






























































































































































































































































































































































































































































































































































































































































































































































































































































































































Step 1 (1.0 ""a-2.0 ""a) 

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 ""s, 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 ""s-5.0 ""s) 

Switch S1 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 ""s, 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 (1C) 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 L 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. 

8-27 



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 
t~ese 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 
for unintentional noise in the coupling capacitors 
which might be generated by opening the switches 
during the 3 JLs duration of step 2 mentioned above. 
This explains why the comparator is susceptible to 
noise during this period. Any spikes or noise capaci­
tively coupled to its input during the last phase of the 
sample time might shift the comparator threshold. 

A smooth analog input signal 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) 

.-.-~41---. 
V 

VD 
0200-2 

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 1 V or four steps of the internally programmable 
reference voltages, whichever Is less. 

VOUT II) 

,,1"1--_ ..... 

(b) 

, , , 

,. 
,'," 

............. ; .... ?-- OPERATING POINT , , , /\ 
.. 0" ~,~,'-,-,'-,'--i---...:::::===;=I.....+ 

I 
VOUT = VIN "1" 

VIN 
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Figure 2. One Stage of the Comparator 
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Table 1. Voltage Limits on VAREF and VAGND 

Device VSS vec VAGNDmln 

SAB80512 OV 5V ±10% VSS - 0.2V 

SAB80515. OV 5V ±10% VSS - 0.2V 

SAB80C515 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. 

@)SiemensComponents. Inc. 

VAGNDmax VAREFmln VAREFmax 

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

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

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

VAREr []I--------.., 

St.iUX 1 
ANx []~--.. A, •• ---T4 CTot 

I 
I 

: VAINPUT 
I 
I 

'" VAGND []~-------... 

Figure 3. Equivalent Circuit for 
the ADCU during Load Time 
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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/T)· VAINPUT 

gives T = 0.13 * TL 

As an example, assume that the load time of the 
ADCU is TL = 2 p.s 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 TL/CTot = 4 ko, 
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VREF r--__ 

(rnA) 
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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 ~he 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 Yz LSB. All error definitions stated in the datasheet 
refers to this ideal transfer characteristic. 

All the above errors affect the AID 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 correctiQn 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 5a. Ideal Transfer Characteristic 
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Figure 5b. The Total Unadjusted Error 
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Accuracy/Resolution 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 
1V. 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 10-bit con­
verter over the full conversion-range from OV to 5V 
using appropriate software. The absolute accuracy 
of this "10-bit converter", is the absolute deviatio(l 
between the analog input and the digital result. This 
is not necessarily any better than that of the "8-bit II 
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converter" (VAGND 'C' OVand VAREF = !lV), 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 refer'ence 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 
Voltage Range 

All error definitions in the datasheet AID converter 
characteristics refer to the standard conversion 
range of OV to SV, (the "S-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 Yz 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 "LSB10") of the digital 
result now refers to a quantum of approximately 
S mV. For VAINPUT = O.OOV, with the same Offset 
error the conversion result is 2 LSB 10 (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 of 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 (Yz 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 80S1-family can be- re­
garded as absolute errors. Absolute errors are the 
deviation of the actual from the ideal value at a given 

@Siemens Components, Inc. 



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 analog/digital 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 D,,!LE due to 
the converter itself in fact shows a dependence to 

110 
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011 

~1' 2 
-2 LSB OFFSET ERROR 1/2 LSB 

.... ---- ... - .... -- IDEAL STRAIGHT UNE 

._---_._---_. JUST OFFSET ERROR 

---- OfFSET AND GAIN 
ERROR 

the reference voltage selected. This DNL compo­
nent scales with the size of the window selected. 

10-Bit Resolution? 

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

A DNLE of 1 LSB8 would result in missing codes in 
the transfer characteristics of the 10-bit range, which 
means that 10-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. 

+ I LSB GAIN ERROR 

ANALOG 
INPUT (LSB) 

i---, REDUCED REfERENCE 
! ___ ! VOLTAGE RANGE 

0200-9 

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 ina 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 digltal-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 v" 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 importance of this error depends on the applica­
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 W'dth VINTAREF - VINTAGND 
ep I = 256 =5mV 

The correct result of the conversion would be 

ADDAT = VAINPUT - VINTAGND = 
Step Width 2CH 

{ 

VINTAGND = VAGND + DAP~~O-3) • (VAREF-VAGND)= 1.280V 

VINTAREF = VAGND + DAP~!4-7) • 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 

ADDAT = 1.500V - 1.275V = 450 = 2DH 
4.98mV 

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 = 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
T AGND 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. 

References: 
1. Application Note-Operation of the AID Convert­

er in the SAB 80515 
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Nr.5 

3. SAB 80515/80535, 8-Bit Single-Chip Microcon­
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troller, Datasheet 

SAB 80512K, 8-Bit Single-Chip Microcontroller, 
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This application note describes a software routine to 
achieve 10 bits of resolution With the AID converter 
of the SA8 805151535. 

Analog-to-digital (A/D) and digital-to-analog (D/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. 8esides A/D convert­
ers, these systems usually employ transducers to in­
terface with physical/analog quantities such as tem­
perature, pressure, flow, acceleration and position, 
as well as microcontrollers or microprocessors to 
process the acquired data. 

Siemens SA8 80515/535 microcontroller facilitates 
the design of a data conversion system by providing 
an on-chip A/D converter. The inherent 8031 based 
architecture of the SA8 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 SA8 
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-
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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 ,.,.s 
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 ,.,.s 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 _. 
holds the digital value of IVAGND. while the high-or~ 
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 
il'1creased 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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1. Improved resolution by second measurement 
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.
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I3
•
2V 

. 

VAG~~ ___________ 0_.6_4V ___ '_VA_G_ND __ ..... _ 
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2. Matching various ·external voltage ranges to the 
AI D 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 = 5.12V and VAGND = 
OV) into four equal parts of 1.28V each. This would 
give four ranges starting from OV to 1.28V, 1.28V to 
2.56V, 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 ~o . 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 10-bit result. Based on this 
first conversion a decision is lTIade as to which of the 
four ranges the analog signal belongs. The IVAREF 
and IVAGND are then programmed to have the reo 
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 =. O.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 S-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 '0' (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 SOH 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 final10-bit result. The carry 
generated by the addition of SOH to the digital result 
is added to these bits to determine the two MSBs of 
the final 10-bit result. These two bits concatenated 
with the S-bit result obtained by programming the 
DAPR register in the narrow range gives the final 10-
bit result. 

F"IRST SECOND 
CONVERSION CONVERSION 

I DAPR 
Analog Digital: Table Sub-Range 

~ 
5.1,OV F" ~H 15. OCH 

4.78V E F"H 14. OCH 

4.1'6V D OH 13. OCH 
4.14V C F"H 12. EAH 

3.S4V 

3.52V B OH 11. EAH 
3.50V A F"H 10. CSH 

2.88V 9 OH 9. C8H 
2.86V 8 F"H S. A6H 

2.S6V 

2.24V 7 OH 7. A6H 
2.22V 6 F"H 6. 84H 

1.60V 5 OH 5. 84H 
1.58V 4 F"H 4. 62H 

1.28V 

0.96V 3 OH 3. 62H 
0.~4V 2 ~H 2. 40H 

, , 
0.6,2V 1 ~H 1. 40H 0) , , 
O.OOV o OH O. 40H 

~ 
0201-3 

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 
desired. Strict adherence 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 NMQS imple­
mentation of the SAB 80515/535. In the CMOS im­
plementation of this device, the Vee 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 Vee 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 
addre.ss 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. 
XXXOHJB 
XXX1H BSY 
XX X2H rei. address 

Bad Example: 

Addr. 
OF FFHJB 
1000H BSY 
10 01 H reI. address 

To ensure highest accuracy, self-calibration rO!Jtines 
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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Figure 3. Capacitors for the SAB 80515/535 
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Appendix A 

0020 
0020 . 
0021 

0000 
0000 
0000 COED 
0002 COOO 
0004 5308F8 
0007 E500 
0009 4208 
OOOB 750000 
000£ 200CFO 
0011 £509 
0013 54FO 
0015 C4 
0016 241E 
0018 83 
0019 
0019 F50A 
0018 200CFO 
001£ AE09 
0020 03 
0021 5407 
0023 FF 
0024 5401 
0026 03 
0027 2E 
0028 F520 
002A EF 
002B 03 
002C 5403 
002E 3400 
0030 F521 
0032 0000 
0034 ODED 
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 DC 
0045 OC 
0046 OC 

0011 
0000 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 
31 
32 
33 
34 
35 
36 
31 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
51 
58 
59 
60 
61 
62 
63 
64 
65 
66 
61 
68 
69 
TO 
11 
12 
13 

SM00515 
SPAGELENGTM(80) 

:.:.=** ........ ****** •••• *****.*** •••• _ ••••••••••••••• ****.*** ••• *** .... . 

Subroutine_Mea.: AD_CONV 
Func:tfon: This subrOl.ltine performs an AID conversion on the ch·* 

: ••• ** annel selected by the variable CHAN SEL and at the .. 
end of the conversion •• ves • 10-bit' reSUlt 1" locet·· 

;* Ions AD.VALUE.L (lower eight bits) and AD.VALUE.N 
;* (has the two MS8s). 
i- .. : .*_ ........ _-_ ....... __ ........... ---............................. . 

OSEG AT 
AD. VALUE.L: OS 

20M 
1 

AO.VALUE_N: OS 1 

CSEG AT ON 
AO.CONV: 

PUSN ACe 
PUSN PSW 
ANL ADCON.'1111100DB 
MOV A.CHAN.SEL 
OIL ADeON,A 
MOV DAPO.#OON 
J8 ISY,' 
HOY A,ADOAT 
ANL A,MOFOH 

;CONTAINS LOWER 8 BITS 
;CONTAINS TWO M5Bs OF 10·SIT RESULT 

;FIRST CONVERSION 

SWAP A ;A • FIRST MEA5./16 
ADD A.#REFER.OFFSET 
MOVe A.;IA+PC ;LOOIC·UP TABLE FOR SECOND DAPR 

REFERENCE.NELP .LABEL: 
HOV DAPO.A 
JB BSY,S 
MOV R6.ADOAT 
RR A 
ANL A.107N 
MOV R1," 
ANL A.101N 
RR A 
ADO A.R6 

;SECOND CONVERSION 
;RESULT.SECONO CONVERSION 
; A-(DAPRD)OOO 0(OAPR3)(DAPRZ)(DAPR1) 
;A=DDDO 0(OAPR3)(DAPR2)(DAPR1) 

;A=oooo 000(OAPR1) 
;A=(DAPRI )ODO 0000 

MOY AD.VALUE.L.A 
HOY A.R7 
RI A 
ANL A.103M ;A-OOOO 00(DAPR3)(DAPR2) 
AODC A,IOOH 
MOV AD.VALUE.N.A 
POP PSW 
POP ACC 
RET 

REFERENCE.TABLE: 
DB 40N 
DB 40N 
DB 40M 
DB 62N 
DB 62N 
DB 84N 
DB 84N 
DB 006" 
DB 0A6H 
DB OCIK 
01 DcSK 
01 OEAK 
DB OEAK 
OB OOCH 
DB OOCH 
DB OOCH 

REfER.OFFSET 
CHAN.SEL 

END 

EQU 
EQU 

REFERENCE.TABLE·REFERENCE.HELP .LABEL 
DOH 

ASSEMBLY COMPLETE. 0 ERRORS FOUNO 
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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 16-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 (0/ 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 ADDAT holds the con­
verted digital 8-bit data result. The data remains in 
ADDAT until it is overwritten by the next converted 
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data. The new converted value will appear in 
ADDAT in the 15th machine cycle after a conversion 
has been started. ADDAT 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 /Jos 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 /Jos 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 6th 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 16-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 
Timer/Counter 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: 

- 16-bit reload 

- 16-bit compare 

- 16-bit capture 
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ANALOG VALUE REF+ REF- ANALOG VALUE 
FOR IVAREF FOR IVAGND 

VAAEF---1~---------+-' 

'-BIT D/A 
CONVERTER 

VAGND _~""' ______ "" ____ ..I 

B-BIT DAPR 

B-BIT ADCON 

DIGITAL'VALUE 
FOR IVAREF 

Baud System 
Rat. Clock 
Enable Enable 

4-BIT D/A 
CONVERTER 

DlGlTAL'VALUE 
FOR IVAGND 

Analog Input 
, Select 

0182-1 

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.ln 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 CRC (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 

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 AOM to decode 96 
ASCII alphanumeric characters and enough AAM 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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chip select lines (CEO, CE1), and (AO) and (WA) 
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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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 CAC. 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 alphanumeriQ programmable dis· 
play chips PD 2435 to form a 16·dlglt 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 
1/0 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 on 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 

SAB80535 1 
2716A 1 
PD2435 4 
12 MHz Crystal 1 
74LS373 1 
22 pF Capcitors 2 
100 nF Capacitor 1 
4.7 ""f Capacitor 1 
1k Resistor 1 
10k Pot 1 

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

2. PD2435 Data-Sheet or Optoelectronic Data Book 
(1987188). 
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YES 

8·48 

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

RAt.! buffer In RO. 

Read next character of 
the message 

Transfer character to the 
top of RAt.! buffer 

Shift character to display 
from RAt.! buffer 

Walt laop from the current 
value of the A/D convertet 

YES 

Shift character In RAt.! 
buffer from bottom to top 

up 

0162-4 

Figure 4. Program Flow-Chart 
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Program Listing (Continuea) 

006A 0120 

006C A3 
0060 7400 
006F 93 
0070 22 

0071 COEO 
0073 C082 
0073 coa3 
0077 7A04 
0079 901004 
007C 120098 
007F 902004 
0082 120098 
0085 904004 
ooaa 120098 
008& 908004 
008E 120098 
0091 0083 
0093 0082 
0095 OOEO 
0097 22 

0098 £6 
0099 6007 
0098 FO 
009C oa 
0090 Al 
009E OAF8 
OOAO 7A04 
00A2 F9 
OOAl 22 

00A4 TE03 
00A6 71110 
00A8 730AOO 
00A8 E509 
OOAD 73FOFF 
0080 A4 
0011 F5CA 
0013 85FOtl 
00B6 73call 
00B9 10C602 
OOBC 01B9 
008E ODE8 
OOCO DEE4 
00t2 22 

00C3 20202020 
00C1 20202020 
Oota 20202020 
OOCF 20202020 
0003 53494540 
0007 454£5320 
0008 40494352 
000' 4F434F41 

83 
84 
85 
86 
87 
aa 
89 
90 

" '2 
93 
94 
95 
96 
97 
98 
99 

lOa 
101 
102 
103 
104 
lOS 
106 
107 
loa 
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 
"0 

'" 142 
"3 
144 
145 
146 
141 
14a 

'" 150 
lSI 
152 
153 
154 
ISS 
156 
157 
15a 
159 

160 
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NEXTC: 

OUTt: 

OUTCO: 

FIN: 

WAlTA: 
WAITI: 
WAITt: 

IIAITO: 

IIAITE: 

TEXT: 

AJMP SHIF 

:-...................................................... . 
:* The routine moves I character of the message to ACe ... : ....................................................... .. 
INC 
IIOV 
IIOVt 
RET 

OPTI 
A,IIO 
A,aA+OPTI :Move the charlcter to Ace. 

~. :.···;~~:·;::~:·:7:;7:;:·::·::::·:·:~:;::::;·:::;···· 
the four digits of the P02435 end then r_ato ;* for the nex.t dtspllY chip end so on. .. 

; ....................................................... . 
PUSH Att 
PUSH OPL 
PUSH OPH 
IIOV A2,1f4 ;'or four digit.CO to 3) in I chip 
IIOV DPTR,"004H ;Oigit 0 in first displlY chip 
CALL OUTeD 
IIOV OPTR.'2004H iOigit 0 in second displ.y chip 
tALL OUT to 
MOV OPTR.14004H ;Digit 0 in third display cnip 
CALL OUTtO 
IIOV OPTR ,I8004H ;Oigit a in fourth displlY chip 
CALL OUTtO 
POP OPH 
POP DPL 
POP Att 
RET 

.* ...................................................... . 
;* This is • netted slobrout;ne. It moves. nonz.ro be.. .. 
;. YII ... (AStll) from left in right of the four digit • 
;* dfspllY. * i····················································· ... 
IIOV A,IIRQ 
JZ FIN 
MOVlC iilDPTR, A 
INC 10 
INt OPTR 
DJNZ 12,OUTtO 
IIOV R2,14 
IIOV Rl,A 
RET ......................................................... 
;. This slbrouti". g_rlul the softwlrl deiIY. The • 
;. deilY il generoted by the ti .. r 2. The start count • 
;. of the ti .. r 2 i. c .... ted fr ... the present YOI... • 
;* of the AID COIIvert.r. 
; ....................................................... . 
IIOV 
MOY 
IIOV 
!lOY 
IIOV 
IIIL 
!lOY 
IIOV 
MOV 
~'C 
AJM' 
DJNZ 
DJNZ 
RET 

16,I03H 
15,'10M 
DAPI,IIOOH 
A,AOOAT 
_,'255 
AI 
CRtL,A 
tRCH,1 
neON,.,'H 
TF2,IIAlTE 
IIAITe 
R5,WAITC 
R6,WAlTi 

;'0. c .... ting reloed velut 
;Reloed vllue il ..... Ud 
;Loed the .eloed vllue lOW 
;Loed the .eloed YII ... high 

........................................................... 
;* MlSSAGI ; ...................................................... . 
DI 

01 'SI!MENS MICROCCNTRQLLER SAl 80"51535' 

• 
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Program Listing (Continued) 

00E3 54524F4C 
00E1 4C45522O 
OOEI 53414220 
OOEF 38303531 
00F3 352F3533 
00F1 35 
OOFS 20202020 
OOFC 20202020 
0100 20202020 
0104 53414220 
0108 38303531 
010C 352F3533 
0110 35202020 
0114 20202020 
0111 20202020 
011e 20202020 
0120 00 

161 01 

162 END 

ASSEMILY CIlMPLETE. 0 ERROIIS FOUND 
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SAl 10515/535 0,0 
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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 (legree. In response, Sie­
mens began to develop /J-C-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-ta-digital converter, timer 
function, large number of inputs/outputs) make the 
SAS 80515 especially suitable for this type of appli­
cation. The majority of the peripheral 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 contro/. A rise in outside temperature automat­
ically activates the cOfT/presSoiof the air condition­
ing unit. The air entering the csr 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 
roof or the floor of the car. Through 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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Figure 1. Block 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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83: 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. 

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

85: Air supply key for switching the air supply to 8 
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/-400F and +600C/ 
+ 140°F. 

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



DISTRIBUTION AIR INLET OUTSIDE 
CIRCULATION 0 TEMPERATURE UPWARD~ 

\3S1 - CSS o CS7 

I I I I-I" CENTER ~ CS3 
DOWNWARDS FRESH AIR 0 

- - -
I I I I I BLOWER COMPRESSOR 

ONO DEFROST FUL;P 
8S2 __ - - HALF ~ CS4 CS6 o CS8 

OFF OFF 0 

C = KEY 

0= LED 
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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°C171°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 t mAo 

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 an 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 ,""s. 
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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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-Speed (Figure 5) 

Figure 4. Temperature and Brightness 

-Keys/Switch (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. 
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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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R: Value according to velocity pulses 
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 ,",,5 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 Ti act 
from the set nominal value Ti nom determines in an 
outer control circuit the nominal value for the injec­
tion temperature Tin nom. Through the inner, faster 
control circuit the mixing valve is adjusted so that 
the injection temperature actually reaches the value 
Tin 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 Ito 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 slm­
pie 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 PID (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 duro 
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 ILC 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 potentiometer, the sys­
tem recognizes a mechanical stop when the differ­
ence between the actual and the nominal value re­
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 rC) 

- 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 

8-'62 

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 10). 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". 

lN~I~8 
10kn. 

P06~------~--~I---~-------------L-Jr-, 

IOn. 

PI6~------------~; Be 879 

+5V 

10kn. 

P05~------~--~I---~-------------L-Jr-, 

IOn. 
SAB 80515 

PI5~------------~; BC 879 

10kn. 

PO~~~----~--~-J----' 

~.7V BC 307 B ~7kn. 

IN ~1~8 

10kn. 

IOn. 

BC 880 

Pl~~-------------------;-; 

MAGNETIC VALVE FOR 
WATER CUT-OFF 

TERMINAL 
15 (75) 

MAGNETIC VALVE FOR 
WATER CUT-OFF 

TERMINAL 
15 (75) 

RELAY FOR 
COMPRESSOR 
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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 weli 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-<:8n 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 ·ifthe 
(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". 

100% 

TO-Tnom _ 
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100% 

TO- Tnorn_ 
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Figure 11. Example. for Blower Speed Characteristic. 
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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 I£S. The compare/capture regis­
ter 2 operates in the compare mode (mode 0), port 
12 is in "L" 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 

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 provided for 
adjusting the parameters of the two-stage PID con­
trol to the respective vehicle. The parameters are 
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 

3.3k.o. 330.0. 

P 12 t--.....--.. I--+----1 '>C)---1_J--1-.-L...J---Q TO BLOWER DRIVER 

SAS80515 

Plll---+-I 
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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 POS. 

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-Chlp 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 descril:/ed sample­
provided the sensors and actuators remain the 
same-caneasily 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 dllring 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 /2C 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 
tl:\e 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
erably longer than that of most RAM chips and 
therefore the device is referred to as a "read-only" 
memory. Most E2PROMs have a limited number of 
writel erase endurance cycles and for this reason 
alone an on-Chip E2PROM In a mlcrocontroller 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 
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 R1 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~~ 

. STOP 
CONDITION 

START 
CONDITION 

a. Start and Stop Condition 
0161-1 
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b. Data and Clock Relationship 

Figure 1.12C Bus Basic Timing 
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Figure 2. Schematic Diagram 
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Program LIsting 

0020 
0021 
0022 
0023 

0090 
0091 
0000 

OOAI 
OOAO 

0000 

0000 

0000 80FE 

0002 
0002 120005 

0005 
0005 12000C 
0008 74AO 
OODA 12002A 
0000 4011 

OOOF 74Al 
0011 120052 
0014 40EF 

0016 
0016 0200 

0018 
0018 DA09 

001A C200 
ODIC 120080 
001F F6 
0020 
0020 020070 

0023 
0023 120080 
0026 F6 
0027 08 
0028 80EE 

8-70 

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 
41 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
7Z 
73 
74 
75 

SMOD515 
SPAGELENGTH(80) 
STITLE( SA8 80515/80535 IIC·auS S.ft.I •• f •• SOA 252612516) 

FLAGS Dltl 20H 
Scratch1 Dlto 21H 
Scratch2 Data 22H 
Scratch] D~t. 23H 

SDA 8it P1.0 
SCL 8it Pl.l 
AckFlag 8it FLAGS.O 

Adr _EEPIOM_L EIlII 101000018 
Adr _EEPRCIt_S EIlII 101000008 

; •• *.*** •• * ••••• **.* •• * •• ** •• ** •••••••••••••••••• ~ •••••••••••••••••• 
;' 
:. Program Name : IlCSDA ,* Function: Thh prog,. h •• the • ...",outtne. to read and write .. 
;: the Si .... .,. EEPROMs • the SOA 2526 •• the SOA 2516. ' 

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

Sj"" S 

; .......... _ ..... __ ........•..................... _-_ ............... . 
';. .. 
;' Sub.outine_N ... : R._EEPROM 
;' Function: This sub.outine is coiled t •• eed the EEPROM. The 
;' nuobe •• f byte. t. be reed oro l.oded in 'resister R2' 

~: ~:!~r: ~~ t::l::':::. :!:~!!~ ~~::. ::. the .. 
;* dest;Nltton eddr ••• of RAM in the Mtcrocontroll.r. .. 
;' 
; ....... _ ..................... _ .................................... . 
Ie_EEPROM: 

C.II 

Reed_EEPROM , 
·C.II 
MOY 
Coli 
Je 

Nov 
Coli 
Je 

Reed_l.op, 
Setb 

LIstbyte: 
Djn. 

S.v" •• ", 

R.sto." .... 

~~~~i:PIIOM_. 
R._EEPROM_IXIt 

A,lAd. _EEPROM_L 
Sto.t_IIC 
Rold_EEPROM 

AckFiog 

Clr AckFllg 
C.11 DI .. ln 
Mov aRO,A 

.e_EEPROM_Ex it: 
J."" Stop_IIC 

Re_EEPROM_L •• p: 
Coli Dotoln 
Mov aRO,A 
Inc 10 J"" LIUbyte 

SEJ 

s.ve ; I'fIUt PII .... t ... 

Rut ••• Il'fIUt PII .... t •• 

; EEPROM chip •• I.et 
; D.vfe. not .v.fI.bl. 

CIS for doto OIP aut .f _." 
Inltl.llze 'with the addr ••• 
If..... thin 'lPI'.t 

Aeknawledp fI .. 

; I t is the la .. byte 
; Reed dotobyte in 
; Reed dotaby .. in internol RAM 

Reed dotabyte fn 
Reed dotabyt. In intern.1 RAM 
Inc dot. painter 
R.ed next byte 

0161-4 
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Program Listing (Continued) 

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

0036 
0036 74A0 
0038 112A 
0034 4015 
OOlC E6 
00311 120085 
0040 40F4 
0042 120070 
0045 7B64 
0047 
0047 7C96 
0049 DeFE 
0041 DIFA 
0040 08 
004E 09 
004F DAE5 
0051 
0051 22 

0052 
0052 7C03 
0054 
0054 0290 
0056 1200AA 
00590291 
0051 1200AA 
005E C290 
0060 1200AA 
0063 C291 
0065 1200AA 
0068 120085 
0061 5002 
006D DCE5 
006F 
006F 22 

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 
105 
106 
107 
108 
109 
110 
III 
liZ 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
121 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150' 
lSI 
152 
153 
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~ :** ................................................................ . 
;: :=~!:,~-;= s~~:T~P:~.tes • It.rt concHtion & sends 
;* out the device addr". and the -.norv word address .. 
';':*: to the SDA 2526/2516. Regfster.' contlins the .dd~* 

ress. If the device is not IYlnable the carry fll, .. 
is set IS In error condition. .. 

;. .. 
: .....................•............•.......••..•......•...•.•....... 
Cs EEPROM: 

- C.ll 
Jc 
Mov 
C.ll 
Jc 

Cs EEPROM Exit: 
- Ret 

St.rt IIC 
Cs EEPROM Ex it 
A,il -
D.teout 
CS_EEPROM 

Stlrt condition & device address 
Device not IYli labl. 
Memorv word 8ddr ••• 

; If error, repeet 

; : ••••••••••••••• **** •• *** ••••••••••••••••••••••• * ••••••••••••••••• -

... Subrout; ne NMIe : Pr EEPROM 
•• Function: -This subrout:ine is called t:o prOlr .. the EEPROM. 
•• The' of bytes to be progrlllllRed is loaded in R2 •• 1 • 
.• holds the address of the first byte in EEPROM. RO • 
•• holds the address of the first byte in internal RAM· 
•• of the microcontroller. • 
;. . ; ......... _ ...... __ . __ . __ .. _ ........... _._ .... _ ... _ .......... __ ._._-
Pr_EEPROM: 

Mov 
Call 
Jc 
Mov 
C.ll 
Jc 
C.II 
Mov 

A,helr EEPROM • 
Cs EEPROM -; EEPROM chip select 
Pr :EEPIOM_exit ; Deyice not available 
A,IIRO loed dote byte 
DatlQUt 
Pr EEPROM 
StOp_IIC 
R3,"OO 

If .rror I repeat 
Stop_IIC condition 
30 ..... It 

W.it_loop: 
Mov R4,I150 
Djnz 14,. 
DJn. Rl,IIeI t_loop 
Inc RO 
Inc ., 
OJ n. R2, Pr _EEPROM 

Pr _EEPROM_Ex It: 
Next byte 

Rlt 

; ............................................................... _ .. . 
;. 
;. 
;* 
;. 

i: 
;* 
;* 

Slbroutlne_N_ : Start_IIC 
Function: Crelt" • ltort condition on thl 12C bu. & then !'Uta* 

thl devici oddr"" !rGII tho .cc .... l.tor on to the * 
but, After three trl.l" If no ocknowledge rOlul to 
fr ... the device then the c.rrV fl.g il set .s .n 
error condition. 

; ---_._._ .... __ .. __ ._-_ .. __ .... _._-----._-_ ...... _ ... _ ...... __ ._ ... -
St.rt_IIC: 

Mov 
Init IIC: 

- Setb 
C.II 
Setb 
Call 
Clr 
Call 
Clr 
Call 
Call 
Jnc 
Djn. 

lnit_IIC_Exit: 
Ret 

SEJ 

R4,'3 

SOA 
W.it_6 
SCt 
W.it_6 
SOA 
W.it_6 
SCl 
Wilt 6 
o.uaut 
Init_IIC_Exit 
R4,Ini t_11C 

; MaxilUll 3 adressing IU""ts 

•• It 
St.rt condition 
... it 

Send device oddre .. 
Acknowledge received 

Next oddr ••• I", .u .... t 

• 
0161-5 
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Program listing (Continued) 

0070 
0070 C291 
0072 1200AA 
0075 C290 
Don 120DM 
007A D291 
007C 1200M 
OD7f D290 

DOBI 
Ooel 3090EC 
0084 22 

OOB5 
OOB5 7fOB 

OOB7 
OOB733 
0088 9290 
0D8A 00 
0088 0291 
0080 1200U 
0090 C291 
0092 1200M 
0095 Off 0 
0097 33 
0098 0290 
009A 00 
0098 0291 
0090 1200M 
OOAO A290 
00A2 C291 
OOM lZ00AB 
00A740C7 
00A9 22 

OOM 
ooM 22 

OOAl 
OOAl 7806 
OOAD OBfE 
OOAf 22 

8·72 

154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
In 
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 
20B 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 

i····················································· ... ** ••••••••• 
;-
;-

1= . -, 
;­

Subroutine_N_ : Stop_IIC 
Function: This sobroutine cr.ates I stop condition on the lie ... 

bus. Then the status of the SDA line is checked· U· 
low then clock pulses Ire sent out unt; 1 SDA Un. 
g.e. high • 

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

Stop_IIC: 
Clr 
Call 
Clr 
Call 
S.tb 
Cell 
Setb 

IsSOAL ... : 
Jnb 
Ret 

SCL 
Wait 6 
SOA- • 
Welt_6 
SCL 
Wlit 6 
SOA -

SOA II not high 

; .................................................................. . 
;­
;. 
;. 
;. 
;. 
;. 

SubroutiM_N ... : DaUout 
function: Thll subroutine trl ..... ita • dIItlbyte on the IIC bu. '. 

frCllt the accl.IIIIlator. The carry fll, i. let if In * 
error results. 

; .................................................................. . 
Oltaout: 

!loY R7,II8 ; 8 bill in I byte 

Oltlout_L_,: 
RIc A 
Mo. SOA,C Send dIItl bi t out 
Nop 
Setb SCL sat the clock bit 
CIIl Weit_6 
Clr SCL 
Cell Weit_6 
Djn. R7,Oetlout_Loop 
RIc A 
Sotb SOA 
Hop 
Setb SCL Clock pulse for ack_ledge 
Call Wait_6 
!loY C,SOA Get ack.-ledge bi t 
Clr SCL 
Cell Wilt 36 
Jc Stop)IC 
Ret 

: ••••••••••••••••••• _ •••••• __ ••••••••••••••• * ••••••• _--.** ••••• -•••• .. 
;* Subrouttne N_ : Wait 6, Wait 36 
;* FlA"ICtion: -'hese s\broUtines cause delays. 
~ . , ; .•.•• _ ... _-.-.••...•••..•••.....•...••...•••.••••....• *._ .. _._ .. -.-

Ret 

Wait 36: 

SEJ 

- Mov R3,t6 
Ojn. R3,S 
Ret 

0161-6 
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Program Listing (Continued) 

OOBO 
OOBO 0290 
00B2 00 
00B3 TF08 

OOBS 
OOBS 0291 
00B7 llAA 
00B9 A290 
OOBB 33 
OOBC C291 
OOBE l1AA 
OOCO OFF3 

00C2 0290 
00e4 llAA 
00C6 300002 
00C9 e290 

OOCB 
OOCB llAA 
OOCO 0291 
ooeF llAA 
0001 e291 
0003 8006 

0005 
0005 8821 
0007 8922 
0009 8AI3 
oooe 22 

OOOC 
OOOC A821 
OOOE A922 
ODED AA23 
00E2 22 

226 
227 
228 
229 
230 
231 
232 
233 
234 
23S 
236 
237 
238 
239 
240 
241 
242 
243 
244 
24S 
246 
247 
248 
249 
2S0 
2S1 
2S2 
2S3 
2S4 
2SS 
2S6 
2S? 
2S8 
259 
260 
261 
262 
263 
264 
26S 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
2n 
278 
279 
280 
281 
282 
283 
284 
28S 
286 
287 
288 

Subroutine Name: Oata;n 
.ft Function :-Thi5 subroutine reads 8 databyte from the lie bus 

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

. ................................................................... . 
Data in: 

Setb SOA 
Nop 
Mov R7,*8 8 bi ts 

Oatain_loop: 
Setb SeL Clock pulse 
Call Waf t 6 
~ov c,soi 
Ric A 
Clr SCL 
Call Waf t 6 
Djnz R7,oaUin_loop Hut bit 

Setb SOA 
Call Wai t 6 
Jnb AckFlag ,No_Ad 
CI r SOA 

NO_Ad: 
Call Wait_6 
Setb SCL 
Call Wait_6 
Clr SCL 

J"" Wait_36 

; ....... -..................... ---............................. _ ..... . .. 
;* Subroutine_Name: SavePBram 
;* Function: This subroutine saves registers RO, R1 & R2. .. 
. .................................................................. . 
SaveParam: 

Mov Sc ratch 1, RO 
Mov Scratch2,Rl 
Mov Scratch3,R2 
Ret 

; ................................................................... . .. 
;. Subroutine Name : RestoreParam 
;. Function :-This subroutine restores the registers. .. 
; •••••••••••••••••••••••• * •••••••••• * •••••••••••••• *.* •••••••••••••• 

RestoreParam: 
Mov RO,Scratch1 
Mov Rl,Scratch2 
Moy R2,Scratch3 
Rot 

End 

ASSEMBLY COMPLETE, 0 ERRORS FOONO 
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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, AID converter, PWM, full-duplex serial 
ports, on-chip counter/timer, latched I/O, Boolean 
manipulation etc. Far from dead, the 8-bit microcon­
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 
Siemens 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 an 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. 

nCON 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 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 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 .jf 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 

1+--_ P1.0/iN'i3/CCO 

1+--_ P'.'/lNT4/CC' 

1+--_ P1.2/IN15/CC2 

1+--_ P1.5/1NTf1/CC3 

CaptUrI 

CC3/CCH3 CC3/CCH3 

0163-1 

Figure 1. Block Diagram ot the PRTA Unit 
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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. 

0163-2 

Figure 2. PWM Using the PTRA Unit 

In the PTRA set-up (compare mode-Oj 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 
dedica~ed 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, the 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 mode 
of operation the PCA is configured such that a dedi­
cated software bit can be pre-set and when 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 r.. .. 
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 a-phase motor,the motor is driven 
by a power amplifier stage which is controlled by 
PWM signals as shown in the block diagram of Fig­
ure a. 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 a-phase motor re-

quires a sinusoidal current flow in its windings and 
does not depend on the shape of the applied vOlf­
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
nal 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 8 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 

T8 = 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 a-phase 

motor control). 
a. Capability to auto-reload the timer (a feature 

which allows to vary the T p). 

D .... Biook Power Ampllfler· Inlermedloto Clroull Vollave R .. lmer 

Rotational C 
Speed 
Revulator ... 

0 .... 
.s::: 0 
:t:: :; 
~ ~ :u '::E 

=g .s::: ... .... .... "t:J 
c:: 3: 0 
(.) I 
0 Q) ... ..!!! .2 ::J 

::E a. 

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 Tp of 1024 counts (OFFFFH­
OFCOOH) or 1024 X 0.75 = 770.25 lAos. 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 lAos. 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 T 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·walie 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, AID 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. ' 
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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 f. 

Timer 2 
Clock 

Timer 2 
Reload fp in Hz 

In MHz 
Count S N f. in Hz 

Value Rate 

OFFCOH 20833 16 750n8 18 1 1157.4 
OFFCOH 20833 16 750 ns 18 2 578.69 
OFFCOH 20833 16 750 n8 18 4 289.35 
OFFCOH 20833 16 750 ns 54 1 385.80 

• • • • • • • 
• • • • • • • 

OFOOOH 326 16 750n8 12 1 27.12 
OFOOOH 326 16 750 ns 12 2 13.56 

• • • • • • • 
• • • • • • • 

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

• • • • • • • 
OFOOOH 244 12 1000 n8 24 1 10.16 
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For the SAS-51 (Mymos Technology only) family of 
microcontrol/ers specified to run at frequencies 18 
and 20 MHz, the fol/owing 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 AL1 and 
XTAL2 pins of the SAB-51 family of microcontrollers. 
In all the Mymos-based microcontrollers, XTAL1 is 
the input of the on-chip oscillator amplifier. XTAL2 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 XT AL2 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 XTALl 

UK SAB-805X 

10-.... ----1 XTAL2 

7404 
74LS04 

Figure 1. Driving from External Source 

@Siemens Components, Inc. 

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 oscillator 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 XT AL2; 
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 XT AL2. 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 only a recommendation, the final de­
sign should however be verified against worst case 
conditions of temperature, Vee levels, device toler­
ances, etc. 

27 F 
r-tl-...... --I XTALl 

SAB-805X 

22 F 
'--0-....... --1 XTAL2 

0187-2 

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 (NOMO) 
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 tiles REG515.PDF and 
REG515.DCL are listed in Appendix A. 

Some third party vendors have already prclvided 
control directives such as MOD515, MOD512, etc. 
tor their assemblersl compilers which eliminates the 
need to include files as mentioned above. In that 
case a mere mention ot 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 
for 80515 with IBM PC compati­
ble host system. Link to host 
system via RS232C serial inter­
face. 

MetaICE-512: Full·ln-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 107E 
Campbell, CA 95008 
Phone: (408) 866-1820 

Hardware Support Product 

EMUL535-PC: Full In-Circuit-Emulator support 
for 80535/80C535 with IBM 
PC/XT/AT compatible host 
system. Link to host system via 
RS232C serial interface or di­
rectly 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: Fullin-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: Full In-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. 

PL/M51: 

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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Archemldes 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), MicrovaxlVAX 
(running VMS/Ultrix) and SUN sys­
tems. 

SimCASE: 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). 

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), MicrovaxlVAX r=­
(running VMS/Ultrix) and SUN sys- .;. 
tems. 

S80515: SAB 80515 simulator. Available for 
IBM PC compatible (MSDOS 
based), MicrovaxlVAX (running 
VMS/Ultrix) and SUN systems. 

C80515: "C" cross-compiler package for 
SAB-51 family of microcontrollers. 
Available for IBM PC compatible 
(MSDOS based), MicrovaxlV AX 
(running VMS/Ultrix) and SUN sys­
tems. 
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Appendix A 
RegIster DefInItIons for SAB 80515/80535 

RBGSlS.PDF for ASMSl 

REGISTER DECLARATIONS FOR BAB 8OS1S 

; ......... B'YTEREGISTER •••••••• 

PO 
SP 
DPL 
DPH 
PeoN 
TCON 
TMOD 
TLO 
TL1 
THO 
THl 
Pl 
SCON 
SBUF 
P2 
lEND 
IPO 
P3 
IENl 
IPI 
IRCON 
CCEN 

-CCLl 
CCH1 
ceLl 
CCH2 
CCL3 
CCH3 
T2C0N 
CRCL 
CRCH 
TL1 
TH2 
PSW 
ADCON 
ADDAT 
DAPR 
ACC 
P4 
B 
PS 

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 

O8OH 
081H 
082H 
083H 
087H 
088H 
089H 
08AH 
08BH 
08CH 
08DH 
O!IOH 
0!I8H 
O!I9H 
OAOH 
OABH 
WH 
ODOH' 
0B8H 
OB9H 
oam 
0C1H 
0C2H 
OOH 
OC4H 
0C5H 
OC6H 
0C7H 
OCBH 
OCAH 
OCBH 
OCCH 
OCDH 
ODOR 
OD8H 
DOOH 
DDAH 
OEOH 
OESH 
OPOH 
OF8H 

;PORTO 
;STACK POINTER 
;DATA POINTER· LOW BYrE 
;DATA POINTER· HIGH BYrE 
;POWER CONTROL 
;TIMER CONTROL 
;TlMERMODE 
;TlMER O· LOW BYrE 
;TiMER 1· LOW BYrE 
;TIMER O· HIGH BYTE 
;TIMER 1 • HIGH BYrE 
;PORTl 
;SERIAL PORT CONTROL 
;SERIAL PORT BUPPER 
;PORTZ 
;INTERRUPT ENABLE REGISTER 0 
;INTERRUPT PRIORITY REGISTER 0 
;PORT3 
;INTERRUPT ENABLE REGISTER 1 
;INTERRUPT PRIORITY REGISTER 1 
;INTERRUPT REQUEST CONTROL 
;COMPAREfCAPTURE ENABLE 
;COMPAREfCAPTURE REGISTER I· LOW BYrE 
;COMPAREfCAPTURE REGISTER I· HIGH BYTE 
;COMPAREfCAPTURE REGISTER 2· LOW BYrE 
;COMPAREfCAPTURE REGISTER 2· HIGH BYTE 
;COMPAREfCAPTURE REGISTER 3· LOW BYrE 
;COMPAREfCAPTURI! REGISTER 3· HIGH BYrE 
;TIMER 2 CONTROL 
;COMPAREfRELOADfCAPTURE. LOW BYrE 

;~~~~!~:,.o~CAPTURE. HIGH B~ 
;TlMER 2 • HIGH BYrE 
~OGRAMSTATUSWORD 

;AfD CONVERTER CONTROL 
;AfD CONVERTER DATA _ 
;Of A CONVERTER PROGRAM REGISTER 
;ACCUMULATOR 
;PORT 4 
;MULTIPUCATION REGISTER 
;PORTS 

0194-1 
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Register Definitions for SAB 80515/80535 (Continued) 

........ BIT REGISTERS ....... . 

ITO 
lEO 
ITI 
lEI 
TRO 
TPO 
TRI 
TPI 
1NT3 
INT4 
INTS 
INT6 
1NT2 
12EX 
CLKOUT 
12 
RI 
TI 
R88 
T88 
REN 
SM2 
SMI 
SMO 
EXO 
ETO 
EXI 
ETI 
ES 
E12 
WDT 
EAL 
RXD 
TXD 
INTO 
INTI 
TO 
11 
WR 
RD 
EADC 
EX2 
EX3 
EX4 
EXS 
EX6 
SWDT 
EXENl 
IADC 
IEXl 
1EX3 
IEX4 
IEXS 
1EX6 
TP2 
EXFl 
1210 
1211 
T2CM 
12RO 
12RI 
I2fR 
13PR 
T2PS 
P 
PI 
OV 
RSO 
RSI 
PO 
AC 
CY 
MXO 
MXI 
MXl 
ADM, 
BSY 
CLK 
DO 

BIT 
BIT 
BIT 
BIT 
BIT 
BIT 

'BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 

088H 
O89H 
08AH 
08BH 
08CH 
Il8DH 
08EH 
08PH 
OOOH 
O9IH 
0!I2H 
093H 
094H 
09SH 
096H 
097H 
098H 
09911 
O9AH 
09BH 
09CH 
O9DH 
09EH 
09FH 
0A8H 
0A9H 
OMH 
OABH 
OACH 
OADH 
OAEH 
OAFH 
OBOH 
OBIH 
0B2H 
OB3H 
OB4H 
OBSH 
0B6H 
OB7H 
OBBH 
OB9H 
OBAH 
OBBH 
OBCH 
OBDH 
OBEH 
OBFH 
OCOH 
OCIH 
0C2H 
OCIH 
OC4H 
OCSH 
0C6H 
0C7H 
IlC8H 
IlC9H 
DCAH 
OCBH 
IlCCH 
IlCDH 
OCEH 
OCFH 
ODOH 
ODIH 
OD2H 
OD3H 
OD4H 
ODSH 
0068 
OD7H 
ODSH 
OOOH 
ODAH 
ODBH 
ODeH 
ODEH 
ODFH 
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;TCON.o - EXT. INTERRUPT 0 TYPE 
;TCON.I - EXT. INTERRUPT 0 EDGE FLAG 
;TCON.2 - EXT. INTERRUPT I TYPE 
;TCONJ - EXT. INTERRUPT I EDGE FLAG 
;TCON.4 -TIMER 0 ON/OFF CONTROL 
;TCON.!l- TIMER 0 OVERFLOW FLAG 
;TCON.6 - TIMER ION/OFF CONTROL 
;TCON.7 - TIMER I OVERFLOW FLAG 
;PI.o - EXTERNAL INTERRUPT 3/CAPTURE O/COMPARE 0 
;PI.I - EXTERNAL INTERRUPT 4/CAPTURE I/COMPARE I 
;PI.2 _ EXTERNAL INTERRUPT S/CAPTURE 2/COMPARE 2 
;PI.3 - EXTERNAL INTERRUPT 6/CAPTURE 3/COMPARE 3 
;P1.4 • EXTERNAL INTERRUPT 2 
;PI.!l· TIMER 2 EXTERNAL RELOAD TRIGGER INPUT 
;PI.6 - SYSTEM CUlCK OUTPUT 
:PI.7 - TIMER 2 INPUT 
;SCON.o - RECEIVE INTERRUPT FLAG 
;SCON.I- TRANSMIT INTERRUPT FLAG 
;SCON.2 - RECEIVE BIT 8 
;SCON.3 - TRANSMIT BIT 8 
;SCON.4 - RECEIVE ENABLE 
;SCON.S - 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.I - TIMER 0 INTERRUPT ENABLE 
;IENo.2 - EXTERNAL INTERRUPT I ENABLE 
;!ENOJ - TIMER I INTERRUPT ENABLE 
;JENO.4 -SERIAL PORT INTERRUPT ENABLE 
;IENO.S - TIMER 2 INTERRUPT ENABLE 
;JENO.6 - WATCHDOG TIMER RESET 
;IENO.7 - GLOBAL INTERRUPT ENABLE 
;P3.o - SERIAL PORT RECEIVE INPUT 
;P3.1 - SERIAL PORT TRANSMIT OUTPUT 
;P3.2 - EXTERNAL INTERRUPT 0 INPUT 
;P33 . EXTERNAL INTERRUPT I INPUT 
;P3.4 . TIMER 0 COUNT INPUT 
;P3.!i, TIMER I COUNT INPUT 
;P3.6 - WRITE CONTROL FOR EXT. MEMORY 
;P3.7 - READ CONTROL FOR EXT. MEMORY 
;IENI.o - AID CONVERTER INTERRUPT ENABLE 
~ENI.I- EXTERNAL INTERRUPT 2 ENABLE 
~ENI.2 - EXTERNAL INTERRUPT 3 ENABLE 
;IENI.3 - EXTERNAL INTERRUPT 4 ENABLE 
;IENI.4 - EXTERNAL INTERRUPT S ENABLE 
:IENI.S • EXTERNAL INTERRUPT 6 ENABLE 
;IEN1.6 - WATCHDOG TIMER START 
~ENI.7. TIMER 2 EXTERNAL RELOAD INTERRUPT ENABLE 
;IRCON.o· A/D CONVERTER INTERRUPT REOUEST 
;IRCON.I-EXTERNAL INTERRUPT 2 EDGE FLAG 
;IRCON.2 - EXTERNAL INTERRUPT 3 EDGE FLAG 
:IRCONJ - EXTERNAL INTERRUPT 4 EDGE fLAG 
:IRCON.4 - EXTERNAL INTERRUPT S EDGE FLAG 
;IRCON.!l· EXTERNAL INTERRUPT 6 EDGE FLAG 
;IRCON.6 - TIMER 2 OVERFLOW FLAG 
;IRCON.7 - TIMER 2 EXTERNAL RELOAD fLAG 
:T2CON.o· TIMER 2 INPUT SELECT BIT 0 
;T2CON.I- TIMER 1 INPUT SELECT BIT I 
;T2CON.2· COMPARE MODE 
;T2CON.3 - TIMER 2 RELOAD MODE SELEL'1' BIT () 
;T2CON.4 - TIMER 2 RELOAD MODE SELECT BIT I 
;T2CON's - EXTERNAL INTERRUPT 2 fALLING/RISING EDOE FLAO 
;T2CON.6· EXTERNAL INTERRUPT 3 FALLING/RISING EDOE FLAG 
;T2CON.7 - PRESCALER SELECT BIT 
;PSW.o-ACCUMULATOR PARITY FLAG 
;PSW.I :FLAO I 
;PSW.2 • OVERFLOW FLAG 
;PWSJ - REGISTER BANK SELECT () 
;PSW.4 - REGISTER BANK SELEL'1' I 
;PSW.S - FLAG 0 
;PSW.6- AUXILIARY CARRY FLAG 
;PSW.7· CARRY FLAG 
;ADCON.O - ANALOG INPUT CHANNEL SELECT BIT () 
;ADCON.l- ANALOG INPUT CHANNEL SELECT BIT I 
;ADCON.2 - ANALOG INPUT CHANNEL SELECT BIT 2 
;ADCONJ • A/D 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) 

rREG515.DCL forPLM51 

r Jlosistor cledanlioa for SAD 80515 ., 
DIICLARE REG lJTBRALL Y 'RBOISTI!R'; 

; •••••••• BYTE REGISTBR ........ 

DIICLARE 
PO B'YTB AT (OIIOH) RBO, rPORTO 
PO B'YTB AT (081H) REG, ,. STACK POINTBR 
DPL B'YTB AT (082H) RBO, ,. DATA POINTBIl· LOW B'YTB 
DPH B'YTB AT (OIISH) REG, ,. DATA POIN1'IIR· HIGH IIYTE 
PCON B'YTB AT = REG, ,. POWBR CXlNTROL 
TCON B'YTB AT REG, ,. TIMU. CONTROL 
NOD B'YTB AT (089H) REG, ,. TIMBR MODB 
TLO B'YTB AT (OIAH) RBG, ,. TIMBR 0 • LOW B'YTB 
TL1 B'YTB AT (08BH) RBO, ,. TIMBR 1· LOW B'YTB 
THo B'YTB AT (08CH) REG, ,. TIMBR O· HIGH B'YTB 
THl B'YTB AT (OSDH) RBO, ,. TIMBR 1· HIGH B'YTB 
PI BYTI! AT (090H) REG, ,·PORTI 
SCON B'YTB AT (CWIIH) REG, r SERIAL PORT CONTROL 
SBUP B'YTB AT (099H) REG, r SBR1AL PORT BUPPER 
P2 B'YTB AT (OAOH) REG, ,·PORTZ 
1EN0 B'YTB AT (OASH) RBO, ,. INTERRUPT ENABLE RBOISTI!R 0 
!PO B'YTB AT (0A9H) REG, r INTERRUPT PRIORITY RBOISTI!R 0 
P3 B'YTB AT (OBOH) RBO, rPORT3 

. IENI B'YTB AT (OBSH) REG, r INTERRUPT ENABLE RBOISTER 1 
!PI B'YTB AT (089H) REG, r INTERRUPT PRIORITY REGISTER 1 
IRCON B'YTB AT (OCOH) REG, ,·INTERRUPT REQUEST CONTROL 
CCEN BYTE AT (OClH) RBO, r COMPARE,CAPTURB ENABLE 
ca..J. B'YTB AT (0ClH) REG, r COMPARE,CAPTURE REGISTER I· LOW BYrE 
.CClIl BYTE AT (OC3H) REG, r COMPARE,CAPTURE REGISTER I· HIGH BYTE 
ccu BYTE AT (OC4H) REG, r COMPARE,CAPTURE REGISTER 2· LOW BYTE 
CCH2 BYTE AT (0C5H) REG, r COMPARE,CAPTURE REGISTER 2· HIGH BYrE 
CCL3 B'YTB AT (OC6H) REG, ,. COMPARE,CAPTURB REGISTI!R 3· LOW BYTE 
CCH3 B'YTB AT (0C7H) REG, r COMPARE,CAPTURE REGISTER 3· HIGH BYTE 
neoN BYTE AT (0C8H) REG, ,. TIMBR 2 CONTROL 
CRCL B'YTB AT (OCAH) REG, ,. COMPAREfRBLOAD,CAPTURE. LOW B'YTB 
CRCH BYTE AT (OCBH) REG, r COMPAREfRBLOAD'CAPTURB. HIGH BYTE 
1U B'YTB AT (OCCH) REG, r TIMBR 2· LOW BYTE . 
THZ B'YTB AT (OCDH) REG, ,. TIMER z· HIGH B'YTB 
PSW BYTE AT (ODOH) REG, ,. PROGRAM STATUS WORD 
ADCON BYTE AT (ODSH) REG, rAID CONVERTI!R CONTROL 
ADDAT BYTE AT (0D9H) REG, rAID CONVERTI!R DATA 
DAPR B'YTB AT (ODAH) REG, ,. D,A CONVERTI!R PROGRAM REGISTI!R 
ACC BYTE AT (OEOH) REG, r ACCUMULATOlt 
.4 B'YTB AT (OESH) REG, I" PORT 4 
B BYTE AT (OFDH) REG, I" MULTIPUCATION REGISTER 
PS BYTE AT (OFSH) REG, rPORT5 
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Register Definitions for SAB 80515/80535 (Continued) 

lUI •••••• BIT REGISTERS ........ 

ITO BIT AT (088H) REG, I' TCON.D· EXT. INTERRUPT 0 TYPE 
lEO BIT AT (089H) REG, I' TCON.I· EXT. INTERRUPT 0 EDGE FlAG 
ITI BIT AT (08AH) REG, I' TCON.2. EXT. INTERRUPT I TYPE 
lEI BIT AT (08BH) REG, I' TCON.3· EXT. INTERRUPT I EDGE FlAG 
TRO BIT AT (OBCH) REG, I' TCON.4. TlMER'O ON/OPF CONTROL 
Tft) BIT AT (OBOH) REG, /' TCON.!I • TIMER 0 OVERFLOW FlAG 
TRI BIT AT (08ER) REG, I' TCON.6. TIMER I ON/OPF CONTROL 
Trl BIT AT (08FH) REG, /' TCON.7 • TIMER I OVERFLOW FLAG 
1NT3 BIT AT (090II) REG, /' PI.O· EXTERNAL INTERRUPT 3tt;APTURE O/COMPARE II 
INT4 BIT AT (09IH) REG, I' PI.I· EXTERNAL INTERRUPT 4/CAPTURE IICOMPARE I 
INT! BIT AT (092H) REG, I' PI.2. EXTERNAL INTERRUPT 'ICAPTURE 2/COMPARE 2 
INTlS BIT AT (093H) REG, /' PI.3· EXTERNAL INTERRUPT 6/CAPTURE 3/COMPARE 3 
INn BIT AT (094H) REG, I' PI.4 • EXTERNAL INTERRUPT 2 
T2EX BIT AT (095H) REG, /' PI..!· TIMER 2 EXTERNAL RELOAD TRIGGER INPUT 
CLlWUT BIT AT (096H) REG, I' PI.6 • SYSTEM CLOCK OUTPUT 
TZ BIT AT (097H) REG, /' PI.7· TIMER 2 INPUT 
RI BIT AT (098H) REG, I' SCON.o· RECEIVE INTERRUPT FlAG 
TI BIT AT (09!lH) REG, /' SCON.I· TRANSMIT INTERRUPT FlAG 
R88 BIT AT (09AH) REG, I' SCON.2· RECEIVE BIT 8 
T88 BIT AT (09BH) REG, /, SCON.3 • TRANSMIT BIT 8 
REN BIT AT (09CH) REG, /' SCON.4 • RECEIVE ENABLE 
SM2 BIT AT (09DH) REG, /' SCON..!. SERIAL MODE CONTROL BIT 2 
SMI BIT AT (09EH) REG, /' SCON.6· SERIAL MODE CONTROL BIT I 
SMO BIT AT (09FH) REG, I' SCON.7· SERIAL MODE CONTROL BIT 0 
EXO BIT AT (DASH) REG, /' IENO.O • EXTERNAL INTERRUPT 0 ENABLE 
ETO BIT AT (0A9H) REG, /' IENO.I· TIMER 0 INTERRUPT ENABLE 
EXI BIT AT (OMH) REG, I' IENO.2 - EXTERNAL INTERRUPT I ENABLE 
ETl BIT AT (OABH) REG, /' IENO.3 -TIMER I INTERRUPT ENABLE 
ES BIT AT (OACH) REG, /' IENO.4 - SERIAL PORT INTERRUPT ENABLE 
ETZ BIT AT (OADH) REG, /' IENO.5 • TIMER 2 INTERRUPT ENABLE 
WOT BIT AT (OAEH) REG, /' IENO.6· WATCHDOG TIMER RESET 
EAL BIT AT (OAFH) REG, /' IENO.7· GLOBAL INTERRUPT ENABLE 
RXD BIT AT (OBOR) REG, /' P3.0· SERIAL PORT RECEIVE INPUT 
TXD BIT AT (OBIH) REG, I' P3.I- SERIAL PORT TRANSMIT OUTPUT 
INTO BIT AT (OBZH) REG, /' P3.2· EXTERNAL INTERRUPT 0 INPUT 
INTI BIT AT (0B3H) REG, /' P3.3 • EXTERNAL INTERRUPT I INPUT 
TO BIT AT (084H) REG, I' P3.4 - TIMER 0 COUNT INPUT 
TI BIT AT (OB5H) REG, /' P3.5 - TIMER I COUNT INPUT 
WR BIT AT (0B6H) REG, /' P3.6. WRITE CONTROL FOR EXT. MEMORY 
RD BIT AT (OB7H) REG, /' P3.7 - READ CONTROL FOR EXT. MEMORY 
EADe BIT AT (OBSH) REG, /' IENI.D - A/D CONVERTER INTERRUPT ENABLE 
EX2 BIT AT (089H) REG, /' IEN1.1- EXTERNAL INTERRUPT 2 ENABLE 
EX3 BIT AT (OBAH) REG, I' IENI.2 - EXTERNAL INTERRUPT 3 ENABLE 
EX4 BIT AT (OBBH) REG, I' IENI.3 - EXTERNAL INTERRUPT 4 ENABLE 
EXS BIT AT (OBCH) REG, I' IENI.4 - EXTERNAL INTERRUPT 5 ENABLE 
EX6 BIT AT (OBDH) REG. /' IENI.5 • EXTERNAL INTERRUPT 6 ENABLE 
SWOT BIT AT (OBEH) REG. /' IENI.6 - WATCHDOG TIMER START 
EXEN2 BIT AT (OBPH) REG, /' IEN!.7 - TIMER 2 EXTERNAL RELOAD INTERRUPT ENABLE 
IADC BIT AT (OCOH) REG. /' IRCON.O - AID CONVERTER INTERRUPT REQUEST 
IEX2 BIT AT (OCIH) REG. /' IRCON.I- EXTERNAL INTERRUPT 2 EDGE FlAG 
1EX3 BIT AT (0C2H) REG. /' IRCON.2 - EXTERNAL INTERRUPT 3 EDGE FlAG 
IEX4 BIT AT (OClH) REG. /' IRCON.3 - EXTERNAL INTERRUPT 4 EDGE fLAG 
IEXS BIT AT (OC4H) REG. l'IRCON.4· EXTERNAL INTERRUPT 5 EDGE FlAG 
IEX6 BIT AT (oesH) REG. l'IRCON.5· EXTERNAL INTERRUPT 6 EDGE FlAG 
TP2 BIT AT (OC6H) REG. /' IRCON.6 - TIMER 2 OVERFLOW fLAG 
EXPZ BIT AT (OC7H) REG. /' IRCON.7 - TIMER 2 EXTERNAL RELOAD FlAG 
TZlO BIT AT (OCSH) REG. /' TZCON.D - TlMJ!R 2 INPUT SELECT BIT 0 
TZlI BIT AT (0C9H) REG. /' TZCON.I- TIMER 2 INPUT SELECT BIT I 
TZCM BIT AT (OCAH) REG, I' TZCON.2 - COMPARE MODE 
TZRO BIT AT (OCBH) REG. I' TZCON.3 • TIMER 2 RELOAD MODE SELECT BIT 0 
TZRI BIT AT (OCCH) REG. r TZCON.4 - TIMER 2 RELOAD MODE SELECT BIT I 
12FR BIT AT (OCDH) REG. /' TZCON.5· EXTERNAL INTERRUPT 2 fALLING/RISING EDGE fLA 
13FR BIT AT (OCER) REG, /' TZCON.6· EXTERNAL INTERRUPT 3 fALLINGIRISING EDGE FLA 
TZPS BIT AT (OCFH) REG. /' neON.7 - PRESCALER SELECT BIT 
P BIT AT (ODOR) REG. /' PSW.O - ACCUMULATOR PARITY FlAG 
PI BIT AT (ODIH) REG. /' PSW.I- FlAG I 
OV BIT AT (ODZH) REG. /' PSW.2· OVERFLOW fLAG 
RSO BIT AT (ODlH) REG, /' PWS.3 • REGISTER BANK SELECT 0 
RSI BIT AT (OO4H) REG. /' PSW.4 - REGISTER BANK SELECT I 
ft) BIT AT (OD5H) REG. /' PSW.5 - FlAG 0 
AC BIT AT (0D6H) REG. /' PSW.6 - AUXILIARY CARRY FlAG 
CY BIT AT (007H) REG, /' PSW.7 - CARRY FlAG 
MXO BIT AT (OOSH) REG. /' AOCON.o - ANALOG INPUT CHANNEL SELECT BIT 0 
MXI BIT AT (OO9H) REG. /' ADCON.I - ANALOG INPUT CHANNEL SELECT BIT 1 
MX2 BIT AT (ODAH) REG. /' AOCON.2 - ANALOG INPUT CHANNEL SELECT BIT 2 
ADM BIT AT (ODBH) REG, /' ADCON.3· AID CONVERSION MODE 
BSY BIT AT (OOCH) REG. /' ADCON.4· BUSY FlAG 
CLK BIT AT (ODER) REG. I' ADCON.6 - SYSTEM CLOCK ENABLE 
BD BIT AT (ODFH) REG. /' ADCON.7 - BAUD RATE ENABLE 
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Summary of Package Outlines 





Package Outlines 

Plastic package, P-DIP-40 
(Dual-In-Line Package) 
20 B 40 DIN 41870 T10 

Plastic package, PL-CC-44 
(Plastic Leaded-Chip Carrier)-SMD 
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Package Outlines 

Plastic package, PL-CC-68 
. (Plastic Leaded-Chip Carrier)-5MD 
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