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The Measurement of DC Voltage Signal Using the UTI

1. INTRODUCTION

UTI can offer an interface for many passive sensing elements, such as, capacitors, resistors,
resistive bridges and resistive potentiometers. By using some external components, UTI can
offer an interface for the measurement of DC voltage signals also. This is very useful for the
application of the thermocouple signal measurement.

In this section, we present a measurement concept for the DC voltage signal using the UTI.

2. MEASUREMENT CONCEPT

The capacitance measurement functions of the UTI can be employed to measure voltage
signas. As an example, Figure 1(a) shows a schematic diagram circuit for the measurement of
voltage signals using the mode C23 of the UTI. In this circuit, Vi denotes an unknown voltage
(measurand), V.« is a known reference voltage. The capacitor Cs and switches Sy, Se, Sen,
S« sample the voltage signals Vi and V¢ dternatively and convert the voltage signals into
charges alternatively. The UTI will convert the charges into the periods of the output of the
UTI.

The three-signal technique [3] is applied to ensure the accuracy and reliability of the circuit
by eliminating the gain and offset parameters of the interface system. To perform this three-
signa technique, a reference signal (Vie) and a constant part (including offset voltages) are
measured in exactly the same way as the sensor signal (Vi) during two additional phases.
Figure 1(b) shows one complete cycle, consisting of three phases Tq, Tx and T
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Figure 1 (&) The schematic diagram of the measurement system. (b) Output signal Vo, of the
UTI.

In the following, we explain the measurement principle:

When UTI works at mode C23, pin A isthe input of the charge amplifier in UTI, pins E and
F are grounded internally, and pins B, C and D of the UTI output square-wave signals (see
figure 1(b)). The periods of these sgquare-wave signals are modulated by the charges in the
capacitor Cs. These square-wave signals also control the states of the sampling switches.

During pin B output the square-wave signal the initial offset of the UTI is measured. During
pin C output the square-wave signal the reference voltage is measured. And during pin D
output the square-wave signal the measurand (a voltage signal) is measured. The duration of
each phase is proportional to the signal which is measured during that phase. They are given

by:

Toir = KCos (1)
Vx

TX:KV C,+ Ty - 2
cCc
Vref

Tref = KV Cs +Tof'f ' (3)

cC

where V¢ is the power supply voltage. K is the linear transfer coefficient of the UTI. Cy isa
initial constant part (including offset capacitance).
With equations (1), (2) and (3), the measurand V is found from
T = Toﬁ:

V,=———2V 4
X Tref'Tof'f o ()
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Formula (4) shows that the values and inaccuracies of the capacitances Cs and voltage
power supply Vcc and the error of the linear transfer coefficient K do not affect the measured
result because of the applied three-signal technique.

The measurement principle described above is also suitable for the mode of C25, C12,
CMUX and C300.

3. NONIDEALITIES

Many nonidealities are eliminated by using the three-signa technique. However, some
effects cannot eliminated by this technique, as discussed below.

A. The Effect of the Parasitic Capacitors

Figure 2 shows some critical parasitic capacitances Cy, Cprer, Cor @and Cgin in the voltage
measurement system.
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Figure 2 The parasitic capacitances in the voltage measurement system.

1) The parasitic capacitance Cyn
As described in ref. [2], the parasitic capacitance C,, will cause a nonlinearity of the

conversion of the input signal to the output period. For a nonlinearity of 300 ppm, the parasitic
capacitance Cpin of up to 250 pF is allowed.

2) The parasitic capacitances C,x and Cye

The influence of the parasitic capacitances Cyx and Cper ON the results can be expressed by
the following equation:

Tx' Tof'f GIVX ai_ Vcc Cpref g+VCC Cpx . (5)
Tref - Tof'f ref Vref Cs (%] Vref Cs

Equation (5) shows that even after applying the three-signa technique the parasitic
capacitors Cye and C,, cause a gain error and an offset on the result. These systematic errors
can be eliminated after calibration while using a compensation algorithm in the microcontroller.
For such a compensation, it is necessary that the parasitics do not change after calibration.

B. Output impedances Ry, Rox Of reference voltage source and Vy

The output impedance Ro or Ry Of the reference source or measurand V, and capacitances
associated with resistors Ry and Ryt form an RC circuit with atime constant of

t; @2Ron + Ri)(Cs+ C) (6)
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where R, represents the output impedances Rox or Ry Further, Roy is the switch-ON
resistance of switches S, and S¢. This effect resultsin arelative error for the result,
e T, 106
en @BXpgG- - > (7
Example: for arelative error of, for instance smaller than 10°°, with Roy = 200 W, T, = 10 s
and C+Cp; = 10 pF, Ry must be smaller than 43 kW.

C. Switch clock feedthrough

It is common practice to reduce the effect of switch clock feedthrough by compensation.
Because switches S; and Se;, Senn and S« are controlled by opposing clock signals, the effect
of the clock feedthrough is canceled partly. Moreover, it is possible to obtain a further
reduction of the clock feedthrough by using CMOS switches.

D. Noise

In the voltage measurement, by using the system shown in Figure 1(a), the noise originates
mainly from two parts: the oscillator noise and the quatization noise caused by sampling in the
microcontroller. The standard deviations of the relative errors caused by these two noise
sources can be expressed by, respectively:

C,, 2f:C U2
pin T™intYeq

€ = : 8
1 1

enqt - \/é NTp fc’ (9)

where fr is the bandwidth of the OTA, ug IS the RMS value of the equivalent input noise
(VICHZ) of the OTA, f; is the sampling frequency of the microcontroller and N is the measured
period number.

4. OPTIMIZATION OF THE MEASUREMENT RANGE

In order to guarantee that the UTI works in its optimum linear measurement range, the
measurement range for the voltage signal Vyange and the value of the sampling capacitor C; are
determined by the following relationship:

V. C.EV.C (10)

X,range =s cc ~Xx,range !

where Cyange IS the capacitance measurement range of the UTI. For instance, for the mode
C23 of UTI, Cxrange = 2 pF.

When the sampling switches are supplied by a power supply Vpp which is larger than the
power supply Ve of the UTI, the measurement system described by Figure 1(a) can measure a
voltage signal larger than Vcc.

5. THE MEASUREMENT OF VOLTAGE SIGNAL USING MODES C12 AND C25

The voltage signal can also be measured by using modes C12 and C25 of the UTI. Figure 3
shows the schematic diagram circuit for the measurement of voltage signals using modes C12
and C25 of the UTI.
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Figure 3 A schematic diagram circuit for the measurement of voltage signals using modes C12
and C25.

Figure 4 shows the output signal of the UTI at modes C12 and C25.
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Figure 4 Output signal of the UTI.

6. THE MEASUREMENT OF VOLTAGE SIGNAL USING MODE CMUX

Figure 5 shows the schematic diagram circuit for the measurement of voltage signals using
mode CMUX of the UTI.
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Figure 5 A schematic diagram circuit for the measurement of voltage signals using mode
CMUX.
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