












































































































































































































































































































































































































































































































































































































































































































































































































































3.6.2 How Interrupts Are Handled 

The interrupt flags are sampled at S5P2 in every ma­
chine cycle. The samples are polled during the fol­
lowing machine cycle. If one of the flags was in a set 
condition at S5P2 of the preceding cycle, the polling 
cycle will find it and the interrupt system will gener­
ate an LCALL to the appropriate service routine, pro­
vided this hardware-generated LCALL is not blocked 
by any of the following conditions: 

1) An interrupt of equal or higher priority is already in 
progress. 

2) The current (polling) cycle is not the final cycle in 
the execution of the instruction in progress. 

3) The instruction in progress is RETI or a write ac­
cess to any of the registers IENO, IEN1, IPO, or 
IP1. 

Any of these three conditions will block the genera­
tion of the LCALL to the interrupt service routine. 
Condition 2 ensures that the instruction in progress 
will be completed before vectoring to any service 
routine. Condition 3 ensures that if the instruction in 
progress is RETI or any access to registers IENO, 
IEN1, IPO, or IP1, then at least one more instruction 
will be executed before any interrupt is vectored to. 

The polling cycle is repeated with every machine cy­
cle, and the values polled are the values that were 
present at S5P2 of the previous machine cycle. Note 
then that if any interrupt flag is active but not being 
responded to for one of the above conditions, if the 
flag is not still active when the blocking condition is 
removed, the denied interrupt will not be serviced. In 
other words, the fact that the interrupt flag was once 
active but not serviced is not remembered. Every 
polling cycle is new. 

The polling cycie/LCALL sequence is illustrated in 
Figure 41. 
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Note that if an interrupt of higher priority level goes 
active prior to S5P2 in the machine cycle labeled C3 
in Figure 41, then in accordance with the above 
rules it will be vectored to during C5 and C6, without 
any instruction of the lower priority routine being ex­
ecuted. 

Thus the processor acknowledges an interrupt re­
quest by executing a hardware-generated LCALL to 
the appropriate servicing routine. In some cases it 
also clears the flag that generated the interrupt, and 
in other cases it doesn't. It never clears the serial 
port (RI, TI), timer 2 (TFO, EXF2), or AID converter 
flags. This has to be done in the user's software. It 
clears an external interrupt flag (lEO or IE1) only if it 
was transition-activated. External interrupt flags 
IEX2 to IEX6 are always cleared. The hardware-gen­
erated LCALL pushes the contents of the program 
counter onto the stack (but it does not save the 
PSW) and reloads the. PC with an address that de­
pends on the source of the interrupt being vectored 
to, as shown below. 

Source Vector Address 

lEO 0OO3H 
TFO OOOBH 
IE1 o'013H 
TF1 001BH 

RI+TI 0023H 
TF2+EXF2 002BH 

IADC 0043H 
IEX2 004BH 
IEX3 0053H 
IEX4 005BH 
IEX5 0063H 
IEX6 006BH 

. ...... --(1--1---(2--1---(3--+---(4--1---(5 --....... 

Iss P21 S6 I 
....... �~�,�~�\� �-�-�-�'�-�-�-�-�'�t�,�~�\�-�- ....... �-�-�~�'�j�\�o�\�-�.�.�.�I�.�.�.�.�-�-�-�-�­

�~�'�~�-�-�-�~�v�~�-�-�-�-�~�'�~� 

Interrupts long (alt to Interrupt Routine 
Are Polled Inltrrupt 

Vector Address 
Interr. upt !'--v-"!Inltrrupt 

Goes Is 
Active latched 

Figure 41. Interrupt Response Timing Diagram 

0070-31 
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Execution proceeds from that location until the RETI 
instruction is encountered. The RETI instruction in­
forms the processor that this interrupt routine is no 
longer in progress, then pops the top two bytes from 
the stack and reloads the program counter. Execu­
tion of the interrupted program continues from 
where it was left off. 

Note that a simple RET instruction would also have 
returned execution to the interrupted program, but it 
would have left the interrupt control system thinking 
an interrupt was still in progress. 

3.6.3 External Interrupts 

The external interrupts 0 and 1 can be programmed 
to be level-activated or negative transition-activated 
by setting or clearing bit ITO or IT1, respectively, in 
register TCON. If ITx = 0 (x = 0 or 1), external 
interrupt x is triggered by a detected low at the INTx 
pin. If ITx = 1, external interrupt x is negative edge­
!!!9..9..ered In this mode, if successive samples of the 
INTx pin show a high in one cycle and a low in the 
next cycle, interrupt request flag lEx in TCON is set. 
Flag bit lEx then requests the interrupt. 

If the external interrupt 0 or 1 is level-activated, the 
external source has to hold the request active until 
the requested interrupt is actually generated. Then it 
has to deactivate the request before the interrupt 
service routine is completed, or else another inter­
rupt will be generated. 

The external interrupts 2 and 3 can be programmed 
to be negative or positive transition-activated by set­
ting or clearing bit 12FR or 13FR in register T2CON. If 
IxFR = 0 (x = 2 or 3), external interrupt x is nega­
tive transition-activated. If IxFR = 1, external inter­
rupt x is triggered by a positive transition. 

The external interrupts 4, 5, and 6 are activated by a 
positive transition. The external timer 2 reload trigger 
interrupt request flag EXF2 will be activated by a 
negative transition at pin P1.5/T2EX but only if bit 
EXEN2 is set. 
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Since the external interrupt pins (INT2 to INT6) are 
sampled once each machine cycle, an input high or 
low should hold for at least 12 oscillator periods to 
ensure sampling. If the external interrupt is tran­
sition-activated, the external source has to hold the 
request pin low (high for INT2 and INT3, if they are 
programmed to be negative transition-active) for at 
least one cycle, and then hold it high (low) for at 
least one cycle to ensure that the transition is recog­
nized so that the corresponding interrupt request 
flag will be set. The external interrupt request flags 
will automatically be cleared by the CPU when the 
service routine is called. ' 

3.6.4 Response Time 

If an external interrupt is recognized, its correspond­
ing request flag is set at S5P2 in every machine cy­
cle. The value is not actually polled by the circuitry 
until the next machine cycle. If the request is active 
and conditions are right for it to be acknowledged, a 
hardware subroutine call to the request service rou­
tine will be the next instruction to be executed. The 
call itself takes two cycles. Thus, a minimum of three 
complete machine cycles will elapse between acti­
vation of an external interrupt request and the begin­
ning of executing the first instruction of the service 
routine. Figure 41 shows interrupt response timings. 

A longer response time would result if the request is 
blocked by one of the three previously listed condi­
tions. If an interrupt of equal or higher priority level is 
already in progress, the additional wait time obvious­
ly depends on the nature of the other interrupt's 
service routine. If the instruction in progress is not in 
its final cycle, the additional wait time cannot be 
more than 3 cycles, since the longest instructions 
(MUL and DIV) are only 4 cycles long; and, if the 
instruction in progress is RETI or an access to regis­
ters IENO, IEN1, IPO, or IP1, the additional wait time 
cannot be more than 5 cycles (a maximum of one 
more cycle to complete the instruction in progress, 
plus 4 cycles to complete the next instruction if the 
instruction is MUL or DIV). 



Thus, in a single interrupt system, the response time 
is always more than 3 cycles and less than 9 cycles. 

3.7 Watchdog Timer 

As a means of graceful recovery from software or 
hardware upset a watchdog timer is provided in the 
SAB 80515. If the software fails to clear the watch­
dog timer at least every 65532 /Ls, an internal hard­
ware reset will be initiated. The software can be de­
signed such that the watchdog times out if the pro­
gram does not progress properly. The watchdog will 
also time out if the software error was due to hard­
ware-related problems. This prevents the controller 
from malfunctioning for longer than 65 ms if a 
12 MHz oscillator is used. 

The watchdog timer is a 16-bit counter which is in­
cremented once every machine cycle. After an ex­
ternal reset the watchdog timer is disabled. and 
cleared to OOOOH. The counter is started by setting 
bit SWOT (bit 6 in SFR IEN1). After having been 
started, the watchdog timer cannot be stopped by 
software and bit WOTS (watchdog timer status, bit 6 
in SFR IPO) is set. It can only be cleared to OOOOH by 
first setting bit WOT (IENO.6) and with the next in­
struction setting SWOT. Bit WOT will automatically 
be cleared during the third machine cycle after hav­
ing been set. This double instruction clearing of the 
watchdog timer was implemented to minimize the 
chance of unintentionally clearing the watchdog. To 
prevent the watchdog from overflowing, it must be 
cleared periodically. 

If the software fails to clear the watchdog in time, an 
internally generated watchdog reset is entered at 
the counter state FFFCH, which lasts four machine 
cycles. This internal reset differs from an external 
reset only to the extent that the watchdog timer is 
not disabled and bit WOTS (watchdog timer status, 
bit 6 in SFR IPO) is set. Bit WOTS allows the soft­
ware to examine from which source the reset was 
initiated. If it is set, the reset was caused by a watch­
dog timer overflow. 
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3.8 RAM Backup Power Supply 

The power-down mode in the SAB 80515 allows to 
reduce VCC to zero while saving 40 bytes of the on­
chip RAM through.a backup supply connected to the 
VPO pin. In the following, the terms VCC VPO are 
used to specify the voltages on pin VCC and pin 
VPO, respectively. 

If VCC > VPO, the 40 bytes are supplied from VCC. 
VPO may then be low. If VCC < VPO, the current for 
the 40 bytes is drawn from VPO. The addresses of . 
these backup-powered RAM locations range from 
88 to 127 (58H to 7FH). The current drawn from the 
backup power supply is typically 1 mA, max. 3 mA. 

To utilize this feature, the user's system-upon de­
tecting that a power failure is imminent-would inter­
rupt the processor in some manner to transfer rele­
vant data to the 40 byte in on-chip RAM and enable 
the backup power supply to the VPO pin. Then a 
reset should be accomplished before VCC falls be­
low its operating limit. When power returns, a power­
on reset should be accomplished, and the backup 
supply needs to stay on long enough to resume nor­
mal operation. Figure 42 illustrates the timing on a 
power failure. 

3.9 System Clock Output 

For peripheral devices requiring a system clock, the 
SAB 80515 provides a clock output signal derived 
from the oscillator frequency as an alternate output 
function on pin P1.6/ClKOUT. If bit ClK is set (bit 6 
of special function register AOCON), a clock signal 
with 1/12 the oscillator frequency is gated to pin 
P1.6/ClKOUT. To use this function the port 1 pin 
must first be programmed to a one (1). 

Figure 43 shows the timing of this system clock sig­
nal with respect to signal ALE and the internal 
states. The system clock is high during S3P1 and 
S3P2 of every machine cycle and low during all oth­
er states. Thus, the duty cycle of the clock signal is 
1 :6. Also shown is the timing with respect to an ex­
ternal data memory access. The system clock coin­
cides with the last state (S3) in which a RO or WR 
signal is active. 
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vee \ / 
Power failure detected 

'R£SET \ \ / I , I 
'--- --.I 

VPD /'----/ \---.... \ 
~ 

Interrupt 

Po .... er Down Mode 

Transfer relevant Enable backup 
data to the po .... er supply 
backup po .... er and apply reset 
supplied RAM 

0070-32 

Figure 42. Reset and RAM Backup Power Timing 

I 56 I 51 I 52 I 53 I 54 I S5 I 56 I 51 I 52 I S3 I 54 I 55 I 56 I 51 I S2 I 
ALE 

CLKOUT ~ __ ---,nL-_____ --InL-_____ .....J1 
0070-33 

Figure 43. System Clock Timing 

3.10 More about the On-Chip Oscillator 

The on-chip oscillator of the SAB 80515, like in the 
SAB 8051, is a single-stage inverter (Figure 44), in­
tended for use as crystal-controlled, positive reac­
tance oscillator (Figure 45). In this application the 
crystal is operated in its fundamental response 
mode as an inductive reactance in parallelreso­
nance with a capacitance external to the crystal. 
The crystal specifications and capacitance values 
(C1 and C2 in Figure 45) are not critical. 30 pF can 
be used in these positions at any frequency with 
good quality crystals. A ceramic resonator can be 
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used in place of the crystal in cost-critical applica­
tions. When a ceramic resonator is used, C1 and C2 
are normally selected to be of somewhat higher val-

, ues, typically 47 pF. The manufacturer of the ceram­
ic resonator should be consulted for recommenda­
tions on the values of these capacitors. 

To drive the SAB 80515 with an external clock 
source, apply the external clock signal to XTAL2, 
and ground XT AL 1, as shown in Figure 46. A pullup 
resistor is suggested because the logic levels at 
XTAL2 are not TTL. 
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XTAL 1 

VSS 

VCC 

T 
Subst. 

VSS 

To Internal 
Timing Circuitry 

XTAL2 

Figure 44. On-Chip Oscillator Circuitry 

Q2 

(~' 

To Internal 
Timing Circuitry 

Figure 45. Using the On-Chip Oscillator 

External 
Oscillator 
Signal 

TTL 
Gate 

VCC 

[) 
p----+---i XTAL 2 

r- XTAL1 

~ VSS 

0070-36 

0070-35 

Figure 46. Driving with an External Clock Source 
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3.11 Register peON 

The special function register PCON is located at address 87H. In this register only bit 7, which is SMOD, is 
implemented. The other bit positions (PCON.O to PCON.6) are reserved and should not be used. SMOD is 
used to double the baud rate for the serial port. If SMOD is set to one, the baud rate is doubled when the serial 
port is operating in either mode 1, 2, or 3 (see Section 3.4.2). The reset value of SMOD is o. Note that PCON is 
not bit-addressable, therefore byte instructions must be used to alter SMOD. 
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4.0 Memory Organization, Addressing 
Modes and Boolean Processor 

4.1 Introduction 

The SAB 80515 architecture provides on-chip mem­
ory as well as off-chip memory expansion capabili­
ties. Several addressing mechanisms are incorporat­
ed to allow for an optimal instruction set. 

4.2 Memory Organization 

The SAB 80515 has four basic memory address 
spaces: 

- 64 kbyte program memory 

- 64 kbyte external data memory 

- 256 byte internal data memory 

- 41 special function registers 

FFff 

External 

ff 
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4.2.1 Program Memory Address Space 

The 64 kbyte program memory space consists of an 
internal and an external memory portion, illustrated 
in Figure 48. If the EA pin is held high, the 
SAB 80515 executes out of internal program memo­
ry unless the address exceeds 1 FFFH. Locations 
2000H through OFFFFH are then fetched from exter­
nal program memory. If the EA pin is held low, the 
SAB 80515 fetches all instructions from external 
program memory. In either case, the 16-bit program 
counter is the addressing mechanism. 

Loc'ations 03 through 6BH in program memory are 
used by interrupt service routines as discussed in 
section 3.6. 

4.2.2 Data Memory Address Space 

The data memory address space consists of an in­
ternal and an external memory space. External data 
memory is accessed when a MOVX instruction is ex­
ecuted. 

III 
Upper 
128 bytes 
Internal 
RAM 

III 

Shared Address locatioo 

FFt-------t 

80 

f-. Special 
f- Function 
f- Registers 

FFFF 

7F ~-4I_I-I+-+ J....,f 
I I I 

External 
Dato 
Memory 

lFff 

o 

2000 

Intemal 
,0=1) 

External 
,0=01 

1FFF 

o 

-lower I-

= 128 bytes ~ 
..... Internal I­
_RAM l-

I I I 
00 I I I 0000 

Data Memory 

Register []]] 
Indirect 
Addressing 

~ Direct byte 
t=:=j Addressing 

Figure 48. Program Memory and Data Memory Address Spaces 

0071-1 
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The internal data memory is divided into three physi­
cally separate and distinct blocks: the lower 128 
bytes of RAM; the upper 128 bytes of RAM; and the 
128 byte special function register (SFR) area. While 
the upper RAM area and the SFR area share the 
same address locations, they are accessed through 
different addressing modes. These modes are dis­
cussed in a later section. 

Figure 49 shows a mapping of internal data memory. 
Four 8-register banks occupy locations 0 through 31 

Special 
Function 
Registers 

...---.... OFFH m~ FFH 

~12~B ~ __ ...J60H 

m 
~12:!!.B ~ __ -I80H 

Direct Bit { 
Addressing 

Register [ 
Addressing 

7FH 

R7 Register 
RO Bank 3 

R7 Register 
RO Bank 2 
R7 Register 
RO Bank 1 

R7 Register 
RO Bank 0 OOH 
~ 

'---~v / Direct Addressing 
Stack'Pointer Register'lndirect and 
Register'lndirect Addressing 

0071-2 

Figure 49. Internal Data Memory Address Space 
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in the lower RAM area. Only one of these banks may 
be enabled at a time (through a two-bit field in the 
PSW). The next sixteen bytes, locations 32 through 
47 contain 128 bit-addressable locations. 16 of the 
41 special function registers are also bit-address­
able. 

Figure 48 shows the data memory address spaces, 
Figure 50 shows the RAM bit addresses, and Figure 
51 the special function register bit locations. 

RAM 
Byte 

IMSB) 

7FH 1 
30H 

2FH 

2EH 

20H 

2CH 

2BH 

2AH 

29H 

2BH 

27H 

26H 

25H 

24H 

23H 

22H 

21H 

20H 
lFH 

18H 
17H 

10H 
OFH 

OBH 
07H 

ooH 

7F 

77 

6F 

67 

SF 

57 

4F 

47 

3F 

37 

2F 

27 

IF 

17 

OF 

07 

7E 

~ 

6E 

66 

5E 

56 

4E 

46 

3E 

36 

2E 

26 

IE 

16 

OE 

06 

70 7C 7B 7A 

75 74 73 72 

60 6C 6B 6A 

65 64 63 62 

50 SC 5B SA 

55 54 53 52 

40 4C 4B 4" 
45 44 43 42 

3D 3C 36 3A 

35 34 33 32 

20 2C 2B 2" 
25 24 23 22 

10 lC lB lA 

15 14 13 12 

00 OC 08 OA 

05 04 03 02 

Register'Bank 3 

Register'Bank 2 

Register'Bank 1 

Register' Bank 0 

79 

71 

69 

61 

59 

51 

49 

41 

39 

31 

29 

21 

19 

11 

09 

01 

IlSB) 

78 

70 

68 

60 

58 

so 
48 

40 

38 

30 

26 

20 

16 

10 

De 

00 

46 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

33 

32 
31 

24 
23 

1 
1 

8 
7 

0 

0071-3 

Figure 50. Internal Data Memory Bit-Addressable 
Locations 
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F8H FFH I FEH I FDH I FCH I FBH I FAH I F9H I F8H P5 

FOH F7H I F6H I F5H I F4H I F3H I F2H I F1 H I FOH B 

E8H ~" EEH I EDH I ECH 1 EBH.I EAH 1 E9H I E8H P4 

EOH E7H I E6H I E5H I E4H I E3H I E2H I E1H I EOH ACC 

BD ClK - BSY ADM MX2 MX1 MXO 
D8H DFH I DEH I DDH I DCH I DBH 1 DAH I D9H I D8H ADCON 

CY AC FO RS1 RSO OV F1 P 
DOH D7H I D6H I D5H I D4H I D3H I D2H I D1H I DOH PSW 

T2PS 13FR 12FR T2R1 T2RO T2CM T211 T210 
C8H CFH I CEH I CDH J CCH 1 CBH J CAH 1 C9H I C8H T2CON 

EXF2 TF2 "IEX6 IEX5 IEX4 IEX3 IEX2 IADC 
COH C7H 1 C6H I C5H I C4H I C3H I C2H I C1H I COH IRCON 

EXEN2 SWDT EX6 EX5 EX4 EX3 EX2 EADC 
B8H BFH I UEH I BDH I BCH I BBH I BAH I B9H I B8H IEN1 

BOH B7H I B6H I B5H I B4H I B3H I B2H I B1H I BOH P3 

EAl WDT ET2 ES ET1 EX1 ETO EXO 
A8H AFH IAEH I ADH I ACH I ABH J AAH J A9H I A8H IENO 

AOH A7H I A6H I A5H I A4H I A3H 1 A2H 1 A1H I AOH P2 

SMO SM1 SM2 REN TB8 RB8 TI RI 
98H 9FH I 9EH I 9DH I 9CH I 9BH I 9AH I 99H I 98H SCON 

90H 97H I 96H I 95H I 94H I 93H J 92H 1 91 H I 90H P1 

TF1 TR1 TFO TRO IE1 1T1 lEO ITO 
88H 8FH I 8EH I 8DH I 8CH I 8BH I 8AH I 89H I 88H TCON 

80H 87H I 86H I 85H I 84H I 83H 1 82H 1 81H 1 80H PO 
0071-4 

Figure 51. Special Function Register Bit-Addressable Locations 

4.3 Addressing Modes 

The SAB 80515 uses five addressing modes: 

-register 
-direct 
-register indirect 
-immediate 
-base-register plus index-register indirect 

Table 12 summarizes which memory spaces may be 
accessed by each of the addressing modes. 

4.3.1 Register Addressing 

Register addressing accesses the eight working reg­
isters (RO-R7) of the selected register bank. The 
least significant bits of the instruction op code indi-

. cates which register is to be used. ACC, B, DPTR 
and CY, the Boolean processor accumulator, can 
also be addressed as registers. 
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Table 12 

Addressing Modes 

Register Addressing 

Direct Addressing 

Register Indirect 
Addressing 

Immediate Addressing 

Base-Register plus 
Index-Register Addressing 

4.3.2 Direct Addressing 

Direct addressing is the only method of accessing 
the special function registers. The lower 128 byte of 
internal RAM are also directly addressable. 

4.3.3 Register-Indirect Addressing 

Register-indirect addressing uses the contents of ei­
ther RO or R1 (in the selected register bank) as a 
pointer to locations in a 256-byte block: the 256 
bytes of internal RAM or the lower 256 bytes of ex­
ternal data memory. Note that the special function 
registers are not accessible by this method. Access 
to the full 64 kbytes of external data memory ad­
dress space is accomplished by using the 16-bit 
data pointer. 

Execution of PUSH and POP instructions also uses 
register-indirect addressing. The stack may reside 
anywhere in internal RAM. 

4.3.4 Immediate Addressing 

Immediate addressing allows constants to be part of 
the instruction in program memory. 
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Associated Memory Spaces 

-RO through R7 of Selected Register Bank 
-ACC, B, CY (Bit), DPTR 

-Lower 128 Byte of Internal RAM 
-Special Function Registers 

-Internal RAM (@R1, @RO, SP) 
-External Data Memory (@R1, @RO, @DPTR) 

-Program Memory 

-Program Memory (@DPTR + A, @PC +A) 

4.3.5 Base-Register plus Index-Register 
Addressing 

Base-register plus index-register addressing allows 
a byte to be accessed from program memory via an 
indirect move from the location whose address is 
the sum of a base register (DPTR or PC) and index 
register, ACC. This mode facilitates look-up table ac­
cesses. 

4.4 Boolean Processor 

The Boolean processor is a bit processor integrated 
within the SAB 80515. It has its own instruction set, 
accumulator (the carry flag), and bit-addressable 
RAM and 1/0. 

The bit manipulation instructions allow: 

-set bit 
-clear bit 
-complement bit 
-jump if bit is set 
-jump if bit is not set 
-jump if bit is set and-clear bit 
-move bit fromlto carry 

Addressable bits, or their complements, may be logi­
cally ANDed or ORed with the contents of the carry 
flag. The result is returned to the carry register. 
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Introduction 

This application introduces the user to the features 
of the Timer 2 on the SAB 80515180535. It gives 
basic application hints for programming and using 
the functions of the Timer 2 structure. An example 
on generating pulse-width-modulated signals with 
minimum software is also given. 

Timer 2 Structure 

The Timer 2 of the SAB 80515 with its 1S-bit com­
pare/reload/capture register and three 1S-bit com­
pare/capture registers is capable of generating 
pulse width modulated output signals with very little 
software effort. This unit is also referred as Program­
mable Timer/Counter Register Array (PTRA). 

The SAB 80515 offers two different compare 
modes, explained in more detail below, which are 
useful for the generation of these output signals. 

In either compare mode, the values stored in the 
selected compare registers are compared continu­
ously to the count value of Timer 2. For this purpose, . 
each compare register has its own comparator cir­
cuit. Within one machine cycle, all comparisons are 
done simultaneously. 

Each of the four registers has a fixed relation to a 
port 1 pin, illustrated in the following table: 

Symbols 

Register Port Latch 
Alternate Function 

Symbols 

CRC Register P1.0 INT3/CCO 
CC1 Register P1.1 INT4/CC1 
CC2 Register P1.2 INT5/CC2 
CC3 Register P1.3 INTS/CC3 

The alternate functions for which port pins P1.0 to 
P1.3 can be used are shown in the following table: 

Port Pin Alternate Function 

P1.0 INT3 External Interrupt 3 input; can 
be selected to be active on a 
negative or positive transition. 

CCO Compare output from or 
capture input to CRC register. 

P1.1 INT4 External Interrupt 4 input; 
active on a positive transition. 

CC1 Compare output from or 
capture input to CC1 register. 
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Port Pin Alternate Function 

P1.2 INT5 External Interrupt 5 input; 
active on a positive transition. 

CC2 Compare output from or 
capture input to CC2 register. 

P1.3 INTS External Interrupt S input; 
active on a positive transition. 

CC3 Compare output from or 
capture input to CC3 register. 

The selected modes of the compare/capture regis­
ters determine which of the possible alternate func­
tions is actually used. For brevity, the description of 
the use of alternate functions is given for the CRC 
register and port pin P1.0 only. 

If no compare or capture modes are enabled for the 
CRC register, pin P1.0 can be used for general pur­
pose I/O or as an external interrupt input. In the lat­
ter case, the port latch must contain a one (1) to 
allow the external source to control the pin. It is, 
however, possible to cause an interrupt by toggling 
the port latch by software. Bit 13FR in SFR T2CON is 
used to select the active edge for INT3 (refer to the 
SAB 80515 User's Manual for details). If the external 
capture mode is enabled for the CRC register (SFR 
CCEN = XXXXXX01 B), a transition at P1.0 will not 
only cause the request flag IEX3 (SFR IRCON) to be 
set, but will also latch the current Timer 2 contents 
into the CRC register. If the pin is not controlled by 
an external source, software may toggle the port 
latch to do a capture of the Timer 2 content. This 
facilitates reading the timer "on-the-fly", since read­
ing the timer directly requires a certain read proce­
dure to be observed in order to obtain the correct 
value (to read the 1S-bit register, only 8-bit MOV in­
structions are available). This feature is in addition to 
the special capture mode provided in the SAB 
80515 for a software capture. 

If either of the two possible compare modes is en­
abled for the CRC register, the port pin P1.0 is used 
as .an output. The functions of the two compare 
modes are described separately in the following sec­
tions. 

In compare mode (T2CM = 0), the port latch is con­
trolled only by the Timer 2 overflow and the match 
signal of the comparator related to the CRC register. 
The user has no access to the port latch as long as 
compare mode 0 is enabled (SFR CCEN = 
XXXXXX10B). The input line from pin P1.0 to the 
interrupt request flag IEX3 is disconnected and IEX3 
is controlled by the output of the comparator. If Tim-
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er 2 overflows, the port latch is set to zero. If a 
match is detected between the value stored in the 
CRC register and the content of Timer 2, then the 
port latch is set to one. The setting of the request 
flag IEX3 depends on the selected active edge. If 
13FR = 0, IEX3 is set with the positive transition of 
the comparator output signal. If 13FR = 0, IEX3 will 
be set when the comparator output goes inactive, 
i.e. shows a negative transition. 

In compare mode 1 (T2CM = 1), the port latch P1.0 
is separated into two latches: one is connected to 
the internal bus and can be read or written to under 
software control. This is referred to as latch A. The 
other latch, called latch 8, is a transparent latch with 
the input connected to latch A. Its output connected 
to the poct pin and its clock input controlled by the 
comparator output. Figure 1 illustrates these two 
port latches. The function of compare mode 1 is il­
lustrated by the following example: 

Assume that port P1.0 contains a one, register CRC 
contains a value <xxxx>, IEX3 is programmed to 
be positive transition active, and Timer 2 is running. 
When compare mode 1 is enabled (SFR 
CCEN = XXXXXX108), the port latch is separated, 
and both latch A and latch 8 contain a one. The user 

Read Latch 

Internal 
Bus --..... -. 

Write to -...--t--t> 
Latch 

Mode 1 
Enabled 

Compare 

may now write a zero into latch A. Latch 8 is un­
changed, since the clock input is low. When a match 
is detected between the value <xxxx> stored in the 
CRC register and the contents of Timer 2, the com­
parator output signal goes active. This causes the 
value of latch A to be transferred to latch 8 and pin 
P1.0 is set to zero. Simultaneously, the interrupt re­
quest flag IEX3 is set, informing the user of the suc­
cessful match. 

User response depends on the application. Writing a 
one to latch A causes a positive transition at the 
next compare event within the following Timer 2 pe­
riod. Changing both the port latch and the compare 
value in register CRC causes a new match either 
within the current Timer 2 period if the new value is 
higher than the actual Timer 2 content, or within the 
next Timer 2 period otherwise. If the user changes 
neither the port latch nor the CRC register, the port 
pin will remain in its state regardless of further com­
pare events. However, each further compare event 
(one during each Timer 2 period, if compare mode 1 
is enabled) will set the interrupt request flag IEX3. 
This enables the user to count the compare events 
until a certain number is reached. Servicing the port 
latch at that point will cause a new transition of the 
pin at the next match. 

0196-1 

Figure 1. Functional Diagram of Port Latches P1.0 to P1.3 in Compare Mode 1 
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NOTE: 

Since the transition detection circuit is installed di­
rectly in front of the interrupt request flag, IEX3 may 
be set when a compare mode is enabled or dis­
abled. For an explanation of this, consider the fol­
lowing conditions: 

• IEX3 is programmed to be set on a negative tran­
sition (13FR = O) 

• Port latch P1.0 contains a one, so a logic high lev­
el is applied to the input of the detection circuit at 
IEX3 

• The CRC register contains OOOOH and Timer 2 
contains a value > OOOOH. 
If a compare mode is now enabled for the CRC 
register, the input line to the transition detector is 
switched from the port pin to the output of the 
comparator, which is zero (no match). The tran­
sition detector recognizes a negative transition at 
its input and causes IEX3 to be set. The same 
procedure applies to the other condition: 
13FR = 1/P1.0 = 01 comparator output = 1. 

For registers CC1 to CC3 and their appropriate port 
pins j the compare and capture features function in a 
similar way,· except that the setting of the interrupt 

flags and the capture are caused only by a positive 
transition at the respective port pins. 

Using Compare Mode 0 

The following section shows a concrete example for 
generating pulse width modulated output Signals us­
ing the compare mode O. The CRC register is used 
to do a 16-bit reload of Timer 2 in order to vary the 
period of the signals, while registers CC1 to CC3 are 
selected to operate in compare mode O. The appen­
dix contains a listing of the example program. 

First an initialization routine is executed. It selects 
the input frequency for Timer 2, the compare and 
reload mode, loads the reload value into the CRC 
register, and starts the timer. Then the first loading 
of the compare registers CC1 to CC3 is done in the 
Timer 2 overflow interrupt service routine. The main 
program, which is not detailed in this example, com­
putes the compare values and stores them in regis­
ters R2 to R7, from which the values are loaded into 
registers CC1 to CC3 during the interrupt procedure. 
If the compare values were left unchanged over sev­
eral Timer 2 periods,· the following output signals 
would result. 

r-- Timer 2 Period N 'I' TImer 2 Period N + 1 -J 
P1.1L-J LJ L 

I I I 
P1.2 I ... ____ ---In IL 

I I I 

p1.3 l I L 
I I I 
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Figure 2. Pulse Width Modulation in Compare Mode 0 
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Input 

Frequency_ 

Output 1 

Output 2 

Output 3 
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Figure 3. PTRA Configuration for the Generation of PWM Signals 

Figure 3 illustrates the configuration of the PTRA 
structure after the initialization. The CRC register 
serves as a 16-bit reload register, while registers 
CC1 to CC3 are selected as 16-bit compare regis­
ters. The comparator output signal of each compare 
register is connected to the appropriate interrupt re­
quest flag (IEX4 to IEX6). Since the port pin P1.0 is 
not used in this application, it can be used as gener­
al purpose 1/0 or as an external interrupt input. It 
cannot, however, be used as a capture input to the 
CRC register, since selecting the reload mode for 
the CRC register disables the capture and compare 
modes for this register. 

In this example, all three output signals have the 
same period as determined by the reload value 
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stored in the CRC register. On an overlow of Timer 
2, the port latches P1.1 to P1.3 are reset and the 
value of the CRC register is loaded into Timer 2. The 
timer continues incrementing from this start value up 
to the next overflow. The time period results from 
the formula 

TP = (12/fosc) * (65536 - < reload value» 

where < reload value> is the content, of the CRC 
register. The frequency of the output signals is 1/TP. 
The assembler ASM51 provides an easy way to 
compute the reload value for a given time period. If 
the time period is given in J.Ls (at 12 MHz in this 
example), the reload value can be programmed in 
the following way: 
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TIME_PERIOD EQU 1234 ;1234 MS time 
period at 12 MHz 

MOV 
MOV 

CRCLiLOW(-TIME_PERIOD) 
CRCHiHIGH(-TIME_PERIOD) 

Note the minus sign, which states that the value 
stored is 65536 - TIME_PERIOD. 

The time during which an output signal is high is 
determined by the value stored in the associated 
compare register. The same mathematical relation 
applies here as for the reload value: 

HT = (12Ifosc) * (65536 - < compare value» 

where < compare value> is the contents of the re­
spective compare register CC1 to CC3. Note that if a 
compare value is smaller than the reload value, the 
associated output pin will remain low, since there will 
never be a match. 

If the compare values are not changed by the main 
program from one Timer 2 period to the next, the 
compare registers need not be reloaded in the Timer 
2 interrupt service routine. A software flag called 
READY is used to indicate whether or not the com­
pare registers have to be reloaded. If the main pro­
gram has computed new compare values, it sets flag 
READY after storing these values in registers R2 to 
R7. The first instruction in the Timer 2 interrupt serv­
ice routine checks the READY flag and returns to 
the main program if READY = o. Otherwise the 
compare registers are loaded with the contents of 
R2 to R7. This procedure shortens the time needed 
for servicing the Timer 2 interrupt if the compare val­
ues are not changed. 

The READY flag also has a second function. The 
instruction sequence which loads registers R2 to R7 
can be interrupted by the Timer 2 interrupt. To avoid 
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loading indeterminate values into the compare regis­
ters, the reload procedure in the Timer· 2 interrupt 
service routine must not be executed until all new 
compare values are stored in R2 to R7. Since the 
READY flag will be reset in this case, the routine 
which loads the compare registers will be skipped in 
the interrupt service routine. 

Before loading the compare registers with new val­
ues in the Timer 2 interrupt service routine, all com­
pare modes are disabled (CCEN = OOOOOOOOB). 
This is done for a reason similar to that described 
above. When the 16-bit compare registers are re­
loaded with 8-bit MOV instructions, indeterminate 
compare values may occur in the registers. These 
values may cause unexpected match conditions. To 
avoid this, first compare is disabled. The registers 
are then loaded with new values, and finally the 
compare is again enabled. At the end the READY 
flag is reset. 

Because vectoring to the Timer 2 interrupt service 
routine, disabling compare mode, and reloading the 
compare registers all take time, there is a limit to the 
smallest low pulse at the output pins. Vectoring to 
the interrupt routine in a single interrupt routine 
takes no more than 8 and no fewer than 3 cycles. 
Checking the READY flag, disabling compare, re­
loading the 3 16-bit registers, and enabling compare 

. again will take 18 cycles. Therefore, the smallest low 
pulse should not be less than 0026D (26 cycles), 
otherwise a match is not recognized. 

Figure 4 shows a detailed circuit diagram of an SAB 
80535 with an external program memory represent­
ed by a 8 Kbyte SAB 2764A EPROM. This diagram 
also shows the basic power supply connections 
when using the SAB 80535. 
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MCS-51 MACRO ASSEMBLER T2COMP 

ISIS-II MCS-51 MACRO ASSMEBLER V2.1 
OBJECT MODULE PLACED IN :Fl:T2COMP.OBJ 
ASSEMBLER INVOKED BY: ASM51 :Fl:T2COMP.SRC NOSYMBOLS DATE(04.03.86) 

LOC OBJ 

= 1 

1234 
0000 
0021 
0022 
0026 165 

166 
167 ;********************************************************* 
168 
169 
170 

;* 
;* 
;* 

INITIALIZATION ROUTINE 

171 ;********************************************************* 
172 
173 INIT: 

0000 75CACC 174 MOV 
0003 75CBED 175 MOV 
0006 75CBI0 176 MOV 

177 
0009 C200 178 CLR 
OOOB D2C8 179 SETB 

180 
OOOD 020045 181 

182 
183 

JMP 

CRCL,#LOW(-TIME_PERIOD) ; LOAD RELOAD VALUE 
CRCH,#HIGH(-TIME_PERIOD~ 

T2CON,#00010000B 

READY 
T2IO· 

RELOAD ON TIMER OVERFLOW 
NO PRESCALER; COMPARE MODE 0 
CLEAR FLAG READY 
START TIMER 2, FOSC/12 

JUMP TO MAIN PROGRAM 

1 
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MCS-51 MACRO ASSEMBLER T2COMP (Continued) 

LOC OBJ 

002B 300014 
002E 75Cl00 
0031 8AC2 
0033 8BC3 
0035 8CC3 
0037 8DC3 
0039 8EC6 
003B 8FC7 
003D 75C1A8 
0040 C200 

0042 C2C6 
0044 32 

LINE SOURCE 

184 ;******************************************************* 
185 ;* 
186 ;* TIMER 2 OVERFLOW INTERRUPT SERVICE ROUTINE. 

* 
* 

187 
188 
189 
190 

;* LOADS NEW COMPARE VALUES INTO THE COMPARE REGISTERS.* 
;* * 
;******************************************************* 

191 CSE6 AT TIMER2 
192 
193 TF2_INT: 
194 JNB 
195 MOV 
196 MOV 
197 MOV 
198 MOV 
199 MOV 
200 MOV 
201 MOV 
202 MOV 
203 CLR 
204 INT_END: 

READY,INLEND 
CCEN,$O 
CCL1,R2 
CCH1,R3 
CCL2,R4 
CCH2,R5 
CCL3,R6 
CCH3,R7 
CCEN,#10101000B 
READY 

205 
206 
207 

CLR TF2 
RETI 

CHECK FLAG READY 
DISABLE COMPARE 
LOAD NEW COMPARE VALUES 

ENABLE COMPARE 1 TO 3 
CLEAR FLAG READY 

CLEAR TIMER 2 OVERFLOW FLAG 

208 ;******************************************************** 
209 ;* 
210 ;* MAIN PROGRAM. 

* 
* 

211 ;* COMPUTES THE NEW COMPARE VALUES AND STORES THEM INTO * 
212 ;* REGISTERS R2 TO T7 IN CURRENT REGISTER BANK. 
213 ;* 

* 
* 

214 ;* SINCE IT DEPENDS ON THE APPLICATION, THE MAIN PROGRAM* 
215 ;* IS NOT DETAILED HERE. 
216 ;* 
217 ;******************************************************** 

1 
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MCS-51 MACRO ASSEMBLER T2COMP (Continued) 

LOC OBJ 

0045 C200 
0047 AA21 
0049 AB22 

004B AF26 
004D D200 

LINE . SOURCE 

218 
219 MAIN_PROG: 
220 • 
221 • 
222 • 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 

CLR READY CLEAR FLAG READY 
MOV R2,COMPARE_1_LOW STORE NEW COMPARE VALUES 
MOV R3,COMPARE_1_HIGH 
• 
• 
MOV R7,COMPARE_3_HIGH 
SETB READY SET FLAG READY 
• 
• 
• 
• 
END 

REGISTER BANK{S) USED: 0 
ASSEMBLY COMPLETE, NO ERRORS FOUND 

1 
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This application note discusses the Analog to Digital 
converter in the SAB 80515180535 single chip mi­
crocontroller. It provides the SAB 80515180535 user 
with detailed information on the features and char­
acteristics of the converter. Included in this applica­
tion note are design tips for using the converter, as 
well as an application example with program listing 
which illustrates how an 8-bit digital result obtained 
as a result of conversion of an analog input can be 
displayed on a terminal over the serial channel of 
the SAB 80515180535. 

The AID Converter of the 
SAB 80515/80535 

The SAB 80515/80535 is an 8-bit single chip micro­
controller, which contains an on-chip AID converter. 
It provides a simple interface between analog and 
digital circuitry. It permits the replacement of dis­
crete AID components with this on-board circuitry. 

This application note illustrates the use of the SAB 
80515/80535's AID converter. The electrical char­
acteristics and operating conditions are discussed in 
more detail than in the User's Manual. 

The following topics are covered: 

• Fundamentals and principles of AID conversion 
with.the SAB 80515/80535 

• Transfer characteristics and error definition 

• Electrical characteristics of the SAB 
80515/80535's AID converter 

• Design considerations of the device 
• Sample application of the device 

Principles of AID Conversion 
with the SAB 80515/80535 

An Analog to Digital converter converts analog input 
signals (voltages) applied at the "analog inputs" into 
the corresponding digital value. The range of the an­
alog inputs which result in digital values between 
OOH and FFH in the device's 8-bit converter is de­
fined by the reference voltages (reference ground 
VAGND and reference voltage VAREF). These volt­
ages are applied externally to the device. 

Different principles may be used in AID conversion. 
They differ mainly in accuracy, resolution, conver­
sion time, costs, etc. The AID converter of the SAB 
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80515/80535 uses the principle of successive-ap­
proximation. This technique is much faster than the 
more common dual slope conversion and allows 
tracking of signals at higher frequencies. Succes­
sive-approximation method uses binary fractions (%, 
%, Va, etc.). The unknown input value is compared 
first to the % of the reference value, determining the 
most significant bit of the result. Depending on this 
MSB, the unknown value is compared with % or (% 
+ %) ref. value thus determining the next bit of the 
result. Following this procedure eight times produc­
es an eight-bit result. The conversion time is inde­
pendent of the input value. 

To ensure meaningful data, the input value to the 
comparator cannot change during conversion. To 
ensure this, the SAB 80515/80535 samples the in­
put and latches this value at the comparator input 
during the conversion. This avoids fluctuations in the 
analog input to the comparator. Suppression of 
noise in the analog input value as is normal with dual 
slope converters is not required, since there is no 
input signal integration. 

For the above reasons, the reference voltage must 
be held at a constant level during the whole conver­
sion time. Unlike the analog inputs, there is no sam­
ple-and-hold circuit at the reference input. To avoid 
unpredictable results, the user must provide a con­
stant noise-free reference voltage to the device. 

The successive approximation converter does not 
use an R-2R network because the variations in re­
sistance values affect the accuracy of the AID con­
verter. Instead of the R-2R approach, a network of 
256 capacitors is used. These capacitors are orga­
nized in binary weighted groups. Switching these 
groups generates the binary weighted reference val­
ues. Using this principle improves the converter ac­
curacy and also the immunity against temperature 
and frequency changes. 

Note that this technique affects the electrical char­
acteristics at the analog input pins (see next section 
for further information). 

A special feature of the SAB 80515/80535's AID 
converter is the ability to program internal reference 
voltages. This feature allows reference ground 
(IVAGND) and reference voltage (IVAREF) to be de­
fined as fractions of externally applied references. 
Device software makes it possible to select for each 
among 16 values in equal steps, one for IVAGND 
and one for IVAREF. It is also possible to program 
IVAGND = VAGND and IVAREF = VAREF. 
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Figure 1. AID Converter Block Diagram 

Figure 1 shows the block diagram of the SAB 
80515/80535's AID converter. It shows the follow­
ing main features: 

- Eight analog inputs, selectable via a multiplexer 

- Sample & hold function for analog inputs 

- External references available to the converter af-
ter internal division 

- Special Function Registers ADCON, ADDAT, 
DAPR, used for converter control, status and re­
sults 

The Special Function Registers (SFR) are described 
in detail in the SAB 80515 User's Manual. Some 
PQints to consider when programming the SFRs in­
clude: 

® Siemens Components, Inc. 

• The AID conversion is initiated by writing the refer­
ence selection value into the SFR DAPR (addr.: 
DAH). Writing a "OOH" starts the conversion using 
the externally applied references (VAGND and VA­
REF) directly. 

Writing into DAPR during a conversion causes an 
interrupt to the conversion followed by a restart. 

• Altering the value of SFR ADCON (addr.: D8H) 
during a conversion causes unpredictable results. 

• Once a conversion is complete, the SFR ADDAT 
(addr.: D9H) contains the result of the conversion. 
If the AID converter isn't used, the SFR ADDAT is 
available for general purpose readlwrite storage. 

• The conversion time is 15 machine cycles. Using a 
12 MHz oscillator, gives a conversion time of 
15 fLs. This includes the sample time. 
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Transfer Characteristics and 
Error Definition 

Figure 2 shows the ideal transfer characteristic for a 
3-bit AID converter. 

Since possible analog input values are a continuum, 
they must be quantizised by partitioning the continu­
um into 2n discrete digital values. The number n 
equals the number of bits in the converter. All analog 
values within a given range are represented by the 
same digital value, which corresponds to the nomi- . 
nal mid-range value. Each converter has inherent 
quantization uncertainty of ± % LSB (Least Signifi­
cant Bit). The ideal transfer characteristic shown in 
Figure 2 gives the first digital transition (from "OOH" 
to "01 H") at the analog value of % LSB. 

111 
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100 

011 

010 

001 

OOO~~--r-~~--~~~--T--------' 

2 3 4 5 6 7 8 Analog Input 
(In multiples of 
LSB value) 
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Figure 2. Ideal Transfer Characteristic 

Based on the ideal transfer characteristic, four differ­
ent error types are defined: 

• Offset error 

• Integral non-linearity 

• Differential non-linearity 

• Gain error 

Each of these is described in detail below. 

The offset error (Figure 3) is the mean adjustment in 
input voltage required to bring the digital output to 
the first digital transition (from "OOH" to "01 H") of 
the converter: The deviation from the ideal value of 
this transition (at % LSB) is the offset of the convert­
er. 
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This error may vary over the full temperature range~ 
An adjustment is therefore exact only for a fixed 
temperature. 

The integral nonlinearity is also known as the lineari­
ty error. This is defined as the maximum deviation of 
the actual transfer' function from the ideal straight 
line at any point along the function. It can be ex­
pressed as a percentage of full scale or, as shown in 
Figure 4, in multiples of the LSB value.' The value of 
integral nonlinearity assumes that other errors, such 
as offset and gain, have been adjusted to zero. lin­
earity error cannot be adjusted and is an inherent 
characteristic of the converter~ 

Digital 
Output 

2 345 7 8 Analog Input 
(In multiples of 
LSB value) 
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Figure 4. Integral Nonlinearity 
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The differential nonlinearity (Figure 5) is the maxi­
mum deviation of any quantum from its ideal analog 
input value between any adjacent pairs of digital 
numbers, over the full range of the digital output. If 
each transition is exactly 1 LSB, the differential non­
linearity is zero. If the transitions are 1 LSB ± 1 LSB, 
then there is the possiblity of missing code, i.e. digi­
tal value misses, e.g. the output might jump from 011 
to 101, missing out 100. 

Conversely, differential nonlinearity of less than 
1 LSB, automatically excludes missing codes. 
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Figure 5. Differential Nonlinearity 

The gain error (Figure 6) is also known as the scale 
factor error. It is the difference in slope between the 
real and the ideal transfer characteristic. It may be 
expressed in LSB's or as a percentage of analog 
magnitude. 
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010 

001 

Gain Error -; ,r-
I" ,1': 

, ," 
I ,I' 

, ,,,'! 

" >< ! , , 

: i 
OOO~~~--~~-r~--~~------+ 

2 3 4 - 5 6 8 Analog Input 
(In multiples of 
LSB value) 
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Figure 6. Gain Error 
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This error can be adjusted by changing the refer­
ence voltage or adjusting the input voltage division. 
The temperature drift of the gain error is generally 
smaller than that of the offset error. 

All these errors are specified for the SAB 
80515/80535 in the AID characteristics section of 
the data sheet. The LSB unit refers to an 8-bit reso­
lution. Therefore, 1 LSB is (VAREF - VAGND}/256, 
giving 20 mV for a reference voltage of 5.12V~ 

The specified errors are valid over the total operat­
ing temperature range specified for the device (O°C 
to + 70°C for standard parts, - 40°C to + 85°C for 
extended temperature range parts). 

Using the internal programming ability for the refer­
ence voltages IVAGND and IVAREF does not affect 
the errors and the accuracy of the AID converter 
itself. The absolute values of these errors will be the 
same over the full reference range, as well as in a 
smaller internally programmed reference range. The 
resolution is increased by using narrower refer­
ences. As an example, if the internally programmed 
references are IVAGND = 2.5V and IVAREF = 
3.75V, the resolution is Z 5 mV. This allows a more 
exact measurement of differences between several 
successive analog voltages; the differences can be 
determined in steps of 5 mV, rather than steps of 
20 mV (full reference range). This feature is useful 
for the measurement of analog differences in closed 
control loops. Once an initial value is established us­
ing the full range, a second conversion with changed 
internal reference voltages gains higher resolution. 

Electrical Characteristics of the SAB 
80515/80535'5 AID Converter 

The electrical operating conditions and maximum 
ratings on the pins of the SAB 80515/80535's AID 
converter are given in the datasheet. 

The Analog Input Pins ANO-AN7 

MAXIMUM RATINGS 

For the analog inputs the same maximum ratings are 
valid as for all other pins. These maximum ratings 
are specified in the SAB 80515/80535's datasheet. 
Thus, the maximum voltage at the pins is restricted 
to -0.5V up to +7V with respect to ground (Vss). 
The device may never be exposed to voltages 
above these values, otherwise the chip might be 
damaged. 

8-15. 



Normal Operating Characteristics 

As mentioned above, the AID converter of the SAB 
80515/80535 uses a capacitor network instead of a 
R·2R network. This affects the input impedance of 
the analog inputs. 

The input impedance of the analog inputs is mainly 
capacitive with a negligible resistive component. 
This capacitance is relevant at pins ANO-AN7 only 
during the load time, which is part of the conversion 
time. At other times, the inputs have very high im­
pedance typical leakage currents of nA's, as shown 
in Figure 7. 

The load time is the period which is available to 
charge the inputs before they are sampled during 
the r~mainder of the samle time when the compara­
tor is adjusted. The rest of the conversion time is 
taken up by the actual conversion process. 

The input impedance requires that the analog 
source from which the analog value is generated 
must be capable of fully charging all the analog input 
pins ANO-7 to the value to be measured within the 
load time. In the worst case the capacitance must be 
charged to the full input voltage from the completely 
discharged state. 

The input capacitance CI of the converter and the 
internal resistance of the analog source form a RC 
lowpass filter, which has a charging function shown 
in Figure 8. 

SAB 80515 

Ts 

~CI 
I 

Where: 

t: Time 

V(t): Voltage after time t 

Ri: Internal resistance of the analog source 

CI: Input capacitance of the AID converter. This 
formula determines the change over a given 
time period. 

t V/Vmax [%] 

1 RC 63% 
2RC 87% 
5RC 99.3% 
8RC 99.97% 

10 Re 99.995% 

The maximum value of Ri can be calculated for a 
charging time of at least 10 Ri x CI (error less than 
0.005%) as: 

T L ~ 10 x (Ri XCI) 

RI~~ 
10 x CI 

Assuming the worst-case conditions of: 

Load time (FOSC = 12 MHz): 2 J-Ls 
Max. Input Capacity: 50 pF (typ. 25 pF) 

We Get: 

Ri ~ 2 J-Ls = 4 k!l 
10 X 50 pF 

Analog 
Source 

: SAB80515 
I 

I ANx 

I 
0199-8 

Figure 7. Analog Interface, an RC Network 
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vet) 

vmax ---------.---------------,,': 
"",/' , 

RC 
0199-9 

V(t) = Vmax(1 - a-tlRi - CT) 

Figure 8. RI, CI Change Time 

Ri should therefore be less than 4 kO (see also da­
tasheet SAB 80515/80535). 

These conditions are reached only under worst-case 
conditions. 

The Reference Voltage Pins 
(VAGND and VAREF) 

Absolute Maximum Ratings 

As with other pins, the maximum voltage range at 
these pins is -0.5V to + 7V, as given in the data­
sheet. 

Normal Operating Characteristics 

The normal operating conditions for VAGND and 
VAREF are also specified in the SAB 80515/80535 
datasheet, under AID characteristics. The operating 
conditions under which conversion is valid are: 

VAGND = Vss ±0.2V 

VAREF = Vee ±5% 

In other words, externally applied reference voltages 
must not deviate from the digital power supply volt­
age for more than these values. Although adjust­
ment of the external reference is not possible inter­
nal programming of the references can be done un­
der software control. 

Exceeding the values specified will not damage the 
part if the maximum ratings are not exceeded. How­
ever, the specified accuracy is no longer guaran­
teed. 

® Siemens Components, Inc. 

The allowed operating voltages of the analog inputs 
ANO-AN7 are different from the maximum ratings. 
They are defined by the voltages at VAGND and 
VAREF: 

VAGND - 0.2V s VAINPUT s VAREF + 0.2V 

An exact conversion requires that the reference volt­
ages be held constant during the whole conversion 
time. The normal digital power supply for Vee is 
therefore appropriate for VAREF because of noise 
and glitches on this voltage. It is recommended that 
the digital power supply and the analog reference 
supply be separate. The VAREF current is 5 mA 
max. and the differential internal resistance of the 
reference supply must be less than 1 kO. This is a 
result of similar charging processes to those at the 
analog inputs and ,the reference power supply must 
take this into account. 

The Vee Pin 

This pin is connected to the substrate of the chip. A 
back-bias generator generates a negative voltage 
(with respect to ground) in the substrate. This gener­
ator has noise too. Noise from this could affect the 
AID converter operation. It must therefore be elimi­
nated by a capacitor between VBB and Vss 
(ground). The capacitor should be between 47 nF 
and 100 nF (not 500 pF-1000 pF, as described in 
an older release of the datasheet). 

Design Considerations 

Reference Voltage Supply 

A design with the SAB 80515/80535's AID convert­
er must follow rules similar to other AID converter 
designs. Generation of the reference voltage supply 
is critical. It is recommended that analog and digital 
grounds are connected together. Care must be tak­
en to avoid the digital current at Vss injecting noise 
into the analog ground potential. The ground lines to 
Vss and VAGND should be isolated from each other 
as much as possible. Figure 9 illustrates the recom­
mended supply connections. 

8-17 



+ 
Idlgltal + lanalog vee 

L VAREr 
Power 

SAB 80515 Supply 

Idlgltal + lanalog 1 VAGND 

- VSS 
Wrongl 

+ 
Idlgltal vee 
lanalog 

VAREr + 
Power 

SAB 80515 Supply lanalog 
VAGND 

-I 1 Idlgltal I VSS 
Right! 

0199-10 

Figure 9. Power Supply Connections 

For best reference voltage stability on VAREF, a 
separate power supply should be provided. If, for 
cost reasons, only one supply voltage is used for 
both digital and· analogy supply, the voltage at 
VAREF should be stabilized with a lowpass filter. 
Note that the differential internal resistance of the 
reference supply must not exceed 1 kD., as de­
scribed above. 

The supply should be grounded across a storage 
capacitor (tantalum) and a smaller HF-capacitor (ce­
ramic) as near the device as possible. 

Analog Input Supply 

The use of analog power sources with higher inter­
nal resistances than 4 kD. is possible under certain 
conditions. The internal resistances requirement is a 
result of the charging current necessary to over­
come the analog input capacitance. This current is 
only needed during the sample time. If the analog 
value changes only slowly with time, a large external 
capacitor at the analog input is able to supply the 
charging current during the sample time. This is 
shown in Figure 10. 

The external capacitor should be at least 1000 times 
the value of the internal capacitance (50 nF = 
1000 x 50 pF). The error induced by the external 
capacitor is therefore kept less than 0.1 %. 

8-18 

C.xt ~50nF' 

SAB 80515 

Ts 
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Figure 10. Analog Input Supply 

Using an external capacitor, the analog source must 
replace only that charge lost by the external capaci­
tor. The time available for this is the time between 
two consecutive conversions on this channel. This 
depends on user software, but is at least three times 
the sample time if continuous conversion on the 
same channel is selected. 

The equation for Ri can be applied here: 

. T 
RI~---

10 X CI 
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The difference is the time "T" between two consec­
utive conversions on the channel. This time is longer 
than the sample time, which permits higher internal 
resistance in the analog power source. 

An analog input overload protection can be provided 
by two diodes, as shown in Figure 11. A Schottky 
diode satisfies the rating for the connection to 
VAGND because of its lower forward voltage char­
acteristic. 

SAB 80515 
vAREr 

ANx 

~CI 
VAGND 

0199-12 

Figure 11. Protection Diodes for Analog Inputs 
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Application Example 

The following application shows how to use the AID 
converter for 8 different analog signals applied at 
the pins ANO-AN7. The analog values are generat­
ed by eight potentiometers. A terminal can be used 
as an output device through the SAB 
80515/80535's serial channel. 

The "single conversion" operating mode is used. 
Operation begins by writing a ''~OH'' to DAPR, which 
deselects the internal reference voltage program­
ming. The program polls the BSY flag for the termi­
nation of the conversion. The result is converted into 
BCD format and sent to the terminal. This procedure 
is followed for each of the eight analog channels. 

Programming details are given in the program list­
ings. 
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Mcs-51 MACRO ASSEMBLER APPLICATION NOTE ON SAB 80515 AlO CONVERTER 19.02.86 

DOS 3.20 (038-N) MCS-51 MACRO ASSEMBLER, V2.3 
OBJECT MODULE PLACED IN ADNOTE .OBJ 
ASSEMBLER INVOKED BY: C: \INTEL \ASM51.EXE ADNOTE.A51 

lOC OBJ 

0000 020003 

0003 758180 
0006 53877F 
0009 750880 

OOOC 7S98CA 

OOOF 900097 
0012 12003B 

0015 7A08 
0017 1BOO 

0019 EB 
001A 53D8CO 
0010 4208 
001 F 75DAOO 

0022 120046 

0025 20DCFD 

0028 A8D9 
002A 120050 

0020 OS 
002E DAE9 

0030 7400 
0032 120086 

0035 12008E 
0038 020015 

=1 

LINE 

1 
2 
3 
4 
5 
6 
7 +1 

165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 

© Siemens Components, Inc. 

SOURCE 

STlTLE( APPLICATION NOTE ON SAB 80515 AID CONVERTER) 
SOATE( 19.02.86) 
SNOSYMBOLS 
SOEBUG 
SNC»40051 
SINCLUDE(REG515 .PDF) 
SNOLIST 

: ••• **************** •• ************** •• **** •• *** ••• ** •• *.*.** •• ****.* •••• *.* 
i* 
i* APPLICATION NOTE FOR THE SAB 80515 
i* A I 0 CON V E R T E R 
;* * i*·_·---_·_·····_····· __ ·················_-_·_·_·····-.. *************.***** 

CSEG AT OOH 

LJMP INITIALISATION 

I NIT IALI SATlON: 

MOV 
ANL 
MOV 

MOV 

FIRST_MESSAGE: 

MOV 
CALL 

SP ,II80H 
PCON,II7FH 
ADCON,IISOH 

SCON,IIll00l010B 

DPTR,/IMESSAGE 1 
MESSAGE_OUT -

; INITIALIZE STACKPOINTER 

i4800 BAUD FOR SERIAL INTERFACE 
i\JITH F OSC = 12 MHZ 

i9-BIl UART(MOOE 3), NO RECEPTION 

iSEND FIRST MESSAGE TO TERMINAL 

; ======================================== 
CONVERSION: 

MOV R2,1I80 ; LOOP COUNTER 
MOV R3,II00H iANALOG INPUT COUNTER 

CONY_LOOP: 

MOV A,R3 
ANL ADCON ,1111 OOOOOOS iMOOE FOR AID CONVERSION: SINGLE 
ORL ADCON,A i SELECT ANALOG CHANNEL 
MOV DAPR,IIOOH iSTART CONVERSION, NO INTERNAL 

iREFERENCE VOLTAGES USED 

CALL SPACE iSPACES (20H) TO TERMINAL 

JB BSY,S i\JAITING FOR TERMINATION OF CONVERSION 

MOV RO,ADDAT 
CALL BCD_OUT i RESUL T TO TERM I NAL 

INC R3 i NEXT CHANNEL 
DJNZ R2,CONV_LooP iEND OF LOOP 

MOV A,IIODH 
CALL DISPLAY ; 'CARR I AGE RETURN' TO TERMINAL 

CALL DELAY iI/Ail A MC»4ENTI 
LJMP CONVERSION iAGAIN ! 

: ==================:11:================:=== 

0199-14 
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MCS-51 MACRO ASSEMBLER 

LOC OBJ 

8·22 

003B E4 
003C 93 

0030 6006 

003F 120086 

0042 A3 
0043 80F6 

0045 22 

0046 7420 
0048 7906 

004A 120086 
0040 D9FB 

004F 22 

0050 E8 

0051 75F064 
0054 84 
0055 6009 
0057 C205 
0059 2430 
005B 120086 
005E 8007 
0060 7420 
0062 120086 
0065 0205 

0067 E5FO 
0069 75FOOA 
006C 84 
0060 7003 
006F 200507 
0072 2430 
0074 120086 
0077 8005 
0079 7420 
007B 120086 

007E E5FO 
0080 2430 
0082 120086 

0085 22 

0086 3099FD 
0089 C299 
008B F599 
0080 22 

LINE 

229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 

APPLICATION NOTE ON SAB 80515 AID CONVERTER 19.02.86 

SOURCE 

; ====~~~;~;~~~~~~~~====================================================== 

-.. _--------------------------_ .. _ .. ------, 
MESSAGE_OUT: 

CLR A 
MOVC A,iilA+DPTR 

JZ END _MESSAGE 

CALL DISPLAY 

INC DPTR 
SJMP MESSAGE_OUT 

END MESSAGE: 
- RET 

._------ .. -------_ ..... _----_ .... --_ ..... _----_ .. 
SPACE: 

MOV A,#" 
MOV R1,#6 

SPACE LOOP: 
- CALL 

DJNZ 

RET 

MOV 

HUNDREOS: 

HUND1 : 

TENS: 

TEN1 : 
TEN3: 

TEN2: 

ONES: 

MOV 
DIV 
JZ 
CLR 
ADD 
CALL 
SJMP 
MOV 
CALL 
SETB 

MOV 
MOV 
DIV 
JNZ 
JB 
ADD 
CALL 
SJMP 
MOV 
CALL 

MOV 
ADD 
CALL 

RET 

DISPLAY 
R1,SPACE_LooP 

A,RO 

B,#100D 
AB 
HUND1 
FO 
A,#30H 
DISPLAY 
TENS 
A,#' , 
DISPLAY 
FO 

A,B 
B,#10D 
AB 
TEN3 
FO, TEN2 
A,#30H 
DISPLAY 
ONES 
A,#' , 
DISPLAY 

A,B 
A,#30H 
DISPLAY 

; FETCH CHARACTER 

; END OF MESSAGE ? 

; CHARACTER TO TERM I NAL 

; NEXT CHARACTER 

;6 BLANKS TO TERMINAL 

;HEX NUMBER COMES IN RO! 

;REPLACE '0' \11TH' , 
;FLAG FOR '0' 
;CONVERSION TO ASCII 
;TO TERMINAL 

;BLANK TO TERMINAL 

;REMAINDER TO ACCU 

;REPLACE '0' \11TH ' , 

;CONVERSION TO ASCII 
; TO TERM I NAL 

; BLANK TO TERM I NAL 

;REMAINDER TO ACCU 
;CONVERSION TO ASCII 
; TO TERM I NAL 

i .. ---- .. ----- .......... --- .... ------------ ..... - .. --
DISPLAY: 

JNB 
CLR 
MOV 
RET' 

TI,$ 
TI 
SBUF ,A 

;\lAITING FOR END OF LAST TRANSMIT 

; SEND CHARACTER 

0199-15 
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MCS- 51 MACRO ASSEMBLER 

LOC OBJ 

008E 7F06 

0090 OOFE 
0092 OEFC 
0094 OFFA 
OG96 22 

0097 lB 
0098 45 
0099 00 
009A OA 
009B 00 
009C OA 
0090 00 
009E OA 
009F 00 
OOAO OA 
OOA 1 20202020 
00A5 20202020 
00A9 20202020 
OOAO 20202A2A 
OOBl 2A202020 
00B5 2041202F 
00B9 20442020 
OOBO 43204F20 
OOCl 4E205620 
00C5 45205220 
00C9 54204520 
OOCO 52202020 
0001 44204520 
0005 40204F20 
0009 2020202A 
0000 2A2A 
OODF 00 
OOEO OA 
OOEl 00 
00E2 OA 
00E3 20202020 
ODE 7 20202020 
OOEB 20202020 
ODE F 20202A2A 
00F3 2A202020 
00F7 20202020 
OOFB 20202053 
OOF F 20412042 
0103 20202038 
0107 20302035 
010B 20312035 
010F 20202020 
0113 20202020 
0117 20202020 
011 B 2020202A 
011 F 2A2A 
0121 00 
0122 OA 
0123 00 
0124 OA 
0125 00 
0126 OA 
0127 00 

LINE 

305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 

321 

322 

323 

324 

325 

326 

327 

328 

329 

330 

331 

332 

© Siemens Components, Inc. 

APPLI CAT ION NOTE ON SAB 80515 AID CONVERTER 

SOURCE 

DELAY: 

MOV R7,#6 
DELAY_LOOP: 

DJNZ 
DJNZ 
DJNZ 
RET 

MESSAGE 1: 
-DB 

DB 

DB 

DB 

DB 

DB 

R5,$ 
R6,DELAY LOOP 
R7,DELAV)OOP 

1BH, 'E I 

ODH,OAH 

ODH,OAH 

ODH,OAH 

ODH,OAH 

DB ODH,OAH 

DB ODH,OAH 

DB 

DB ODH,OAH 

DB ODH,OAH 

DB ODH,OAH 

DB ODH,OAH 

; CLEAR SCREEN 

;CR, LF 

AID CONVERTER 

SAB 80515 

19.02.86 

OEM 0 

• 
0199-16 
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MCS-51 MACRO ASSEMBLER APPLICATION NOTE ON SAB 80515 AID. CONVERTER 19.02.86 

LOC OBJ LINE SOURCE 

01280A 
0129 00 333 DB ODH,OAH 
012A OA 
012B 00 334 DB ODH,OAH 
012C OA 
0120 00 335 DB OOH,OAH 
012E OA 
012FOO 336 DB ODH,OAH 
0130 OA 
0131 00 337 DB ODH,OAH 
0132 OA 
0133 00 338 DB ODH,OAH 
0134 OA 
0135 20202020 339 DB *ANO* *AN1* *AN2* *AN3* *AN4* *AN5* *AN6* *AN7* I 

0139 202A414E 
0130 302A2020 
0141 20202A41 
0145 4E312A20 
0149 2020202A 
0140 414E322A 
0151 20202020 
0155 2A414E33 
0159 2A202020 
0150 202A414E 
0161 342A2020 
0165 20Z02A41 
0169 4E352A20 
0160 2020202A 
0171 414E362A 
0175 20202020 
0179 2A414E37 
0170 2A 
017E 00 340 DB OOH,OAH 
017F OA 
0180 00 341 

342 
DB 00 iENO OF TEXT 

343 
344 
345 END 

REGISTER BANK(S) USED: 0 

ASSEMBL Y COMPLETE, NO ERRORS FOUND 

0199-17 
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This application note discusses technical details of 
the on-chip AID converter integrated into several 
members of the SIEMENS SAB 8051 Microcontrol­
ler Family. The information is a continuation of an 
earlier application note on the AID converter in the 
SAB 80515180535. 

Operation of the AID Converter in 
the SAB 80515 

The technical details given are background informa­
tion on this on-chip peripheral, intended to help in 
designing these microcontrollers into diffcult and 
electrically noisy environments. 

This appiication note inciudes discussion of the AiD 
Converter specification, as well as recent updates to 
this specification. 

SAB 80515's AID Converter 
Architecture 

The following description of the on-chip AID con­
verter unit (ADCU) concentrates on hardware and 
specification details of this particular microcontroller 
peripheral. 

VAREF 

Conversion Principle 

The ADCU conversion uses the successive approxi­
mation principle. Instead of an R-2R resistor ladder 
with which the analog input is compared, the ADCU 
uses an array of 256 small capacitors which are 
charged through the analog input. These capacitors 
not only perform the sample-and-hold function, but 
are also grouped into the binary weights used in the 
conversion process itself. 

The "top ends" of all capacitors are connected to 
the comparator and, through the switch 81, to the 
positive reference voltage VAREF. The comparator 
itself is described in the next section. The connec­
tion to the "bottom" of each group of binary weight­
ed capacitors can be connected to either the select­
ed analog input or to one of the two internal refer­
ence voltages. 

For the sake of explanation, it is assumed that the 
internal reference voltages are connected directly to 
the reference voltages applied to pins VAGND and 
VAREF. 

Figure 1 shows a block diagram of the ADCU~ The 
conversion process itself is described in the follow­
ing three steps. The timings used in the explanation 
are based on the use of a crystal oscillator of 
12 MHz. 

~.-~(§0~1 ____ ~~----~ 
ADDAT 

8-26 

VAINPUT MULTIPLEXER 

ANO .... +-...... " 
AN1 .... +---4,.... 

AN2 .... +-...... " 
AN3 __ +---4"'" 

AN4 __ +---4"'" 

AN5 __ +---4"'" 

AN 6 __ +---4"'" 

AN7 __ +---4"'" 

CONTROLLED BY 
BITS MXO-2 

(ADCON.O-2) 

1 28 C 64 C 32 C 1 6 C 8C4C 2C lC lC 

---I---I-- -1---1---1-- -1---1---1---1-- -_. 
VCB 

VlntAREF 

VlntAGND 

CONTROL 

0200-1 

Figure 1. Detailed Block Diagram 
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Step 1 (1.0 /-Ls-2.0 /-Ls) 

At the start of the conversion process, switch S1 is 
closed. This switch connects the top of all capaci­
tors to the reference voltage VAREF. The bottom of 
each group of capacitors is connected to one analog 
input by selecting one of eight multiplexer channels 
with bits ADCONO-ADCON2. 

Interpretation of Step 1 

This step is the first part of the sample phase and is 
known as the load time (TL) in the specification. Dur­
ing these 2 /-Ls, the complete capacitor-array has to 
be precharged in the analog input through the 
VAREF-pin. At the end of this period, the voltage 
VCB at the bottom of the capacitor network must be 
the same as the analog input being measured 
(= VAINPUT). 

Step 2 (3.0 /-Ls-5.0 /-Ls) 

Switch 81 is opened. The top of the capacitor array 
remains connected to the high impedance compara­
tor input and the bottom to the analog input. During 
the next 3 /-Ls, the comparator is adjusted to the volt­
age of node C1 (for details of the comparator see 
next section). This potential still equals to the volt­
age at VAREF since node C1 was precharged to 
that voltage during step 1. 

Interpretation of Step 2 

This second part of the sample phase follows the 
load phase. The analog input is still connected to the 
bottom of the capacitor array. Any change in the 
voltage at the analog input pin such as a spike or 
transition will be capacitively coupled to node C1. 
This will disturb the adjustment of the comparator. 
During this time the analog input must therefore be 
held strictly constant. 

Step 3 (Remaining Conversion Time) 

During this time the actual conversion process (suc­
cessive approximation) takes place: 

The bottom of each group of capacitors is discon­
nected from the analog input and pulled to 
VINTAGND. Node C1 is currently at a potential 
VC1 = (VAREF - VAINPUT). 

The first group of capacitor-cells (128C, correspond­
ing to the Most Significant Bit (MSB», is then 
switched to VINTAREF. This causes a charge trans­
fer in the capacitor array and thereby a superimposi­
tion of VC1 with VAREF/2, i.e. the potential of node 
C1 alters to become VC1 = (VAREF - VAINPUT 
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+ VAREF/2). The new VC1 is now compared to 
VAREF (adjustment-voltage of the comparator). De­
pending on the result of the comparison, this 
128C-group remains at VINTAREF (for VC1 < 
VINTAREF) or is switched back to VINTAGND (for 
VC1 > VINTAREF). 

The same process is repeated with the next group of 
capacitor-cells (in this case the 64C capacitor). The 
,conversion is complete when the last capacitor­
group (1 C) of one capacitor cell has been compared. 

Upon completion of the comparison, the voltage 
VC1 applied to the comparator can be calaculated 
by the formula: 

7 

I VINTAREF 
VAREF - VAINPUT + bi x 8' . 2 -I 

i = 0 

All bits bi (i = 0 to 7) are latched in the position of 
the switches at the bottom of each capacitor group, 
thereby providing the result of the conversion pro­
cess. 

Interpretation of Step 3 

The actual conversion is done in step 3 when the 
analog input voltage is measured against the weight­
ed capacitor network. Since the analog input is dis­
connected from the capacitor network, changes at 
the analog input no longer affect the conversion re­
sult. Note that during this time, charge transfer in the 
capacitor-array still causes dynamic current spikes 
drawn from the analog reference. However, from the 
user's point of view, step 3 is the least critical phase 
of the whole conversion process. 

The Comparator 

The accuracy of an AID-converter is very depen­
dent on the comparator used. The previous section, 
especially step 2, stated that the ADCU comparator 
is susceptible to noise or spikes through the analog 
input pin during certain time windows. A standard 
comparator (such as is used in a common OP-AMP 
application) compares the input value with a refer­
ence, which is always present. The ADCU compara­
tor can be viewed as an inverting three-stage ampli­
fier with some coupling capacitors. It is precharged 
initially with a reference voltage which is then used 
as a threshold point. 

The principle of this three-stage comparator can be 
explained through the function of one stage. It con­
sists of a coupling capacitor in series with an invert­
ing amplifier as shown in Figure 2a. A feedback 
switch allows the inverter's output to be short-circuit­
ed with its input. 
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The feedback-switch is closed during the load phase 
of the comparator-stage, as discussed in step 1. 
This causes the coupling capacitor to buffer the dif­
ferential voltage VD between the input stage and the 
operating pOint of the inverting amplifier. Opening 
the feedback switch activates the comparator at the 
previously adjusted potential (Figure 2b). The ampli­
fier responds to small variations from this potential 
with an amplified output. A concatenation of three of 
these stages results in an amplification which digi­
tizes even the smallest variation at the comparator 
input. 

Additionally, the three stages of the adjustment pro­
cess can be serialized by opening the three feed­
back switches one after another. This compensates 
jor unintentionai noise in the coupiing capacitors 
which might be generated by opening the switches 
during the 3 J.ts duration of step 2 mentioned above. 
This explains why the comparator is susceptible to 
noise during this period. Any spikes or noise capac i­
tively coupled to its input during the last phase of the 
sample time might shift the comparator threshold. 

A smooth analog input ~ignal should be supplied 
during the whole sample phase (TS). A transition on 
the analog input signal during the critical time of the 
sample phase may give unexpected results. On the 
other hand, this comparator concept, combined with 
the conversion principle described above, provides 
high immunity against temperature changes and re­
sults in a narrow variation of device parameters dur­
ing production. 

Expansion and Update of the 
ADCU Specification 

The ADCU specifications in the datasheet give gen­
erally condensed information on AID converter 

(a) 

.---~4L---. 
V 
vo 
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characteristics. This section provides the reader with 
a more detailed interpretation of the main points in 
the specification. It also updates the specification 
with more recent information. 

VAREF/VAGND Voltages 

The limits of the device reference voltage inputs are 
a function of the microcontroller type and operation­
al supply voltage .. Some devices have a standard 
ratiometric ADCU on board, which allows an adjust­
ment of the reference over a wide range of external 
voltages. Other devices have internally adjustable 
reference voltages, the voltage range being con­
trolled by software. 

The latter type cannot function correctly with any 
variation in the reference voltages. The voltages ap­
plied to VAREF and VAGND are specified within a 
very narrow range of the supply voltage for such de­
vices. 

Whichever type of microcontroller is used, the refer­
ence voltage, once adjusted to the desired value 
within specifications, must be held steady during the 
entire conversion process. This, in turn, requires a 
low impedance to the reference source. Reference 
voltage impedance and analog source impedance 
requirements are discussed in the following sec­
tions. 

For reference voltage specifications refer to either 
the AID Converter Characteristics given in the re­
spective datasheets or to the list given below in Ta­
ble 1. 

For all parts VAREF - VAGND must be greater 
than 1V or·four steps of-the internally programmable 
reference voltages, whichever is less. 
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Figure 2. One Stage of the Comparator 
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Table 1. Voltage Limits on VAREF and V AGND 

Device VSS VCC VAGNDmin 

SAB 80512 OV 5V ±10% VSS - 0.2V 

SAB 80515 OV 5V ±10% VSS - 0.2V 

SAB 80C515 OV 5V ±10% VSS - 0.2V 

Timing 

Timing requirements have already been discussed in 
the description of the conversion principle. 

-The load time TL is an important ADCU characteris­
tic and has therefore been added to the specifica­
tion. 

The load time TL is specified as the period during 
which the ADCU internal capacitance must be 
charged by the analog source. TL is the first part of 
the sample time TS. The ADCU uses the remaining 
part to adjust its comparator. The entire conversion 
time TC consists of TS (which includes TL) and a 
part during which the conversion is performed. TC is 
specified in the datasheet and differs slightly among 
device types. 

Analog and Reference Voltage 
Source Impedance Requirements 

AID Converter Characteristics in the datasheets 
contains absolute values required for impedances of 
the reference and analog source only. This section 
gives pointers on determining the ADCU's require­
ments on the analog part of an application as well. 

Impedance of the Analog Source 

Two parameters from the ADCU's specification are 
necessary to determine the maximum impedance of 
a signal source such as a sensor: 

- the load time TL 

- the maximum capacitance of the on-chip capaci-
tor array (CTot). 

Figure 3 shows a simple equivalent circuit for the 
ADCU during load time TL. At the moment a conver­
sion is started, a multiplexer switch to the selected 
channel is closed and the analog input is connected 
to the internal capacitors of the ADCU. This is 
shown as SMUX in Figure 3. 
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VAGNDmax VAREFmin VAREFmax 

VAREF - 1V VAGND + 1V VCC + 5% 

VSS + 0.2V VCC - 5% VCC + 5% 

VSS + 0.2V VCC - 5% VCC + 5% 

VAREF 0-----------.

1 SMUX 

ANx 0-----.. 1.: •. ----1.. CTot 
I 
I 

: VAINPUT 
I 
I 

T 
VAGND 01--------....... 

Figure 3. Equivalent Circuit for 
the ADCU during Load Time 

0200-4 

The ADCU's entire internal capacitance consists of 
the capacitor array, which is typically 25 pF, and 
stray capacitance from the substrate equivalent to 
another 20 pF-40 pF to substrate. The actual 
amount depends on the microcontroller itself. In any 
case, the internal capacitance total must be charged 
by the analog source. This implies that a constant 
input impedance cannot be specified for the ADCU. 

The switch SMUX and the internal traces to the ca­
pacitors array have very low resistance. During TL, 
the ADCU can be regarded as a capacitor with a 
capacitance of CTot. The internal resistance of the 
whole analog circuitry connected to the analog in­
puts of the ADCU can be defined as RI. RI and CTot 
form an RC-element, with time constant t deter­
mined by "t = RI * CTot". 

Given that an accuracy better than 0.05% is re­
quired, the formula 

VC = (1 - e-TL/r) * VAINPUT 

gives r = 0.13 * TL 

As an example, assume that the load time of the 
ADCU is TL = 2 J-Ls and its maximum internal capac­
itance CTot = 65 pF. The above formulae result in a 
maximum impedance for the analog source of 

RI = 0.13 TLlCTot = 4 k!l 
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Figure 4. Definition of the Reference Supply Impedance 

Observing the above rules for the analog circuit im­
pedance ensures that at least 99.95% of VAINPUT 
is sampled during load time TL. Sampling actually 
continues during the whole time TS to improve the 
match between VAINPUT and the voltage at CTot. 

The value for RI given above is meant as an exam­
ple. For a given application, the calculation should 
be done using the values for CTot and the accuracy 
desired. 

Impedance of the Reference Source 

During the conversion process, each. group of ca­
pacitor cells is individually switched to either VAREF 
or VAGND. Due to this switching and associated 
charge transfers in the capacitor array, the reference 
source must supply additional current over and 
above the current some parts use to generate inter­
nal reference voltages. 

The reference output impedance must be low 
enough to supply this additional current and is there­
fore specified as a differential impedance. The dia­
gram in Figure 4 illustrates the differential imped­
ance, rD, which is given by the formula: 

dV 
rD =­

dl 

where V = VREF 

The actual value for rD can be referenced under AI 
o converter characteristics in the the datasheet. 

3.4 Specification of Errors 

Several error sources which modify the ideal transfer 
characteristic of an AID converter were defined and 
discussed in the application note titled "Operation of 
the AID converter in the SAB 80515/80535". The 
error sources included: 
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• Offset Error 

• Integral Non-Linearity 

• Differential Non-Linearity 

• Gain Error 

Figure 5a shows a diagram of the ideal transfer char­
acteristic of any AID converter. A 3-bit converter is 
shown here for clarity. All analog values within a giv­
en quantum are represented by the same digital val­
ue, which corresponds to the mid value of this quan­
tum. Connecting all of these mid values leads to a 
straight line, which, for an ideal AID converter, is the 
diagonal in the 1 st quadrant. This also implies that 
the first step to the digital value 01 occurs when an 
analog input voltage is applied which corresponds to 
a % LSB. All error definitions stated in the datasheet 
refers to this ideal transfer characteristic. 

All the above errors affect the AI D converter ideal 
transfer characteristic. Their effect is defined as the 
Total Unadjusted Error (TUE), which is now an AID 
converter characteristic. 

The TUE of the ADCU is not simply the sum of sev­
eral individually measured errors. Since some ADC 
errors can cancel each other, e.g. the offset and the 
gain error, the Total Unadjusted Error can be less 
than the sum of individual errors. 

Some ADCU errors can be compensated for. A neg­
ative offset error can be adjusted in software by sub­
tracting known offset from the actually measured 
value. The TUE, however is an "unadjusted" error, 
which means that no correction method has been 
taken into account. It therefore gives a true image of 
the converter accuracy. 

Figure 5b shows the TUE as a maximum deviation of 
the actual transfer characteristic (bold line) from the 
ideal transfer characteristic corresponding to the full 
scale range. The TUE defines the range of the trans­
fer characteristic where the real value must lie. 
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Figure Sa. Ideal Transfer Characteristic 
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Figure 5b.The ~otal Unadjusted Error 

Accuracy IResolution in a Reduced 
Reference Voltage Range 

General Considerations 

All AID converter units of the SAB 8051 family are 
ratiometric AID converters. Some (e.g the SAB 
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80512) allow a reduction of the reference voltage 
range external to the chip, others (e.g., the SAB 
80515) provide software-adjustable internal refer­
ence voltages. This section deals with the effect of 
reducing the reference voltage range on ADCU ac­
curacy. , 

Generally, the absolute accuracy of an 8-bit AID 
converter cannot be improved by using a smaller ref­
erence voltage range. The errors in an ADCU origi­
nate in physical phenomena like temperature sub­
strate noise, etc., and these cannot be reduced by 
reducing the reference voltage. 

However, this is not the point in ratiometric AID con­
verters. The main advantage of these converters is 
that they are able to provide higher resolution. Since 
the distinction between accuracy and resolution can 
become a source of confusion, it is worth discussing 
further. 

Accuracy versus Resolution 

The advantage of ratiometric AID converters is that 
they increase the resolution of the analog input. In­
creasing the resolution just means that the quantum 
of analog values which corresponds to one digital 
value is reduced. 

In case of the Siemens Microcontrollers, this is per­
formed by selecting a smaller reference voltage 
range, i.e. by varying the lower or higher reference 
voltage. All ADCUs in the Siemens SAB 8051 family 
provide the equivalent of a 10-bit resolution by a re­
duction of the reference voltage range to as little as 
1 V. An ADCU such as that in the SAB 80515 allows 
for a dynamic (software controlled) variation of the 
reference voltage. Therefore this converter, which is 
actually an 8-bit converter, can look like a 1 O-bit con­
verter over the full conversion-range from OV to 5V 
using appropriate software. The absolute accuracy 
of this "1 O-bit converter", is the absolute deviation 
between the analog input and the digital result. This 
is not necessarily any better than that of the "8-bit 
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converter" (VAGND = OV and VAREF = SV), al­
though it can be improved by implementing correc­
tion methods in the control program. The resolution, 
on the other hand, is improved by using a smaller 
reference voltage range. An analog interval which 
gave one digital step with a SV reference voltage 
gives four digital steps in the same interval, and 
therefore an additional two bits of resolution. 

The adjustable reference voltage feature, in combi­
nation with software error correction algorithms 
make precise A-to-D conversions with low-cost on­
chip converters possible. 

Errors in a Reduced Reference 
Voiiage Range 

All error definitions in the datasheet AID converter 
characteristics refer to the standard conversion 
range of OV to SV, (the "8-bit range"). For the pur­
pose of the following discussion, the term "LSB8" is 
used to describe one LSB (least significant bit) over 
this range. Similarly, "LSB10" describes one LSB of 
a conversion made within a range of a quarter of the 
full reference voltage range. 

As discussed above, the four different errors which 
affect the accuracy of an AID converter are: 

Offset Error 
Gain Error 
DNLE (Differential Nonlinearity Error) 
INLE (Integral Nonlinearity Error) 

This section discusses the effect of a variation in 
reference voltage range on these errors. 

Offset- and Gain Error, Integral Nonlinearity 

These errors are systematic errors. This means that 
they occur independent of application, disregarding 
temperature drift. Reducing of the reference voltage 
range will not reduce these errors. . 

Take as an example an ADCU with a reference volt­
age range of VAGND = OV and VAREF = S.OV. 
Assume a negative offset error of % LSB8 and no 
other errors. This means that the first transition of 
the transfer characteristic (the change from OOH to 
01H) occurs at an input voltage of VAINPUT = 
O.OOV. According to the ideal transfer characteristic, 
the absolute offset error is approximately -10 mV. If 
we now reduce the upper internal reference voltage 
to 1.2SV, then 1 LSB (now an "LSB1 0") of the digital 
result now refers to a quantum of approximately 
5 mV. For VAINPUT = O.OOV, with the same Offset 
error the conversion result is 2 LSB10 (ADDAT = 
02H). Thus, an absolute offset error is inde-
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pendent of the reference voltage selected. In other 
words, the error is the same regardless which "win­
dow" within the full scale range is selected. 

A similar analysis shows that the same applies to 
both the Integral Nonlinearity Error and to the Gain 
Error if these are considered separately. 

Both the Offset Error, the Integral Nonlinearity Error 
can be disregarded for our ADCUs, since they can 
be compensated for in software. The Gain Error is 
more significant. Since it is given as the difference in 
slope measured at its biggest extent, it is by defini­
tion a scaled error comparison of an actual A-to-D 
converter transfer characteristic and comparing with 
an ideal characteristic shows a combination of er­
rors. Some oj these compensate each other and 
can be determined only at certain points on the 
transfer characteristic. 

To determine the actual "absolute error" at a given 
input voltage, both Gain and Offset Errors must be 
summed. Differential Nonlinearity is not considered 
yet. It will be discussed in detail later. The following 
example demonstrates Gain and Offset errors for 
different reference voltage ranges. 

To simplify matters, again consider the 3-bit convert­
er. This has an Offset error of - 2 LSB and a Gain 
error of + 1 LSB over full range. Figure 6 shows the 
effect of both errors on the transfer characteristic of 
the converter. Reducing the reference voltage range 
has no influence on the absolute accuracy of the 
conversion. The dotted window in Figure 6 shows 
the reduced reference voltage range. In this case, it 
is half the size of the full scale range. Using a termi­
nology similar to that above, LSBs are therefore 
LSB3 in the full range and LSB4 in the reduced. 

The dotted window in Figure 6 illustrates that chang­
ing the reference voltages just extracts a window out 
of the full scale range and. increases resolution. The 
actual Offset and Gain Error line crosses the y-axis 
of the small diagram at the binary value 011 three 
LSB4 units. This three LSB4 error is a combined er­
ror of four LSB4 Offset Error and -1 LSB4 Gain 
Error. The Gain Error in the reduced range is scaled 
down to one LSB4 (% LSB3) because this error is 
measured in the middle of the transfer characteris­
tic. The lower reference voltage of the reduced 
range is at 2 LSB3 and the offset error also 2 LSB3, 
which together gives 4 LSB3 on the x-axis. This is 
the middle of the full range., 

Summarising, it can be said that Offset-, Gain-Error 
and Integral Nonlinearity of the ratiometric A-to-D 
converters in the SIEMENS 8051-family can be re­
garded as absolute errors. Absolute errors are the 
deviation of the actual from the ideal value at a given 
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input voltage. Changing the reference voltages has 
no effect on these errors. The number of LSBs in 
which the errors are expressed depends on the ref­
erence range and therefore on the "LSB-Unit" 
(LSB8 or LSB10). 

Differential Nonlinearity Error (DNLE) 

The Offset and Gain Error, described above are, in 
most cases, bigger than Nonlinear Errors. On the 
other hand, they are stable and can be compensat­
ed for by software. 

The Differential Nonlinearity Error is a statistical er­
ror with more than one source. A major part is due to 
the noise inherent in any mixed analogldigital sys­
tem. This noise devices from the controller's envi­
ronment on the PC-board and from the device itself. 
Even good AID Converter test-boards carry some 
noise on the analog lines. Distinguishing which part 
of the DNLE is induced by the test equipment and 
which by the chip itself is difficult. There is also a 
small DNLE in the AID-converter which can't be 
avoided. This "self-induced" DNLE comes from on­
chip noise and noise on the chip's substrate. More 
complex origins are inherent in conversion method 
principles. Empirical measurements show that DNLE 
component is not a constant error and therefore var­
ies with reference voltage range. The DNLE due to 
the converter itself in fact shows a dependence to 
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the reference voltage selected. This DNL compo­
nent scales with the size of the window selected. 

10·8it Resolution? 

The datasheet error definition disagrees with the 10-
bit resolution claimed above. 1 O-bit resolution is pos­
sible, even with a differential nonlinearity error of 1 
eight-bit-LSB (LSB8) maximum. This corresponds to 
approximately 20 mV. 

A DNLE of 1 LSB8 would result in missing codes in 
the transfer characteristics of the 1 O-bit range, which 
means that 1 O-bit resolution appears to be "inappro­
priate". 

However, the DNLE discussed in the above para­
graph is an exception to the principle of "absolute 
errors". The "self-induced" DNLE of the chip pres­
ents no problem for 10-bit resolution. The problem is 
the chip's susceptibility to external noise. Keeping 
this noise as small as possible is a major task for the 
design engineer. Further application notes will give 
some design hints for device connections necessary 
for high resolution with minimal errors. 

In summary, the typical DNLE is generally under 
1 LSB8 and depends heavily on the PC-board envi­
ronment in which the microcontroller is operated. 
Observing the design rules for dealing with weak an­
alog signals leads to a typical DNLE of less than 
1 LSB10 (10-bit LSB) with no missing code. 
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Figure 6. Offset and Gain Error in a Reduced Reference Voltage Range 
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All errors other than DNLE are systematic errors. 
They affect the absolute accuracy of AID conver­
sion, but cannot lead to missing codes and therefore 
don't affect resolution. 

Errors in the Internal Reference 
Voltages 

For microcontrollers which provide on-board ADCUs 
with programmable reference voltages, another rele­
vant parameter is the accuracy of the internal refer­
ence voltages. The absolute accuracy of a conver­
sion result measured in a reduced reference voltage 
range also depends on the accuracy with which the 
internal reference voltages can be adjusted. 

The internal reference voltages are generated by a 
simple digital-to-analog converter. It is essentially a 
tapped resistor ladder consisting of 16 equal resis-
tors. . 

A write-to-DAPR instruction connects the internal 
reference voltage nodes to the appropriate taps. 
The lower and upper nibble of the SFR DAPR deter­
mines the tap position for the lower and higher refer­
ence voltage respectively. The accuracy of the inter­
nal reference voltages therefore depends on the ac­
curacy of the internal resistor network. In the ideal 
case where all resistors of the network have exactly 
the same value, the differential voltage between two 
taps of the resistor ladder is exactly 1f16 of the refer­
ence voltage applied externally. 

Slight variations in the ratio of the resistance values 
are inherent in the device and are unavoidable. 
These variations result in a so-called internal refer­
ence error which is now a part of the AID Converter 
Characteristics specification. 

This VINTREFERR defines the maximum deviation 
of the actual internal reference voltage from the 
ideal value. The ideal value depends on the refer­
ence voltage applied to the chip. The formulae given 
in the user's manual of the SAB 80515/80535 can 
be used to calculate the internal reference voltages. 

Example 1: 
VAGND = O.OOV 
VAREF = 5.12V DAPR = C4H 

The above values for VINTAGND and VINTAFER 
are the ideal values .. With VINTREFERR = 
± 15 mV, we get the following: 

1.265V < VINTAGND < 1.295V 

3.825V < VINTAREF < 3.855V 

The resolution of the conversion in this example is 
10 mV (9-bit). That means that in a 9-bit conversion 
with a reference voltage range of DAPR = C4H, the 
above deviation of the internal reference voltage 
must be taken into account. 

Consequences of VINTREFERR 

The imoortance of this error deoends on the aDDlica-
tion. . .. . 

The following two examples show the effect of the 
VINTREFERR in typical applications: 

A. Measuring Absolute Voltages 

This is a standard application for any AID-Convert­
er. 

For the calculation of the Total Unadjusted Error in a 
reduced reference voltage range, VINTREFERR 
must be taken into account. If both internal refer­
ence voltages are set to taps of the resistor ladder, 
then the VINTREFERR or VINTAGND can be con­
sidered as an additional offset error. VINTREFERR 
of VINTAREF is additional gain error in the conver­
sion. The following example shows the effect of the 
VINTREFERR on the accuracy of the conversion: 

VAGND = O.OOV DAPR = 84H 

VAREF = 5.12V VAINPUT = 1.500V 

{ 

VINTAGND = 1.280V (ideal) 

VINTAREF = 2.56V (ideal) 

St Wd h VINTAREF - VINTAGND 
ep I t = 256 = 5 mV 

The correct result of the conversion would be 

ADDAT = VAINPUT - VINTAGND = 2CH 
Step Width 

VINTAGND = VAGND + 16 • (VAREF - VAGND) = 1.280V ! 
DAPR (0-3) 

DAPR(4-7) 
VINTAREF = VAGND + 16 • VAREF - VAGND) = 3.840V 
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Lets assume that a hypothetic VINTREFERR leads 
to the following internal reference voltages. 

VINTAGND = 1.28V - 5 mV 

VINTAREF = 2.56V - 10 mV 

This gives a new step width of 4.98 mV and an abso­
lute offset error caused by the new VINTAGND of 
one LSB10. The actual result is now 

AD 
1.500V - 1.275V 

DAT = = 45D = 2DH 
4.98 mV 

Therefore, the error caused by the internal refer­
ences in this example is one LSB10. 

B. Measuring Differential Voltages, 

The feature of software-adjustable reference volt­
ages is ideal for a tracking converter application. 

The requirements for a tracking converter are high 
resolution and monotonic behaviour. Both the re­
quirements are accomplished by the ADCU of the 
SAB 80(C)515. In this case, the internal reference 
error is not significant. The maximum VINTREFERR 
merely changes the analog quantum for one digital 
value by 

± VINTREFERR 

256 

As an example, taking the same parameters as in 
example 1: 

VAREF = 5.12V VAGND = O.OOV 

The smallest possible reference voltage range is 
therefore: 

VINTAREF - VINTAGND 
4 = 1.28V 

The resolution of the conversion is in this case 
5.00 mY. That is, the analog quantum corresponding 
to each LSB is 5.00 mY. If we assume the worst 
case for both internal reference (-15 mV for VIN­
TAGND and + 15 mV for VINTAREF or vice versa), 
the analog equivalent to one LSB would expand or 
compress by 0.117 mY. 

@ Siemens Components, Inc. 

In other words this results in a step width error in the 
worst case of - 2.3%. The absolute amount of the 
error therefore increases with the differential voltage 
of the signal between two sample pOints. 

Summarising, it may be said that the VINTREFERR, 
the error' of the internal reference, cannot be disre­
garded in applications which use the internal refer­
ence voltages since this error affects the absolute 
accuracy of a conversion. 

For clarity, the above examples deal with rather 
large errors. Typical values for the VINTREFERR 
are less than 5 mY. 

Further, it should be mentioned that specifications 
are constantly being updated. Values are given in 
this application note to illustrate errors specified in 
the datasheet. The current datasheet should always 
be consulted for the latest error definitions and val­
ues. 
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SAB 80512/80532, 8-Bit Single-Chip Microcon­
troller, Datasheet 
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This application note describes a software routine to 
achieve 10 bits of resolution with the AID converter 
of the SAB 805151535. 

Analog-to-digital (AID) and digital-to-analog (01 A) 
converters are devices which interface physical pa­
rameters, which are analog, to digital computation 
and contro/. Some applications in which AID con­
verters are used include processing systems, sam­
pled-data control systems, data telemetry systems 
and automatic test systems. Besides AID convert­
ers, these systems usually employ transducers to in­
terface with physicallanalog quantities such as tem­
perature, pressure, flow, acceleration and position, 
as well as microcontrollers or microprocessors to 
process the acquired data. 

Siemens SAB 80515/535 microcontroller facilitates 
the design of a data conversion system by providing 
an on-chip AID converter. The inherent 8031 based 
architecture of the SAB 80515/535 allows direct 
handling of 8-bit quantities only. However, by com­
bining the on-chip special features of the AID con­
verter and the processing capability of the SAB 
80515/535, a 10-bit result can be achieved and 
stored in two 8-bit registers. 

Quantization and Resolution of an 
AID Converter 

Quantizing is the process of transforming a continu- . 
ous analog signal into a set of discrete output states. 
Resolution of an AID converter is the number of bits 
required to describe the output states. The number 
of output states for a binary coded AID converter is 
2n where n is the number of bits. Thus an 8-bit AID 
converter has an eight bit resolution and 256 output 
states. A 10-bit AID converter has a 10-bit resolu­
tion and 1024 output states. 

In any part of the input range of the AID converter, 
there is a small range of analog values within which 
the same digital output is produced. This small range 
is known as the analog quantization size or quantum 
Q. The quantum is found by dividing the full scale 
analog range by the number of output states. 

Therefore, Q = FSR/2n where FSR is the Full Scale 
Range and n is the number of bits. 

The quantum Q, introduces an error and for a given 
analog input value to an AID converter, the output 
error will vary anywhere from 0 to plus or minus Q/2. 
This error is called quantization noise. It can be re-

© Siemens Components, Inc. 

duced only by increasing the resolution of the con­
verter, thereby making the quantization finer. 

With 1024 possible quantized output states from a 
10-bit AID converter, a quantum for a full scale 
range of 5.12V will be equal to 5.12V/210 = 5 mV. 
The same level of quantum can be achieved with the 
8-bit AID converter on the SAB 80515/535. By pro­
gramming the internal reference voltage sources, 
the entire analog input range of 5.12V may be divid­
ed into four ranges of 1.28V each. For a full scale 
range of 1.28V, the quantum is then equal to 
1.28/28 = 5 mV. Therefore, the four ranges, each 
with 256 quantized output states will give a total of 
1024 digital output states with the same quantum 
level as achieved by using a 10-bit AID converter. 

AID Converter with Programmable 
Reference Voltages 

The 8-bit AID converter of the SAB 80515/535 has 
8 multiplexed analog inputs and its operation is 
based on the method of successive approximation 
by using a capacitive load distribution. The use of 
capacitors in place of a resistive network ensures a 
better immunity against temperature and frequency 
changes, thereby providing a better accuracy of the 
AID converter. The analog signal at the selected 
input channel is sampled for 5 machine cycles (5 ILs 
at an oscillator frequency of 12 MHz), which will then 
be held constant at the sampled level for the rest of 
the conversion time of 10 J-Ls at an oscillator fre­
quency of 12 MHz. One-time or continuous conver­
sions may be performed. The end of a conversion 
may cause an interrupt. 

Moreover, the two internal reference voltages IVA­
REF and IVAGND can be programmed for a 4-bit 
resolution (16 steps), referred to the externally ap­
plied reference voltage VAREF. Each 4-bit value, 
one for IVAGND and another for IVAREF, is put in a 
01 A converter program register called DAPR, DAPR 
is an 8-bit register in which the low-order nibble r.tII. . 
holds the digital value of IVAGND, while the high-or- I:.aI 
der nibble holds· the digital value of IVAREF. As 
soon as a digital value is written to DAPR, the corre-
sponding analog levels for the IVAREF and IVAGND 
are computed and the AID conversion is then per-
formed in this range. By reducing the range of con-
version, the resolution of the AID converter can be 
increased up to 10 bits (Figure 1). Different internal 
analog voltage ranges may be set for each input by 
means of software. 
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2. Matching various external voltage ranges to the 
AID converter 

Figure 1. Increase in AID Converter Resolution 

Software 

A simple way to achieve 10 bits of resolution with 
AID converter of the SAB 80515/535 is to divide the 
entire 5.12V range (VAREF = 5.12Vand VAGND = 
OV) into four equal parts of 1.28V each. This would 
give four ranges starting from OV to 1.28V, 1.28V to 
2.S6V, 2.56V to 3.84 and 3.84V to 5.12V. First an 8-
bit conversion is performed by programming the 
IVAREF and IVAGND to 5.12V and OV respectively. 
The 8-bit result obtained from this conversion has 
unique value for the two Most Significant Bits 
(MSBs) for each of the four ranges, i.e. OOXX XXXXB 
for range from OV to 1.28V, 01XX XXXXB for range 
from 1.28V to 2.56, etc. These two MSBs constitute 
the two MSBs of the final 1 O-bit result. Based on this 
first conversion a decision is made as to which of the 
four ranges the analog signal belongs. The IVAREF 
and IVAGND are then programmed to have the re­
spective values in the narrow range and another 
conversion is performed. The 8-bit result obtained, 
gives the next 8 bits of the final 10-bit result. 

This straight-forward method of achieving 10-bit res­
olution introduces an error when the analog signal 
lies at the boundary of two adjacent ranges. The irre­
ducible error which results from the quantizing pro­
cess may produce the digital result in one range, 
while the actual analog signal may belong to the ad-
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jacent range. This indeterminateness of the correct 
range introduces an additional error of % LSB. 

To circumvent this problem, another approach is 
adopted, in which the entire range of 5.12V is divid­
ed into several sub-ranges of 1.28V such that each 
sub-range overlaps the other at its mid-point, as 
shown in Figure 2. The sub-ranges are numbered 
from 1 through 7. The even-numbered sub-range is 
offset by 0.64V from its preceding odd-numbered 
sub-range, thereby overlapping the upper half of the 
preceding sub-range. The algorithm to select a sub­
range for a given analog signal is discussed later but 
the basic principle to achieve 10-bit resolution is the 
same as before. 

First, an 8-bit result of the AID conversion is per­
formed in the 5.12V range and then a decision is 
made as to which of the seven sub-ranges the signal 
belongs. The second AID conversion in the select­
ed sub-range then gives the lower 8 bits of the final 
10-bit result in one of the two following ways. If an 
odd-numbered sub-range is selected, then the 8-bit 
result directly gives the lower 8 bits of the 10-bit re­
sult. However, if an even-numbered sub-range is se­
lected, which is offset by 0.64V from the odd-num­
bered sub-range, an 80H (digital equivalent of 
FSR/2 = 1.28V 12 = 0.64V) is added to the digital 
result to compensate for this offset. Any carry from 
this addition will also modify the value of the two 
MSBs of the final 10-bit result. 
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Algorithm 

Figure 2 graphically represents the assignment of 
the DAPR register in the narrow range. The left nib­
ble of the 8-bit result obtained from the AID convert­
er in the full range is used as a pointer in the DAPR 
look-up table to get a value for DAPR register for the 
second conversion in the narrow range. The second 
bit of the selected DAPR value for the narrow range 
decides whether an even or odd-numbered sub­
range is selected. When this bit is 'a' (for an odd­
numbered sub-range), the third and fourth bits of the 

DAPR value become the two MSBs of the final 10-
bit result. When an even-numbered sub-range is se­
lected, an 80H is added to the AID conversion result 
obtained in the narrow range. Again, the third and 
fourth bits of the selected DAPR value corresponds 
to the two MSBs of the final 1 a-bit result. The carry 
generated by the addition of 80H to the digital result 
is added to these bits to determine the two MSBs of 
the final 1 a-bit result. These two bits concatenated 
with the 8-bit result obtained by programming the 
DAPR register in the narrow range gives the final 10-
bit result. 

FIRST 
CONVERSION 

SECOND 
CONVERSION 

I DAPR 
Analog Digital: Table 

r!\ 
5.10V F ~H 15. 

4.78V 

4.16V 
4.14V 

3.52Y 
3.50V 

2.88V 
2.86V 

2.24V 
2.22V 

1.60V 
1.S8V 

0.96V 
0.9,4V 

0.62V 

O.OOV 

E ~H 

D OH 
C FH 

B OH 
A FH 

9 OH 
8 FH 

7 OH 
6 FH 

5 OH 
4 FH 

3 OH 
2 ~H 

1 ~H 

o OH 

14. 

13. 
12. 

11. 
10. 

9. 
8. 

7. 
6. 

5. 
4. 

3. 
2. 

1. 

O. 

~ 

Sub-Range 

® 

A6H 
84H 

84H 
62H 

62H 
40H 

40H CD 

40H 
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Figure 2. AID Converter Sub-Ranges 
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System Design Hints 

The recommended design for use of the SAB 
80515/535 is shown in Figure 3. Standard design 
rules such as low impedance wire and minimized 
connector lengths will ensure low system resistance 
and inductance. In addition, there are several key 
points to consider for the most accurate and stable 
performance of the AID converter. 

First, a dedicated reference voltage for the AID con­
verter is highly desirable. Since Vee is typically noisy 
and unstable, the Vee line is unsuitable as an analog 
reference. In addition, many standard voltage regu­
lators are not stable enough to meet the require­
ments of the SAB 80515, if maximum accuracy is 
desiied. Stilet adheience to the VAREF specifica­
tion is recommended. 

Additionally, separate digital and analog ground 
lines (tied near the source) are recommended to 
provide a smooth analog GND. However, if there is a 
large voltage differential between the ground lines, it 
is desirable to tie the ground lines close to the chip. 
By doing so, the noise in the digital ground will be 
reflected in the analog ground, resulting in a loss of 
accuracy. 

Lastly, Figure 3 is a schematic for the NMOS imple­
mentation of the SAB 80515/535. In the CMOS im­
plementation of this device, the VBB pin becomes 
another Vee pin. Therefore, when designing for both 
NMOS and CMOS devices, it will be necessary to 
bring a Vee line close to the VBB pin, to be connect- , 
ed via a jumper pin, as required by the CMOS de­
vice. In addition, when using CMOS devices, the 
long capacitor connected between Vss and Vee (pin 
68) may be removed so that only one short 100 nF 
capacitor remains between Vss and Vee (pins 37 
and 38). 

Software Hints 

A typical software routine to achieve 10 bit resolu­
tion is given in Appendix A. To reduce noise, the 
address lines should remain as quiescent as possi­
ble to minimize the power draw from the Vee. There­
fore, it is recommended that other tasks which 
change the address lines are not initiated while wait­
ing for the end of conversion. 

In addition, the Jump if Busy (JB BSY,addr) instruc­
tion should be placed at the beginning of a page in 
the program memory where the upper 14 address 
lines don't change. An example is shown: 

Good Example: 

Addr. 
XXXOH JB 
XXX1H BSY 
XX X2H reI. address 

Bad Example: 

Addr. 
OF FFH JB 
10 OOH BSY 
1001 H reI. address 

To ensure highest accuracy, self-calibration routines 
should be performed each time before the AID con­
verter is used, to monitor the offset error at baseline, 
and gain error of the device. A simple test for offset 
may be performed by inputting an analog zero, and 
checking the digital result. Likewise, gain error may 
be determined by feeding known voltages into the 
AID converter and comparing the digital outputs. 

References 

1. Siemens SAB 80515/535 User's Manual. 
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Appendix A 

0020 
0020 
0021 

0000 
0000 
0000 COEO 
0002 COOO 
0004 53D8F8 
0007 E500 
0009 4208 
0008 7SDAOO 
OOOE 200CFO 
0011 E509 
0013 54FO 
0015 C4 
0016 241E 
0018 83 
0019 
0019 F50A 
0018 200CFO 
001E AE09 
0020 03 
0021 5407 
0023 FF 
0024 5401 
0026 03 
0027 2E 
0028 FS20 
002A EF 
002B 03 
002C 5403 
002E 3400 
0030 FS21 
0032 0000 
0034 OOEO 
0036 22 

0037 
0037 40 
0038 40 
0039 40 
003A 62 
003B 62 
003C 84 
0030 84 
003E A6 
003F A6 
0040 C8 
0041 C8 
0042 EA 
0043 EA 
0044 OC 
0045 OC 
0046 OC 

001E 
0000 

1 
2 
3 
4 
5 
6 
7 
8 
9 

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 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
n 
73 

$1400515 
SPAGELENGTH(80) 

:

:::':::::=::**::::::::*::::*:*::::************************* .... ****** ..... 

Function: This subrOutine performs an AID conversion on the ch-* 
annel selected by the variable CHAN SEL and at the • 
end of the conversion saves a 10-bit result in locat·· 
ions AO_VALUE_L (lower eight bits) and AD_VALUE_H 
(has the two MS8s). 

: ._._ .• _----_ ••. _----._-------*-------------.--*_. __ •..... -.... _--.-
OSEG AT 

AD VALUE L: OS 
AO:VALU(H: os 

20H 
1 
1 

CSEG AT OH 
AD CONV: 

- PUSH ACC 
PUSH PSII 
ANL AOCON, ti1 1 1 1 10008 
HOV A, CHAN SEL 
ORL ADCON,A 
HOV OAPR, tiCOH 
J8 BST ,$ 
HOV A,AOOAT 
ANL A,tiCFOH 

;CONTAINS LOIIER 8 BITS 
;CONTAINS TI/O HS8s OF 10-BIT RESULT 

;FIRST CONVERSION 

SIIAP A ;A = FIRST MEAS./16 
ADO A, tiREFER_OFFSET 
MOVC A,iilA+PC ; LOOK-UP TABLE FOR SECOND OAPR 

REFERENCE_HELP _LABEL: 
MOV DAPR,A 
JB BST ,$ 
MOV R6,AOOAT 
RR A 
ANL A,fl07H 
MOV R7,A 
ANL A,tiC1H 
RR A 
ADO A,R6 
HOV AO_VALUE_L,A 
HOV A,R7 
RR A 
ANL A,tiC3H 
AOOe A,tiCOH 
MOV AD VALUE H,A 
POP PSW -
POP ACe 
RET 

REFERENCE_TABLE: 
DB 40H 
DB 40H 
DB 40H 
DB 62H 
DB 62H 
DB 84H 
DB 84H 
DB OA6H 
DB OA6H 
DB OesN 
DB OC8H 
DB OEAH 
DB OEAH 
DB ooeH 
DB OOCH 
DB OoeH 

;SECONO CONVERSION 
;RESULT=SECONO CONVERSION 
;A=(OAPRO)OOO 0(OAPR3)(OAPR2)(OAPR1) 
;A=OOOO 0(OAPR3)(OAPR2)(OAPR1) 

;A=OOOO 000(OAPR1) 
iA=(OAPR1 )000 0000 

;A=OOOO 00(DAPR3)(DAPR2) 

REFER OFFSET EQU 
CHAN3EL EQU 

REFERENCE TABLE-REFERENCE HELP LABEL 
OOH - - -

END 

ASSEMBL T COMPLETE, a ERRORS FOUND 

© Siemens Components, Inc. 
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This application note introduces the user to one of 
the features of Timer 2 and AID converter of the 
SAB 805151535. Included in this application note is 
a description of both the software and hardware 
implementations of the SAB 805151535 to use its 
Timer 2 and 8-bit AID converter for the bidirectional, 
speed regulated moving message display. The pro­
gram listing demonstrates how the Timer 2 and the 
8-bit AID converter of the SAB 805151535 can be 
combined to generate time delays controlled by ana­
log levels. The hardware circuitry shows an interface 
of the SAB 805151535 with a simulated analog in­
put, a 2 kbyte EPROM, and intelligent display chips 
of Siemens used in memory mapped 110 scheme. 

The SAB 80515/535 microcontroller with on-chip 
AID converter and a 1S-bit Timer (Timer 2) with re­
load capability offers a solution which can be applied 
to a wide range of industrial applications. These ap­
plications vary from analog controlled digital delays 
to controlled frequency converters for pulse width 
modulation. 

In the present application example, the above fea­
tures of the SAB 80515/535 are used in conjunction 
to generate the software delays. The software delay 
results in· by varying the voltage level of the analog 
signal applied to the AID converter of the SAB 
80515/535. 

AID Converter 

The SAB 80515/535 provides an 8-bit AID convert­
er with eight multiplexed analog input channels on­
chip. In addition, the AID converter has a sample 
and hold circuit and offers the feature of software­
programmable reference voltages. For the conver­
sion, the method of successive approximation with a 
capacitor network is used. 

Figure 1 shows a block diagram of the AID convert­
er. There are three user-accessible special function 
registers: 

- ADCON (AID converter control register) 

- ADDAT (AID converter data register) 

- DAPR (01 A converter program register) for the 
programmable reference voltages. 

Special function register ADCON is used to select 
one of the eight analog input channels to be con­
verted, to specify a single or continuous conversion, 
and to check the status bit BSY which signals 
whether a conversion is in progress or not. 

The special function register ADDA T holds the con­
verted digital 8-bit data result. The data remains in 
ADDA T until it is overwritten by the next converted 
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data. The new converted value will appear in 
ADDA T in the 15th machine cycle after a conversion 
has been started. ADDA T can be read and written to 
under software control. If the AID converter of the 
SAB 80515/535 is not used, register ADDAT can be 
used as an additional general-purpose register. 

The special function register DAPR is provided for 
programming the internal reference voltages 
IVAREF and IVAGND. In the present application 
DAPR holds a value of OOH. For this value of DAPR, 
IVAREF and IVAGND are same as VAREF and 
VAGND respectively. 

AID Conversion 

A conversion is started by writing to the special func­
tion register DAPR. A "Write-to-DAPR" will start a 
new conversion even if a conversion is currently in 
progress. The conversion begins with the next ma­
chine cycle. The busy flag BSY will be set in the 
same machine cycle as the "write-to-DAPR" opera­
tion occurs. If the value written to DAPR is OOH, 
meaning that no adjustment of the internal reference 
voltages is desired, the conversion needs 15 ma­
chine cycles to be completed. Thus, the conversion 
time is 15 p.s for 12 MHz oscillator frequency. 

After a conversion has been started by writing into 
the special function register DAPR, the analog volt­
age at the selected input channel is sampled for 5 
machine cycles (5 p.s at 12 MHz oscillator frequen­
cy), which will then be held at the sampled level for 
the rest of the conversion time. The external analog 
source must be strong enough to source the current 
in order to load the sample & hold capacitance, be­
ing 25 pF, within those 5 machine cycles. 

Conversion of the sampled analog voltage takes 
place between the Sth and 15th machine cycle after 
sampling has been completed. In the 15th machine 
cycle the converted result is moved to ADDAT. 

Timer 2 

The SAB 80515 has three 1S-bit Timer/Counters: 
Timer 0, Timer 1 and Timer 2. These Timers can be 
configured to operate either as timers or event coun­
ters. Timer 2 is the time base of the programmable 
TimerlCounter Register Array (PTRA) unit. In addi­
tion to the operational modes "Timer" or "counter", 
Timer 2, being the time base for the PTRA unit, pro­
vides the features of: 

- 1S-bit reload 

- 1S-bit compare 

- 1S-bit capture 
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Figure 1. Block Diagram of AID Converter 

The reload mode of Timer 2 is used in this applica­
tion to generate software delays. For explanation of 
the other modes please refer to the users' manual. 

Reload 

The reload mode for Timer 2 is selected by bits 
T2RO and T2R1 in special function register T2CON 
as illustrated in Table 1. In mode 0, when Timer 2 
rolls over from all 1 s to all Os, it not only sets TF2 but 
also causes the Timer 2 registers to be loaded with 
the 16-bit value in the CRG (compare/reload/cap 
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ture) register which is preset by software. The reload 
will happen in the same machine cycle in which TF2 
is set, thus overwriting the count value OOOOH. 

Table 1. Timer 2 Reload Mode Selection 

T2R1 T2RO Mode 

0 X Reload Disabled 
1 0 Mode 0: Auto-Reload upon 

Timer 2 Overflow (TF2) 
1 1 Mode 1: Reload upon Falling 

Edge at Pin T2EX/P1.5 
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Figure 2 below shows a functional diagram of the Timer 2 reload modes. 

Input 
Clock 

ModeO 

Reload 

0162-2 

Figure 2. Timer 2 in Reload Mode 

PD2435 

P02435 is a CMOS 
4-character 
5 x 7 dot matrix 
alphanumeric 
programmable display with ROM to decode 96 
ASCII alphanumeric characters and enough RAM to 
store the display's complete four digit ASCII mes­
sage with software programmable attributes. The 
CMOS IC incorporates special interface control cir­
cuitry to allow the user to control the module as a 
fully supported microprocessor peripheral. 

Microprocessor Interface 

The interface to the microprocessor is through the 
address lines (AO-A2), the data bus (00-07), two 
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~hip selec.!J!!!es (CEO, CE1), and (RO) and (WR) 
lines. The CEO should be held low when executing a 
read or write operation. The read and write lines are 
both active low. A valid write will enable the data as 
input lines. 

Programming the PD2435 

There are five registers within the P02435. Four of 
the registers are used to hold the ASCII code of the 
four display characters. The fifth register is the Con­
trol Word, which is used to blink, blank, clear or dim 
the entire display to change the presentation (attri­
butes) of individual characters. 
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The PD2435 block diagram shows the major blocks and internal registers. 
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/8 t I I 
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Figure 3. PD2435 Block Diagram 

Application 

The speed regulated moving message display is an 
example where a digitized value of the controlling 
analog signal is used to compute a reload value for 
the Timer 2. The Timer 2 is operated in mode 0 
where this reload value becomes a starting point for 
the Timer to count up. On overflow the Timer auto­
matically takes the restart value for counting from 
reload register CRC. While the Timer is counting up, 
a new reload value is computed using the present 
AID value. 
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Hardware 

The circuit used in this application offers the advan­
tage in requiring a minimum of components. The sin­
gle chip microcomputer SAB 80535 operates in con­
junction with four alphanumeric programmable dis­
play chips PD 2435 to form a 16-digit long display. 

The ASCII-coded data is transferred from the SAB 
80535 to the display ICs via the data port PO and 
using the control signal WR (P3.6) of the SAB 
80535. The address pins from the ports PO and P2 
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of the SAB 80535 are used to address the EPROM 
as well as the display chips in a memory-mapped 
110 scheme. The display chips are addressed as 
memory locations with the following addresses. 

Display Control Register Digits 
Chip Address Address 

1 1000H 1004H-1007H 
2 2000H 2004H-2007H 
3 4000H 4004H-4007H 
4 8000H 8004H-8007H 

A push button is interfaced to port P3.2 of the SAB 
80535 to provide an external interrupt to the micro­
controller. 

Firmware Description 

Besides controlling speed of the moving message, 
there is a provision to interrupt the moving message 
to roll it backwards until the beginning of the mes­
sage. The microcontroller reads the code and the 
message to display from an EPROM 2716A inter­
faced to the ports PO and P2 of the SAB 80535. A 
virtual image of the message is created in the inter­
nal RAM of the SAB 80535. Four display chips 
PD2435 are interfaced to the SAB 80535 in a memo­
ry-mapped scheme and can be addressed as exter­
nal memory to the SAB 80535. The virtual image of 
the message in internal RAM of the SAB 80535 is 
used to manipulate data to be displayed on the dis­
play chips. The internal RAM used for the display 
can be viewed as an area divided into two portions: 

1. For active display 

2. As a data buffer 

The active display area is the replica of the data 
being displayed on the display chips. In this case the 
16-digit display would need 16 RAM locations which 
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correspond to 16 digits currently being displayed. 
The data buffer contains the rest of the message 
which is not being displayed. The message is shifted 
character by character in the RAM area When the 
message en the display moves from right to left, the 
RAM buffer acts in "First In First Out" mode and 
when the message on the display moves from left to 
right, the data to the display from the microcontroller 
RAM buffer is supplied in the "Last In First Out" 
scheme. 

Between display of every character there is a soft­
ware delay which depends upon the level of the ana­
log signal supplied to the ANO pin of the SAB 80535. 
The external interrupt 0 (at port P3.2) is used to in­
terrupt the microcontroller to inform that the mes­
sage needs to be scrolled backwards. On getting 
this interrupt the software sets the flag bit 0 which 
remains set until the message is scrolled back to the 
beginning of the message. 

List of Components 

Name Number 

SAB 80535 1 
2716A 1 
PD2435 4 
12 M Hz Crystal 1 
74LS373 1 
22 pF Capcitors 2 
100 nF Capacitor 1 
4.7 I-'-f Capacitor 1 
1 k Resistor 1 
10k Pot 1 

Reference Material for ICs 
1. SAB 80515/80535 User's Manual. 

2. PD2435 Data-Sheet or Optoelectronic Data Book 
(1987/88). 
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YES 

8-48 

Stcirt address of message 
In DPTR. Character count 
In R5. Start address of 

RAM buffer In RO. 

Read next character of 
the message 

Transfer character to the 
top of RAM buffer 

Shift character to display 
from RAM buffer 

Walt loop from the current 
value of the AID converter 

YES 

Shift character In RAM 
buffer from bottom to top 

up 
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Figure 4. Program Flow-Chart 
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Program Listing 

UOI SP 'PO 2435 0 I SPLAY PROGRAM' 

8-50 

0000 

0000 02000C 

0003 

0003 COEO 
0005 0205 
0007 OOEO 
0009 C289 
0008 32 

OOOC 0282 
OOOE 7S8110 
0011 7S0800 

0014 C205 
0016 7800 
0018 79FF 
001A 90FOOO 
0010 7403 
001F Fa 
0020 9000C2 
0023 7820 
0025 7065 
0027 7420 
0029 F6 
002A 08 
0029 OoFC 

0020 12006C 
0030 200501 
0033 OB 
0034 7065 
0036 7820 
0038 200506 
0038 C6 
003C 08 
0030 OOFC 
o03F 0158 
C041 742, 
0043 2B 
0044 F8 
0045 7600 
0047 7820 
0049 E6 
004A C8EO 
004C 08 
0040 E6 
004E 18 
004F F6 
0050 08 
0051 00F9 
0053 08 
0054 7600 
0056 OOEO 
0058 7820 
005A E9 
005S 60S 7 
0050 120071 
0060 C2M 
0062 1200A4 
0065 7SA881 
0068 0288 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
21. 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
1.0 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
71. 
7S 
76 
77 
78 
79 
80 
81 
8.2 

STITLE ('PO 2435 DISPLAY PROGRAM') 
~OO515 
SNOSYMBOLS 

CSEG 
SllESUG 

ORG OOH 

LJMP BEG IN; J~ on reset 

eRG 03H 

PUSH 
SETB 
POP 
CLR 
RET I 

ACC 
Fa 
ACC 
lEO 

;Set flag for exter.,al Inte'-.JOt 

............ -.......................................... . 
;. flUlN PROGRAM 
: ...................................................... . 

BEGIN: SETB 
MaV 
MaV 

OPTS: CLR 
MaV 
MaV 
MClV 
MaV 
MaVX 
MaV 
MaV 
MaV 
MaV 

BLANK: MClV 
INC 
DJNZ 

SHIF: CALL 
JB 
INC 

TEMP: MaV 
MaV 
JB 

SHFT: XCH 
INC 
OJNZ 
AJMP 

REVO: MOV 
ADO 
MaV 
MOV 
MOV 
MaV 
PUSH 

AGAIN: INC 
MaV 
DEC 
MOV 
INC 
DJNZ 
INC 
MaV 
POP 

CONTO: MClV 
MaV 
JZ 
CALL 
CLR 
CALL 
MaV 
SETB 

P3.2 
SP, .10H 
ADCON,fOOH 

FO 
R3,fOOH 
R1,fOFFH 
DPTR, fOFOOOH 
A,f03H 
ilOPTR,A 
DPTR,*<TEXT·1) 
RO,'20H 
R5,'101 
A,'20H 
OlRO,A 
RO 
RS, BLANK 

NEXTC 
FO, TEMP 
R3 
RS,'101 
RO, .20H 
FO, REVO 
A,iilRO 
RO 
RS,SHFT 
CONTO 
A,*21H 
A,R3 
RO,A 
OlRO,fOOH 
RO,'20H 
A,CORO 
ACC 
RO 
A,CORO 
RO 
ilRO,A 
RO 
RS,AGAIN 
RO 
COR 0 , fOOH 
ACC 
RO, .20H 
A,Rl 
OPTS 
OJTC 
IENO.7 
WAlTA 
IENO,#81H 
ITO 

;Set bit for INTO 

;Sele<:t analog channel 

;Clear flag 0 
; Character po,nter I I" the message 
;Rl used as a flag 
;Control regIster of all dIsplays 
;Control itord for dIsplay 

;8egiming of the text 
; Internal RAM locatIon 
;A co...,t for 101 characters 
;ASCII for space 
;Fill all location .. ,th blank 

;Read the next charac~er 
;:hecK if the interrupt .. as ra";ed 
;: f no interrupt 
;Character count In rnl!ssage 
; RAM I ocat I on 20H 

;If no interrupt 
;Add the c"'arac~er 
;To the top ,01 the RA~ Oow"ec 

!4 t"'ere IS an I"'~~"~-~C': 

:Jffset for t~e RA,..,:::....f'~ .. 
POInter in the RAM oo...fle' 
~ i spl ayed so far 
Begiming of the RAM Oo.. .. e· 
Read the Character 
Save it 
Next location in RAM buffer 
Read the next charac~er 
Back to fi rst character 
Replace wi th se<:ond character 
Process repeats 
Moving character ba.cKwards 

End of character buffer 
Restore character 
Begiming of character buffer 
CheCK if end of cl'laracter buffer 

Disable interrupt 
Before delay 
enable interrupt 
INTO contrOl b't 

0152-5 
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Program Listing (Continued) 

0061. 0120 

006C 1.3 
0060 7400 
006F 93 
0070 22 

0071 COEO 
0073 C082 
0075 C083 
0077 71.04 
0079 901004 
007C 120098 
007F 902004 
0082 120098 
0085 904004 
0088 120098 
0089 908004 
008E 120098 
0091 0083 
0093 0082 
0095 OOEO 
0097 22 

0098 £6 
0099 600T 
0099 fO 
009C 08 
0090 1.3 
009E OAF8 
OOAO 71.04 
001.2 F9 
OOAl 22 

001.4 rc03 
001.6 7010 
001.8 7501.00 
001.9 £509 
OOAD 75fOFF 
OOBO 1.4 
OOBI F5CA 
00B3 85FOCB 
00B6 75e811 
00B9 10C602 
OOBC 0189 
OOBE DDE8 
ooco DEE4 
00e2 22 

OOel 20202020 
00C7 20202020 
OOCB 20202020 
OOCF 20202020 
0003 SY094540 
OOOT 454E5320 
OOOB 40494352 
OOOF 4F434F4E 

83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
9S 
96 
97 
98 
99 

lOa 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
III 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
I" 
145 
146 
147 
148 
149 
150 
lSI 
152 
153 
154 
155 
156 
157 
158 
159 

160 
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AJ14P SHIF 

....................................................... _ .. 
; :.!~:*~~!!~*~~::*:*;~:~:;!:~.~!.!~:.:!!:~:.!~.!;;;.: 

NEXTC: INC OPTII 

OUTC: 

MeV 
MOVC 
IIET 

1.,110, 
A,~+OPTII ;"ove the character to Acc. 

................... _ .................................... . 
Ttl i 5 rout i ne d i spl ays and moves a character over 

•• the four digits of the P02435 and then repeats 

; : .......... *!~~.!~:.~~;*~!:~;:~ .. ;~!~*:~*!~.~; ***. * .... * 
PUSH ACe 
PUSH OPL 
PUSH OPH 
HOV liZ,*" ;For four digits(O to 3) in a chip 
MeV OPTII,'1004H ;Oigit 0 in first display chip 
CALL OUT eo 
MeV DPTII, '2004H ;Digit 0 in second display chip 
CALL OUTeo 
"OV DPTII, *,,004H ;Digi t 0 in third display chip 
CALL OUTCO 
MOV DPTII, *8004H ;Digit 0 in fourth displ ay eh i p 
CALL OUTCO 
POP DPH 
POP DPL 
POP ACe 
IIET 

......................................................... 
;. This is a nested sl.broutine. It moves a nonzero hex * 
;* value (ASell> fran left in right of the four digit * 

~ : .............. * .................. ~!!~!:r; ........................ : 
OUTeo: MOV A,;ao 

FIN 
OlOPTII,A 
110 

JZ 
MOVX 
INC 
INC 
DJNZ 
MOV 

FIN: MOV 
IIET 

DPTR 
112,OUTCO 
liZ,*" 
111,1. 

............................. _.-........................ . 
;. This subroutine generates the software delay. The 
;* delay is generated by the timer 2. The start count • 
;* of the timer 2 is e~ted from the present value * 
;. of the AID converter. 
; ....................................................... . 

IIAITA: MeV 
IIAll9: HOV 
IIAlTe: MeV 

"OV 
MeV 
~L 

I'tOV 
MeV 
"OV 

IIAITD: JBC 
AJMP 

IIAUE: DJNZ 
OJNZ 
IIET 

116,1I03H 
115,'10H 
OAPR,IOOH 
A,ADOAT 
B,#255 
AB 
CRCL,A 
CRCH ,B 
T2CON,'11 H 
TF2,IIAllE 
IIAITD 
R5,IIAllC 
R6,IIAlTB 

;For c~ting reload value 
;Reload value is Ca\llUted 
;Load the reload value low 
;Load the reload value high 

,. ...................................................... .. 
;:********.*********.**.:;~~!~;*****.******.**********.* 

TEXT: DB 

DB 'SIE"ENS HleROCONTROLLER SAB 80515/535' 
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Program Listing (Continued) 

00E3 54524F4C 
00£1 4C455220 
OOEB 53414220 
OOEF 38303531 
00F3 352F3533 
OOFT 35 
00F8 20202020 
OOFC 20202020 
0100 20202020 
0104 53414220 
0108 38303531 
010C 352F3533 
0110 35202020 
0114 20202020 
0118 20202020 
011 C 20202020 
0120 00 

161 

162 

ASSEMBL Y COMPLETE, 0 ERRORS FOOND 

8-52 

DB 

END 

SAB 80515/535 ',0 

0162-8 
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The heating and air conditioning unit in the car 
should provide the driver with conditions of comfort­
able temperature, fresh air flow, defogged and de­
frosted windows, low energy consumption and easy 
operation. 

The currently mass-produced systems meet these 
requirements to a limited degree. In response, Sie­
mens began to develop /LC-controlled installations 
and equipped several test vehicles with various sys­
tems which proved to be highly satisfactory. 

Its performance-oriented processor and flexible on­
chip periphery (e.g. analog-to-digital converter, timer 
function, large number of inputs/outputs) make the 
SAB 80515 especially suitable for this type of appli­
cation. T,'7e majority of the peripl'7eral components 
are fully utilized in this application. 

The temperature in the car reaches its nominal value 
and is kept constant by means of a two-stage mixing 
value control. A rise in outside temperature automat­
icallyactivates the compressor of the air condition- ' 
ing unit. The air entering the car is distributed up­
wards and downwards by an electrically controlled 
value, depending on the temperature of the air. The 
optimal speed is also determined by the microcon­
troller as a function of the various input values. The 
electronics also control actuators such as air circula­
tion and water valve. 

The device is operated by means of several keys. 
An LED display indicates the nominal or outside 
temperature. Individual LEOs indicate special condi­
tions which can be selected by the user independent 
of the automatic functions. 

Control Elements and Sensors 
(Figure 1) 

The temperature inside the car is controlled in ac­
cordance with a selectable nominal value. The most 
important actuators for this purpose are the mixing 
valve and the compressor of the air conditioning 
unit. The mixing valve determines which part of the 
air entering the passenger area must pass through 
the heat exchanger of the heating unit. The valve 
can be fine-tuned by the microcomputer. 
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If there is no heating requirement, the water flow to 
the heat exchanger is stopped by a digitally con­
trolled valve. As a result, the temperature is further 
reduced in the summer time. 

Depending on the output of the system, the air con­
ditioning unit ensures that the nominal value of the 
temperature inside the car is obtained despite higher 
outside temperatures. The compressor of the air 
conditioning unit is enabled/disabled by the micro-
controller. . 

In addition, the electronics influences the distribution 
of the temperature layers inside the car by a nearly 
stepless adjustable distribution valve. The valve de-

, termines whether the air is to be moved towards the 
mof Oi the floOi of the caL ThiOugh this type of con­
trol, the air close to the roof of the car should be at a 
temperature lower than that close to the floor. 

The fresh air flow is also electronically controlled. 
Depending on the different temperatures and the 
road speed of the car, the microcontroller computes 
the optimal speed for the blower, which can be 
changed almost continuously. 

On the basis of the temperature conditions, the 
processor determines the requirement for fresh air 
flow or circulation of the air inside the car. The corre­
sponding valve is digitally controlled. 

In order to achieve the described functions, the sys­
tem uses three sensors to measure the temperature 
inside the car, the temperature of the air entering the 
car as well as the outside temperature. A speed sen­
sor informs the processor about the car's current 
road speed. 

Operating and Displaying Unit 
(Figure 2) 

A display optionally indicates the nominal or outside 
temperature. Functions which deviate from standard 
operations are indicated by LEOs located next to the 
keys. The brightness level of the display and the 
LEOs is controlled by the processor in accordance 
with the ambient light measured by a phototransis­
tor. 
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p------------------------------------------------, 
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I 
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1...-__ .., 
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I : '---_ .... 
I SPECIAL FUNCTIONS 
I 
: L..-__ ..... 

~------------------------------------------------~ 
D- Digital Signal 
A- Analog Signal 
1 See Figure 2 for Detail 
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Figure 1. Blocl< Diagram 

With the aid of eight keys the following functions can 
be performed (Figure 2): 

81, 82: Changes in nominal temperature 
("+" and "-" key) 
Through instantaneous pressure or sus­
tained pressure on the key, the nominal val­
ue can be changed in 1°C/1°F steps, that is 
from 16°C-30°C/60°F-86°F. In addition, 
the extreme values "LO" and "HI" can be 
set, and the mixing valve will continue to re­
main in the minimal (cold) or maximal (hot) 
position. 

By depressing the keys, the following functions allow 
the user to switch over from normal (automatic) set­
ting to one, two or three fixed values. After a fixed 
value has been selected, the corresponding LED or 
a combination of two LEOs lights up. 
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S3: Distribution key for switching the air distribution 
to automatic, only upwards, in the center (up­
wards and downwards, both LEOs light up) or 
only downwards. 

S4: Blower key for switching the blower to auto­
matic, full speed, half speed (both LEOs light 
up) and "OFF". 

S5: Air supply key for switching the air supply to 
automatic, air circulation, or fresh air. 

86: Compressor key for switching the compressor 
to automatic, "ON" and "OFF". 

87: Outside temperature key for switching the dis­
play to nominal temperature (standard func­
tion) or outside temperature. The outside tem­
perature is displayed in 1°C/1°F steps at a 
range between - 40°C/ - 40°F and + 60°C/ 
+ 140°F. 

88: Defrost key for switching the device from its 
previous function (standard) to the defrost 
function. 

8-55 
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Figure 2. Console 

The windows of the car can thus rapidly be defrost­
ed and defogged. 

The setting elements take the following positions 
during the defrost function which has priority over all 
other settings: 

Mixing valve: Max. Heating 

Distributor valve: Only Upwards 

Blower: Max. Number of Speed 

Air supply: Fresh Air 

Compressor: ON 

Water Valve: ON 

As long as the defrost function is in operation, the 
remaining functions (with the exception of display 
switch-over for the temperature) cannot be operat­
ed. The corresponding LEOs are not driven. After 
the defrost status is finished, the previous functions 
apply again. 

The nominal temperature as well as set fixed values 
are saved after the car ignition has been turned off. 
During initial start-up or after reconnecting the bat­
tery, a mean nominal temperature (22°C/71°F) is set 
and the automatic functions apply. 

Major Hardware and Software 
Functions 

Voltage Supply, Reset Logic (Figure 3) 

Since various conditions-e.g. nominal tempera­
ture-are to be stored after the ignition has been 
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turned off, a continuous 5V supply is required which 
is supplied directly by the battery (terminal 30). A 
diode/ capacitor combination protects against re­
versed polarity and extreme voltage peaks. The volt­
age regulator, which is used, is characterized by a 
lower power dissipation and continues to operate 
during low input voltages. The SAB 80515 stores the 
data; 40 bytes of its internal RAM are saved during 
standby operation with a typo supply current of 1 rnA. 

When the car ignition is turned on, the normal 5V 
operating voltage as well as a filtered 12V voltage 
are available for supplying the drivers. The criterion 
for the connection of these voltages is the status of 
terminal 15. Preferable terminal 75 should be used if 
included in the device, since it will remain disabled 
while the car is started. 

When the ignition is turned off, the processor re­
ceives a signal via P07 prior to the drop in voltage of 
the standard 5V supply. Subsequently, the proces­
sor will wait for the reset signal which immediately 
precedes the voltage switch off. After the ignition 
has been turned on again, RES continues to be in 
"L" to reset the SAB 80515. This time period re­
quired for reset is ensured by ah RC network in com­
bination with diodes and Schmitt triggers. 

Clock Supply 

The SAB 80515 oscillator resonates at a frequency 
of 6 MHz by means of a ceramic resonator. The re­
sult is an instruction cycle time of 2 tJ-s. 
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TERMINAL 30 

~------- +12V 
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TO 
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P07---------. 
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Figure 3. Voltage Supply, Reset Logic 

Acquisition and Preprocessing of Input 
Value Parameters 

- Temperature and brightness (Figure 4) 

The inside air, fresh air, and outside air temperatures 
are measured with an NTC sensor S 861 or S 867 
(encapsulated). The most suitable locations for in­
stallations of the sensors in particular car types must 
be determined experimentally. The values of the 
pull-up resistors between the signal line and the ana­
log reference voltage have been selected to ensure 
optimal accuracy within the required temperature 
range. Short-term interference pulses are filtered out 
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by an RC network. The phototransistor BP 103B on 
the face of the device generates a voltage across a 
resistor in accordance with the ambient light. 

The SAB 80515 reads these analog units at regular 
intervals via the multiplexer and the analog-to-digital 
converter located on the chip. Since the sensors are 
connected to the analog references, the result is not 
affected by the absolute value of these voltages.Af­
ter the conversion low-frequency fluctuations are 
suppressed via software averaging. On the basis of 
tables and linear interpolation, the SAB 80515 com­
putes the values required, i.e. the temperature and 
the value for control of the display's brightness. 
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Figure 4. Temperature and Brightness 

-Speed (Figure 5). 

The speed is derived from . the generator for elec­
tronic speedometers included in most cars An RC 
wiring (perhaps with voltage division) and a Schmitt 
trigger filter out interference in the sensor pulses 
and adjust the voltage amplitude. With timer 1, the 
processor counts the pulses received within a de-
fined timer period. . 

8-58 

-Keys/Switch (Figure 5) 

Since these components are located inside the de­
vice, they can be protected against bouncing using 
software. Because of its many I/O ports, the SAB 
80515 can read in information directly. A matrix with 
decoupling diodes is not required. Also, pull-up resis­
tors are not required at the inputs of the SAB 
80515-with the exception of PO. With the hidden 
OF switch, the unit for displaying the nominal and 
outside temperatures can be selected. The special 
inputs are used for activating special test functions 
(see section on "testing and optimization support"). 
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C: Value according to max. frequency of the velocity pulses 

Figure 5. Inputs for Keys, Switches and Speed 

-Display (Figure 6) 

The display comprises a three-digit 7 -segment LED 
display (configured from HG 1107 elements). The 
foremost digit utilizes only four segments. There are 
also 10 single LEOs LG 3160 for indicating special 
conditions. The processor drives the display in a 
four-step multiplex method. For selecting the digit, 
the outputs P54-P57 go to HIGH in successive or­
der. During this time the information for the seg­
ments is present at outputs P40-P46. Four Darling­
ton transistors BC 517 are used as actuator drivers, 
and seven transistors BC 237 as segment drivers. 
The voltage source is the 12V supply. 

The multiplexed display and the brightness are con­
trolled by timer 2 of the SAB 80515. The component 
is used as timer in the auto-reload with the oscillator 
frequency divided by 12. During each overflow the 
timer is automatically loaded with the content of the 
CRC register-in this case FFOO. This leads to a 
time interval of 256 x 2 = 512 ,."s between two 
overflows. 
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The interval determines the length of a multiplex 
clock. The interrupt triggered by each overflow re­
sults in the output of the new segment information at 
port 4. The allocated multiplex location is released 
through port 5. 

The display brightness level is determined by the 
processor on the basis of the ambient light mea­
sured by the phototransistor, and a table stored in 
the ROM. The compare function of timer 2 sets the 
brightness level: as soon as the timer reaches the 
value of the compare register, an additional interrupt 
is triggered. In the associated routine, the processor 
sets the actuator outputs P54-P57 to "L". This cre­
ates an off-period until the timer overflows, the dura­
tion of which depends on the content of the com­
pare register. This register can be loaded at any time 
with the value determined from the ambient light. 

-Regulating the inside temperature with the mixing 
valve (Figure 7) 

The temperature inside the car depends largely on 
the position of the mixing valve, which the SAB 
80515 computes by means of the so-called cascade 
control. 
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Figure 6. Display 

The deviation of the temperature inside the car 7j act 
from the set nominal value 7j nom determines in an 
outer control circuit the nominal value for the injec­
tion temperature 7jn nom. Through the inner, faster 
control circuit the mixing valve is adjusted so that 
the injection temperature actually reaches the value 
7jn nom. When compared with a less complex control 
of the mixing valve by means of the difference be­
tween the nominal and actual value of the tempera­
ture inside the car, this two-stage system results in 
improved stability. In addition, interference which in­
fluences the injection temperature can be quickly 
rectified (e.g .. changes in motor or outside tempera­
ture, activation/deactivation of compressor, switch­
over from/to fresh air/air circulation). Also, the min. 
and max. ratings for the injection temperature can 
easily be established providing the necessary com­
fort for the passengers. With properly set parame­
ters the time characteristics as compared to a sim­
ple control are equally satisfactory. 
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The nominal values for the injection temperature 
and the mixing value position are computed accord­
ing to a digital PIO (proportional, integral, and differ­
ential) algorithm. Although the variety of parameters 
which can be set for both controls permit a wide 
range of adjustments, the expenditure is considera­
ble. Therefore, to facilitate the test and optimization 
phase, all parameters can be displayed and 
changed during travel by depressing the respective 
key (see section 3.10 "testing and optimization sup­
port"). For example, by setting the differential por­
tion to zero, a PI characteristic can be obtained. 

When "HI" or "LO" is displayed in place of the nom­
inal temperature, the control algorithm is switched 
off and the mixing valve is positioned at maximum or 
minimum heating output. 

The control algorithm is also inactive in the defrost 
status which calls for max. heat output. When 
switching over to normal operation, the valve returns 
to its former position. 
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Figure 7. Block Diagram of Temperature Regulation 

Establishing the Nominal Value for the 
Distribution Valve 

As can be seen in Figure 8, the position of the distri­
bution valve normally depends on the difference be­
tween the injection temperature and the tempera­
ture inside the car. Cooler air is usually injected up­
wards while heating air is injected downwards 
towards to floor of the car. The effective nominal 
value is set by the SAB 80515 with reference to the 
actual end positions of the valve (see section 3.5). 

During the special functions "upward air distribution" 
and "defrost", the air is blown only upwards or dur­
ing "downward air distribution" only downwards at 
floor level. When "center air distribution" has been 
selected, half of the air volume is blown upwards 
and half downwards. 

UPWARDS 

DOWNWARDS 
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Figure 8. Position of Distribution Valve 
versus Injection and Inside Temperature 

Setting the Mixing and Distribution Valve 
(Figure 9) 

Both valves are set in the same manner, that is by 
motors and gears which run or stop in both direc­
tions. The components TLE 4201 drive the motor, 
while the fJ-C controls them via ports P50 and P51 
(mixing valve) as well as P52 and P53 (distribution 
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valve). The analog-to-digital converter of the proces­
sor is informed of the value position by means of the 
voltage on a potentiometer which is connected to 
the valve and supplied by the analog reference volt­
ages. An RC network filters out interference. When 
the difference between the nominal and actual value 
of a valve exceeds a certain tolerance margin, the 
motor is driven in the respective direction. 

The valves should reach their end positions (me­
chanical stops) but the motor, for mechanical rea­
sons, should not be driven continuously in these po­
sitions. Since it is difficult to solve this problem by an 
accurate adjustment of the potentiomotor, tho sys­
tem recognizes a mechanical stop whon tho diffor­
ence between the actual and the nominal valuo ro­
mains the same although the motor is running. In 
response, the motor is switched off and the actual 
value is stored. After that the system will stop when 
this value has been reached. Only after a certain 
period of time (approx. 10 minutes) or each time the 
ignition has been turned on, the user can change the 
stop by depressing the respective key for selection 
of a max. position. As a prerequisite for this type of 
stop recognition, the electrical region of the potenti­
ometer should not be fully utilized by the valve an­
gie. 

The slight, relatively rapid fluctuations in the valve 
nominal value in the regulation or control mode are 
suppressed to prevent mechanical wear and tear. 
This suppression is of no consequence to the pas­
sengers. 

Switching Over the Air Supply 

During the automatic function, fresh air will be sup­
plied when the following conditions for air circulation 
are not met: 

- outside temperature > nominal temperature 
+ 10K eC) 

- outside temperature > inside temperature 

To prevent the valve from switching continuously, a 
hysteresis of 2K in each direction is used. 
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Figure 9. Control of Mixing and Distribution Valve 

During "defrost" or "fresh air supply" the system 
takes in fresh air; during "ambient air supply", the air 
in the car is circulated. 

The magnetic valve for the air circulation valve is 
switched on via P15 by the SAB 80515 with a Dar­
lington transistor Be 879. A resistor on the output of 
the transistor protects against short-term interfer­
ence (see Figure 10). A short-circuit in the electrical 
supply can be detected via P05. In this case, the 
processor immediately stops the control of the 
valve, but periodically attempts to reactivate it every 
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few seconds. The magnetic valve controls a vacuum 
motor for activating the air circulation valve. 

Water Valve Activation 

When there is no heating requirement, the electron­
ics inhibit the water flow to the heat exchanger by 
means of a valve. As a result, the temperature inside 
the car can be reduced by several degrees in the 
summer when compared to operation with closed 
mixing valve. The criterion for inhibiting the water 
flow is the mixing valve's position at the lower stop. 
Only after the mixing valve has changed its position 
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by a defined distance from the stop, will the proces­
sor enable the valve again. 

The magnetic valve for inhibiting the water flow is 
controlled in a manner similar to that used for the air 
circulation valve (see Figure 1 0). P16 and P06 are 
used as outputs or feedback pins. As can be seen in 
Figure 10, the magnetic valve pneumatically acti­
vates the inhibit valve. 

+5V 

Enabling/Disabling the Compressor 

During the automatic function, the compressor is dis­
abled only if the outside temperature drops by more 
than 10K below the nominal temperature. Again a 
hysteresis of 2K (K = 0c) is applied for the switching 
procedure. 

During "defrost" or "compressor ON", the air condi­
tioning unit operates continuously, but stops com­
pletely during "compressor OFF". 

10 k.!l 
P06~-------.--~a----4~------------i 

P16 BC 879 TERMINAL 
15 (75) 

+5V 

10k.!l 

P05 

SAB 80515 

P15 BC 879 TERMINAL 
15 (75) 

10 k.!l 

P04 

4,7V 

PI4~------------------~~ 
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Figure 10. Control of Water Valve, Circulation Valve and Compressor 
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The compressor relay is driven (see Figure 10) by 
P14 of the SAB 80515 as well as two transistors Be 
237 and Be 880 for increasing the current and con­
verting the levels. A drive signal short-circuited to 
ground-after level conversion by transistor Be 
307-can be detected via P04 and the system is 
then switched off for several seconds. The external 
compressor relay activates the magnetic coupling 
for driving the compressor, however, only if the 
(electronically independent) defroster for the carbu­
retor does not respond. 

To Drive the Blower 

Initially, the speed of the blower is a function of two 
variables as can be seen in Figure 11. An increase in 
speed as a function of the nominal-actual tempera­
ture difference leads to rapid temperature adjust­
ment. During extreme outside temperatures, the 
heating or air conditioning effect has to be support­
ed continuously by the blower. The curve minimum 
is therefore displaced since the average thermal ef­
fect of sun rays has been taken into account. The 
two functions are additively combined. 

When both the inside temperature and the injection 
temperature lie below or above the nominal value for 
the inside temperature, the blower speed is reduced. 
Otherwise the already uncomfortably cold car would 
get colder or, if already too hot, hotter. 

Two points were included when considering the de­
pendence on the road speed; during higher speeds 
the dynamic air pressure increasingly replaces the 
blower output. In response the blower speed is re­
duced in proportion to the speed or set to zero, if 
required. However, during lower speeds or when the 
car is parked, the noise generated by the blower is 
irritating, and polluted air is brought in e.g. during 
heavy traffic. The speed of the blower is therefore 
reduced. 

These automatic functions can be overriden with the 
blower or defrost key. The blower reaches its max. 
speed during "full speed blower capacity" or "de­
frost", operates at a medium speed at "half blower 
capacity" or not at all in "blower off". 

10070 

0164-11 

10070 
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Figure 11. Examples for Blower Speed Characteristics 
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The blower is driven (Figure 12) by the pulse-width 
modulated signal generated by the microcontroller 
at P12 with the aid of timer 2. The timer-as de­
scribed in section 2-has been programmed for an 
overflow every 512 p.s. The compare/capture regis­
ter 2 operates in the compare mode (mode 0), port 
12 is in ilL" during timer overflow, or in "H" when the 
content of the timer and compare register is the 
same. Therefore, by changing the content of the 
compare register, the pulse duty factor at P12 can 
be varied. An HCMOS inverter and an RC combina­
tion convert the microcontroller output signal into an 
analog voltage ranging between OV and 5V. This 
voltage drives the blower driver located outside the 
electronics. 

During the standby status, a signal from the voltage 
supply prevents a voltage from being applied to the 
blower. 

When the blower is operating at full capacity, there 
should be no voltage drop across the power transis­
tor of the blower driver. Therefore the transistor is 
by-passed with a relay. For this part of the driver, the 
SAB 80515 connects a 12V signal to the blower out­
put using two transistors (BC 237 and BC 307). The 
relay is switched off-to prevent wear and tear­
when the speed of the blower is reduced. 

Testing and Optimization Support 

By encoding at ports POO-P02, the following quanti­
ties can be displayed in place of the nominal or out­
side temperature: 

1. Inside temperature 7j in °C 

FROM POWER SUPPLY 

+5V 

P12~--~--~+-~--~ 

SAB 80 515 

P 11 ~-----+-I 

2. Injection temperature 7jn in °C 

3. Mixing valve setting in % 

4. Distribution valve setting in % 

5. Blower drive in % 

6. Status of compressor, air circulation as well as 
water valve 

7a. Memory address of internal RAM, which can be 
set 

7b. Memory content associated with this address, 
which can be varied 

The controlling and regulating procedures of the 
system can be monitored with displays 1 through 6. 

During operation, the system can be accessed and 
all memory contents can be indicated with display 7. 
The settings are performed in the same manner as 
the changes in nominal temperature, namely with 
keys" + ", and" - ". The outside temperature key is 
used to switch between the memory address and 
content. There are functions suitable for manual 
control, and there are those which should be left in 
the automatic mode. 

The possibility of user access has been providod for 
adjusting the parameters of the two-stago PID con­
trol to the respective vehicle. The parameters aro 
not established by the program. Instead they are 
stored in the RAM in the memory area saved during 
standby operation. Only after the voltage has been 
switched off, the parameters can be loaded with 

TO BLOWER DRIVER 
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Figure 12. Blower Control 
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fixed values during initialization. The test engineer 
can therefore change the parameters according to 
the test results, although the device has already 
been installed. . 

In order to provide defined start conditions for a test, 
all controlling and regulating functions can be 
switched off during the setting procedures with P03. 

After the test has been completed, the established 
optimal parameters values can be permanently pro­
grammed in the EPROM or in the masked ROM. 

Use of the On-Chip Periphery of the SAB 
80515 

Table 1 includes the functions of the integrated pe­
riphery of the SAB 80515. As can be seen, almost all 
elements are utilized. 

Table 1. Use of the SAB 80515 On-Chip Periphery 

Periphery Application 

Analog-to-Digital for measuring 
Converter -temperatures 

-brightness level 
and for setting 
mixing and distribution value 

Timer 0 for generating a standard time 
clock 

Timer 1 for measuring road speed 

Timer 2 for controlling the time for 
LED multiplex display (with 
brightness control) for 
controlling the pulse/pause 
ratio for the blower 

Watchdog Timer for system monitoring 

Seriallnteface for diagnostic purposes 

Ports for interrogating and driving 
digital and time analog inputs/ 
outputs 
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Alternatives and Upgrades 

Changes in the functions of the described sample­
provided the . sensors and actuators remain the 
same-can easily be realized by merely modifying 
the program or the stored tables. However, when 
different or additional sensors or actuators are used, 
the hardware must be changed as well. 

For example the mixing valve can be replaced by a 
clocked valve which alternately releases and inter­
rupts the water flow between the cooler and heat 
exchanger. According to the pulse/pause ratio of 
the drive signal the heat exchanger temperature 
changes and thus the air injected into the car. The 
previously described hot water valve is in this case 
omitted. 

Also, in addition to the distribution valve, other ele­
ments for changing the air distribution can be con­
trolled, e.g. the vent flaps at the dashboard. 

If the serial interface of the SAB 80515 is not used, 
the system could be diagnosed during practical ap­
plication and inspections. 
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This application note provides users with a solution 
to interface an E2PROM to an 8031 based micro­
controller over the 12C bus. In this application exam­
ple, a Siemens microcontroller the SAB 80535 and a 
Siemens E2PROM the SDA 2526 or the SDA 2516 
are used. 

An on-chip Electrically Erasable Programmable 
Read-Only Memory (E2PROM) in a microcontroller 
becomes a very useful peripheral because it allows 
the system parameters to be stored and repro­
grammed without having to remove the microcon­
troller from the board. An E2PROM can also store 
internally the system specific information and can 
quite often replace a battery backed-up CMOS 
RAM. The write-cycle time of an E2PROM is consid-
or~hl\l 1""",,/,,\,. th"",,,,, +h~+ nf """',"U' ... + 0 1\ ~A ""hint"lo "'''',... 
\oJ1""U'1 IVII~",",' 1.1 lUI I \1.",,\ VI IIIV.;;JI, 11rl.1'" \.IllIfJ.,;;) QIIY 

therefore the device is referred to as a "read-only" 
memory. Most E2PROMs have a limited number of 
write/ erase endurance cycles and for this reason 
alone an on-chip E2PROM in a microcontroller is 
sometimes not desirable. However, Siemens micro­
controllers do not have an on-chip E2PROM. There­
fore, the user either has to rely on an external 
E2PROM chip or perform the same function by bat­
tery back-up of the microcontroller's internal RAM. 

The following application example offers the users 
a solution of interfacing an E2PROM to a Siemens 
microcontroller over a two line 12C interface. 

inter-Integrated Circuit Bus 

The Inter-Integrated Circuit (12C) bus is a mechanism 
for serially communicating with peripheral devices. 
The bi-directional bus consists of two wires, and it 
can support multiple masters and operate at various 
data rates. 

The physical part of an 12C interface is a set of two 
wires, the serial clock (SCl) line and the serial data 
(SOA) line. The clock line is used to clock data out of 
a transmitting device into a receiving device. The 
data line is used to carry the data bits from a trans­
mitting device to a receiving device. It is also used to 
transfer the acknowledge signal from a receiving de­
vice to a transmitting device. 

When transferring address, data or acknowledge 
bits the SOA line can change its state only while the 
clock is low. If the data line changes from high to low 
while the SCl line is high, a start condition is initiat­
ed. A change from low to high while the SCl line is 
high initiates a stop condition. The basic relationship 
between the SCl and SOA lines is shown in Figure 
1. 
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Hardware 

Figure 2 illustrates the hardware interface between a 
Siemens microcontroller such as the SAB 80535 
and a Siemens E2PROM such as the SOA 2526 or 
the SOA 2516. The bit manipulation capability of the 
SAB 80515/535 allows any two port pins of the mi­
crocontroller to be used for the E2PROM with an 12C 

J bus interface. In this example, port pin P1.0 is used 
for the SOA line and port pin P1.1 is used for the 
SCl line of the 12C bus. One could select any two 
port pins for the interface by making an appropriate 
change in the software. 

Via the 12C bus the memory is controlled by the mi­
crocontroller (master) during two operating modes: ' 

a. Read-out cycle. 

b. Reprogramming cycle or the write cycle .. 

In both operating modes the microcontroller has to 
provide 3 bytes and an additional acknowledge 
clock on the bus after the start condition. These 
three bytes contain information like chip select for 
data input, memory word address and chip select for 
data output. For more information on the operation 
of the SOA 2526 or the SOA 2516, please refer to 
their data-sheets. 

Software 

The software listing of the subroutines used to read 
and program (write) the SOA 2526 or the SOA 2516 
is attached. 

The subroutine Re_EEPROM allows the user to 
read the E2PROM. The following parameters need 
to be transferred to this subroutine to complete the 
read operation successfully. 

a. Register R1 holds the starting address of the 
E2PROM. 

b. Register R2 holds the number of bytes to be read. 

c. Register RO holds the destination address in the 
internal RAM of the SAB 80535. 

The subroutine Pr_EEPROM allows the user to pro­
gram the E2PROM. After programming a byte, the 
software executes a time delay of about 30 ms 
(worst case programming duration for the SOA 2526 
or the SOA 2516) before writing the next byte. Reg­
isters RO, R1 and R2 need to be programmed with 
the following values before calling this subroutine. 
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a. Register R 1 holds the starting address of the 
E2PROM 

b. Register R2 holds the number of bytes to be pro­
grammed. 

c. Register RO holds the source address of the data 
in the internal RAM of the SAB 80535. 

SOA~~ 
SCL~~ 

START STOP 
CONDITION CONDITION 

0161-1 

a. Start and Stop Condition 

References 
i. Siemens SAB 80515/535 User's Manual. 

ii. Siemens SDA 2526/2516 Data Sheets. 

iii. Siemens 12C Bus Driver Subroutines by R. Mirthes 
and P. Walter. 

SDA I x"-__ x:: 
SCL 

0161-2 

b. Data and Clock Relationship 

Figure 1. 12C Bus Basic Timing 
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Program Listings 

0020 
0021 
0022 
0023 

0090 
0091 
0000 

OOAI 
OOAO 

0000 

0000 

0000 80FE 

0002 
0002 120005 

0005 
0005 12000C 
0008 74AO 
OOOA 12002A 
0000 401 I 

OOOF 74Al 
0011 120052 
0014 40EF 

0016 
0016 0200 

0018 
0018 DA09 

001A C200 
001C 1200BO 
OOlF F6 
0020 
0020 020070 

0023 
0023 1200BO 
0026 F6 
0027 08 
0028 80EE 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

" 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 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 

SMOO515 
SPAGELENGTH(80) 
ST ITlE( SAB 80515/80535 IIC·BUS Software for SOA 252612516) 

FLAGS Data 20H 
Scratch 1 Data 21H 
Scratch2 Data 22H 
Scratch3 Data ~3H 

SOA Bit Pl.0 
SCL Bit Pt.l 
AckFlag Bit FLAGS.O 

Adr EEPROM L Eeu 101000018 
Adr )EPRC»(S ECU 101000008 

;:* ..•.•••••• ** •• ******* ••••••••• ***.******.**.** •••••••••••• -._.-•• 

;* Program Name: IICSOA 
;:' Function: inis program has the subroutines to read and write • 
~: the Siemens EEPROMs • the SOA 2526 or the SOA 2516. * 

; -.. _._._----_ ..... _ .. _ ... _-_.-._---.... _-_ .. -.-._-_ ... _._-----_ ... -
Org 

Sjmp 

: :********************************** ••• *****.******* ••• ____ •• e •••• __ 

.* 

.* 

.* 

.* 

.* 

.* 

.* 

Subroutine Name: Re EEPROM 
Function :-This subroutine is called to read the EEPROM. The 

nurber of bytes to be read are loaded in register R2* 
Register Rl holds the start ing address of the * 
location in the EEPROM. Register RO holds the 
destination address of RAM in the microcontroller. • 

; ---._._--------------_._-----_._._----_._-----_._._--------.-._---- , 

Re EEPROM: 
- Call SaveParam ; Save input parameters 

Read EEPROM: 
- Call RestoreParam ; Restore input parameter 

Mov A,tlAdr EEPROM s 
Call CS EEPROM -; EEPROM chip select 
Jc Re)EPROM_exit; Device not available 

Mov 
Call 
Jc 

Read_loop: 
. Setb 

Lastbyte: 
Ojnz 

A,tlAdr EEPROM L 
Start IIC -
R ead":E EPROM 

AckFlag 

Clr . AckFlag 
Call Oatain 
Mov ilRO,A 

Re EEPROM Ex It: 
- In.> Stop_" C 

Re EEPROM Loop: 
- Call 

SEJ 

Mov 
Inc 
Jmp 

Oatain 
ilRO,A 
RO 
Lastbyte 

CIS for data O/P out of memory 
Initialize with the address 
I f error then repeat 

; Acknowledge flag 

; It is the last byte 
; Read databyte in 

Read databyte in internal RAM 

Stop_IIC condition 

Read databyte in 
Read databyte in internal RAM 
Inc data pointer 
Read next byte 
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Program Listings (Continued) 

002A 
002A 120052 
0020 4006 
002F E9 
0030 120085 
0033 40F5 
0035 
0035 22 

0036 
0036 74AO 
0038 112A 
003A 4015 
003C E6 
0030 120085 
0040 40F4 
0042 120070 
0045 7B64 
0047 
0047 7C96 
0049 OCFE 
0048 OBFA 
0040 08 
004E 09 
004F OAE5 
0051 
0051 22 

0052 
0052 7C03 
0054 
0054 0290 
0056 1200AA 
0059 0291 
005B 1200AA 
OOSE C290 
0060 1200AA 
0063 C291 
0065 1200AA 
0068 120085 
006B 5002 
0060 OCE5 
006F 
006F Z2 

76 
n 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
lOS 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
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· ...... e_._ .. _._ ** * ••••••••••••••••• __ ** _ ............ ___ •••• ___ ._._. ___ _ 
.* 
.* 
.* 

.* 

.* 

.* 

.* 

Subrout i ne Name : Cs EEPRC14 
Function :-This subroutine creates a start condition & sends 

out the devi ce address and the memory word address * 
to the SDA 252612516. Regi ster R1 contains the add·* 
ress. If the device is not available the carry flag * 
is set as an error condi t i on. * 

· _ ... -._--_._._._---_._._---_._-_._-------- .. _---_ .. -.. -------_ .. ----
Cs EEPRCI4: 

- Call 
Jc 
Mov 
Call 
Jc 

Start IIC 
Cs EEPRC14 Ex it 
A,R1 -
Oataout 
Cs_EEPRC14 

Start condition & device address 
Device not available 
Memory word address 

I f error, repeat 
Cs EEPRC14 Exit: 

- Ret 

· ------------.------_ ...... _-------------_ ...... _-_ .... -------_._._-
.* 
.* 

.* 

.* 

.* 

.* 

Subrout i ne Name : Pr EEPRC14 
Function: -This subroutine is called to program the EEPRCI4. 

The II of bytes to be prograrrmed is loaded in R2. Rl * 
holds the address of the fi rst byte in _EEPRCI4. RO * 
holds the address of the first byte in internal RAM * 
of the microcontroller. * 

· ------------------------------_._._._-------------------------_.-.-
Pr _EEPRCI4: 

Mov 
Call 
Jc 
Mov 
Call 
Jc 
Call 
Mov 

IJai t_loop: 
Mov 
Djnz 
Djnz 
Inc 
Inc 
Djnz 

Pr EEPRC14 Exit: 
- Ret 

A,lIadr _EEPRCI4_s 
Cs EEPRC14 ; EEPRC14 chip select 
Pr-EEPRC14 exit ; Device not available 
A,i5RO - load datil byte 
Dataout 
Pr EEPRC14 
Stop_IIC 
Rl,II100 

R4,II150 
R4,S 
Rl,IJait_loop 
RO 
R1 
R2,Pr _EEPRC14 

; I f error, repeat 
; Stop_IIC condition 
; lO ms wait 

Next byte 

· *. **** ** * ** * *** *** * * * .. * *** •• * * ** .... * * * * * ****. ** * ** .. * _ ••••••••••••••• .. 
.* 
.* 
.* 
.* 
.* 
. * .. 

Subroutine Name : Start IIC 
Function :-Creates a start condition on the 12C bus & then puts* 

the device address from the accurulator on to the • 
bus. After three trials if no acknowledge results 
from the device then the carry flag is set as an 
error condi t i on • 

; .............. _-._-_ .......... _ ....... _ ....... _-_ ............. -... . 
Start_IIC: 

Mov 
Init IIC: 

- Setb 
Call 
Setb 
Call 
Clr 
Call 
Clr 
Call 
Call 
Jnc 
Ojnz 

Init_lIe Exit: 
Ret 

SEJ 

R4,II3 

SOA 
IJait 6 
SCl -
IJait 6 
SDA -
IJait 6 
SCl -
lIait 6 
Dataeut 
Init IIC Exit 
R4,lnit)IC 

; Hax i nun 3 adress i ng atten"flts 

wait 
Start condition 
wait 

Send device address 
Acknowledge received 

Next addressing atten"flt 
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Program Listings (Continued) 

0070 
0070 C291 
0072 1200AA 
0075 C290 
0077 1200AA 
007A 0291 
007C 1200AA 
007F 0290 

0081 
0081 3090EC 
0084 22 

0085 
0085 7F08 

0087 
008733 
0088 9290 
OOBA 00 
008B 0291 
0080 1200AA 
0090 C291 
0092 1200M 
0095 OFFO 
009733 
0098 0290 
009A 00 
0098 0291 
0090 1200AA 
OOAO A290 
OOA2 C291 
00A4 1200AB 
00A7 40C7 
00A9 22 

OOAA 
OOM 22 

OOAB 
OOAB 7806 
OOAD OBFE 
OOAF 22 
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154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194' 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 

;: ••• **** •••••••• ***********.*.* ••• ********* •• *** ••• **.****.******** 

.* 

.* 

.* 

.* 

.* 

.* 

Subrout ine_Name : Stop_IIC 
Function: This sobroutine creates a stop condition on the IIC * 

bus. Then the status of the SOA I ine is checked· i f* 
low then cl ock pul ses are sent out unt i I SOA line 
goes high. 

;** •• *** ••• ********* •• ********************************e __ e _________ _ 

Stop_IIC: 
Clr 
Call 
Clr 
Call 
Setb 
Cal I 
Setb 

IsSOALow: 
Jnb 
Ret 

SCl 
lIait 6 
SOA -
lIait 6 
SCl -
lIait 6 
SOA -

SOA is not high 

. * .* •. * •••• *** ** .*. * *--*-._ •• -..•....• -.-. _._*._.-........ -... * * * ••• 

.* 

.* 

.* 

.* 

.* 

.* 

Subroutine Name : Oataout 
Function :-This subroutine transmits a databyte on the IIC bus * 

from the accU1Ulator. The carry flag is set if an * 
error resul ts. 

. -----_.-._-.-._-.. -.---_._._ ... _._------_._. __ ._._-_.-_._._--------
Oataout: 

Mov R7,'8 ; 8 bits in a byte 

Oataout_loop: 
Ric 
Mov SOA,C Send data bi t out 
Nop 
Setb SCl Set the clock bit 
Call lIait_6 
Clr SCl 
Cal I lIait 6 
Ojnz R7,Oataout_loop 
Ric A 
Setb SDA 
Nop 
Setb SCl ; Clock pulse for acknowledge 
Call lIait 6 
Mov c,SOA ; Get acknowledge bi t 
Clr SCL 
Call lIait 36 
Jc Stop)IC 
Ret 

* Subroutine Name : lIait '6, lIait 36 
* Function :-These subroUtines cause delays. 
* ----.-._------_._._. __ •••• _.-._._._._--_._-••••• ------*********** •• 

Ret 

\/ait_36: 
Mov R3,'6 
Ojnz R3, S 
Ret 

SEJ 
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Program Listings (Continued) 

0080 
0080 0290 
0082 00 
0083 n08 

00B5 
0085 0291 
008711A" 
00B9 "290 
008B 33 
OOBC C291 
OOBe 11"" 
OOCO OFF3 

00C2 0290 
00C4 l1AA 
00C6 300002 
00C9 C290 

OOCB 
00C8 l1A" 
OOCO 0291 
OOCF 11"" 
0001 C291 
0003 8006 

0005 
0005 8821 
0007 8922 
0009 8A23 
0008 22 

OOOC 
OOOC A821 
oooe "922 
ODED U23 
00E2 22 

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 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 

'273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 

· ..... * ........ *. * ....... * ............. *. *. * *. * * * •• *. * * * * •• * * *. * * * * * ** * * ••• * * * 

Subroutine Name: Oatain 
Function :-This subroutine reads a databyte from the IIC bus 

into the accurulator. If the AckFlag was set as 
this subroutine was called then an acknowledge is 
given out during the 9TH clock pulse. 

· . · *- •....•••• * •••••••••• --- .* ...... ----_ •• -._- * .*. ** * *- *.-....•. *** *. * * 
oatain: 

Setb SoA 
Nop 
Mov R7,/U! 8 bi ts 

Data in_Loop: 
Setb SCL Clock pulse 
Call \lait 6 
Mov c, SOA 
RIc A 
CI r SCL 
Call \lai t 6 
ojnz R7 ,o;tai n_Loop Next bi t 

Setb SoA 
Call \lai t 6 
Jnb AckFlag ,No_Ack 
Clr SoA 

No_Ack: 
Call \lait_6 
Setb SCL 
Call \lait_6 
Clr SCL 
Jrrp \lai t_36 

· ..... __ ... _----------_ .... -..... _----_ ... __ ... -............... _----.. 
;. Subrout i ne Name : SaveParam 
;* Function :-This subroutine saves registers RO, Rl & R2. .. 
· *. * •• * *- * *. *-.-•• -* * •••• - ._ •• _._ •••• * _ .......... _-- •• _ ••• * •• - •••••• *. 
SaveParam: 

Mov Scratchl,RO 
Mov Scratch2,Rl 
Mov Scratch3,R2 
Ret 

;. Subroutine Name: RestoreParam 
;* Function :-This subroutine restores the registers. 
.* · • *. * •• _. ___ * _____ ._. ____ ._. __ ._ * __ ft ____ e __ ._. * ••• _._._ ft __ * ________ * 

Res toreParam: 
Mov RO,Scratchl 
Mov Rl,Scratch2 
Mov R2, Scratch3 
Ret 

End 

ASSEMBLY CC»4PlETE, a ERRORS FOJNO 
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Abstract 

In the past the addition of on-chip memory to micro­
processors was the distinctive feature which sepa­
rated microcontrollers from microprocessors. Since 
then many bells and whistles have been added to 
microcontrollers to clearly distinguish them from mi­
croprocessors. To appreciate the depth of the mi­
crocontroller function cornucopia, consider the fol­
lowing (seemingly endless, but nevertheless partial) 
list of available features: ROM, RAM, EPROM, 
E2PROM, A/D converter, PWM, full-duplex serial 
ports, on-chip counter/timer, latched I/O Boolean 
manipulation etc. Far from dead, the 8-bit ~icrocon­
troller market continues to grow, as more functions 
with ever increasing performance are integrated on 
a single-chip by taking advantage of the advanced 
NMOS an.d CMOS processes, tighter design rules, 
and architectural improvements. One such en­
hanced functional unit of the microcontroller is a tim­
er/counter unit, which in the past had only been 
used to generate delays and count pulses. The mi­
crocontroller architectures have continued to evolve 
and expand the scope of the timer/counter func­
tions. This article makes an attempt to re-classify a 
timer unit of the Siemens 80535/515 (a member of 
Si~mens 8051-based microcontrollers) to give a new 
Wrinkle to control applications. If you have ever felt a 
need to measure frequencies and pulse widths, or 
had ~n application to combine digital and analog 
functions, or wanted to distinguish noise from real 
signals, or needed to generate PWM signals, then 
your solution is the PTRA (Programmable Timer / 
Counter Register Array) of the Siemens 80535/515 ~ 
microcontroller. Intel's 8051 FA microcontroller has a 
similar timer unit called the PCA (Programmable 
Counter Array). But before we draw any conclusions 
it would be worthwhile to review the features of the 
PTRA unit available in the Siemens 80535/515 and 
compare it to the PCA unit of Intel's 8051 FA. We will 
then discuss an application example to evaluate the 
capabilities and limitations of such timer units. 

What is in a name? 

A Timer circuit is not new in microcomputers, but of 
all the on-chip peripheral functions of the 8-bit SAB 
80535/515 microcomputer-RAM, ROM, analog-to­
digital converter, serial port-none is more useful or 
important. Two of the SAB 80535/515's forerun­
ners, the SAB 8031/51 and SAB 8032/52, incorpo­
rated timers, and it is from these circuits that a new 
enhanced timer function is derived. The time-base 
for the PTRA of the SAB 80535/515 is a program­
mable 16-bit timer/counter also known as the Timer 
2. Timer 2 is the. only one that can serve the PTRA. 
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The PTRA consists of the following registers. 

T2CON Timer 2 Control Register 

TL2 Timer 2 Register, Low-Byte 

TH2 Timer 2 Register, High-Byte 

CRCL Compare/Reload/Capture Register, 
Low-Byte 

CRCH Compare/Reload/Capture Register, 
High-Byte 

CCL1 

CCH1 

CCL2 

CCH2 

CCL3 

CCH3 

CCEN 

Compare/Capture Register 1, Low-Byte 

Compare/Capture Register 1, High-Byte 

Compare/Capture Register 2, Low-Byte 

Compare/Capture Register 2, High-Byte 

Compare/Capture Register 3, Low-Byte 

Compare/Capture Register 3, High-Byte 

Compare/Capture Enable Register 

For brevity, the double-byte Compare/Reload/Cap­
ture register is called CRC register, and the three 
double-byte Compare/Capture registers· are called 
CC registers 1 to 3. The PTRA shares Port 1 pins for 
hardware interfacing as shown in Table 1. 

In addition to supporting the operational modos of a 
timer or a counter, the PTRA provides the following 
features for the Timer 2. 

-16 bit reload 
-16 bit compare 
-16 bit capture 

Figure 1 shows a block diagram of the PTRA unit. 

The Timer 2 of PTRA can operate either as timer, 
event counter, or gated timer. In timer mode, the 
count rate is derived from the oscillator frequency. A 
2:1 prescaler makes it possible to select a count rate 
of 1/12 or 1/24 of the oscillator frequency. In either 
case, no matter whether Timer 2 is configured as 
timer, event counter, or gated timer; when the count 
rolls over from all 1's to all O's. it sets the Timer 2 
overflow flag which can generate an interrupt. The 
timer overflow function can serve as a periodic inter­
rupt for performing a keyboard scan or for refreshing 
the screen display. It can also be used to indicate 
end of delay for the execution of time delayed 
events. In counter mode, the Timer 2 register is in­
cremented in response to a 1-to-0 transition at its 
corresponding external input pin T2 (P1.7). 

The reload mode of the PTRA unit allows contents 
of Timer 2 to be reloaded from the CRC register at 
the time when Timer 2 rolls over from all 1's to all 
O's-a feature which is quite useful in varying peri­
ods of pulse width modulated signals. The 16-bit re­
load from the CRC register to Timer 2 registers can 
also be caused by a negative transition at port pin 
P1.5. . 
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Table 1. Hardware Interfacing for the PTRA Unit 

Port 
Name Function 

Pin 

P1.0 INT3/CCO Compare Output/Capture Input for the CRC Register 
P1.1 INT4/CC1 Compare Output/Capture Input for CC Register 1 
P1.2 INTS/CC2 Compare Output/Capture Input for CC Register 2 
P1.3 INT6/CC3 Compare Output/Capture Input for CC Register 3 
P1.S T2EX External Reload Trigger Input 
P1.7 T2 External Count or Gate Input to Timer 2 

I ... ,;n~. 0 --------------------------------~.~~-+~~ 
T210 

P1.7/T2 

fOSC/12 

CCL3/CCH3 CC3/CCH3 
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T2r 

CC3/CCH3 CC3/CCH3 

Figure 1. Block Diagram of the PRTA Unit 

Interrupt 
Request 
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In the compare mode, the 16-bit values stored in the 
dedicated compare registers of the PTRA are com­
pared with the contents of the Timer 2 registers TL2 
and TH2. If the count value in the Timer 2 register 
matches the stored value an appropriate output sig­
nal is generated at the corresponding port 1 pin, and 
an interrupt can also be generated. In one of the two 
compare modes, the Timer 2 of PTRA can be used 
to generate PWM signals as shown by the functional 
diagram in Figure 2. 

CCLl 

0163-2 

Figure 2. PWM Using the PTRA Unit 

In the PTRA set-up (compare mode-O) for PWM sig­
nal generation, the output signals at port pins P1.1 
through P1.3 change from low to high upon a match 
of the corresponding CC1 through CC3 register con­
tents with contents of the Timer 2 registers. The out­
puts then go back to a low level on Timer 2 overflow, 
and Timer 2 restarts by reloading the CRC register 
contents. The CRC value controls the period and the 
registers CC1 through CC3 control the pulse widths 
of the PWM signals generated at port pins P1.1 
through P1.3 respectively. In the second mode of 
operation the output port pins P1.0 through P1.3 can 
be caused to toggle at compare events, thereby re­
sulting in the generation of square waves at these 
outputs. In this mode the Timer 2 overflow has no 
affect on the output port pins. In this mode of opera­
tion one can also generate pulses of varying widths 
from a few to several thousand microseconds with­
out any major software interruption. 

Each of the three compare/capture and the CRC 
registers of the PTRA unit can be used to latch the 
current 16-bit value of the Timer 2 in one of them. 
This latching could either be caused by an external 
event or upon writing to the low-order byte of the 

_ dedicated 16-bit capture register. Either a rising or a 
falling edge can be selected to cause the capture 
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from Timer 2 into the CRC register, whereas for the 
CC registers 1 to 3 a positive transition causes the 
capture. In the former case, this capability is useful 
in applications to determine the state of an input pin, 
or in discriminating noise (a narrow signal) from real 
signal, or in measuring pulse widths.The other appli­
cation of input capture is to determine the frequency 
of a signal applied to the input pin. By capturing the 
counter value on successive rising or falling edges, 
the timer determines the number of elapsed counts. 
Then, knowing the count rate, tbe frequency of the 
input signal can be computed. 

The PCA unit of Intel's 8051 FA can perform similar 
functions including 16-bit capture/compare with 
capture activated by negative or positive or both 
edge transition. In addition, one of the compare reg­
isters could be preset and programmed to cause an 
internal reset on a match, thereby acting as a watch­
dog timer-a function which is supported by another 
timer in the SAB 80535/515. The PCA unit of 
8051 FA supports 8-bit PWM as opposed to 16-bit by 
the PTRA, and has no reload capability for the timer. 
On the other hand the timer of the PCA can be pro­
grammed to count at a rate of FOSC/4 and supports 
High Speed Output (HSO) operation. In HSO modo 
of operation the PCA is configured such that a dodi­
cated software bit can be pre-set and whon a match 
occurs, the module reverses the logic level of its I/O 
pin. 

The 16-bit Timer 2 of the PTRA can also be com­
pared with the timers available on 16-bit microcom­
puters such as NEC 78312 and Intel's 8096, which 
have similar performance but only have two and one 
PWM .outputs respectively. Even Motorola's 68HC11 
offers capabilities similar to that of the PTRA of the 
SAB 80515/535 but it lacks a PWM output. 

PWM Outputs 

A microcontroller with PWM outputs becomes a use­
ful component in a converter design (Figure 3) to 
control three phase motors. If the three phase volt­
age supplied by the converter is variable in frequen­
cy and amplitude (a function which can easily be 
performed by the PWM outputs of the PTRA unit) an 
efficient control of a three phase motor can be real­
ized. This three phase switching control through a 
microcontroller will allow motors to have 

-Long Operating Times 
-High Speed 
-Variable RPM 
-Frequency Reversing Cycles 
-Low Noise, Maintenance-Free Operation 

The key role .of a microcontroller in such an applica­
tion is to provide PWM control signals which in effect 
could be used directly to control the converter. 
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The PWM outputs characterized by their variable 
duty cycle and fixed frequency waveforms can also 
be integrated to provide an approximation to analog 
outputs. Converting the PWM signal to an analog 
signal varies in difficulty, depending upon the re­
quirements of the system. Simply, analog signals 
can be generated from PWM waveforms by using a 
simple RC or an active filter. Applications such as 
motor control and switching power supplies actually 
require a PWM signal, not a true analog one. 

PWM and 3 Phase Motor Control 

In the control of a 3-phase motor, the motor is driven 
by a power amplifier stage which is controlled by 
P'vVivi signais as shown in the biock diagram oi Fig­
ure 3. The microcontroller in this converter diagram 
acts as a driver and generates the necessary signals 
to drive the power amplifier stage. The amplifier per­
forms an important function in the converter by pro­
viding the correct amount of current and voltage 
needed to drive the motor. However, a continuous 
sinusoidal voltage applied to this amplifier results in 
operational inefficiency caused by the dissipation of 
large amounts of power in the output transistors. 
Therefore a pulsed voltage is applied to the motor, 
which at short intervals switches each motor winding 
on at full voltage, then switches it off. On and off 
times of the pulse sequence using PWM method are 
controlled by the microcontroller in such a way that 
the average value of all on-cycles represents a sine­
wave shape. The running of a 3-phase motor re-

Drive Block Power Amplifier 

Rotational 
Speed 
Regulator 

I.... 
0 .... 

-c .2 .... :J 
.~ "'0 

I.... 
0 

~ 
:::!: 

"0 -c 
I.... .... .... "'0 
C 3: 0 
0 I 
0 Q) 
I.... .!!! 
.~ :J 
:::!: a.. 

quires a sinusoidal current flow in its windings and 
does not depend on the shape of the applied volt­
age. The following section discusses the synthesis 
of a sinusoidal voltage waveform from a PWM out­
put. 

Synthesis of a Sine-Waveform 
Using PWM 

As shown in Figure 4, a sine-wave can be formed by 
a number of synthesis points-each represented by 
a PWM signal corresponding to the amplitude of the 
sampled point. If T p is the time period of the PWM 
signal then the maximum amplitude (positive peak) 
of the sine-wave will be represented by a PWM sig­
nai which .has a high-time = T p. The high-time of the 
PWM signal can be varied by selecting different 
compare values (in compare mode of the PTRA) 
which corresponds to different amplitude levels in a 
sine-wave. If T s is the time period of the synthesised 
sine-wave and S is the number of systhesis points 
for one full period of the sine-wave, then 

Ts = S.Tp 

It is essential that a timer unit must have the follow­
ing features to generate PWM signals, 

1. Compare registers. 

2. PWM outputs (at least three needed for a 3-phase 
motor control). 

3. Capability to auto-reload the timer (a feature 
which allows to vary the T p). 

Intermediate Circuit Voltage Rectifier 

0163-3 

Figure 3. Circuit Diagram of a Converter for 3-Phase Motors 
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Figure 4. Pulse Width Modulation Using Timer 2 Cycle 

The pulse width modulation of samples representing 
a sine-wave is shown in Figure 5. A high-time of 
50% duty cycle represents an amplitude of zero 
magnitude, whereas an almost 100% high-time rep­
resents the positive peak and an almost 0% high­
time represents the negative peak. In the SAB 
80535/515 the maximum count rate of Timer 2 is 
750 ns at 16 MHz oscillator frequency. The full count 
value (OFFFFH) minus the reload value of Timer 2 
represents the T p. For example, a reload value of 
OFCOOH will result in a T p of 1024 counts (OFFFFH­
OFCOOH) or 1024 x 0.75 = 770.25 p.s. The count of 
1024 can also be interpreted as 1024 different com­
pare values to represent 1024 different samples 
point in a given period of a sine-wave whereas T p 
when expressed as a unit of time represents the 
PWM frequency. This would imply a positive peak 
could be represented by a pulse which will remain 
high for 770.25 p.s. The full count value minus the 
reload value of Timer 2 is also referred to as the 
resolution of the PWM signal. As the reload value 
approaches the full count, the! p count decreases, 
implying an increase in the PWM frequency but de-
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crease in the resolution of the PWM signal. For ex­
ample, using a reload value of OFCOOH in the PTRA 
unit of the SAB 80535/515 one can achieve a PWM 
frequency of 1.302 kHz with a resolution of 10 bits. 
Similarly, using the PTRA unit at 16 MHz oscillator 
frequency, one can achieve 8-bit resolution with a 
PWM frequency of 5.208 kHz, a 6-bit resolution with 
a PWM frequency of 20.83 kHz and a 5-bit resolution 
with a PWM frequency of 41.67 kHz. Clearly, there is 
a compromise between the PWM frequency and res­
olution of the PWM signal. One can also have more 
than one PWM pulse per sample point. If N is the 
number of equal pulses per synthesis point then 

Ts=S.N.Tp 
or fs = fp/S.N 

where, 

fs = frequency of the synthesised 

sine-wave 

fp = frequency of the PWM signal 
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Figure 5. Synthesis of a Sine-Wave Using PWM 

The PWM frequency depends upon the crystal oscil­
lator frequency of the microcontroller. The number 
of synthesis points for each full sine-wave cycle 
must be a multiple of six as otherwise a 120 degree 
phase displacement cannot be achieved for a three 
phase operation. Based on these requirements, the 
Table 2 illustrates some values for fs. 

From Table 2 it is clear that a series of sine-waves 
with a wide range of frequencies can be synthesized 
using the PWM technique. However, an improper se­
lection of the fp could cause oscillations and audible 
"chirps" when a mechanical resonance is met at a 
particular frequency while controlling a 3-phase mo­
tor. As fp increases the resolution of the PWM de­
creases and only fewer samples are available to 
synthesize a sine-wave. The maximum synthesized 
sine-wave frequency fs is obtained at a high PWM 
frequency with fewer synthesis points per period and 
as the fp decreases or the number of synthesis 
points increase the frequency of the synthesized 
sine-wave decreases. Clearly, continuous sinusoidal 
frequency variations require alterations of the PWM 
frequency-a job which the SAB 80535/515 can 
perform quite easily. 
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Conclusion 

Besides performing the PWM support to control 3-
phase motors, the SAB 80535/515 has additional 
on-chip features which makes it the. ideal solution for 
many control applications. On-chip peripherals such 
as three timer/counters, 6 x 8-bit ports, A/D con­
verter with programmable reference voltages, 
watchdog timer, baud-rate generator and a serial in­
terface allow versatile applications in the field of au­
tomotive, industrial and consumer electronics. 

References 
1. Siemens SAB 80535/515 user's manual. 

2. Frequency converter for driving asynchronous 
three-phase motors designed with new micro and 
power electronic components Siemens applica­
tion note. 
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Table 2. Different Values for fs 

Timer 2 
Clock 

Timer 2 
Reload fp In Hz 

In MHz 
Count S N fs In Hz 

Value Rate 

OFFCOH 20833 16· 750 ns 18 1 1157.4 
OFFCOH 20833 16 750 ns 18 2 578.69 
OFFCOH 20833 16 750 ns 18 4 289.35 
OFFCOH 20833 16 750 ns 54 1 385.80 

• • • • • • • 
• • • • • • • 

OFOOOH 326 16· 750 ns 12 1 27.12 
OFOOOH 326 16 750 ns 12 2 13.56 

• 0 • • • • • 
• • • • • • • 

OFFCOH 15625 12 1000 ns 24 1 651.04 
OFFCOH 15625 12 1000 ns 24 2 325.52 
OFFCOH 15625 1'2 1000 ns 54 1 289.35 

• • • • • • • 
OFOOOH 244 12 1000 ns 24 1 10.16 
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Introduction 

This application note describes how any two port 
pins of the SAB 805151535 rilicrocontro/ler can be 
programmed to perform the data transmit and re­
ceive line functions of the ISDN Oriented Modular 
(10M) interface. 

Digitization of telephone networks not only increas­
es transmission rates but allows more than one sig­
nal to be sent over a telephone line simultaneously. 
This capability to offer voice and a multiplicity of 
data services over one network with standard inter­
faces and call set-up procedures is the real driving 
force behind today's telecom/datacom revolution. 

This one network is called ISDN-the Integrated 
Services Digital Network. 

Integrated Telecommunication and data commu­
nication services together on one sys­
tem. 

Services 

Digital 

Network 

Voice, data, text, picture, video, telex, 
facsimile, telemetry, alarms, and more. 

Digital transmission from end to end, 
with voice digitization handled at the 
terminal. 

One worldwide network, based on ex­
isting public telephone lines, providing 
standard interfaces and call proce­
dures familiar to everyone. 

ISDN-Standards for Interconnectability 

The international Telegraph and Telephone Consul­
tative Committee (CCID) has published a series of 
recommendations that have become the industry 
standard. These recommendations include ISDN 
definitions for two different groups of transmission 
speeds: 

Basic Access Rate: 144 Kbits/s user information. 

Basic access is configured as two 64 Kbits/ s B­
channels for voice or data transmission a.nd one 
16 Kbits/s D-channel for signaling or packet 
switched data. This is abbreviated as 2xB + D. It is 
used to connect voice/data terminals to either a pri­
vate branch exchange (PBX) or directly to the public 
central office exchange (CO). 

@ Siemens Components, Inc. 

Primary Access Rate: 1.544 Mbitsls user informa­
tion in USA and Japan. 

Primary rates are used to transmit large amounts of 
data. The increased transmission rate helps to re­
duce the time of transmission and hence the cost of 
transmission. 64 Kbits/s channels are configured as 
23xB + 0 in USA/Japan. 

Siemens provides a number of dedicated solutions 
in the form of devices; system integration and soft­
ware for ISDN. To make theinterconnectivity of 
such ISDN devices possible, Siemens developed 
the ISDN Oriented Modular (10M) architecture. The 
Siemens 10M (rev 2) architecture is fast becoming 
the de-facto standard for telecom designs. Many IC 
companies (Siemens, AMD, National and AT&T) 
now support this standard. Although a rich array of 
devices currently exists to support the bus, the Tele­
com market is expanding at such a rate that not all 
applications are covered. It is now Siemens' intent to 
have 10M interface available on all ISDN devices. 
Complete ISDN systems from terminals, terminal 
adapters, network terminators and transmission re­
peaters to line cards for digital exchange systems 
can be optimally designed using the 10M family of 
ICs. 

ISDN Oriented Modular (10M) Architecture 

The 10M interface is a standard 4-wire focal inter­
face for the interconnection of ISDN-devices within 
the ISDN basic access. It consists of a receive and a 
transmit data line, an 8 KHz frame signal (FSC) and 
a 512 KHz data clock signal (DCl). The interface is 
tailor-made to fit the needs of the ISDN basic ac­
cess. Typical applications shown in Figure 1 are: 

In a repeater; two identical transmission devices ara 
set back-to-back to achieve an increase in ranGcL 

In an NT (Network Termination); two different tr:-.ns­
mission devices are combined to convert between 
the Sand U interface. 

In the terminal (TE) and the exchange; the 10M inter­
face interlinks the layer 1 and layer 2 device. In addi­
tion to the point to point configuration, the IO~.I-inter­
face can support a point-multipoint configuration. 
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In all applications the ISDN data rate of 144 Kbits The two D-channel-bits, the four Command/lndi-
(2xB + 1xD) has to be transferred across the 10M cate-bits (which control the activation/deactivation 
interface transparently. In addition, there is a need procedure), the T-bit and the E-bit are transferred in 
for the exchange of control information for activa- the fourth octet. The E-bit supports the handling of 
ting/deactivating layer 1 and for switching test the monitor channel and the T-bit is reserved for a 
loops. A few applications require further capacity to transparent 1 Kbit channel. 
transfer maintenance information via this interface. 
All this information is transferred in a time-division 
multiplexed mode based on an 8 KHz frame struc­
ture (Figure 2) and assigned to the following four 
octets per frame and direction: 

The 64 Kbits/sec channels B1 and B2 occupy the 
first two octets. 

The third octet (monitor channel) is used for trans­
ferring the maintenance information. 
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These four octets per frame constitute a bit rate of 
256 Kbps. The transmission rate depends on one of 
the following modes: 

Normal Mode: Data Rate: 256 Kbps 
Bit Rate: 256 Kbps 
Clock Frequency: 512 KHz 

MUXMode: Data Rate: 256 Kbps 
Bit Rate: 2.048 Mbps 
Clock Frequency: 4.096 MH 
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Figure 3. 10M Interface Timing 

In the multiplex mode the outputs of up to eight layer 
1 devices may be connected together to form an 
eight-time-slot 10M interface bus with a 2 MHz data 
rate. The physical timing of the 10M-interface in dif­
ferent modes is shown in Figure 3. 

SAB 80515/535 Role 

The primary role of the SAB 80515/535 microcon­
troller in generating the 10M interface in normal 
mode is to accept the frame synchronization (FSC) 
signal as an input and based on this signal identify 
the four octets on the receive and transmit data 
lines. Any two port pins of the SAB 80515/535 can 
be used as the transmit and receive data lines. The 
PTRA unit of the SAB 80515/535 plays a major role 
not only in defining the octets but also in generating 
and receiving the data bit stream over the transmit 
and receive lines in synchronization with the frame 
and data clock signals. In this respect the SAB 
80515/535 falls into a unique family of microcontrol­
lers which can perform this function. 

PTRA Unit of the SAB 805151535 

The Programmable Timer/Counter Register Array 
(PTRA) of the SAB 80535/515 has a time-base 
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which is a programmable 16-bit timer/counter also 
known as the Timer 2. Timer 2 is the only onEil that 
can serve the PTRA. 

The PTRA consists of the following registers: 

T2CON Timer 2 control register 

Tl2 Timer 2 register, low-byte 

TH2 Timer 2 register, high-byte 

CRCl Compare/reload/capture register, low-byte 

CRCH Compare/reload/capture register, high-byte 

CCl1 Compare/capture register 1, low-byte 

CCH1 Compare/capture register 1, high-byte 

CCl2 Compare/ capture register 2, low-byte 

CCH2 Compare/capture register 2, high-byte 

CCl3 Compare/capture register 3, low-byte 

CCH3 Compare/capture register 3, high-byte 

CCEN Compare/capture register enable register 

For brevity, the double-byte Compare/Reload/Cap­
ture register is called CRC register, and the three 
double-byte Compare/Capture registers are called 
CC registers 1 to 3. The PTRA shares Port 1 pins for 
hardware interfacing as shown in Table 1. 
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Table 1. Hardware Interfacing for the PTRA Unit 

Port Pin Name Function 

P1.0 INT3/CCO Compare Output/Capture Input for the CRC Register 
P1.1 INT4/CC1 Compare Output/Capture Input for CC Register 1 
P1.2 INT5/CC2 Compare Output/Capture Input for CC Register 2 
P1.3 INT6/CC3 Compare Output/Capture Input for CC Register 3 
P1.5 T2EX External Reload Trigger Input 
P1.7 T2 External Count or Gate Input to Timer 2 

Pl.5/T2EX ()oO-------------T-21-0----+II~. 
T I "'~, . 

P1.7/T2 L 
rOSC/12 

Capture 

CCL3/CCH3 CC3/CCH3 CC3/CCH3 CC3/CCH3 

Figure 4. Block Diagram of the PTRA Unit 
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In addition to supporting the operational modes of a 
timer or a counter, the PTRA provides the following 
features for the Timer 2. 

-16-bit reload 
-16-bit compare 
-16-bit capture 

Figure 4 shows a block diagram of the PTRA unit. 

The Timer 2 of PTRA can operate either as timer, 
event counter, or gated timer. In timer mode, the 
count rate is derived from the oscillator frequency. A 
2:1 pre-scaler makes it possible to select a count 
rate of 1/12 or 1/24 of the oscillator frequency. In 
either case, no matter whether Timer 2 is configured 
as timer, event counter, or gated timer; when the 
count rolls over from all 1 's to all O's it sets the Timer 
2 overflow flag which can generate an interrupt. In 
counter mode, the Timer 2 register is incremented in 
response to a 1-to-0 transition at its corresponding 
external input pin T2 (P1.7). 

The reload mode of the PTRA unit allows contents 
of Timer 2 to be reloaded from the CRC register at 
the time when Timer 2 rolls over from all 1 's to all 
O's. The 16-bit reload from the CRC register to Timer 
2 registers can also be caused by a negative tran­
sition at port pin P1.5. 

In the compare mode, the 16-bit values stored in the 
dedicated compare registers of the PTRA are com­
pared with the contents of the Timer 2 registers Tl2 
and TH2. If the count value in the Timer 2 register 
matches the stored value an appropriate output sig­
nal is generated at the corresponding port 1 pin, and 
an interrupt can also be enabled. 

In the PTRA compare mode-O, the output signals at 
port pins P1.1 through P1.3 change from low to high 
upon a match of the corresponding CC1 through 
CC3 register contents with contents of the Timer 2 
registers. The outputs then go back to a low level on 
Timer 2 overflow, and Timer 2 restarts by reloading 
the CRC register contents. In the second mode of 
operation the output port pins P1.0 through P1.3 can 
be caused to toggle at compare events, thereby re­
sulting in the generation of square waves at these 
outputs. In this mode the Timer 2 overflow has no 
affect on the output port pins. Each of the three· 
compare/ capture and the CRC registers of the 
PTRA unit can be used to latch the current 16-bit 
value of the timer 2 in one of them. This latching 
could either be caused by an external event or upon 
writing to the low-order byte of the dedicated 16-bit 
capture register. Either a rising or a falling edge can 
be selected to cause the capture from Timer 2 into 
the CRC register, whereas for the CC registers 1 to 3 
a positive. transition causes the capture. 

@ Siemens Components, Inc. 

10M Interface Using the SAB 80515/535 

The high speed of the SAB 80515/535 microcontrol­
ler allows its machine cycle (1/12 of oscillator fre­
quency) to be twice as fast as the Del which means 
the microcontroller can easily handle two DCls per 
data bit. To achieve this, the crystal oscillator fre­
quency is selected at 24 times the data clock i.e., 
24x512 KH = 12.288 MHz. As a result, the Timer 2, 
which is programmed to operate in mode 1, also 
counts as twice the rate of the data clock. Timer 2 is 
programmed to increment at the rate of 1024 KHz 
as opposed to counting at the data clock rate of 512 
KHz. Though the latter could be accomplished by 
connecting the data clock to port pin P1.7 of the 
microcontroller and letting the Timer 2 count in the 
external count mode. But this is not desirable as the 
count rate of 1024 KHz gives a higher resolution for 
the compare feature. However, the synchronization 
is achieved by programming the Timer 2 to count at 
a value of OFF80H every time the falling edge of the 
FSC (Frame Synchronization) signal is detected at 
port pin P1.5. The falling edge of the FSC signal 
coincides with the occurrence of the first data bit in 
octet 3 (monitor channel). 

With OFF80H being the start value of Timor 2 which 
also marks the beginning of third octet, the othor 
octets occur 32 counts apart. This derives from the 
fact that there are two DCls per data bit (4 machine 
cycles or 4 counts per data bit) and there are 8 data 
bits per octet. Based on this analogy, the octets 3, 4, 
1 and 2 occur at the Timer 2 count values of 
OFF80H, OFFAOH, OFFCOH and OFFEOH respective­
ly as shown in Figure 5. In other words, if the com­
pare interrupt was invoked at these count values, 
the user will be in the desired octet to transmit or 
receive a data bit stream. However, the delay in­
volved in processing the interrupt will also delay the 
occurrence of a dat bit at the desired DCl. To under­
stand the compare interrupt handling in the SAB 
80515/535, one will first have to understand the ba­
sic machine cycle timings of the SAB 80515/535. 

A machine cycle consists of 6 states (12 oscillator 
periods). Each state is divided into two phases­
phase 1 and phase 2. Thus a machine cycle con­
sists of 12 phases or 12 oscillator periods, num­
bered S1 P1 (state 1, phase 1) through S6P2 (state 
6, phase 2). Each phase lasts or one oscillator peri­
od and each state lasts for two oscillator periods. 
Timer 2 is incremented in S1 P1 of every machine 
cycle. An internal compare signal is generated in 
S2P2, if Timer 2 increments to the compare count in 
one of the compare registers CC1 through CC3. The 
compare signal is active as long as the Timer 2 con­
tents are equal to one of the compare registers. For 

8-87 



the compare registers CC1 to CC3 an interrupt is 
always requested and a flag is set when the com­
pare signal goes active. The interrupt flags are sam­
pled in S5P2 of every machine cycle. The samples 
are polled during the following machine cycle. If one 
of the flags was in a set condition in S5P2 of the 
preceding cycle, the polling cycle will find it and the 
interrupt system will generate an LCALL to the ap­
propriate service routine. As shown in Figure 6 a 
standard interrupt handling procedure can take 
about 4 machine cycles. For exceptions please refer 
to the SAB 80515/535 user's manual. 

ocml I OCTET 2 

rsc I I ocm3 

SIGNAL I I 
I I 
I I 

~I 
ACTUAL ocm COUNT: or¢SOH 

I 
T 

COMPARE EVENT COUNT: orrS2H 

Based on above facts, in the present application, 
two DCLs (4 machine cycles) have already elapsed 
before the program enters into the compare subrou­
tine. To avoid this delay, the compare interrupt sub­
routine is invoked 30 machine cycles or 15 DCLs 
before the desired octet. Therefore the compare 
event for different octets occur at the following 
count values: 

Octet 1, count value = OFFA2H 
Octet 2, count value = OFFC2H 
Octet 3, count value = OFFE2H 
Octet 4, count value = OFF82H 

ocml I ocm2 

I I I OCTET 3 OCTET 4 I I 
I I 

I I ~ I 

I I or~EOH 
I I 
I I I 

or~AOH or~coH 
T 
orrE2H 

I I 
T T 
orrA2H orrc2H 
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Figure 5. Octet Placement in FSC Signal 
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In either transmit or receive mode, when compare 
interrupt occurs at one of the above count values, 
the microcontroller performs no-operation until 30 
machine cycles elapse. At that instant, the micro­
controller sends out or receives the data bit stream 
as that is the beginning of the desired octet. 

System Implementation 

The program listing (refer to Appendix A) has two 
subroutines-one for transmit and the other for re­
ceive mode. In either case the data variable "count" 
holds the lower byte of the desired octet to perform 
the compare match. In transmit mode the data is 
taken from external memory and in the receive 
mode the data is stored in the external memory 
starting at address OOOH. The total time spent in the 
compare interrupt subroutine to transmit or receive a 
byte varies from 75 to 82 machine cycles. This varia­
tion is caused due to the time spent in deciding 
whether or not the byte transmitted or received is 
the last byte. The next byte is not transmitted or re­
ceived until the next octet in subsequent frame i.e., 
128 machine cycles later. Therefore the CPU is free 
for 128 machine cycles minus the time spent in ma­
chine cycles in the compare interrupt subroutine. 
However more time could be made available for the 
CPU by cutting down the number of Naps in the 
compare interrupt subroutine and by increasing the 
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compare count to compensate for the number of 
Naps removed. In that case the compare event 
could occur as close as 4 machine cycles before the 
desired octet count. 

Any two port pins of the SAB 80515/535 can be 
used as the data transmit and data receive lines. In 
this application port pin P3.0 is used as the receive 
data line and the port pin P3.1 is used as the trans­
mit data line. Figure 7 shows the basic SAB 80535 
circuit required to run the subroutines. The pins used 
for the 10M interface are also shown. The other on­
chip peripherals namely the serial port, Timer 0 and 
Timer 1, the watchdog timer, the A/D converter and 
30 I/O lines are still available to perform any other 
system functions. 

Figure 8 shows an IDSN application where the SAB 
80515/535 is being used as a terminal interfaced to 
an ISDN network simulator over the S-interface. 

References 
1. Siemens, 8-Bit Single-Chip Microcontroller Hand­

book, 1989/90. 

2. Siemens, Telecommunications Data Book, 1987. 

3. Total ISDN Commitment, a Siemens Brochure. 
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IOMW 10M Interface Appendix A 

00A2 

0000 

1 
2 
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5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

0000 020100 26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

$Mod515 
$Page1ength(70) 
$Oebug 
$Tit1e (10M Interface Appendix A) 

;************************************************************ 
;* 10M Interface Program: * 
;* In the following program the variable "Count" * 
;* count in which the data byte is to be transmitted. * 
;* The valid octet counts are: for octet 1, count = * 
;* OA2H; octet 2, count = OC2H; octet 3, count = OE2H; * 
;* octet 4, count = 82H. These bytes are stored in the * 
;* external data memory. The bytes appear in the * 
;* desired octet in every subsequent frame until * 
;* the last byte is transmitted. The external * 
;* oscillator frequency is 12.288 MHz (24 x 512 KHz). * 
;************************************************************ 

Count EQU OA2H ;Octet 1=A2,2=C2,3=E2,4=82. 

Cseg at OH 

LJMP 

.************************************************************ , 
;* Write_10M_Subroutine: * 
;* The following subroutine happens 30 machine cycles * 
;* (15 OCLs) before the occurrence of the desired * 
;* octet. The data byte is output on port bit P3.1 * 
;* coinciding with the occurrence of the desired * 
;* octet. The data byte is taken from external * 
;* memory and the data pointer to external * 
;* memory is incremented after a byte is transmitted * 
;* over the 10M interface. The subroutine is * 
;* exited before the arrival of the falling edge * 
;* of the FSC at port 'pin Pl.5. * 
.************************************************************ , 

005B 41 
42 
43 
44 
45 

Org 5BH ;Compare 1 interrupt routine. 

005B 

005B C2BB 

0050 00 
005E 00 
005F 00 
0060 00 
0061 00 
0062 00 
0063 00 
0064 00 
0065 00 
0066 00 
0067 00 

46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 

Write_10M_Subroutine: 

CLR IEN1.3 

NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 

. © Siemens Components, Inc. 

;4 mlc for servicing the 
routine. 

;7th mlc into the frame. 

;8th mlc into the frame. 
;9th m/c into the frame. 
;10th m/c into the frame. 
;1lth mlc into the frame. 
;12th mlc into the frame. 
;13th mlc into the frame. 
;14th mlc into the frame. 
;15th mlc into the frame. 
;16th mlc into the frame. 
;17th mlc into the frame. 
;18th mlc into the frame. 

8-91 



IOMW 10M Interface Appendix A 

0068 00 58 NOP ;19th m/c into the frame. 
0.069 00 59 NOP ;20th m/c into the frame. 
006A 00 60 NOP ;21th m/c into the frame. 
006B 00 61 NOP ;22th m/c into the frame. 
006C 00 62 NOP ;23th m/c into the frame. 
006D 00 63 NOP ;24th m/c into the frame. 
006E 00 64 NOP ;25th m/c into the frame. 
006F 00 65 NOP ;26th m/c into the frame. 
0070 00 66 NOP ;27th m/c into the frame. 
0071 00 67 NOP ;28th m/c into ·the frame. 

68 
0072 13 69 RRC A ;29th m/c into the frame. 
0073 00 70 NOP ;30th m/c into the frame. 
0074 92Bl 71 MOV P3.1,C ;Two more cycles. 

72 
0076 13 73 RRC A ;New octet, first bit arrives. 
0077 00 74 NOP ;34th cycle. 
0078 92Bl 75 MOV P3.1,C ;Second bit sent. 

76 
007A 13 77 RRC A ;Third bit to carry flag. 
007B 00 78 NOP ;38th cycle. 
007C 92Bl 79 MOV P3.1,C ;Third bit sent 

80 
007E 13 81 RRC A ;Fourth bit to carry flag. 
007F 00 82 NOP ;42nd cycle. 
0080 92Bl 83 MOV P3.1,C ;Fourth bit sent. 

84 
0082 13 85 RRC A ;Fifth bit to carry flag. 
0083 00 86 NOP ;46th cycle. 
0084 92Bl 87 MOV P3.1,C ;Fifth bit sent. 

88 
0086 13 89 RRC A ;Sixth bit to carry flag. 
0087 00 90 NOP ;50th cycle. 
0088 92Bl 91 MOV P3.1,C ;Sixth bit sent. 

92 
008A 13 93 RRC A ;Seventh bit to carry flag. 
008B 00 94 NOP ;54th cycle. 
008C 92Bl 95 MOV P3.1,C ;Seventh bit sent. 

96 
OOBE 13 97 RRC A ;Eighth bit to carry flag. 
008F 00 98 NOP ;58th cycle. 
0090 92Bl 99 MOV P3.1,C ;Eighth bit sent. 

100 
0092 00 101 NOP ;122th DCL (61st cycle). 
0093 00 102 NOP ;62nd cycle. 
0094 00 103 NOP ;63rd cycle. 
0095 D2Bl 104 SETB P3.1 ;32nd DCL (64th cycle). 

105 
0097 A3 106 INC DPTR ;Increment the data pointer. 
0098 EO 107 MOVX A,@DPTR ;Load the acc. with next byte. 
0099 A883 108 MOV RO,DPH ;To compare if end of array 
009B B8FF08 109 CJNE RO,#OFFH,CONTI ;Compare the high byte first. 
009E A882 110 MOV RO,DPL ;Load the lower byte for comparison. 
OOAO B8FF03 111 CJNE RO,#OFFH,CONT1 ;Compare the lower byte. 

112 
00A3 900000 113 MOV DPTR,#OOH ;Initialize the data pointer. 

114 
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00A6 
00A6 C2C3 
00A8 D2BB 
OOAA 32 

0100 

0100 900000 
0103 75CI00 
0106 75BOFF 

0109 75C3FF 
010e 75C2A2 
010F 75CBFF 
0112 75CA80 
0115 75CDFF 
0118 75CC81 
011B D2CA 
011D 75CI08 
0120 D2F 

0122 758910 
0125 758DFF 
0128 758BDO 

012B 
012B 2096FD 
012E 3096FD 
0131 D28E 
0133 308FFD 

0136 75C81D 
0139 D2BB 

013B 213B 

10M Interface Appendix A 

115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140' 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 

CONTI: 
CLR IRCON.3 
SETB IEN1.3 
RETI 

;************************************************************ 
;* Write_IOM_Set-Up: * 
;* In this program the registers are set up to * 
;*, allow compare to happen at the "count" value. The * 
;* PTRA unit of the SAB 80535 is programmed in the * 
;* compare mode 1. The "count" value is assigned * 
;* to the compare register 1 and the corresponding * 
;* interrupt is enabled. The Timer 2 of the PTRA * 
;* unit is programmed to restart at a value of FF80H * 
;* on the arrival of the falling edge of the * 
;* FSC signal. * 
;************************************************************ 

ORG 100H 
Main_Begin: 

Start: 

MOV 
MOV 
MOV 

DPTR,#OOH 
CCEN,#OOH 
P3,#OFFH 

MOV CCH1,#OFFH 
MOV CCL1,#Count 
MOV CRCH,#OFFH 
MOV CRCL,#080H 
MOV TH2,#OFFH 
MOV TL2,#81H 
SETB T2CM 
MOV CCEN,#08H 
SETB EAL 

MOV TMOD,#lOH 
MOV TH1,#OFFH 
MOV TL1,#256-48 

JB P1.6,$ 
JNB P1.6,$ 
SETB TRl 
JNB TF1,$ 

MOV T2CON, # IDH 
SETB IEN1.3 

AJMP $ 

end 

;DPTR = (Start of data array) • 
;Disable compare mode. 
;SDO, SDI lines are high. 

;Compare register has a value 
;corresponding to the octet desired. 

;Reload = OFFFH - 128 (32x4) 

;To avoid compare at FF80H 
;T2 in compare mode 1 
;Compare mode enabled 
;Master interrupt Bit enabled. 

;Timerl to cause more than 
;quarter of a frame delay 
;to avoid match before reload. 

;Prepare for start pulse arrival. 
;Wait for the start pulse, 1 m/c. 
;So far 2 mlc into the frame. 
;Wait for another 49 mlc 

;T2 auto reload from Pl.5. 
;Compare interrupt 1 enable. 

;Wait for a match. 

ASSEMBLY COMPLETE, 0 ERRORS FOUND 
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00A2 

0000 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

0000 020100 26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

005B 40 
41 

005B 42 
43 

005B C2BB 44 
45 

005D 00 46 
- 005E 00 47 

005F 00 48 
0060 00 49 
0061 00 50 
0062 00 51 
0063 00 52 
0064 00 53 
0065 00 54 
0066 00 55 
0067 00 56 
0068 00 57 
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10M Interface 

$Mod515 
$Pagelength(73) 
$Debug 
$Title (10M Interface 

Appendix A 

Appendix A) 

;************************************************************** 
;* 10M Interface Program: * 
;* In the following program the variable "Count" * 
;* holds the octet count from which the data byte is to be * 
;* received. The valid octet counts are: for octet 1, * 
;* count = OA2H; octet 2, count = OC2H; octet 3, * 
;* count = OE2H; octet 4, count = 82H. These bytes are * 
;* stored in the external data memory. The bytC8 n~c rend * 
;* from the desired octet in subsequent frames until the * 
;* last byte is transmitted. The external crystal * 
;* oscillator frequency is 12.288 MHz (24 x 512 KHz). * 
;************************************************************** 

Count EQU OA2H ;Octet 1=A2,2=C2,3=E2,4=82. 

Cseg at OH 

LJMP Main_Begin 

;************************************************************** 
;* Read_10M_Subroutine: * 
;* The following subroutine happens 30 machine cycles * 
;~ (15 DCLs) before the occurrence of the desired * 
;* octet. The data byte is read from port bit * 
;* P3.0, 3-4 DCLs after the occurrence of the desired * 
;* octet. The data byte is stored in external memory * 
;* . and the data pointer to external memory * 
;* is incremented after the byte is received * 
;* over the 10M interface. The subroutine is * 
;* exited before the next compare event. * 
;************************************************************** 

Org 5BH ;Compare 1 interrupt routine. 

Write_10M_Subroutine: ;4 mlc for servicing the routine. 

CLR lEN1.3 ;7th mlc into the frame. 

NOP ;8th mlc into the frame. 
NOP ;9th mlc into the frame. 
NOP ;10th mlc into the frame. 
NOP ;llth mlc into the frame. 
NOP ;12th mlc into the frame. 
NOP ;13th mlc into the frame. 
NOP ;14th mlc into the frame. 
NOP ;15th mlc into the frame. 
NOP ;16th mle into the frame. 
NOP ;17th mlc into the frame. 
NOP ;18th mlc into the frame. 
NOP ;19th mlc into the frame. 
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0069 00 58 NOP ;20th mlc into the frame. 
006A 00 59 NOP ;21th mlc into the frame. 
006B 00 60 NOP ;22th mlc into the frame. 
006C 00 61 NOP ;23th mlc into the frame. 
006D 00 62 NOP ;24th mlc into the frame. 
006E 00 63 NOP ;25th mlc into the frame. 
006F 00 64 NOP ;26th mlc into the frame. 
0070 00 65 NOP ;27th mlc into the frame. 
0071 00 66 NOP ;28th mlc into the frame. 
0072 00 67 NOP ;29th mlc into the frame. 
0073 00 68 NOP ;30th mlc into the frame. 
0074 00 69 NOP ;31th mlc into the frame. 
0075 00 70 NOP ;32th mlc into the frame. 

71 
0076 00 72 NOP ;New octet. 
0077 A2BO 73 MOV C,P3.0 ;First bit read. 
0079 13 74 RRC A ;First bit into the acc. 
007A 00 75 NOP ;36th mlc inth the frame 

76 
007B 00 77 NOP ;37th mlc into the frame. 
007C A2BO 78 MOV C,P3.0 ;Second bit read. 
007E 13 79 RRC - A ;Second bit into the acc. 
007F 00 80 NOP ;40th mlc into the frame. 

81 
0080 00 82 NOP ;41st mlc into the frame. 
0081 A2BO 83 MOV C,P3.0 ;Thi rd bi tread. 
0083 13 84 RRC A ;Third bit into the acc. 
0084 00 85 NOP ;44th cycle. 

86 
0085 00 87 NOP ;45th mlc into the frame. 
0086 A2BO 88 MOV C,P3.0 ;Fourth bit read. 
0088 13 89 RRC A ;Fourth bit into the acc. 
0089 00 90 NOP ;48th machine cycle. 

91 
008A 00 ,92 NOP ;49th mlc into the frame. 
008B A2BO 93 MOV C,P3.0 ;Fifth bit read. 
008D 13 94 RRC A ;Fifth bit into the acc. 
008E 00 95 NOP ;52nd cycle. 

96 
008F 00 97 NOP ;53rd machine cycle. 
0090 A2BO 98 MOV C,P3.0 ;Sixth bit read. 
0092 13 99 RRC A ;Sixth bit into the acc. 
0093 00 100 NOP ;56th machine cycle. 

101 
0094 00 102 NOP ;57th machine cycle. 
0095 A2BO 103 MOV C,P3.0 ;Seventh bit read. 
0097 13 104 RRC A ;Seventh bit into the acc. 
0098 00 105 NOP ;60th machine cycle. 

106 
0099 00 107 NOP ;61st machine cycle. 
009A A2BO 108 MOV C,P3.0 ;Eighth bit read. 
009C 13 109 RRC A ;Eighth bit into the acc. 

110 
009D A3 III INC DPTR :Increment the data pointer. 
009E FO 112 MOVX @DPTR,A ;Save the acc. at the next byte. 
009F A883 113 MOV RO,DPH ;To compare if end of array 
00A1 B8FF08 114 CJNE RO,#OFFH,CONTI ;Compare the high byte first. 
00A4 A882 115 MOV RO,DPL ;Load the lower byte for comparison. 
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00A6 B8FF03 116 
117 

00A9 900000 118 
119 

OOAC 120 
OOAC C2C3' 121 
OOAE D2BB 122 
OOBO 32 123 

0100 
0100 
0100 900000 
0103 75C100 
0106 75BOFF 

0109 75C3FF 
010C 75C2A2 
desired. 
010F 75CBFF 
0112 75CA80 
0115 75CDFF 
0118 75CC81 
011B D2CA 
011D 75C108 
0120 D2AF 

124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 

148 
149 
150 
151 
152 
153 
154 
155 

0122 758910 156 
0125 7580FF 157 
0128 758BDO 158 

012B 
012B 2096FD 
012E 3096FD 
0131 D28E 
0133 308FFD 

159 
160 
161 
162 
163 
164 
165 

0136 75C810 166 
0139 D2BB 167 

168 
013B 213B 169 

170 

CONTI: 

CJNE RO,#OFFH,CONTI ;Compare the lower byte. 

MOV DPTR,#OOH ;Initia1ize the data pointer. 

CLR 
SETB 
RETI 

IRCON.3 
IEN1.3 

;******************************************************** 
;* Read_IOM_Set-Up: * 
;* In this program the registers are set up to * 
;* allow compare to happan at the "count" value. The * 
;* PTRA unit of the SAB 80535 is programmed in the * 
;* compare mode 1. The ncountn value is assigned * 
;* to the compare register 1 and the corresponding * 
;* interrupt is enabled. The Timer 2 of the PTRA * 
;* unit is programmed to restart at a value of FF80H * 
;* on the arrival of the falling edge of the * 
;* FSC signal. * 
.******************************************************** , 

ORG 100H 
Main_Begin: 

Start: 

MOV 
MOV 
MOV 

MOV 
MOV 

MOV 
MOV 
MOV 
MOV 
SETB 
MOV 
SETB 

MOV 
MOV 
MOV 

JB 
JNB 
SETB 
JNB 

MOV 
SETB 

AJMP 

DPTR,#OOH 
CCEN,#OOH 
P3,#OFFH 

CCH1,#OFFH 
CCL1,#Count 

CRCH,#OFFH 
CRCL,#080H 
TH2,#OFFH 
TL2,#81H 
T2CM 
CCEN,#08H 
EAL 

TMOD,#10H 
TH1,#OFFH 
TL1,#256-48 

P1.6,$ 
P1.6,$ 
TR1 
TF1,$ 

T2CON, #lDH 
IEN1.3 

$ 

;DPTR = (Start of data array). 
;Disab1e compare mode. 
;SDO, SOl lines are high. 

;Compare register has a value 
;corresponding to the octet 

;Re10ad = OFFFFH - 128 (32x4) 

;To avoid compare at FF80H 
;T2 in compare mode 1 
;Compoare mode enabled 
;Master interrupt Bit enabled. 

;Timer1 to cause more than 
;quarter of a frame delay 
;to avoid match before reload. 

;Prepare for start pulse arrival. 
;Wait for the start pulse, 1 m/c. 
;So far 2 mlc into the frame. 
;Wait for another 49 mlc 

;T2 auto reload from P1.5. 
;Compare interrupt 1 enable. 

;Wait for a match. 

171 end 
ASSEMBLY COMPLETE, 0 ERRORS FOUND 
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Memory Access Using the Eight Data 
Pointers of the SAB 80C517/80C537 

The SAB 80C517180C537 has eight 16-bit data 
pointers (DPTR) as opposed to one in other deriva­
tives of the SAB 8051 family of microcontrollers. 
This allows a fast and an efficient transfer of data 
bytes to, from and between program and external 
data memory spaces. An application of this feature 
and the resulting increase in processing power is il­
lustrated in the following example. A comparison is 
made between a block transfer of data using the 
8051 and the 80C517. 

The microcontrollers based on the 8051 architecture 
have the caoabilitv to exoand their memorv address­
ing by going to eXternal· program and data memory 
spaces. This feature is quite useful in applications 
that r~quire more memory space than furnished by 
the on-board ROM and RAM. However, data in the 
program memory and data in the external memory 
can only be accessed through indirect addressing 
using a 16-bit register called the Data Pointer 
(DPTR). The following instructions are used to ac­
cess data or memory mapped peripheral addresses 
using the Data Pointer: 

Move A,@A+DPTR ;Read from Program 
memory 

MOVX A,@DPTR ;Read external Data 
memory 

MOVX @DPTR,A ;Write external Data 
memory 

Almost all microcontrollers based on the 8051 archi­
tecture have only one such data pointer. This puts a 
heavy toll on data transfers requiring access to 
blocks of data stored at different addresses within 
the memory space. For example, in order to transfer 
a block of data from one address to another, one will 
first have to save the source address before using 
the Data Pointer for the destination address and vice 
versa. This operation not only slows down the data 
access as a certain amount of time is spent in saving 
and retrieving the data pointer but also uses the val­
uable internal RAM memory space to save the Data 
Pointer. The limitation of the 8051 architecture with 
one on-board Data Pointer is soon realized when the 
application requires multiple data transfers in the 
shortest possible time or when applications require 
access to a number of external peripherals and/or 
data memory locations. To some extent this limita­
tion is eliminated in the SAB 80C517/80C537 by 
providing eight on-chip Data Pointers. 

8-98 

In order to keep the compatibility of the SAB 
80C517/80C537 with the 8051, whose instruction 
set allows the handling of one single 16-bit Data 
Pointer only, it is not possible to add eight Data 
Pointers with eight different addresses. Instead all 
eight Data Pointers of the SAB 80C517/80C537 
have the address 83H for the High-Byte (DPH) and 
82H for the Low-Byte (DPL). Although the user's 
program may store up to eight different 16-bit ad­
dresses in these eight Data Pointer registers, only 
one register at any given time is active as a Data 
Pointer. The Data Pointer in use is selected by an­
other special function register called DPSEL (Data 
Pointer SELect register). The bit 0 to 2 of this regis­
ter DPSEL selects one of the eight Data Pointers. 
The selected Data Pointer can then be loaded, read 
and manipulated in the usual manner. It can also be 
used with MOVC/MOVX types of instructions. Only 
the selected Data Pointer gets affected while the 
other seven Data Pointers remain unchanged. How­
ever; to activate any other Data Pointer, it is only 
sufficient to reprogram the lower three bits of the 
DPSEL register. This implementation guarantees the 
complete compatibility with the 8051 architecture for 
the Data Pointer in use. 

SAB 8051 DPH (83H) DPL (B2H) 

16 Bit Datoplnter 
I I 

SAB 80C517 rSEL (92H) I ~ wDPH
(B3H) DPL(B2H) 

3 Bit 
Dotopolnter-
select 

16 Bit Dotopolnter 

0289-1 

Figure 1. Data Pointer Register In the S051-Type 
Mlcrocontroller vs. the Data Pointer Array in the 

SAB SOC5171S0C537 

The following programming example demonstrates 
the increase in processing power that results from 
using the additional Data Pointers of the SAB 
80C517180C537. This program copies a block of 
data (e.g., a set of parameters) from the program 
memory (ROM) to the external data memory (RAM). 
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Transfer Program for the 8051 

;DECLARATION OF THE ARRAYS 
;------------------------------------------------------------

CSEG AT 800H ;ROM! 
PAR_ARRAY: DB 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16 

DB 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16 
; ..... etc. 

DB 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16 

END_OF_ARRAY EQU $ 

XSEG AT OOOOH ;EXTERNAL RAM! 
BUFFER: DS 512 
;------------------------------------------------------------

DECLARATION OF THE SHADOW DATAPOINTERS 
DSEG AT 40H 

SHADOW_DPL_O; DS 1 
SHADOW_DPH_O; DS 1 

SHADOW_DPL_1; DS 1 
SHADOW_DPH_1; DS 1 
;------------------------------------------------------------

CSEG AT ~OH 
;LOAD THE SHADOW DATAPOINTERS 

MOV SHADOW_DPL_O,#LOW(PAR_ARRAY) 
MOV SHADOW_DPH_O,#HIGH(PAR_ARRAY) 

MOV SHADOW_DPL_1,#LOW(BUFFER) 
MOV SHADOW_DPH_1,#HIGH(BUFFER) 

;------------------------------------------------------------
LOOP:MOV DPL,SHADOW_DPL_O ;LOAD THE ACTUAL DPTR WITH 

MOV DPH,SHADOW_DPH_O ;POINTER TO PAR_ARRAY 

MOV A,DPL ;CHECK FOR END_ADDRESS 
CJNE A,#LOW(END_OF_ARRAY) ,GO_ON 
MOV A,DPH 
CJNE A,#HIGH(END_OF_ARRAY) ,GO_ON 
LJMP END_LOOP 

GO_ON: 

END 

CLR A 
MOVC A,@A+DPTR ;READ ELEMENT FROM PAR_ARRAY 
INC DPTR ;AND INCREMENT POINTER 
MOV SHADOW_DPL_O,DPL ;SAVE THE ACTUAL DPTR 
MOV SHADOW_DPH_O,DPH ;TO SHADOW_POINTER 
MOV DPL,SHADOW_DPL_1 ;LOAD THE ACTUAL DPTR WITH 
MOV DPH,SHADOW_DPH_1 ;POINTER TO BUFFER 

MOVX @DPTR,A 
INC DPTR 

;WRITE ELEMENT TO EXT. RAM 
;AND INCREMENT POINTER 

MOV SHADOW_DPL_1,DPL ;SAVE THE ACTUAL DPTR 
MOV SHADOW_DPH_1,DPH ;TO SHADOW_POINTER 

SJMP LOOP 

Figure 2. Program Listing using the 8051-Type Microcontroller vs 
the Program Listing using the SAB 80C517/80C537 
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Transfer Program for the 80C517 

jDECLARATION OF THE ARRAYS 
;--------------------

CSEG AT 800H jROMI 
PAR_ARRAY: DB 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16 

DB 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16 

DB 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16 

END_OF_ARRAY EQU $ 

XSEG AT OOOOH jEXTERNAL RAMI 
BUFFER: DS512 
;---~----------------CSEG AT OOH 
jLOAD THE ACTUAL DATAPOINTERS 

MOV DPSEL,#OOH jSELECT AND LOAD POINTER 
MOV DPTR,#PAR_ARRAYjTO PAR_ARRAY 

INC DPSEL ;SELECT AND LOAD POINTER 
MOV DPTR,#BUFFER jTO BUFFER 

;--------------------
LOOP;MOV DPSEL,#OOH ;SELECT FIRST DPTR (POINTER 

jTO PAR_ARRAY) 

MOV A,DPL ;CHECK FOR END ADDRESS 
CJNE A,#LOW(END_OF_ARRAY),GO_ON 
MOV A,DPH 
CJNE A,#HIGH(END_OF_ARRAY) ,GO_ON 
LJMP END_LOOP 

GO_ON: 

END 

CLR A 
MOVC A,@A+DPTR 
INC DPTR 
INC DPSEL 

MOVX @DPTR,A 
INC DPTR 

SJMP LOOP 

;READ ELEMENT FROM PAR_ARRAY 
;AND INCREMENT POINTER 
;SELECT THE SECOND DPTR (POINTER 
;TO BUFFER) 

jWRITE ELEMENT TO EXT. RAM 
;AND INCREMENT POINTER 

Figure 2. Program Listing Using the 8051-Type Mlcrocontroller vs 
the Program Listing Using the SAB 80C517/80C537 (Continued) 
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Program Description 

First the memory spaces utilized are declared in the 
program-an operation which is the same for both 
the 8051 and the 80C517 program. This is done us­
ing the assembler directives CSEG for source data 
field in the ROM and XSEG for destination data field 
in the external RAM. However, in the 8051 program, 
internal RAM space needs to be reserved to allow 
saving of either the source or the destination pointer 
when one of them is not in use. This is implemented 
using the assembler directive DSEG. As the data 
pOinter is a 16-bit register, two 8-bit locations are 
needed for both the source and destination pointers. 
These memory locations have the symbols SHAD­
OW_DPLO and SHADOW_DPH_O and SHAD­
OW_DPL1 and SHADOW_DPH_1 for the 
source and the destination pointers respectively. 
This procedure of memory declaration is however 
not needed in the 80C517 program. 

Following the declaration is the program itself which 
in case of the 8051 requires the loading of the shad­
ow data pointers into the internal RAM whereas in 
the 80C517 program the source and the destination 
addresses are directly written into the Data Pointer 
array. In data transfer subroutine of both the pro­
grams the initial part is quite similar in which it is 
checked whether or not the byte transferred is the 
last byte'in the source array. Following this check is 
the actual transfer in which the byte read from 
source array in ROM is written into the appropriate 
location in the destination array in the external RAM. 
However, the way this transfer is handled by the 
8051 routine is different from that of the 80C517 rou­
tine. 

© Siemens Components, Inc. 

In the 8051 program, the Data Pointer must be load­
ed with the appropriate address from the shadow 
data pointers in the internal RAM, prior to each read 
and write operation. And after every read and write 
operation this address must again be saved in these 
shadow data pointers. This operation of loading and 
saving is completely eliminated in the 80C517 be­
cause of the abundance of the Data Pointer regis­
ters. However, in the 80C517 prior to every read and 
write operation the desired Data Pointer is selected 
by programming the DPSEL register. 

The differences are obvious: In the 8051 program 
two bytes of memory space per address which need 
to be saved are needed in the internal RAM (4 bytes 
in the present example). However, using the 80C517 
up to eight addresses can be directly stored in the 
new data pointer array, thus not occupying any 
space in the internal RAM. In addition the transfer of 
data is less time consuming with the 80C517. Most 
of the time spent in this routine is the time in per­
forming the actual transfer of bytes. The transfer 
time increases as the number of bytes to be trans­
ferred increases. The 8051 program requires lots of 
time for loading and storing the Data Pointer. In 
80C517, however, only the selection of the desired 
data pointer is necessary. One loop execution timo 
in the 8051 program is 30 machine cycles while 
80C517 for the same loop requires only 17 machine 
cycles; almost twice as fast. 
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For the SAB-SI (Mymos Technology only) family of 
microcontrollers specified to run at frequencies 18 
and 20 MHz, the following care must be taken when 
they are used at these frequencies. 

Problem 

To use the on-chip oscillator, a crystal or ceramic 
resonator is connected between the XT AL 1 and 
XTAL2 pins of the SAB-51 family of microcontrollers. 
I n all the Mymos-based microcontrollers, XT AL 1 is 
the input of the on-chip oscillator amplifier. XT AL2 is 
the output of this amplifier, driving the internal clock 
generator of all the microcontrollers. The gain of the 
on-chip oscillator amplifier decreases with increase 
in the crystal frequency, thus reducing the amplitude 
of the oscillation. This effect is more predominant at 
frequencies higher than 16 MHz. At crystal frequen­
cies of 18 MHz and 20 MHz, the following work­
arounds are recommended to have sufficiently high 
amplitude of oscillations. 

Work Around # 1 

Using an external clock at XTAL2 pin (refer to Figure 
1) for driving the microcontrollers bypasses the on­
chip oscillator amplifier, and the amplitude of the os­
cillations is then controlled by the external circuit. 
This is the best way to supply clock to microcontrol­
lers at 18 MHz or 20 MHz clock oscillator frequency. 

+5V XTALI 

4.7K SAB-805X 

10-.-.-----1 XTAL2 

7404 
74LS04 

Figure 1. Driving from External Source 
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Work Around # 2 

If for some reason, work around # 1 is not possible 
to implement, a crystal oscillator with a careful de­
sign can be used. 

At such high frequencies, capacitive and inductive 
couplings between the oscil.lator circuitry and other 
signals are a major source of miscounts in the inter­
nal clocking circuitry. Surrounding the. oscillator 
components with "quiet" traces (Vcc and ground, 
for example) will alleviate capacitive coupling to sig­
nals that have fast transition times. To minimize in­
ductive coupling, the PCB layout should minimize 
the areas of the loops formed by the oscillator com­
ponents. These are the loops that should be 
checked: 

XT AL 1 through the resonator to XTAL2; 
XT AL 1 through the capacitor to the V ss pin; 
XTAL2 through the capacitor to the Vss pin; 

The traces between the grounded ends of the ca­
pacitors and the Vss pin should be kept as short as 
possible. 

In addition, a higher amplitude at XTAL2 can be 
achieved by changing the ratio of the capacitors at 
XT AL 1 and XTAL2. For frequencies higher than 
16 MHz (18 MHz and 20 MHz), the configuration in 
Figure 2 increases the signal amplitude at XT AL2; 
the influence on the start-up time, however, is negli­
gible. This is orlly a recommendation, the final de­
sign should however be verified against worst case 
conditions of temperature, Vcc levels, device toler­
ances, etc. 

r--'U-~---1 XTAL1 

SAB-805X 

'---11-...... ---1 XTAL2 
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Figure 2. Crystal Oscillator Mode 
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The hardware and software development support 
tools for the SAB-51 family of microcontrollers are 
available on IBM PC, XT, AT or a compatible. There 
are various solutions available from third party ven­
dors, designed to be operated in an IBM PC compat­
ible environment. 

On account of the software compatibility of all the 
SAB-51 family of microcontrollers with the SAB 
8051, the language and utility programs ASM51, 
PLM51, "C" and RL51 can be used without any 
restriction for any of the SAB-51 family of microcon­
trollers. However, the definitions of the new symbol­
ic names as well as the register and bit addresses 
for the microcontrollers other than the SAB 8051 
must be linked to the source program. 

For example, in the case of the SAB 80515, a file 
called REG515.DCL is added to the PLM51 source 
program by an "Include" directive. Similarly, an "In­
clude" directive is used to link a file called 
REG515.PDF to the ASM51 source program. In ad­
dition, the control instruction NOMOD51 (NOMa) 
must either be specified at the beginning of the 
source program, or in the assembler invocation, to 
avoid a multiple definition of the symbolic names. 
This control instruction causes default SAB 8051 
declarations of register and bit symbols to be 
ignored during assembly. The file REG515.PDF in­
cludes all SAB 80515 register and bit definitions, in­
cluding those that are declared with MOD51 for SAB 
8051. The contents of the files REG515.PDF and 
REG515.DCL are listed in Appendix A. 

Some third party vendors have already provided 
control directives such as MOD515, MOD512, etc. 
for their assemblers/compilers which eliminates the 
need to include files as mentioned above. In that 
case a mere mention of the control instructions 
MOD515, MOD512, etc. performs the job and the 
procedure of including a symbol declaration file is 
therefore transparent to the user. 

Given below is a list of third party support products 
available for Siemens proprietary microcontrollers. 
These companies can also be contacted for devel­
opment tools for the SAB 8031/8051/8032/8052 
etc. 

Third Party Hardware and Software 
Support Products 

NOTE: 
For third party support contact the appropriate ven­
dor for pricing, availability, and other information. 
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Metalink Corporation: 
325 East Elliot Rd., Suite 23 
Chandler, AZ 85225 
Phone: (602) 926-0797 

Hardware Support Product 

MetaICE-515, Full In-Circuit-Emulator support 
MetaICE-537: for 80515 and 80C537 with IBM 

PC compatible host system. 
Link to host system via RS232C 
serial interface. 

MetaICE-512: Full In-Circuit-Emulator support 
for 80512 with IBM PC compati­
ble host system. Link to host 
system via RS232C serial inter­
face. 

Software Support Product 

MetaWARE-51: Cross assembly package for 
IBM PC compatible systems. 
Fully supports the SAB 
80515/80535, SAB 
80512/80532 and SAB 
80C517/80C537. 

Nohau Corporation: 
51 East Campbell Ave., Suite 144 
Campbell, CA 95008 
Phone: (408) 866~1820 

Hardware Support Product 

EMUL515-PC, Full In-Circuit-Emulator support 
EMUL517-PC: for 80515/80C515 and 80C537 

with IBM PC/XT/AT compatible 
host system. Link to host sys­
tem via RS232C serial interface 
or directly to the mother-board. 

EMUL532-PC: Full In-Circuit-Emulator support 
for 80532 with IBM PC/XT/AT 
compatible host system. Link to 
host system via RS232C serial 
interface or directly to the 
mother-board. 

Software Support Product 

EMUL51-PC/C51: "C" Cross compiler package 
for SAB-51 family of microcon­
trollers for IBM PC compatible 
systems. 

EMUL51-PC/AVO: Cross assembler package for 
SAB-51 family of microcontrol­
lers for IBM PC compatible sys­
tems. 
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Signum Systems: 
1820 14th St., Suite 203 
Santa Monica, CA 90404 
Phone: (213) 450-6096 

Hardware Support Product 

EM-515: Full In-Circuit-Emulator support for 
80515/80535 with IBM PC/XT/AT 
compatible host system. Link to 
host system via RS232C serial in­
terface. 

EM-512: Fullin-Circuit-Emulator support for 
80512/80532 with IBM PC/XT/AT 
compatible host system. Link to 
host system via RS232C serial in­
terface. 

Software Support Product 

ASM51: Cross assembler package for 
SAB-51 family of microcontrollers 
for IBM PC compatible systems. 

PLlM51: 

Allen Systems: 

Cross compiler package for SAB-
51 family of microcontrollers for 
IBM PC compatible systems. 

2151 Fairfax Road 
Columbus, OH 43221 
Phone: (614) 488-7122 

Hardware Support Product 

DP-535: Prototype development board for 
the SAB 80535 with a monitor pro­
gram EPROM for program debug­
ging. 

DP-532: Prototype development board for 
the SAB 80532 with a monitor pro­
gram EPROM for program debug­
ging. 

Software Support Product 

CA-51: Cross assembler package for 
SAB-51 family of microcontrollers 
for IBM PC compatible systems. 
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Archemides Software: 
2159 Union St., 
San Francisco, CA 94123 
Phone: (415) 567-4010 

Software Support Product 

C-51: "C" language cross-compiler 
package which includes a macro­
assembler, linker and librarian for 
SAB-51 family of microcontrollers. 
Available for IBM PC compatible 
(MSDOS based), Microvax/VAX 
(running VMS/Ultrix) and SUN sys­
tems. 

SimCASE: Software simulator package for 
SAB-51 family of microcontrollers 
for IBM PC compatible systems. 

Franklin Software, Inc.: 
888 Saratoga Ave., # 2 
San Jose, CA 95129 
Phone: (408) 296-8051 

Software Support Product 

C-51: "C" language C2055-compiler 
package which includes a macro­
assembler, linker and librarian for 
SAB-51 family of microcontrollers. 
Available for IBM PC compatible 
(MSDOS based) systems. 

SIM-51: Software simulator package for 
SAB-51 family of microcontrollers 
for IBM PC compatible systems. 

Micro Computer Control: 
P.O. Box 275, 
Hopewell, NJ 08525 
Phone: (609) 466-1751 

Software Support Product 

ASM51: Cross-assembler package for 
SAB-51 family of microcontrollers. 
Available for IBM PC compatible 
systems (MSDOS based). 

SIM-51: 

C-51: 

SAB 8051 simulator. 

, "C" language cross-compiler • 
package for SAB-51 family of mi­
crocontrollers. Available for IBM 
PC compatible systems (MSDOS 
based). 
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2500AD Software Inc.: 
109 Brookdale Ave., 
Box 480 
Buena Vista, CO 81211 
Phone: (719) 395-8683 

Software Support Product 

A80515: Cross-assembler package for 
SAB-51 family of microcontrollers. 
Available for IBM PC compatible 
(MSDOS based), Microvax/VAX 
(running VMS/Ultrix) and SUN sys­
tems. 

S80515: SAB 80515 simulator. Available for 
IBM PC compatible (MSDOS 
based), Microvax/VAX (running 
VMS/Ultrix) and SUN systems. 

C80515: 
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"C" cross-compiler package for 
SAB-51 family of microcontrollers. 
Available for IBM PC compatible 
(MSDOS based), Microvax/VAX 
(running VMS/Ultrix) and SUN sys­
tems. 
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Appendix A 
Register Definitions for SAB 80515/80535 

REG5I5.PDF for ASM5I 

REGISTER DECLARATIONS FOR SAB 80515 

; •••••••• BYTE REGISTER •••••••• 

PO 
SP 
DPL 
DPH 
PCON 
TCON 
TMOD 
TLO 
TLI 
THO 
THI 
PI 
SCON 
SBUF 
P2 
lEND 
IPO 
P3 
IEN1 
IPI 
IRCON 
CCEN 
CCLl 
CCHI 
CCL2 
CCH2 
CCL3 
CCH3 
TICON 
CRCL 
CRCH 
TL2 
TH2 
PSW 
ADCON 
ADDAT 
DAPR 
ACC 
P4 
B 
P5 

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 

080H 
08lH 
082H 
083H 
087H 
088H 
089H 
OBAH 
08BH 
08CH 
08DH 
O9OH 
098H 
099H 
OAOH 
OA8H 
OA9H 
OBOH 
OB8H 
OB9H 
OCOH 
OClH 
OC2H 
OC3H 
OC4H 
OC5H 
OC6H 
OC7H 
OC8H 
OCAH 
OCBH 
OCCH 
OCDH 
ODOH 
OD8H 
OD9H 
ODAH 
OEOH 
OESH 
OFOH 
OFSH 
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;PORTO 
;STACK POINTER . 
;DATA POINTER - LOW BYTE 
;DATA POINTER - HIGH BYTE 
;POWER CONTROL 
;TlMER CONTROL 
;TlMERMODE 
;TlMER 0 - LOW BYTE 
;TlMER 1 - LOW BYTE 
;TlMER 0 - HIGH BYTE 
;TIMER 1 - HIGH BYTE 
;PORTI 
;SERIAL PORT CONTROL 
;SERlAL PORT BUFFER 
;PORT2 
;INTERRUPT ENABLE REGISTER 0 
;INTERRUPT PRIORITY REGISTER 0 
;PORT3 
;INTERRUPT ENABLE REGISTER 1 
;INTERRUPT PRIORITY REGISTER 1 
;INTERRUPT REQUEST CONTROL 
;COMPARE/CAPTURE ENABLE 
;COMPARE/CAPTURE REGISTER 1- LOW BYTE 
;COMPARE/CAPTURE REGISTER 1 - HIGH BYTE 
;COMPARE/CAPTURE REGISTER 2 - LOW BYTE 
;COMPARE/CAPTURE REGISTER 2 - HIGH BYTE 
;COMPARE/CAPTURE REGISTER 3 - LOW BYTE 
;COMPARE/CAPTURE REGISTER 3 - HIGH BYTE 
;TIMER 2 CONTROL 
;COMPARE/RELOAD/CAPTURE - LOW BYTE 
;COMPARE/RELOAD/CAPTURE - HIGH BYTE 
:TlMER 2 - LOW BYTE 
;TlMER 2 - HIGH BYTE 
;PROGRAM STATUS WORD 
;A/D CONVERTER CONTROL 
;A/D CONVERTER DATA 
;D/A CONVERTER PROGRAM REGISTER 
;ACCUMULATOR 
;PORT4 
;MUL TIPLICA TlON REGISTER 
;PORT5 

0194-1 
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Register Definitions for SAB 80515/80535 (Continued) 

........ BIT REGISTERS ...... .. 

ITO BIT 
lEO BIT 
IT! BIT 
lEI BIT 
TRO BIT 
TFO BIT 
TRI BIT 
TFI BIT 
INTI BIT 
INT4 BIT 
INT5 BIT 
INT6 BIT 
INTI BIT 
T2EX BIT 
CLKOUT BIT 
TI BIT 
RI BIT 
TI RlT 
RB8 BIT 
TBg BIT 
REN BIT 
SM2 BIT 
SMI BIT 
SMO BIT 
EXO BIT 
ETO BIT 
EXI BIT 
ETI BIT 
ES BIT 
ETI BIT 
WOT BIT 
EAL BIT 
RXO BIT 
TXD BIT 
INTO BIT 
INTI BIT 
TO BIT 
T! BIT 
WR BIT 
RD BIT 
EADC BIT 
EX2 BIT 
EX3 BIT 
EX4 BIT 
EX5 BIT 
EX6 BIT 
SWDT BIT 
EXEN2 BIT 
IADC BIT 
IEX2 BIT 
IEX3 BIT 
IEX4 BIT 
IEX5 BIT 
IEX6 BIT 
TF2 BIT 
EXF2 BIT 
TIIO BIT 
TIll BIT 
TICM BIT 
TIRO BIT 
TIRI BIT 
12FR BIT 
I3FR BIT 
T2PS BIT 
P BIT 
Fl BIT 
OV BIT 
RSO BIT 
RSI BIT 
FO BIT 
AC BIT 
CY BIT 
MXO BIT 
MXI BIT 
MX2 BIT 
ADM BIT 
BSY BIT 
CLK BIT 
BD BIT 

O88H 
089H 
OBAH 
O8BH 
O8CH 
O8DH 
O8EH 
O8FH 
O9OH 
09IH 
092H 
093H 
094H 
095H 
096H 
097H 
098H 
O9'lH 
09AH 
09BH 
09CH 
09DH 
09EH 
09FH 
OA8H 
0A9H 
OAAH 
OABH 
OACH 
OADH 
OAEH 
OAFH 
OBOH 
OBIH 
OB2H 
OB3H 
OB4H 
OB5H 
OB6H 
OB7H 
OB8H 
OB9H 
OBAH 
OBBH 
OBCH 
OBDH 
OBEH 
OBFH 
OCOH 
OClH 
OC2H 
OC3H 
OC4H 
OC5H 
OC6H 
0C7H 
OCSH 
OC9H 
OCAH 
OCBH 
OCCH 
OCDH 
OCEH 
OCFH 
OOOH 
ODlH 
OD2H 
OD3H 
OD4H 
OD5H 
OD6H 
OD7H 
OD8H 
OD9H 
ODAH 
ODBH 
ODCH 
ODEH 
ODFH 

;TCON.O - EXT. INTERRUPT 0 TYPE 
;TCON.I • EXT. INTERRUPT 0 EDGE FLAG 
;TCON.2 • EXT. INTERRUPT 1 TYPE 
;TCON.3 • EXT. INTERRUPT I EDGE FLAG 
;TCON.4· TIMER 0 ON/OFF CONTROL 
;TCON.5 - TIMER 0 OVERFLOW FLAG 
;TCON.6 - TIMER ION/OFF CONTROL 
;TCON.7· TIMER 1 OVERFLOW FLAG 
;PI.O - EXTERNAL INTERRUPT 3/CAPTURE O/COMPARE 0 
;Pl.l - EXTERNAL INTERRUPT 4/CAPTURE l/COMPARE 1 
;PI.2 - EXTERNAL INTERRUPT 5/CAPTURE 2/COMPARE 2 
;PI.3· EXTERNAL INTERRUPT 6/CAPTURE 3/COMPARE 3 
;P1.4 - EXTERNAL INTERRUPT 2 
;Pl.5 • TIMER 2 EXTERNAL RELOAD TRIGGER INPUT 
;P1.6 • SYSTEM CLOCK OUTPUT 
;P1.7 - TIMER 2 INPUT 
;SCON.O· RECEIVE INTERRUPT FLAG 
;SCON.1. TRA.NSMIT INTFRRUPT FlAG 
;SCON.2 • RECEIVE BIT 8 
;SCON.3· TRANSMIT BIT 8 
;SCON.4 - RECEIVE ENABLE 
;SCON.5 • SERIAL MODE CONTROL BIT 2 
;SCON.6 • SERIAL MODE CONTROL BIT I 
;SCON.7· SERIAL MODE CONTROL BIT 0 
;IENO.O· EXTERNAL INTERRUPT 0 ENABLE 
;IENO.l - TIMER 0 INTERRUPT ENABLE 
;IENO.2 - EXTERNAL INTERRUPT 1 ENABLE 
;IENO.3· TIMER 1 INTERRUPT ENABLE 
;IENO.4· SERIAL PORT INTERRUPT ENABLE 
;IENO.5· TIMER 2 INTERRUPT ENABLE 
;IENO.6· WATCHDOG TIMER RESET 
;IENO.7 - GLOBAL INTERRUPT ENABLE 
;P3.0 - SERIAL PORT RECEIVE INPUT 
;P3.1 • SERIAL PORT TRANSMIT OUTPUT 
;P3.2· EXTERNAL INTERRUPT 0 INPUT 
;P3.3· EXTERNAL INTERRUPT I INPUT 
;P3.4· TIMER 0 COUNT INPUT 
;P3.5 • TIMER 1 COUNT INPUT 
;P3.6 - WRITE CONTROL FOR EXT. MEMORY 
;P3.7 - READ CONTROL FOR EXT. MEMOR Y 
;IEN1.0· A/D CONVERTER INTERRUPT ENABLE 
;IENl.l - EXTERNAL INTERRUPT 2 ENABLE 
;IEN1.2· EXTERNAL INTERRUPT 3 ENABLE 
;IEN1.3 - EXTERNAL INTERRUPT 4 ENABLE 
;IEN1.4· EXTERNAL INTERRUPT 5 ENABLE 
;IEN1.5 - EXTERNAL INTERRUPT 6 ENABLE 
;IEN1.6 - WATCHDOG TIMER START 
;IENl.7 - TIMER 2 EXTERNAL RELOAD INTERRUPT ENABLE 
;IRCON.O - A/D CONVERTER INTERRUPT REQUEST 
;IRCON.l - EXTERNAL INTERRUPT 2 EDGE FLAG 
;IRCON.2 - EXTERNAL INTERRUPT 3 EDGE FLAG 
;IRCON.3· EXTERNAL INTERRUPT 4 EDGE FLAG 
;IRCON.4· EXTERNAL INTERRUPT 5 EDGE FLAG 
;IRCON.5· EXTERNAL INTERRUPT 6 EDGE FLAG 
;IRCON.6 - TIMER 2 OVERFLOW FLAG 
;IRCON.7 • TIMER 2 EXTERNAL RELOAD FLAU 
;TICON.O - TIMER 2 INPUT SELECT BIT 0 
;TICON.l • TIMER 2 INPUT SELECT BIT 1 
;TICON.2· COMPARE MODE 
;TICON.3 • TIMER 2 RELOAD MODE SELECT BIT () 
;TICON.4 • TIMER 2 RELOAD MODE SELECT BIT I 
;TICON.5· EXTERNAL INTERRUPT 2 FALLING/RISING EDGE FLAG 
;TICON.6 - EXTERNAL INTERRUPT 3 FALLING/RISING EDGE FLAG 
;T2CON.7 - PRESCALER SELECT BIT 
;PSW.O - ACCUMULATOR PARITY FLAG 
;PSW.l • FLAG I 
;PSW.2 • OVERFLOW FLAG 
;PWS.3· REGISTER BANK SELECT 0 
;PSW.4 - REGISTER BANK SELECT I 
;PSW.5 • FLAG 0 
;PSW.6 - AUXILIARY CARRY FLAG 
;PSW.7· CARRY FLAG 
;ADCON.O· ANALOG INPUT CHANNEL SELECT BIT 0 
;ADCON.l - ANALOG INPUT CHANNEL SELECT BIT I 
;ADCON.2· ANALOG INPUT CHANNEL SELECT BIT 2 
;ADCON.3 • AfD CONVERSION MODE 
;ADCON.4 - BUSY FLAG 
;ADCON.6 • SYSTEM CLOCK ENABLE 
;ADCON.7 - BAUD RATE ENABLE 
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Register Definitions for SAB 80515/80535 (Continued) 

r REGS15.DCL forPLMSI 

r Register declaration for SAB 80515 ., 
DEClARE REG UTERALL Y'REGISTER'j 

j........ BYTE REGISTER •••••••• 

DECLARE 
PO BYTE AT (OSOH) REG, rPORTO 
PO BYTE AT (OSIH) REG, r STACK POINTER 
DPL BYTE AT (082H) REG, r DATA POINTER - LOW BYTE 
DPH BYTE AT (083H) REG, r DATA POINTER - HIGH BYTE 
PCON BYTE AT (087H) REG, r POWER CONTROL 
TCON BYTE AT (088H) REG, r TIMER CONTROL 
TMOD BYTE AT (089H) REG, r TIMER MODE 
TLO BYTE AT (OSAH) REG, r TIMER 0 - LOW BYTE 
TI..1 BYTE AT (OSBH) REG, r TIMER 1 - LOW BYTE 
THO BYTE AT (OSCH) REG, r TIMER 0 - HIGH BYTE 
THI BYTE AT (OSDH) REG, r TIMER 1- HIGH BYTE 
PI BYTE AT (09OH) REG, r PORT 1 
SCON BYTE AT (098H) REG, r SERIAL PORT CONTROL 
SBUF BYTE AT (099H) REG, r SERIAL PORT BUFFER 
P2 BYTE AT (OAOH) REG, rpORT2 
IENO BYTE AT (OASH) REG, r INTERRUPT ENABLE REGISTER 0 
IPO BYTE AT (0A9H) REG, r INTERRUPT PRIORITY REGISTER 0 
P3 BYTE AT (OBOH) REG, rpORT3 
lENt BYTE AT (OBBH) REG, /. INTERRUPT ENABLE REGISTER 1 
!PI BYTE AT (OB9H) REG, r INTERRUPT PRIORITY REGISTER I 
IRCON BYTE AT (OCOH) REG, r INTERRUPT REQUEST CONTROL 
CCEN BYTE AT (OClH) REG, r COMPARE/CAPTURE ENABLE 
CCLI BYTE AT (OC2H) REG, r COMPARE/CAPTURE REGISTER 1 - LOW BYTE 
CCHI BYTE AT (OC3H) REG, r COMPARE/CAPTURE REGISTER 1- HIGH BYTE 
CCU BYTE AT (OC4H) REG, r COMPARE/CAPTURE REGISTER 2 - LOW BYTE 
CCH2 BYTE AT (OC5H) REG, r COMPARE/CAPTURE REGISTER 2 - HIGH BYTE 
CCL3 BYTE AT (0C6H) REG, r COMPARE/CAPTURE REGISTER 3· LOW BYTE 
CCH3 BYTE AT (OC7H) REG, r COMPARE/CAPTURE REGISTER 3· HIGH BYTE 
nCON BYTE AT (0C8H) REG, r TIMER 2 CONTROL 
CRCL BYTE AT (OCAH) REG, r COMPARE/RELOAD/CAPTURE. LOW BYTE 
CRCH BYTE AT (OCBH) REG, /. COMPARE/RELOAD/CAPTURE. HIGH BYTE 
TU BYTE AT (OCCH) REG, r TIMER 2· LOW BYTE 
TH2 BYTE AT (OCDH) REG, r TIMER 2 - HIGH BYTE 
PSW BYTE AT (OOOH) REG, /. PROGRAM STATUS WORD 
ADCON BYTE AT (ODSH) REG, r AID CONVERTER CONTROL 
ADDAT BYTE AT (OO9H) REG, r A/D CONVERTER DATA 
DAPR BYTE AT (ODAH) REG, r D/A CONVERTER PROGRAM REGISTER 
ACC BYTE AT (OEOH) REG, r ACCUMUlATOR 
P4 BYTE AT (OEBH) REG, I" PORT 4 
B BYTE AT (OFOH) REG, r MULTIPLICATION REGISTER 
PS BYTE AT (OPSH) REG, rpORTS 
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Register Definitions for SAB 80515/80535 (Continued) 

........ BIT REGISTERS ........ 

ITO BIT AT (088H) REG, I' TCON.O - EXT. INTERRUPT 0 TYPE 
lEO BIT AT (089H) REG, I" TCON.I- EXT. INTERRUPT 0 EDGE FLAG 
ITl BIT AT (08AB) REG, I" TCON.2 - EXT. INTERRUPT I TYPE 
lEI BIT AT (08BH) REG, I" TCON.3 - EXT. INTERRUPT I EDGE FLAG 
TRO BIT AT (08CH) REG, I" TCON.4 - TIMER 0 ON/OFF CONTROL 
TFO BIT AT (08DB) REG, I' TCON.S - TIMER 0 OVERFLOW FLAG 
TRI BIT AT (08EH) REG, I' TCON.6 - TIMER ION/OFF CONTROL 
TFI BIT AT (08FH) REG, I' TCON.7 - TIMER I OVERFLOW FLAG 
INTI BIT AT (09OH) REG, I' Pl.O - EXTERNAL INTERRUPT 3/CAPTURE O/COMPARE () 
INT4 BIT AT (09IH) REG, I" Pl.l - EXTERNAL INTERRUPT 4/CAPTURE I/COMPARE I 
INTS BIT AT (092H) REG, I' Pl.2 - EXTERNAL INTERRUPT 5/CAPTURE 2/COMPARE 2 
INT6 BIT AT (093B) REG, /" Pl.3 - EXTERNAL INTERRUPT 6/CAPTURE 3/COMPARE 3 
INT2 BIT AT (094H) REG, I" Pl.4 . EXTERNAL INTERRUPT 2 
T2EX BIT AT (095H) REG, I' P1.5 . TIMER 2 EXTERNAL RELOAD TRIGGER INPUT 
CLKOUT BIT AT (096H) REG, /' Pl.6 . SYSTEM CLOCK OUTPUT 
T2 BIT AT (097H) REG, /' P1.7 - TIMER 2 INPUT 
RI BIT AT (09SH) REG, I' SCON.O • RECEIVE INTERRUPT FLAG 
TI BIT AT (099H) REG, /' SCON.l • TRANSMIT INTERRUPT FLAG 
DDO m,. /J..T (OO4i-f\ REG, /. SCCN.:! - RECEIVE BIT 3 , ... " •••• j 

TBS BIT AT (09BH) REG, /' SCON.3 - TRANSMIT BIT S 
REN BIT AT (09CH) REG, I' SCON.4 - RECEIVE ENABLE 
SM2 BIT AT (09DH) REG, /' SCON.5 - SERIAL MODE CONTROL BIT 2 
SMI BIT AT (09EH) REG, I" SCON.6 - SERIAL MODE CONTROL BIT I 
SMO BIT AT (09FH) REG, I' SCON.7 - SERIAL MODE CONTROL BIT 0 
EXO BIT AT (OASH) REG, I" IENO.O - EXTERNAL INTERRUPT 0 ENABLE 
ETO BIT AT (OA9H) REG, I' IENO.I - TIMER 0 INTERRUPT ENABLE 
EXI BIT AT (OAAH) REG, I" IENO.2 - EXTERNAL INTERRUPT I ENABLE 
ETl BIT AT (OABH) REG, /' IENO.3 . TIMER I INTERRUPT ENABLE 
ES BIT AT (OACH) REG, I" IENO.4 - SERIAL PORT INTERRUPT ENABLE 
ET2 BIT AT (OADH) REG, I' IENO.S - TIMER 2 INTERRUPT ENABLE 
WDT BIT AT (OAEH) REG, I' IENO.6 - WATCHDOG TIMER RESET 
EAL BIT AT (OAFH) REG, I' IENO.7 - GLOBAL INTERRUPT ENABLE 
RXD BIT AT (OBOH) REG, I' P3.0 • SERIAL PORT RECEIVE INPUT 
TXD BIT AT (OBIH) REG, I' P3.1 - SERIAL PORT TRANSMIT OUTPUT 
INTO BIT AT (OB2Il) REG, I' P3.2 - EXTERNAL INTERRUPT 0 INPUT 
INTI BIT AT (OB3H) REG, I' P3.3 - EXTERNAL INTERRUPT I INPUT 
TO BIT AT (OB4H) REG, I' P3.4 • TIMER 0 COUNT INPUT 
TI BIT AT (OBSH) REG, I' P3.5 - TIMER 1 COUNT INPUT 
WR BIT AT (OB6H) REG, I' P3.6 - WRITE CONTROL FOR EXT. MEMORY 
RD BIT AT (OB7H) REG, /' P3.7 - READ CONTROL FOR EXT. MEMORY 
EADC BIT AT (OB8H) REG, I' IENl.O - A/D CONVERTER INTERRUPT ENABLE 
EX2 BIT AT (OB9H) REG, I' IENl.I - EXTERNAL INTERRUPT 2 ENABLE 
EX3 BIT AT (OBAH) REG, I' IENI.2 - EXTERNAL INTERRUPT 3 ENABLE 
EX4 BIT AT (OBBH) REG, I' IENl.3 - EXTERNAL.INTERRUPT 4 ENABLE 
EXS BIT AT (OBCH) REG, I' IENl.4 - EXTERNAL INTERRUPT 5 ENABLE 
EX6 BIT AT (OBDH) REG, I' IENl.S - EXTERNAL INTERRUPT 6 ENABLE 
SWDT BIT AT (OBEH) REG, I' IEN!.6· WATCHDOG TIMER START 
EXEN2 BIT AT (OBFH) REG, I' IEN!.7 - TIMER 2 EXTERNAL RELOAD INTERRUPT ENABLE 
IADC BIT AT (OCOH) REG, I' IRCON.O - A/D CONVERTER INTERRUPT REQUEST 
IEX2 BIT AT (OCIH) REG, /' IRCON.I - EXTERNAL INTERRUPT 2 EDGE FLAG 
IEX3 BIT AT (0C2H) REG, I' IRCON.2 - EXTERNAL INTERRUPT 3 EDGE FLAG 
IEX4 BIT AT (0C3H) REG, I' IRCON.3 - EXTERNAL INTERRUPT 4 EDGE FLAG 
IEXS BIT AT (OC4H) REG, I' IRCON.4 - EXTERNAL INTERRUPT 5 EDGE FLAG 
IEX6 BIT AT (OCSH) REG, I' IRCON.5 - EXTERNAL INTERRUPT 6 EDGE FLAG 
TF2 BIT A:r (OC6H) REG, I' IRCON.6 - TIMER 2 OVERFLOW FLAG 
EXF2 BIT AT (OC7H) REG, /' IRCON.7 - TIMER 2 EXTERNAL RELOAD FLAG 
T210 BIT AT (0C8H) REG, I' T2CON.O - TIMER 2 INPUT SELECT BIT 0 
T21l BIT AT (0C9H) REG, I' T2CON.1 - TIMER 2 INPUT SELECT BIT 1 
T2CM BIT AT (OCAH) REG, I' T2CON.2 - COMPARE MODE 
T2RO BIT AT (OCBH) REG, I' T2CON.3 - TIMER 2 RELOAD MODE SELECT BIT 0 
T2RI BIT AT (OCCH) REG, I' T2CON.4 - TIMER 2 RELOAD MODE SELECT BIT I 
12FR BIT AT (OCDH) REG, I' T2CON.5 - EXTERNAL INTERRUPT 2 FALLING/RISING EDGE FLA 
I3FR BIT AT (OCEH) REG, I' T2CON.6 - EXTERNAL INTERRUPT 3 FALLING/RISING ED(iE FLA 
T2PS BIT AT (OCFH) REG, I' T2CON.7 . PRESCALER SELECT BIT 
P BIT AT (ODOH) REG, I' PSW.O - ACCUMULATOR PARITY FLAG 
FI BIT AT (OotH) REG, I' PSW.l - FLAG I 
OV BIT AT (OD2H) REG, I' PSW.2 - OVERFLOW FLAG 
RSO BIT AT (OD3H) REG, I.' PWS.3 - REGISTER BANK SELECT 0 
RSI BIT AT (OD4H) REG, I' PSW.4 - REGISTER BANK SELECT I 
FO BIT AT (ODSH) REG, I' PSW.5 . FLAG 0 
AC BIT AT (OD6H) REG, /' PSW.6 - AUXILIARY CARRY FLAG 
CY BIT AT (OD7H) REG, I' PSW.7 - CARRY FLAG 
MXO BIT AT (OD8H) REG, /' ADCON.O . ANALOG INPUT CHANNEL SELECT BIT 0 
MXI BIT AT (OD9H) REG, /' ADCON.I . ANALOG INPUT CHANNEL SELEC, BIT 1 
MX2 BIT AT (ODAH) REG, /' ADCON.2 - ANALOG INPUT CHANNEL SELEC.' BIT 2 
ADM BIT AT (ODBH) REG, I' ADCON.3 . A/D CONVERSION MODE 
BSY BIT AT (ODCH) REG, I' ADCON.4 - BUSY FLAG 
CLK BIT AT (ODEH) REG, /' ADCON.6 - SYSTEM CLOCK ENABLE 
BD BIT AT (ODFH) REG, /' ADCON.7 - BAUD RATE ENABLE 
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Package Outlines 

Plastic package, P-DIP-40 
(Dual-In-Line Package) 
20 B 40 DIN 41870 T10 

Plastic package, PL-CC-44 

Approx. weight 5.9 g 

(Plastic Leaded-Chip Carrier)-SMD 
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Package Outlines 

Plastic Package, PLCC-68 (SMD) 
(plastic leaded chip carrier) 
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