 

• 9 address lines for 83C154 

• 10 address lines for 83C154D 

Encrypted 
Array 

128 Kbytes 
256 Kbytes 
512 Kbytes 
1024 Kbytes 

Readout 
encrypted code 
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Adding Features 

The External Access pin (EA) is sampled and latched on 
RESET, and any further switching of this pin is not 
recognized, 

It is always possible to use external memory, but the state 
of EA during RESET will ascertain what is enabled. 

• EA=O 
• Code memory is exclusively external 
• MOVC instructions access external ROM and 

return non encrypted data. 

TEMIC 
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• EA= 1 
• Code memory is internal for the lower 4K, and 

external for the upper bytes for SOC51 (limit is SK 
for SOC52, 16K for S3C154 and 32K for 
S3CI54D). 

• MOVC instructions in external ROM code that 
access internal ROM return encrypted data. 

This ensures full protection of ROM content, as detailed 
in the table below: 

Table 1. Use of MOVe intruction to access data in ROM code. 

<4K <4K Internal Internal Internal fetches during internal MOVe instruction: 
data not encrypted 

<4K >4K Internal External External fetches during internal MOVC 
instruction: data not encrypted 

>4K <4K External Internal Internal fetches during external Move 
instruction: data encrypted 

>4K >4K External External External fetches during external MOVe 
jnstruction: data not encrypted 

0 X X External External External fetches during external MOVC 
instructions: data not encrypted 

* : 4K value is for 80C5!. Replace by 8K for 80C52, by 16K for 83Cl54D and by 32K for 83C154D 

Additional Information 

For additional information on Microcontrollers, and 
Ordering Information, please refer to the product 
datasheets available upon request. 
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How to Get a Second Asynchronous Serial Interface 
on a 80eS1 Microcontroller Family 

Description 

The SOC51 family has only one asynchronous serial 
interface. 

However some users would like to have a low cost 
solution to get two in their applications. 

This solution exists and is described in this application 
note. 

The goal of this note is to present a very low cost software 
solution to realise this second asynchronous serial 
interface. 

Features 

No external hardware added; 

Full duplex; 

Receiver part: 

On each TIMER 1 overflow interrupt, RxD input is 
sampled. Start of transmission is recognised by a 
transition of I to 0 on this pin. So a second sample is made 
half a bit later to be sure that it is a start bit. Then sampling 
is made in the middle of the received bits, nine times to 
get the S data bits. The stop bit must have level I. 

Transmitter part: 

The operation of the transmitter is nearly the same as for 
the receiver: start bit is written on TxD output followed 
by the 8 data bits and the stop bit and so on. Time of bit II 
writing is calculated by counting timer interrupts. 

Efficiency 

Dissymetrical baud rate in reception and in transmission Number of machine cycles spent 10 interrupt 
available; sub-routine: 

1200 bauds limitation of the internal serial interface 
(hardware). 

Resources used 

A time reference with interrupt capability is needed and 
it can be TIMER 1 even if it is already used as baud rate 
generator for the internal serial interface. In this case a 32 
time speed transmission is obtained on TIMER 1 
overflow (TIMER I is in mode 2 : 8-bit auto-reload, and 
serial interface is in mode 1 : S-bit variable baud rate). 

Only two I/O pins are needed: one for RxD and one for 
TxD (for instance P 1.0 and Pl.1). Few bytes of memory 
are used and finally a portion of the CPU time is used to 
serve TIMER 1 interrupt. Three functions: initialisation, 
transmission and reception, are allowed to use this serial 
interface. 

Method 

Transmission of the character 

OlOOOOOlb 'A' 

""~st'ari I I I 

~t 
Sample points 

MATRAMHS 
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I 

stop 

• Minimum: 10 cycles ; 

• Maximum: 49 cycles (transmission and reception) ; 

The measures hereafter have been done with a 
11.059MHz crystal, and same baud rate in emission and 
in reception, and a hardware serial baud rate of 1200 
bauds. 

Percentage of CPU usage: 

• 41.7% if there is no traffic; 

• 50% with continuous transmission or reception, and 
1200 baud rate; 

• 57.4% with continuous transmission and reception, 
and 1200 baud rate; 

• 6S.5% with continuous transmission and reception, 
and 9600 baud rate. 

The hardware serial baud rate is limited to 1200 bauds, 
increasing it induces an increase of TIMER 1 interrupts 
frequency, and so an increase of percentage of CPU 
usage. 

III. 6. 1 
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Demonstration Program 
The demonstration program (listed in the following 
pages) allows transmission on Pl.l of all characters 
received on Pl.O without checking receive error. 

The function TXD _S starts transmission of the character 
placed in accumulator when the transmitter is ready. 

The function RXD_S waits for reception of a character 
and return it in accumulator. 

Additional Information 
For additional information on Microcontrollers, and 
Ordering Information, please refer to the product 
datasheets. 

III. 6. 2 
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Program Listing 
$TITLE (Software serial interface) 

$NOMOD5l 
$INCLUDE (reg5l.inc) 
NAME UARTSOFT 

Constant definition 
RxDl 
TxDl 

EQU 
EQU 

Segment definition 
PROG SEGMENT CODE 
VARI SEGMENTDATA 
BITVAR 
STACK 

SEGMENTBIT 
SEGMENTIDATA 
RSEG STACK 
DS lOH 

vectors definition 
CSEG AT OOOOH 
jmp MAIN 
CSEG AT 00lBH 
jmp ITIM1 

; bits definition 
RSEG BITVAR 

TXRDY: DBIT 1 
RXRDY: DBIT 1 
RXERR DBIT 1 

INCOM: DBIT 1 
; vars definition 

RSEG VAR1 
; Receiver 

RXSPD: DS 1 
RXCH: DS 1 

RXCNT: DS 1 

RXSTAT:DS 1 
RXCH2: DS 1 

; Transmitter 
TXSPD: DS 1 
TXCH: DS 1 
TXCNT: DS 1 
TXSTAT:DS 1 

RSEG PROG 

PI. 0 

PLI 

Software serial interface 
with programmable speed 

16 Bytes Stack 

Reset vector 

Timer 1 vector 

1 if transmitter ready 
1 if receiver ready 
1 if receiver error 
1 if character received 

speed in reception 
character in reception 
internal counter 
receiver status 
last character received 

speed in transmission 
character in transmission 
internal counter 
transmitter status 

software serial interface demonstration program 
characters received on P1.0 are transmitted on Pl.l 

RSEG PROG 
; Main routine 
MAIN: mov SP,#STACK-1 

LOOP: 
lcall SEINIT 
lcall RXD_S 
lcall TXD S 
sjmp LOOP 

MATRAMHS 
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interfaces init. 

III.6.3 



ANM055 
Initialize serial interfaces 
desired speed is 32 for 1200 bauds, 4 for 9600 bauds 
Oscillator frequency = 11.059 MHz 

SEINIT:mov TCON,#40H 
mov TMOD,#20H 
mov TH1,#OE8H 

mov SCON,#52H 
mov A,#32 
mov RXSPD,A 
mov TXSPD,A 

setb PT1 
setb TXRDY 
setb RXRDY 
clr RXERR 
mov IE,#10001000B 
ret 

Transmission of a character on TxD1 
TXD_S: jnb TXRDY, TXD_S 

mov C,P 
mov ACC.7,C 
mov TXCH,A 
mov A,TXSPD 
rr A 
mov TXCNT,A 
mov TXSTAT,#O 
clr TXRDY 
ret 

Reading of the received character on 
RXD_S: jnb INCOM,RXD_S 

mov A,RXCH2 
clr INCOM 
ret 

III.6.4 

Timer 1 enabled 
CIT = 0 , mode = 2 
1200 bauds 
serial port mode 1 
1200 bauds 

; high priority It. 
;transmitter ready 

receiver ready 
no error 
It. timer 1 enabled 

set parity 
character to send 
1 bit duration 
1/2 bit duration 
set counter 
init. status 
start transmission 

RxD1 

char. received 
char. readed 
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; Interrupt routine 
ITIM1: jnb RXRDY,RX1 

; receiver not busy 
jb RxD1,TRANS 
clr RXRDY 
push ACC 
mov A,RXSPD 
rr A 
mov RXCNT,A 
mov RXSTAT,#O 
pop ACC 
sjmp TRANS 

RX1: djnz RXCNT, TRANS 
push ACC 
push PSW 
mov A,RXSTAT 
jnz RX3 
jb RxD1, ERRFRM 

RX2: inc RXSTAT 
mov RXCNT,RXSPD 
sjmp RX5 

ERRFRM:setb RXRDY 
setb RXERR 
sjmp RX5 

RX3 : cjne A,#9,$+3 
mov C,RxD1 
mov A,RXCH 
rrc A 
mov RXCH,A 
sjmp RX2 

RX4: jnb RxD1 , ERRFRM 

mov RXCH2,RXCH 

setb RXRDY 
setb INCOM 

RX5: pop PSW 
pop ACC 

TRANS: ; transmission part 
jb 
djnz 
push 
push 

mov 
jnz 
clr 
mov 
inc 
sjmp 

MATRAMHS 
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TXRDY,TX5 
TXCNT,TX5 
ACC 
PSW 
A,TXSTAT 
TX1 
TxD1 
TXCNT,TXSPD 
TXSTAT 
TX4 

start bit ? 

1 bit duration 
1/2 bit duration 
load counter 
init. status 

sample point ? 

start bit OK (0) ? 

receiver error 

8 bits + stop bit 
bit sampling 

stop bit OK (1) ? 

1 char. received 

sample point ? 

start ? 

set start bit 

ANM055 

II 

jnc RX4 
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TX1: cjne A,#9,$+3 

jnc TX2 
mov A,TXCH 
rrc A 
mov TXCH,A 
mov TxDl,C 
mov TXCNT,TXSPD 
inc TXSTAT 
sjmp TX4 

TX2: cjne A,#lO,TX3 

setb TXRDY 
sjmp TX4 

TX3: setb TxDl 
mov TXCNT, TXSPD 
inc TXSTAT 

TX4: pop PSW 
pop ACC 

TX5: reti 

END 

III.6.6 

8 bits + stop bit 

bit to send in carry 

transmission of bit 
init. counter 

end of character ? 

set stop bit 
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How to Recognize Video Mode and Generate Free Running 
Synchronization Signals Using TSC8051CI/C2 Microcontrollers 

Description 
The TSC8051Cl is an application specific 
microcontroller for autosync monitor and digital control 
application. It includes the TEMIC static 8-bit 8OC5l 
CPU core with 8 Kbytes of ROM and 256 bytes of RAM, 
l2x8-bit PWM channels, buffered HSYNC and VSYNC 
outputs, a watchdog timer and a multimaster I2C 
controller. 

Typical Autosync Monitor Application 
The introduction of the TSC8051Cl in CRT monitors 
allows manufacturer and final user to get maximum 
flexibility. 
• Automatic parameters adjustment during factory 

set-up. 
• Auto-alignment capabilities. 
• Saving of factory default parameters. 
• Versatile frequency range up to 100KHz. 
• More adjustment parameters are available to the user. 

VIDEO 
BOARD 

TEST 

Synchronization ~ 
Separator B 

This application note describes how to automatically 
recognize video mode by measuring the period and 
polarity of horizontal and vertical synchronization 
signals; it also explains how to generate free running 
synchronization signal for burn-in purpose. 
In the rest of the application note, the use of words Hsync 
and V sync means horizontal synchronization signal and 
vertical synchronization signal respectively. 

• Automatic video mode recognition that allows m 
automatic monitor adjustment to the values • 
previously saved by user. 

• On chip I2C bus controller allows Access bus 
implementation and so monitor adjustment by the 
PC's Keyboard. 

Figure 1 shows a block diagram of a typical autosync 
monitor designed with the TSC8051Cl. 

Horizontal Deflection 

Hshift: beam position 
Hamp: picture amplitude 

FJW: East/West pincushion 

Hlin: S correction capacitors 

Vertical Deflection 

11 V shift: beam position 
1....!::::--'---I-t0f Vamp: picture amplitude 

Vlin: linearity 

* I LCDPaneij 

KeyboardlDisplay 

Figure 1. Autosync monitor block diagram with the TSC8051Cl 

MATRAMHS 
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11 Video Amplifiers Of Brightness Contrast 

RlGIB cut-<>ff 
RlGIB gain 
White balance 
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Hardware Description 
TSC8051Cl implements some special features to allow 
video mode recognition without adding any external 
components. 
• Special Hsync and Vsync inputs. 

• V sync can generate an interrupt on either falling 
or rising edge. As 8051 core samples inputs one 
time per machine cycle, pulse duration less than 
Tosc x 12 (If!s using 12 MHz crystal) are not 100% 
detected. To allow Hsync pulses counting 
(duration>150ns), pulses are lengthened up to 1 
cycle period to be sampled by the 8051 core. 
Figure 2 and Figure 3 show the VSYNC and 
HSYNC input block diagrams. 

• These features are programmable through EICON 
SFR (address E4h). 

MSB 

IOL 

EICON SFR E4h 

TOL TOS 

EICON.O INTOIVSYNC input Level bit. Setting this 
bit inverts INTOIVSYNC input signal. 
Clearing it allows standard use of 
INTOIVSYNC input. 

TOS EICON.l TOIHSYNC input Selection bit. Setting 
this bit allows short pulse capture. 
Clearing it allows standard use of 
TO/HSYNC input. 

TOL EICON.2 TO/HSYNC input Level bit. Setting this 
bit allows positive pulse capture. Clearing 
it allows 

• Special Hsync and Vsync outputs. 
• TSC8051Cl implements programmable Hsync and 

Vsync outputs. User can disable and can invert these 
outputs to provide good polarity to deflection stages. 

• These features are programmable through SOCR SFR 
(address E5h). 

MSB 

I I 

HOE 

HOP 

VOE 

SOCRSFRESh 

I vos I HOS I vOP I VOE I HOP 

SOCR.O HSYNC Output Enable bit. Setting this bit 
enables the HSYNC signal. 

SOCR.l HSYNC Output Polarity bit. Setting this 
bit inverts the HSYNC output. 

SOCR.2 VSYNC Output Enable bit. Setting this bit 
enables the VSYNC signal. 

VOP SOCR.3 VSYNC Output Polarity bit. Setting this 
bit inverts the VSYNC output. 

HOS SOCR.4 HSYNC Output Selection bit. Setting this 
bit selects the VSYNC output, clearing it 
selects P3.5 SFR bit. 

vas SOCR.5 VSYNC Output Selection bit. Setting this 
bit selects the VSYNC output, clearing it 
selects P3.3 SFR bit. 

III.7.2 
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INTOIVSYNC 

IOL 

Figure 2. INTONSYNC input block diagram 

TaL Fosc TOS 

Figure 3. TOIHSYNC input block diagram 

HOP HOE HOS 

VOP VOE vas 

Figure 4. HSYNC and VSYNC outputs block 
diagram 

MATRAMHS 
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Video Mode Recognition Description 
V sync input is programmed to generate an interrupt each 
time a falling edge appears on V sync. 

Vsync period measurement, Vsync polarity detection and 
Hsync pulse counting are performed using Timer O. 
Figure 5 shows the Timer 0 block diagram in mode I. 

TO/HSYNC 
__ ---Jt CIT = I 

TRO------------I 

GATE 

lNTOIVSYNC# 

Figure 5. Timer/Counter 0 in mode 1: 16-bit Counter 

The measurement cycle is divided in 3 operations (3 
Hsync frames): 

Timer 0 is reset and V sync interrupt is enabled. 
• Vsync frequency measurement: 
• In first interrupt of the cycle, timer 0 is programmed 

to be used as free running timer with foscl12 clock. 
TRO bit is set to start counting (GATE bit is reset). In 
the second interrupt, TRO bit is reset to stop counting. 
At this time, THO and TLO registers contain a 
representative value of the V sync period (in /-!s if 
l2MHz crystal is used) (see Figure 6). 

~i:e_p~l 

t... Period J 

Negative polarity 

-u----~ 

t.. Period J 
t Interrupt points 

Figure 6. Vsync frequency measurement 

MATRAMHS 
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Interrupt 

• V sync polarity detection: 
• In the second interrupt of the cycle, timer 0 is 

programmed to be used as gated timer with foscll2 
clock. GATE bit is set and timer counts only during 
V sync high level. In the third interrupt, TRO bit is reset 
to stop counting. At this time, THO and TLO registers 
contain a representative value of the V sync high level 
duration (in /-!s if l2MHz crystal is used). If this 
duration is higher than the Vsync period divided by 2 
then, Vsync has a negative polarity else it has a 
positive polarity (see Figure 7). 

Positive polarity 

~el_p:ri~d~ 

Negative polarity 

~h-Ie~e~p~ 
Figure 7. Vsync polarity detection 

• Hsync polarity detection: 
• In the second interrupt of the cycle, during the V sync 

high level duration measurement, the Hsync signal is 
sampled 16 times, if number of high level samples is 
greater than 8 then, Hsync has a negative polarity else 

III.7.3 
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it has a positive polarity (see Figure 8). Hsync input 
filter is then set to accept negative pulses or positive 
pulses respectively. 

16 sampling points 

Negative polarity 

16 sampling points 

Figure 8. Hsync polarity detection 

• Hsync frequency measurement: 
• In the third interrupt of the cycle, timer 0 is 

programmed to be used as external event counter with 
Hsync clock. TRO bit is set to start counting. In the 
fourth interrupt (last of the measurement cycle), TRO 
bit is reset to stop counting. At this time, THO and TLO 
registers contain a representative value of the Hsync 
period that is the number of Hsync pulses during a 
Vsync period (see Figure 9). A flag is set to inform 
main program of the end of cycle. 

Free Running Generation Description 
During manufacturing burn-in, monitors are powered, 
but no video source is connected to the monitor. To force 
deflection stages' activity, free running Hsync and Vsync 
are output. 

The software solution for free running generation, offers 
to the user a maximum of flexibility to program the best 
frequencies according to the deflection stages. 

Software Description 
The software proposed hereafter is divided in two main 
routines: 
• The V sync Interrupt service routine. 
• The HsyncN sync free running generation routine. 

C,Vpol_m 
C ; set VOP bit for positive 

TEMIC 
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,,~~ .. ~ rI PositivepoJarity rI 
Yll!!£...J ~ ...... -------.J I---
11111111111111111111111111111111111 _ _ _ 11111111111111111111111111111111111 
Hsync : .. Counting Period 

Negative polarity 

~ ___ -----'L-
11111111111111111111111111111111111 - - - 1IIIIIIIIIIIIIIIIIIIIIIIIilIIIIIIII 
Hsync : .. Counting Period .. : 

Figure 9. Hsync frequency measurement 

When one cycle is completed, the main program checks 
the values and determines whether if the video mode has 
changed or not. If yes, the actions to take are listed 
hereafter: 
• Depending on the Hsync frequency, S correction 

capacitors have to be updated. 
• Some PWM values are updated. 
• Video mute is activated. 
• A research is made in EEPROM to find if the same 

video mode is already stored. 
• If yes recall user set-up (update PWM values) from 

EEPROM, else default set-up is applied and the video 
mute is released. 

Two examples are proposed. In the first one, V sync is a 
60.lHz negative polarity signal with 66!-!s pulses and 
Hsync is a 41.7KHz negative polarity signal with 2!-!s 
pulses, in the second one Vsync is a 72Hz positive 
polarity signal with 58!-!s pulses and Hsync is a 62.5KHz 
positive polarity signal with l!-!s pulses. 

All the routines are based on a 12MHz oscillator 
operation; so 1 machine cycle has exactly l!-!s duration. 
In the example, deflection stages are considered having 
a negative polarity synchronization input. User can 
program positive HsyncNsync outputs, by modifying the 
software as follows: 

mov 
mov 
cpl 
mov 
mov 
cpl 
mov 
mov 

ACC.3,C ; polarity on Vout 
C,Hpol_ffi 
C ; set HOP bit for positive 
ACC.l,C polarity on Hout 
SOCR,A ; update Vout/Hout polarity 

III.7.4 MATRAMHS 
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V sync interrupt service routine has the highest priority. 
Due to the sampling clock, the Vsync period has a basic 
precision of Ills. Depending on the instruction executed 
during the interrupt activation the measured period may 
be increased up to 41ls. The validation of a new detected 
video mode is effective only when the difference between 
the new measured and the previously saved 
period/counting is significant. This is achieved by the 
Check_diff subroutine. 

The reception of a character on serial port activates one 
of the two HsyncN sync free running generation routine: 
'1' for the first example, '2' for the second one. 

As the generation of the synchronization signals uses 
100% of the CPU time, the only ways to disable 
generation are to clear the activation flag during an 
interrupt service routine (in the example, the flag is 
cleared in V sync interrupt when a video source is input) 
or to apply a reset. 

MATRAMHS 
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The listing includes the file reg51cl.inc that is the 
TSC8051Cl register declarations. 

After a new video mode recognition, parameters are 
stored in the following variables: 
Vpol_s Vsync polarity 
Hpol_s Hsync polarity 
Vperl_s Vsync period high order byte 
Vperh_s Vsync period low order byte 
Hcntl s Hsyne count high order byte 
Hcnth - s Hsync count low order byte 

The table hereafter presents different video modes and 
their associated parameters. 

III.7.5 
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1 
2 
3 
4 
5 

0080 
0090 
OOAD 
OOBO 

OODO 
OOEO 
OOFO 
0081 
0082 
0083 
0087 
0088 
0089 
008A 
008B 
008C 
008D 
00A8 
00B8 
0098 
0099 

00D8 
00D9 
OODA 
OODB 

OOAF 
00E4 
00E5 
00E6 
OODF 
00E7 
00D7 
OOEC 
OOED 
OOEE 
OOEF 
00F4 
00F5 
00F6 
00F7 
OOFC 
OOFD 
OOFE 
OOFF 

00D7 
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TEMIC 1996. 
Demonstration program for video mode recognition 
and free running generation with TSC 8051Cl 

$RB (0,1) ; bank 0 and 1 reserved 
6 
7 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

$ INCLUDE (reg51cl.inc) ; register declarations 
TEMIC 1996. 
Register declarations for TSC 8051Cl microcontroller 
Rev. A 

Pl 
P2 
P3 

PSW 
ACC 
B 

SP 
DPL 
DPH 
PCON 
TCON 
TMOD 
TLO 
TLl 
THO 
THl 
IE 
IP 
SOCON 
SOBUF 

SlCON 
SlSTA 
SlDAT 
SlADR 

MSCON 
EICON 
SOCR 
HWDR 
PWMCON 
MXCRo 
MXCR1 
PWMO 
PWM1 
PWM2 
PWM3 
PWM4 
PWM5 
PWM6 
PWM7 
PWMB 
PWM9 
PWM10 
PWM11 

DATA 
DATA 
DATA 
DATA 

DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

DATA 
DATA 
DATA 
DATA 

DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

OBOH 
090H 
OAOH 
OBOH 

ODOH 
OEOH 
OFOH 
081H 
082H 
083H 
087H 
088H 
089H 
08AH 
OBBH 
08CH 
08DH 
OA8H 
OB8H 
09BH 
099H 

ODBH 
OD9H 
ODAH 
ODBH 

OAFh 
OE4h 
OE5h 
OE6h 
ODFh 
OE7h 
OD7h 
OECh 
OEDh 
OEEh 
OEFh 
OF4h 
OF5h 
OF6h 
OF7h 
OFCh 
OFDh 
OFEh 
OFFh 

61 ; BIT Registers 
62 ; PSW 
63 Cy BIT OD7H 

MATRAMHS 
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00D6 64 AC BIT OD6H 
ODDS 65 FO BIT OD5H 
00D4 66 RS1 BIT OD4H 
00D3 67 RSO BIT OD3H 
00D2 68 OV BIT OD2H 
DODO 69 P BIT ODOH 

70 
71 TCON 

008F 72 TF1 BIT 08FH 
008E 73 TR1 BIT 08EH 
008D 74 TFO BIT 08DH 
008C 75 TRO BIT 08CH 
008B 76 IE1 BIT 08BH 
008A 77 IT1 BIT 08AH 
0089 78 lEO BIT 089H 
0088 79 ITO BIT 088H 

80 
81 ; IE 

OOAF 82 EA BIT OAFH 
GOAD 83 ES1 BIT OADH 

I OOAC 84 ESO BIT OACH 
OOAB 85 ET1 BIT OABH 
OOAA 86 EX1 BIT OAAH 
00A9 87 ETO BIT OA9H 
00A8 88 EXO BIT OA8H 

89 
90 ; IPO 

OOBD 91 PS1 BIT OBDH 
OOBC 92 PSO BIT OBCH 
OOBB 93 PT1 BIT OBBH 
OOBA 94 PXl BIT OBAH 
00B9 95 PTO BIT OB9H 
00B8 96 PXO BIT OB8H 

97 
98 ; P3 

00B7 99 RD BIT OB7H 
00B7 100 SDA BIT OB7H 
00B6 101 WR BIT OB6H 
00B6 102 SCL BIT OB6H 
00B5 103 T1 BIT OB5H 
00B5 104 HOUT BIT OB5H 
00B4 105 TO BIT OB4H 
00B4 106 HSYNC BIT OB4H 
00B3 107 INT1 BIT OB3H 
00B3 108 VOUT BIT OB3H 
00B2 109 INTO BIT OB2H 
00B2 110 VSYNC BIT OB2H 
00B1 111 TXD BIT OB1H 
OOBO 112 RXD BIT OBOH 

113 
114 ; SOCON 

009F 115 SMO BIT 09FH 
009E 116 SM1 BIT 09EH 
009D 117 SM2 BIT 09DH 
009C 118 REN BIT 09CH 
009B 119 TB8 BIT 09BH 
009A 120 RB8 BIT 09AH 
0099 121 TI BIT 099H 
0098 122 RI BIT 098H 

123 
124 ; SlCON 

00D85 CRO BIT OD8H 
00D9 126 CR1 BIT OD9H 

MATRAMHS III.7.7 
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OODA 
OODB 
OODC 
OODD 
OODE 

0080 

00D7 
0035 
OOCF 

0002 
0006 

0008 
0002 

0020 
0021 
0022 
0023 
0024 
0025 

0030 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 

0039 

127 AA 
128 SI 
129 STO 
130 STA 
131 ENS1 
132 
133 
134 
135 

BIT 
BIT 
BIT 
BIT 
BIT 

136 ; CONSTANT DEFINITION 
137 
138 
139 
140 
141 
142 
143 
144 

HOUT_VOUT_SET 
HOUT_VOUT_CLR 
HOUT_VOUT_ENA 
HOUT_VOUT_DIS 

145 EICON_H_NEG 
146 EICON_H_POS 
147 
148 VSYNC_DIFF 
149 HSYNC_DIFF 
150 

EQU 

EQU 
EQU 
EQU 
EQU 

EQU 
EQU 

EQU 
EQU 

ODAH 
ODBH 
ODCH 
ODDH 
ODEH 

80h 

00101000b 
1l010111b 
001l0101b 
1l001111b 

00000010b 
OOOOOllOb 

8 
2 

151 
152 

BIT VARIABLE DEFINITION 

153 
154 
155 
156 
157 
158 
159 
160 

Vpol_m: 
Hpol_m: 
Vpol_s: 
Hpol_s: 
End_cycle: 
Free run: -

BSEG AT 20h 
DBIT 1 
DBIT 1 
DBIT 1 
DBIT 1 
DBIT 1 
DBIT 1 

161 DATA VARIABLE DEFINITION 
162 ------------------------
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 

Isr state: -
Vper1_m: 
Vperh_m: 
Hcntl_m: 
Hcnth_m: 
Vperl_s: 
Vperh_s: 
Hcntl s: 
Hcnth s: -

Stack: 

DSEG AT 30h 
DS 1 
DS 1 
DS 1 
DS 1 
DS 1 
DS 1 
DS 1 
DS 1 
DS 1 

DS 10h 

TEMIC 
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2s watchdog period 

Hout/Vout~l 

Hout/Vout~O 

Hout/Vout enabled 
Hout/Vout disabled 

negative Hsyne selection 
positive Hsyne selection 

7us~Vsync diff authorised 
1 pulse~Hsync diff authorised 

measured Vsync polarity 
measured Hsyne polarity 
saved Vsync polarity 
saved Hsyne polarity 
measuring end cycle flag (1) 
Free running generation flag (1) 

Interrupt state flag 
measured period high order byte 
measured period low order byte 
measured count high order byte 
measured count low order byte 
saved period high order byte 
saved period low order byte 
saved count high order byte 
saved count low order byte 

16 bytes stack 

178 ;~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

179 BEGIN CODE 
180 ;~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

0000 
0000 0106 

0003 

181 
182 
183 
184 
185 
186 
187 

0003 0200FC 188 
189 

USING 
CSEG 
ORG 
ajmp 

ORG 
ljmp 

0 RBO used by default 

OOOOh reset address 
Reset 

0003h VSYNC (INTO) interrupt 
Vsync_isr 
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190 
191 ;~~~~~~~=~==~~==~=~~~=~~=~~==~==~~===~~~===~~=~~==~=======~===~======= 

192 INITIALISATION 
193 ;====~======================~========~~~=~=~~=~==~========~===~==~==~= 

0006 

0009 
OOOB 
OOOD 

OOOF 
0012 
0015 
0018 

001B 
001E 

0021 
0024 

0027 

758138 

78FF 
7600 
D8FC 

758DE6 
758BOO 
758921 
758841 

758700 
759852 

75A881 
75B801 

75E680 

194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 

Reset: mov SP,#Stack-1 

mov RO,#OFFh 
Ram_init: mov @RO,#OOH 

djnz RO,Ram_init 

mov TH1,#OE6h 
mov TL1,#00h 
mov TMOD,#21h 
mov TCON,#41h 

mov PCON,#OOh 
mov SOCON,#52h 

mov IE,#81h 
mov IP,#Olh 

mov HWDR,#WDT_PER 

stack pointer initialisation 

Internal RAM initialisation 

T1 used as baud rate generator 
at 1200 bauds with 12MHz crystal 
TO 16b counter, T1 8b autoreload 
T1 run, INTO falling edge 

SMOD~O 

8-bit UART, Rx enabled 

lEO enabled 
lEO high priority 

watchdog activation 

215 ;============~=~=~~======~======~================~~=========~=====~=~==== 

216 MAIN PROGRAM 
217 ;===~===~=~==~===~=======~=~====~=================================~====== 
218 

002A 202410 219 Wait_sync: 
002D 75E680 220 

221 
222 
223 
224 

0030 3098F7 
0033 C298 
0035 E599 

0037 B43104 
003A llB3 
003C 012A 

003E B432E9 
0041 3104 

0043 012A 

0045 E4 
0046 A220 
0048 92EO 
004A A222 
004C 9400 
004E 702A 

0050 A221 
0052 92EO 
0054 A223 
0056 9400 
0058 7020 

005A A831 
005C A932 

225 
226 
227 
228 
229 
230 
231 
232 
233 
234 

235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
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Check_mode: 

jb 
mov 

End_cycle, Check_mode 
HWDR,#WDT_PER ; watchdog refresh 

here must be inserted the 
man-machine interface control 

jnb 
clr 
mov 

cjne 
acall 
ajmp 

cjne 
acall 

ajmp 

clr 
mov 
mov 
mov 
subb 
jnz 

mov 
mov 
mov 
subb 
jnz 

mov 
mov 

RI,Wait_sync 
RI 
A,SOBUF 

A,#'l' ,test_car 

example for free running 

H_V_sync_gen_l; Free running generation 
Wait_sync 

A,#'2' ,Wait_sync 
H_V_sync_gen_2 

; Free running generation 

A 

C,Vpol_m 
ACC.O,C 
C,Vpol_s 
A, #00 
Mode_changed 

C,Hpol_ffi 
ACC.O,C 
C,Hpol_s 
A, #00 
Mode_changed 

RO,Vperl_m 
R1,Vperh_m 

Vsync polarity changed 

Hsync polarity changed 

III.7.9 
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005E AA35 252 
0060 AB36 253 
0062 7C08 254 
0064 11AO 255 
0066 7012 256 

257 
0068 A833 258 
006A A934 259 
006C AA37 260 
006E AB38 261 
0070 7C02 262 
0072 11AO 263 
0074 7004 264 

265 
0076 C224 266 
0078 012A 267 

268 
007A 269 

270 
271 
272 
273 
274 

007A 7435 275 
007C A220 276 
007E 92E3 277 
0080 A221 278 
0082 92El 279 

0084 F5E5 280 
281 

0086 A220 282 
0088 9222 283 
008A 853135 284 
008D 853236 285 

286 
0090 A221 287 
0092 9223 288 
0094 853337 289 
0097 853438 290 

291 
292 
293 
294 
295 
296 

009A 31F9 297 
298 
299 

009C C224 300 
009E 012A 301 

302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 

III.7.10 

R2,Vperl_s 
R3,Vperh_s 
R4,#VSYNC_DIFF 
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mov 
mov 
mov 
acall 
jnz 

Check_diff compare new & old period 
Mode_changed Vsync period changed 

mov RO,Hcntl_m 
mov Rl,Hcnth_ID 
mov R2,Hcntl_s 
mov R3,Hcnth_s 
mov R4,#HSYNC_DIFF 
acall 
jnz 

clr 
ajmp 

Check_diU 
Mode_changed 

End_cycle 
Wait_sync 

compare new & old counting 
Vsync period changed 

a new cycle can start 

Mode_changed: 

user define 
user define 

setb 
acall 

mov 
mov 
mov 
mov 
mov 
mov 

mov 
mov 
mov 
mov 

mov 
mov 
mov 
mov 

Video_mute 
Cs select 

A,#HOUT_VOUT_ENA 
C,Vpol_m 
ACC.3,C 
C,Hpol_m 
ACC.1, C 
SOCR,A 

C,Vpol_ffi 

Vpol_s,C 
Vperl_s,Vperl_m 
Vperh_s, Vperh_m 

C,Hpol_m 
Hpol_s,C 
Hcntl _s,Hcntl_m 
Hcnth_s,Hcnth_m 

video mute during mode change 
S correction capacitors update 
depending on Vsync period 

set VOP bit for negative 
polarity on Vout 
set HOP bit for negative 
polarity on Hout 
update Vout/Hout polarity 

save new Vsync polarity 

save new vsync period 

save new Hsyne polarity 

save new Hsyne period 

Here must be inserted the research of this video mode in EEPROM 
if it is already stored, then recall user's screen parameters 
if not, recall factory default screen parameters. 
This new mode will be stored in EEPROM after user adjustments 

user 

acall Out results send results tCl serial port 

define clr Video_mute end of video mute 
clr End_cycle a new cycle can start 
ajmp Wait _sync 

SUBROUTINES 

This subroutine checks if the absolute difference of two words 
is less than a given byte value 

MATRAMHS 
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313 
314 
315 
316 
317 
318 
319 
320 

321 
322 

OOAO C3 323 
00A1 E9 324 
00A2 9B 325 
00A3 700D 326 

327 
00A5 E8 328 
00A6 9A 329 
00A7 5003 330 

331 
00A9 C3 332 
OOAA EA 333 
OOAB 98 334 

335 
OOAC B50400 336 
OOAF 5001 337 
00B1 E4 338 
00B2 339 

340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 

00B3 ESE5 352 
00B5 54CF 353 
00B7 FSE5 354 
00B9 D225 355 

356 
OOBB 53BOD7 357 
OOBE 00 358 
OOBF D2B5 3S9 
00C1 790A 360 
00C3 D9FE 361 

362 
00C5 C2BS 363 
00C7 00 364 
00C8 D2BS 365 
OOCA 790A 366 
OOCC D9FE 367 

368 
OOCE C2B5 369 
OODO 00 370 
00D1 D2B5 371 
00D3 7907 372 
OODS D9FE 373 
00D7 D2B3 374 
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Inputs: RO: 
R1: 
R2: 
R3: 
R4: 

Outputs: A: 

c1r 
mov 
subb 
jnz 

mov 
subb 
jnc 

clr 
mov 
subb 

Check...:pos: cjne 
jnc 
clr 
ret 

ANM059 
word 1 low order byte 
word 1 high order byte 
word 2 low order byte 
word 2 high order byte 
limit of difference 

if A = 0 the difference is less than the limit 
else the difference is greater than or equal to 
the limit 

C 
A,R1 
A,R3 A=MSB difference 
End check MSB not equal 

A,RO 
A,R2 A=LSB difference 
Check...:pos 

C negative difference 
A,R2 
A,RO A=LSB difference 

A,AR4,$+3 
End_check 
A 

This subroutine generates free Running synchronization Signals 

Hout 
Vout 

41.7KHz with 2us negative pulses 
60.1Hz with 66us negative pulses 

H_V_sync_gen_l: mov 
anI 

A,SOCR 
A,#HOUT_VOUT_DIS 

mov 
setb 

SOCR,A 
Free_run 

select P3.3/P3.5 as Vout/Hout 

clr 

anI 
nop 
setb 
mov 
djnz 

HOUT 
nop 
setb 
mov 
djnz 

clr 
nop 
setb 
mov 
djnz 
setb 

HOUT 
R1,#10 
R1,$ 

HOUT 
R1, #10 
R1,$ 

HOUT 

ROUT 
R1,#7 
R1,$ 
VOUT 

i set flag (cleared in Vsync isr) 

2us neg pulse on Hout 

20us tempo 

2us neg pulse on Hout 

20us tempo 

2us neg pulse on Hout 

14us tempo 
66us neg pulse on Vout 

III. 7 .11 



ANM059 

00D9 78E6 
OODB 00 

375 
376 
377 H-pulse_1: 

OODC 00 378 
OODD 75E680 379 

380 
OOEO C2B5 381 
00E2 00 382 
00E3 D2B5 383 
00E5 790A 384 
00E7 D9FE 385 

386 
00E9 C2B5 387 
OOEB 00 388 
OOEC D2B5 389 
OOEE 790A 390 
OOFO D9FE 391 

00F2 C2B5 
00F4 00 
00F5 D2B5 
00F7 7906 
00F9 D9FE 

392 
393 
394 
395 
396 
397 
398 

OOFB 302505 399 

OOFE D8DB 
0100 00 
0101 01BB 
0103 22 

400 
401 
402 
403 
404 End_gen_1: 
405 
406 

mov 
nop 
nop 
mov 

clr 
nop 
setb 
mov 
djnz 

clr 
nop 
setb 
mov 
djnz 

clr 
nop 
setb 
mov 
djnz 

jnb 

djnz 
nop 
ajmp 
ret 

RO,#230 

HOUT 

HOUT 
R1,#10 
R1,$ 

HOUT 

HOUT 
R1,#10 
R1,$ 

HOUT 

HOUT 
R1,#6 
R1,$ 

TEMIC 
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230 * 3 Hsync pulses 

watchdog refresh 

2us neg pulse on Hout 

20us tempo 

2us neg pulse on Hout 

20us tempo 

2us neg pulse on Hout 

12us tempo 

Free_run, End_gen_l 
; Free running enabled 

407;---------------------------------------------------------------------------

0104 E5E5 
0106 54CF 
0108 F5E5 
010A D225 

408 
409 
410 
411 
412 
413 

This subroutine generates free Running synchronization Signals 

Hout 
Vout 

62.5KHz with 1us positive pulses 
72Hz with 58us positive pulses 

414;---------------------------------------------------------------------------
415 
416 H_V_sync_gen_2: mov 
417 anI 
418 
419 
420 

mov 
setb 

A,SOCR 
A,#HOUT_VOUT_DIS 

select P3.3/P3.5 as Vout/Hout SOCR,A 
Free run ; set flag (cleared in Vsync isr) 

010C 53BOD7 421 V-pulse_2: orl 
clr 
nop 
mov 
djnz 

010F D2B5 
0111 00 
0112 7906 
0114 D9FE 

0116 C2B5 
0118 D2B5 
011A 00 
011B 7906 
011D D9FE 

011F C2B5 
0121 D2B5 
0123 00 
0124 7906 

III.7.12 

422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 

setb 
clr 
nop 
mov 
djnz 

setb 
clr 
nap 
mov 

HOUT 

R1,#6 
Rl,$ 

HOUT 
HOUT 

R1,#6 
Rl,$ 

HOUT 
HOUT 

R1,#6 

; lus pos pulse on Hout 

12us tempo 

lus pos pulse on Hout 

12us tempo 

lus pos pulse on Hout 

MATRAMHS 
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0126 D9FE 437 djnz Rl, $ 12us tempo 
438 

0128 C2B5 439 setb HOUT 
012A D2B5 440 c1r HOUT 1us pas pulse on Hout 
012C 00 441 nop 
012D 7903 442 mov R1,#3 
012F D9FE 443 djnz R1,$ 6us tempo 
0131 D2B3 444 clr VOUT 58us pos pulse on Vout 

445 
0133 78D8 446 mov RO,#216 216 * 4 Hsync pulses 
0135 00 447 H-pul se_2: nop 
0136 00 448 nop 
0137 75E680 449 mov HWDR,#WDT_PER ;watchdog refresh 

450 
013A C2B5 451 setb HOUT 
013C D2B5 452 clr HOUT Ius pas pulse on Haut 
013E 00 453 nop 
013F 7906 454 mov Rl, #6 
0141 D9FE 455 djnz Rl, $ 12us tempo 

456 
0143 C2B5 457 setb HOUT 
0145 D2B5 458 clr HOUT Ius pcs pulse on Haut 
0147 00 459 nop 
0148 7906 460 mov R1,#6 
014A D9FE 461 djnz R1,$ 12us tempo 

462 
014C C2B5 463 setb HOUT 
014E D2B5 464 clr HOUT Ius pas pulse on Haut 
0150 00 465 nop 
0151 7906 466 mov Rl, #6 
0153 D9FE 467 djnz R1,$ 12us tempo 

468 
0155 C2B5 469 setb HOUT 
0157 D2B5 470 clr HOUT 1us pos pulse on Hout 
0159 00 471 nap 
015A 7902 472 mov Rl,#2 
015C D9FE 473 djnz Rl, $ ; 4us tempo 

474 
015E 302505 475 jnb Free_run, End_gen_2 

; Free running enabled 
476 

0161 D8D2 477 djnz RO,H-pulse_2 
0163 00 478 nop 
0164 210C 479 ajmp V-pulse_2 
0166 22 480 End_gen_2: ret 

481 
482 
483 
484 
485;---------------------------------------------------------------------------

0167 C225 
0169 302401 

016C 32 

016D COEO 
016F CODO 

MATRAMHS 

486 
487 
488 

This routine is the VSYNC interrupt service routine 

489;---------------------------------------------------------------------------
490 USING 1 RBI used in interrupt 
491 
492 Vsync_isr: clr Free run stop Free running 
493 jnb End_cyc1e,Vsync_beg_isr 

; Cycle not yet treated 
494 reti 
495 
496 Vsync_beg_isr: push ACC 
497 push PSW 

III.7.13 
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0171 75D008 498 
0174 E530 499 

500 
0176 B4000F 501 
0179 758921 502 
017C 758AOO 503 
017F 758COO 504 
0182 D28C 505 
0184 0530 
0186 21F3 

506 
507 
508 

0188 B40133 509 
018B 00 510 
018C 00 511 
018D 00 512 
018E 00 513 
018F C28C 514 
0191 858A31 515 
0194 858C32 516 
0197 758929 517 
019A 758AOO 518 
019D 758COO 519 
01AD D28C 520 

521 
01A2 E4 522 
01A3 7810 523 
01A5 A2B4 524 
01A7 3400 525 
01A9 D8FA 526 
01AB B40800 527 
01AE 9221 
01BO 4005 

528 
529 

01B2 75E402 530 

01B5 21BA 531 
01B7 75E406 532 

01BA 0530 
01BC 21F3 

533 
534 
535 
536 

OlBE B4021B 537 
01Cl 758925 538 
01C4 758ADO 539 
01C7 A88C 540 
01C9 758COO 541 
01CC D28C 542 

01CE E532 
01DO C3 

543 
544 
545 

01Dl 13 546 
01D2 B50800 547 
01D5 B3 548 
01D6 9220 549 
01D8 0530 
01DA 21F3 

01DC 00 
01DD 00 
01DE 00 
01DF 00 
OlEO 00 
01El 00 

III.7.14 

550 
551 
552 
553 
554 
555 
556 
557 
558 

State 0: 

State 1: 

81 1: 

81 2: 

Sl 3: 

Sl 4: 

State 2: 

82 1: 

state 3: 

mav 
mav 

cjne 
mav 
mav 
mav 
setb 
inc 
ajmp 

cjne 
nap 
nap 
nap 
nap 
clr 
mov 
mav 
mav 
mav 
mav 
setb 

clr 
mav 
mav 
addc 
djnz 
cjne 
mav 
jc 
mav 

ajmp 
mav 

inc 
ajmp 

cjne 
mov 
mov 
mov 
mov 
setb 

mov 
clr 
rrc 
cjne 
cpl 
mov 
inc 
ajmp 

nap 
nop 
nop 
nop 
nop 
nap 

P8W,#08h 
A,Isr_state 

A,#OO,state_l 
TMOD,#21h 
TLO,#OOh 
THO,#OOh 
TRO 
Isr_state 
Vsync_end_isr 

TRO 
Vperl_m,TLO 
Vperh_m, THO 
TMOD,#29h 
TLO,#OOh 
THO,#OOh 
TRO 

A 

RO,#16 
C,H8YNC 
A,#OO 
RO,81_1 
A,#08,81_2 
Hpal_m,C 

TEMIC 
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RBl selection 
load 18R state 

TO free running 16-bit timer 

start measuring Vsync period 

nap are inserted for timing 
compensation between start 
and stop counting 

stop TO 

store Vsync period 
TO : gated 16-bit timer 

start measuring Vsync high level 

Hsync polarity detection 
16 samples 
read pin level 
store state 

; store Hsyne polarity (0 neg) 
Sl 3 
EICON,#EICON_H_NEG 

i negative Hsyne pulses selection 
Sl 4 
EICON,#EICON_H_POS 

Isr_state 
Vsync_end_isr 

A,#02,state_3 
TMOD,#25h 
TLO,#OOh 
RO,THO 
THO,#OOh 
TRO 

A,Vperh_m 

C 
A 

A,ARO,S2_1 

C 

Vpal_m,C 
Isr_state 
Vsync_end_isr 

; positive Hsyne pulses selection 

TO : 16-bit counter 

save MSB 

start counting Hsyne pulses 

Vsync polarity detection 

A = Vsync period / 20 
test only high order byte 

store Vsync polarity (0 = neg) 

nop are inserted for timing 
compensation between start 
and stop counting 

MATRAMHS 
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01E2 00 
01E3 00 
01E4 00 
01ES 00 
01E6 C28C 
01E8 858A33 
01EB 858C34 
01EE 753000 

01Fl D224 

01F3 DODO 
01F5 DOEO 
01F7 32 

01F8 900256 
01FB 512F 
01FD E536 
01FF 5139 
0201 E535 
0203 5139 
0205 7420 
0207 514E 
0209 742D 
020B A222 
020D 5002 
020F 742B 
0211 514E 

0213 90025F 
0216 512F 
0218 E538 
021A 5139 
021C E537 
021E 5139 
0220 7420 
0222 514E 
0224 742D 
0226 A223 
0228 5002 
022A 742B 
022C 514E 
022E 22 

559 
560 
561 
562 
563 
564 
565 
566 

567 
568 
569 Vsync_end_isr: 
570 
571 
572 
573 
574 
575 

nop 
nop 
nop 
nop 
clr 
mov 
mov 
mov 

setb 

pop 
pop 
reti 

USING 

TRO 
Hcntl_m,TLO 
Hcnth_m, THO 
Isr_state, #00 

PSW 
ACC 

o 

stop TO 

store Hsync pulse count 
reset ISR state to start a new 

cycle 
; set flag for the main program 

REO used by default 

576 
577 

;++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

+ 
578 

579 

The subroutines hereafter are only used for 
demonstration program+ 

+ 
580 j++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

581 
582 ;++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

583 Send measured parameters on serial port + 

584 ; Vsync period, polarity + 

585 ; Hsync counting, polarity + 
586 ;++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

587 Out_results: mov DPTR, #Vsync_msge 
588 
589 
590 
591 
592 
593 
594 
595 
596 
597 
598 
599 Vpol_neg: 
600 
601 
602 
603 
604 
605 
606 
607 
608 
609 
610 
611 
612 
613 Hpol_neg: 
614 
615 

acall 
mov 
acall 
mov 
acall 
mov 
acall 
mov 
mov 
jnc 
mov 
acall 

mov 
acall 
mov 
acall 
mov 
acall 
mov 
acall 
mov 
mov 
jnc 
mov 
acall 
ret 

Out_msge 
A,Vperh_s 
Out_byte 
A,Vperl_s 
Out_byte 
A,#' , 
Out_char 
A,#'-' 
c,Vpol_s 
Vpol_neg 
A,#'+' 
Out_char 

i display Vsync message 

display Vsync period 

; display Vsync polarity 

DPTR,#Hsync_msge 
Out_msge ; display Hsync message 
A,Hcnth_s 
Out_byte 
A,Hcntl_s 
Out_byte 
A,#' , 
Out_char 
A,#'-' 
c,Hpol_s 
Hpol_neg 
A,#'+' 
Out_char 

display Hsync count 

display Hsync polarity 

616 ;++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

617 Send a message on serial port + 
618 DPTR is the message address + 
619 a NUL character is the end of message + 
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620 

022F E4 621 
0230 93 622 
0231 6005 623 
0233 A3 624 
0234 514E 625 
0236 412F 626 
0238 22 627 

628 
629 
630 
631 
632 

0239 CO EO 633 
023B C4 634 
023C 5143 635 
023E DOEO 636 
0240 5143 637 
0242 22 638 

639 
640 
641 
642 
643 

0243 540F 644 
0245 2490 645 
0247 D4 646 
0248 3440 647 
024A D4 648 
024B 514E 649 
024D 22 650 

651 
652 
653 
654 
655 

024E 3099FD 656 
0251 C299 657 
0253 F599 658 
0255 22 659 

660 
661 
662 
663 

0256 OAOD5673 664 
025A 796E6320 
025E 00 

025F OAOD4873 665 
0263 796E6320 
0267 00 
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;++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Out_msge: clr A 
move A,@A+DPTR 
jz Out - end last character 
inc DPTR 
acall Out char -
ajmp Out_msge 
ret 

;++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

; Send a hexadecimal byte on serial port + 
; A is the byte to send + 
;++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Out_byte: PUSH ACC 
SWAP A 
ACALL Out nib 
POP ACC 
ACALL Out_nib 
ret 

;++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

; Send a hexadecimal nibble on serial port + 

; A is the nibble to send + 
;++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Out_nib: ANL A,#OFH 
ADD A,#90H 
DA A 
ADDC A,#40H 
DA A 
acall Out char -
ret 

;++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

;Send an ASCII character on serial port + 
; A is the character to send 
j++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Out char: jnb 
clr 

TI,Out char 
TI 

mov SOBUF,A 
ret 

j+++++++++++++++++++++++++++++++++++++++++++++++++++++ +++++++++++++++++++ 

i Messages definition + 
;++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

DB 

DB 

OAh, ODh, 'Vsync ',0 

OAh,ODh, 'Hsync ',0 
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Extended 8-bit microcontroller 
In the world of 8-bit microcontrollers, the C51 
Architecture has become an industry standard for 
embedded applications. For over 15 years, TEMIC has 
been a leading provider of this microcontroller family. 
This unsurpassed experience is the driving force as 
TEMIC takes this proven family to the next level of 
performance: the TSC80251 family! 

This new C251 Architecture at its lowest performance 
level (binary mode), is binary code compatible with the 
80C51 microcontrollers, hence, attaining an increase in 
performance has never been easier. 

Due to a 3-stage pipeline, the CPU-performance is 
increased by a factor 5, using existing C51 code without 
modifications. 

U sing the new C251 instruction set, the performance will 
increase up to 15 times at the same clock rate. This 
performance enhancement is based on the 16-bit 
instruction bus, allowing for more powerful instructions 
and additional internal instruction bus, 8-bit and 16-bit 
data busses. 

TSC80251 Derivatives 

TEMIC is rapidly developing a full family of application 
specific TSC80251 derivatives. Please see the detailed 
Datasheet of each product for further information. 

These products are designed to help you getting 
high-performance products to market faster. 
Due to the high instruction throughput, the TSC80251 
derivatives are focussing on all high-end 8-bit to 16-bit 
applications. 

TSC80251 derivatives are also used in mid-range and 
lower-end microcontroller applications, where a very 
low operation frequency is needed, without decreasing 
the level of CPU-power. 
This feature is ideal for today portable applications and 
EMC sensitive systems. 

Typical applications for this family are: 

• Automotive: 
Airbag 
ABS 
Gearbox 
Climate control 
Car radio 
Car navigation 
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The 24-bit address bus will allow to access up to 16 
Mbytes in a single linear memory space. Please see each 
individual TSC80251 Product Datasheet for the effective 
addressable memory range. 

Programming flexibility and C-code efficiency are both 
increased through a Register-based Architecture, the 
64-Kbyte extended stack space combining with the new 
instruction set. 
C251 C-compilers are some of the most efficient 
available (nearly no overhead), coupled with the final 
codesize which could be a factor of 3 down when 
compared with the C51 C-compilers. 

• Communication: 
Cordless phones 
Cellular phones 
High speed modems 
High-end feature phones 
ISDN phones 

• Line cards 
Network termination 

• Computer: 
High-end monitors 
CD-ROM 
Card-reader 
Disk drives 
Computer telephony 

• Broadcast media: 
Set top boxes 
Audio/video control 
Signal processing 

IV. 1.1 
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TEMIC's TSC80251 derivatives are designed around the 
C251 core, using standard peripherals dedicated to a 
targetted range of applications. 

Here is a selection of peripheral blocks: 

• Serial interfaces: 
• UART (Universal Asynchronous Receiver 

Transmitter) 
• 12C (Inter-Integrated Circuit) 
• SPI (Serial Protocol Interface) 
• fJ.Wire (Synchronous Serial Interface) 
• CAN (Control Area Network) 

• J1850 
• USB (Universal Serial Bus) 

• GCI 

TSC80251 Documentation 
The following documentation and Starter tools are 
available to allow the full evaluation of the TEMIC's 
TSC80251 derivatives: 

• "TSC80251 Design Guides" (for each derivative) 
Contains all information about the products (Block 
Diagram, Configuration and Memory Mapping, 
Ports, Peripheral Description, Electrical and 
Mechanical Information, Ordering Information) and 
Application Notes. 

• "TSC80251 Programmer's Guide" 
Contains all information for the programmer 
(Architecture, Instruction Set, Programming, 
Development Tools). 

• "TSC80251 Product Starter Kit" 
This kit enables the product to be evaluated by the 

IY.1.2 

• Special interfaces: 
• ADC (Analog to Digital Converter) 
• DAC (Digital to Analog Converter) 
• PCA (Programmable Counter Array) 
• PWM (Pulse Width Modulator) 
• Smart Sensor Interfaces 

• Control functions: 
• Watchdog Timer 
• Timers/Counters 
• Power monitoring and management 
• Interrupt handler 

• Memories: 
• RAM 
• ROM 
• OTPROM 
• EPROM 

Most of TEMIC's TSC80251 derivatives are available as 
ROMless, OTPROM, EPROM and Mask ROM version. 

designer. 
Its contents is: 
• C-Compiler (limited to 2 Kbytes of code) 

• Assembler 
• Linker 
• Product Simulator 
• Optionally TSC80251 Product Evaluation Board 

with ROM-Monitor 
• Please visit our WWW for updated versions in ZIP 

format. 

• World Wide Web 
Please contact our WWW for possible updated 
information at http://www.temic.de 

• TSC80251 e-mail hotline:C251@temic.fr 

MATRAMHS 
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Microcontroller Architecture 
The TSC802Sl family of 8-bit microcontrollers is a 
high-performance upgrade of the widely-used 80CSI 
microcontrollers. It extends features and performance 
while maintaining binary-code compatibility, so the 
impact on existing hardware and software is minimal. 

All TSC802Sl microcontrollers share a set of common 
features: 

• 24-bit linear addressing and up to 16 Mbytes of 
memory 

• a register-based CPU with registers accessible as 
bytes, words, and double words 

• a page mode for accelerating external instruction 
fetches 

• an instruction pipeline 

• an enriched instruction set, including 16-bit 
arithmetic and logic instructions 

• a 64-Kbyte extended stack space 

• a minimum instruction-execution time of two clocks 

PORTS 

!rl 
>'I 
<.l .s 
~ 
~ 

EPROM 
ROM 

CPU 

RAM 

" ~ !rl 
= >'I 
0 " u ... 
oil ~ 

::: :E ~ ob ;:: 
..Q 

..l-
N 

(vs. 12 clocks for 80CS1 microconlrollers) 

• binary-code compatibility with 80CSI 
microcontrollers 

Several benefits are derived from these features: 

• preservation of code written for 80CSI 
microcontrollers 

• a significant increase in core execution speed in 
comparison with 80CSI microcontrollers at the same 
clock rate 

• support for larger programs and more data 

• increased efficiency for code written in C 

Figure 1. is a functional block diagram of TSC802S1 
microcontrollers. The core, which is common to all 
TSC802S1 microcontrollers, is described in the next 
paragraph. Each derivative in the family has its own 
on-chip peripherals, I/O Ports, external bus, size of 
on-chip RAM, type and size of on-chip ROM. 

Clock 

Reset 

Peripherals 

Figure 1. TSC80251 Product Block Diagram 
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Microcontroller Core 

The TSC80251 microcontroller core contains the CPU, 
the clock and reset unit, the interrupt handler, the bus 
interface and the peripheral interface (See Figure 1. ). 
The CPU contains the instruction sequencer, ALU, 
register file and data memory interface (See Figure 2. ). 

CPU 

The TSC80251 fetches instructions from on-chip code 
memory two bytes at a time or from external memory in 
single bytes. The instructions are sent over the 16-bit 
code bus to the execution unit. You can configure the 
TSC80251 to operate in page mode for accelerated 
instruction fetches from external memory. In page mode, 
if an instruction fetch is to the same 256-byte "page" as 
the previous fetch, the fetch requires one state (two 
clocks) rather than two states (four clocks). For 
information regarding the page or non-page mode 
selection, see Product Datasheet. 

code 

The TSC8025I register file has forty registers, which can 
be accessed as bytes, words and double words. As in the 
C51 Architecture, registers 0-7 consist of four banks of 
eight registers each, where the active bank is selected by 
the program status word (PSW) for fast context switches 
(See "Programming" chapter). 

The TSC8025I is a single-pipeline machine. When the 
pipeline is full and code is executing from on-chip code 
memory, an instruction is completed every state time. 
When the pipeline is full and code is executing from 
external memory (with no wait states and no extension of 
the ALE signal) an instruction is completed every two 
state times. 

address 

Instruction Sequencer .. ___ Interrupt 

Handler 

SRCI 8 

SRC2 8 

14--::8".e;.... ... data 

24 
address 

Figure 2. Central Processor Unit Block Diagram 
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Clock and Reset Unit 

The timing source for the TSC80251 microcontroller can 
be an external oscillator or an internal oscillator with an 
external crystal/resonator. The basic unit of time in 
TSC80251 is the state time (or state), which is two 
oscillator periods. The state time is divided into phase 1 
and phase 2 (See Figure 3. ). 

XTALl 

Phase I 

PI 

Phase 2 

P2 

I: Tosc ~ ~I 

State I 

PI I P2 

State 2 

PI I P2 

2 Tosc = State Time 

State 3 

PI I P2 

State 4 

PI I P2 

Figure 3. Clocking Definitions 

State 5 

PI I P2 

State 6 

PI I P2 

The TSC80251 peripherals operate on a peripheral cycle, 
which is six state times. (This peripheral cycle is not a 
characteristic of the C251 Architecture.) A one-clock 
interval in a peripheral cycle is denoted by its state and 
phase. 

The reset unit places the TSC80251 into a known state. A 
chip reset is initiated by asserting the RST pin or allowing 
the Watchdog Timer to time out when the TSC80251 has 
one. 

Interrupt Handler 

The interrupt handler can receive interrupt requests from 
many sources: maskable sources and TRAP instruction. 
When the interrupt handler grants an interrupt request, the 
CPU discontinues the normal flow of instructions and 
branches to a routine that services the source that 
requested the interrupt. You can enable or disable the 
interrupts individually (except for TRAP which cannot be 
disabled) and you can assign one of four priority levels to 
each interrupt. 

MATRAMHS 
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A C/DC Characteristics 

AC Characteristics 

Table 1. AC Characteristics (Capacitive Loading = 50 pF) 

Symbol Parameter 

Tose IIFose 

TLHLL ALE Pulse Width 

TAVLL Address Valid to ALE Low 

TLLAX Address hold after ALE Low 

TRLRH RD# or PSEN# Pulse Width 
(I) 

TWLWH WR# Pulse Width 

TLLRL ALE Low to RD# or PSEN# Low 
(I) 

TRHRL ALE High to RD# or PSEN# High 

TLHAX ALE high to Address hold 

TRLDV(I) RD# or PSEN# Low to Valid 
Data/Instruction. 

TRHDX (1) Data!Instruct. hold After RD# or 
PSEN#high 

TRLAZ(I) RD#IPSEN# Low to Address Float 

TRHDZ(1) Data/Instruct. Float After RD# or 
PSEN#high 

TRHLHI RD#IPSEN# high to ALE high 
(I) (Instruction) 

TRHLH2 RD#/PSEN# high to ALE high 
(I) (Data) 

TWHLH WR# high to ALE high 

TAVDVI Address (PO) Valid to Valid 
Data/Instruction In 

TAVDV2 Address (P2) Valid to Valid 
Data/Instruction In 

TAVDV3 Address (PO) Valid to Valid 
Instruction In 

TAVRL Address Valid to RD#IPSEN# Low 

TAVWLl Address (PO) Valid to WR# Low 

TAVWL2 Address (P2) Valid to WR# Low 

TWHQX Data hold after WR# high 

TQVWH Data Valid to WR# high 

TWHAX WR# high to Address hold 

TXLXL Serial Port Clock Cycle Time 

MATRAMHS 
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12 MHz 

Min Max 

83 

73 

63 

63 

65 

65 

73 

73 

147 

33 

0 

2 

63 

68 

235 

235 

190 

273 

128 

143 

143 

220 

63 

58 

147 

1000 

16 MHz Fosc 

Min .. Max ,Min Max Units. 

63 ns 

53 Tose -10 ns (2) 

43 Tose- 20 ns (2) 

43 Tose- 20 ns 

45 Tose- 18 ns (3) 

45 Tose- 18 ns (3) 

53 Tosc- 10 ns 

53 Tose 10 ns 

105 2Tose - 20 ns (2) 

13 Tose- 50 ns (3) 

0 0 ns 

2 2 ns 

43 Tose- 20 ns 

48 Tose - 15 ns (1) 

173 3Tose- 15 ns (I) 

173 3Tose - 15 ns 

128 3Tose - 60 ns 
(2,3,4) 

190 4Tose - 60 ns 
(2,3,4,) 

88 2Tose - 38 ns 

!OI 2Tose - 24 ns (2) 

101 2Tose - 24 ns (2) 

158 3Tose - 30 ns (2) 

43 Tose- 20 ns 

38 Tose- 25 ns (3) 

105 2Tose - 20 ns 

750 12 Tose ns 
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TQVSH Output Data Setup to Clock Rising 870 620 12 TOSC - 133 ns 
Edge 

TXHQX Output Data hold after Clock Rising 720 510 10 Tosc - 117 ns 
Edge 

TXHDX Input Data Hold after Clock Rising 0 0 o ns 
Edge 

TXHDV Clock Rising Edge to Input Data 700 500 10 TosC - 133 ns 
Valid 

Notes: 
I. Specifications for PSEN# are identical to those for RD#. 
2. If a wait state is added by extending ALE, add 2T OSC. 
3. If a wait state is added by extending RD#IPSEN#IWR#, add 2Tosc. 
4. If wait states are added as described in both Note 2 and Note 3, add a total of 4Tosc. 

ALE 

PSEN# 

PO 

P2 --< A15:8 '-.r 
'-------~ 

* The value of this parameter depends on wait states. See the table of AC characteristics. 

Figure 1. External Instruction Bus Cycle in Non-Page Mode 
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ALE 

WR# 

PO 

P2 
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ALE 

PSEN# 

PO 

P2 
I.. V 

--<~ __________ A_15_:8 ________ ~~ 

* The value of this parameter depends on wait states. See the table of AC characteristics. 

Figure 2. External Data Read Cycle in Non-Page Mode 

* The value of this parameter depends on wait states. See the table of AC characteristics. 

Figure 3. External Write Data Bus Cycle in Non-Page Mode 
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IV.2.4 

ALE 

PSEN# 

P2 

PO 

ALE 

.... I----TAVDV'* 

TAVDV2* 

A7:0 

Page Miss ** Pagehit** 

* The value of this parameter depends on wait states. See the table of AC characteristics. 

** A page hit (i.e., a code fetch to the same 256-byte "page" as the previous code fetch) requires one state 
(2Toscl; a page miss requires two states (4Toscl. 

Figure 4. External Instrnction Bus Cycle in Page Mode 

RD#PSEN# 

P2 

PO 

T 

D7:0 

I~ 
--<~ _____________ A_7:0 __________ ~>-<~ __ _ 

* The value of this parameter depends on wait states. See the table of AC characteristics. 

Figure 5. External Read Data Bus Cycle in Page Mode 

MATRAMHS 
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ALE 

WR# 

P2 

PO A7:0 

* The value of this parameter depends on wait states. See the table of AC characteristics. 

Figure 6. External Write Data Bus Cycle in Page Mode 

TXLXL 

TXD __ ----u----u----u----u----u----u----u 
RXD 
(Out) 

RXD 
(Tn) 

TXHQX 

TQVXH 

* TT and RI are set during S IPI of the peripheral cycle following the shift of the eight bit. 

Figure 7. Serial Port Waveform - Shift Register Mode 

Notation for timing parameters name 
A = Address D = Data 
Q = Data out S = Supply (VPP ) 

MATRAMHS 
Rev. C (14 Jan. 96) 

E = Enable 
V = Valid 

G=PROG# 
X = No Longer Valid 

H = high 
z= Floating 

L=Low 
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DC Characteristics 

Table 2. Absolute Maximum Ratings 

Note: 

• Ambient Temperature Under Bias 
Commercial 
Industrial 
Automotive 

• Storage Temperature. , .......... . 

• Voltage on EA#NPP Pin to VSS .. 

• Voltage on any other Pin to VSS 

• IOLper 1/0 Pin 

• Power Dissipation 

Stresses at or above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions 

o to +70°C 
--40 to +85°C 
o to +125°C 

-65 to + 150°C 

o to +13.0 V 

-0.5 to +6.5 V 

ISmA 

1.5W 

above those indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating conditions may 
affect device reliability. 

Table 3. DC Characteristics 

Parameter values applied to all devices unless otherwise indicated. 

Commercial 

TA = 0 to 70°C 
VSS =OV 
VDD=5V± 10% 

VIL Input Low Voltage 
(except EA#) 

VILl Input Low Voltage 
(EA#) 

VIH Input high Voltage 
(except XTALl, RST) 

VIHl Input high Voltage 
(XTALl) 

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

VRST+ Reset threshold on 

VRST- Reset threshold off 

VRET VDD data retention limit 

VOLI Output Low Voltage 
(Ports 0, ALE, PSEN#) 

VOH Output high Voltage 
(Ports I, 2, 3, ALE, PSEN#) 

IY.2.6 

Industrial 

TA = --40 to +85°C 
VSS =OV 
VDD=SV±IO% 

-D.5 

0 

0.2VDD +0.9 

0.7VDD 

VDD-O.3 
VDD-0.7 
VDD-1.5 

3.7 

3.3 

2 

Automotive 

TA = --40 to + 125°C 
VSS =OV 
VDD=SV± 10% 

0.2VDD-0.l V 

0.2VDD- 0.3 V 

VDD + 0.5 V 

VDD + 0.5 V 

0.3 V 
0.45 
1.0 

V 

V 

V 

0.3 V 
0.45 
1.0 

V 

IOL= 100 IlA 
IOL= 1.6 rnA 
IOL= 3.S rnA 
(1,2) 

IOL= 200 IlA 
10[,= 3.2mA 
IOL=7.0mA 
(1,2) 

IOH = -10 IlA 
IOH= -30 IlA 
IOH = -60 IlA 
(3) 

MATRAMHS 
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VOH] Output high Voltage VDD-O.3 
(Pbrt 0 in External Address) VDD-0.7 

VDD-1.5 

VOH2 Output high Voltage VDD-0.3 
(Port 2 in External Address during VDD-0.7 
Page Mode) VDD-1.5 

IlL Logical 0 Input Current 
(Ports 1,2,3) 

ILl Input Leakage Current 
(Port 0) 

ITL Logical I-to-O Transition Current 
(Ports 1,2, 3) 

Cia Pin Capacitance 10 

IOL Idle Mode Current 

100 Operating Current 

Notes: 
1. Under steady-state (non-transient) conditions, IOLITIUst be externally limited as follows: 

Maximum IOL per port pin: ............. . 
Maximum rOLper 8-bit port: Port 0 

Ports 1-3 

- 50 
- 75 

±lO 

- 650 

TSC80251 

V 

V 

I1A 

I1A 

I1A 

pF 

lOrnA 
26 rnA 
15mA 

IOH=-200 I1A 
IOH =-3.2 rnA 
IOH=-7.0 rnA 

IOH= -200 I1A 
IOH=-3.2 rnA 
IOH = -7.0 rnA 

VIN = 0.45 V 
Automotive range 

0.45<VlN<VDD 

VIN=2.0V 

Fosc = 16 MHz 
TA = 25'C 

Maximum Total rOLfor all: Output Pins 71 rnA 
If 10L exceeds the test conditions, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed test 
conditions. 
2. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses above 0.4 V on the low-level outputs of ALE and Ports 1,2, and 3. The 
noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins change from high to low. In applications 
where capacitive loading exceeds 100 pF, the noise pulses on these signals may exceed 0.8 V. It may be desirable to qualify ALE or other 
signals with a Schmitt Trigger or CMOS-level input logic. 
3. Capacitive loading on Ports 0 and 2 causes the VOH on ALE and PSEN# to drop below the specification when the address lines are 
stabilizing. 
4. Typical values are obtained using VDD = 5 V and TA = 25°C with no guarantee. 
They are not lested and there is not guarantee on these values. 

MATRAMHS 
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RST 

TSC80251Gl 

(NC) XTAL2 
Clock Signal XTALl 

VSS 

All other pins are unconnected 

Figure 8. IpD Test Condition, Power-Down Mode 

(NC) 

Clock Signal 

PO 

RST EA# 

TSC80251Gl 

XTAL2 
XTALl 
VSS 

+5V 

All other pins are unconnected 

Figure 9. IDL Test Condition, Idle Mode 

PSEN#,RD#,WR# 

RDY# 

VDD 

(NC) 

Clock Signal 
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+5V 

RST 

TSC80251Gl 

XTAL2 
XTALl 
VSS 

All other pins are unconnected 

Figure 10. IDD Test Condition, Active Mode 

1/ 
/I 

/ 
/ \ 

J, / 
I 

t set 

t 
hold 

Figure 11. Wait Timings 

Table 4. Electrical Parameters 

lcJcl 

tset Ready valid after strobe (RD#, WR# or PSEN#) low 

Ready hold after strobe low (2N+l),tclcl + 2 

IV2.8 

ns 

(2N+l),lcJc1- 15 os 

ns 
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Extended 8-bit Microcontroller with Analog Interfaces 

General Presentation 

The TSC8025lA 1 products are derivatives of the TEMIC 
Application Specific Microcontroller family based on the 
extended 8-bit C251 Architecture described below. 

This family of products are tailored to Microcontroller 
applications requiring analog interface structures. 

Three major peripheral blocks have been implemented to 
provide this facility to the designer: 

Application focus 
Typical applications for these products are CD-ROM, 
Card or Barcode readers, Monitors, Car Navigation 
Systems, Airbag and Brake Systems, as well as all kinds 
of Industrial Control and Measurement Equipment. With 
the high instruction throughput, the TSC80251 A 1 

C251 Architecture 
The C25l Architecture at its lowest performance level, is 
Binary Code compatible with the 80C5l Architecture. 
Due to a 3-stage Instruction Pipeline, the 
CPU-Performance is increased by up to 5 times, using 
existing 80C5l code without any modification. 

Using the new C25l Instruction Set, the performance will 
be increased by up to 15 times, at the same clock rate. 

This performance enhancement is based on the l6-bit 
instruction bus and additional internal 8 and l6-bit data 

TSC80251Al Products 
The TSC8025lAl is available as a ROMless version 
(TSC8025lAl) or with on-chip Mask Programmable 
ROM (TSC8325IAl). The TSC87251AI is an EPROM 
version or OTPROM (One Time Programmable) 
compatible with the Mask ROM version. 

MATRAMHS 
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• Analog to Digital Converter: 4 inputs at 8-bit 
resolution. 

• Pulse Measurement Unit (PMU): 3 modules used to 
interface to smart analog sensors. 

• Event and Waveform Controller (EWC): 5 
programmable Counters e.g. for Pulse Width 
Modulation (PWM) or Compare/Capture functions. 

products are focussing on all high-end 8-bit to l6-bit 
applications. They are also well suited to systems where 
a lower operating frequency is needed to reduce power 
consumption or Radio Frequency Interference (RFI), 
while maintaining a high level of CPU-power. 

busses. The 24-bit address bus will allow an extension of 
the address space up to 16 Mbytes for future derivatives. 

Programming flexibility and C-code efficiency are both 
increased by the Register-based Architecture, the 
64-Kbyte extended stack space, combined with the new 
Instruction Set. 

Combining the above features of the C25l core, the final 
code size could be reduced by a factor of 3, compared to 
an 80C5l implementation. 

The standard production packages are 44 pins PLCC or 
TQFP. 

The products can be delivered as 12 or 16 MHz versions 
at 5 Volts and in all major temperature ranges. 

IV.3.1 
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Core Features 
Based on the extended 8-bit C251 Architecture, the 
TSC80251Al includes a complete set of new or improved 
C51 compatible peripherals as well as a 4 channels 8-bit 
AID converter for communication with the analog 
environment. 

The key features of the new C251 Architecture are: 

• Register-based Architecture: 
40-byte Register File 
Registers accessible as Bytes, Words, and Double 
Word. 

• 3-stage instruction pipeline 
• Enriched Instruction Set 

16-bit and 32-bit arithmetic and logic instructions 
Compare and conditional jump instructions 
Expanded set of Move instructions 

• Reduced Instruction Set 
189 generic instructions 

• Free space for additional instructions in the future 
Additionally all 80C51 instructions are usable in 
binary mode 

Product Features 
• 1 Kbyte of internal RAM 
• TSC8325 I A I: 24 Kbytes of on-chip masked ROM 

• TSC87251Al: 24 Kbytes of internal programmable 
ROM (OTP or UV erasable in window package) 

• TSC80251Al: ROMless version 
• External memory space (CodelData): 256 Kbytes 

• Four 8-bit parallel 110 Ports (Ports 0, 1,2 and 3 of the 
standard 80C51) 

• Two 16-bit TimerslCounters (Timers 0 and 1 of the 
standard 80C51) 

• Serial 1/0 Port : full duplex UART (SOC51 
compatible) 

• Three PMU: Pulse Measurement Unit for smart 
analog interface 

For each of the three modules: 
8-bit prescaler 

Iy'3.2 

8-bit Timer for period and width measurements 
(duty cycle) 
The measurement can start either on the rising or 
on the falling edge 
One interrupt 
Only one port line is used 
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• 16-bit internal code fetch 
• 64 Kbytes extended stack space 

• Maximum addressable memory 16 Mbytes 

The benefits of this new architecture are: 

• 5 times 80C51 performances in binary mode (80C5l 
binary code compatibility) 

• 15 times 80C51 performances in source mode (full 
architecture performance) 

• Up to a factor 3 of code size reduction (when a C for 
80C5l program is recompiled in C251language) 

• Reduction of RFI and power consumption (reduced 
operating frequency) 

• Complete System Development Support 
Compatible with existing tools 
New tools available: Compiler, Assembler, 
Debugger, ICE 

• Efficient C language support 

• EWC: Event and Waveform Controller 
High-speed output 
Compare/Capture inputs 
PWM: Pulse Width Modulator 

• Watchdog Timer capabilities 
Compatible with PCA: Programmable Counter 
Array (5 x 16-bit modules) 

• 8-bit Analog to Digital Converter 
• 4 channels 

Conversion time: 600 clock periods (37.5 /ls at 
16 MHz) 

• Power Management 
Power-On reset (integrated on the chip) 
Power-Off flag (cold and warm resets) 
Power-Fail detector 
Power consumption reduction 
• Software programmable system clock 
• Idle and Power-Down modes 

• Power Supply: 5V ± 10% 
• Up to 16 MHz operation and three temperature 

ranges(*): 
Commercial (0 to 70°C) 
Industrial (-40 to +85°C) 
Automotive (-40 to +125°C) 

• Packages: PLCC44, CQPJ44 (window) and 
TQFP44(**) 

*Please contact your sales office for availability of speed options 
** Please contact your sales office for TQFP availability 

MATRAMHS 
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Pin Description 
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Figure 1. TSC80251Al Pin Description 
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TSC 80251Al 

Table 1. TSC80251Al pin description 

This is an 8-bit open-drain bidirectional va port. Port 0 pins that have Is written to them float and can be 
used as high-impedance inputs. 
It is also Address/Data lines ADO:7, which are multiplexed lower address lines and data lines for external 
memory. 
External pull-ups are required during program verification. 

Port 1 
This is an 8-bit bidirectional I/O port. 
It receives the low-order address byte during EPROM programming and verification. 
It serves also the functions of various special features: 

PI.O ANO : Analog Input 0, 
Pl.l ANI : Analog input I, 
P1.2 ECI : EWC External Clock input. 

AN2 : Analog input 2, 
P1.3 CEXO : EWC module 0 Capture input/PWM output. 

AN3 : Analog input 3, 
PI.4 CEXI : EWC module I Capture inputJPWM output, 
PI.5 PMIO : Pulse Measurement input 0, 

CEX2 : EWC module 2 Capture inputJPWM output. 
PI.6 EAD6 : External Address line 6, 

PMIl : Pulse Measurement input 1, 
CEX3 : EWC module 3 Capture inputJPWM output. 

P1.7 AI7 : Address line for the 256-Kbyte memory space depending on the 
byte CONFIGO 

PMI2 : Pulse Measurement input 2, 
CEX4 : EWC module 4 Capture input/PWM output. 

Portl 
This is an 8-bit bidirectional I/O port with internal pull-ups. 
It is also Address lines A8:15, which are upper address lines for external memory. 

Port 3 
This is an 8-bit bidirectional I/O port with internal pull-ups. 
It receives the high-order address bits during EPROM programming and verification. 
It serves also the functions of various special features: 

P3.0 RXD : Serial Port Receive Data input. 
P3.1 TXD : Serial Port Transmit Data output. 
P3.2 INTO#: External Interrupt O. 
P3.3 INTI # : External Interrupt 1. 
P3.4 TO: Timer 0 external clock input. 
P3.5 TI: Timer I external clock input. 
P3.6 WR# : Write signal for external access. 
P3.7 AI6 : Address line for 128-Kbyte and 256-Kbyte memory space 

depending on the byte CONFIGO, 
RD# : Read signal for external access, depending on the byte CONFIGO. 

Address Latch Enable/Program Pulse 
It signals the start of an external bus cycle and indicates that valid address information is available on lines 
A15:8 and AD7:0. An external latch can use ALE to demultiplex the address from address/data bus. 
H is also used as the Program Pulse input PROG#, during EPROM programming. 

Program Store EnablelRead signal output 
This output is asserted for a memory address range that depends on bits RDO and RDI in configuration byte 
CONFIGO. 

External Access Enable/Programming Supply Voltage 
This input directs program memory accesses to on--chip or off-chip code memory. 
For EA# = 0, all program memory accesses are off-chip. 
For EA# = I, an access is on-chip OTPROM/EPROMIROM if the address is within the range of the on-chip 
OTPROMIEPROM/ROM; otherwise the access is off-chip. The value of EA# is latched at reset. For devices 
without ROM on-chip, EA# must be strapped to ground. 
It receives also the Programming Supply Voltage VPP during EPROM programming operation. 
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VDDO PWR 

VSSI GND 

AVSS GND 

AVDD PWR 

RST 

XTALI 

XTAL2 o 

ry.3.6 

Digital Ground 

Analog Ground 

Analog Supply Voltage 

Reset input to the chip 
Holding this pin high for 64 oscillator periods while the oscillator is running resets the device. The Port pins 
are driven to their reset conditions when a voltage greater than VIHI is applied, whether or not the oscillator 
is running. 
This pin has an internal pull-down resistor which allows the device to be reset by connecting a capacitor 
between this pin and VDDO. 
Asserting RST when the chip is in Idle mode or Power~Down mode returns the chip to normal operation. 

Input to the on-chip inverting oscillator amplifier 
To use the internal oscillator, a crystal/resonator circuit is connected to this pin. If an external oscillator is 
used, its output is connected to this pin. XTALI is the clock source for internal timing. 

Output of the on-chip inverting oscillator amplifier 
To use the internal oscillator, a crystal/resonator circuit is connected to this pin. If an external oscillator is 
used, leave XTAL2 unconnected. 
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Ordering Information 

TSC 80251Al xxx _ A 12 C B R 

T T T T 
Part Number 
80251Al: External ROM 
87251A I: 24Kbytes 

A: Source Mode 
B: Binary Mode 

Temperature Range 
C : Commercial 0° to 70°C 
I : Industrial -40° to 85°C 

Conditioning 
R : Tape & Reel 
D: Dry Pack 

OTP/EPROM 
251AI: 24kbytes MaskROM 

Customer ROM Code 

TEMIC Semiconductor 
Microcontroller Product Division 

Product Marking: 

TEMIC 
Customer PIN 
Temic PIN 
@© Intel'95 
YYWW Lot Number 

MATRAMHS 
Rev. B (15 Jan. 97) 

A: Automotive -55° to 125°C 
B : Tape & Reel 

Dry Pack 

12: 12 MHz version 
16: 16 MHz version 

Packaging 
B: PLCC44 
C: Window CQPJ 44 

(EPROM version) 
D: TQFP44 
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Semiconductors TSC 80251Gl 
Extended 8-bit Microcontroller with Serial 
Communication Interfaces 

General Presentation 
The TSC8025I G 1 products are derivatives of the TEMIC 
Application Specific Microcontroller family based on the 
extended 8-bit C251 architecture described below. 

This family of products are tailored to microcontroller 
applications requiring highly increased instruction 
throughput and addressable memory space combined 
with an optimized internal power management. 

Three major features have been implemented to provide 
optimized performance to the designer: 

Application Focus 
Typical applications for these products are 
ISDN-terminals, digital and analog subscriber linecards, 
PABX systems, networking applications, high speed 
modems, computer peripherals or similar systems in 
other segments. With the high instruction throughput, the 
TSC80251 G 1 products are focusing on all high-end 8-bit 

C251 Architecture 
The C251 architecture at its lowest performance level, is 
binary code compatible with the 80C51 architecture. Due 
to a 3-stage instruction pipeline, the average CPU 
performance is increased by 5 times, using existing 
80C51 code without any modification. 
Using the new C251 instruction set, the performance is 
increased by up to 15 times, at the same clock rate. This 
performance enhancement is based on a new 16-bit and 
even partly 32-bit oriented powerful instruction set, and 
additional internal 8 and 16-bit data busses. A 24-bit 

TSC80251Gl Products 
The TSC80251Gl is available as a ROMless version 
(TSC80251Gl) or with on-chip Mask Programmable 
ROM (TSC83251Gl). The TSC87251Gl is an EPROM 
version compatible to the Mask ROM version. 
The standard production packages are 44 pins PLCC or 

MATRAMHS 
Rev. B (15 Jan. 97) 

• Serial Communication Interfaces: I2C/fJ.Wire/SPI and 
RS232 protocols 

• Power Monitoring and Management Unit: 
• Power-Fail reset 
• Internal clock prescaler 
• Power-Down mode (current < 20fJ.A) 

• 256 Kbytes of external addressable memory for code 
and data 

to 16-bit applications. They are also well suited to 
systems where a lower operating frequency is needed to 
reduce power consumption or Radio Frequency 
Interference (RFI), while maintaining a high level of CPU 
power. 

address bus will allow an extension of the address space 
up to 16 Mbytes for future derivatives. 
Programming flexibility and C-code efficiency are both 
increased by the register-based architecture, the 
64-Kbyte extended stack space and the new instruction 
set. 
Combining the above features of the C251 core, the final 
code size could be reduced by a factor of 3, compared to 
an 80C51 implementation. 

QFP, 40 pins PDIL. 
All products can be delivered as 12 or 16 MHz versions 
at 5 Volts and in all major temperature ranges. ROMless 
and Mask ROM versions are also available in 3 Volts. 
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TSC 80251Gl 
Core Features 
Based on the extended 8-bit C251 architecture, the 
TSC80251 G 1 includes a complete set of new or improved 
C51 compatible peripherals as well as multiple protocol 
serial interfaces. 

The key features of the new C251 architecture are: 

• Intel's MCS@251 compliance 

• Register-based architecture: 
• 40-byte register file 
• Registers accessible as bytes, words, and double 

word 

• 3-stage instruction pipeline 

• Enriched instruction set 
16-bit and 32-bit arithmetic and logic instructions 

• Compare and conditional jump instructions 
• Expanded set of move instructions 

• Reduced instruction set 
189 generic instructions 

• Free space for additional instructions in the future 
• Additionally all 80C51 instructions are usable in 

binary mode 

Product Features 

• C251 core based (MCS@251Intel compliance) 

• Pin-Out compatibility with 80C51 standard products 

• 1 Kbyte of internal RAM 

• TSC83251G1: 16 Kbytes of on-chip masked ROM 

• TSC87251G1: 16 Kbytes of internal programmable 
ROM (OTP or UV erasable in window package) 

• TSC80251G1: ROMless version 

• External memory space (CodelData) programmable 
from 64 Kbytes to 256 Kbytes 

• Four 8-bit parallel I/O Ports (Ports 0, 1, 2 and 3 of the 
standard 80C51) 

• Three !6-bit Timers/Counters (Timers 0, 1 and 2 of 
the standard 80C51) 

• Serial 110 Port: full duplex UART (80C51 
compatible) with independent Baud Rate Generator 

• EWC: Event and Waveform Controller 
• Compatible with PCA: Programmable Counter 

Array (5 X 16-bit modules) 

• High-speed output 
• Compare/Capture 110 
• 8-bit Pulse Width Modulator (PWM) 
• Watchdog Timer capabilities 

IV.4.2 
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• 16-bit internal code fetch 

• 64 Kbytes extended stack space 

• Maximum addressable memory of 16 Mbytes 

The benefits of this new architecture are: 

• 5 times 80C51 performances in binary mode (80C51 
binary code compatibility) 

• 15 times 80C5! performances in source mode (full 
architecture performance) 

• Efficient C language support: up to a factor 3 of code 
size reduction (when a C program for 80C51 is 
recompiled in C251 language) 

• Complete system development support 
• Compatible with existing tools 
• New tools available: C-Compiler, Assembler, 

Debugger, ICE 

• Reduction of RFI and power consumption (reduced 
operating frequency) 

• SSLC: Synchronous Serial Link Controller 
• 12C protocol 
• ~Wire and SPI protocols 

• Hardware Watchdog Timer 
• Power Monitoring and Management 

• Power-Fail reset 
• Power-On reset (integrated on the chip) 
• Power-Off flag (cold and warm resets) 
• Software programmable system clock 
• Idle and Power-Down modes 

• Keyboard interrupt on Port 1 
• Non Maskable Interrupt input (NMI) 
• Real-time Wait states input (WAIT#) 
• Power Supply: 5 V +/- 10% and 3 V +/- 10% (*) 
• Up to 16 MHz operation and three temperature 

ranges: 
• Commercial (0 to + 70°C) 
• Industrial (-40 to +85°C) 
• Automotive(-40to+125°C) 

• Packages: PLCC44, CQPJ44 (window), QFP44 and 
PDIL40 (**) 

* Please contact your sales office for availability of 3 V option 
** Please contact your sales office for QFP and PDIL availability 

MATRAMHS 
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Block Diagram 
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Figure 2. TSC80251Gl Block Diagram 
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Pin Description 
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TSC 80251Gl 
Table 1. TSC80251Gl Pin Description 

PortO 
This is an 8-bit open--<lrain bidirectional 110 port. Port 0 pins that have I s written to them float and can be 
used as high-impedance inputs. 
It is also AddressJData lines ADO:7, which are multiplexed lower address lines and data lines for external 
memory. 
External pull-ups are required during program verification. 

Port 1 
This is an 8-bit bidirectional 110 port. 
It receives the low-{)rder address byte during EPROM programming and verification. 
It serves also the functions of various special features: 

PI.O T2: Timer 2 external clock input/output 
PI.I T2EX : Timer 2 external input 
PI.2 ECI : EWC external clock input 
PI.3 CEXO : EWC module 0 Capture inputIPWM output 
PI.4 CEXI : EWC module I Capture inputIPWM output 
PI.5 CEX2 : EWC module 2 Capture inputIPWM output 

MISO : J.LWire/SPI master input slave output 
PI.6 CEX3 : EWC module 3 Capture inputlPWM output 

SCL : I2C clock 
SCK 

PI.7 AI7 
: J.L Wire/SPI serial clock 
: Address line for the 256--Kbyte memory space depending on the 

byte CONFIGO 
CEX4 : EWC module 4 Captore input/PWM output 
SDA : I2C synchronous serial link data 
MOSI : J.LWireiSPI master output slave input 

Port I is also used as a keyboard interface. 

Port 2 
This is an 8-bit bidirectional 110 port with internal pull-ups. 
It receives data during EPROM programming and verification. 
It is also Address lines A8: 15, which are upper address lines for external memory. 

Port 3 
This is an 8-bit bidirectional 110 port with internal pull-ups. 
It receives the high-{)rder address bits during EPROM programming and verification. 
It serves also the functions of various special features: 

P3.0 RXD : Serial Port Receive Data input 
P3.1 TXD : Serial Port Transmit Data output 
P3.2 INTO#: External Interrupt 0 
P3.3 INT! # : External Interrupt I 
P3.4 TO: Timer 0 external clock input 
P3.5 T!: Timer I external clock input 
P3.6 WR# : Write signal for external access 
P3.7 AI6 : Address line for 128-Kbyte and 256--Kbyte memory space 

depending on the byte CONFIGO, 
RD# : Read signal for external access, depending CONFIGO byte. 

Address Latch EnablelProgram Pulse 
It signals the start of an external bus cycle and indicates that valid address information is available on lines 
A15:8 and AD7:0. An external latch can use ALE to demultiplex the address from address/data bus. 
It is also used as the Program Pulse input PROG#, during EPROM programming. 

Program Store EnablelRead signal ontpnt 
This output is asserted for a memory address range that depends on bits ROO and RDI in CONFIGO byte. 

External Access EnableIProgramming Snpply Voltage 
This input directs program memory accesses to on-chip or off-<:hip code memory. 
For EA# = 0, all program memory accesses are off-chip. 
For EA# = I, an access is on-chip OTPROMIEPROM/ROM if the address is within the range of the on-<:hip 
OTPROMIEPROMIROM; otherwise the access is off-chip. The value of EA# is latched at reset. For devices 
without ROM on-chip, EA# must be strapped to ground. 
It receives also the Programming Supply Voltage VPP during EPROM programming operation. 

Real-time Wait States Input 
When this pin is active (low levell, the memory cycle is stretched until it becomes high. 
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RST 

XTALI 

XTAL2 o 

IVA.6 

Reset Input to the chip 
Holding this pin high for 64 oscillator periods while the oscillator is running resets the device. The Port pins 
are driven to their reset conditions when a voltage greater than VIHI is applied, whether or not the oscillator 
is running. 
This pin has an internal pull-down resistor which allows the device to be reset by connecting a capacitor 
between this pin and VDD. 
Asserting RST when the chip is in Idle mode or Power-Down mode returns the chip to nonnal operation. 

Input to the on--<'hip inverting oscillator amplifier 
To use the internal oscillator, a crystal/resonator circuit is connected to this pin. If an external oscillator is 
used, its output is connected to this pin. XTALI is the clock source for internal timing. 

Output of the on--<,hip Inverting oscillator amplifier 
To use the internal oscillator, a crystal/resonator circuit is connected to this pin. If an external oscillator is 
used, leave XTAL2 unconnected. 

MATRAMHS 
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Ordering Information 

TSC 80251Gl xxx A 12 C B R 

T T T 
Customer ROM Code 

12: 12 MHz version 
16: 16 MHz version 

Part Number 
80251GI: External ROM 
8725IGI: 16 Kbytes OTP/EPROM 
251GI: 16 Kbytes MaskROM 

A: C251 Default Mode 
B: C51 Binary Mode 
For other configurations, 

Packaging 
A: PDIL40 
B: PLCC44 
C: Window CQPJ 44 

(EPROM version) 
D: PQFP44 
E: VQFP 44 (lOx 10) 
F: VQFP 44 (l4x 14) 

please contact your sales office 

TEMIC Semiconductor 
Microcontroller Product Division 

TSC80251Gl-AI6CBR 

TSC80251G1-BI6CBR 

TSC87251GI-12CB 

TSC8725IGI-12CC 

Development Tools 

TSC8025IGI-SKA 

TSC8025IGI-SKB 

TSC80251Gl-EKA 

TSC8025I G I-EKB 

Product Marking: 

TEMIC 
Customer PIN 
Temic PIN 
@©Inte1'95 
YYWW Lot Number 

MATRAMHS 
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Temperature Range 
C : Commercial 0 to 70°C 
I : Industrial-40 to 85°C 
A: Automotive -40 to 125°C 

Conditioning 
R : Tape & Reel 4 
D: Dry Pack 
B : Tape & Reel 

Dry Pack 

ROMless, C51 Binary Mode, 16 MHz, PLCC 44, 0 to 70°C, Tape and Reel 

OTP, 12 MHz, PLCC 44,0 to 70°C 

EPROM, 12 MHz, CQPJ 44,0 to 70°C 

Software Starter Kit Tasking 

Evaluation Kit Keil 

Evaluation Kit Tasking 
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TEMIC 
Semiconductors Packages 
CS1 Microcontroller Family Packaging Selection Guide 

Plastic Packages 

. ;. . ..... 

TSCSOC31trSCSOC51 

TSCSOCL31trSCSOCL51 

SOC311S0C51 

SOC32/S0C52 

SOC 154/S3C 154 

S3C154D 

TSCS051CI 

TSCS051C2* 

TSCS051AI* 

TSCS051A2* 

TSCS051Al1* 

TSCS051A30* 

tDI:t4b ······tWV44 
< .• 

... ... .: ... 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

• 

• 

.1':I..VCS2· .PQFP4.1·tQFP4.PQFP64 
.... :t3,9nun .:t2.3t.nnl 

.•. ...••...• . ..... f~p~t ·f~~pri~t.I·:·.· 

• • 
• • 
• • 
• • 
• • 
• • 

• • 
• • 

• 
• • 

• 
• • 

* to be introduced during 1997, check with your TEMIC sales contact for availability 

Ceramic Packages 

TSCSOC31trSCSOC51 • • 
SOC311S0C51 • • 
SOC32/S0C52 • • • 
SOCI54/S3C154 • • 
S3C154D • • 

* only for space grade, drawing not included in this chapter, but available upon request. 
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• 

. VQI1'I'44 : TQI1'I'4~.i:: 
1;4mm .. :t;i) mmi:: 
tb~k:il~ .• tbic" .. tlIi!i • 

• • 
• • 
• • 
• • 
• • 
• • 

• 
• 
• 
• 
• 
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Packages 
Windowed Packages (for EPROMlOTP versions) 

* to be introduced during 1997, check with your TEMIC sales contact for availability 

** package drawings to be defined 

Package Drawings 

1. PDIL 40 7. TQFP 44 (1.0 mm Thickness) 
2. PLCC44 8. PQFP64 
3. PLCC 52 9. CDIL 40 (.6) 
4. PQFP 44 (13.9 mm Foot Print) 10. LCC44 
5. PQFP 44 (12.3 mm Foot Print) 11. CQPJ 44 
6. VQFP 44 (1.4 mm Thickness) 12. CQPJ 44 with Window 

V 1.2 
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2. PLCC 44 
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I 

Figure 2. PLCC Package Size 

V.l.4 

E 1 E 

TEMIC 
Semiconductors 

MATRAMHS 
(14 Jan. 97) 



TEMIC 
Semiconductors 
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Figure 3. PLCC Package Size 
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Packages 
4. PQFP 44 (Fl Code) 

Figure 4. PQFP Package Size 
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5. PQFP 44 (F2 Code) 
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Packages 
6. VQFP44 

Figure 6. VQFP Package Size 
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7. TQFP44 

MATRAMHS 
(14 Jan. 97) 

Packages 

Y.1.9 



Packages 
8.PQFP64 

Figure 8. PQFP Package Size 
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9. CDIL 40 (.6) 
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Packages 
10. LCC44 
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11. CQPJ 44 

Figure 11. PDIL Package Size 
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Packages 
12. CQPJ 44 with Window 
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