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Lecture Outline:
1. Dual Slope Digital Voltmeters.

2. DVM Range Changing.

3. Digital Voltmeter Accuracy.

4. Types of Digital Multi-meters.

5. Basic Digital Frequency Meters (DFM).

6. Frequency Range Changing.

7. Frequency Meter Accuracy.

8. Reciprocal Digital Frequency Meters (DFM).
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1. Dual Slope Digital Voltmeters:

Limitations of Ramp type DVM

▪ The ramp type DVM requires 
precise ramp voltage and precise 
time periods. (Not accurate)

▪ The Dual-slope-integrator DVM 
eliminates this requirement.
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1. Dual Slope Digital Voltmeters (Cont.):
❑ An integrator (e.g. capacitor) is either

charged negatively from Vi or
discharged at a constant rate
according to the control signal.

❑ The charging and discharge result in
two slopes (dual slope)
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1. Dual Slope Digital Voltmeters (Cont.):

▪ The control signal is derived from the 
clock generator and a frequency 
divider.

▪ During the charging time t1, the 
integrator is charged to Vo that 
depends on Vi .

▪ During the discharging, the integrator 
is discharged in constant rate in 
duration t2 that depends on Vo and 
hence on Vi .

▪ A voltage comparator is used as zero-
crossing-detector to output high if 
integrator voltage is lower than zero.

5



1. Dual Slope Digital Voltmeters (Cont.):
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1. Dual Slope Digital Voltmeters (Cont.):
How the Dual slope integrator DVM eliminates the need for accurate timing ?

(1) During charging:

(2) During discharging:

Thus the input voltage measurement is not
dependent on the clock frequency, but depends on

the ratio
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2. DVM Range Changing:

• The attenuation circuit is used to select 
the range of input voltage:
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3. Digital Voltmeter Accuracy:

• .

Accuracy in DVMs:

Digital voltmeter accuracy is usually stated as: 
± (0.5% rdg + 1digit)

where 1 digit refers to the extreme right (least significant digit) that depends on the range.

Example

If the accuracy is ±(0.5% rdg + 1 digit)
What is the maximum error of reading
1.800 V on:
(1) the 2 V scale.
(2) the 20 V scale
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4. Types of Digital Multi-meters:
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1. Basic Hand-held Digital Multimeter 



4. Types of Digital Multi-meters:
2. Clamp Meters:
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Advantage:

It is an electrical device having two jaws which open to 
allow clamping around an electrical conductor. This allows 
to measure electric current through conductor, without 
having to make physical contact with it, or to disconnect 
it for insertion through the probe.



❑Frequency of a periodic signal is defined as: the number of occurrences of a repeating 
event per unit time = Number of signal's cycles per one second.
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Principle of Frequency Meters:

To measure the frequency of a certain periodic 
signal, the waveform of that signal is used to 
toggle a counter for a certain fixed time.
The number of counted cycles per unit time 
indicates the signal frequency.

5. Basic Digital Frequency Meters (DFM)

Introduction



5. Basic Digital Frequency Meters (DFM) (Cont.):

13

The basic DFM consists of:

• Amplifier/Attenuation 
circuit to amplify or 
attenuate the input signal.

• Digital counting circuit to 
count the input waveform 
cycles.

• Waveform shaping circuit 
to convert the input signal 
to square wave.

• Accurate timing source 
(time base) with 
frequency of 1 Hz.



5. Basic Digital Frequency Meters (DFM) (Cont.):

The operation of basic DFM:

1. The input signal is amplified or attenuated as necessary.

2. The input signal is converted to a square wave and is fed to one terminal of the 
AND gate.

3. The time base signal with 1 Hz. freq. is fed to a flip-flop.

4. The flip-flop changes its state at each falling-edge of the time base. It divides the 
frequency by 2 giving a high on the Q terminal for 1 s and a low for another 1 s. 
The terminal Q is an inverted version of Q.

5. One terminal of the AND gate is fed from the flip-flop Q output and the other 
terminal is fed from the shaped input signal. So, the counter circuit will count the 
input pulses for the duration of 1 s. (Frequency).

6. The counter will reset to zero at each negative (falling) edge of the Q.

7. The latch will isolate the counting from the display during the first 1 s and will 
update the display on the rising edge of Q output.
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6. Frequency Range Changing:

• Different time-base 
frequencies could be used 
to give several range of 
frequency measurements.

• The different time base 
could be achieved by 
connecting series decade 
counters. Each decade 
counter divides the 
frequency by 10.
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7. Frequency Meter Accuracy:

• Range Selection Error

• The lowest possible frequency range should 
be used for the greatest measurement 
accuracy.
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7. Frequency Meter Accuracy (Cont.):
Accuracy Specification

• Also, the time base error Etb due to freq. variation will give a reading error in the measured 
frequency fi as:  time base error = fi x Etb
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• So, the total accuracy of digital frequency meter is specified as:



7. Frequency Meter Accuracy (Cont.):
Accuracy Specification
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8. Reciprocal Digital Frequency Meters (DFM):
• The time base signal with 1 

MHz: is applied directly to the 
AND gate.

• The reshaped input signal is 
employed to toggle the flip-flop 
circuit.

• It is better for measuring low 
frequencies than the direct 
frequency meters.

• The measured frequency fin is:

• n is the number of pulses.
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Reciprocal Digital Freq. Meter.
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2. Frequency Ratio Measurement
To find the ratio between two 
frequencies f1 and f2, the higher 
frequency signal is fed to the AND 
while the lower frequency is applied 
to the flip-flop.

1. Pulse Width Measurements

If the flip-flop in Reciprocal FM 
is made to toggle on +ve and -
ve edges, we can measure the 
input pulse width.



Digital Frequency Input Stage:
Why we use the attenuator/amplifier in input ?
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Usually a Shmitt-Trigger with two triggering levels (UTP 
and LTP) is used to convert a periodic signal into square 
wave signal.

The small input signal could be amplified to make it 
suitable to be triggered by UTP and LTP.



Digital Frequency Input Stage:
Why we use the attenuator/amplifier in input ?
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• In the case of noisy input signal, an error is existing due to the amplified signal and the amplified noise.

• To reduce the effect of noise, the input signal should be attenuated to attenuate the input noise.



Digital Frequency Input Stage:
Why we use the attenuator/amplifier in input ?
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End of Lecture

Best Wishes
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