




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































phenomena like temperature substrate 
noise, etc."and these cannot be reduced by 
reducing the reference voltage. 

However, this is not the point in ratiometric AI 
D converters. 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. Increasing 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 performed 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 
reduction 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 referencevoltage. 
Therefore this converter, which is actually an 
8-bit converter, can look like a 10-bit 
converter over the full conversion-range from 
OV to 5V using appropriate software. The 
absolute accuracy of this "10-bit converter", 
is the absolute deviation between the analog 
input and the digital result. This is not 
necessarily any better than that of the "8-bit 
converter" (VAGND = OV and VAREF = 5V), 
although it can be improved by implementing 
correction 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 5V reference voltage 
gives four digital steps in the same interval, 
and therefore an additional two bits of 
resolution. 

The adjustable reference voltage feature, in 
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combination 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 5V, (the 
"8-bit range"). For the purpose of the 
following discussion, the term "LSB8" is used 
to describe one LSB (least significant bit) 
over this range. Similarly, "LSB1 0" 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 voltage range of VAGND = OV and 
VAREF = 5.0V. Assume a negative offset 
error of 112 LSB8 a'nd no other errors. This 
means that the first transition of the transfer 
characteristic (the change from OOH to 01 H) 
occurs at an input voltage of VAINPUT = 
O.OOV. According to the ideal transfer 
characteristic, the absolute offset error is 
approximately -10 mY. If we now reduce the 
upper internal reference voltage to 1 .25V, 
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then 1 LSB (now an "LSB10") of the digital 
result now refers to a quantum of 
approximately 5 mV. For VAINPUT = O.OOV, 
with the same Offset error the conversion 
result is 2 LSB10 (ADDAT = 02H). Thus, an 
absolute offset error is independent of the 
reference voltage selected. In other words, 
the error is the same regardless which 
"window" 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, and 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 definition a scaled error comparison of an 
actual A-to-D converter transfer 
characteristic and comparing with an ideal 
characteristic shows a combination of errors. 
Some of these compensate for 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 
converter. This has an Offset error of -2 LSB 
and a Gain error of + 1 LSB over full range. 
Figure 22 Offset and Gain Error in a 
Reduced Reference Voltage Range 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 22 Offset and Gain 
Error in a Reduced Reference Voltage 
Range shows the reduced reference voltage 
range. In this case, it is half the size of the full 
scale range. Using a terminology similar to 

that above, LSBs are therefore LSB3' in the 
full range and LSB4 in the reduced. 

The dotted window in Figure 22 Offset and 
Gain Error in a Reduced Reference Voltage 
Range illustrates that changing 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 error of four LSB4 Offset 
Error and -1 LSB4 Gain Error. The Gain 
Error in the reduced range is scaled down to 
one LSB4 (1/2 LSB3) because this error is 
measured in the middle of the transfer 
characteristic. 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. 

Summarizing, it can be said that Offset-, 
Gain-Error and Integral Nonlinearity of the 
ratiometric A-to-D converters in the 
SIEMENS 8051-family can be regarded as 
absolute errors. Absolute errors are the 
deviation of the actual from the ideal value at 
a given 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 
reference 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 compensated for by software. 

The Differential Nonlinearity Error is a 
statistical error with more than one source. A 
major part is due to the noise inherent in any 
mixed· analog/digital system. This noise 
derives from the controller's environment 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 the DNLE 
component is not a constant error and 
therefore varies with reference voltage 
range. The DNLE due to the converter itself 
in fact shows a dependence to the reference 
voltage selected. This DNL component 
scales with the size of the window selected. 

Figure 22 

::;'A~-:)l r-amllY OT IVllcrocomrOllers 
Application Note 

10-Bit Resolution? 

The datasheet error definition disagrees with 
the 10-bit resolution claimed above. 10-bit 
resolution is possible, even with a differential 
~onlinearity error of 1 eight-bit-LSB (LSB8) 
maximum. This corresponds to approxim­
ately 20 mV. 

A DNLE of 1 LSB8 would result in missing 
codes in the transfer characteristics of the 
10;.bit rpnge, which means that 1 a-bit 
resolution appears to be "inappropriate". 

However, the DNLE discussed in the above 
paragraph is an exception to the principle of 
"absolute errors". The "self-induced" DNLE 
of the chip presents 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 environment in which the 
microcontroller is operated. Observing the 
design rules for dealing with weak analog 
signals leads to a typical DNLE of less than 
1 LSB10 (1 a-bit LSB) with no missing code. D 

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 conversion, 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 relevant parameter is the 
accuracy of the internal referenqe voltages. 
The absolute accuracy of a conversion result 
measured in a reduced reference voltage 
range also depends on the accuracy with 

. which the internal reference voltages can be 
adjusted. 

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

A write-to-DAPR instruction connects the 
internal reference voltage. nodes to the 
appropriate taps. The lower and upper nibble 
of the SFR DAPR determines the tap 
position for the lower and higher reference 
voltage respectively. The accuracy of the 
internal reference voltages therefore 
depends on the accuracy 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 1/16 
of the reference 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 reference 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 reference 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 DAPR = C4H 

VAREF = 5.12V 

[

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

VINTAREF = VAGND + DAPR (4 -7) • (VAREF _ VAGND) = 3.840V 
16 

The above values for VINTAGND and 
VINT AFER 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 
application. 

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



A. Measuring Absolute Voltages 

This is a standard application for any AfD­
Converter. 

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

VAGND = O.OOV DAPR = 84H 

VAREF ~ 5.12V VAINPUT = 1.500V 

1 

VINTAGND = 1.280V(ideal) . 

VINT AREF = 2.56V (ideal) 

StepWidth = VAINPUT - VINTAGND = 5mV 
256 

The correct result of the conversion would 
be: 

ADDAT = VAINPUT - VINTAGND = 2CH 
StepWidth 

Let's assume that a hypothetical 
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 absolute offset error caused by the new 
VINTAGND of one LSB10. The actual result 
is now 
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ADDAT = 1.500V -1.275V = 45D = 2DH 
4.98mV 

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

B. Measuring Differential Voltages 

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

The requirements for a tracking converter 
are high resolution and monotonic behavior. 
Both the requirements 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 
+-----:2=-=5=-=6--

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 

4 

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 VINTAGND and +15 
mV for VINTAREF or vice versa), the analog 
equivalent to one LSB would expand or 
compress by 0.117 mY. 

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 
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signal between two sample points. 

Summarizing, it may be said that the 
VINTREFERR, the error of the internal 
reference, cannot be disregarded in 
applications which use the internal reference 
.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 mV. 

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 
values. 
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Introduction 

This application note describes a software 
routine to achieve 10 bits of resolution with 
the AID converter of the SAB 80515/535. 

Analog-to-digital (AID) and digital-to-analog 
(D/A) converters are devices. which interface 
physical parameters, which are analog, to 
digital computation and control. Some 
applications in which AID converters are 
used include processing systems, sampled­
data control systems, data telemetry 
systems and automatic test systems. 
Besides AID converters, these systems 
usually employ transducers to interface with 
physical/analog quantities such as 
temperature, pressure, flow, acceleration 
and position, as well as microcontrollers or 
microprocessors to process the acquired 
data. 

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

Quantization and Resolution of an AID 
Converter 

Quantizing is the process of transforming a 
continuous 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 resolution 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 
reduced only by increasing the resolution of 
the converter, thereby making the 
quantization finer. 

With 1024 possible quantized output states 
from a 1 O-bit AID converter, a quantum for a 
full scale range of 5.12V will be equal to 
5.12V/210 = 5 mY. The same level of 
quantum can be achieved with the 8-bit AID 
converter on the SAB 80515/535. By 
programming the internal reference voltage 
sources, the entire analog input range of 
5.12V may be divided 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 mY. 
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 805151 
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 AI 
D converter. The analog signal at the 
selected input channel is sam pied for 5 
machine cycles (5 Jls 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 1 0 ~s at an 
oscillator frequency of 12 MHz. One-time or 
continuous conversions may be performed. 
The end of a conversion may cause an 
interrupt. 

Moreover, the two internal reference 
voltages IVAREF and IVAGND can be 
programmed for a 4-bit resolution (16 steps), 
referred to the externally applied reference 
voltage VAREF. Each 4-bit value, one for 
IVAGND and another for IVAREF, is put in a 
D/A converter program register called 
DAPR. DAPR is an 8-bit register in which the 

Figure 23 
Increase in AID Converter Resolution 

5.12V 
VAREF 

1 st Conversion 
20 mV Resolution 

,~ 
VAGZ~+ 

Sample 
Time 

2nd Conversion 
5 mV Resolution 

±=
3.2V 
IVAREF 

1.92V 
,~"---+---- IVAGND 

Sample 
Time 

1.lmproved resolution by second measurement 

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 .2BV 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 two Most Significant Bits 

. (MSBs) for each of the four ranges, i.e. OOXX 
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low-order nibble holds the digital value of 
. IVAGND, while the high-order nibble holds 
the digital value of IVAREF. As soon as a 
digital value is written· to DAPR, the 
corresponding analog levels for the IVAREF 
and ·IVAGND are computed and the AID 
conversion is then performed in this range. 
By reducing the range of conversion, the 
resolution of the AID converter can be 
increased up to 10 bits ("Figure 23 Increase 
in AID Converter Resolution"). Different 
internal analog voltage ranges may be set for 
each input by means of software. 

S.12V __ AN_O ___ A_N_l ___ A_N_ ... ___ _ 

VAREF 

1
4.48V 

2.S6V r·2V 

O.64V 

IVAREF 

I2.56V 

1.28V 
IVAGND ov 

VAGND----------------- 1 

2. Matching various external voltage ranges to 
the AID converter . 

XXXXB for range from OV to 1.28V, 01 XX 
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 made as to which of 
the four ranges the analog signal belongs. 
The IVAREF and IVAGND are then 
programmed to have the respective 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 resolution introduces an error when 
the analog signal lies at the boundary of two 
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adjacent ranges. The irreducible error which 
results from the quantizing process may 
produce the digital result in one range, while 
the actual analog signal may belong to the 
adjacent range .. This indeterminateness of 
the correct range introduces an additional 
error of 1/2 LSB. 

To circumvent this problem, another 
approach is adopted, in which the entire 
range of S.12V is divided into several sub­
ranges of 1.28V such that each sub-range 
overlaps the .other at its mid-point, as shown 
in "Figure 24 AID Converter Sub-Ranges". 
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 
performed in tile S.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 selected 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 result. However, if an even­
numbered sub-range is selected, which is 
offset by 0.64V from the odd-numbered sub­
range, an 80H (digital equivalent of FSR/2 = 
1.28V/2 = 0.64V) is added to the digital result 
to compensate for this offset. Any carry from 
this addition will also modify the value of the 
two MSBs of the final 10-bit result. 

Algorithm 

"Figure 24 AID Converter Sub-Ranges" 
graphically represents the assignment of the 
DAPR register in the narrow range. The left 
nibble of the 8-bit result obtained from the AI 
o converter 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-num~ered sub-range 
is selected, an 80H is added to the AID 
conversion result obtained in the narrow 
range. Again, the third and fourth bits of the 
selected DAPR value corresponds to the two 
MSBs of the final 10-bit result. The carry 
generated by the addition of 80H to the 
digital result is added to these bits to 
determine the two MSBs of the final 10-bit 
result. These two bits concatenated with the 
8-bit result obtained by programming the 
DAPR register in the narrow range gives the 
final 10-bit result. 
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Figure 24 
AID Converter Sub-Ranges 

FIRST SECOND 
CONVERSION CONVERSION 

I DAPR 
Analog Digital I Table Sub-Range 

~ -5.12V 

5.10V F FH 15. OCH 

4.78V E FH 14. OCH 

4.16V D OH 13. OCH 
4.14V C FH 12. EAH 

-3.B4V 

3.52V B OH 11- EAH 
3.50V A FH 10. C8H 

2.88V 9 OH 9. C8H 
'2.86V 8 FH 8. A6H 

-2.S6V 

2.24V 7 OH 7. A6H II 2.22V 6 FH 6. 84H 

1.60V 5 OH 5. 84H 
1.58V 4 FH 4. 62H 

-1.28V 

O.96V 3 OH 3. 62H 
O.94V 2 FH 2. 40H 

O.62V FH 1. 40H CD 

O.OOV 0 OH O. 40H 

~ -D.OOV 
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System Design Hints 

The recommended design for use of the SAB 
80515/535 is shown in "Figure 25 Capacitors 
for the SAB 80515/535". 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 AI 
D converter is highly desirable. Since Vee is 
typically noisy and unstable, the Vee line is 
unsuitable as an analog reference. In 
addition, many standard voltage regulators 
are not stable enough to meet the 
requirements of the SAB 80515, if maximum 
accuracy is desired. Strict adherence to the 
VAREF specification 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 25 Capacitors for the SAB 
80515/535" is a schematic for the NMOS, 
implementation of the SAB 80515/535. In the 
CMOS implementation 'of this device, the 
Vss 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 Vss pin, to be 
connected via a jumper pin, as required by 
the CMOS device. In addition, when using 
CMOS devices, the long capacitor 
connected between V ss 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 

resolution is given in Appendix A. To reduce 
noise, the address lines should remain as 
quiescent as possible to minimize the power 
draw from the VCC. Therefore, it is 
recommended that other tasks which change 
the address lines are not initiated while 
waiting for the end of conversion. 

In addition, the Jump if Busy (JB BSY,addr) 
instruction 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. 
XX XOH JB 
XX X1H BSY 
XX X2H reI. address 

Bad Example: 

Addr. 
OF FFH JB 
10 OOH BSY 
10 01 H reI. address 

To ensure highest accuracy, self-calibration 
routines should be performed each time 
before the AID 'converter 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 25 
Capacitors for the SAB 80515/535 

47 ... 100nF 
Connectors as short as possible r Digital GNr-D ___ v_ss--,-~: "--_-..I---L __ ...., 1-______ + 
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with low 
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I Analog Inputs 
I 
I 

=~: 100nF 
I 
I 

: SAB 80515 

I 0 

1-------+ 

~ ..... --_t_--+ Analog GND 

\ 

: +---+---+--+ Vref 

Digital po'-w-e-' r-s-u-p-P-Iy-M~V-Cc-----"" 
~-~----~-..;......... PCB layout in accordance with design 

I rules for analog circuits 
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Appendix A 

0020 
0020 
0021 

0000 
0000 
0000 COEO 
0002 COOO 
0004 5308F8 

,0007 E500 
0009 4208 
OOOB 750AOO 
OOOE 200CFD 
0011 E509 
0013 54FO 
0015 C4 
0016 241E 
0018 83 
0019 
0019 F5DA 
001B 200CFO 
001E 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 DC 
0046 OC 

DOlE 
0000 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 

SMOD51S 
SPAGELENGTH(80) 

:,:. :.****************************************************.*.********* •• 

Subroutine Name: AD CON V 
.* Function: This subroutine performs an AID conversion on the ch·* 
• * annel se lected by the var i able CHAN SEL and at the * 
.* erd of the conversion saves a 10·bit result in locat·* 
.* ions AD VALUE L (lower eight bits) and AD VALUE H 
•• (has the two HSBS).· --
.* , . 
; ******-**************************************-******_.************* 

DSEG 
AD VALUE L: 

AT 
OS 
OS 

20H 
1 

AD:VALUE:H: 1 

CSEG AT OH 
AD CONV: 

- PUSH ACC 
PUSH PSII 
ANL ADCON, #1 1 1 1 1000B 
HOV A, CHAN SEL 
ORL AOCON,A 
HOV DAPR,#OOH 
JB BSY,S 
HOV A,ADDAT 
ANL A,IIOFOH 
SIIAP A 
ADD A,IIREFER_DFFSET 
MOVC A,iilA+PC 

REFERENCE HELP LABEL: 
MOV - DAPR,A 
JB BSY,S 
HOV R6,ADDAT 
RR A 
ANL A,II07H 
MOV R7,A 
ANL A,#01H 
RR A 
ADD A, R6 
MOV AD VALUE L,A 
MOV A,R7 -
RR A 
ANL A,#03H 
ADOC A,#OOH 
MOV AD VALUE H,A 
POP psii -
POP ACC 
RET 

REfERENCE TABLE: 
DB 40H 
DB 40H 
DB 40H 
DB 62H 
DB 62H 
08 84H 
DB 84H 
DB OA6H 
DB OA6H 
DB OC8H 
DB OC8H 
DB OEAH 
DB OEAH 
DB OOCH 
DB OOCH 
DB OOCH 

;CONTAINS LOIIER 8 BITS 
;CONTAINS TIIO MSBs Of lO·BIT RESULT 

;FIRST CONVERSION 

;A = FIRST MEAS./16 

; LOOK-UP TABLE FOR SECOND DAPR 

: SECOND CONVERS I ON 
:RESULT=SECOND CONVERSION 
:A=(DAPRO)OOO 0(DAPR3)(DAPR2)(DAPR1) 
:A=OOOO 0(DAPR3)(DAPR2)(OAPR1) 

;A=OOOO 000(DAPR1) 
; A=(DAPRl )000 0090 

; A=OOOO 00(DAPR3 )(DAPR2) 

RE FER OFfSET 
CHAN3EL 

EQU 
EQU 

REFERENCE TABLE-REFERENCE HELP LABEL 
DOH - - -

END 

ASSEMBL Y COMPLETE, 0 ERRORS FOUND 
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Introduction 

This application note introduces the user to 
one of the features of Timer 2 and AID 
converter of the SAB 80515/535. Included in 
this application note is a description of both 
the software and hardware implementations 
of the SAB 80515/535 to use its Timer 2 and 
8-bit AID converter for the bidirectional, 
speed regulated moving message display. 
The program listing demonstrates how the 
Timer 2 and the 8-bit AID converter of the 
SAB 80515/535 can be combined to 
generate time delays controlled by analog 
levels. The hardware circuitry shows an 
interface of the SAB 80515/535 with a 
simulated analog input, a 2 kbyte EPROM, 
and intelligent display chips of Siemens used 
in memory mapped I/O scheme. 

The SAB 80515/535 microcontroller with on­
chip AID converter and a 16-bit Timer (Timer 
2) with reload capability offers a solution 
which can be applied to a wide range of 
industrial applications. These applications 
vary from analog controlled digital delays to 
controlled frequency converters for pulse 
width modulation. 

In the present application example, the 
above features of the SAB 80515/535 are 
used in conjunction to generate the software 
delays. The software delay results in 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 
converter 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 conversion, the 
method of successive approximation with a 
capacitor network is used. 

"Figure 26 Block Diagram of AID Converter" 
shows a block diagram of the AID converter. 
There are three user-accessible special 
function registers: 

- ADCON (AID converter control register) 

- ADDAT (AID converter data register) 

- DAPR (D/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 converted, 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 converted digital 8-bit data result. The 
data remains in ADDAT until it is overwritten 
by the next converted 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 function 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 machine 
cycle. The busy flag BSY will be set in the 
same machine cycle as the "write-to-DAPR" 
operation occurs. If the value written to 
DAPR is OOH, meaning that no adjustment of 
the internal reference voltages is desired, the 
conversion needs 15 machine cycles to be 
completed. Thus, the conversion time is 15 
/ls for 12 MHz oscillator frequency. 

After a conversion has been started by 
writing into the special function register 



DAPR, the analog voltage at the selected 
input channel is sampled for 5 machine 
cycles (5 /-Ls at 12 MHz oscillator frequency), 
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, being 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. 

Figure 26 
Block Diagram of AID Converter 
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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 counters. Timer 2 is 
the time base of the programmable Timer/ 
Counter Register Array (PTRA) unit. In 
addition to the operational modes "Timer" or 
"counter", Timer 2, being the time base for 
the PTRA unit, provides the features of: 

- 16-bit reload 

- 16-bit compare 

- 16-bit capture 

ANO - AN7 ANALOG . ~~r----... 
ANALOG VALUE REF+ REF- ANALOG VALUE 

FOR IVAREF FOR IVAGND 

VAREF --..... -------J---, 

4-BIT D/A 
CONVERTER 

VAGND __ .... ___ ...-;__.._-----J 

8-BIT DAPR 

8-BIT AOCON 

Baud 
Rate 
Enable 
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The reload mode of Timer 2 is used in this 
application to generate software delays. For 
explanation of the other modes please refer 
to the user's manual. 

Reload 

The reload mode for Timer 2 is selected by 
bits. T2RO and T2R1 in special function 
register T2CON as illustrated in Table 2. In 
mode 0, when Timer 2 rolls over from all 1 s 

to all Os, it not only sets TF2 but also causes 
the Timer 2 registers to be loaded with the 
16-bit value in the CRC (compare/reload/ 
capture) 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. 

"Figure 27 Timer 2 in Reload Mode" shows a 
functional diagram of the Timer 2 reload 
modes. 

Table 2 Timer 2 Reload Mode Selection 

0 
1 
1 

T2R1 T2RO Mode 

X Reload Disabled 
0 Mode 0: Auto-Reload upon 
1 Timer 2 Overflow (TF2) 

Mode 1: Reload upon Falling 
Edge at Pin T2EXlP1.5 

Figure 27 
Timer 2 in Reload Mode 

T2EX 
P1.5 

Input 
Clock 

ModeO 

TL2 

Reload 

CRCL 
Low Byte 

TH2 

CRCH 
High Byte 

Compare/Reload/Capture Register 

EXEN2 

Timer2 
Interrupt 
Request 



PD2435 

P02435 is a CMOS 
4-character 
5 x 7 dot matrix 
alphanumeric 
programmable display with ROM to decode 
96 ASCII alphanumeric characters and 
enough RAM to store the display's complete 
four digit ASCII message with software 
programmable attributes. The CMOS IC 
incorporates special interface control 
circuitry 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 chip select lines (CEO, 

Figure 28 
PD2435 Block Diagram 
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CE1), and (RO) and (WR) lines. The CEO 
shoulq 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 Control Word, which 
is used to blink, blank, clear or dim the entire 
display to change the presentation 
(attributes) of individual characters. 

The P02435 block diagram shows the major blocks and internal registers. 

:-r----------------------r-----l-1~ ______ ~~/14~--.1 

+-+B I: 1 -I ....,. 
DISPLAY MEMORY CTL J-r-I _--, 

(RAM) REG 1 

DO - 07 1 4 x B 1 x 8 1 B 
: L..---..or--....-..L.----I : ,I' 

96 CHAR. 
ROM 

4BxBO 

! {' :" ....... ~ , 
: : r----' ------------------ 1;--' 

7: DECODE: : OUTPUT / " 

+-+ & 1 : CONTROL , .. I 
1 MIX: 1 LOGIC I OUTPUT LATCH c:g:.c:~ : : : "'-__r--..... 

RD. WR ~ - - - - - --- -. ~ ----
1;5 

I 

r--------- -------------------, 
1 
1 
1 

31 

-+t 
1 
1 
1 

OSC DISPLAY : 
LOGIC / MULTIPLEXER: 

I 

1 
1 

!~ 
20 

" 
COLUMN 
DRIVERS 

CL~C~EL : / : 

RST ~-----------------------l-----~ 1 3 

L-----f-I!~-II--o! 

DODD 
DISPLAY 
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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 
automatically takes the restart value for 
counting from reload register CRC. While the 
Timer is counting up, a new reload value is 
computed using the present AID value. 

Hardware 

The circuit used in this application offers the 
advantage in requiring a minimum of 
components. The single chip microcomputer 
SAB 80535 operates in conjunction with four 
alphanumeric programmable display chips 
PD 2435 to form a 16-digit long display. 

The ASCII-coded data is transferred from the 
SAB 80535 to the display ICs via the data 
port PO and using the control Signal WR 
(P3.6) of the SAB 80535. The address pins 
from the ports PO and P2 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 microcontroller. 

Firmware Description 

Besides controlling the speed of the moving 
message, there is a provision to interrupt the 

moving message to roll it backwards until the 
beginning of the message. The 
microcontroller reads the code and the 
message to display from an EPROM 2716A 
interfaced to the ports PO and P2 of the SAB 
80535. A virtual image of the message is 
created in the internal RAM of the SAB 
80535. Four display chips PD2435 are 
interfaced to the SAB 80535 in a memory~ 
mapped scheme and can be addressed as 
external 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 display 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 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 
software delay which depends upon the level 
of the analog signal supplied to the ANO pin 
of the SAB 80535. The external interrupt 0 
(at port P3.2) is used to interrupt the 
microcontroller to inform that the message 
needs to be scrolled backwards. On getting 
this interrupt the software sets the flag bit 0 
which remains set until the message is 
scrolled back to the beginning of the 
message. 



List of Components 

Name Number 

SAB 80535 1 
2716A 1 
PD2435 4 
12 MHz Crystal 1 
74LS373 1 
22 pF Capacitors 2 
100 nF Capacitor 1 
4.7 f Capacitor 1 
1 k Resistor 1 
Ok Pot 1 

Figure 29 
Program Flow-Chart 

YES 

© Siemens Components, Inc. 

Start address of message 
in DPTR. Character count 
in R5. Start address of 

RAM buffer in RO. 

Read next character of 
the message 
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from RAM buffer 
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value of the AID converter 

80515/80535 Application Note 

Reference Material for ICs 

1. SAB 80515/80535 User's Manual. 

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

YES 

Shift character In RAM 
buffer from bottom to top 
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Figure 30 
Interface Circuit _Iv 1 I 
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Program Listing 

UDISP' PD 2435 DISPLAY PROGRAM' 

0000 

0000 02000C 

0003 

0003 COEO 
0005 D2D5 
0007 DOEO 
0009 C289 
OOOB 32 

OOOC D2B2 
OOOE 758110 
0011 750800 

0014 C2D5 
0016 7800 
0018 79FF 
001A 90FOOO 
001D 7403 
001F FO 
0020 9000C2 
0023 7820 
0025 7D65 
0027 7420 
0029 F6 
002A 08 
002B DDFC 

002D 12006C 
0030 20D501 
0033 OB 
0034 7D65 
0036 7820 
0038 20D506 
003B C6 
003C 08 
003D DDFC 
003F 0158 
0041 7421 
0043 2B 
0044 F8 
0045 7600 
0047 7820 
0049 E6 
004A COEO 
004C 08 
004D E6 
004E 18 
004F F6 
0050 08 
0051 DDF9 
0053 08 
0054 7600 
0056 DOEO 
0058 7820 
005A E9 
0058 6087 
005D 120071 
0060 C2AF 
0062 1200A4 
0065 75A881 
0068 D288 

1 STITLE (' PD 2435 DISPLAY PROGRAM') 
2 SMOD515 
3 SNOSYMBOLS 
4 
5 
6 
7 
8 
9 

10 
11 
l2 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 

CSEG 
SDEBUG 

ORG 

LJMP 

OOH 

BEGIN jJump on reset 

..... '* ** ...... * ... * .... * ........ ** .. '* .... ** * * .. * * * * * .... '* ...... * .... * * .... '* ** .. ** .. * * .. 
This is the interrupt subroutine for INTO. This * 
is used to set a flag which then indicates that * 

i: * ** * ;~;*;:,;*s;:?;* ;;;;~;* ;;'*~;* ;;,H;~* ~:;!:; * * * * * ** * * * * ** * * * * 

ORG 

PUSH 
SETB 
POP 
CLR 
RETI 

03H 

ACC 
FO 
ACC 
lEO 

; Set flag for external interrupt 

... '* ...... * * * .... '* ........ * .. '* * .. '* * * '* .... ** * * .. ** '* * ........ * ** ** '* * .. * .. * .... *. * ... * 
MAIN PROGRAM 

... '* ...... '* .. '* .. '* .... '* * .. * .. ** .. '* .. * .... *.* "" .... * ...... '* ................ '* * ...... * .. '* .. '* '* .... .. 

BEGIN,: SETB 
MOV 
MOV 

OPTS: CLR 
MOV 
MOV 
MOV 
MOV 
MOVX 
MOV 
MOV 
MOV 
MOV 

BLANK: MOV 
INC 
DJNZ 

SHIF: CALL 
JB 
INC 

TEMP: MOV 
MOV 
JB 

SHFT: XCH 
INC 
DJNZ 
AJMP 

REVO: MOV 
ADD 
MOV 
MOV 
MOV 
MOV 
PUSH 

AGAIN: INC 
MOV 
DEC 
MOV 
INC 
DJNZ 
INC 
MOV 
POP 

CONTO:MOV 
MOV 
JZ 
CALL 
CLR 
CALL 
f10V 

P3.2 
SP, #10H 
ADCON, #OOH 

FO 
R3, #OOH 
R1, #OOH 
DPTR, #OFOOOH 
A, #03H 
aROPTR, A 
DPTR, # (TEXT -
RO, #20H 
R5, #101 
A, #20H 
aRO,A 
RO 
R5, BLANK 

NEXTC 
FO, TEMP 
H3 
R5, #101 
RO, #20H 
FO, REVO 
A,aRO 
RO 
R5, SHFT 
CONTO 
A, #21H. 
A, R3 
RO,A 
RO, #OOH 
RO, #20H 
A,aRO 
ACC 
RO 
A,aRO 
RO 
aRO, A 
HO 
R5, AGAIN 
RO 
aRO, #OOH 
ACC 
HO, #20H 
A, R1 
OPTS 
OUTC 
IENO.7 
WAlTA 
IENO,#81H 
ITO 

; Set bit for INTO 

; Select analog channel 0 

; Clear flag 0 
; Character pointerin the message 
: R1 used as flag 
;Control register of all displays 
;Control word for display 

1) ; Beginning of text 
; Internal RAM location 
;A count for 101 characters 
; ASCII for space 
;Fill all location with blank 

; Read the next character 
;Check if the interrupt was raised 
j If no interrupt' 
i Character count in message 
; RAM location 20H 

; I f no interrupt 
; Add the character 
; To the top of the RAM buf fer 

If there is an interrupt 
Offset for the RAM buffer 
Pointer in the RAM buf fer 
Displayed so far 
Beginning of the RAM buffer 
Read the character 
Save it 
Next location in RAM buffer 
Read the next character 
!Jack to first character 
Heplace with second character 
Proce~H; repeats 
Moving character backwards 

End of character buffer 
He~:;tore character 
I3cginning of charilcter buffer 
Check if end of character buffer 

Disable interrupt 
Before delay 
Enable interrupt 
INTO control bit 
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Program Listing 

006A 0120 

006C A3 
0060 7400 
006F 93 
0070 22 

0071 COEO 
0073 C082 
0075 COa3 
0077 7A04 
0079 901004 
007C 120098 
007F 902004 
0082 120098 
0085 904004 
0088 120098 
0088 908004 
OOaE 120098 
0091 0083 
0093 0082 
0095 OOEO 
0097 22 

0098 E6 
0099 6007 
0099 FO 
009C OS 
0090 A3 
009E OAF8 
OOAO 7A04 
00A2 F9 
00A3 22 

00A4 lE03 
00A6 7010 
00A8 750AOO 
00A8 E509 
00Al) 75FOFF 
0090 A4 
OOBI F5cA 
00B3 85FOC9 
0096 75C81 I 
00B9 10C602 
OOBC 01B9 
OOBE OOES 
OOCO OEE4 
(lOC2 22 

000 20202020 
00C7 20202020 
OOCB 20202020 
OOCF 20202020 
0003 53494540 
0007 454E53Z0 
0009 40494352 
OOOF 4F434F4E 

83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
9B 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
lIS 
116 
117 
118 
119 
lZ0 
121 
122 
123 
124 
125 
126 
127 
12S 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 

160 

NEXTC: 

OUTC: 

OOTCO: 

FIN: 

IIAITA: 
IIAIT8: 
IIAITC: 

IIAITO: 

II ... IT£ : 

TEXT: 

AJMP SHIF 

.......................................................... 
~ :.!~:.~~!!:::.::::::.:.;~:~:;!:~.~!.!~:.:::!:~:.!~.~;;;.: 
INC OPTR 
MOV .... 110 
MOVe .... ~+OPTR ;Move the character to Acc. 
RET 

......................................................... 
•• This routine displays Ind moves I charlcter over 

the four divi ts of the P02435 and then repeats 

~ : .......... ! ~~.! ~: .:::~!. ~ !!~~ :!.;~!~ .:~ .!~.~; ••••••••• 
PUSH ACC 
PUSH OPL 
PUSH OPH 
MOV RZ.~ 
MOV OPTR ,.1004H 
C"'U OUT CO 
MOV OPTR, .Z004H 
C ... ll OUTCO 
Hav OPTII.~004H 
C ... LL OUT eo 
Mav OPTR.I8OO4H 
e ... Ll ourco 
POP DPH 
POP OPL 
POP ... CC 
RET 

;For four dilliU(O to 3) in a chip 
;Oigit 0 in fitst display chip 

;Oigit 0 in second display chip 

;Oigit 0 in third display chip 

;Oi9it 0 in fourth display chip 

......................................................... 
;. Th i sis a nes ted s<.brout i ne. I t moves I nonzero hex • 
;. value ("'SCII) frOm left in right of the four digit • 

~ : .•...•...•........••.. ~!:~!:~; ......................... : 
MOV .... ;!to 
JZ FIN 
MOVX OI)PTR .... 
INC RO 
INC OPTII 
DJNZ R2.OUTCO 
I40V R2.~ 
MOV Rl .... 
RET 

........................ * ................................. . 
;. This subroutine II_rites the software delay. The 
;. delay is venerated by the timer 2. The start CO<.nt • 
;. of the timer 2 is cOfI1lUted from the present value • 

~ : ••••• * •• **.* •••• ~!.!~:.~!e.~:::~!:~;. .. * .... * •••••••••• 
MOV 116.1I03H 
MOV AS, .10H 
MOv DAPR • 1I00H 
MOV A.AOOAT 
MOV 8.'255 
MUL ... 8 
MOV CRCL.A 
MOV CRCH.B 
MOV T2CON.'l1H 
JBC TF2.IIAITE 
AJMP IIAITO 
OJNZ R5.IIAITC 
OJN2 R6.IIAIT8 
RET 

;for cOfI1lUting reload value 
;Reload value is c~ted 
;Load the' reload value low 
;LOad the reload value high 

........................................................ 
~ : •• ** •••••••••••••••••• ~;~!:~;.** •••••••••••••••••••••• 
08 

DB 'SIEMENS MICltOCOHTItOLLER s ... a 80515/535' 



Program Listing 

00e3 54524F4C 
00e7 4C455220 
OOEB 53414220 
OOEF 38303531 
00F3 352F3533 
00F7 35 
00F8 20202020 
OOFC 20202020 
0100 20202020 
0104 53414220 
0108 38303531 
010C 352F3533 
0110 35202020 
0114 20202020 
0118 20202020 
011 C 20202020 
0120 00 

161 

162 

ASSEMBLY C()IPLETE, 0 ERRORS FOJND 

© Siemens Components, Inc. 
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DB SAB 80515/535 ',0 

END 

8-61 



80515/80535 Application Note 



SIEMENS 80515/80535 Application Note 

Heating and Air Conditioning Control in Cars with 
the Microcontroller SAB 80515/80535 

SAB 80515/80535 

Application Note 

© Siemens Components, Inc. 8-63 



80515/80535 Application Note 

Introduction 

The heating and air conditioning unit in the 
car should provide the driver with conditions 
of comfortable temperature, fresh air flow, 
defogged and defrosted windows, low 
energy consumption and easy operation. 

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

Its performance-oriented processor and 
flexible on-chip periphery (e.g. analog-to­
digital converter, timer function, large 
number of inputs/outputs) make the SAB 
80515 especially suitable for this type of 
application. 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 valve control. A rise in 
outside temperature automatically activates 
the compressor of the air conditioning unit. 
The air entering the car is distributed 
upwards and downwards by an electrically 
controlled valve, depending on the 
temperature of the air. The optimal speed is 
also determined by the microcontroller as a 
function of the various input valves. The 
electronics also control actuators such as air 
circulation 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 conditions which can be 
selected by the user independent of the 
automatic functions. 

Control Elements and Sensors (Figure 
31) 

The temperature inside the car is controlled 
in accordance 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. 

If there is no heating requirement, the water 
flow to the heat exchanger is stopped by a 
digitally controlled valve. As a result, the 
temperature is further reduced in the 
summertime. 

Depending on the output of the system, the 
air conditioning 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 
microcontroller. 

In addition, the electronics influences the 
distribution of the temperature layers inside 
the car by a nearly stepless adjustable 
distribution valve . .The valve determines 
whether the air is to be moved towards the 
roof or the floor of the car. Through this type 
of control, 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 corresponding valve is digitally 
controlled. 

In order to achieve the described functions, 
the system 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 
sensor informs the processor about the car's 
current road speed. 



Figure 31 
Block Diagram 

TERMINAL 30 I 

I 

TERMINAL 15 (75) I 

GROUND 

POWER SUPPLY 
RESET LOGIC 

CONSOLE 1 0 0 
o 11-11-1000000 

+12V 

+5V NORMAL 

+5V STANDBY __ 
RESET 

VOLTAGE IN 

o -11=11=1 gogooo 1--1-----+1 

fROM SPEEDOMETER I 

D_ Digital Signal 
A_ Analog Signal 
1 See Figure 32 for Detail 

BRIGHTNESS 

INSIDE TEMPERATURE 

INJECTION TEMPERATURE 

OUTSIDE TEMPERATURE 

VELOCITY PULSES 

SPECIAL fUNCTIONS 
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Operating and Displaying Unit (Figure 32) 

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 
LEDs is controlled by the processor in 
accordance with the ambient light measured 
by a phototransistor 

With the aid of eight keys the following 
functions can be performed (Figure 32): 

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

By depressing the keys, the following 
functions allow the user to switch over from 

Figure 32 
Console 

normal (automatic) setting to one, two or 
three fixed values. After a fixed value has 
been selected, the corresponding LEO or a 
combination of two LEOs lights· up. 

83:0istribution key for switching the air distri-
bution to automatic, only upwards, in the 
center (upwards and downwards, both 
LEOs light up) or only downwards. 

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

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

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

87: Outside temperature key for switching 
the display to nominal temperature (stan­
dard function) or outside temperature. 
The outside temperature is displayed in 1 
°C/1 OF steps at a range between -40 °el 
-40 OF and +60 °C/+ 140 OF. 

88: Oefrost key for switching the device from 
its previous function (standard) to the de­
frost function. 

DISTRIBUTION AIR INLET OUTSIDE 
TEMPERATURE UPWARD:'p 

I±I S1 

I I I I-I CENTER ~ 053 
DOWNWARDS 

I I I I BLOWER 

FUL;P 
(3S2 __ 

HALF ~ OS4 
OFF 

CIRCULATION 0 
Oss 

FRESH AIR 0 

COMPRESSOR 

ONO 

OS6 

OFFO 

o OS7 

DEFROST 

o OS8 

0= KEY 

0= LED 



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

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

Mixing valve: 
Distributor valve: 
Blower: 
Air supply: 
Compressor: 
Water Valve: 

Max. Heating 
Only Upwards 
Max. Number of Speed 
Fresh Air 
ON 
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 operated. 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 battery, a mean nominal 
temperature (22 °C/71 OF) is set and the 
automatic functions apply. 

© Siemens Components, Inc. 
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Major Hardware and Software 
Functions 

Voltage Supply, Reset Logic (Figure 33) 

Since various conditions--e.g. nominal 
temperature-are to be stored after the 
ignition has been turned off, a continuous 5V 
supply is required which is supplied directly 
by the battery (terminal 30). A' diode/ 
capacitor combination protects against 
reversed polarity and extreme voltage 
peaks. The voltage regulator, which is used, 
is characterized by a lower power dissipation 
and continues to operate during low input 
voltages. The SAB 80515 stores the data; 40 
bytes of its internal RAM are saved during 
standby operation with a typo supply current 
of 1 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. Preferably 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 
receives a signal via P07 prior to the drop in 
voltage of the standard 5V supply. -=-._ 
Subsequently, the processor 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 
required for reset is ensured by an RC 
network in combination 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 result is an instruction cycle 

, time of 2 Ils. 

8-67 



80515/80535 Application Note 

Figure 33 
Voltage Supply, Reset Logic 

h-------+12V 

TERMINAL 30 BC328-40 

t---- TO BLOWER DRIVER 

~~~ __ ... ~~~ ~o_~---------+--------RES 

TO 
SAB80515 

~=1/674HC14 
~ WITH STANDBY SUPPLY 

:>O~~---------------- P07 

TERMINAL 15(75) --------..,,~ _______ __J/ 
P07 --------..., 

RES-------------, 

+12V--------~\'_ ________ .....I1 
+5VNORMAL \ /,---...;....----

Acquisition and Preprocessing of Input 
Value Parameters 

--Temperature and brightness(Figure 34) 

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 installations of the 
sensors in particular car types must be 
determined experimentally. The values of 
the pull-up resistors between the signal line 
and the analog reference voltage have been 
selected to ensure optimal accuracy within 
the required temperature range. Short-term 
interference pulses are filtered out by an RC 
network. The phototransistor 8P 1038 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. After 
the conversion low-frequency fluctuations 
are suppressed via software averaging. On 
the basis of tables and linear interpolation, 
the SAB 80515 computes the values 
required, i.e. the temperature and the value 
for control of the display's brightness. 
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Figure 34 . 
Temperature a~d Brightness 

INSIDE TEMPERATURE 
~~~------------~ANO 

+5V NORMAL 

VA REF 

VA GND 

GROUND 

- Speed (Figure 35) 

The speed is derived from the generator for 
electronic 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 defined timer period. 

- Keys/Switch (Figure 35) 

Since these components are located inside 
the device, they can be protected against 

© Siemens Components. Inc. 

Vee 

VA REF 
100nF 

VA GND 

VSS 

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 resistors 
are not required at the inputs of the SAB 
80515-with the exception of PO. With the 
hidden F switch, the unit for displaying the 
nominal and outside temperatures can be 
s·elected. The special inputs are used for 
activating special test functions (see section 
on "testing and optimization support"). 

8-69 

II 



80515/80535 Application Note 

Figure 35 
Inputs for Keys, Switches and Speed 

T- .. 

i OUTSIDE TEMPERATURE 

T- DEFROST 

T- DISTRIBUTION 

T- AIR INLET 

T- BLOWER 

T- COMPRESSOR 

SPECIAL INPUT 3 

R:Value according to velocity pulses 

----
P20 

P21 

P22 

P23 

P24 

P25 

P26 

P 27 

+5V 

4x10k!l.- SAB 80 515 

P35 

POO 

POI 

P02 

P03 

P34 

C:Value according to max. frequency of the velocity pulses 

- Display (Figure 36) 

The display is comprised of 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 order. During this time the 
information for the segments is present at 
outputs P40-P46. Four Darlington transistors 
Be 517 are used as actuator drivers, and 
seven transistors Be 237 as segment 
drivers. The voltage source is the 12V 
supply. 

The multiplexed display arid the brightness ~ 
are controlled 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 
eRG register-in this case FFOO. This leads 
to a time interval of 256 X 2 = 512 ~s 
between two overflows. 

The interval determines the length of a 
multiplex clock. The interrupt triggered by 
each overflow results 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 measured 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 creates an off-period until the 
timer overflows, the duration pf which 
depends on the content of the compare 
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 37) 

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 36 
Display 

l·Z"" 
~r-.. 

~ )""'" 
\.. BC 237 B 

3 x HG 1107 .- COMPRESSOR ON AIR UPWARDS 
P40 f-- 1 A 

I- COMPRESSOR OFF -- --
P41 I-- 1 B 

I I I I I 10- BLOWER OFF 
P42 f-- 1 C 

I- BLOWER MAX. 
P43 

---- 1 OUTSIDE 
D -- -- --I- FRESH AIR TEt,jPERATURE 

I I I I I P44 -1 E 
10- CIRCULATION DEFROST 

P45 - 1 
SAB 80515 I- AIR DOWNWARDS 

P4G -1 -
.--

P57 - 2 I---
I-

P5G -2 
f--

P55 I--- 2 
I-

P54 I-- 2 
'--

+5V 

[)10kn 

BC 517 

The deviation of the temperature inside the 
car TI act from the set nominal value Tlnom 
determines in an outer control circuit the 
nominal value for the injection temperature 
Tlnom' 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 between the nominal 
and actual value of the temperature inside 
the car, this two-stage' system results in 
improved stability. In addition, interference 
which influences the injection temperature 
can be quickly rectified (e.g. changes in 
motor or outside temperature, activation/ 
deactivation of compressor, switchover from/ 
to fresh air/air circulation). Also, the min. and 
max. ratings for the injection temperature 
can easily be established providing the 

. necessary comfort for the passengers. With 

© Siemens Components, Inc. 

F -- -- --
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I 

-
P54 ~ 
P55 n rL 
P5G n 
P57 n 

P40 ..• P4G= 

properly' set parameters the time 
characteristics as compared to a simple 
control are equally satisfactory. 

The nominal values for the injection 
temperature and the mixing valve position 
are computed according to a digital PID 
(proportional, integral, and differential) 
algorithm. Although the variety of 
parameters which can be set for both 
controls permit a wide range of adjustments, 
the expenditure is considerable. 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 support"). For example, by 
setting the differential portion to zero, a PI 
characteristic can be obtained. 

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

Figure 37 

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. 

Block Diagram of Temperature Regulation 

Establishing the Nominal Value for the 
Distribution Valve 

As can be seen in Figure 38, the position of 
the distribution valve normally depends 'on 
the difference between the injection 
temperature and the temperature inside the 
car. Cooler air is usually injected upwards 
while heating air flows downwards towards 
the floor of. the car. The effective nominal 
value is set by the SAB 80515 with reference 
to the actual end positions of the valve. 

During the special functions "upward air 
distribution" and "defrost", the air is blown 
only upwards or during "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. 

Figure 38 

Setting the Mixing and Distribution Valve 
(Figure 39) 

Both valves are set in the same manner, that 
is by motors and gears which run or stop in 
both directions. The components TLE 4201 
drive the motor, while the C controls them via 
ports P50 and P51 (mixing valve) as well as 
P52 and P53 (distribution valve). The analog­
to-digital converter of the processor is 
informed of the valve position by means of 
the voltage on a potentiometer which is 
connected to the valve and supplied by the 
analog reference voltages. 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 th,e respective direction. 

Position of Distribution Valve versus Injection and Inside Temperature 

UPWARDS 

DOWNWARDS 



The valves should reach their end positions 
(mechanical stops) but the motor, for 
mechanical reasons, should not be driven 
continuously in these positions. Since it is 
difficult to solve this problem by an accurate 
adjustment of the potentiometer, the system 
recognizes a mechanical stop when the 
difference between the actual and the 
nominal value remains 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 
potentiometer should not be fully utilized by 
the valve angle. 

© Siemens Components, Inc. 

80515/80535 Application Note 

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 passengers. 

Switching Over the Air Supply 

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

outside temperature> nominal 
temperature + 10K (C) 

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 39 
Control of Mixing and Distribution Valve 
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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 Darlington transistor Be 879. A 
resistor on the output of the transistor protects 
against short-term interference (see Figure 
40). 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 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 
electronics 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 

© Siemens Components, Inc. 
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water flow is the mixing valve's position at the 
lower stop. Only after the mixing valve has 
changed its position by a defined distance 
from the· stop will the processor 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 
40). P16 and P06 are used as outputs or 
feedback pins. 'As can be seen in Figure 40, 
the magnetic valve pneumatically activates 
the inhibit valve. 

Enabling/Disabling the Compressor 

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

During "defrost" or "compressor ON", the air 
conditioning unit operates continuously, but 
stops completely during "compressor OFF". 
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Figure 40 
Control of Water Valve, Circulation Valve and Compressor 
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The compressor relay is driven (see Figure 
40) by P14 of the SAB 80515 as well as two 
transistors BC 237 and BC 880 for 
increasing the current and converting the 
levels. A drive signal short-circuited to 
grouncj.....:..after level conversion by transistor 
Be 307-can be detected via P04 and the 
system is then switched off for several 
seconds. The external compressor relay 
activates the magnetic coupling for driving 
the compressor, however, only if the 
(electronically independent) defroster for the 
carburetor 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 41. 
An increase in speed as a function of the 
nominal-actual temperature difference leads 
to rapid temperature adjustment. During 
extreme outside temperatures, the heating 
or air conditioning effect has to be supported 
continuously by the blower. The curve 
minimum is therefore displaced since the 
average thermal effect of sun rays has been 
taken into account. The two functions are 
additively combined. 

Figure 41 

80515/80535 Application Note 

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 uncomfortaply cold car· would get 
colder or, if already too hot, hotter. 

Two points were included when considering 
the dependence on the road speed; during 
higher speeds the dynamic air pressure 
!ncreasingly replaces the blower output. In 
response the blower speed is reduced 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 t~erefore reduced. 

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

Examples for Blower Speed Characteristics 

100% 100% 
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The blower is driven (Figure 42) by the pulse­
width modulated signal generated by the 
microcontroller at P12 with the aid of timer 2. 
The timer--as described in section 2--has 
been programmed for an overflow every 512 
Ils. The compare/capture register 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 P·12 can be varied. An HCMOS inverter 
and an RC combination 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 transistor 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 
output 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, th,e following 
quantities can be displayed in place of the 
nominal or outside temperature: 

1. Inside temperature 7j in C 

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 ad-
dress, 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 control 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 fixed values during initialization. 
The test engineer can therefore change the 
parameters according to the test results, 
although the device has already been 
installed. 



80515/80535 Application Note 

Figure 42 
Blower Control 
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In order to provide defined start conditions 
for a test, all controlling and regulating 
functions can be switched off during the 
setting procedures wi~h P03. 

Use of the On-Chip Periphery of the SAB 
80515 

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

Table 3 includes, the functions of the 
integrated periphery of the SAB 80515. As 
can be seen, almost all elements are utilized. 

Table 3 Use of the SAB 80515 On-Chip Periphery 

Periphery Application 

Analog-to-Digital for measuring 

Converter --temperatures 

--brightness level and for setting mixing and distribution 
value 

Timer 0 for generating a standard time clock 

Timer 1 for measuring road speed 

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

Watchdog Timer for system monitoring 

Serial Interface for diagnostic purposes 

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

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

For example the mixing valve can be 
replaced by a clocked valve which alternately 
releases and interrupts 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 elements for changing the air 
distribution can be controlled, e.g. the vent 
flaps at the dashboard. 

If the serial interface of the SAB 80515 is not 
used, the system could be diagnosed during 
practical application and inspections. 



SIEMENS SAB-S1 Family Application Note 

E2PROM Interface with a 
Siemens 8031 based Microcontroller 

SAB-51 Family 

Application Note 

© Siemens Components, Inc. 8-81 



SAB-51 Family Application Note 

Introduction 

This application note provides users with a 
solution to interface an E2 PROM to an 8031 
based microcontroller over the Pc bus. In 
this application example, a Siemens 
microcontroller the SAB 80535 and a 
Siemens E2 PROM the SDA 2526 or the SDA 
2516 are used .. 

An on-chip Electrically Erasable 
Programmable Read-Only Memory 
(E2PROM) in a microcontroller becomes a 
very useful peripheral because it allows the 
system parameters to be stored and 
reprogrammed without having to remove the 
microcontroller 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 considerably 
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 write/erase endurance 
cycles and for this reason alone an on-chip 
E2PROM in a microcontroller is sometimes 
not desirable. . However, Siemens 
microcontrollers do not have an on-chip 
E2PROM. Therefore, ,the user either has to 
rely on an external E2PROM chip or perform 
the same function by battery back-up of the 
microcontroller's internal RAM. 

The following application example offers the 
users a solution of interfacing an E2PROMto 
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 (SDA) 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 
transmitting device to a receiving device. It is 
also used to transfer the acknowledge signal 
from a receiving device to a transmitting 
device. 

When transferring address, data or 
acknowledge bits the SDA 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 initiated. A 
change from low to high while the SCL line is 
high initiates a stop condition. The basic 
relationship between the SCL and SDA lines 
is shown in Figure 43 Start and Stop 
Condition. 

Hardware 

Figure 45 Schematic Diagram illustrates the 
hardware interface between a Siemens 
microcontroller such as the SAB 80535 and 
a Siemens E2PROM such as the SDA 2526 
or the SDA 2516. The bit manipulation 
capability of the SAB 80515/535 allows any 
two port pins of the microcontroller to be 
used for the E2PROM with an 12C bus 
interface. In this example, port pin P1.0 is 
used for the SDA line and port pin P1.1 is 
used for the SCL line of the 1

2C 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 microcontroller (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 SDA 2526 or the SDA 2516, 



please refer to their data-sheets. 

Software I 

The software listing of the subroutines used 
to read and program (write) the SDA 2526 or 
the SDA 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 ad­
dress in the internal RAM of the SAB 
80535. 

The subroutine Pr EEPROM allows the user 
to program the E2PROM. After programming 
a byte, the software executes a time delay of 

Figure 43 
Start and Stop Condition 

SOA~~ 
SCL~~ 

START 
CONDITION 
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about 30 ms (worst case programming 
duration for the SDA 2526 or theSDA 2516) 
before writing the next byte. Registers RO, 
R1 and R2 need to be programmed with the 
following values before calling this 
subroutine. 

a. Register R1 holds the starting address of 
the E2PROM 

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

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

References 

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

2. Siemens SDA 252612516 Data Sheets. 

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

Figure 44 
Data and Clock Relationship 
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Figure 45 
Schematic Diagram 
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Program Listings 

0020 
0021 
0022 
0023 

0090 
0091 
0000 

OOAI 
OOAO 

0000 

0000 

0000 80FE 

0002 
0002 120005 

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

OOOF 74Al 
0011 120052 
0014 40EF 

0016 
0016 0200 

0018 
0018 OA09 

001A C200 
. 001C 1200BO 

001 F F6 
0020 
0020 020070 

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

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
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~OO515 
SPAGELENGTH(80) 
ST IfLE( SA8 80515/80535 IIC-BUS Software for SOA 2526/2516) 

FLAGS 
Scratch 1 
Scratch2 
Scratch3 

SOA 
SCL 
AckFlag Bit 

Adr EEPROM L 
Adr )EPROM=S 

Data 
Data 
Data 
Data 

20H 
21H 
22H 
23H 

Bit PI.O 
Bi t PI. 1 
FLAGS .0 

Eeu 
Eeu 

101000018 
10100000B 

. ******************************************** ••• ******.************* 

.* 
; * Program Name : II CSOA 
; * Funct ion: Th i s program has the subrout i nes to read and wr i te * 
;* the Siemens EEPROMs - the SOA 2526 or the SOA 2516. * 
.* 
. ********************.********************************************** 

Org 

Sjmp 

; ******************************************************************* 
.* .. 
.* 
.* .. .. 
.* .. 

Subrout i ne Name : Re EEPROM 
Function :-This subroutine is called to read the EEPROM. The 

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

; ***.*************************************************************** 

Re_EEPROM: 
Call SaveParam Save input parameters 

Read EEPROM: -
Call RestoreParam Restore input parameter 
Mov A,IIAdr _EEPROM_s 
Call Cs EEPROM EEPROM chip select 
Jc Re)EPROM_exi t Device not avai lable 

Mov A,IIAdr _EEPROM_L CIS for data O/P out of memory 
Call Start_IIC Initialize with the address 
Jc Re ad_E EPR()14 1 f error then repeat 

Read_loop:' 
Setb AckFlag Acknowledge flag 

Lastbyte: 
Ojnz R2, Re_EEPROM_Loop 

Clr AckF lag It is the last byte 
Call Oatain Read databyte in 
Mov OlRO,A Read databyte in internal RAM 

Re_EEPROM_Exit: 
Jmp Stop_IIC Stop_IlC condition 

Re_EEPROM_Loop: 
Call Oatain Read databyte in 
MOv GlRO,A Read databyte in internal RAM 
Inc RO Inc data pointer 
Jmp Lastbyte Read next byte 

SEJ 
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Program Listings 

0021. 
002A 120052 
0020 4006 
002F E9 
0030 120065 
0033 40F5 
0035 
0035 22 

0036 
0036 74AO 
0036 1121. 
003A 4015 
003C E6 
0030 120065 
0040 40F4 
0042 120070 
0045 7864 
0047 
0047 7C96 
0049 DC FE 
0048 08FA 
0040 06 
004E 09 
004F OAE5 
0051 
0051 22 

0052 
0052 7C03 
0054 
0054 0290 
0056 1200"" 
0059 0291 
0058 1200AA 
005E C290 
0060 1200"A 
0063 C291 
0065 1200"A 
0066 120065 
0069 5002 
0060 OCE5 
006F 
006F 22 

76 
T7 
76 
79 
60 
61 
62 
83 
84 
85 
86 
87 
88 
69 
90 
91 
92 
93 
94 
95 
96 
97 
96 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
116 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 

· * •• e ______ ..................... __ •••••••••••• __ ••••••••• _______ •• _._ 

.* Subroutine Name :' Cs EEPROM 
Function :-Ttlis subroutine creates a start cordition & sends 

.* out ttle device address and the memory word address * 

.* to the SoA 2526/2516. Register Rl contains the add·* 

.* ress. If the device is rlllt available ttle carry flag * 

.* is set as an error Condition. * 

· .. _ .............. _ ... _ ........ ------_ ............................. . 
Cs EEPROM: 

- Call Start_( IC ; Start condition & device address 
; Device not avai lable Jc Cs EEPROM Ex i t 

Mov A,Rl - ; Memory word address 
Call oataout 
Jc CS_EEPROM ; I f error, repeat 

CS_EEPROM_Exit: 
Ret 

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

.* 

.* 

.* 

.* 

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

The II of bytes to be programned is loaded in R2. Rl * 
holds the address of the first byte in EEPROM. RO * 
holds ttle address of the first byte in internal RAM" 
of the microcontroller. " 

.. _._-----_. __ .... _----------_._._._----_ .. -._-_ .. -.-.---_._._------
Pr _EEPROM: 

Mov 
Call 
Jc 
Mov 
Call 
Jc 
Call 
Mov 

lIai t_loop: 
Mov 
Ojnz 
Ojnz 
Inc 
Inc 
ojnz 

Pr EEPROM Exit: 
- Ret 

A,lIadr _EEPROM_s 
Cs EEPROM ; EEPROM chip select 
Pr-EEPROM ex it; Oevi ce not available 
A,~O - Load data byte 
Oataout 
Pr EEPROM 
St~p_1 Ie 
R3,II100 

R4,II150 
R4,S 
R3,IIait Loop 
RO -
Rl 
R2,Pr _EEPROM 

I f error, repeat 
Stop_IIC condition 
30 ms wait 

Next byte 

· ••••• _-_ .. _ ••• _ •• _. __ ••••• __ ._._._ •••• _._._ ..... -. __ ._*************** 
." 
." Subroutine Name : Start IIC 
.* Function :-Creates a start condition on ttle 12C bus & then puts* 
." the device address from the accUlUlator on to the " 
.* bus. After three trials if no acknowledge results 
.* from the device then the carry flag is set as an 
." error conditi.on. 

· ******************************************************************* 

Start_' IC: 
Mov 

Init IIC: 
- Setb 

Call 
Setb 
Call 
Clr 
Call 
Clr 
Call 
Call 
Jnc 
ojnz 

(nit IIC_Exit: 
Ret 

SEJ 

R4,'3 

SoA 
lIait 6 
SCL -
lIei t 6 
SoA -
lIait 6 
SCL -
lIei t 6 
oataoot 
Init IIC Exit 
R4,IiiitjlC 

; Max i nun 3 adress i ng attelf4lts 

wait 
Start condition 
wait 

Send device address 
Acknowledge recei ved 

Nex t address i ng attelf4lt 



Program Listings 

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

0081 
0081 3090EC 
0084 22 

0085 
0085 7F08 

0087 
0087 33 
0088 9290 
008A 00 
008B 0291 
OOBO 1200AA 
0090 C291 
0092 1200M 
0095 OFFO 
0097 33 
0098 0290 
009A 00 
009B 0291 
0090 1200AA 
OOAO A290 
00A2 C291 
00A4 1200AB 
00A7 40C7 
00A9 22 

OOAA 
OOAA 22 

OOAB 
OOAB 7B06 
OOAD OBFE 
OOM 22 
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154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
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* Subroutine Name: Stop IIC 
* Function :-This sobroutine creates a stop condition on the IIC * 

bus. Then the status of the SOA I ine is checked, i f* 
low then clock pulses are sent out unti I SOA line 
goes hi gh. 

.*********.**************.*****************************.*******-*** 

Stop IIC: 
- Clr 

Call 
CI r 
Call 
Setb 
Call 
Setb 

IsSOALow: 
Jnb 
Ret 

SCL 
lIait 6 
SDA -
lIait 6 
SCL -
lIai t 6 
SOA -

SOA is. not high 

. *******.*.******************.***********.*.************************ 

.* 

.* 

.* 

.* 

.* 

Subrout i ne Name : Oataout 
Function :-This subroutine transmits a databyte on the lie bus * 

f rom the accl.mU1 ator. The carry flag is set if an 
error resul ts. 

.* 

.******.*********************.*****.***************'***************** 

Oataout: 
Mov 

Dataout_Loop: 
RIc 
Mov 
Nop 
Setb 
Call 
Clr 
Call 
Ojnz 
RIc 
Setb 
Nop 
Setb 
Call 
Mov 
CI r 
Call 
Jc 
Ret 

R7,II8 

A 
SOA,C 

SCL 
lIait_6 
SCL 
lIait 6 
R7',Oataout_LoOP 
A 
SOA 

SCL 
lIait 6 
C,SOA 
SCL 
lIait 36 
Stop) IC 

8 bits in a byte 

Send data bi tout 

Set the clock bi t 

Clock pulse for acknowledge 

Get Bcknowl~ge bit 

* Subroutine Name : lIait 6, lIait 36 
* Function :-These subroutines cause delays. 
ft 

*********************************************************t********* 

Ret 

lIait_36: 
Mov R3,II6 
Ojnz R3,S 
Ret 

SEJ 
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Program Listings 

OOBO 
OOBO 0290 
00B2 00 
00B3 7F08 

OOBS 
OOBS 0291 
00B7 11AA 
00B9 A290 
OOBB 33 
OOBC C291 
OOBE 11AA 
OOCO OFF3 

00C2 0290 
00C4 11AA 
00C6 300002 
00C9 C290 

00C8 
OOCB 11AA 
OOCO 0291 
OOCF llAA 
0001 C291 
0003 8006 

0005 
0005 8821 
0007 8922 
0009 8A23 
0008 22 

OOOC 
OOOC A821 
OOOE A922 
OOEO AA23 
00E2 22 

226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
27.4 
275 
276 
2n 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 

Subroutine_Name: Oatain 
.* Function: This subroutine reads a databyte from the IIC bus 
.* into the accUTJ.Jlator. If the AckFlag was set as 
.* this ~ubroutine was called then an acknowledge is 

given out during the 9TH clock pulse. 

; *. * .*. *._*_ ... _. ___ ........ ** ** .. ** .... ** ._. ___ .* ** .. ** .. ** __ ••• _e_ .*** ** ... ... 

Data in: 
Setb SOA 
Nop 
Mov R7,#8 8 bi ts 

Oatain_Loop: 
Setb SCL Clock pulse 
Call lIait 6 
Mov C,SO~ 
RIc A 
Cl r SCL 
Call lIai t 6 
o jnz R7,Oatain_Loop NeKt bi t 

Setb SOA 
Call lIai t 6 
Jnb AckFlag ,No Ack 
Clr SOA 

No_Ack : 
Call lIai t_6 
Setb SCL 
Call lIai t_6 
Cl r SCL 
Jill' lIait_36 

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

SaveParam: 
Mov Scratchl,RO 
Mov Scratch2,R1 
Mov Scratch3,R2 
Ret 

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

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

End 

ASS[MBL Y COMN E TE, 0 ERRORS FooND 
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Introduction 

In the past the addition of on-chip memory to 
microprocessors was the distinctive feature 
which separated microcontrollers from 
microprocessors. Since then many bells and 
whistles have been added to 
microcontrollers to clearly distinguish them 
from microprocessors. To appreciate the 
depth of the microcontrollw function 
cornucopia, consider the following 
(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 microcontroller 
market continues to grow, as more functions 
with ever increasing performance are 
integrated on a single-chip by taking 
advantage of the advanced NMOS and 
CMOS processes, tighter design rules, and 
architectural improvements. One such 
enhanced functional unit of the 
microcontroller is a timer/counter unit, which 
in the past had only been used,to generate 
delays and count pulses. The microcontroller 
architectures have continued to evolve and 
expand the scope of the timer/counter 
functions. 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 micro­
computer-RAM, . ROM, analog-to-digital 
converter, serial port--none is more useful 
or important. Two of the SAB 80535/515's 
forerunners, the SAB 8031/51 and SAB 
8032/52, incorporated 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 
programmable 16-bit timer/counter also 
known as the Timer 2. Timer 2 is the only one 
that can serve the PTRA. 

The PTRA consists of the following registers. 

T2CON Timer 2 Control Register 

TL2 Timer 2 Register, Low-Byte 

TH2 Timer 2 Register, High-Byte 

CRCL Compare/Reload/Capture 
Register, Low-Byte 

CRCH Compare/Reload/Capture 
Register, High-Byte 

CCL1 Compare/Capture Register 1, 
Low-Byte 

CCH1 Compare/Capture Register 1, 
High-Byte 

CCL2 Compare/Capture Register 2, 
Low-Byte 

CCH2 Compare/Capture Register 2, 
High-Byte 

CCL3 Compare/Capture Register 3, 
Low-Byte 

CCH3 Compare/Capture Register 3, 
High-Byte 

CCEN Compare/Capture Enable Register 

For brevity, the double-byte Com~are/ 
Reload/Capture 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 4. 



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 46 Block Diagram of the PRTA Unit 
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 Os it sets 
the Timer 2 overflow flag which can generate 
an interrupt. The timer overflow function can 
serve as a periodic interrupt for performing a 
keyboard scan or for refreshing the screen 
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display. It can also be used to indicate end of 
delay . for the execution of time delayed 
events. In counter mode, theTimer 2 register 
is incremented in response to a 1-to-0 
transition at its corresponding external input 
pin T2 (P1.7). 

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

Table 4 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 INT5/CC2 Compare Output/Capture Input for CC Register 2 

P1.3 INT6/CC3 Compare Output/Capture Input for CC Register 3 

P1.5 T2EX External Reload Trigger Input 

P1.7 T2 External Count or Gate Input to Timer 2 

© Siemens Componen!s, Inc. 8-91 



80515/80535 Article Reprint 

Figure 46 
Block Diagram of the PRTA Unit 



In the compare mode, the 16-bit values 
stored in the dedicated compare registers of 
the PTRA are compared 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 
signal 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 47 PWM Using 
the PTRA Unit. 

Figure 47 
PWM Using the PTRA Unit 

In the PTRA set-up (compare mode-O) for 
PWM signal 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 contents with 
contents of the Timer 2 registers. The 
outputs then go back to a low level .on Timer 
2 overflow, and Timer 2 restarts by reloading 
the CRC register contents. 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 resulting 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 
operation one can also generate pulses of 
varying widths from a few to several 
thousand microseconds without any major 
software interruption. 

© Siemens Components, Inc. 

80515/80535 Article Reprint 

Each of the three compare/capture and the 
CRC registers of the PTRA unit can be used 
to latch the current 16-bit value of the Timer 
2 in one of them. This latching could either be 
caused by an" external event or upon writing 
to the low':order byte of the dedicated 16-bit 
capture register. Either a rising or a falling 
edge can be selected to cause the capture 
from Timer 2 into the CRC register, whereas 
for the CC registers 1 to 3, a positive 
transition causes the capture. 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 application 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 registers could 
be preset and programmed to cause an 
internal reset on a match, thereby acting as 
a watchdog timer-a function which is 
supported by another timer in the SAB -=-
80535/515. The PCA unit of 8051FA -=­
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 programmed 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 dedicated 
software bit can be pre-set and when a 
match occurs, the module reverses the logic 
level of its 1/0 pin. 

The 16-bit Timer 2 of the PTRA can also be 
compared with the timers available on 16-bit 
microcomputers 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. 
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PWM Outputs 

A microcontroller with PWM' outputs 
becomes a useful component in a converter 

. design (Figure 48 Circuit Diagram of a 
Converter for 3-Phase Motors) to' contrOl 
three phase motors. If the' three' phase 
voltage supplied by the converter is variable 
in frequency 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 realized. 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 
application is to provide PWM control signals 
which in effect could, be used directly to 
control the converter. 

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 
requirements of the system. Simply, analog 
signals can be generated from PWM 
waveforms by using a simple RC or an active 
filter. Applications such as motor control and 
switching power supplies actually require a 
PWM signal, not a true analog one. 

PWM and 3 Phase Motor Control 

In the control of a 3-phase motor, the motor 
is driven by a power amplifier stage which is 
controlled by PWM signals as shown in the 
block diagram of Figure 48 Circuit Diagram 
of a Converter for 3-Phase Motors. The 
micro- controller in this converter diagram 
acts as a driver and generates the necessary 
signals to drive the power amplifier stage. 
The amplifier performs an important function 
in the converter by providing 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 trar)sistors. 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 mic,rocontroller 
in such a way that the average value of all 
on-cycles represents a sine-wave shape. 
The running of a 3-phase motor requires a 
sinusoidal current flow in its windings and 
does not depend on the shape of the applied 
voltage. The following section discusses the 
synthesis of a sinusoidal voltage waveform 
from a PWM output. 

Synthesis of a Sine-Waveform Using 
PWM 

As shown in Figure 50 Synthesis of a Sine­
Wave Using PWM, 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 Tp is the time period of the 
PWM signal then the maximum amplitude 
(positive peak) of the sine-wave will be 
represented by a PWM signal which' has a 
high-time = Tp. 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 ina sine-wave. If T S is the 
time period of the synthesized sine-wave 
and S is the' number of synthesis points for 
one full period of the sine-wave, then 

TS = S.Tp 

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

1. Compare registers. 

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

3. Capability to auto-reload the timer (a fea­
ture which allows to vary the T p). 
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Figure 48 
Circuit Diagram of a Converter for 3-Phase Motors 
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Figure 49 
Pulse Width Modulation Using Timer 2 Cycle 

one 
phase 

PWM output 
pulse train 

Compare Mode 0 

contents of 
Timer 2 

PWM output 
pulse 

T2 = FFFFH 

T2 =CRC 

The pulse width modulation of samples 
representing a sine-wave is shown in Figure 
49 Pulse Width Modulation Using Timer 2 

© Siemens Components, Inc. 

resulting current in one'. 
winding 

\, T2 = FFFFH 

: T2 =CRC 

Cycle. A high-time of 50% duty cycle 
represents an amplitude of zero magnitude, 
whereas an almost 100% high-time 
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represents the positive peak and an almost 
0% high-time represents the negative peak. 
In the SAB 80535/515 the maximum count 
rate of Timer 2 is 750 ns at 16 MHz oscillator 
frequency. The full count value (OFFFFH) 
minus the reload value of Timer 2 represents 
the T p. For example, a reload value of 
OFCOOH will result in a T p of 1024 counts 
(OFFFFH-OFCOOH) or 1024 X 0.75 = 770.25 
s. The count of 1024 can also be interpreted 
as 1024 different compare values to 
represent 1024 different sample points 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 Jls. 
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 a decrease in the resolution of 
the PWM signal. For example, using a reload 
value of OFCOOH in the PTRA unit of the SAB 

Figure 50 
Synthesis of a Sine-Wave Using PWM 

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 resolution 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 synthesized 

sine-wave 

fp = frequency of the PWM signal 

----+------Tp-------+-...... 

I--i--PWM for a Pr·it1ve peak U 
I ' ; 

. FpWM for a POSltlie .amPle==U 

F P~M for zero value ==t 
I ~ ~--------~ -n: PWM for a nogatlve .ample 

I -il: PWM for a negative peak 



The PWM frequency depends upon the 
crystal oscillator frequency of the 
microcontroller. The number of synthesis 
points for each full sine-wave cycle must be 
a multiple of six as otherwise a 120 degree· 
phase displacement cannot be achieved for 
a three phase operation. Based on these. 
requirements, Table 5 illustrates some 
values for fs. 

From Table 5 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 selection of the fp 
could cause oscillations and audible "chirps" 
when a mechanical resonance is met at a 
particular frequency while controlling a 3-
phase motor. As fp increases the resolution 
of the PWM decreases 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 

© Siemens Components, Inc. 
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the PWM frequency-a job which the SAB 
80535/515 can perform quite easily. 

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 timers/counters, 6 x 8-bit ports, AID 
converter with programmable reference 
voltages, watchdog timer, baud-rate 
generator and a serial interface allow 
versatile applications in the field of 
automotive, industrial and consumer 
electronics. 
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Table 5 Different Values for fs 

Timer 2 
Clock in 

Timer 2 
Reload fp in Hz 

MHz 
Count .. , S N fs in Hz 

Value Rate 

OFFCoH 20833 16 750 ns 18 1 1157.4 

OFFCOH 20833 16 750 ns 18 2 578.69 

OFFCOH 20833 16 750 ns 18 4 289.35 

OFFCOH 20833 16 750 ns 54 1 385.80 

• • • • • • • 
• • • • • • • 

OFOOOH 326 16 750 ns 12 1 27.12 

OFOOOH 326 16 750 ns 12 2 13.56 

• • • • • • • : 

• • • • • • • 
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 ns 24 1 10.16 
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Introduction 

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

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

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

Integrated Telecommunication and data 

Services 

Digital 

Network 

communication services 
together on one system. 

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

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

One worldwide network, based 
on existing public telephone 
lines, providing standard 
interfaces and call procedures 
familiar to everyone. 

ISON-Standards for Interconnectability 

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

Basic Access Rate: 144 Kbits/s user 
information. 

Basic access is configured as two 64 Kbits/s 

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

Primary Access Rate: 1 .544 Mbits/s user 
information in USA and Japan. 

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

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

ISDN Oriented Modular (10M) Architecture 

The 10M interface is·a standard 4-wire local 
interface for the interconnection of ISDN­
devices within the ISDN basic access. It 
consists of a receive and a transmit data line, 
an 8 KHz frame signal (FSC) and a 512 KHz 
data clock signal (DCl). The interface is 
tailor-made to fit the needs of the ISDN basic 
access. Typical applications shown in"Figure 
51 Application of the 10M-Interface in the 
Basic Access" are: 



In a repeater; two identical transmission 
devices are set back-to-back to achieve an 
increase in range. 

In an NT (Network Termination); two 
different transmission devices are combined 
to convert between the S,and U interface. 

Figure 51 
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In the terminal (TE) and the exchange; the 
10M interface interlinks the layer 1 and layer 
2 device. In addition to the point to point 
configuration, the 10M-interface can support 
a point-multipoint configuration. 

Application of the 10M-Interface in the Basic Access 

TERMINAL 

l.2 / L.7 
FUNCTIONS 

, , , 
... 

EXCHANGE 

L.2 / L.3 
FUNCTIONS 

.-- ---.-- -- . . -- -- . 
.. ;~::-----------------------------------------:=: .. 

Figure 52 
Transferred Information 
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In all applications the ISDN data rate of 144 
Kbits (2xB + 1 xD) has to be transferred 
across the 10M interface transparently. In 
addition, there is a need for the exchange of 
control information for activating! 
deactivating layer 1 and for switching test 
loops. A few applications require further 
capacity to transfer maintenance information 
via this interface. All this information is 
transferred in a time-division multiplexed 
mode based on an 8 KHz frame structure 
("Figure 52 Transferred Information") and 
assigned to the following four octets per 
frame and direction: 

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

The third octet (monitor channel) is used for 
transferring the maintenance information. 

Figure53 
10M Interface Timing 

I I 

80515/80535 Application Note 

The two D-channel-bits, the four Command! 
Indicate-bits (which control the activation/ 
deactivation procedure), the T-bit and the E­
bit are transferred in the fourth octet. The E­
bit supports the handling of the monitor 
channel and the T -bit is reserved for a 
transparent 1 Kbit channel. 

These four octets per frame constitute a bit 
rate of 256 Kbps. The transmission rate 
depends on one of the following modes: 

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

MUX Mode: Data Rate: 256 Kbps 
Bit Rate: 2.048 Mbps 
Clock Frequency: 4.096 MH 
Normal Mode 
MUX-Mode 

DCL 

FSC 

31 X X '--_--...,;~_ ...... .....I _ _____________________ _ \""_.o...--~--....JX\""---=---....J) g~UT ~gg 
DETAIL A 

TIME SLOT 7 

In the multiplex mode the outputs of up to 
eight layer 1 devices may be connected 
together to form an eight-time-slot 10M 
interface bus with a 2 MHz data rate. The 
physical timing of the 10M-interface in 
different modes is shown in "Figure53 10M 
Interface Timing". 

SAB 80515/535 Role 

The primary role of the SAB 80515/535 

DETAil B 

I I DCl 
I 
I I 
I I 

I 

1 U: FSC , , 
I , 

I I 

31 DIN ~DU 
DOUT DO 

microcontroller in generating the 10M 
interface in normal mode is to accept the 
frame synchronization (FSC) signal as an 
input and based on this signal identify the 
four octets on the receive and transmit data 
lines. Any two port pins of the SAB 80515! 
535 can be used as the transmit and receive 
data lines. The PTRA unit of the SAB 80515/ 
535 plays a major role not only in defining the 
octets but also in generating and receiving 
the data bit stream over the transmit· and 



receive lines in synchronization with the 
frame and data clock signals. In this respect 
the SAB 80515/535 falls into a unique family 
of microcontrollers which can perform this 
function. 

PTRA Unit of the SAB 80515/535· 

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

The PTRA consists of the following registers: 

T2CON Timer 2 control register 

TL2 Timer 2 register, low-byte 

TH2 Timer 2 register, high-byte 

CRCL 

CRCH 

Compare/reload/captu re 
register, low-byte 

Compare/reload/capture 
register, high-byte 

CCL1 

CCH1 

CCL2 

CCH2 

CCL3 

CCH3 

CCEN 

80515/80535 Application Note 

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 register 
enable register 

For brevity, the double-byte Compare/ 
Reload/Capture 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 6. 

Table 6 Hardware Interfacing for the PTRA Unit 

Port Pin Name Function 

P1.0 INT3/CCO Compare Output/Capture Input for the CRC Register 

P1.1 I NT4/CC 1 Compare Output/Capture Input for CC Register 1 

P1.2 INT5/CC2 Compare Output/Capture Input for CC Register 2 

P1.3 INT6/CC3 Compare Output/Capture Input for CC Register 3 

P1.5 T2EX External Reload Trigger Input 

P1.7 T2 External Count or Gate Input to Timer 2 
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Figure 54 
Block Diagram, of the PTRA Unit 

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 54 Block Diagram of the PTRA Unit" 
shows a block diagram of the PTRA unit. 

The Timer 2 of PTRA can operate either as 
timer, event counter, or gated timer. In timer 
mode, the count rate is derived from the 
oscillator frequency. A 2:1 pre-scaler makes 
it possible to select a count rate of 1/12 or 11 
24 of the 'oscillator frequency. In either case, 
no matter whether Timer 2 is configured as 
timer, event counter, or gated timer; when 

80515/80535 Application Note 

Interrupt 
Requ.,t 

the count rolls over from all 1 s to all Os it sets 
the Timer 2 overflow flag which can generate 
an interrupt. In counter mode, the Timer 2 
register is incremented in response to a 1-to­
o transition at its corresponding external 
input pin T2 (P1.7). 

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

In the compare mode, the 16-bit values 
stored in the dedicated compare registers of 
the PTRA are compared 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 signal 
is generated at the corresponding port 1 pin, 
and an interrupt can also be enabled. 

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

10M Interface Using the SAB 80515/535 

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

With OFF80H being the start value of Timer 2 
which also marks the beginning of the third 
octet, the other octets occur 32 counts apart. 
This derives from the fact that there are two 
DCls per data bit (4" machine cycles or 4 
counts per data bit) and there are 8 data bits 
per octet. Based on this analogy, the octets 
3, 4, 1 and 2 occur at the Timer 2 count 
values of OFF80H, OFFAOH, OFFCOH and 
OFFEOH respectively as shown in "Figure 55 
Octet Placement in FSC Signal". In other 
words, if the compare interrupt was invoked 
at these count values, the user will be in the 
desired octet to transmit or receive a data bit 
stream. However, the delay involved in 
processing the interrupt will also delay the 
occurrence of a dat bit at the desired DCL. 
To understand the compare interrupt 
handling in the SAB 80515/535, one will first 
have to understand the basic machine cycle 
timings of the SAB 80515/535. 

A machine cycle consists of 6 states (12 
oscillator periods). Each state is divided into 
two phases-phase 1 and phase 2. Thus a 
machine cycle consists of 12 phases or 12 
oscillator periods, numbered S1 P1 (state 1, 
phase 1) through S6P2 (state 6, phase 2). 
Each phase lasts or one oscillator period and 
each state lasts for two oscillator periods. 
Timer 2 is incremented in S1 P1 of every 
machine cycle. An internal compare signal is 
generated in S2P2, if Timer 2 increments to 
the compare count in one of the compare 
registers CC1 through CC3. The compare 
signal is active as long as the Timer 2 
contents are equal to one of the compare 
registers. For the compare registers CC1 to 
CC3 an interrupt is always requested and a 
flag is set when the compare signal goes 
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active. The interrupt flags are sampled in 
S5P2 of every machine cycle. The samples 
are polled during the following machine 
cycle. If one of the flags was in a set 
condition in S5P2 of the preceding cycle, the 
polling cycle will find it and the interrupt 
system will generate an LCALL to the 
appropriate service routine. As shown in 
"Figure 56 Interrupt Response Timing 
Diagram" a standard interrupt handling 
procedure can take about 4 machine cycles. 
For exceptions please refer to the SAB 
80515/535 user's manual. 

Figure 55 
Octet Placement in FSC Signal 

OCTET 1 I OCTET 2 
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Based on above facts, in the present 
application, two DCLs (4 machine cycles) 
have already elapsed before the program 
enters into the compare subroutine. To avoid 
this delay, the compare interrupt subroutine 
is invoked 30 machine. cycles or 15 DCLs 
before the desired octet.· Therefore the 
compare event for different octets occur at 
the following count values: 

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

OCTET 1 OCTET 2 

FSC I I OCTET 3 OCTET 4 : ..... ---+_---1 I 

I 
I 
1 

I OCTET 3 ' 

SIGNAL 

Figure 56 

, 1 
, I 
, I 

~I 
ACTUAL OCTET COUNT: OFf.80H 

I 

T 
COMPARE EVENT COUNT: OFF82H 

Interrupt Response Timing Diagram 

I 
I 
I 
I 

OFf.AoH 
I 

T 
OFFA2H 

I 
I 
I 

, : 
OF~COH 

I 
T 
OFFC2H 

, I 

OFf.EOH 
I 

T 
OFFE2H 

.... ~ .. --(1--·-+-01 ~- (2---· .... 1·~-(3:--+---(4,--~- (S --....... 

Iss P21 S6 I 
....... ~.\o-\ ----L...~'j,\o-\ __ ~ __ ""j~\-...L-___ _ 

~"'------------~/~ 

Interrupts Long (ill to Interrupt Routine 

Interrupt !'-v-"!Interrupt 

Are Polled In~rrupt 

Goes Is 
Active Latched 

In either transmit or receive mode, when 
compare interrupt occurs at one of the above 
count values, the microcontroller performs 
no-operation until 30 machine cycleselapse. 
At that instant, the microcontroller sends out 
or .receives the data bit stream as that is the 
beginning of the desired octet. 

Vector Address 

System Implementation 

The program listing (refer to Appendix A) has 
two subroutines-one for transmit and the 
other for receive mode. In either case the 
data variable "coupt" holds the lower byte of 
the desired octet I to perform the compare 
match. In transmit mode the data is taken 



from external memory and in the receive 
mode the data is stored in the external 
memory starting at address OOOH. The total 
time spent in the compare interrupt 
subroutine to transmit or receive a byte 
varies from 75 to 82 machine cycles. This 
variation is caused due to the time spent in 
deciding whether or not the byte transmitted 
or received is the last byte. The next byte is 
not transmitted or received until the next 
octet in subsequent frame i.e., 128 machine 
cycles later. Therefore the CPU is free for 
128 machine cycles minus the time spent in 
machine cycles in the compare interrupt 
subroutine. However more time could be 
made available for the CPU by cutting down 
the number of Naps in the compare interrupt 
subroutine and by increasing the compare 
count to compensate for the number of 
Naps removed. In that case the compare 
event could occur as close as 4 machine 
cycles before the desired octet count. 

Any two port pins of the SAB 80515/535 can 
be used as the data transmit and data 
receive lines. In this application port pin P3.0 
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is used as the receive data line and the port 
pin P3.1 is used as the transmit data line. 
"Figure 57 SAB 80535 Schematic Diagram" 
shows the basic SAB 80535 circuit required 
to run the subroutines. The pins used for the 
10M interface are also shown. The other on­
chip peripherals namely the serial port, 
Timer 0 and Timer 1, the watchdog timer, the 
AID converter and 30 I/O lines are still 
available to perform any other system, 
functions. 

"Figure 58 NT-Simulator Application Using 
the SAB 80515/5353 as a Terminal" shows 
an IDSN application where the SAB 80515/ 
535 is being used as a terminal interfaced to 
an ISDN network simulator over the S­
interface. 
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Figure 57 
SAB 80535 Schematic Diagram 
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Interface Appendix A 
$Mod515 
$pagelength(70) 

3 . $Debug 

00A2 

0000 

RM 020100 

DOSE 
routine. 

DOSE 

RM C2BB 

RM 00 
RM 00 
RM 00 
RM 00 
RM 00 
RM 00 
RM 00 
RM 00 
RM 00 
RM 00 
RM 00 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24C 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
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i***************************************************** 
i* 10M Interface Program: 
i*In the following program the variable "Count" 
i*count in which the data byte is to be transmitted. 
i*The valid octet counts are: for octet 1, count = 
i*OA2Hi octet 2, count = OC2Hi octet 3, count = OE2Hi * 
i*octet 4, count = 82H. These bytes are stored in the * 
i*external data memory. The bytes appear in the 
;*desired octet in every subsequent frame until 
i*the last byte is transmitted. The external 
i*oscillator frequency is 12.288 MHz (24 x 512 KHz). 
;***************************************************** 

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

seg at OH 

LJMP Main_Begin 

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

Org 5BH iCompare 1 interrupt 

Write_10M_Subroutine: i4 mlc for servicing the 
routine. 

CLR IENl.3 i7th .m/c into the frame. 

Nap i8th mlc into the frame. 
Nap i9th mlc into the frame. 
Nap ilOth mlc into the frame. 
Nap i l lth mlc into the frame. 
Nap il2th mlc into the frame. 
Nap i 13th mlc into thc frame. 
Nap il4th mlc into thc frame. 
Nap il5th mlc into the framc. 
Nap ;l6th mlc into the frame. 
Nap il 7 th mlc into the frame. 
Nap i18th mlc into the frame. 
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IOMW 

RM 00 
RM 00 
RM 00 
RM 00 
RM 00 
RM 00 
RM 00 
RM 00 
RM 00 
RM 00 

RM 13 
RM 00 
RM 92Bl 

RM 13 
RM 00 
RM 92Bl 

RM 13 
RM 00 
RM 92Bl 

RM 13 
RM 00 
RM 92Bl 

RM 13 
RM 00 
RM 92Bl' 

RM 13 
RM 00 
RM 92Bl 

RM 13 
RM 00 
RM 92Bl 

RM 13 
RM 00 
RM 92Bl 

10M 

58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 

RM 00 101 
RM 00 102 
RM 00 103 
RM D2Bl 104 

105 
RM A3 106 
RM EO 107 
RM A883 108 
RM B8FF08 109 
RM A882 110 
RM B8FF03 111 
112 
00A3 900000 113 
114 

Interface 

NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 

RRCA 
NOP 
MOVP3.1,C 

RRCA 
NOP 
MOVP3.1,C 

RRCA 
NOP 
MOVP3.1,C 

RRCA 
NOP 
MOVP3.1,C 

RRCA 
NOP 
MOVP3.1,C 

RRCA 
NOP 
MOVP3.1,C 

RRCA 
NOP, 
MOVP3.1,C 

RRCA 
NOP 
MOVP3.1,C 

NOP 
NOP 
NOP 
SETBP3.1 

Appendix A 

;19th mlc into the frame. 
;20th mlc into the frame. 
;21th mlc into the frame. 
;22th mlc into the frame. 
;23th mlc into the frame. 
;24th mlc into the frame. 
;25th mlc into the frame. 
;26th mlc into the frame. 
;27th mlc into the frame. 
;28th mlc into the frame. 

;29th mlc into the frame. 
;30th mlc into the frame. 
;Two more cycles. 

;New octet, first bit arrives. 
;34th cycle. 
;Second bit sent. 

;Third bit to carry flag. 
;38th cycle. 
;Third bit sent 

;Fourth bit to carry flag. 
;42nd cycle. 
;Fourth bit sent. 

;Fifth bit to carry flag. 
;46th cycle. 
;Fifth bit sent. 

;Sixth bit to carry flag. 
;50th cycle. 
;Sixth bit sent. 

; Seventh bit to carry flag. 
;54th cycle. 
;Seventh bit sent. 

;Eighth bit to carry flag. 
;58th cycle. 
;Eighth bit sent. 

;122th DCL (61st cycle). 
;62nd cycle. 
;63rd cycle. 
;32nd DCL (64th cycle). 

INCDPTR ;Increment the data pointer. 
MOVXA,@DPTR ;Load the acc. with next byte. 
MOVRO,DPH ;To compare if end of array 
CJNERO,#OFFH,CONTI;Compare the high byte first. 
MOVRO,DPL ;Load the lower byte for comparison. 
CJNERO,#OFFH,CONTI;Compare the lower byte. 

MOVDPTR,#OOH ;Initialize the data pointer. 
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00A6 115 
00A6 C2C3 116 
00A8 D2BB 117 
OOAA 32 118 

119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 

0100 135 
136 

RM 900000 137 
RM 75C100 138 
RM 75BOFF 139 

140 
0109 75C3FF 141 
010C 75C2A2 142 
010F 75CBFF 143 
0112 75CA80 144 
0115 75CDFF 145 
0118 75CC81 146 
011B D2CA 147 
011D 75C108 148 
0120 D2F 149 

150 
0122 758910 151 
0125 758DFF 152 
0128 758BDO 153 

154 
012B 155 
012B 2096FD 156 
012E 3096FD 157 
0131 D28E 158 
0133 308FFD 159 

160 
0136 75C81D 161 
0139 D2BB 162 

163 
013B 213B 164 

165 
166 

Interface 

CONTI: 
CLR IRCON.3 
SETB IEN1.3 
RETI 
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;*************************************************** 

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

ORG 100H 
Main_Begin: 
MOV DPTR,#OOH 
MOV CCEN,#OOH 
MOV P3,#OFFH 

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

MOV TMOD,#10H 
MOV TH1,#OFFH 
MOV TL1,#256-48 

Start: 
JB P1. 6, $ 
JNB P1.6,$ 
SETB TR1 
JNB TF1,$ 

MOV T2CON,#lDH 
SETB IEN1.3 

AJMP $ 

end 

iDPTR = (Start of data array). 
iDisable compare mode. 
iSDO, SDI lines are high. 

iCompare register has a value 
icorresponding to the octet desired. 

iReload = OFFFH - 128 (32x4) 

avoid compare at FF80H 
iT2 in compare mode 1 
iCompare mode enabled 
iMaster interrupt Bit enabled. 

iTimer1 to cause more than 
iquarter of a frame delay 
ito avoid match before reload. 

iPrepare for start pulse arrival. 
iWait for the start pulse, 1 m/c. 
iSO far 2 m/c into the frame. 
iWait for another 49 mle 

iT2 auto reload from P1.5. 
iCompare interrupt 1 enable. 

iWait for a match. 

ASSEMBLY COMPLETE, 0 ERRORS FOUND 

© Siemens Components, Inc. 8-111 

II 



80515/80535 Application Note 

IOMRA 

00A2 

0000 

RM 020100 

005B 

005B 

RM C~BB 
45 
RM 00 
RM 00 
RM 00 
RM 00 
RM 00 
RM 00 
RM 00 
RM 00 
RM 00 
RM 00 
RM 00 

. RM 00 

10M 

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 

Interface 

$Mod515 
$Page1ength(73) 
$Debug 

Appendix A 

$Title (10M Interface Appendix A) 

;********************************************************** 

i* 10M Interface Program: 
i* In the following program the variable "Count" 
i* holds the octet count from which the data byte is to be* 
i* received. The valid octet counts are: for octet 1, 
i* count = OA2Hi octet 2, count = OC2Hi octet 3, 
i* count = OE2H; octet 4, count = 82H. These bytes are 
.* stored in the external data memory. The bytes are read * 
.* from the desired octet in subsequent frames until the 
i* last byte is transmitted .. The external crystal 
.* oscillator frequency is 12.288 MHz (24 x 512 KHz). 
i***************************************************** ***** 

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

Cseg at OH 

LJMP Main_Begin 

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

38i* exited before the next compare event. 
39 i***************************************************** *** 
40 
41 
42 
43 
44 

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

Org 5BH iCompare 

Write _lOM_Subroutine:;4 m/ c 

CLR IEN1.3 i 7 th m/ c 

NOP i8th m/c 
NOP i9th m/c 
NOP i10th m/ c 
NOP i 11th m/ c 
NOP i12th m/ c 
NOP i13th m/c 
NOP i14th m/ c 
NOP i15th m/ c 
NOP i16th m/ c 
NOP i17th m/ c 
NOP i18th m/ c 
NOP i19th m/ c 

1 interrupt routine. 

for servicing t.he routine. 

into the frame. 

into the frame. 
into the frame. 
into the frame. 
into the frame. 
into the frame. 
into the frame. 
into the frame. 
into the frame. 
into the frame. 
into the frame. 
into the frame. 
into the frame. 
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RM 00 58 NOP i20th mlc into the frame. 
RM 00 59 NOP i2lth mlc into the frame. 
RM 00 60 NOP i22th mlc into the frame. 
RM 00 61 NOP i23th mlc into the frame. 
RM 00 62 NOP i24th mlc into the frame. 
RM 00 63 NOP i25th mlc into the frame. 
RM 00 64 NOP i26th mlc into the frame. 
RM 00 65 NOP i27th mlc into the frame. 
RM 00 66 NOP i28th mlc into the frame. 
RM 00 67 NOP i29th mlc into the frame. 
RM 00 68 NOP i30th mlc into the frame. 
RM 00 69 NOP i3lth mlc into the frame. 
RM 00 70 NOP i32th mlc into the frame. 

71 
RM 00 72 NOP iNew octet. 
RM A2BO 73 MOV C,P3.0 iFirst bit read. 
RM 13 74 RRCA iFirst bit into the acc. 
RM 00 75 NOP i36th mlc inth the frame 

76 
RM 00 77 NOP i37th mlc into the frame. 
RM A2BO 78 MOVC,P3.0 iSecond bit read. 
RM 13 79 RRCA iSecond bit into the acc. 
RM 00 80 NOP i40th mlc into the frame. 

81 
RM 00 82 NOP i41st mlc into the frame. 
RM A2BO 83 MOVC,P3.0 iThird bit read. 
RM 13 84 RRCA iThird bit into the acc. 
RM 00 85 NOP i44th cycle. 

86 
RM 00 87 NOP i45th mlc into the frame. 
RM A2BO 88 MOVC,P3.0 iFourth bit read. 
RM 13 89 RRCA iFourth bit into the acc. 
RM 00 90 NOP i48th machine cycle. 

91 
RM 00 92 NOP i49th mlc into the frame. 
RM A2BO 93 MOVC,P3.0 iFifth bit read. 
RM 13 94 RRCA i Fifth bit into the acc. D RM 00 95 NOP i52nd cycle. 

96 
RM 00 97 NOP i53rd machine cycle. 
RM A2BO 98 MOVC,P3.0 iSixth bit read. 
RM 13 99 RRCA iSixth bit into the acc. 
RM 00 100 NOP i56th machine cycle. 

101 
RM 00 102 NOP i57th machine cycle. 
RM A2BO 103 MOVC,P3.0 iSeventh bit read. 
RM 13 104 RRCA iSeventh bit into the acc. 
RM 00 105 NOP i60th machine cycle. 

106 
RM 00 107 NOP i6lst machine cycle. 
RM A2BO 108 MOVC,P3.0 iEighth bit rei.ld. 
RM 13 109 RRCA iEighth bit into the acc. 

110 
RM A3 111 INCDPTR ilncrement the data pointer. 
RM FO 112 MOVX@DPTR,A iSave the acc. at the next byte. 
RM A883 113 MOVRO,DPH iTo compare if end of array 
RM B8FF08 114 CJNERO,#OFFH,CONTliCompare the high byte first. 
RM A882 115 MOVRO,DPL iLoad the lower byte for comparison. 
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RM B8FF03 116 
117 

0.OA9 900000 118 
119 

CJNE RO,#OFFH,CONTliCompare the lower byte. 

OOAC 
OOAC C2C3 
OOAE D2BB 
OOBO 32 

120 
121 
122 
123 
124 
125 
126 

MOV DPTR,#OOH 

CONTI: 
CLR IRCON.3 
SETB IEN1.3 
RETI 

;Initialize the data pointer. 

127 ;******************************************************** 

128 ;* Read_IOM_Set-Up: 
129 ;* In this program the registers are set up to 
130 ;* ailow compare to happen at the "count" value. The 
131 .* PTRA unit of the SAB 80535 is programmed in the 
132 ;* compare mode 1. The "count" value is assigned 
133 ;* to the compare register 1 and the corresponding 
134 i* interrupt is enabled. The Timer 2 of the PTRA 
135 i* unit is programmed to restart at a value of FF80H 
136 .* on the arrival of the falling edge of the 
137 i* FSC signal. 
138 i***************************************************** *** 

0100 
0100 
RM 900000 
RM 75C100 
RM 75BOFF 

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

139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 

0122 758910 156 
0125 758DFF 157 
0128 758BDO 158 

159 
012B 160 
012B 2096FD 161 
012E 3096FD 162 
0131 D28E 163 
0133 308FFD 164 

165 
0136 75C81D 166 
0139 D2BB 167 

168 
013B 213B 169 

170 

ORG 100H 
Main_Begin: 
MOV DPTR,#OOH 
MOV CCEN,#OOH 
MOV P3,#OFFH 

MOV CCH1,#OFFH 
MOV CCL1,#Count 

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

MOV TMOD,#10H 
MOV TH1,#OFFH 
MOV TL1,#256-48 

Start: 
JB Pl. 6, $ 
JNB P1.6,$ 
SETB TR1 
JNB TF1,$ 

MOV T2CON,#lDH 
SETB IEN1.3 

AJMP $ 

171 end 

ASSEMBLY COMPLETE, 0 ERRORS FOUND 

iDPTR = (Start of data array) . 
iDisable compare mode. 
;SDO, SDI lines are high. 

iCompare register has a value 
icorresponding to the octet desired. 

iReload = OFFFFH - 128 (32x4) 

iTo avoid compare at FF80H 
;T2 in compare mode 1 
iCompoare mode enabled 
;Master interrupt Bit enabled. 

;Timer1 to cause more than 
iquarter of a frame delay 
ito avoid match before reload. 

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

iT2 auto reload from P1.5. 
;Compare interrupt 1 enable. 

iWait for a match. 
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Memory Access Using the Eight Data 
Pointers of the SAB 80C517/80C537 

The SAB BOC5171BOC537 has eight 16-bit 
data pointers (DPTR) as opposed to one in 
other derivatives of the SAB B051 family of 
microcontrollers. This allows a fast and 
efficient transfer of data bytes to, from and 
between program and external data memory 
spaces. An application of this fe~ture and th.e 
resulting increase in processmg power IS 

illustrated in the following example. A 
comparison is made between a block 
transfer of data using the B051 and the 
BOC517. 

The microcontrollers based on the 8051 
arc~itecture have the capability to expand 
their memory addressing by going to 
external program and data memory spaces. 
This feature is quite useful in applications 
that require more memory space than 
furnished by the on-board ROM and RAM. 
However, data in the program memory and 
data in the external memory can only be 
accessed through indirect addressing using 
a 16-bit register called the Data Pointer 
(DPTR). The following instructions are used 
to access data or memory mapped 
peripheral addresses using the Data Pointer: 

Move A,@A+DPTR ;Read from 
Program memory 

MOVX A, @DPTR ; Read 
external Data 
memory 

MOVX @DPTR,A ;Write 
external Data 
memory 

Almost all microcontrollers based on the 
8051 architecture have only one such data 
pointer. This puts a heavy toll on data 
transfers requiring access to blocks of data 
stored at different addresses within the 
memory space. J For example, in order to 
transfer a block of data from one address to 
another, one will first have to save the source 
address before using the Data Pointer for the 
destination address and vice versa. This 
operation not only slows down the data 

access as a certain amount of time is spent 
in saving and retrieving the data pointer but 
also uses the valuable internal RAM memory 
space to save the Data Pointer. The 
limitation of the 8051 architecture with one 
on-board Data Pointer is soon realized when 
the application requires multiple data 
transfers in the shortest possible time or 
when applications require access to a 
number of external peripherals and/or data 
memory locations. To some extent this 
limitation is eliminated in the SAB 80C5171 
80C537 by providing eight on-chip Data 
Pointers. 

In order to keep the compatibility of the SAB 
80C517/80C537 with the 8051 , whose 
instruction set allows the handling of one 
single 16-bit Data Pointer only, it is not 
possible to add eight Data Pointers with eight 
different addresses. Instead all eight Data 
Pointers of the SAB 80C517/80C537 have 
the address 83H for the High-Byte (DPH) 
and 82H for the Low-Byte (DPL). Although 
the user's program may store up to eight 
different 16-bit addresses in these eight Data 
Pointer registers, only one register at any 
given time is active as a Data Pointer. The 
Data Pointer in use is selected by another 
special function register called DPSEL (Data 
Pointer SELect register). The bit 0 to 2 of this 
register DPSEL selects one of the eight Data 
Pointers. The selected Data Pointer can then 
be loaded, read and manipulated in the usual 
manner. It can also be used with MOVC/ 
MOVX types of instructions. Only the 
selected Data Pointer gets affected while the 
other seven Data Pointers remain 
unchanged. However, to activate any other 
Data Pointer, it is only sufficient to reprogram 
the lower three bits of the DPSEL register. 
This implementation guarantees the 
complete compatibility with the 8051 
architecture for the Data Pointer in use. 



The following programming example 
demonstrates the increase in processing 
power that results from using the additional 
Data Pointers of the SAB 80C517/80C537. 

Figure 59 

80C517180C537 Application Note 

This program copies a block of data (e.g., a 
set of parameters) from the program memory 
(ROM) to the external data memory (RAM). 

Data Pointer Register in the 8051-Type Microcontroller vs. the Data Pointer 
Array in the SAB 80C517180C537 

SAB 8051 

16 Bit Datapinter 

SAB 80C517 

DPSEL(92H) 

I 
3 Bit 
Datapointer­
select 

1 6 Bit Oatapointer 
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DPH(83H) -DPL (82H) 

DPH(83H) DPL(82H) 
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Transfer Program for the 8051 

Figure 60 
Program Listing using the 8051-Type Microcontroller vs the Program Listing using the 
SAB 80C517/80C537 

iDECLARATION OF THE ARRAYS 
CSEG AT 800H iROM! 
PAR_ARRAY: DB 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16 

DB 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16 
i ••••• etc. 

DB 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16 
END_OF_ARRAYEQU $ 

XSEG AT OOOOH iEXTERNAL RAM! 
BUFFER:DS 512 

DECLARATION OF THE SHADOW DATAPOINTERS 
DSEG AT 40H 

SHADOW_DPL_O; DS 1 
SHADOW_DPH_Oi DS 1 

SHADOW_DPL_1 ; DS 1 
SHADOW_DPH_1i DS 1 

CSEG 
iLOAD THE 

MOV 
MOV 
MOV 
MOV 

LOOP:MOV 
MOV 
MOV 
CJNE 
MOV 
CJNE 
LJMP 

GO_ON: 
CLR 
MOVC 
INC 
MOV 
MOV 
MOV 
MOV 
MOVX 
INC 
MOV 
MOV 
SJMP 

END 

AT OOH 
SHADOW DATAPOINTERS 
SHADOW_DPL_O,#LOW(PAR_ARRAY) 
SHADOW_DPH_O,#HIGH(PAR_ARRAY) 
SHADOW_DPL_1,#LOW(BUFFER) 
SHADOW_DPH_1,#HIGH(BUFFER) 
DPL,SHADOW_DPL_O 
DPH,SHADOW_DPH_O 
A,DPL 
A,#LOW(END_OF_ARRAY) ,GO_ON 
A,DPH 
A,#HIGH(END_OF_ARRAY) ,GO_ON 
END_LOOP 

A 

A, A+DPTR 
DPTR 
SHADOW_DPL_O,DPL 
SHADOW_DPH_O,DPH 
DPL,SHADOW_DPL_1 
DPH,SHADOW_DPH_1 
DPTR,A 
DPTR 
SHADOW_DPL_1,DPL 
SH~DOW_DPH_1,DPH 

LOOP 

iLOAD THE ACTUAL DPTR WITH 
iPOINTER TO PAR ARRAY 
iCHECK FOR END_ADDRESS 

iREAD ELEMENT FROM PAR_ARRAY 
iAND INCREMENT POINTER 
iSAVE THE ACTUAL DPTR 
iTO SHADOW_POINTER 
iLOAD THE ACTUAL DPTR WITH 
iPOINTER TO BUFFER 
iWRITE ELEMENT TO EXT. RAM 
iAND INCREMENT POINTER 
iSAVE THE ACTUAL DPTR 
iTO SHADOW_POINTER 
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Transfer Program for the 80C517 

Figure 60 
Program Listing using the 8051-Type Microcontroller vs the Program Listing using the 
SAB 80C517/80C537 (continued) 

iDECLARATION OF THE ARRAYS 
CSEG AT 800H iROM! 

PAR_ARRAY: DB 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16 
DB 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16 

DB 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16 
END_OF_ARRAYEQU $ 

XSEGAT OOOOH iEXTERNAL RAM! 
BUFFER: DS 512 

CSEG AT OOH 
iLOAD THE ACTUAL DATAPOINTERS 

MOV DPSEL,#OOH 
MOV 
INC 
MOV 

DPTR,#PAR_ARRAY 
DPSEL 
DPTR,#BUFFER 

LOOP iMOV DPSEL,#OOH 

iSELECT AND LOAD POINTER 
iTO PAR_ARRAY 
iSELECT AND LOAD POINTER 
iTO BUFFER 

iSELECT FIRST DPTR (POINTER 
iTO PAR_ARRAY) 

MOV A,DPL iCHECK FOR END ADDRESS 
CJNE A,#LOW(END_OF_ARRAY) ,GO_ON 
MOV A,DPH 
CJNE A, #HIGH (END_OF_ARRAY) , GO_ON 
LJMP END_LOOP 

GO_ON: 

END 

CLR A 
MOVC A, A+DPTR 
INC DPTR 
INC DPSEL 

MOVX DPTR,A 
INC DPTR 
SJMP LOOP 

© Siemens Components, Inc. 

iREAD ELEMENT FROM PAR_ARRAY 
iAND INCREMENT POINTER 
iSELECT THE SECOND DPTR (POINTER 
iTO BUFFER) 
iWRITE ELEMENT TO EXT. RAM 
iAND INCREMENT POINTER 
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Program Description 

First the ,memory spaces utilized are 
declared in the program-an operation 
which is the same for both the 8051 and the 
80C517 program. This is done using the 
assembler directives CSEG for source data 
field in the ROM and XSEG for destination 
data field in the external RAM. However, in 
the 8051 program, internal RAM space 
needs to be reserved to allow saving of 
either the source or the destination pointer 
when one of them is not in use. This is 
implemented using the assembler directive 
DSEG. As the data pointer is a 16-bit 
register, two 8-bit locations are needed for 
both the source and destination pointers. 
These memory locations have the symbols 
SHADOW _DPL_O and SHADOW _DPH_O 
and SHADOW _DPL_1 and 
SHADOW_DPH_1 for the source and the 
destination pointers respectively. This 
procedure of memory declaration is however 
not needed in the 80C517 program. 

Following the declaration is the program 
itself which in the case of the 8051 requires 
the loading of the shadow data pointers into 
the internal RAM whereas in the 80C517 
program the source and the destination 
addresses are directly written into the Data 
Pointer array. In the data transfer subroutine 
of both the programs the initial part is quite 
similar in which it is checked whether or not 
the byte transferred is the last byte in the 
source array. Following this check is the 
actual transfer in which the byte read from 
source array in ROM is written into the 
appropriate location jn the destination array 
in the external RAM. However, the way this 
transfer is handled by the 8051 routine is 

different from that of the 80C517 routine. 

In the 8051 program, the Data Pointer must 
be loaded with the appropriate address from 
the shadow data pointers in the internal 
RAM, prior to each read and write operation. 
And after every read and write operation this 
address must again be saved in these 
shadow data pointers. This operation of 
loading and saving is completely eliminated 
in the 80C517 because of the abundance of 
the Data Pointer registers. However, in the 
80C517 prior to every read and write 
operation the desired Data Pointer is 
selected by programming the DPSEL 
register. 

The differences are obvious: In the 8051 
program two bytes of memory space per 
address which need to be saved are needed 
in the internal RAM (4 bytes in the present 
example). However, using the 80C517 up to 
eight addresses can be directly stored in the 
new data pointer array, thus not occupying 
any space in the internal RAM. In addition 
the transfer of data is less time consuming 
with the 80C517. Most of the time spent in 

. this routine is the time in performing the 
actual transfer of bytes. The transfer time 
increases as the number of bytes to be 
transferred increases. The 8051 program 
requires lots of time for loading and storing 
the Data Pointer. In 80C517, however, only 
the selection of the desired data pointer is 
necessary. One loop execution time in the 
8051 program is 30 machine cycles while 
80C517 for the same loop requires only 17 
machine cycles; almost twice as fast. 
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For the SAB-51 (Mymos Technology only) 
family of microcontrollers specified to run at 
frequencies 18 and 20 MHz, the following 
care must be taken when they are used at 
these frequencies. 

Problem 

To use the on-chip oscillator, a crystal or 
ceramic resonator is connected between the 
XTAL 1 and XTAL2 pins of the SAB-S1 family 
of microcontrollers. In all the Mymos-based 
microcontrollers, XTAL 1 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 frequencies of 18 MHz and 
20 MHz, the following work-arounds are 
recommended to have sufficiently high 
amplitude of oscillations. 

Work Around #1 

Using an external clock at XTAL2 pin (refer 
to "Figure 61 Driving from External Source") 
for driving the microcontrollers bypasses the 
on-chip oscillator amplifier, and the 
amplitude of the oscillations is then 
controlled by the ext~rnal circuit. This is the 
best way to supply clock to microcontrollers 
at 18 MHz or 20 MHz clock oscillator 
frequency. 

Figure 61 
Driving from External Source 

7404 
74LS04 

+5V XTALl 

4.7K SAB-805X 

10--4-------1 XTAL2 

Work Around #2 

If for some reason, work around #1 is not 
possible to implement, a crystal oscillator 
with a careful design 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 internal clocking circuitry. 
Surrounding the oscillator components with 
"quiet" traces (Vee and ground, for example) 
will alleviate capacitive coupling to signals 
that have fast transition times. To minimize 
inductive coupling, the PCB layout should 
minimize the areas of the loops formed by 

, the oscillator components. These are the 
loops that should be checked: 

XTAL 1 through the resonator to XTAL2; 
XTAL 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 capacitors and the V ss 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 XTAL 1 and XTAL2. For 
frequencies higher than 16 MHz (18 MHz 
and 20 MHz), the configuration in "Figure 62 
Crystal Oscillator Mode" increases the signal 
amplitude at XTAL2; the influence on the 
start-up time, however, is negligible. This is 
only a recommendation, the final design 
should however be verified against worst 
case conditions of temperature, Vee levels, 
device tolerances, etc. 

Figure 62 
Crystal Oscillator Mode 

27pF 
r---t ~"'---I XTAL1 

SAB-B05X 

'--t t-...-.--t XTAL2 
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Data Saving With The SAB 80C517 A In 
Power Down 

In industrial and automotive fields, there is a 
strong need to save system information or 
da~a even while the main power supply is 
sWitched off. This information could be setup 
data, configuration data, error messages or 
other important data which must be available 
once the system restarts its normal 
operation. 

There are basically two different methods to 
answer this demand. In method number one 
data saving is achieved using "non-volatile'" 
storage media, such as EEPROMs. This 
solution can make board designs rather 
uneconomical, due to the high price of such 
devices. Thus, this solution is normally used 
when a long data saving time is required or 
when there is no other alternative to buffer 
data. In this case the two above mentioned 
facts have a higher priority then the price 
level. The second solution is used more 
often. It is based on buffering the information 
with a weak standby supply which preserves 
the data after the main power supply is 
switched off. 

With the groyving availability of larger on-chip 
RAM on microcontrollers (SAB 80C515A 
with 1280-bytes, SAB 80C517 A with 2304-
bytes) this second way of data saving 'is 
becoming more and more economical for 
most board designs. The two following 
application examples therefore show two 
possibilities on how to save important data in 
the internal RAM of the SIEMENS line of 
high end 8-bit microcontroller. 

The SAB 80C517 A and Its Power Down 
Modes 

The heart of these two application examples 
is the microcontroller SAB 80C517A. Before 
getting into details of the first application 
example this paragraph gives a short 
technical overview of the SAB 80C517A. 

It is an 8-bit microcontroller with powerful 
peripheral components such as 
Multiplication and Division Unit (MDU), 
Capture/Compare Unit, real 10-bit Analog 

Digital Converter (ADC), two Serial 
Interfaces, 68 I/O-lines, 2304-byte internal 
RAM, fail safe mechanisms and, last but not 
least, four power down modes. The latter are 
of particular significance to these application 
examples. During normal operation, the SAB 
80C517 A uses a supply current of lower than 
28mA (fosz = 12MHz). The power down 
modes are used to reduce this consumption. 
Even in this mode the content of the internal 
RAM (2304-bytes) is preserved. The SAB 
80C517 A has in total four different types of 
power down modes, the Idle-mode (10M), 
the Slow-dawn-mode (SDM), the Software­
power-down (SWPD) and the Hardware­
power-down (HWPD). The Idle-mode, Slow­
down mode and the Software-power-down 
are software initiated. In the Idle-mode only 
the CPU is stopped and all peripheral 
components are still running. The ports keep 
their states. In the Siow-down-mode the 
controller runs for a certain time with a 
reduced speed (1/8 oscillator frequency). 
The last of the software initiated power down 
modes is the Software-power-down. In this 
mode not only the CPU is stopped, like in the 
Idle mode, but also the on-chip peripherals 
are stopped. During the SWPD the supply 
current is reduced, but the ports keep their 
las.t states active (can be inputs or outputs). 
ThiS fact makes the estimation of the power 
consumption rather difficult because the port 
loads influence this value as well. For 
example, some of the port lines are defined 
as outputs before entering the SWPD, these 
lines are still output lines during the 
Software-power-down. For that configuration 
the port loads take their needed current from 
the controller. Therefore the supply current 
increases. ' 

The Hardware-power-down is a power down 
mode which is initiated by an external 
hardware signal. For this mode the SAB 
80C517A has one special input pin HWPD# 
(# = low active). A low signal at the HWPD# 
pin stops the running software and carries 
out the internal power down sequence 
(Figure 63 Internal Power-down Sequence). 
During this mode the SAB 80C517A is 
completely disconnected from 
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Figure 63 
Internal Power-down Sequence 

Normal operation 

No 

- Internal reset-sequence is carried out 
- Oscillator is stopped 
- All ports are switched into tri-state 

No' 

- Internal reset-sequence is carried out 
- Oscillator is started 

Normal operation 

its periphery because all ports are in tri-state. 
Being independent of any port loads this 
powerful feature guarantees a supply current 
below 50uA. 

How to Enter and Leave the HWPD 
in the SAB BOC517 A 

To detect the power down request the 
microcontroller scans the level of the 
HWPD# pin in every machine cycle. If this 
pin is low, the internal power down sequence 
is executed. This sequence starts with a 
normal reset phase, then the internal 

© Siemens Components, Inc. 

Yes HWPD 

oscillator is stopped and all ports are 
switched into tri-state. Now the, SAB 
80C517A is in power down. There are two 
possibilities to "wake up" the controller. The 
first is to set the HWPD# pin to logical high; 
the second is to set the reset pin (low-active). -=­
Furthermore the reset has a higher priority .:II 
then the HWPD. In both cases the controller 
starts working with a normal reset sequence 
and runs the implemented software. 
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Application No.1 - SAB 80C517 A with the 
SIEMENS voltage regulator TLE 4258 

Description of the system environment. 

Figure 64 
SAB 80C517A with the SIEMENS voltage regulator TLE 4258 

Generator 
Controller-Board, 

The controller-board is supplied from two 
external sources (generator and battery). 
During normal operation the generator is 
turned on and supplies the controller board. 
In the standby mode the generator is 
switched off and the battery serves the 
controller board. Additionally, the status line 
indicates the operation change. 

Board 
Periphery 

To guarantee a long life span for the battery 
the most important point is to reduce the 
power consumption of the controller board to 
a minimum (automotive systems for example 
allow a minimum standby current of 1 mA for 
the whole board). 

In Figure 65 Structure of the Controller Board 
the structure of the controller board is 
demonstrated. 
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Figure 65 
Structure of the Controller Board 

Controller-Board 

Supply (5.5 .. 36V) 
Voltage Regulator 

~On/Off 

o N/OFF (0 ... 1 OV) 

-- Delay Control 

Due to the requirement mentioned above, to 
reduce the power consumption to a 
minimum, the complete controller periphery 
must be switched off and the SAB 80C517A 
must still be supplied with 5V. The easiest 
way for this intention is to use a voltage 
regulator with two separate output paths 
(main path, standby path). 

© Siemens Components, Inc. 

Main Path 

~ 
Controller Periphery 

5V 

I Standby Path 

.. 

+ 
SAB 80C517A • 

The main path (which can be switched on 
and off) to support the controllers periphery, 
and the standby path to serve only the SAB 
80C517 A in both operation modes (normal 
operation, power down mode). In this 
application example the SIEMENS low drop 
voltage regulator TLE 4258 is used (Figure -=-
66 Application Example using the SIEMENS -=­
low drop voltage regulator TLE 4258). 
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Figure 66 
. Application Example using the SIEMENS low drop voltage 

regulator TLE 4258 

1 TLE 4258 1 

Vin 

GND INH 

Figure 67 
Circuit Layout 
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Vin (pin 1): Input voltage 5.5V .. 36V 
Res (pin 2): Reset pin (low active) 
Vstby (pin 3): Standby path, Imax 35mA 
GND (pin 4): Ground 
INH (pin 5): Switch on/off (Vinh >3.6V --> switch on, Vinh < 3.6V --> off) 
DEL (pin 6): Delay time for reset -
Vout (pin 7): Main path, Vout = 5V+/- 15%, Imax = 300mA 
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The SAB 80C517 A is directly supplied by the 
standby path of the TLE 4258. The maximum 
current at this path is determined by the 

. microcontroller in normal operation mode. 
This current is lower than 28mA, if the SAB 
80C517A is clocked with 12 MHz. In HWPD 
mode this current is reduced below 50uA. 
The HWPD# pin is connected to the reset pin 
of the TLE 4258, so an active reset signal 
(even in case of undervoltage!) of the voltage 
regulator causes the SAB 80C517A to go 
into Hardware-power-down mode. 

As already explained, the main intention is to . 
save important data in the internal RAM of 
the SAB 80C517A when the system is in 
standby mode. These data can be status/ 
setup information, error messages or other 
important system data. In order to write 
these data into the internal RAM the 
controller must know when there is an 
external need to force the controller board 
into standby-mode. For that purpose the 
status line is connected with one of the 
analog input pins (P7.1) to the internal 
Analog Digital Converter (ADC). 

The connection is carried with two resistors 
and a capacitor to reduce the input voltage to 
4V. The capacitor together with the 100K 
resistor works like a low-pass to avoid spikes 
at the ADC input pin. The software uses the 
internal ADC to monitor the status line. If its 
level is 4V the status line indicates that 
normal operation is to be continued. If it is 
well below 4V the controller recognizes that 
it should switch to standby mode. Under this 
condition there is no current flowing through 
the diode 01. Therefore now the state of the 
voltage regulator depends only on the state 
of the transistor T1. The circuit layout in 
Figure 67 Circuit Layout shows, that this 

© Siemens Components, Inc. 

transistor is controlled by the pin P5.4. If the 
controller outputs a low at this pin the 
transistor T1 is turned off. The voltage level 
is therefore 5V at point A. The regulator is 
then consequently still active. This control of 
the voltage regulator through diode 02 is 
called delay control. This delay control' is 
required if the internal RAM of the SAB 
80C517 A does not contain the latest data 
when the status line becomes active. In this 
case the controller starts the updating 
sequence (e.g. reading data from external 
peripherals). After this is finished the SAB 
80C517 A turns off the regulator by outputting 
a high at . P5.4. As a consequence the 
voltage of the main path drops down from 5V 
to QV. The reset pin of the voltage regulator 
becomes active and pulls the HWPD# pin 
low as well. The voltage on the standby path 
is still at 5V and provides the power down 
current for the SAB 80C517A. 

How to Switch on the Regulator 

When the external generator starts working 
again, the status line becomes active and 
switches on the voltage regulator through 
diode 01.· The voltage on the main path is 
then 5V again. This causes the reset pin of 
the TLE 4258 to go inactive. This level 
change will release the controller from 
hardware power down, because now there is -=­
a logical high at the HWPD# pin. After -=­
executing the internal reset sequence, the 
SAB 80C517A starts working. At the 
beginning of this startup the port pin P5.4 
must be cleared to activate the delay control. 

The Figure 68 Signal Timing of the Various 
Pins shows the context of these signal timing 
of the various pins. 
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Figure 68 
Signal Timing of the Various Pins 

, Normal Operation Delay Control , Standby-Mode , Normal Operation , , , , , , , , , , , 5 .. l0V , , , 
5 .. l0V 

, 
On/Off Line W it. , , 

I 
OV , Y , , , 5V , , , 5V , , 

Main Path , 
"- oV 

, :/ , , , , 5V , , , 
5V 

Standby Path \ , , , , , , , , , 

~ 
, 4.9V , , 

O.2V 
, , 

O.2V Delay Control Path (P5.4) , , , , , I 
4.3V , , 4.3V 

ADC Input Pin (P7.l) ~ ~ OV 
, _______ .1' , 

5 .. l0V , 5 .. l0V 
Voltage Regulator Inhibit (Pin 5) :IU 

, 4.3V , 
I 

I 
\. 

, 
OV , 

I , 
, 5V , , 

I 5V , 
HWPD#Pln :;u \ , OV V' , , , , 

I 

dedection ollevel-change 

Controller switches off 
the voltage regulator 

Application No.2-The SAB 80C517 A in 
combination with the SIEMENS voltage 
regulator TLE 4261 

The Figure 68 Signal Timing of the Various 
Pins shows the context of these signal timing 
of the various pins. 

The application example No. 1 described a 
system configuration with two"· supply 
sources (main power supply, standby 
supply) situated outside of the controller 
board. The supply switch between normal 
operation and standby was realized outside 
of the board as well. In application example 
No.2 another possibility of data saving, with 
two separated supplies, is demonstrated. 
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Figure 69 
System Environment 

Controller-Board 
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Reset 
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1 e::::::::) 

Before starting with the details of the circuit 
layout, a brief description of the system 
environment is illustrated in Figure 69 
System Environment. 

In normal operation mode the controller 
board is served from a main power supply 
via a supply line. This power supply outputs 
12V. If this supply is turned off it is indicated 
by a status line. As a consequence this 
status line becomes active (low active) and 
forces the controller board to go into the 
standby mode. 

How the controller board manages the 
status/supply line 

The core of this controller board is, like in the 
previous application example, the 8-bit 
microcontroller SAB 80C517 A. The large on­
chip RAM of this controller is used to buffer 
important data during standby mode. 
Because in standby mode the main power 
supply is switched off, there must be another 
source to provide the controllers standby 
current. This standby source for example a 
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~::::::::) ~::::::::) 
~:::::::] ~:::::::] 
~::::::::l ~::::::::l 
~::::::::l ~::::::::l 
~:::::::::I ~::::::::) 

1 

1 

Board 
Periphery 

battery, is located on the controller board. 

The supply line from the main power supply 
is connected with the input pin (pin 1) of the 
voltage regulator TLE 4261. As mentioned 
above this line has 12V. 
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Figure 70 

Controller Periphery 
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In this design of the controller board the TLE 
4261 is used to convert the 12V from the 
main power supply into 5V for the board. The 
TLE is a low drop voltage regulator with just 
one output path providing 5V +/- 5%. In the 
standby mode this regulator is switched off 
and only the SAB 80C517A is' then 
supported by the battery. During this standby 
mode the controller is in Hardware-power­
down (power consumption decreases below 
50uA) and the content of the internal RAM is 
saved. When the main power supply is 
turned on again the status line goes to high 
and switches on the voltage regulator as 
well. 

Description of the, circuit layout 

As in application example No.1 the control of 
the voltage regulator is achieved with a delay 
control. This is also used in application 
example No.2 and consists of the transistor 
T1, the corresponding resistors R1, R2, R3 
and R4 and the two diodes 01 and 02. 
These two diodes are representing an OR 
connection. The output of this OR serves the 
INH pin of the TLE 4261 (regulator on/off) 
and depends on the 'state of the transistor T1 

10UF

T 
f1 

1-1 SAB 
BOC517A 

and the status line. In normal operation the 
status line is approximately 1 OV. This results 
a voltage level of 9.3V at the INH pin. Under 
this condition the TLE 4261 is active and 
outputs 5V at pin 7. For activating the delay 
control, the SAB 80C517A clears the port pin 
P5.4. This turns off the transistor T1 and 
pulls the voltage level at point A to 5V. To 
monitor the status line and to detect whether 
there is a intention to switch off the main 
power supply, the internal 10 bit AOC of the 
SAB 80C517A is used. The status line is 
connected to one of the twelve analog input 
channels. 

This is realized via two resistors (100K, 68K) 
and a capacitor (100nF). This kind of input 
protection reduces the voltage of the status 
line to 4V and avoids spikes at the AOC input 
pin (low-pass). ' 

When the status line is driven to low' (rio 
current through 01) the TLE 4261 is still 
active, because the voltage level at point A is 
at 5V. From this moment on the voltage 
regulator is controlled solely by the port pin 
P5.4. The running software has now the 
possibility of delaying the "switch off" for the 
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TLE 4261 until all necessary data are written 
into the internal RAM. Once this write 
sequence is finished, the port pin P5.4 is set 
to high. Thus, the transistor is switched on 
and pulls the collector voltage down to OV. 
This disables the regulator via the INt-i pin. 

The main power supply 

Before going on with the description of the 
circuit layout, a short look at the 
interdependency of the status line and 
supply ,line is provided. For this application 
example a power supply is used which 
indicates a power breakdown by setting the 
status line to low. The status line is also low 
when the output voltage falls under a defined 
limit. In normal operation the output voltage 
is 12V. Under this condition the status line is 
inactive (10V). If the output voltage falls 
under the limit of 9V (e.g. switch off or short 
connection) the status line indicates this by 
going to low. Because the output is buffered 
by a big capacitor, the changing of the output 
voltage is controlled by the following formula: 

dt = (C * dU)/1 dt = delta time [s] 
C = capacity [F] 
dU = delta voltage [V] 
I = current [A] 

However the proble~ is, that the voltage 
regulator TLE 4261 itself needs a minimum 
input voltage (pin 1) of 5.5V to guarantee an 
output voltage of 5V. Important now is the 
time range between the low at the status line 
and reaching the critical limit of 5.5V at the 
supply line. Exactly this time range is 
available for updating the internal RAM and 
also to go into hardware power down 
(described later). In the following an 
estimation of this range. 

dt = (C * dU)/1 

© Siemens Components, Inc. 

Typical values are: C = 10000uF, dU = 3.5V 
(9V - 5.5V), 1= 1A 

When these values are used for the formula, 
the result is a time span of 35ms. This is 
sufficient enough to carry out a complete 
update of the internal ~AM (2304-bytes), 
and a few more lines of code (including the 
convertihg time of the Analog Digital 
Converter and jump into hardware power 
down). 

Additionally, some bus systems (VME-bus, 
Multibus I and II) are providing an ACFAIL­
Signal. This signal can also used as a status 
line. The time span of these signal is 
between 20ms and 40ms. 

The supply switch 

The main difference between application 
example No.1 and No.2 is the realization of 
the supply switch. In the previous example 
this unit was located outside of the controller 
board. In application example No.1 the used 
supply line was constantly active. In normal 
operation the board was served by a 
generator and in standby by a battery. But in 
application example No.2 the supply line is 
inactive in standby mode. Therefore the 
battery and the supply switch are located 
"on-board" . 
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Figure 71 
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5V 

When and how does the supply switch 
become active 

In normal operation mode the voltage 
regulator is active and the voltage output pin 
(pin 7) of the TLE 4261 provides currents 11 
and 12. The slight current 12 is needed to 
switch on the NPN-transistor T2 (12 approx. 
80uA) and thus pull the voltage level down to 
O.2V at point B. At the PNP-transistor T3 the 
current 13 is split into the current for the 
controller periphery (Iper) and the transistor 
current (It). Forced by the low level at the 
base of T3 an emitter base current causes 
an emitter collector current (It minus emitter 
base current). This current is the supply 
current for the SAB 80C517A (Icc) in normal 
operation mode. The supply current for the 
SAB 80C517 A is lower than 37mA with a 
controller clock of 18MHz. In normal 
operation the standby current Istby is OA. 

When the voltage regulator TLE 4261 is 
switched off two things happen. Firstly the 
supply switch becomes active and secondly 
the SAB 80C517 A must be forced into 
Hardware-power-down mode. 

Iper Controller - Periphery 

2N2907 
T3 

~It 

rcc 

2N2222 SAB 80C517A 
T2 

1 

If the status line indicates the standby mode, 
the delay control becomes active and the 
TLE 4261 is turned off via the INH pin. As a 
result the output voltage of the regulator 
drops down from 5V to OV (buffered by a 
22uF capacitor). This occurs when the 
supply switch becomes active. Due to the 
absence of 5V at pin 7 of the TLE 4261, the 
transistor T2 is switched off (12 = OA) and 
results also 13 and IB to be OA. Under this 
condition the transistor is turned off (It = 0) 
and the controllers periphery is also turned 
off. From this moment on the controllers 
supply current is provided by the battery (e.g. 
lithium battery). To guarantee a minimum of 
this supply current the SAB 80C517A must 
be in Hardware-power-down. 

The branch into' Hardware:..power-down 
occurs in the following way. The reset pin of 
the TLE 4261 (pin 3) is connected with the 
HWPD# pin of the SAB 80C517A. A logical 
low at this line carries out the internal power 
down sequence of the SAB 80C517A (see 
Figure 63 Internal Power-down Sequence). 
In normal operation mode (TLE 4261 active) 
the reset pin of the TLE 4261 is inactive 
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(pulled up with 10Kohm) and the level at the 
HWPD# pin is also high. When the output 
voltage of the TLE 4261 drops below 4.7V 
the reset pin becomes active and forces the 
SAB BOCS17A into Hardware-power-down. 
The same j happens, if the regulator is 
switched off by the INH pin. As soon as the 
SAB BOCS17 A detects a low level at the 
HWPD# pin, it lasts approximately 1 .Bus until 
Hardware-power-down is reached. During 
this time the normal supply current «37m)A 
is required. After this, the consumption is 
reduced below SOuA. and all ports are 
switched into tri-state. From this moment on 
the controller is completely disconnected 
from its environment. 

Finally some words about the standby 
source 

For the standby source a lithium battery for 
example can be used. The typical cell 
voltage of this battery is 1.3V. To realize the 
data saving in the internal RAM of the SAB 
BOCS17A in Hardware-power-down mode 
the supply voltage may not drop below 2V. 
This results the requirement of three (3.9V) 
or four (S.2V) cells. If a diode with a junction 
voltage of less than 0.6V is used, it is also 
possible to use only two cells (2.6V). 

© Siemens Components, Inc. 

Their are a few things to know about the 
replacement of the lithium batteries when the 
main power supply is switched off. The SAB 
BOCS17A addresses this concerns with 
starting a power on reset, because now the 
Vcc pin is supplied. In case two or three cells 
are used, the actual supply voltage does not 
reach the value for normal operation mode 
(Vcc = SV +/- 10%). The SAB BOCS17 A is 
then in an undefined state. To avoid this, the 
main power supply must turned on 
immediately after the replacement of the 
battery. 

Another possibility is to take four lithium cells 
(S.2V). If now the battery is replaced, the 
supply voltage of the SAB BOC517 A is in the 
range of normal operation. Thus the power 
on is successful and the power down 
sequence is executed after the restart. 
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$DEBU"G 
$SYMBOLS 
$ERRORPRINT 
$DATE (JAN-25-91) 
$NOMOD51 
$INCLUDE (REG517.PDF) 
iAPPLICATION SAB80C517A IN HARDWARE-POWER-DOWN 

i************** DECLARATION ************************************** 

START: 

CSEG AT RESET 
LJMP START 
CLR EAL DISABLE ALL INTERRUPTS 

i************** TIMER 1 ****************************************** 

MOV 
CLR 
CLR 
CLR 

TMOD,#10H 
ET1 
TF1 
TR1 

iSET TIMER 1 MODE 
CLEAR TIMER 1 INTERRUPT 
CLEAR OVERFLOW BIT 
STOP TIMER 1 

i************** AID CONVERTER ************************************ 

MOV 
CLR 

i************** MAIN 

10001: 
10002: 

10003: 

10005: 

10004: 

10006: 

ANL 
MOV 
JB 
MOV 
MOV 
DIV 
JZ 
SJMP 
MOV 
ANL 
CLR 
MOV 
MOV 
SETB 
JNB 
CLR 
DJNZ 
ANL 
ORL 
SJMP 
END 

ADCONO,#OlH 
IADC 

:CONFIGURATION OF THE AID CONVERTER 
i DISSABLE AID INTERRUPT 

********************************************* 

P5,#OEFH SET DELAY-CONTROL 
DAPR,#OOH START AID CONVERTER 
BSY,IOO02 CHECK BUSY-FLAG 
A,ADDAT READ VALUE 
B,#04H DEFINE RANGE 
AB 
10003 IF LOW-LEVEL JUMP TO 10003 
10001 
R4,#8DH LOAD LOOP-COUNTER 
P5,#OFAH SET MONITOR-BIT 
TF1 CLEAR OVERFLOW-FLAGT 
TL1,#00H START-VALUE FOR TIMER 1 
TH1,#00H ------------"----------
TR1 START TIMER 1 
TF1,IOO04 CHECK OVERFLOW-FLAG 
TR1 
R4,IOO05 
P5,.#OFOH SET MONITOR-SIGN 
P5,#10H CLEAR DELAY-CONTROL 
10006 



SIEMENS 3-Phase Sine Wave Generation with the 
SAB 80C515A and 80C517A 

3-Phase Sine Wave Generation with the 
SAB 80C515A and SAB 80C517A· 

Application Note 

© Siemens Components, Inc. 8-137 



3-Phase Sine Wave Generation with the 
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Almost every industrial application needs the 
generation of analog output voltages with 
variable frequency and level. Since, most of 
the time, additional control or monitoring 
tasks have to be performed, the simplest 
solution would be to have a single 
microcontroller covering both needs. In this 
case, the analog signal is generated using' 
digital pulse width modulation (PWM). The 
generation of a symmetrical sinusoidal 3-
phase system is one specific application 
example for the generation of analog 
voltages. Interesting target applications for 
such a 3-phase sine wave are controlling 
asynchronous motors (ASM) or the 
realization of uninterruptable power supplies 
(UPS). ,In the following description, methods 
of how to use the microcontrollers SAB 
80C515A and the SAB 80C517A for 
generating a symmetrical 3-phase system 
are shown. 

Features of the SAB80C515A and the 
SAB 80C517A 

The microcontrollers SAB 80C515A and 
SAB 80C517A are derived from their basic 
versions SAB 80C515 and SAB 80C517, 
respectively. They are backward compatible 
and yet show enhanced or new features 
resulting in higher performance (see Figures 
72 and 73). 

One speciality is the maximum clock input 
frequency (18 MHz) which means a 50% 
increase compared to the previous standard 
frequency of 12 MHz. The computational 
power of the SAB 80C517A is increased 
more than 10 times by the on-chip arithmetic 
co-processor. This Multiply/Divide Unit 
(MDU) executes multiply (16x16) and divide 
operations (32/16) as well as shift and 
normalize (32 bit) operations within 4 Jlsec. 
The normalize function of this math unit 
facilitates floating point arithmetic, a fact that 
is especially important in high-level language 
programming (e.g. C). 

The ROM versions SAB 83C515A-5 and 

SAB 83C517A-5 offer 32 KBytes on-chip 
program memory, and the option to expand 
it externally up to 64 KByte. Even higher 
address ranges can be achieved through 
bank switching which is supported by special 
linkers/locators. The ROMless versions SAB 
80C515A and SAB 80C517 A need external 
program memory such as (EP)ROM. Other 
than that, the ROM and the ROMless parts 
do not differ. In the following text, the 
numbering SAB 80C515A and SAB 
80C517A also applies for the ROM parts 
(unless otherwise noted). 

The on-chip data memory of the SAB 
80C515A is expanded by an extra 1024 
Bytes, whereas the SAB 80C517 A 
incorporates 2048 Bytes of internal data 
memory, in addition to the 256 Bytes in the 
basic types. This sums up to 1280 Bytes and 
2304 Bytes, respectively. Thus, in most 
applications an external RAM is obsolete 
which helps to minimize board space and cut 
down system cost. 

Processing of analog signals is supported by 
the integrated AID converter with a real 10-
bit resolution. The SAB 80C515A provides 
eight, the SAB 80C517A twelve multiplexed 
input channels. The tota'i conversion time is 
less than 13 Jlsec, with the maximum total 
unadjusted error (TUE) being 2 LSBs. The 
ADC can be programmed to convert in single 
or continuous mode and can also be 
triggered externally. 

For digital signal generation and 
measurement,the SAB 80C515A offers 
besides the two standard timers (TO / T1 ) the 
Timer 2 block which provides 4 capture/ 
compare channels. In the, SAB 80C517A" 
this Timer 2 block is located in the Capture/ 
Compare Unit (CCU) which also features a 
fast Compare Timer and up to 21 high speed 
outputs. 

Serial communication, for example with a 
host or other microcontrollers within a 
multiprocessor network, is performed by one 
(SAB 80C515A) or two (SAB 80C517A) 
serial channels. Separate baud rate timers 
for each channel allow flexible baud rate 



generation at almost any clock frequency 
without using any of the on-chip general 
purpose timers. 

The SAB 80C515A I 80C517 A are also 
designed to work in systems which require 
higher system reliability. Therefore, both a 
watchdog timer (WOT) and an oscillator 
watchdog (OWO) are implemented to 
increase system security. The WOT makes 
sure that the whole controller is reset if the 
software fails to clear it periodically when the 
correct software flow is deviated. The OWO 
in contrast, monitors the system clock. On 
detection of an oscillator failure (e.g. in the 
case of a broken crystal), it takes over and 
brings the controller into a reset state. It only 
releases the part after the clock has been 
recovered. 

Finally, the system design engineer can 
choose between 4 power saving modes: 
slow-down mode, idle mode, software 
controlled power-down mode (SWPO) and 
the brand-new hardware controlled power­
down mode (HWPO). One remarkable 
advantage of HWPO is that it can be invoked 
by applying a low level voltage, and exited by 
applying a high level voltage at a specific pin. 
The second advantage is that while in 
HWPO all port pins are floating (tri-state) 
which avoids sourcing current to external 
circuitry and helps to save power. 

How to Generate Analog Vol~ages 
Using PWM 

General Aspects 

With digital PWM, a variable analog voltage 
level is achieved through variation of the duty 
cycle within a fixed time interval (PWM 
period TPWM, Figure 74). Integration over 
the interval TPWM with a low-pass filter 
leads to the average output voltage during 
TPWM. Depending on the length of the duty 
cycle, the level of the average voltage is a 
value between the digital supply voltages of 
the microcontroller (VSS and VVee). 
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Variation of the duty cycle from one interval 
to the next results in a variation of the 
average voltage level during each time 
interval. Thus, it is possible to change the 
output voltage step by step from one interval 
to the next. Appropriate variation of the duty 
cycle also allows to step-wise generate a 
sinusoidal voltage (see Figure 75). The sine 
wave values are stored in a table that is 
cyclically accessed. When the PWM 
intervals are short, and through filtering, a 
smooth sine wave can be produced, If the 
output voltage is not supposed to vary 
between VSS and Vee, but instead between -
Vee/2 and +Vee/2 (zero crossing), the DC 
voltage can be decoupled, e.g. with a serial 
capacitor. 

The duty cycle tD within TPWM can be 
calculated using the sine wave value u(i): 

tD = TpWM/2 + u(i) x TpwMi2 

where -1 <= u(i) <= + 1 ; 0 <= i <=N (number 
of sample points) 

Generally, you have free choice for the 
length of the PWM interval. However, there 
are limitations in selecting the range for the 
longest and the shortest time interval (lowest 
and highest PWM frequency fPWM). The 
lowest frequency depends on the quality of 
the low-pass filter or on the filtering -=­
capabilities of the motor connected to the -=­
PWM output. An additional requirement is 
the fact that many applications require fPWM 
to be supersonic (above the audible range). 
On the other hand, switching loss increases 
as the PWM frequency rises. From this point 
of view, engineers normally attempt to keep 
fPWM as low as possible. In addition, power 
switches have a maximum switching 
frequency (e.g. approximately 30 kHz for 
IGBTs). 

Both amplitude and frequency of the sine 
wave to be generated can be varied. 

The peaks of the sine wave depend on how 
much the rising edge of the duty cycle of a 
sine wave deviates from the center of TpWM. 
This means that the amplitude can be 
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chosen to be between OV and Vee/2. In the 
above mentioned formula for to, voltage 

• value u(i) has to be exchanged with the new 
voltage value u'(i), which can be calculated 
as follows: 

u'(i) = u(i) x a, 

where a is the desired amplitude factor, 
which can be chosen to be between 0% and 
100%. 

Variation of the sine wave frequency can be 
achieved in three different ways: 

1. Variation of time interval TpWM 

The shorter TpWM, the shorter the sine wave 
period, that is the higher the sine wave 
frequency. 

2. Variation of the number of sample points N 

Sample points are the voltage values that 
represent the sine wave. The higher the 
number of sample points (while TpWM remains 
the same), the longer the sine wave period, 
i.e. the lower the sine wave frequency. At the 
same time the resolution of the sine wave is 
increased. 

3. Variation of repetition factor Z 

By repeating every sample point once or 
several times, the sine wave length doubles, 

. triples etc. (see Figure 76). Thus, the sine 
period can be varied without the need for 
more sample points (therefore saving 
memory space!). On the other hand, the 
smoothness of the sine wave becomes 
worse. 

With these variation possibilities, the formula 
for the sine wave frequency is as follows: 

fSIN = 1ITsiN = 1 / (TpWM X N x Z) 

TpWM: PWM interval 
N: number of sample points 
Z:repetition factor for each 

sample point 

How to Generate a 3-Phase System 

Every symmetrical 3-phase system consists 
of three sinusoidal voltages which are phase 
shifted by 1200 from each other. Since a sine 
wave can be represented by a table of N 
sample points (using PWM), one "run 
through the table" corresponds to one sine 
wave period. A phase shift of an electrical 
angle of 1200 therefore corresponds to a 
table shift of N/3, a phase shift of 2400 

corresponds to a table shift of 2N/3. Usually, 
N should be chosen such that it can be 
divided by 6. Thus, not only the number of 
shifts can be divided by 3 (you need three 
phases), but also the zero crossing point can 
then be included as a sample point. This is 
useful, because this way only one half of the 
wave needs to be sampled and stored in the 
table, 

Conclusion: One sinusoidal phase can be 
represented by one single table with N 
sample points. The other two shifted phases 
are represented by the same table, but with 
the starting sample point being offset by N/3 
and 2N/3, respectively. 

Microcontroller Facilities for 
3-Phase Generation 

The Timer 2 in the SAB 80C515A and the 
SAB 80C517A 

Figure 77 shows the principle diagram of the 
timer 2 (T2) block. The maximum input clock 
of this 16-bit wide, free running timer is 1/12 
of the oscillator frequency. This corresponds 
to a time increment of 667 nsec at 1BMHz. A 
programmable prescaler can divide the input 
frequency by 2 in the SAB BOC515A, which 
results in a maximum input frequency of fose/ 
24. The SAB BOC517A additionally allows 
the input frequency to be programmed to 
fosc/4B or fose/96. Using the reload register, 
the overflow time of timer 2 can be varied. An 
interrupt is flagged after every T2 overflow. 

Timer 2 works with 4 (SAB BOC515A) or 5 
(SAB BOC517 A) capture/compare registers 



(CGx, x=0 ... 3 or 4). Each of them is also 16-
bits wide and controls one specific port pin 
(see Figure 77). These capture/compare 
registers can be programmed to have one of 
three functions: 

1. Capture function 

Upon a rising edge at the corresponding port 
pin, CCx captures the current T2 contents 
and flags an interrupt. Thus, the moment 
when the signal edge occurred can be 
measured very accurately. 

2. Compare function 

Upon a match of T2 and CCx, a compare 
event at the corresponding port pin is 
generated and an interrupt is flagged. The 
compare function is subdivided in 2 different 
modes: 

2a) Compare mode 0 (PMW mode) 

When the contents of T2 and CCx match, a 
HIGH level is output at the corresponding 
pin. Upon timer 2 overflow a LOW level 
appears at the corresponding compare 
output pin (Figure 78). 

2b) Compare mode 1 

In this mode, the output pin is physically 
disconnected from the internal port latch. 
Every write access to the corresponding 
latch does not affect the pin immediately. 
When T2 and CCx match, the value written 
to the latch appears at the pin. An overflow of 
timer 2 does not have any effects on the 
output pin. 

3. Reload function 

Register CCO (also referred to as CRC, 
compare/reload/capture) can also be 
programmed to work as a reload register for 
T2. This means that after an overflow from 
FFFFH timer 2 does not re-start at OOOOH, 
but at the value stored in register CRC. 

For sine wave generation, the PWM mode 
(compare mode 0) is relevant. The. falling 
edge at the pin after every T2 overflow 
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characterizes the interval TpWM. It can be 
varied by operating timer 2 in auto-reload 
mode. The value in the reload register CRG 
determines the overflow time of T2 and thus 
TpWM. The rising edge which determines the 
duty cycle, can be selected by loading the 
compare register with the a'ppropriate value. 

Both a compare match and a timer overflow 
set their own interrupt flags. After every 
compare match, the software has to take 
care that the compare interrupt is disabled 
for the rest of the TpWM. The reason is that 
after every match the compare value for the 
next PWM period has to be loaded into CCx. 
However, it must be insured that this new 
value does not cause another compare 
match in the current interval. This would be 
the case, if the new value (for the next timer 
cycle) is higher than the previous one (that 
just caused the compare match), and the 
timer is yet to reach this value in the current 
cycle. It is not so much that this would affect 
the level at the pin (it is outputting a HIGH 
level anyway), but it would flag another 
interrupt. In this case, yet the next compare 
value would be loaded into GCx without the 
current one causing the new interrupt (meant 
for the next timer cycle) having contributed to 
the PWM generation. Therefore, the 
compare interrupt should be disabled once it 
has been processed in a timer cycle. The II .-timer overflow interrupt routine has to again 
enable the compare interrupt, of course only 
after having cleared the request flag that 
might have been set in the previous timer 
~ycle. . 

The Compare Timer in the SAB 80C517A 

The Compare/Capture Unit (CCU, see 
Figure 79) of the SAB 80C517A contains 
besides the timer 2, a second 16-bit ree 
running "compare timer" (CT). Up to 8 new 
compare registers (CMO ... CM7) can be 
assigned to the CT, each of which have their 
dedicated output pins (alternative functions 
of port 4). The compare timer and the 
compare registers have been implemented 
especially to support PWM generation and 
therefore show some extraordinary features. 
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The maximum input clock for the compare 
timer is fose/2. Thus, the increment time is 
111 nsec (at Jose = 1SMHz). The input 

, frequency can also be reduced by a 3-bit 
prescaler down to 1/12S of the oscillator 
frequency. The CT has its own auto-reload 
register CTREL which determines the 
overflow time and thus the PWM period 
TPWM. 

An example shows how the fast CT can be 
used for PWM generation. At 9-bit resolution 
(CTREL = FEOOH) the switching frequency 
fpWM is: 

fpWM = 1 ITpWM = 
= 1 1 [(1 OOOOH - FEOOH) x 111 nsec] = 
= 1 1 (512 x 111nsec) = 17.6 kHz 

A very important characteristic of the 
compare registers CMO ... CM7 is their 
double register structure together with the 
timer overflow control loading (TOC, see 
Figure SO). The double register structure 
implies that the real register, which is 
con'stantlY compared with the timer, is not 
accessible for the CPU. Whenever the CPU 
tries to write to one of the CMx registers via 
the internal bus, it instead accesses a 
shadow register. Its contents is only loaded 
to the actual compare register upon the CT 
overflow. This feature avoids the need to 
d.isable a compare interrupt and to re-enable 
it after the timer overflow (see chapter 4.2.4, 
"Generating the PWM Signals"). Thus, 
compare interrupts for PWM generation with 
registers CMO ... CM7 are unnecessary and 
therefore not available. 

Software Examples for 3-Phase 
Sine Wave Generation 

General Aspects. 

The two application examples that are 
presented in the following sections, show 
one possible realization of a 3-phase sine 
wave system. 

In the first example, timer 2 from the SAB 

SOC535/S0C515 is used. This software 
solution can also run on the SAB SOC51SAl 
S3CS1SA-5 (A-versions) without changes. If 
the internal XRAM of the A-versions is to be 
used, it only needs to be initialized with a few 
instructions, and the memory address needs 
to be adjusted. 

In the second example, the compare timer 
from the SAB SOCS17A1S3CS17A-S 
performs the PWM generation utilizing the 
internal XRAM. If the standard SAB SOCS171 
SOCS37 (non A-version) is to be used, the 
instructions for the XRAM initialization 
should be removed. 

The microcontroller is connected to a 
terminal (z.B. VT100, 9600 Bd) via a serial 
link. This allows the user to communicate 
with the controller and select the following 
parameters: the number of sample points, 
the repetition factor, the PWM interval 
(represented by the timer reload value) and 
the desired amplitude factor. 

The sample points are stored as 
hexadecimal values in a table located in the 
program memory. The resolution of the 
sample points is S bits (timer 2 example) or 
16 bits (compare timer example). They are 
normalized relative to an amplitude of 100% 
and an S- or a 16-bit wide PWM interval 
(100H or 10000H). However, only the 
sample points describing one, half of the 
wave are actually stored. Their values have 
been reduced by the offset which marks the 
zero crossing. 

Since the zero crossing line is represented 
by the value SOH (or SOOOH), a value of OOH 
(or OOOOH) corresponds to the minimum sine 
value at 0<19S>, whereas the sine maximum 
at 90<19S> is represented by the value 7FH 
(or 7FFFH). According to this, the positive 
half of the wave can be calculated by adding 
the offset value SOH (or SOOOH) and the table 
value. The negative half of the 'wave in 
contrast, can be obtained by subtracting the 
table value from the offset value. 



Example: 

sin (0°) := 80H + OOH = 80H 
(:= 8000H + OOOOH = 8000H) 
sin (90°) := 80H + 7FH = 8FH 
(:= 8000H + 7FFFH = 8FFFH) 
sin (270°) := 80H - 7FH = 01 H 
(:= 8000H - 7FFFH = 0001 H) 

The user is offered the choice of 4 tables. 
The number of sample points N in these 
tables can be divided by 6. The reason that 
N should be divisible by 3, . is to realize an 
equal 120° shift for the three phases. At the 
same time, N should be divisible by 2 so that 
it is possible to cut the sine wave in two 
halves (the zero crossing point at N/2 should 
be an integer). 

Program Structure 

Other than the initialization routines, the 
program consists of three parts with different 
priority levels: 

1 . Communication with the user (low priority) 

2. Table generation according to the chosen 
parameters (medium priority) 

3. PWM generation and eventual table 
switching (high priority) 

The principle function of the program is as 
follows: 

The highest priority is assigned to the 
software section for PWM generation using 
the compare outputs (see Figure 81). This 
part is programmed to be non interruptable, 
since an interrupt might have fatal 
consequences for the application system. 
The compare values to be used are stored in 
the active table ("USED_TAB") which is 
located in the external RAM (non A-versions) 
or the XRAM (A-versions). Of course, for this 
purpose it is possible to use the standard 
256 Bytes of internal data RAM, since the 
tables in these examples are relatively small. 

The background task allows the user to 
select the various parameters. After final 
approval from the user, the mic'rocontroller 
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calculates the new table ("NEW_TAB") using 
the selected parameters and stores it at a 
different location in the XRAM than the table 
currently used. At a given time (after 
completion of a run through the table), the 
controller switches to the new table which is 
now regarded as the actual table. The 
memory location of the previous actual table 
is now available for the storage of a new 
table with new parameters. 

Main Program 

At the beginning, both the serial channel and 
the timer (timer 2 or compare timer) are 

. initialized. The input of parameters is 
simulated which specify a sine wave with an 
amplitude factor of 0%. 

Invoked subroutines: INIT (external module), 
START 

After the initialization, the CPU enters a loop 
which asks for new parameters. After 
receiving the new set of parameters, the 
controller calculates the new table and 
stores it in the XRAM. However, it is made 
sure that the previously generated table has 
been used at least for one run 
(WAIT _FOR_SWITCH:). 

Invoked subroutines: GET_PARAMETER, 
CHANGE_PAR IIIII 
Communication (GET_PARAMETER) 

The subroutine GET_PARAMETER controls 
the parameter input. The user has the choice 

. of four normalized sine wave tables (N = 12, 
18, 24, or 30), the amplitude factor (OOH ... 
100H), the repetition factor, and the PWM 
interval TPWM. The normalized sine wave 
tables are stored in the (EP)ROM under the 
label SINUS_ TAB_12 L 18, _24, or _30) 
immediately behind the subroutine code. 
The corresponding pointers to these tables 
are stored under the label TAB LOOK UP 
immediately behind the tables. - -

At the end of GET_PARAMETER, the user is 
asked to confirm the input parameters ("Start 
New Waveform?"). 
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Table Calculation 
(CHANGE_PARAMETER and 
GET_NEW _WAVE) 

After the confirmation of the new parameters 
by the user, . the subroutine 
CHANGE_PARAMETER calculates the new 
table (using the subroutine 
GET_NEW_WAVE) and stores it in the 
XRAM. When the timer 2 is used, the 
interrupt table has to be stored as we" (see 
4.2.4, "Generating the PWM Signals"). 

First, it has to find out which memory location 
is available for the new table 
(NEW_ TAB_PTR), since the other location is 
currently being used for the PWM generation 
(USED_ TAB_PTR). Then, the reload value 
for the timer is calculated according to the \ 
chosen value for the PWM period. The 
reload value determines the middle of the 
PWM interval corresponding to the sine 
value "zero" (ZERO_POINT). Third, the input 
amplitude factor is transformed from ASCII 
to the hexadecimal value. Fina"y, the length 
of the sine wave table (NEW_LENGTH) and 
its relative end address (NEW_H_ADDR) 
need to be provided, before 
GET_NEW_WAVE is invoked. 

The actual calculation and the storage of the 
table values is done by GET_NEW_WAVE. 
Half of the normalized sine wave located in 
the (EP)ROM is fetched value by value, 
changed according the input parameters and 
stored in the XRAM. Now, this portion of the 
wave is expanded to a full wave with a 
positive. and a negative half. The last 
(highest) table value is stored first (lowest 
address), since the 8051 architecture 
provides the instruction DJNZ (decrement 
and jump if not zero) which facilitates the 
down-counting of a variable. This is the 
reason, why the PWM generation is done 
"backwards" (from top address to bottom 
address; see 4.2.4 "Generating the PWM 
Signals"). 

Generating the PWM Signals 

The highest prioritized task of the software is 
to provide in time the compare values for the 
PWM generation. The values need to be 
transferred from the table located in the 
XRAM to the shadow latches of the compare 
registers. Since the structures of the timer 2 
and the compare timer as we" as their 
assigned registers are different, this part of 
the application example is discussed 
separately for each timer in the following 
sections. 

Generating the PWM Signals with the 
Timer 2 in the SAB80C515(A) or the 
80C517(A) 

The overflow interrupt of the timer 2 has the 
duty to update the three pointers (R_PTR, 
S_PTR, T _PTR) to the next values in the 
current sine table. In case one of the pointers 
reaches the bottom of the table, it has to be 
set again to the top of the table' (the table is 
run through from top to the bottom). 

Whenever there is a request to switch to a 
new table (SWITCH_EN = 1), the new 
parameters (NEW_ ... ) are incorporated. In 
this case, the values from the old table which 
had been loaded in the previous (just 
completed) timer cycle are still used for the 
current cycle. For the next cycle, the values 
are already loaded from the new table. The ' 
memory location of the old table is now 
available for the storage of a new table tO,be 
calculated. Figure 82 shows the flow chart of 
the timer 2 overflow routine. 

Theoretica"y, there are three ways to load 
the compare registers: 

a) Loading by timer 2 overflow interrupt 

After every overflow, the timer 2 interrupt 
routine loads the compare registers for the 
PWM period that has just started (see Figure 
83). The values are fetched directly from the 
table located in the XRAM. 

This is the easiest way to implement the 



loading. The disadvantage is that the access 
to the XRAM (via a MOVX instruction, e.g. 
MOVX A,@DPTR) takes relatively long, 
during which time no compare match can 
occur. This would mean that the rising edge 
of the PWM pulse could never be directly at 
the beginning of a timer cycle. The 
consequence is that it would be impossible 
to reach a duty cycle of 100% and thus the 

. full amplitude of the sine wave. 

b) Loading by the Compare Interrupts 

Another possibility would be to have each 
compare interrupt routine load their own 
compare register. Since this has to be done 
very quickly, it makes sense to make 
available the compare values in "shadow 
latches" located in the standard internal data 
memory. Thus, the transfer time (667 nsec at 
IBM Hz) and the execution time for the 
interrupt :routine can be kept very short. In 
this case, the timer 2 overflow routine must 
take care that the compare values for the 
next (not the current!) PWM period are 
fetched from the XRAM and stored in the 
"shadow latches". 

Since the loading of the compare registers is 
performed before the next timer cycle starts, 
the duty cycle gap described above is 
avoided. Still, each compare interrupt takes 
a certain execution time increases the CPU 
load. 

c) Loading by Using "Interrupt Source 
Passing" 

The principle of "Interrupt Source Passing" 
(ISR) is based on the method described in 
b). However, only one compare interrupt 
loads all three compare registers. The idea 
behind ISR takes into account that there is 
always one compare interrupt which occurs 
last in a timer cycle. The corresponding 
interrupt routine loads both its own and the 
other two compare registers. Since the 
phase shift between the last compare 
interrupt in the current TPWM and the first 
interrupt in the next TPWM is always 1/3 of 
the timer cycle (120<19S> phase shift), the 
registers are certainly loaded before the next 
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compare value is needed. 

For speed reasons, even with ISP it is 
recommended to use "shadow latches"·for 
the compare values which are pre-fetched 
from the ?(RAM by the timer overflow routine. 
It is necessary that the compare interrupt has 
a higher priority than the timer interrupt, 
because the last compare interrupt loads the 
actual needed values to the compare 
registers, whereas the timer interrupt only 
fetches the values for the "shadow latches". 
This means that a compare interrupt in 
process may last longer than the current 
timer cycle. It does not matter that the 
overflow routine is delayed, as long as the 
next values have already been loaded into 
the registers by the compare interrupt. 

Which compare is going to occur last in the 
timer cycle, is determined by physics: if a 3-
phase system is divided into 6 portions of 
60<198> each, it is always the same phase 
within each 60<198>-portion that has the 
smallest sine value. This phase is also the 
one which has the rising edge of its duty 
cycle last within TPWM over the whole 
60<19S>-portion. This means that its 
compare match occurs last. Therefore, with 
every sine wave table, a corresponding 
interrupt table is always stored in the ROM 
which contains a reload byte for the interrupt Ir!W 
enable register IEN1. Thus, only the last .:., 
compare interrupt to occur is enabled and 
the other two are disabled. 

Generating the PWM Signals with the 
Compare Timer in the SAB 80C517(A) 

All tasks which would be performed by the 
timer 2 interrupt, must also be performed by 
the compare timer interrupt. This is true for 
the check to determine if a parameter switch 
is requested (and, if yes, to actually switch) 
as we" as the pre-loading of the ."shadow 
latches". One great feature of the compare 
registers CMO ... CM7 (which are used with 
the compare timer) is that their structure 
provides exactly these "shadow latches" 
(see Figure SO). The loading of the actual 
compare registers with the values contained 
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in the "shadow latches" is done automatically 
by a compare timer overflow (TOC = timer 
overflow controlled). This TOC mechanism 
makes compare interrupts unnecessary. 
This is the reason, that compare interrupts 
for the CMO ... CM? registers have not been 
provided in PWM mode. In addition to the 
reduction of program execution time" the 
TOC feature allows the code size to be 
minimized. Figure 84 shows the flow chart of 
the compare timer routine. 

Possjble Modifications 

The presented program examples are only 
meant as application hints. They are not 
suited f.or the use in devices for series 
production. There are several possibilities to 
modify them in terms of motor speed ramp­
up and/or table switch algorithms. 

In these examples, a table switch is 
performed whenever there is a request to 
switch, no matter where in the table. the 
phase pOinters (R_PTR, S_PTR, T _PTR) 
point to, and the sine wave output starts from 
the top of the new table. This phase 
incontinuity might cause some ripples on the 

motor torque. They can be avoided, if the 
switching from one table to the next is done 
at'a zero crossing of the sine wave or if the 
new sine wave is started at the same phase 
as the old wave ended. . 

The first case can easily be implemented 
(e.g. switch only, when R_PTR reaches the 
end of the table). In the second case, it would 
be necessary to calculate the relative 
position of one' pointer within the table and 
take it into account at the initialization of the 
new pointer. 

The annex contains listings of the two 
application examples, one using timer 2 of 
the SAB 80(C)S1S/80(C)S3S, the other using 
the compare timer in the SAB 80C51? AI 
83CS17A-S. Both programs can easily be 
run, on the SAB 80CS15A183CS1SA-S and 
the SAB 80CS17/80CS37. Only the XRAM 
initialization would have to be. changed 
according to the target controller. No further 
changes are necessary. 
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Figure 79 
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Figure 80 
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(top address of 
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3-t'nase :sme wave l:ienerallon wltn me 
SAB 80C515A and 80C517 A 

use new table in RAM and new 
parameters; initialize phase pointers 

(R_PH, ... ) 

move new sine values from external 
to internal RAM (R_PH, ... ) 

deer R_PTR, T _PTR, 
S_PTR = H_ADDR 

deer R_PTR, S_PTR, 
T _PTR = H_ADDR 

none 

deer R_PTR, S_PTR, 
T_PTR 
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Figure 83 
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Figure 85 
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3-Phase Sine Wave Generation with the 
SAB 80C515A and 80C517 A 

Appendix A 
Register Definitions for SAB 80515/80535 

REG5l5. PDF for ASM5l 

REGISTER DECLARATIONS FOR SAB 80515 

;········BYTE REGISTER········ 

PO 
SP 
DPL 
DPH 
PC ON 
TCON 
TMOD 
TLO 
TLI 
THO 
THI 
PI 
SCON 
SBUF 
P2 
lENO 
IPO 
P3 
lENl 
lPl 
IRCON 
CCEN 
CCLI 
CCHI 
CCL2 
CCH2 
CCL3 
CCH3 
T2CON 
CRCL 
CRCH 
TL2 
TH2 
PSW 
ADCON 
ADDAT 
DAPR 
ACC 
P4 
B 
P5 

DATA 080H 
DATA 08lH 
DATA 082H 
DATA 083H 
DATA 087H 
DATA 088H 
DATA 089H 
DATA 08AH 
DATA 08BH 
DATA 08CH 
DATA 08DH 
DATA 090H 
DATA 098H 
DATA 099H 
DATA OAOH 
DATA OA8H 
DATA OA9H 
DATA OBOH 
DATA OB8H 
DATA OB9H 
DATA OCOH 
DATA OClH 
DATA OC2H 
DATA OC3H 
DATA OC4H 
DATA OC5H 
DATA OC6H 
DATA OC7H 
DATA OC8H 
DATA OCAH 
DATA OCBH 
DATA OCCH 
DATA OCDH 
DATA ODOH 
DATA OD8H 
DATA OD9H 
DATA ODAH 
DATA OEOH 
DATA OE8H 
DATA OFOH 
DATA OF8H; PORT 

© Siemens Components, Inc. 

PORT 
STACK POINTER 
DATA POINTER-LOW BYTE 
DATA POINTER-HIGH BYTE 
POWER CONTROL 
TIMER CONTROL 
TIMER MODE 
TIMER O-LOW BYTE 
TIMER I-LOW BYTE 
TIMER O-HIGH BYTE 
TIMER I-HIGH BYTE 
PORT 1 
SERIAL PORT CONTROL 
SERIAL PORT BUFFER 
PORT 2 
INTERRUPT ENABLE REGISTER 
INTERRUPT PRIORITY REGISTER 
PORT3 
INTERRUPT ENABLE REGISTER 1 
INTERRUPT PRIORITY REGISTER 
INTERRUPT REQUEST CONTROL 
COMPARE/CAPTURE ENABLE 
COMPARE/CAPTURE REGISTER I-LOW BYTE 
COMPARE/CAPTURE REGISTER I-HIGH BYTE 
COMPARE/CAPTURE REGISTER 2-LOW BYTE 
COMPARE/CAPTURE REGISTER 2-HIGH BYTE 
COMPARE/CAPTURE REGISTER 3-LOW BYTE 
COMPARE/CAPTURE REGISTER 3-HIGH BYTE 
TIMER 2 CONTROL 
COMPARE/RELOAD/CAPTURE-LOW BYTE 
COMPARE/RELOAD/CAPTURE-HIGH BYTE 
TIMER 2-LOW BYTE 
TIMER 2-HIGH BYTE 
PROGRAM STATUS WORD 

;A/D CONVERTER CONTROL 
A/D CONVERTER DATA 
D/A CONVERTER PROGRAM REGISTER 
ACCUMULATOR 
PORT 4 
MULTIPLICATION REGISTER 
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3-Phase Sine Wave Generation with the 
SAB 80C515A and 80C517 A 

Register Definitions for SAB 80515/80535 (continued) 

********BIT REGISTERS******** 

ITO BIT 088H ; TCON • 0 - EXT. INTERRUPT 0 TYPE 
lEO BIT 089H ;TCON. I-EXT. INTERRUPT 0 EDGE FLAG 
ITI BIT 08AH ; TCON • 2-EXT. INTERRUPT I TYPE 
lEI BIT 08BH ;TCON.3-EXT.INTERRUPT I EDGE FLAG 
TRO BIT 08CH ;TCON.4-TIMER 0 ON/OFF CONTROL 
TFO BIT 08DH ; TCON . S -T IMER 0 OVERFLOW FLAG 
TRI BIT 08EH ;TCON.6-TIMER ION/OFF CONTROL 
TFl BIT 08FH ; TCON .7 -TIMER I OVERFLOW FLAG 
INT3 BIT 090H ; Pl. O-EXTERNAL INTERRUPT 3/CAPTURE O/COMPARE 0 
INT4 BIT 091H ; Pl. I-EXTERNAL INTERRUPT 4/CAPTURE l/COMPARE I 
INTS BIT 092H ; Pl. 2 - EXTERNAL INTERRUPT S / CAPTURE 2/COMPARE 2 
INT6 BIT 093H ; PI • 3 - EXTERNAL INTERRUPT 6/ CAPTURE 3/COMPARE 3 
INT2 BIT 094H ; Pl. 4-EXTERNAL INTERRUPT 2 
T2EX BIT 09SH PI.S-TIMER 2 EXTERNAL RELOAD TRIGGER INPUT 
CLKOUT BIT 096H Pl.6-SYSTEM CLOCK OUTPUT 
T2 BIT 097H Pl.7-TIMER 2 INPUT 
RI BIT 098H SCON.O-RECEIVE INTERRUPT FLAG 
TI BIT 099H SCON. I-TRANSMIT INTERRUPT FLAG 
RBS BIT 09AH SCON. 2 -RECEIVE BIT S 
TB8 BIT 09BH SCON. 3 -TRANSMIT BIT 8 
REN BIT 09CH SCON.4 - RECEIVE ENABLE 
SM2 BIT 09DH SCON.S-SERIAL MODE CONTROL BIT 2 
SMI BIT 09EH SCON.6-SERIAL MODE CONTROL BIT 1 
SMO BIT 09FH SCON.7-SERIAL MODE CONTROL BITO 
EXO BIT OA8H IENO.O-EXTERNAL INTERRUPT 0 ENABLE 
ETO BIT OA9H IENO • I-TIMER 0 INTERRUPT ENABLE 
EXI BIT OAAH IENO. 2 -EXTERNAL INTERRUPT 1 ENABLE 
ETI BIT OABH IENO • 3 -TIMER 1 INTERRUPT ENABLE 
ES BIT OACH IENO.4-SERIAL PORT INTERRUPT ENABLE 
ET2 BIT OADH IENO . 5 -TIMER 2 INTERRUPT ENABLE 
WDT BIT OAEH IENO.6-WATCHDOG TIMER RESET 
EAL BIT OAFH IENO.7-GLOBAL INTERRUPT ENABLE 
RXD BIT OBOH P3.0-SERIAL PORT RECEIVE INPUT 
TXD BIT OBIH P3.l-SERIAL PORT TRANSMIT OUTPUT 
INTO BIT OB2H P3 .2 - EXTERNAL INTERRUPT 0 INPUT 
INTI BIT OB3H P3 .3 - EXTERNAL INTERRUPT I INPUT 
TO BIT OB4H P3.4-TIMER 0 COUNT INPUT 
Tl BIT OBSH P3.S-TIMER 1 COUNT INPUT 
WR BIT OB6H P3 .6 -WRITE CONTROL FOR EXT. MEMORY 
RD BIT OB7H P3.7-READ CONTROL FOR EXT.MEMORY 
EADC BIT OB8H IENl. 0 -A/D CONVERTER INTERRUPT ENABLE 
EX2 BIT OB9H IENl.I-EXTERNAL INTERRUPT 2 ENABLE 
EX3 BIT OBAH IENI .2 - EXTERNAL INTERRUPT 3 ENABLE 
EX4 BIT OBBH IENI • 3 - EXTERNAL INTERRUPT 4 ENABLE 
EXS BIT OBCH IENI.4-EXTERNAL INTERRUPT S ENABLE 
EX6 BIT OBDH IENI. S-EXTERNAL INTERRUPT 6 ENABLE 
SWDT BIT OBEH IENI.6-WATCHDOG TIMER START 
EXEN2 BIT OBFH IENI . 7 -TIMER 2 EXTERNAL RELOAD INTERRUPT ENABLE 
IADC BIT OCOH IRCON.O-~/D CONVERTER INTERRUPT REQUEST 
IEX2 BIT OCIH IRCON.l-EXTERNAL INTERRUPT 2 EDGE FLAG 
IEX3 BIT OC2H IRCON. 2 - EXTERNAL INTERRUPT 3 EDGE FLAG 
IEX4 BIT OC3H IRCON.3-EXTERNAL'INTERRUPT 4 EDGE FLAG 
IEXS BIT OC4H IRCON. 4 - EXTERNAL INTERRUPT SEDGE FLAG 
IEX6 BIT OCSH IRCON. S - EXTERNAL INTERRUPT 6 EDGE FLAG 
TF2 BIT OC6H IRCON.6-TUIER 2 OVERFLOW FLAG 
EXF2 BIT OC7H IRCON. 7 -TIMER 2 EXTERNAL RELOAD FLAG 
T2IO BIT OC8H T2CON.O-TIMER 2 INPUT SELECT BIT a 
T2I1 BIT OC9H T2CON.I-TIMER 2 INPUT SELECT BIT I 
T2CM BIT OCAH T2CON.2-COMPARE MODE 
nRO BIT OCBH T2CON. 3 -TIMER 2 RELOAD MODE SELECT BIT a 
T2RI BIT OCCH T2CON. 4 -TIMER 2 RELOAD MODE SELECT BIT 1 
12FR BIT OCDH T2CON. S-EXTERNAL INTERRUPT 2 FALLING/RISING EDGE FLAG 
I3FR BIT OCEH T2CON. 6-EXTERNAL INTERRUPT 3 FALLING/RISING EDGE FLAG 
T2PS BIT OCFH T2CON.7-PRESCALER SELECT BIT 
p BIT ODOH PSW. a-ACCUMULATOR PARITY FLAG 
Fl BIT ODlH PSW.I-FLAG I 
OV BIT OD2H PSW.2-0VERFLOW FLAG 
RSO BIT OD3H PSW.3-REGISTER BANK SELECT a 
RSI BIT OD4H PSW. 4 - REGISTER BANK SELECT 1 
Fa BIT ODSH PSW.S-FLAG a 
AC BIT OD6H PSW.6-AUXILIARY CARRY FLAG 
CY BIT OD7H PSW. 7 -CARRY FLAG 
MXO BIT OD8H ADCON. a-ANALOG INPUT CHANNEL SELECT BIT a 
MXI BIT OD9H ADCON • I-ANALOG INPUT CW\NNEL SELECT BIT I 
MX2 BIT ODAH ADCON. 2 - ANALOG INPUT CHANNEL SELECT BIT 2 
ADM BIT ODBH ADCON. 3 -A/D CONVERSION MODE 
BSY BIT ODCH ADCON. 4 - BUSY FLAG 
eLK BIT ODEH ADCON.6-SYSTEM CLOCK ENABLE 
BD BIT ODFH ADCON. 7 - BAUD RATE ENABLE 



3-Phase Sine Wave Generation with the 
SAB 80C515A and 80C517A 

Register Definitions for SAB 80515/80535 (continued) 

/·REG515.DCL for PLM51 

/·Register declaration for SAB 80515 ./ 

;········BYTE REGISTER·····*** 

DECLARE 
PO BYTE AT (080H) REG, / * PORT 0 
PO BYTE AT (081H) REG, / * STACK POINTER 
DPL BYTE AT (082H) REG, / * DATA POINTER-LOW BYTE 
DPH BYTE AT (083H) REG, / * DATA POINTER-HIGH BYTE 
PCON BYTE AT (087H) REG, / . POWER CONTROL 
TCON BYTE AT (088H) REG, /* TIMER CONTROL 
TMOD BYTE AT (089H) REG, /* TIMER MODE 
TLO BYTE AT (08AH) REG, /. TIMER O-LOW BYTE 
TL1 BYTE AT (08BH) REG, / . TIMER I-LOW BYTE 
THO ·BYTE AT (08CH) REG, / . TIMER O-HIGH BYTE 
TH1 BYTE AT (08DH) REG, /. TIMER I-HIGH BYTE 
PI BYTE AT (090H) REG, /. PORT 1 
SCON BYTE AT (098H) REG, / . SERIAL PORT CONTROL 
SBUF BYTE AT (099H) REG, /. SERIAL PORT BUFFER 
P2 BYTE AT (OAOH) REG, /. PORT 2 
IENO BYTE AT (OA8H) REG, /. INTERRUPT ENABLE REGISTER 
IPO BYTE AT (OA9H) REG, / . INTERRUPT PRIORITY REGISTER 
P3 BYTE AT (OBOH) REG, / . PORT 3 
IEN1 BYTE AT (OB8H) REG, / . INTERRUPT ENABLE REGISTER 1 
IP1 BYTE AT (OB9H) REG, / . INTERRUPT PRIORITY REGISTER 1 
IRCON BYTE AT (OCOH) REG, / . INTERRUPT REQUEST CONTROL 
CCEN BYTE AT (OC1H) REG, /. COMPARE/CAPTURE ENABLE 
CCL1 BYTE AT (OC2H) REG, /. COMPARE/CAPTURE REGISTER I-LOW BYTE 
CCH1 BYTE AT (OC3H) REG, / . COMPARE/CAPTURE REGISTER I-HIGH BYTE 
CCL2 BYTE AT (OC4H) REG, /. COMPARE/CAPTURE REGISTER 2-LOW BYTE 
CCH2 BYTE AT (OC5H) REG, / . COMPARE/CAPTURE REGISTER 2-HIGH BYTE 
CCL3 BYTE AT (OC6H) REG, /. COMPARE/CAPTURE REGISTER 3-LOW BYTE 
CCH3 BYTE AT (OC7H) REG, /. COMPARE/CAPTURE REGISTER 3-HIGH BYTE 
'J'2CON BYTE AT (OC8H) REG, /. TIMER 2 CONTROL 
CRCL BYTE AT (OCAH) REG, / . COMPARE/RELOAD/CAPTURE-LOW BYTE 
CRCH BYTE AT (OCBH) REG, / . COMPARE/RELOAD/CAPTURE-HIGH BYTE 
TL2 BYTE AT (OCCH) REG, /. TIMER 2-LOWBYTE 
TH2 BYTE AT (OCDH) REG, / . TIMER 2-HIGH BYTE 
PSW BYTE AT (ODOH) REG, /. PROGRAM STATUS WORD 
ADCON BYTE AT (OD8H) REG, / . A/D CONVERTER CONTROL 
ADDAT BYTE AT (OD9H) REG, /* A/D CONVERTER DATA 
DAPR BYTE AT (ODAH) REG, / . D/A CONVERTER PROGRAM REGISTER 
ACC BYTE AT (OEOH) REG, / * ACCUMULATOR 
P4 BYTE AT (OE8H) REG, /* PORT 4 
B BYTE AT (OFOH) REG, /* MULTIPLICATION REGISTER 
P5 BYTE AT (OF8H) REG, /* PORT 5 

© Siemens Components, Inc. 8-163 
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Register Definitions for SAB 80515/80535 (continued) 

********BIT REGISTERS******** 
ITO BIT AT (088H) REG, / * TCON. 0 -EXT. INTERRUPT 0 TYPE 
IEO BIT AT (089H) REG, /* TCON.1-EXT.INTERRUPT 0 EDGE FLAG 
IT1 BIT AT (08AH) REG, /* TCON. 2 - EXT. INTERRUPT 1 TYPE 
IE1 BIT AT (08BI-I) REG. /* TCON. 3 -EXT. INTERRUPT 1 EDGE FLAG 
TRO BIT AT (08CH) REG. /* TCON.4-TIMER 0 ON/OFF CONTROL 
TFO BIT AT (08DH) REG, /* TCON. 5 -TIMER 0 OVERFLOW FLAG 
TR1 BIT AT (08EH) REG, /* TCON.6-TIMER lON/OFF CONTROL 
TFl BIT AT (G8FH) REG, / * TCON .7 -TIMER 1 OVERFLOW FLAG 
INT3 BIT AT (090H) REG, /* P1.0-EXTERNAL INTERRUPT 3/CAPTURE O/COMPARE 
INT4 BIT AT (091H) REG. /* P1.1-EXTERNAL INTERRUPT 4/CAPTURE l/COMPARE 
INT5 BIT AT (092H) REG, /* P1.2-EXTERNAL INTERRUPT 5/CAPTURE 2/COMPARE 
INT6 BIT AT (093H) REG, /* P1 • 3 - EXTERNAL INTERRUPT 6/ CAPTURE J/COMPARE 
INT2 BIT AT (094H) REG. /* P1.4-EXTERNAL INTERRUPT 2 
T2EX BIT AT (095H) REG. /* P1.5-TIMER 2 EXTERNAL RELOAD TRIGGER INPUT 
CLKOUT BIT AT (096H) REG, /* P1.6-SYSTEM CLOCK OUTPUT 
T2 BIT AT (097H) REG, /* Pl. 7 -TIMER 2 INPUT 
RI BIT AT (098H) REG, /* SCON.O-RECEIVE INTERRUPT FLAG 
TI BIT AT (099H) REG, /* SCON. 1-TRANSMIT INTERRUPT FLAG 
RB8 BIT AT (09AH) REG. / * SCON.2-RECEIVE BIT 8 
TB8 BIT AT (09BH) REG. /* SCON. J -TRANSMIT BIT 8 
REN BIT AT (09CH) REG, /* SCON.4 -RECEIVE ENABLE 
SM2 BIT AT (09DH) REG, /* SCON.S-SERIAL MODE CONTROL BIT 2 
SM1 BIT AT (09EH) ,REG. / * SCON.6-SERIAL MODE CONTROL BIT 1 
SMO BIT AT (09FH) REG. / * SCON.7-SERIAL MODE CONTROL BITO 
EXO BIT AT (OA8H) REG, /* IENO.O-EXTERNAL INTERRUPT 0 ENABLE 
ETO BIT AT (OA9H) REG, /* IENO • 1-TIMER 0 INTERRUPT ENABLE 
EXl BIT AT (OMH) REG, /* IENO • 2 - EXTERNAL INTERRUPT 1 ENABLE 
ETl BIT AT (OABH) REG, /* IENO . J -TIMER 1 INTERUPPT ENABLE 
ES BIT AT (OACH) REG. /* IENO.4-SERIAL PORT INTERRUPT ENABLE 
ET2 BIT AT (OADH) REG, /* IENO.5-TIMER 2 INTERRUPT ENABLE 
WDT BIT AT (OAEH) REG, /* IENO.6-WATCHDOG TIMER RESET 
EAL BIT AT (OAFH) REG. /* IENO • 7 -GLOBAL INTERRUPT ENABLE 
RXD BIT AT (OBOH) REG, /* PJ.O-SERIAL PORT RECEIVE INPUT 
TXD BIT AT (OB1H) REG, / * P3.1-SERIAL PORT TRANSMIT OUTPUT 
INTO BIT AT (OB2H) REG, /* PJ.2-EXTERNAL INTERRUPT 0 INPUT 
INTO BIT AT (OBJH) REG. /* PJ • J - EXTERNAL INTERRUPT 1 INPUT 
TO BIT AT (OB4H) REG, /* PJ.4-TIMER 0 COUNT INPUT 
T1 BIT AT (OBSH) REG. /* P3.5-TIMER 1 COUNT INPUT 
WR BIT AT (OB6H) REG, /* PJ .6 -WRITE CONTROL FOR EXT. MEMORY 
RD BIT AT (OB7H) REG, /* PJ.7-READ CONTROL FOR EXT.MEMORY 
EADC BIT AT (OBSH) REG, /* IEN1.0-A/D CONVERTER INTERRUPT ENABLE 
EX2 BIT AT (OB9H) REG, /* IEN1.1-EXTERNAL INTERRUPT 2 ENABLE 
EXJ BIT AT (OBAH) REG, /* IENl. 2 -EXTERNAL INTERRUPT J ENABLE 
Ex4 BIT AT (OBBH) REG. ' /* I ENl. J - EXTERNAL INTERRUPT 4 ENABLE 
Ex5 BIT AT (OBCH) REG. / * IENl.4-EXTERNAL INTERRUPT 5 ENABLE 
EX6 BIT AT (OBDH) REG, /* IEN1.5-EXTERNAL INTERRUPT 6 ENABLE 
SWDT BIT AT (OBEH) REG. /* IEN1.6-WATCHDOG TIMER START 

0 
1 
2 
J 

EXEN2 BIT' AT (OBFH) REG, /* IEN1. 7 -TIMER 2 EXTERNAL RELOAD INTERRUPT ENABLE 
IADC BIT AT (OCOH) REG, / * IRCON.O-A/D CONVERTER INTERRUPT REQUEST 
IEX2 BIT AT (OClH) REG. /* IRCON. 1- EXTERNAL INTERRUPT 2 EDGE FLAG 
IEXJ BIT AT (OC2H) REG, /* IRCON. 2 -EXTERNAL INTERRUPT J EDGE FLAG 
IEX4 BIT AT (OC3H) REG, /* IRCON. 3 -EXTERNAL INTERRUPT 4 EDGE FLAG 
IEX5 BIT AT (OC4H) REG, /* IRCON. 4 - EXTERNAL INTERRUPT 5 EDGE FLAG 
IEX6 BIT AT (OC5H) REG, /* IRCON. 5 - EXTERNAL INTERRUPT 6 EDGE FLAG 
TF2 BIT AT (OC6H) REG, /* IRCON.6-TIMER 2 OVERFLOW FLAG 
EXF2 BIT AT (OC7H) REG, /* IRCON. 7 -TIMER 2 EXTERNAL RELOAD FLAG 
T2IO BIT AT (OCSH) REG. /* T2CON.0-TIMER 2 INPUT SELECT BIT 0 
T2Il BIT AT (OC9H) REG. /* T2CON .1-TIMER 2 !NPUT SELECT BIT 1 
T2CM BIT AT (OCAH) REG, /* T2CON.2-COMPARE MODE 
T2RO BIT AT (OCBH) REG, / * T2CON. 3 -TIMER 2 RELOAD MODE SELECT BIT 0 
T2R1 BIT AT (OCCH) REG, /* T2CON. 4 -TIMER 2 RELOAD MODE SELECT BIT 1 
12FR BIT AT (OCDH) REG, /* T2CON.5-EXTERNAL INTERRUPT 2 FALLING/RISING EDGE 
I3FR BIT AT (OCEH) REG, /* T2CON.6-EXTERNAL INTERRUPT 3 FALLING/RISING EDGE 
T2PS BIT AT (OCFH) REG, /* T2CON. 7 - PRESCALER SELECT BIT 
P BIT AT (ODOH) REG, /* PSW.O-ACCUMULATOR PARITY FLAG 
Fl BIT AT (OD1H) REG, / * PSW.1-FLAG 1 
OV BIT AT (OD2H) REG, / * PSW. 2 -OVERFLOW FLAG 
RSO BIT AT (OD3H) REG, /~ PSW.J-REGISTER BANK SELECT 0 
RS1 BIT AT (OD4H) REG, /* PSW.4-REGISTER BANK SELECT 1 

FO BIT AT (OD5H) REG, /* PSW.5-FLAG 0 

AC BIT AT (OD6H) REG, /* PSW.6-AUXILIARY CARRY FLAG 

CY BIT AT (OD7H) REG, /* PSW. 7 -CARRY FLAG 
MXO BIT AT (ODSH) REG, /* ADCON.O-ANALOG INPUT CHANNEL SELECT BIT 0 
MXl BIT AT (OD9H) REG, /* ADCON.I-AIIALOG INPUT CHANNEL SELECT BIT 1 

MX2 BIT AT (ODAH) REG, /* ADCON. 2 -ANALOG INPUT CHANNEL SELECT BIT 2 
ADM BIT AT (ODBH) REG, /* ADCON.3-A/D CONVERSION MODE 

BSY BIT AT (ODCII) REG, / * ADCON • 4 -I3U SY FLAG 
CLK Brt' AT (ODEll) REG, /* ADCON.6-SYSTEM CLOCK ENABLE 
BD BIT AT (ODFH) REG, /* ADCON.7-BAUD RATE ENABLE 

FLAG 
FLAG 
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Software Support/Development Tools for the 
SAB-51 Family of Microcontrollers 

SAB-51 Family 

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 vendors, 
designed to be operated in an IBM PC 
compatible environment. 

On account of the software compatibility of all 
the SAB-51 family of microcontrollers with the 
SAB -8051, the language and lItility programs 
ASM51, PLM51, "C" and RL51 can be used 
without any restriction for any of the SAB-51 
family of microcontrollers. However, the 
definitions of the new symbolic 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 "Include" directive is 
used to link a file called REG515.PDF to the 
ASM51 source program. In addition, 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 includes all 

© Siemens Components, Inc. 

SAB 80515 register and bit definitions, 
including those that are declared with 
MOD51 for SAB 8051. The contents of the 
files REG515.PDF and REG515.DCL are 
listed in Appendix A. 

Some third party vendors have already 
provided control directives such as MOD515, 
MOD512, etc. for their assemblers/compilers 
which eliminates the need to include files .as 
mentioned above. In that case a mere 
mention of the control instructions MOD515, 
MOD512, etc. performs the job and the 
procedure of including a symbol declaration r.. .. 
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 development tools for the 
SAB 8031/8051/8032/8052 etc. 
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Third Party Hardware and Software 
Support Products 

NOTE: 

Note: For third party support contact the 
appropriate vendor for pnclng, 
availability, and other information. 

Metalink Corporation: 
325 East Elliot Rd., Suite 23 
Chandler, AZ 85225 
Phone:-(602) 926-0797 

Hardware Support Product 
Full In-Circuit-Emulator support for the 
SAB-51 family of microcontrollers for IBM PC 
compatible host system. Link to host system 
via RS232C interface. 

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 180C537. 

Nohau Corporation: 
51 East Campbell Ave., Suite 144 
Campbell, CA 95008 
Phone: (408) 866-1820 

Hardware Support Product 
Fullin-Circuit-Emulator support for the 
SAB-51 family of microcontrollers for IBM PC 
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 microcontrollers for IBM PC 
compatible systems. 

EMUL51-PC/AVO: 
Cross assembler package for SAB-51 family 
of microcontrollers for IBM PC compatible 
systems. 

Signum Systems: 
171 E. Thousand Oaks Blvd., Suite #202 
Thousand Oaks, CA 91360 
(805) 371-4608 

Hardware Support Product 
Full In-Circuit-Emulator support for the SAB-
51 family of microcontrollers for IBM PC 
compatible host system. Link to host system 
via RS232C interface. 

Software Support Product 

ASM51: 
Cross assembler package for SAB-51 family 
of microcontrollers for IBM PC compatible 
systems. 

PUM51: 
Cross compiler package for SAB-51 family of 
microcontrollers for IBM PC compatible 
systems. 

Allen Systems: 
2151 Fairfax Road 
Columbus, OH 43221 
Phone: (614) 488-712~ 

Hardware 'Support Product 
Prototype development board for SAB-51 
family of microcontrollers comeS with a 
monitor EPROM for program debugging; 

Software Support Product .' 

CA-51: 
Cross assembler package for SAB-51 family 
of microcontrollers for IBM PC compatible 
systems. 

Rigel Corporation: 
P.O. Box 90040 
Gainesville, FL 32607 
Phone: (904) 373-4629 

Hardware Support Product 
Prototype/Training development boards for 
SAB-51 family of microcontrollers. 



TRI-L Data Systems, Inc.: 
94-871 Farrington Hwy., 2nd Floor 
Waipahu, HI 96797-3146 
Phone: (800) 245-8745 

(808) 671-5133 

Hardware Support Product 
Prototype development boards for SAB-51 
family of microcontrollers. 

Archemides Software: 
2159 Union St., 
San Francisco, CA 94123 
Phone: (415) 567-4010 

Software Support Product 

C-51: 
"C" language cross-compiler package which 
includes a macro-assembler, linker and 
librarian for SAB-51 family of 
microcontrollers. Available for IBM PC 
compatible (MSDOS based), MicrovaxIV AX 
(running VMS/Ultrix) and SUN systems. 

SimCASE: 
Software simulator package for SAB-51 
family of microcontrollers for IBM PC 
compatible systems. 

BSOlTasking: 
P.O. Box 9164 
Waltham, MA 02254-9164 
Phone: (617) 320-9400 

(800) 458-8276 

Software Support Product 

C-51 & PLM-51: 
"C" language cross-compiler which includes 
a macro-assembler, linker and librarian for 
SAB-51 family of microcontrollers. Also 
available for PLM compiler. Both packages 
available on all popular hosts. 

XRAY-51: 
Source level Debugger for SAB-51 family of 
microcontrollers. 
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Franklin Software, Inc.: 
888 Saratoga Ave., #2 
San Jose, CA 95129 
Phone: (408) 296-8051 

Software Support Product 

C-51: 
"C" language C2055-compiler package 
which includes a macro-assembler, linker 
and librarian for SAB-51 family of 
microcontrollers. Available for IBM PC 
compatible (MSDOS based) systems. 

SIM-51: 
Software simulator package for SAB-51 
family of microcontrollers for IBM PC 
compatible systems. 

Micro Computer Control: 
P.O. Box 275, 
Hopewell, NJ 08525 
Phone: (609) 466-1751 

Software Support Product 

ASM51: 
Cross-assembler package for SAB-51 family 
of microcontrollers. Available for IBM PC 
compatible systems (MSDOS based). 

SIM-51: 
SAB 8051 simulator. 

C-51: 
"C" language cross-compiler package for 
SAB-51 family of microcontrollers. Available 
for IBM PC compatible systems (MSDOS 
based). 
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2500AD Software Inc.: 
109 Brookdale Ave., 
Box 480 
Buena Vista, CO 81211 
Phone: (719) 395-8683 

Software Support Product 

A80515: 
Cross-assembler package for SAB-51 family 
of microcontrollers. Available for IBM PC 
compatible (MSDOS based), MicrovaxN AX' 
(running VMS/Ultrix) and SUN systems. 

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

C80515: 
"G" cross-compiler package for SAB-51 
family of microcontrollers. Available for IBM 
PC compatible (MSDOS based), Microvaxl 
VAX (running VMS/Ultrix) and SUN systems. 
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Package Outlines 
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Plastic Package, P-LCC-44 
(Plastic Leaded-Chip Carrier) -SMD 
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Plastic Package, PLCC-68 (SMD) 
(plastic leaded chip carrier) 
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Pin Mark No. 1 

SMD = Surface Mounted Device 

Plastic Package, P-QFP-100 
(Plastic Quad-Flat-Pack) - SMD 
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Regional Sales Offices Callfornla-Southern New Mexico 

Siemens Components, Inc. 
Dynarep, Inc. Reptronix 
Woodland Hills 818/346-2200 Albuquerque 505/292·1718 

238 Littleton Road Tustin 714/258-8002 
Westford, MA 01886 Yarigon, Inc. 

New York 
508/692-0550 L·Mar Associates, Inc. 

San Diego 619/576-0100 Cicero 315/699-0157 
Siemens Components, Inc. Colorado E. Aurora 716/655-4992 
Suite 202 Lange Sales, Inc. Fairport 716/425-9100 
307 Fellowship Road Littleton 303/795·3600 Syracuse 315/673·1325 
Mt. Laurel, NJ 08054 Colorado Springs 719/632-8340 
609/273-6677 North Carolina 

Siemens Components, Inc. 
Florida ADI 
OXI,lnc. Smithfield 919/934-8136 

Suite 606 Fort Lauderdale 305/978-0120 Matthews 704/847-4323 
100 Wood Avenue South 
Iselin, NJ 08830-2709 

Melbourne 407/676-1491 Ohio 
908/603-0600 

Orlando 407/872·2321 Frank J. Campisano Company 
St. Petersburg 813/894-4556 Cincinnati 513/574·7111 

Siemens Components, Inc, Georgia Mentor 216/975·9300 
Suite 206 Interep Associates, Inc. Columbus 614/538-0469 
6525 The Corners Parkway 
Norcross. GA 30092· 

Norcross 404/449-8680 Oklahoma 
404/449-3981 Idaho Quad States Sales & Marketing 

Siemens Components, Inc. Lange Sales, Inc. Broken Arrow 918/357·1352 

Suite 435 
Boise 208/323-0713 Oregon 

38701 W. Seven Mile Road illinois Earl & Brown 
Livonia, MI 48152 KMA Sales Company Tigard 503/639-2100 
313/462·1195 Arlington Heights Pennsylvania 
Siemens Components, Inc. 708/398·5300 Delta Tech 
Suite 565 Indiana Hatboro 215/957-0600 
1901 N. Roselle Road Leslie M. DeVoe Company Frank J. Campisano Company 
Schaumburg, IL 60195 Indianapolis 317/842·3245 Leechburg 412/845-2537 
708/884-7009 

Iowa Puerto Rico 
Siemens Components, Inc. G.M. Brown & Associates Klamco Electronics 
Suite 320 Cedar Rapids 319/393-9343 Rio Piedras 809/748·5214 
625 The City Drive South 

Kansas South Carolina Orange, CA 92668 
714/971·1274 G.M. Brown & Associates See North Carolina 

Olathe 913/829-3086 
Tennessee Siemens Components, Inc. 

10950 North Tantau Avenue Maryland Interep Associates, Inc. 
Cupertino, CA 95014 Micro-Comp, Inc. Greenville 615/639-3491, 3492 

408/777-4968 Baltimore 301/644·5700 
Texas 

Siemens Components, Inc. Massachusetts Quad States Sales & Marketing 

Suite 690 Siemens Components, Inc. Dallas 214/669-8567 
16479 Dallas Parkway Westford 508/692-0550 Austin 512/346-7002 

Dallas, TX 75248 Paramount Technology Houston 713/467·7749 

214/733-4511 Waltham 617/890-8505 Utah 
Siemens.Components, Inc. Michigan Lange Sales, Inc. 

Suite 103 Enco Marketing, Inc. Salt Lake City 801/487-0843 
1400 W. 122nd Avenue Bloomfield Hills Virginia 
Westminster, CO 80234 313/338-8600 Micro Comp, Inc. 
303/451·5513 

Minnesota Lynchburg 804/239·2626 

Representatives Cahill·Schmitz·Cahill, Inc. Washington 
st. Paul 612/646-7217 Earl & Brown 

Alabama Missouri Redmond 206/885-5064 
Interep Associates, Inc. 
Huntsville 205/881·1036 G.M. Brown & Associates Washington, D.C, 
Daphne 205/621·1036 Florissant 314/839-3600 See Maryland 

Arizona New Jersey-Northern Wisconsin 
Reptronix Emtec Sales KMA Sales Company 
Phoenix 602/230-2630 Englewood Cliffs 201/568·1151 Milwaukee 414/259-1771 

California-Northern New Jersey-Southern 

Siemens Components, Inc. See Pennsylvania-Eastern 

Santa Clara 408/777-4968 



Distributors 

Alabama 
Marshall- Huntsville 205/881-9235 
Pioneer - Huntsville 205/837-9300 

Arizona 
Insight Electronics -
Tempe 602/829-1800 
Marshall- Phoenix 602/496-029 

California-Northern 
Insight Electronics -
Sunnyvale 408/720-9222 
Marshall- Milpitas 408/942-4600 
Rancho Cordova 916/635-9700 
Pioneer - San Jose 408/954-9100 

Callfornla-5outhern 
Insight Electronics -
Irvine 714/727-3291 
San Diego 619/587-1100 
Westlake Village 818/707-2101 
Marshall- Calabasas 818/878-7000 
Chatsworth 818/4074100 

. Irvine 714/859-5050 
San Diego 619/627-4184 
Pioneer - Irvine 714/753-5650 
Agoura Hills 818/865-5800 
San Diego 619/535-1035 

Colorado 
Insight Electronics -
Englewood 303/649-1800 
Marshall- Thornton 303/451 -8383 

Connecticut 
Marshall- Wallingford 
203/265-3822 

Pioneer - Shelton 203/929-5600 

Florida 
Marshall-
Altamonte Springs 407/767-8585 
Fort Lauderdale 305/977-4880 
St. Petersburg 813/573-1399 
Pioneer-
Fort Lauderdale 305/428-8877 
Orlando 407/834-9090 

Georgia 
Marshall- Norcross 404/923-5750 
Pioneer - Duluth 404/623-1003 

illinois 
Advent Electronics -
Rosemont 708/297-6200 
Marshall- Schaumburg 
708/490-0155 
Pioneer - Chicago 708/495-9680 

Indiana 
Advent Electronics - Indianapolis 
317/872-4910 
Marshall- Indianapolis 
317/297-0483 
Pioneer - Indianapolis 317/573-0880 

Iowa 
Advent Electronics -
Cedar Rapids 319/363-0221 

Kansas 
Marshall- Lenexa 913/492-3121 

Maryland 
Marshall- Silver Springs 
301/622-1118 
Pioneer-
Gaithersburg 301/921-0660 

Massachusetts 
Marshall- Wilmington 508/658-0810 
Pioneer - Lexington 617/861-9200 

Michigan 
Advent Electronics -
Farmington Hills 313/477-1650 

. Marshall- Livonia 313/525-5850 

Pioneer - Livonia 313/416-2157 

Minnesota 
Marshall- Plymouth 612/559-2211 
Pioneer - Twin Cities 612/944-3355 

Missouri 
Marshall- Bridgeton 314/291-4650 

New Jersey 
Marshall - Fairfield 201/882-0320 
Mt. Laurel 609/234-9100 
Pioneer- Fairfield 201/575-3510 

New York 
Marshall- Endicot 607/785-2345 
Hauppauge 516/273-2695 
Johnson City 607/798-1611 
Rochester 716/235-7620 
Pioneer - Binghamton 607/722-9300 
Rochester 716/381-7070 
Woodbury 516/921-8700 

North Carolina 
Marshall- Raleigh 919/878-9882 
Pioneer- Raleigh 919/460-1530 

Ohio 
Marshall- Dayton 513/898-4480 
Solon 216/248-1788 
Pioneer - Cleveland 216/687-3600 
Columbus 614/221-0043 
Dayton 513/236-9900 

Oklahoma 
Pioneer - Tulsa 918/665-7840 

Oregon 
Insight Electronics -
Beaverton 503/644-3300 
Marshall- Beaverton 503/644-5050 

Pennsylvania 
Pioneer- Horsham 215/674-4000 
Pittsburgh 412/782-2300 

Texas 
Insight Electronics -
Austin 512/331-5887 
Richardson 214/783-0800 
Sugarland 713/448-0800 
Marshall- Austin 512/837-1991 
Carrollton 214/705-0600 
Houston 713/467-1666 

Pioneer - Austin 512/835-4000 
Dallas 214/386-7300 
Houston 713/495-4700 

Utah 
Marshall- Salt Lake City 801/973-2288 

Washington 
Insight Electronics -
Kirkland 206/820-8100 
Marshall- Bothell 206/486-5747 

Wisconsin 
Marshall - Waukesha 414/797-8400 
Pioneer - Brookfield 414/784-3480 
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