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2. Introduction

Operational amplifiers werefirst used in the late 1940s for performing mathematicd
cdculations, or so caled operations like alding, subtrading, multiplication, etc.. Operational
amplifiers are very common uwsed sincethelir avail abili ty on Integrated Circuits (ICs) in the
196Gs. For instance the LM341wasintroduced in 1967.

An operational amplifier isavery high gain dfferential amplifier with high inpu impedance
and low output impedance Today they are used in nearly al electronic drcuits and replace
numbers of discrete transistors.

3. Common mode gain

a) Without nulling potentiometer

First part of the Lab was to determine the common mode gain at different inpu voltages. The
common mode gain isthe anplificaion d the opamp with no dfferent inpu voltages. It
shoud be usually 0, bu pradicdly asmall voltage will occur at the output.
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Measured values;
V1=V, Vout Ac
oV -2.3mV 0
5V 6.0mV 1.2*10°
10V 14.3mV 1.43*10°

where Ac is defined as the @mmon mode gain:

A. = Vo

c=ET———
1

E(Vl"'vz)

The higher the mmmoninpu voltage, the higher the cmmmon mode gain (which is not
wanted).




b) Nulling potentiometer

For a better suppresson d the ammmon mode gain a nulli ng potentiometer can be mnrected
to the most opamps. It is used to set the output voltage to OV, when no dfferential input
voltage is applied (common mode).

Pin 1

@]
-15V

The &owe figure shows the cnredion d anulli ng potentiometer to aopam LM741,which
was used in the Lab.

The ajustable range of the nulli ng potentiometer with no dfferent input voltage (V1=V,=0V)
Was. VmaX|Vl:V2:0V:109.9‘nV (left end d potentlometer)
V ninlvizve=ov=-114.9MV (right end d potentiometer)

When the potentiometer is adjusted so that Vo,=0V at V,=V,=0V, the foll owing output
voltages and common mode gains can be obtained:

V1=V, Vout Ac
5V 8.2mV 1.64%10°
10V 16.5mV 1.65*10°°

The nulli ng potentiometer improves only the ommon mode gain for small i npu voltages. For
higher inpu voltages the dmommon mode gain is equal or greater than without nulli ng
potentiometer. This results from the internal structure of the opamp LM341.




4. Voltage Amplification

a) Bridgecircuit

To generate two dfferent voltages a bridge drcuit shoud be conneded together. The drcuit
diagram is shown below:
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The bridge outputs were V,=7.5V and V,=7.6'V.
The cdculated bridge voltages are:

VlCaIc = &15\/ VZCaIc = L].S\/
2R, R, +R,

VlCaIc = %15\/ = 75V V2Ca|c = wlw = 781V
200kQ 19Q

The diff erence between the calculated and the measured vdtages result on the inaccurate
values of the used resistors (+-5%). Although the measuring instruments have asmall
uncertainty.



b) Differential gain

The outputs of the bridge shoud then be cnreded to the crrespondng inpus of the
operational amplifier from part 3) Common mode gain. The resulting circuit diagram is
shown in the following figure:

T § r\>Loc:d

The output voltages of the bridge change when the bridge is connected to the opamp stage
because the anplifier inputs are aload to the bridge. The new bridge output voltages can be
cdculated using Thevenin's theorem, where Vy is the disconneaed bridge voltage.

\:. Vo, = % RA15V =75V (forV,'")
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R
w3 V |:| Vl.: —LVOl = 110(Q 7'5V
Out R, +R,, 16kQ
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The output voltages of the bridge deaease
when conrecting to the opamp-circuit
33333 because of it’sload function.
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The measured ouput values of the cnneded kbridge were:
V,'=5.35v
V,=5.32V a an ouput voltage Vo, =513mV

The diff erence between the cal culated and the measured values of the bridge outputs (=the
opamp inpu voltage) results from the inaccuracy values of the used resistors.

Every resistor can have atolerance of +-5% which can change the parameters of the arcuit
very much (worst case = dl the devices have their maximum tolerance).

From the &ove results the differential gain of the anplifier stage wasto determine:

AD — VOut
V1 - Vz
0513
535/ -532v
A, =171

Caculated value of Ap:

¢) Common modereection ratio

A significant feaure of adifferential amplifier isthat the signals which are oppdasite & the
inpus are highly amplified, whil e those which are common to the two inputs are only dlightly
amplified. Theratio of the differential gain and the common mode gain is cdled the dmmmon
mode regjedion gain (CMRR).

CMRR =20 =17 _g50g
A. 00015
17
CMRR),; = 20logE-2 B~ 20logH—— =
oo Q%E 90,0015



5. Instrumentation Amplifier

a) Common mode gain

R2
100k
V1’ R1
- -
10k OVou’r
var R1
O —+
10k UA741
R2
GN% 100k _GND

After connedion d the instrumentation amplifier circuit shown in the figure dove the

common mode gain was to determine and to compare with the differential amplifier from Part
3) Common mode gain.

A c = 1#
E (V1 + Vz)
V1=V;, Vout Ac
ov ov 0
5V 197mV 0.0394
10V 197mV 0.0197

The nulli ng potentiometer had to be digned again, because the two additional connected
amplifiers have eab their own ouput voltage off set, which hasto be mmpensated by the
nulli ng potentiometer of the differential amplifier (the last opamp).

The common mode gain is now larger than at the first part of the lab report, because the

common mode gains of the 3 dfferent opamps are resulting in a new common mode gain for
the whole instrumentation amplifier.




b) Differential gain

The differential gain was again determined by conneding the bridge to the crrespondng
inpus of the anplifier.
The drcuit diagram of the mnneded bridgeis s1own below:

R2
AN
100k
Voutl
O
Vg R1
O NNN— +
10k
10 R1
R2
100k GND
T ©

The output voltages of the cnneded bridge ae now nearly the same than the output voltages
of the unconrected kridge, because they are only conneded to the opamp inpus which have
an inpu resistance of more than several hundeds kQ( for the LM741typicdly 2MQ) .

V1=7.5V (unconrected) > V;=7.48V (conrected)
V,=7.6V (unconrected) - V,=7.7V (conrected)

&> Vou=6.44/

hencethe differential gain Ac can be determined:

A, = Vou _ 644V
V,-V, 7.7V -748V
A, =293
T
The theoretically cdculated of Ap iscalculated by ¢ !
A, :2x100<££22:=30

So the measured value is very close to the theoretically cadculated value. The deviation o
both values results from the inaccuracy of the used resistors and d the not ided opamp.



¢) Common moderegjection ratio (CMRR)

The coommon mode regjedionratio is cdculated using the egquations from part ¢) Common
mode rejedionratio.

A. 004

93
CMRR| .. = 20lo %D - 20l0gF2>3H= 5748
| g CE oLb5al

The CMRR is abou ten times lessthan the CMRR of the single differential amplifier.

d) Derivation of differential amplification

i. Output differential amplifier

Vi1
/’// T -
1 Tk <

h 1 V21
Superposition
: [
T
~_ ?ET‘
N S youn N [
‘B . T -~ " : o
‘ 100k i‘i o -
L
V R,+R
Outl — 2 1 . (Vllzov)
V, R,
VOU R 1
V, = R . = _R_z - (V,'=0V)
" R, +R, 1 1
R
VOU'l = R2 + Rl R2 = & Voutz = __Zvll
Vzl Rl Rl + Rz Rl Rl
R, ., .
Vour = R_jvz
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Now the two separate cdculated vdtages are alded:

VOut = VOutL + VOut2
R R
Vom = R_2V2 '—R—2V1
1 1
R 1 1
Vou = R_z(vz -V,')

VOut R 2

-5 — Ao
V2_Vl Rl

ii. Input amplifier

(via Superpasition and Mrtual earth)

V=0V

|

oS

V2:OV

V1

RC =
Tk 5

RD =

RC <
K =

VI

V12

V22

Va - Re+Rp
Vs Ry
R
V21:E+_§/2
V11__&V2
D
Vo _Rc+Ryp
\Z Rp
R
V.. = +_C
e
R
Vy ===V,
D
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SUperpOSition of Vi1, V2 and Vo, Voo

. R R

V1:V11+V12:_R_CV2+E~+ . 1
D

, R R
V,'=Vy +Vy, = E»"'R_;E/z _R_§V1

Now regarding to i) Inpu amplifier
Vo=V '=V, A+ Re ViH+ Re
Rp Rp

2R

Vzl_vllz (Vz _Vl)%+ RDC E

: . . \% R
Thisequation nav into —2*— :R—2 =A,
1

:

V,'=V,'
R 1 L}
Vou = R_j(vz -V, )
R 2R
Vo, =—2(V, -V, )R +==¢
A Tt
V R 2R . : \Y
A, =—2% =_21+—"_CH or with theresistor§rom theLab A, = —°-
V,-V, R,H R, V, -V

QED

6. Comparison 741 vs. instrumentation/strain gauge amplifier

Item 741(C) RS strain gauge Amplifier
Vin +-15V +-12V
I/P offset voltage 4mV 200pVv
I/P impedance >0.3MQ >5MQ
Bandwidth (unity gain) >437kHz 450kHz
O/P voltage span +-12V Vs+2V
O/P current +-25mA  5mA
closed loop gain 30dB 3..60dB
open loop gain -- >120dB
CMRR 57dB >120dB
Power dissipation 3x0.5W  0.5W
max. bridge supply current - 12mA
Price 3x£0.50 £44.43
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7. Conclusuion

Opamps are very unique dedronic devices. Because of their in some cases nearly perfect
characteristicsit’ s very easy to bult up cheg and well working amplifiers.

The opamp circuits have to be designed carefully and espedally for instrumentation
amplifiersthe other used devices, like resistors must be seleded very carefully in arder to
obtain correct results. For an instrumentation amplifier used for measuring it is very important
to oeliver exad results,
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