Electronic Instrumentation 15EC35

MODULE 2
DIGITAL VOLTMETERS

The digital voltmeters referred as DVM, converts the analog signals into digital and display
the voltages to be measured as discrete numerals rather than pointer deflection, on the digital
displays.

DVMs can be used to measure a.c. and d.c. voltages and with proper transducer and signal
conditioning circuit it can also measure parameters like pressure, temperature, stress etc.

The output voltage is displayed on the digital display on the front panel.

These DVMs reduces the human reading and interpretation errors and parallax errors. The
DVMs have various features and the advantages, over the conventional analog voltmeters
having pointer deflection on the continuous scale.

There are different types of DVM which differ in number of digits, accuracy, speed of reading,
size, power requirements and cost.

The important performance characteristics of DVM are as follows:

1. The input ranges from 1v to 1000v with provision for range selection and also indicates the
overload condition.

2. Accuracy is high as £0.005% of reading

3. Resolution is 1ppm i.e the meter can read 1pv on a 1V range

4. Input impedance is around 10MQ which helps in reducing loading effect.

5. Output is in BCD form and for other forms of output digital processing modules can be
included.

Ramp Technique:

The basic principle is based on measuring the time taken by linear ramp change input level to
ground level or vice-versa. This time is measured with the help of electronic time interval
counter and the count is displayed in the numeric form with the help of a digital display. This
measured value is proportional to the input. Block diagram and operation principle is shown
in the below figures.

e Atthe start of measurement, aramp voltage is initiated along with resetting the counter
by a multivibrator.

e The ramp voltage generated is continuously compared with the input voltage by the
input comparator and when both these voltages equals, the comparator generates a
'start’ pulse which opens/enables the gate.

e The ramp continues to decrease and finally reaches to 0 V or ground potential and this
is sensed by the second comparator or ground comparator.

e As soon as the gate is enabled the oscillator circuit drives the counter and the counter
starts counting.

e When the ramp voltage is exactly OV, the ground comparator produces a ‘stop’ pulse
which closes/disables the gate.

e From the time the gate is enabled to disabled, the number of clock pulses are measured
by the counter and this time duration for which the gate is enabled, is proportional to
the input voltage.

e The magnitude of the count indicates the magnitude of the input voltage, which is
displayed by the display. The block diagram of linear ramp DVM is shown in the Fig
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Fig. Voltage to time conversion
Advantages:
e Easy to design
e Low cost

e Output pulses can be transmitted over longer feeder lines
Disadvantages:
e Ramp generator requires excellent characteristics related to linearity
e Large errors are possible when noise is super imposed on the input signal.

Dual Slope DVM: (Voltage to Time conversion)

Operating Principle:

The basic principle of this method is that the input signal is integrated for a fixed interval of
time. And then the same integrator is used to integrate the reference voltage with reverse
slope. Hence which is constant and proportional to the magnitude of the input. Thus the name
given to the technique is dual slope integration technique. This is shown in the figure below.
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Basic principle of dual slope type DVM

The block diagram of dual slope integrating type DVM is shown in the Fig.
r———{ |’C— Comparator

(Zero detector)
eio—=e S o I ,\ 28
: If/ S
-6 0—8 e = /'/
s [
3 ty & = 4 1
oft+t2]0
Gate Gate
Open Close
Counter
& Displays

Switch |« FIF
Drive

Gate

JUuUL
Oscillator |

Block diagram of a dual slope type DVM

e At the start, a pulse resets the counter and the flip-flop and this makes the switch Si to
close and switch Sr to open.

e The input ei appears at the integrator and the capacitor C begins to charge. As the
output of the integrator exceeds 0, the comparator output is changed to 1 and this
enables the gate. This causes the clock pulses to feed the counter.

e The counter starts counting until it reaches it maximum count i.e 9999. The time taken
for this is denoted as t1. During this time the capacitor is charged to the input ei.

e Upon max count value at the counter and for the next clock pulse the counter value
will be 0000 with a carry which is fed to the flip-flop. This drives the switch Sr to
close and Si is now open.

e With this now —er (-ve reference) is given to the integrator. Now the capacitor begins
to discharge causing output of integrator to decrease. At some time instant t2, the
integrator output reaches 0 and this cause the comparator to change its state to 0. This
disables the gate.

e During time t2, the capacitor discharges with a constant slope and this is proportional
to the input voltage.

e When the counter stops counting the pulses, the value has a direct relation with the
input voltage and it is given by,

During charging of capacitor, i.e during time t1, the output of integrator is given by,
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During Discharging of capacitor, i.e during time t2, the output is given by
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Subtracting (2) from (1)
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Suppose if the oscillator period is T and the counter indicates n1 and n2 counts, then
n2x*T

nlxT

el = er x

) n2
el = er * —
nl o L
Now nl and n2 are constants and considering variable K1 = er/n1 then we can write ei as

TRl G L 7 R —— 2)

From eqgn (1) and (2), it is clear that accuracy of measured value does not depend on the
integrator time constant.
From eqn (2) it indicates that the accuracy is independent of the oscillatory frequency.

Advantages:
e It has excellent noise rejection and the noise is averaged out by the positive and
negative ramps using the process of integration.
e Accuracy is £0.005%
Disadvantage:
e The only disadvantage seen in this type DVM is that the process is slow

Integrating type DVM (Voltage to Frequency Converter):

Operating principle: In this a constant input voltage is integrated and the slope of the output
ramp is proportional to the input voltage. When the output voltage reaches certain value, it
discharges to 0 and the next cycle begins and this continues. Frequency of this output is
proportional to the input voltage. The principle of conversion from voltage to frequency is
shown in the fig.

The number of pulses appearing in a definite interval of time is counted and as the frequency
of these pulses is a function of the unknown voltage, the number of pulses counted in that
period of time is the indication of the unknown input voltage.
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Fig. Voltage to frequency conversion

e The heart of integrating type of DVM is the operational amplifier which used as an
integrator. The block diagram of integrating ramp DVM is shown in fig. below.

e The input voltage ei, when applied generates a charging current ei/R which charges
the capacitor to the reference voltage er.

e When the integrator output reaches er (i.e charging of capacitor to er) the comparator
changes its state and this triggers the precision pulse generator.

e The precision pulse genertates a pulse of precison charge of negative polarity of the er
and this rapidy discharge the capacitor. The output of integrator and pulse generated
output waveform is showin in the above fig.

e Asthe capacitor discharges the output of integrator changes and causes the comparator
to change its state bake to initial state and this cycle repeates.

e The rate of charging and discharging produces signal frequency that is directly
proportional to input ei.
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Fig. Block diagram of an integrating type DVM

e The output expression for integrating type DVM is same as that of Dual Slope
integrating, using the same we have,

. t2
el = er *—
t1

Here er and t2 are constants. Considering another variable K2 as
Let K2 =er *t2

) 1
el = K2 x—
t1

Therefore we cansay, ei = k2 * f0
Thus measured input is function of the frequency.
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Advantages:
e This type of DVM is capable of giving accurate results even in the presence of
noise.

Staircase Ramp Technique:
In this method the input signal is compared with an internally generated voltage which
increases in steps from 0. The number of steps required to match both the inputs is counted.

Operation Principle: The input signal Vi is compared with internally generated staircase
voltage Vc. As the inputs are not same at the begining a counter is initiated to count. The
counter will count until Vi = Vc and then the counter is disabled. The counted valued is
displayed which is proportional to the input Vi.

e The block diagram of staircase ramp type DVM is shown in Fig b

e Atthe initial step of measurement, the counter is reset to 0 and this counter output
drives the Digital to Analog Converter (DAC). The output of DAC, which is an
analog voltage is given as input to the comparator, denoted as Vc (this is the
staircase voltage which is internally generated)

e Upon the application of V¢, the comparator changes its state to 1 and this enables
the gate, which allows the clock pulses to the counter and the counter starts
counting. This time is t1 (i.e gate is enabled at time t1)

e For each count at the counter, the DAC will generate corresponding analog
voltages which increases in small amount. Thus the output of DAC is a staircase
voltage as shown in Fig a.

e The process is repeated until the input voltage Vi equals the DAC voltage Vc(until
this the gate is enabled and the counter will be counting) at the moment Vi = V¢
the comparator changes its state to 0 and this disables the gate, thus blocking the
clock pulses. The counter stops counting and the displayed value is proportional
to the input value.

vl Comparator [

Ref.
Vi DAC | Voltage
Clock , )— Gc:unter = Display
Reset | Start]

Fig. b Block Diagram of a Staircase

Ramp Type
Advantages:
e Input impedance of the DAC is high when the compensation (Vi=Vc) is
reached.

e The accuracy depends only on the stability and accuracy of the voltage and
DAC. The clock has no effect on the accuracy.
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Disadvantages:

e The system measures the instantaneous value of the input signal at the
moment compensation is reached. This means the reading is rather
unstable, i.e. the input signal is not a pure dc voltage.

e Until the full compensation is reached, the input impedance is low, which
can influence the accuracy.

t; — Start t, — Stop
------ Gate Open

' Gate Close

DAC Output

0
Fig.a Staircase Waveform

Successive Approximation Technique

The principle of successive approximations can be understood using a simple example of
measuring the weight of an object using a balance. In the process an approximate weight is
placed and then adding or removal of smaller weights is done for balancing. Or it uses the
same principle used in binary search algorithm.

The basic block diagram is shown in Fig.2.1.
When the start pulse signal is given through multivibrator, the successive
approximation register (SAR) is cleared.

The output of the SAR is 00000000 which the input to DAC and thus VVout of the D/A
converter is 0.

When the input Vin is applied and during the first clock pulse, the control circuit sets
the (MSB) D7 to 1. The SAR output is 10000000 and this causes the output of DAC,
Vout to Vref/2.

If Vin > Vout the comparator produces an output which retains the set state of D7.

In the next pulse the ring counter in the block advances the count value and impends
1 in the next MSB position i.e D6. Now the SAR output is 11000000.

The DAC now produces Vout as Vref/2+Vref/4 and this voltage is again compared
with Vin.

In the next pulse if Vin > Vout the D6 will be retained as set state and D5 will be set
and SAR is now 11100000 and DAC produces output as Vref/2+Vref/4+Vref/8.

Suppose if Vin is less than Vout the comparator produces an output which resets the
D7 and the ring counter impends 1 to D6. The SAR is now 01000000. The DAC output
is now Vref/4.

This is compared with Vin. If still Vin < Vout D6 will be reset and D5 will be set by
ring counter. SAR has now 00100000 and DAC output for this is Vref/8.
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e The measurement cycle repeats and continues until ring counter reaches its max count.
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Fig. 4 Successive approximation DVM

Suppose if the converter measures a max of 5V and if this corresponds to max count of
11111111, If the test voltage Vin = 1V, the following steps will take place in the measurement.

V.=1V Operation D, D, Ds D, D; D, D, D, Compare Output Vollage

"

00110011 D. Set l O 0 0 0 0 0 0 V.<V D, Reset 25

n ot

D, Set 0O I 0 0 0 0 0 0 V,<VF, DgReset 125

Ds Set 0O 0 1 0 0 0 0 0 V,>V, DsSe 0.625

DiSet 0 0 1 1 0 0 0 0 V>V, D,Set 09375
D, Set 0O 0 1 1 1 0 0 0 V,<VF, D;Reset 09375
D,Set 0 0 1 1 0 1 0 0 V¥V, <V, D,Reset 09375
D, Set O 0 1 1 0 0 1 0 ¥.,>¥V, DSet 097725
DpSet 0 0 1 1 0 0 1 1 V>V, D,Set 099785

Sample and Hold Circuit:
e A sample and hold circuit is shown in Fig 2.3 and it consists of a switch and a
capacitor.
e In sample mode, the switch is closed and the capacitor gets charged to the
instantaneous value of the input voltage
¢ In hold mode, the switch is opened and the capacitor holds the voltage that it had at
the instant the switch was opened.
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The sample and input and output waveform is shown in Fig. 2.4

T i

Fig. 2.3 Simple sample hold circuit

|:|l..1

Fig. 2.4. 5ample and Hold input and
output waveform

Continuous Balance DVM or Servo Balancing Potentiometer Type DVM:

The block diagram of Continuous Balance Voltmeter is shown in Fig. 2.5.

It works on the same principle as that of the differential voltmeter or Potentiometric
voltmeter.

The input is a dc signal which is attenuated, overloaded protected and all the ac
component is removed and is applied to one input of chopper comparator.

Chopper is a power switch which converts fixed dc to variable dc and it acts as
comparator.The other input to chopper is connected to the variable arm of a precision
potentiometer.

The output of the chopper comparator is driven by the line voltage at the line frequency
rate and it is a square wave signal whose amplitude is a function of the difference in
voltages connected to the opposite side of the chopper. This is also the error signal
The square wave signal is amplified and fed to a power amplifier, and the amplified
square wave is given to a servomotor which moves the sliding contact of the
potentiometer
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e The servomotor moves the sliding contact of potentiometer proportional to the error
signal.

e When the error signal becomes zero, the servomotor stops moving the sliding contact.
Also the servomotor drives a readout.

e When the error signal is zero the readout is proportional to the input.

Precision [}
Potentiometer Ref.
"
T | Supply
g ey
2 Power |
Range Chopper Pre-Amplifier ampjifier |
@ Switch Servo
% ! Motor
Overioad E '
de Input Protection ! ,
e—Attenuator and ; 5
Input ac ' 1
3 Rejection ' QL
ac
Drive ol
Fig. 2.5 Block Diagram of a Servo Balancing Potentiometer Type DVM

3; Digit:

e This is related to the display in the DVM.

e The number of digit positions used in a digital meter determines the resolution. Hence
a 3 digit display on a DVM for a 0 -1 V range will indicate values from 000 — 999 mV
with a smallest increment of 1 mV. Similarly for 0-10 V range will indicate values
from 000 — 9.99V with a smallest increment of 10 mV.

e The fourth digit capable of indicating 0 or 1 (hence called a Half Digit) is placed to
the left. This permits the digital meter to read values above 999 up to 1999.

e The 3 % digit display is shown in Fig. 2.6

Half Digit Full Digit
[0 or 1] [0 - 9]

) [

L

Fig. 2.6 3¥2—Digit Display

Resolution and Sensitivity of digital meter:
Resolution: Resolution of a DVM is determined by the number of full or active digits used

If n= number of full digits,
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then the Resolution (R) = ——
(R) Ton

1
If n=3, then the resolution R =——= = 0.001
103

Sensitivity: Sensitivity is the smallest change in input which a digital meter is able to detect.
Hence, it is the full scale value of the lowest voltage range multiplied by the meter’s

resolution.
Sensitivity S = (fS)min X R
Where (fS)min = lowest full scale of the meter

R = Resolution expressed as decimal.

Microprocessor based Ramp type DVM:

ﬂ Clock
Yy Y

1
| Input L
okt Signal Y > Multiplexer (— P =\ Read

Conditioner System Out
Ramp
Voltage Comparator
Voltage Generator| p
Fig. 2.7 (a) Basic Block Diagram of a Microprocessor-based

Ramp Type DVM
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Fig. 2.8 (b) Operating Waveform of a pp-based Ramp Type DVM

e Depending on command fed to control input of multiplexer by microprocessor
comparator connects to multiplexer input 1,2,3.

e Input 1 connects to ground, Input 2 connects to unknown input, Input 3 connects to
reference voltage input.

e Comparator has two inputs, input 1 accepts output signal from multiplexer and input
2 accepts ramp voltage from ramp generator.

e Microprocessor remain suspended in resting state until it gets start command to start
conversion. In this state it regularly send reset signal to ramp generator resets its
capacitor discharge producing ramp signal having constant Tr and Vm with with
enough time for capacitor discharge.

e When conversion command arrives at time t* to microprocessor, multiplexer connects
input 1 to comparator input and brings to ground potential i.e zero voltage.
Microprocessor pauses until another sawtooth pulse begins.

e Input 2 voltage arrived from ramp generator becomes equal to input 1 and voltage will
become zero at time Atl and the count during this interval be N1 and it is stored in
microprocessor.

e When 2nd command from microprocessor causes comparator input connected to input
2 of multiplexer, i.e: unknown input voltage Vx. In this instant ramp generator voltage
will be compared with unknown voltage and At2 is the time taken to equal both inputs
and number of count during this interval is N2 and it is stored in microprocessor.

e For next command microprocessor causes comparator input connected to input 3 of
multiplexer, i.e: reference voltage Vref. In this instant ramp generator voltage will be
compared with reference voltage and At3 is the time taken to equal both inputs
and number of count during this interval is N3 and it is stored in microprocessor.

e Then microprocessor computes unknown voltage VX by

VX:C.(NZ_Nl)
(N3-N1)

Where C is coefficient dependent characteristic of the instrument.
N1,N2,N3 are the counts represents zero drift, unknown voltage and full scale
voltage.
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Advantages:

e Its scale size remains constant due to zero drift correction and maximum

e The accuracy of the instrument is not affected by the time and temperature instabilities
of the circuit element values.

e There is a good repeatability in switching instants in the presence of noise and
interference. This is because the ramp approaches the point at which the comparator
operates always the same side and always the same rate.

Disadvantages
¢ Noise and interference cannot be suppressed.

General Specifications of DVM:

Display
Unit Annunciation

Max. Indication
Over-range indication
Polarity

Zero adjustment
Functions

Ranging
Automatic

Manual
Sampling Rate
Low Battery
Temperature

Power

Standard accessories
Size

Weight

Input impedance
Accuracy

Dept. of ECE, SVIT

3-1/2 digits, LCD

mV, V, mA, Q, kQ, MQ, buzzer, B(low battery)
MANU (Manual), ac and >+ (diode test)

1999 or — 1999

only (1) or (~ 1) displayed at the MSB position.
AUTO negative polarity indication.

Automatic

DC volts, AC volts, DC amps, AC amps, Ohms,
continuity test, diode test.

Selectable automatic or manual

Instrument automatically selects maximum
range for measurement and display. Auto
ranging operates on all functions except for dc or
ac current.

Switch selection as desired

2 sample/s, nominal

B mark on LCD readout

Operating 0°C - 40°C, < 80% RH (Relative
humidity)

Storage — 20°C - 60°C, < 70% RH

Two AA size 1.5 V batteries. Life 2000 hours
typically with zinc-carbon.

Probe red-black, safety fuse 250 - 0.2 A

160 (L) x 80 (B) x 30 (H)

250 g without batteries.

11 MQ - 1000 MQ

+(0.5% — 0.7% or + 5 digit for dc

1.0% reading or + 5 digit for ac at 40 — 500 kHz
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ELECTRONIC INSTRUMENTATION

DIGITAL MULTIMETER

A digital multimeter is used to measure voltage, current and resistance.
A DMM is made up of several A/D converters, circuitry for counting and
attenuation circuit.

To measure resistance-the unknown resistor is connected across the input
probes. Some current flows through the resistor, from constant current source.
Now according to ohm’s law voltage is produced across it which is directly
proportional to its resistance, then fed to A/D converter, to get the digital
display.

To measure AC voltage-connect an unknown AC voltage across input probes. .

The voltage is attenuated, if it is above the selected range and then rectified to

convert it into proportional DC voltage. It then fed to A/D converter, to get the

* digital display. : '

To measure DC voltage-connect an unknown DC voltage across input probes.

The voltage is attenuated, if it is above the selected range and then directly fed

to A/D converter, to get the digital display.

To measure AC current-connect an unknown AC current across input probes.

The current is converted proportionally into voltage with help of current to

voltage converter and then rectified. Now the voltage in terms of AC current is

fed to A/D converter, to get the digital display.

To measure DC current--connect an unknown DC current across input probes.

The current is converted proportionally into voltage with help of current to

voltage converter and then rectified. Now the voltage in terms of DC current is

fed to A/D converter, to get the digital display.

]
:
; Ohms demA
.f el {Roor] -
! Attenuator
IdeV lmv Current
d to
» -_._wz,~ R
3” ‘dc mA Vn!tage
Pl S Converter
| Constant
Current
o Source

Fig: Block diagram of Basic Digital Multi-meter




Current to voltage converter- The current to be measured is applied to the

summing junction (Yi) at the input of the opamp.
Since the opamp has very high input impedance, the current Ir is very nearly
equal to L. The current Iz causes a voltage drop which is proportional to
current, to be developed across the resistor. ¢
This voltage drop is the input to A/D converter, thereby providing a reading
that is proportional to the unknown current.

5 105

> 2 2
Unknown L.J A/D L.l Decade Digital
Current ' Converter| | Counter [ R&?f

Fig: current to voltage converter

The basic circuit shown below is always a dc voltmeter

Current is converted to voltage by passing it through a precision low shunt
resistance, while ac current is converted into dc by employing rectifiers and
filter circuits.

For resistance measurement, the meter includes a precision low current source
that is applied across the unknown resistance, which gives a dc voltage which
is digitized and readout as ohms.

ac ac | | Digital BCD

Altenuator, | Converter | Display | 71 Qutput

High i e R
—-#<— Attenuator e *“/6 % lntarfaca;
— | Ohms
Shunt Ohms recis
Converter ;stmm

Low
et

Fig: Digital multi-meter
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Eme e e e n e s Ve SR T B e S L T e
DIGITAL FREQUENCY METER

Principle of operation

e The signal whose frequency is to be measured is converted into a train of
pulses, one pulse for each cycle of the signal.

e The number of pulses occurring in a definite interval of time is counted by
electronic counter.
e The number of counts is direct indication of the frequency of the signal

(unknown).

e

1§m:

- b
1 sec

Fig: Principle of Digital Frequency measurement

Basic circuit of a digital frequency meter

e The signal is amplified before applying it to Schmitt trigger.

e The Schmitt trigger converts the input signal into square wave which then
differentiated and clipped to obtain train of pulses, one pulse per each cycle of
signal.

¢, The outputs from Schmitt trigger are fed to START/STOP gate. A

e When this gate is enabled, the input pulses pass through this gate and are fed
directly to electronic counter, which counts the number of pulses.

e When this gate is disabled, the counter stops counting the incoming pulses.

Unknown [ MM W% Schmitt VAN [Starty | | Dightal
Freq, AT} Yrigger | " Siop [™{RGERERS

Fig: Basic circuit of Digital Frequency meter

Basic circuit for frequency measurement

e The output of the unknown frequency is applied to a Schmitt trigger, producing
positive pulses at its output.

e These pulses are called the counter signals and present at point A of main
gate.

o DPositive pulses from the time base selector are present at point B of START gate
and point B of the STOP gate.

o Initially the flip flop (F/F-1) is at logic 1 state. The resulting voltage from output
Y is applied to point A of the STOP gate and enables this gate. The logic O stage
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at the output —{f—of the F/F-1 is applied to the input A of the START gate and

disables the gate.

e As the STOP gate is enabled, the positive pulses from the time base pass
through the STOP gate to the Set(S) input of the F/F-2 thereby setting F/F-2 to
state 1. e

e The resulting O output level from Y of F/F-2:s applied to terminal B of the main
gate. '

e In order to start the operation,’a positive pulse is applied to reset input of F/F-
1, thereby causing its state to change.

e Hence Y=1, Y=0, and as a result the STOP gate is disabled and the START gate
enabled. ;

e This read pulse is simultaneously applied to reset the counters, so that
counting can start.

e When the next pulse from the time base arrives, it is able to pass through the
START gate to reset F/F-2, therefore the F/F-2 output changes state from 0 to

1, hence Y changes from O to 1.

e This resulting positive voltage from Y called the gating signal is applied to
input B of the main gate thereby enabling the gate,

e Now the pulses from the unknown frequency source pass through the main
gate to the counter and the counter start counting. This same pulse from the
START gate is applied to set input of F/F-1,changing its state from 0 to 1

e This disables the START gate enables the STOP gate.

' i : Main
24 [ unknown| M ["Schmite [ AT Gat
Freq. v Trigger i
E-“-“’-E. -------------------- i Cou{ger
b START =11 an
: )Gaw R Y Display
5 5 FF2 i Unit
| $ - yjh-
R sH[ 5
a1 FIF -1 i
: “’f”' X’ Rjer —e RBAd !
e | % : Fuise ;
|~ \sTop
’ 8 _ Gate 5

Gate Cogrroi FiF £ !

B oo o o o o 01 o o 0

Fig: Basic circuit for measurement of frequency showing gate control F/F
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Block diagram of a digital frequency meter

Input
Signal

ojojojolo]o]

Decimal Counter
and Display Unit

Time Base

"\,
Schmitt

| Trigger

Lm0

-+10

Fig: Block diagram of a digital frequency meter

The input signal is amplified and converted to a square wave by a Schmitt
trigger circuit, which is then differentiated and clipped to produce a train of
pulses, each separated by the period of the input signal.

The time base selector output is obtained from the oscillator and is converted
into positive pulses.

The first pulse activates the gate control F/F. this gate control F/F provides the
enable signal t he and gate.

The trigger pulses of the input signal are allowed to pass through the gate for
selected time period and counted.

The second pulse from decade frequency divider changes the state of the control
F/F and removes the enable signal from the AND gate, thereby closing it.

The decimal counter and display unit output corresponds to the number of

input pulses received during a precise time interval.

High Frequency Measurement (extending frequency range)

Techniques other than direct counting have been used to extend the range of
digital frequency meters to above 40GHz .the input frequency is reduced before
it is applied to digital counter. This is done by special techniques. Some are
follows
1. Prescaling: The high frequency signal by the use if high speed is divided
by the integral numbers such as 2,4,6,8 etc. divider circuits, to get it
within the frequency range of DFM.
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2. Heterodyne converter: The high frequency signal is reduced in
frequency to range within that of the meter, by using heterodyne

techniques.

3. Transfer oscillator: A harmonic or tunable LF continuous wave
oscillator is zero beat with the unknown high frequency signal. The LF
oscillator frequency is measured and multiplied by an integer which is
equal to the ratio of two frequencies, in-order to determine the value of
unknown HF.

4. Automatic Divider: The high frequency signal is reduced by some factor,
such as 100:1, using automatically tuned circuits which generated an
output frequency equal to 1/100th or 1/1000t of the input frequency.

DIGITAL MEASUREMENT OF TIME

Time Base Selector

e The time base selector consists of a fixed frequency crystal oscillator, called the
clock oscillator.

* The output of clock oscillator is fed to Schmitt trigger, which converts the input
sine wave to output consisting of train pulses at the rate equal to the frequency
of clock oscillator.

e The train of pulses is then passed through a series frequency divider decade
assemblies connected in cascade. .

* Each decade divider consists of a decade counter and divides the frequency by
ten,

e Outputs are taken from decade frequency divider by means of selector switch.

{ Crystal | Schmitt

Osclllator]  L11988r

410 Hesl 10 H+ 10 F-+10

S

0 S 0O O o S - S S S 0 AR R

Fig: Time Base Selector
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Measurement of time (period measurement)
Principle of operation

e The beginning of time period is start pulse originating from input 1 and end
of time period is stop pulse coming from input 2.

e The oscillator runs continuously, but oscillator pulses reach the output only
during the period when the control F/F is in 1 state.

e The number of pulses counted is a measure of time period.

Block diagram explanation:

e The gating signal is derived from the unknown input signal, which controls the
enabling and disabling of the main gate.

e The number of pulses which occur during one period of the unknown signal are
counted and displayed by the decade counting assemblies.

e The only disadvantage is that the operator has to calculate the frequency from
time by using the equation f=1/T.

At i
Input | o & ] SCRTIEE >
o Lator & » | Contre Frran Y
T |Ampiteq  LTroger | | “FE , ,mﬁml@aila lo mfl
Input [ Aflen- geactumi and Diaﬁlayum
wwi pator & i
2 |Amplifier
0% ianL
1 MHz : T
[Schmitt
Crystal v SO +10 *]-+10

Fig: Basic block diagram of Time measurement

e The accuracy of period measurement and hence of frequency can be greatly
increased by using the multiple period average mode of operation.

o In this mode, the gate is enabled for more than one period of unknown signal.

e This is obtained by passing the unknown signal through one or more decade
divider assemblies (DDAs), so that the period is extended by a factor of 10000

or more.

¢ The decimal point location and the measurement units are changed when each
time an additional decade divider is added, so that the display is always in
terms of the period of one cycle of input signal.
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Fig: Block diagram of a single and multiple periods (average) measurement
Ratio and multiple ratio measurement

e The ratio measurement involves the measurement of the ratio of two
frequencies.

e A low frequency is used as gating signal while high frequency is the counted
signal.

e The number of cycles of high frequency signal which occurs during the
period of lower frequency signal are counted and displayed by the decimal
counter and display unit.

e In multiple ratio measurements the period of low frequency signal is
extended by a factor of 10, 100 etc by using DDAs.

Gate Signal
o the Counter

—1Main Gate ‘
m ) Annnnn

LE{f;) Attenuator
Wt PR~

Amplifier
Tt Decimal Counter
e
e e and Display
, & Pre- Gate
H.F{fz‘,i! amplifier oy C?:‘;g“‘
. Direct Compensation for ¥
Ratio Measurement Multiple | Multiple Period Signal
Period
From Muitiple Trigger
Time Ratio .
Base Measurement b= 10 fos 10 powt 440 bl 10—

Fig: Block diagram for Ratio and multiple ratio measurement



Electronic Instrumentation 15EC35

Urniversall  Coundey ;-

e bt e B < i b e RN
can M aneanscsrnu~ds @'é e 1?&9‘::0 PWOA &
quy an vthx, Ao dﬁf‘ 5 » o ‘

5 OF sy e combonallens ég vosiaws civewils (Lol Home

: M ~alx0 aneastr emerda dk} whedh 4n  ousenbled W
e convPLaﬂL Hodk, lernouwenr on 'Urnuivecaad Co‘_w‘je,.l

+o .69<m

TL'vv\vl '. : ’ ‘

- Jh, universal wunlin oo oo Aundion susitch vobiceds
s dniven ke loguc alén & Mus <gueitth condxelA
n .

sl e Pnddien &g nlveasged  cocnlesn

= L\g{’/\m The ’G\,Ln (j/\..U'n < wd—dh n o e Lo 0] Lrons IU Yode -

P e y i o b b be muasured n cormerded
IObw‘vafbgk Alamnad q Ahe M aLn 60.,(2 &wu.tllwwvzz_' :
dbhe ‘hnte. basx  &ledon per b 10 Adedid pAocE
)U,\,g,guﬁ/(\, qoﬁ bl £l wshhich erohles ¢ dicalfe
Fhre ain Gak . RBoth Db 1:»&1}\4 " oae connedid [latched

A0 Hak AR OP{_k alz n f—ﬁopu A9 \—L'T'\Ley AU flec

Lov hso bl t\zal {/) dore A“i he chpc (_lrc.u,.;(,u.i .

srohan A Aundieon  dpeilch An tonrected L5 pacod
’Ym,oLMMY\LL\t' avoele , )gpoaq c L rc,u_:;L'a] Lcm M;,‘i!;;

e unhunowen Somad for .’_W,L.;.,\? Lo d“sc;.l,j&‘«\?

NOLEn, odi - Sirmaudk oneotesds trnneeles  Uhe /—"»ep\ai

bFone  Jooe Auleler Lo U\LJ cotmlin  Adopeal 6{ e
anoLn Cﬁc\fu- -

—> Qornad welran 5
){,ogcxe:H i ot dfe

- x oy B
wtlien Ao Hh 1» ~n P thaen
waanaarf o = =3 & o
in  Untveasal

= AN C O
}\ar 4 e 'Q,O[’l"’l c (_L Q:l;.’

~aolio . Aol ple
S VR S
rorndi

Atlenualdn| o [echou it

Cx .
Vra dmg Lt~ SR
1 schoult
1 Txi:ggv
'L e

— . = \
s &, T Horms oy il

T | orbeliatér

Dept. of ECE, SVIT 2017-18



Electronic Instrumentation 15EC35

Digital Tachometer:

e A digital Tachometer is digital device which measure the speed of a rotating object.
A rotating object can be a ceiling fan, motor shaft, car tire etc. The block diagram is
shown in Fig. a

e The technique employed for measurement is similar to the technique used in a
conventional frequency counter, except that the selection of the gate period is in
accordance with the rpm calibration.

e |If we consider R as the rpm of a rotating shaft.

e Let P be the number of pulses produced by the pick-up for one revolution of the
shaft, now if this is divided by 60 it gives number of no. of pulses per minute as
P/60.

e Therefore, in one minute the number of pulses from the pick-up will be R x P/60.
e Now if G is the gating period, and the pulses counted within the gating period will be
given by
o (RxPxG)/60
e This can be calibrated to get direct reading by selecting G as 60/P

Then this will result in
R X P x60 _
60xP

Thus the relation between gate period and no. of pulses is G = 60/P and if G is fixed for 1s
(G=1s) then revolution pick up must be capable of producing 60 pulses per revolution.

4 Digit
L (O

Count input
Gate
}—L—’ Counter/Latch
Generator pe- D =z
Main r 1
Gate
Strobe Reset

evolution
Pick-u _ Reset 11 II

Strobe 1 ]

Fig. a Basic Block Diagram of a Digital Tachometer

Digital pH meter:

e A pH meter is an instrument whuch measures the hydrogen-ion activity in water-
based solutions, indicating its acidity or alkalinity expressed as pH. The output of
pH meter is the difference in electrical potential between a pH electrode and a
reference electrode.

e pH is a quantative measure of acidity. If the pH is less than 7, the solution is acidic
(the lower the pH, the greater the acidity). A neutral solution has a pH of 7 and
alkaline (basic) solutions have a pH greater than 7.
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The pH unit is defined as
pH = - log (concentration of H")

Where H" is the hydrogen or hydronium ion.

e The basic block diagram of a digital pH meter is shown in Fig. b

e Adigital pH meter differs from an ordinary pH meter, where the meter has an analog
to digital converter (ADC) and a digital display. The ADC used for this application
is the dual slope converter.

e The dual slope ADC generates a pulse which has a duration proportional to the input
signal voltage (T pulse width signal). This pulse width is converted to a digital signal
using the signal from oscillator (which generates a count digital signal). The count
signal is counted and displayed.

Standard Co
Clock  |——{Gate}UM), ['Gounier]
Oscillator
(PW)
Voltage ~
(w to Pulse- [ Display ]
Width (PW)
Converter
Y B3 i
Chemical Composition
(PH)
Fig. b Digital pH Meter

Digital Phase meter:

e A phase meter measures the phase difference between 2 signals of same frequencies.

e The block diagram consists of two pairs of preamplifier’s for conditioning the input
signal, zero crossing detectors to shape the input signal to a square waveform
without any change in their phase, J-K F/Fs, and a single control gate.

e The process of measuring the phase difference is illustrated by the schematic
diagram shown in Fig. c.

e Two signals having phases Po and Px respectively are applied as inputs to the
preamplifier and attenuation circuit. The frequency of the two inputs should be same
and their phases are different.

e As input Po signal increases in the positive half cycle, the ZCD detects the change in
state when the input crosses zero (0) giving a high (1) level at the output. This causes
the J-K F/F-1's output (Q) to go high.

e This high output from the F/F-1 enables the AND gate, and pulses from the clock are
fed directly to the counter. The counter starts counting these pulses.

e Also this high output level of F/F-1 is applied to the clear input of J-K F/F-2 which
clears the output of the F/F-2 (i.e Q of F/F-2 is 0).
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e Now as the other input Px which has a phase difference with respect to Po, crosses
zero in positive half cycle, the ZCD detects and causes its output to go high (1). This
high input is given to J-K F/F-2, causing its output go high.

Nl Pre- 1 J Q
o
[= i Zero
A Amglllﬁer ~ Crossing[——{CLK F/F-1
Attenuator | Detector | K € Q]| | Main Gate

" —
i Pre- Zero J Qi I
ﬁ; Ampﬁ:iﬂer ‘_{ Crossing ’_-CLK EIE.D

Detector K C o

Attenuator

Clock
Counter and

Display Unit [0]0]0]0[0]

Fig. C Digital phase meter

e This high output (Q) of F/F-2 is connected to the clear input of F/F-1 forcing the
F/F-1 to clear/reset and its output goes to 0.

e The AND gate is thus disabled, and the counter stops counting.

e The number of pulses counted while enabling and disabling the AND gate is in
direct proportion to the phase difference, hence the display unit gives a direct
readout of the phase difference between the two inputs having the same frequency.

Digital Capacitance Meter:

The principle of operation involves counting the no. of pulses derived from constant
frequency oscillator during a fixed interval produced by another lower frequency oscillator.
This oscillator uses the capacitor being measured as the timing. The capacitance
measurement is proportional to the counting during fixed time interval.

e Since the capacitance is linearly proportional to the time constant i.e,

= 1=RC

e Thus the capacitor is charged by a constant current source and discharged through a
fixed resistance. The 555 timer along with some digital test equipment is used to
measure capacitances. This method is illustrated in Fig. d.

e By choosing the right size of charging resistance, can get a reading directly in
microfarads or nanofarads. This measurement method easily measures electrolytic
type up to the tens of thousands of microfarads.

e A better way is to measure only the capacitor discharge time.

e In the circuit, the 555 timer is used as an astable multivibrator. When the capacitor
charges to its max i.e at the peak of the charging curve, a digital counter is reset, the
gate is enabled and a clock of 100 kHz pulses is turned on.

e As the gate is enabled the counter starts counting till the discharge portion of the
cycle is completed.

e As the capacitor discharges completely, the input to the gate is disabled and counter
stops counting and the display is updated and the value of the capacitor is readout.
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e By selecting the proper reference frequency and charging currents, one can obtain a
direct digital display of the value of the capacitance.

e But precaution should be taken to make sure to properly shield the leads and keep
them short for low capacity measurements, since the 50 Hz hum can cause some
slight instability.

100 kHz
Clock

1 Block Freq, Ref. .

0 pass

-»

l ' ~ Gate
. v

h —‘VR_ 1] Clear

= Counter

Unknown
Capcitor Cx

R, l

Digital

=%/ Display

I Up Date

Fig. d Block diagram of a basic digital capacitance meter

Microprocessor based instrument:

The digital instruments are designed and constructed with logic circuits without memory but
with the use of microprocessor in measuring instrument, it is considered as a new class of
instruments called intelligent instruments.

Fig. e shows the block diagram of microprocessor based

Fig. e

External
_Operalnr System
L
¥ 7
) Key CRT IEEE
Oscillator Board D|s.|::-la3,r 488 Bus
Frequency ‘
Divider . _|
Micro- [ AD
" Processor B Converter |
Frequenq l I
Dlwder
FrDrli Phase
End *| Sensitive
Delector

Test
Signal Unknown
Generator Impedance

Block diagram of a up (microprocessor) based instrument
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e The front end provides the test signal for unknown impedance under measurement
and a standard impedance.

e This produces a voltage drop with phase shift proportional to the voltage across it.

e The phase sensitive detector detects this and converts the ac input of impedance in
vector form to a dc output.

e This dc input is provided to ADC which gives the digital data which is used by the
microprocessor to compute the unknown value of the impedance.

e This value is displayed on the CRT or can be sent as output to the IEEE 488 bus
(used to provide interface between instruments)
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