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Introduction:

* The electromechanical instruments have some
limitations: as having low resistance (loading
effect) and cannot measure very low voltages.

* The low input voltages need to be amplified to L
measurable levels and electronic circuits are i B
required to offer high input resistance. instrument 5

~~~~~~~~~

Serics resistance or

e Electronic circuits voltmeters with transistors, e’
operational amplifiers (or op-amp) can be used
to amplify small voltage and provide high input » v .
resistance .

* These analog circuits include:

1. Emitter-Follower Voltmeter.

2. FET-input Voltmeter.

.....




Transistor Voltmeter Circuits.



Emitter-Follower Voltmeter:

+ O

A BJT emitter follower is used where the

PMMC and I, are connected to the Emitter. O
+
The voltage to be measured, that is, E, is
connected to the base of the transistor.
. 1%
The base current, [ is: . cc
Im - . .
Iy, = = 3 : (Transistor gain)
I
The input resistance, R; is: o O
Figure 5-1 Emitter-follower voltmeter. The
F emitter follower offers a high input resistance
Rin ~ f_ to a measured voltage, and a low output
b resistance to a deflection meter. The base-

_ _ _ ) emitter voltage drop (Vgg) introduces an error
which is much larger than s + I?,, since I is in the measurement.

small. 5



Emitter-Follower Voltmeter (Cont.):

Example 1:

A simple emitter-follower voltmeter with: Vcc=12V,
Rm = 2kQ, 1 mA FSD meter current, and current gain = 50.
Determine : L0

(a) Appropriate multiplier resistance that can give FSD 5 V. *
(b) Input resistance

]

Solu: -
@) V E-V, 5 0.7
E — VEBE o — UL
ks = E Hm 1., o 1 mA 2 =23 k0 -
B B 5
(b) R;p = = = B.— = 50.——— = 250 kO




Example 2:

The simple emitter-follower voltmeter circuit in Figure 4-1 a3 Voc =20 VK, + R,
9.3k, I, =1mA at full scale, and transistor hgy = 100,
{a)CalcuhﬁelthercurremwhenE=lO\f

{b}Detemmmevoltmucnnpul resistance with and without #ee transistor,
Solution

(a)

Ve=E-Vp=10V-07V

s 0
=93V +
- Ve %3V
R,+R, 93k
= | mA
E':.
, 1 1 mA
(b) With the transis e o ——
) _ tor, In - ~ 100
=10pA
E 10V 3
ki~ Iy ~ 10 pA O
=1 M}

Without the transistor,
Ri=R,+R,=93kf}



Emitter-Follower Voltmeter (Cont.) :

* To reduce the drop Vst, a one more
emitter-follower and a voltage
divider are used with a + 12 V dual
polarity supply is connected.

e When E =0, the resistance R5 is
adjusted to make VE2 = 0.7 and Vm =
0.

* When E is exist, the PMMC voltage is:

V,,=FE—0.7—(—0.7)=E

* So, the voltage drop is removed.

‘ ¢—O —Vgg

Figure 5-2 Practical emitter-follower voltmeter circuit using a second transistor (Q,) and a volt-
age divider (R,, Rs, and Rg) to eliminate the Vg error introduced by Q.



Example 3:

An emitter-follower voltmeter circuit such as that in Figure 4-2 has R, = R; = 3.9 k() and
Vee=%12 V.

(a) Determine [, and I; when E=0Q V.

(b) Calculate the meter circuit voltage when E =1V and when E=0.5 V.

Solution

@ Vi =Vay = 0V = Vpg = Vg

=0V-07V-(-12V)

=113V ©
E< Ry
=] = Vn:= 113V
PT R, 39k0 ——
=29 mA




(h) When E=T V
Vig=E~Vee=1V—-07V
={.3V
Ve =Via= Var =0V =07V
=-07V
V=V, - Ve =03V = (=0.7V)
=1¥
When E=0.5V
Ve = E=Vpe=05V—07V
=—-02V
Ver=Via= Var =0V - 0.7V
=-07V
V=Ve,— Ve =~02V = (~07 V)
=03V
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FET-input Voltmeter:

. ! I |
i Input i FET input i Emitter-follower i
| attenuator | stage ! voltmeter I
e . > >
o ! - !
i O +Vee
800 kQ ]
|
100 kQ
E |
. 60 kQ
The Field Effect
Tran§|stor (FET) | 01O
provide extremely high

input resistance.

Figure 5-4 A voltmeter input attenuator is simply a voltage divider that accurately divides the
voltage to be measured. The FET input stage (Q5) gives the emitter follower a very high input
resistance.



Example 4.

Determine the meter reading for the circuit in Figure 4-4 when E = 7.5 V and the meter is
set to its 10 V range. The FET gate—source voltage iss~5 V, V,=+5 V. R, + R,, = | k{},

and /,, = 1 mA at full scale.

Solution On the 10 V range:

_ R.+ Ry
Ea=E R,+R,+R +Ry

60 k(Y + 40 k{1

FET
input
smgc

I
le—  Input "
attenuator

3

- Emitter-follower -
voltmeter

Y

A

=75Vx

=075V
V:.' = E;_', - VU.‘; = 1]75 v — {-5 'U"}
=575V

V£|= H&-" Vsﬁ'#s.‘?ﬁv“‘u.?u =5.ﬂ$ vV

Vi =Vp=Vye=5V =07V
. =43V
V=Vg - V=505V -43V
=075V =E,

V0I5V
T Rg+ R, 1kQ

L

=0.75 mA (75% of full scale)

800 ki) + 100 k() + 60 k() + 40 k()

0

800k

Fro - mm

=}

25V

e bl e —— --3-.—..—

On the 10V range, full scale represents 10 V. and 75% of full scale would be 1
readas 7.5 V.



Operational Amplifier Voltmeter Circuits.
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Operational Amplifier

The Op. Amp IC is a perfect choice to be used in the electronic voltmeters

* Ideal Op. Amp has the fo” -/t d”
yRu =0

> Ay = o (nvrting terminal) V2 —-

(Nonsinverting ifp) VI =" N0

Avisthe open loop voltage gain g

14



Operational Amplifier Voltmeter

* The voltage follower has a much
higher input resistance and lower

output resistance than the emitter
follower.

* The input voltage is applied to the
op-amp noninverting input terminal,
and the feedback from the output
goes to the inverting input.

 The attenuator selects the voltmeter
range.
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|C Operational Amplifier

Inverting Amplifier

A2
it A A

m
Vi

Vour

R2
Vour = — == Vin

A1
Non-Inverting Amplifier
n

A2
M

amplifier

e 0

+ VC‘

An op-amp noninverting amplifier voltmeter is very easily designed. Curremt /,
through R; and R, is first selected very much larger than the op-amp input bias current

(/g). Then the resistors are calculated as

Rl‘:lru___g

Iy



Example 5:

An op-amp voltmeter circuit as in Figure 4-7 is required to measure a maximum input of
20 mV. The op-amp input current is 0.2 wA, and the meter circuit has /,, = 100 pA FSD

and R, = 10 k(). Determine suitable resistance values for R, and R,.

Solution

Select

At full scale,
and

> -"E

= 1000 x fg = 1000 x 0.2 yA
= 0.2 mA

= 100 LA
= Iy X Ry = 000 pA x 70 k0
=1V
_ E_ 20mV

e 0.2 mA
= 100 €2
_ Vo- E _1V-20mv

4 0.2 mA

4.9 kQ

3
¢

+Vﬂ

Ll I

<
3

EE I = e ———
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Voltage-to-current converter Voltmeter

I +Vee
o—=—
E —
Im
O
-
Iy

Figure 5-8 Voltmeter circuit using an op-
amp voltage-to-current converter. The meter
current is E/R;.
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AC Electronic Voltmeters



AC Electronic Voltmeters

* D1is half-wave rectifier o—
C Output

* The coupling capacitor C1to 1 waveform o

block unwanted dc voltage. NN T

. E /C LVE

* The voltage drop (VF) across the / gl e

rectifier is a source of error in the v 1 §

circuit. b

R5+Rm

* Also, the rectifier voltage drop is \V

not always exactly 0.7 V, as Tnput P

waveform

usually assumed for a silicon

diode and it varies with . .
(a) Inclusion of a rectifier converts the voltage follower
temperature c ha nge. dc voltmeter into an ac voltmeter

20



AC Electronic Voltmeters (Cont.)

| .. . [ |
1 Precision rectifier Output
I — —> waveform
|
|
|
1
|

‘A~~~ +Eg

* To avoid these errors, the
voltage follower feedback
connection to the E
inverting terminal is taken
from the cathode of
rectifier D1 instead of
from the amplifier output.

)
)
)
O |
'

—

RS + Rln

(b) Use of a precision rectifier improves the ac voltmeter
accuracy

21



AC Electronic Voltmeters (Cont.)

* The input is amplified
by faCtor L Input

S , + Ve
A, = (Ry + RIR,. 0 P >

|

|

| - . .

! Precision rectifier amplifier
I

|

|

Figure 5-13 Ac voltmeter circuits using an op-amp noninverting amplifier together with
precision half-wave rectification. Low-level voltages are amplified before measurement.

22



Input Meter current

Cq
R D1 i / Meter current
1 R I
m
—VEE
/
Vg3 R
(a) Voltage-to-current converter Vi3 R
with half-wave rectifier
(b) Voltage-to-current converter

with full-wave rectifier

23



Op-amp Half-bridge Rectifier Voltmeter

46 Q ) P * ){
D, Gy Ry

o §l1m |
M
§R5 [Iz Q ()jIz R,
Vi \/

Figure 5-15 Ac electronic voltmeter using half-bridge full-wave rectification.



Voltmeter & Shunt

Figure 5-16 An electronic voltmeter can
be used for current measurement by
measuring the voltage drop across a shunt
(Rs). The instrument scale is calibrated to
indicate current.



Multimeter Probes



Multimeter Probes

* There are many probes and adapters available to extend multimeter
ranges.
1. High-Voltage Probe

2. High-Current Probes
3. RF probe allows the meter to measure the voltage level of a waveform

with a frequency upper its cutoff frequency.

27
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(a) A high-voltage probe uses a voltage divider

/i_\ ,/1

PA@CP %
o~ ;/
\_/

(b) A high-current probe uses a current transformer



Magnetic
flux

Magnetic
flux

(c) A Hall-effect probe produces a voltage from a magnetic flux



Clamping

N Dc voltmeter
circuit

Low-pass filter

Ry

——"W—

Figure 5-20 Peak detector circuit consisting of a clamper circuit and a low-pass filter. The peak
voltage of a high-frequency waveform is converted to a dc quantity that can be measured on a
dc voltmeter.
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DVM QOutline:

Introduction.
Ramp Type Digital Voltmeters.
Dual Slope Digital Voltmeters.
DVM Range Changing.

Digital Voltmeter Accuracy.
Types of Digital Multi-meters.



Introduction:

* Two types will be covered: Ramp-type
and Dual slope Integrator DVMs.

* Digital voltmeters (DVM) are
essentially analog-to-digital
converters with digital displays to
indicate the measured voltage.

Analog to Seven

\/in Digital segments
Converter Driver

Digital Voltmeter Basic Block Diagram



Seven-Segment LED Display

There are two types: % % % % % % h 4
1. Common Anode f O

8

2. Common Cat h o d e 0 i } (b) Common-anode connections

(a) Seven-segment
LED display (c) Three-and-a-half digit display

Figure 6-10 Light-emitting diodes arranged in a seven-segment format can display any nu-
meral from O to 9.



2. Ramp Type Digital Voltmeters



Ramp Type Digital Voltmeters:

Analog-to-digital converter

Vin o— Clock i
Analog 3 generator|
input v :
JT— Comparator] } L :

e gate .

* A ramp signal is generated.

* The comparator compares the input
Vi with the ramp Vx.

oL ifvizV,
Yo ifvi<cV,

Ramp )
. _ generator_. & Decade counters
* |f the comparator output V1 is high, Ve
the counting circuit will countthe ‘'~ 777 7777 7moooe [ [aen 77
pulses from clock generator. L
* If the output V1 is low, the counting A
will stop.

T T Display 9 9 9
C J'?sfpuﬂses o Vi | f

* The value of Vi will be dlSplBYEd (a) Ramp-generator-type DVM

35



Ramp Type Digital Voltmeters (Cont.):

Analog-to-digital converter

i Vin Clock i

' Analog generator| !

' input v !

: JT— Comparator ! | AND !

| e gate |

i : 2

1| Ramp !

' — &J Decade counters !

! | generator ! |

1 V I

R R e SRR R | | Ng !
1 Latch Decade — | |

. e .
' Countin lcounting_ Latch triggered to
BCD-to-seven- counters reset) & I g correct display

segment drivers !

I
I
Display [y 9 9 9 Clock pulses i
I

during t;

a) Ramp-generator-type DVM
@ £ 12 (b) DVM waveforms
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Ramp Type Digital Voltmeters (Cont.):

1. The latch isolates the display from the counting circuit during the ti.

2. It will connect the display to the counting circuit at the rising edge of the comparator output.

Analog-to-digital converter

Vin Clock
Analog generator
mput v
JT— Comparator } ! |AND
e gate
R
O = &0 Decade counters
generator
e A0 S I D —
] Latch
J__ atc
BCD-to-seven-
segment drivers
M IEEE

(a) Ramp-generator-type DVM

B - - = = e e e = = = = = e = = = =

|
! No

1

Decade  —»| Counti lcounting
ountin

counters reset! & o .8

1
1
1
Clock pulses :
during t; :

(b) DVM waveforms

< Latch triggered to
correct display
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End of Lecture

Best Wishes



