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Signal and error transmission in worst case situation

HW Ing. George A. MARK
Siemens VDO Automotive, Timigoara

ABSTRACT. The measurement of an analog value is used as control
and feedback in many applications in automotive business. But how
do we know that the value is the real value or is an unreal value due to
errors? That’s why the purpose of this paper is to describe the
differences between ideal operation situation, with ideal components
and real operation situation under real environmental conditions,
especially in automotive industry. The circuit described is a part of an
embedded system called ECU (Engine Control Unit).

1 Introduction

Automotive industry is.in our day one of the most client oriented and the
trends in the evolution of this branch shows there will be a steady increase
of business market. There are- many factors that characterize the products of
automotive industry, like: safety, comfort, infotainment and utilities. This
paper-has the intention to concentrate on the safety factor. Safety means,
measurement, anticipation, reaction and correction, all this in a proper time
in such a way that the problem is removed or corrected.

The common sense of measurement is that a certain value is measured
at the point where we want to find out the value. There are two types of
measurements: passive with no reaction on the measured value, just a
display gives the value to the user and the decision is to be made by the user
and active measurement, which includes a reaction circuit (also called
feedback) which gives in real time a value proportional with the measured
value.

Nevertheless both methods are with errors, even if there is a control
of the output value with a reaction circuit.
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Figure 1. Simple measurement circuit
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Figure 2. Measurement circuit with reaction

Figure 3. Real measurement circuit with reaction and tolerances

According to a simple analysis the ideal transfer functions of the
circuits are:

or

Input value x is measured and comes from a sensor, switch, resistor or
some other device. The output value y is the converted value, probably a led,
a display, a number or even a voltage for an intermediate circuit.

These equations are far from the reality, because in the real world each
value is influenced by errors (tolerances, temperature, ageing and so on).
And a more real representation of a system with reaction circuit could be, as
presented in figure 3, (o includes all the other possible errors):
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(%) = B(g)- x(%,°C) £ (%,°C) + f(°C) e

Even if this equation is more close to reality there is one more thing to
take in consideration and that is: the expectations. This means is it really
necessary to have a real complex solution for a simple circuit like that or
not?

The answer lies in the specifications of the product. The client is
setting the limits and the expectations.

2 Errors and tolerances in a transmission path

Analyzing the errors transmission on a signal transmission shown in figure 4
will be done with each block.

v’
-
fé A CAD C X

— Output
V J

Ref

Figure 4. Signal flow

V — Voltage Regulator

A — Operational Amplifier

CAD — Analog to Digital Converter
pnC — Micro Controller

Vref — Reference Voltage

3 Input errors
In the following chapter is described how errors and tolerances influence a
simple circuit. For that is assumed that the voltage Vi, and V. are stable

and do not vary in time or with temperature.
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Vin The ideal transfer function is done by the
relation between input and output voltage:

R1
( R,

Vaut = Vi)l
R, + R,

As a common sense o factor includes other
R2( Vout  errors (due to ageing, temperature) that might appear
during functionality of this divider and-is used at this

point for simplicity of equations.

Figure 5. Voltage divider
Real equations of the V is given by:

;o R,(1x%)-(1+a) W
MRt e)(1ta) ¥R (1)1 ta) "

Still, the equation is noting new only that the answer that is given by it
could be misinterpreted or.not so obvious.

Suppose now that the ratio between the two resistors is given by the
following equation:

R =0.1-R,

It is easily seen from the table bellow that the error introduced by this
divider is not so negligible and at bigger differences, like 10 times, the error
is very important and must be taken in account.

Bellow is represented in a graphical manner how the errors are related
to the ratio between the two resistor. Big errors is seen on bigger ratios,
smaller errors on smaller ratios.
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Table 1. Errors with a simple voltage divider
R1=R2 min max nominal R2/R1

010 -16.67 1957 0.10 9.00
0.20 -1509 17.02 0.20 4.00
0.30 -13.46 1458 0.30 2.33
040 -11.76 1224 040 1.50
0.50 -10.00 10.00 0.50 1.00
0.60 -816 7.84  0.60 0.67
0.70 -6.25 577  0.70 0.43
0.80 426  3.77 0.80 0.25
0.90 217 1.85  0.90 0.11

Error[%D -
19.57
17.02
KX
o 1000 784 57 37 185
0.00 -
»
/-2.17
-5.00

10,00 4 /—8.16

/ 1176
4500 a7 134
o -15.00
-16.67
-20.00 1 2 3 4 5 6 7 8 9

—m— Upper error edge | 19.57 | 17.02 | 14.58 | 12.24 | 10.00 | 7.84 5.77 3.77 1.85
—e— Lower error edge | -16.67 | -15.09 | -13.46 | -11.76 | -10.00 | -8.16 | -6.25 | -4.26 | -2.17

Divider Ratio x 10%

Figure 6. Divider ration as a function of error

The voltage at the output of the divider is so influenced by the divider
behavior and ratio. This would be near the truth if the voltage at the input
would be stable in time and with temperature as it is stated till now.

Important is one thing which simplifies the situation without drifting
to much from the reality, is that resistor have different tolerances due to
different factors, but according to practice and worst case situations this
errors are not always added. Between these tolerances there is a relation and
this relation is quite complex, so and approximation is still needed.
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If all the tolerances are added the result for a 5% initial tolerance will
be according to the datasheet bellow:

TO[all — TOlera}’lce = Esaldering + Eageing + Eendumnce Edampheat + Eoverluad + f(TC)

but according to practice this equation is not really necessary and the result
can be rounded to these values:

Table 2. Tolerances equivalences
Initial Calculation
Tolerances | tolerances
1% 3%
5% 8%
10% 13%

1.1 Electrical and reliability parameters:

Figure 7. Resistor datasheet

% and 1% initial tolsrance
Case 0402 0603 080 1206 .
Tolerance 5% % | 5% | #1% | 5% 5:1 %o| 5% | £1% Usually autOmOtIVe
R e devices are supplied with +12.5V
+100 +200 +100 200 +100
G| e e | ] o from the battery and this voltage
MO <R < 10M0 WA 200 100 4200 £100
Standard valuss SZE ez | e | E24 | e can vary from OV(b attery
CGlimatic categary r BR1GEEE . . .
R“‘f?_if‘;‘;‘,‘g‘: P 0.063W 8 atw 0.125W 0250 dlSCharged)5 to 9V(m1n1mum
Max. rated voltage ? Bl 507 1500 200V Operational VOltage for the
oer oo gt 1y | 10V = a0 o0 . .
Sro s 0n | g m- o o devices), to 16V(long time
Confinuoys pulse {1 < 10us] " o - : :
cefullind | W il 1 Gl normal operation mode for the
"Emg%g%"ig:‘w& +05% +0.050) | +05% +0050) | 0.5% 4G | +(0.5% 0050 deViceS) and tlll 26V (ShOI’t tlme
Endurance . .
ol T, To0OGUT operation for automotive
1050 o) AR R 1
R= 1ha (1% +0.10) H1% 4000 [ #05% +010) | H05% +01 deVlces)'
R 1ha 2% +010) | H2% 4042 | 1% 4Dy | 1% +040)
Tamp heet lest
1000hours, B5°C;
1% +040) | H1% +D42) | HO5% DAy | HOSH +04c)
2% 4010 | H2% +D4m) | 1% +DA@) | 1% +01ey
H1% 400500 | #(1% 400500 | #(1% +0.0500 | (1% +0.050)
ESD (2kV) 2% +010) | #(1% 400500 | 1% +0.0501 | #(1% +0.050
Thenmal resistarce [K/W] 870 550 440 220

The point of this paper is not to analyze the variation of the battery
voltage with environmental conditions, but to describe how the circuits that
are supplied with this voltage can influence the real life signals, over the
whole range of voltage variation.
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4 Voltage regulator errors
To continue with another simple circuit which is very used in automotive
devices. This circuit is simple too, but does this circuit introduce errors?

Due to the fact that all components have tolerances a simple analysis would
show that errors appears in the transfer function.

+Vbatt

T700

m T700 R710
Z700 % C710

Figure 8. SYmple voltag; regulator

The simple transfer function of'this circuit is presented by the simple
equations:

Vo = Vearr =Versa = R '(iz + is)
assuming off course that the functionality of Darlington transistors is
guaranteed by the micro-controller.

Due to errors, temperature drift of the components the real equation of
transfer is represented bellow(for maximum value only):

VZl70maX (1 * 6) = VBATTmaX - VCEsar max R710 (1 * ‘C") ' (1 * 0{) : (iZmax + iSmax)

5 Operation amplifier signal conversion errors

In the path of signal conversion some times there is need of circuits that
give a signal based on a
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T 1 A

Figure 9. Differential circuit with OP-AMP

The transfer function for this circuit is described bellow, including this
time all the errors:

R R
V £,a, 9 — 1 + 700 _max . 702 max X V
4#C _max ( ) [ R R + R 1_max

703 /min 702 min 701_min

the equations is valid only if V, = Vgnp.

6 Analog to digital conversion

In the process of signal measurements often
the display of the value is not done using a
simple LED, LCD display or any other
electronic device, but a value in a software
tool that is used inside a complex algorithm
to do what is was meant do.

Often hex codes and binary codes
are used for the operation, still the device
that converts the value in to a numerical
value is a ADC (analog to digital
converter).

Figure 10. Voltage measuring

There are two types(from the physical point of view) of ADC:
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- specialized IC’s
- micro-controller integrated
When measuring a voltage by means of an ADC the digital result of
the conversion is given by the next formula, containing the integer function:

W= INT( ;/ W+ O.S]LSB
ref

where: Vref is the A/D Converter's reference voltage, Wg=2Nuis the full-
scale conversion result and W takes values in the interval 0 = W= W =
0+255 for 8-bit conversion and W = 0 +1023 for 10-bit conversion.

This formula includes the inherent quantification error of +% LSB.
The expression of Vj, is obtained by replacing the input leakage current "I"
and resistor R, by an equivalent voltage source.

The influence of the voltage reference is given by:

Vref = Vrefnom-(1 = vreftol)(1 +NLe)
So, the final equations is(I ] is a function of current):

R, (&0.a) W

+11
(£,0,a)+ R, (£:0,@) ] V. nom (L £ vrefiol )-(1+ NLe)

W= INTHVW R

I'max

Conclusions

Error transmission. in the simple circuit showed in the figure 4 is not to be
neglected. Due to tolerances and due to temperature influence the initial
signal is often altered in such a manner that the value obtained is much to
different, up to 40%(if more then there is an error in the equations). In order
to avoid such situations, a good worst case analysis and good quality
components must be used.
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—e— Vmax w ith drift

—%— V with drift
Vmin w ith drift
V max no drift

—=—V no drift

—— V min no drift
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