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EL 351 Linear Integrated Circuits Laboratory
BJT DIFFERENTIAL AMPLIFIER

By: Walter Banzhaf

University of Hartford

Ward College of Technology

USA

Equipment:

•  Agilent 54622A Deep-Memory Oscilloscope

•  Agilent E3631A Triple-Output DC power supply

•  Agilent 33120A Function Generator

•  Agilent 34401A Digital Multimeter

Introduction:

Th e differ en tia l a mp lifier  is a  ba sic c irc uit, use d in all line ar in teg rated  circu its. It is  also th e b asis for 

an alog-to -digital an d dig ita l-to -an alog con ve rte rs. U nde rstan din g its  ope ra tio n, in clu din g DC bia s ope ratio n,

an d its  re sp ons e to sig nal inpu ts, is impo rtant fo r fur the r stu dy of linea r integr ated cir cu its .

In  this  la bo ratory  e xpe rimen t y ou will con struc t a nd  te st tw o d iffer ential a mplifier s, using  BJ Ts. O ne will hav e

a re sis tor  in the lo ng-ta iled pair, th e o the r will h av e a  BJ T “co nstan t” cur re nt sou rc e ( which  yo u w ill d esign ).

Th e differ en tia l-mod e g ain  ( Avd m), th e c ommon -mo de ga in (Avc m), CMRR, wa ve for ms of in put a nd outpu t

vo ltage s, an d D C o pe rating  p oin t v oltag es an d c urr en ts will be mea su red  an d/or calcu lated.

Circuit:

Q1 =  Q 2 =  2 N18 93 or  2N 222 2

(ma tc h β o f Q1 & Q 2 w ithin  5%)

RC =  matc hed  p air , 2 0K Ω1%

RE =  a ny old  2 0K Ω+/- 1 0%

Procedure:

Diff ere ntial Amplifier, Long-Ta il Pa ir Impedanc e is  a  Re sis tor

I.1. Find  tw o matche d tra nsisto rs , a nd co nstruc t the  circ uit ab ov e. Of co urs e, all r esistanc es us ed sho uld

be  meas ure d and  re co rde d b efore  be in g u sed . Mak e the  circu it qu ies ce nt (no  s ign al ap plied)  b y

co nn ecting  b oth  ba se s to g ro und .

I.2. Mea su re DC va lue s o f VC1 , VC2 , VE, IB1 , IB2  a nd  IE, in  a  wa y tha t minima lly  disturb s the  circu it! C on sid er

ca re fully th e impe da nce  of the mea sur in g instru men ts; r efe r to imp eda nc e s pec ifica tio ns  in  th e
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ma nu fac tur er s’ man ua ls. Be  s ure  to  r eco rd wh ich  me te r w as us ed, an d its  ra ng e, for  e ach 

me as ure men t.

I.3. Me as ure  th e differ en tia l g ain ( only one inp ut use d) , from ea ch inp ut, an d the  co mmon-mo de  ga in

(b oth inpu ts  co nne cted to th e s ame  s our ce) , by app ly ing  40 0 Hz sin us oid al in put vo ltage s a s sho wn

in  Table I.

Fo r eac h inp ut con ditio n ( 1s t -  diff. mode , 2nd  - diff. mo de , 3 rd - common  mode ), me asu re th e u nkn ow ns

with  BO TH  the  DVM an d the  os cillo sco pe, a nd re cord all v olt age s in bot h RMS ( fr om DVM) and

pe ak -pe ak , with phase  a ngle ( fr om osc illos cop e) . Alwa ys  ke ep os cillos co pe cha nn el 1 o n the  in pu t, and 

us e it as th e p has e refere nc e.

Sk et ch ALL w ave for ms  (Vin 1, Vin 2, Ve, VC1  a nd VC2 ) for e ach input c ondit ion; be  su re to  in clu de  DC 

le ve ls, pe ak -pe ak vo lta ges , and  re la tiv e p ha se infor mation  ( sho w Vin 1, Vin 2, Ve, VC1  a nd  VC2  o ne  ab ove 

th e oth er) .

TABLE I

Input Condition Vin1 Vin2 Ve Vc1 Vc2

First –

Differential

Mode

40 mVpp/ 0° 0 mVpp/ 0°
Vpp/      ° Vpp/      ° Vpp/      °

Vrms Vrms Vrms Vrms Vrms

Second -

Differential

Mode
0 mVpp/ 0° 40 mVpp/ 0°

Vpp/      ° Vpp/      ° Vpp/      °

Vrms Vrms Vrms Vrms Vrms

Third –

Common Mode
40 mVpp/ 0° 40 mVpp/ 0°

Vpp/      ° Vpp/      ° Vpp/      °

Vrms Vrms Vrms Vrms Vrms

I.4 Us in g the me asu red  d ata  in  Table I, calculate Avc m, Avd m a nd  CMRR.  Exp res s eac h in both n umerical

ra tios (i.e. vo lts /v olt) a nd  in  dB.

I.5 Us in g the ap pro ximate formulae for  Avc m a nd  Avd m, ca lcu late, us ing  p arts v alues , b oth Avc m a nd  Avd m.

Co mp are  th es e c alc ulate d g ains with the  me as ure d g ains fro m pro ced ur e I.4.

I.8. Ha ve  yo ur da ta, up  to this  p oint, app rov ed  by  in struc tor                                                   



3

Procedure: Design and Test of Current Source by Itself

II.1. Using the measured data from I.2, design a “constant” current source, which WILL BE used later on to
replace the fixed emitter resistor in the differential amplifier. The current source should make the differential
amplifier operating point be identical to what it was with the fixed resistor in the LTP. Make VB = 0.5*VEE, and
make IR2 = 10*IBQ3.

Clearly show design procedures.

Note that the diode keeps the collector of Q3 at about 0.6 V below ground,
just as it WILL BE later on when it is connected to the long-tailed pair of the
differential amplifier.

II.2. Have your design approved by the instructor:                                                               

Then build the current source, but do not connect it to the Diff Amp. Use a 20K pot for RE and adjust it to
make the collector current of the current source to be the same as the long-tailed pair current (measured in
I.2.), but DON’T connect it to the diff amp yet.

II.3. Measure all DC voltages and currents in the constant current source circuit in a way that minimally
disturbs the circuit!

a. measure Ics0V with Vs = 0 V.

b. measure Ics60V with Vs = 60 V.

c. calculate Rapparent = (60 - 0)V/(Ics60V - Ics0V)A

II.5. Now disconnect the test circuit, and connect the current source in place of the fixed emitter resistor in
the differential amplifier (no Si diode is needed now). Verify that the Q point of the diff amp is
essentially the same with the current source as it was with the fixed emitter resistor; if it isn’t, slightly
adjust the 20KΩ trim pot to make it the same.

Procedure: Test of Differential Amplifier with Current Source

III.1. Repeat procedures I.3 (use Table II to record data), I.4, I.5 for the diff amp with current source. Be sure
to sketch waveforms also. Note that a fourth input condition is needed, with a high common-mode input
voltage (3 Vpp), since the common-mode gain is so small you won’t be able to see an output with only
40 mVpp as the common-mode input.
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TABLE II

Input Condition Vin1 Vin2 Ve Vc1 Vc2

40 mVpp/ 0° 0 mVpp/ 0° Vpp/      ° Vpp/      ° Vpp/      °
First –Differential
Mode

Vrms Vrms Vrms Vrms Vrms

Second -
Differential Mode

0 mVpp/ 0° 40 mVpp/ 0° Vpp/      ° Vpp/      ° Vpp/      °

Vrms Vrms Vrms Vrms Vrms

40 mVpp/ 0° 40 mVpp/ 0° Vpp/      ° Vpp/      ° Vpp/      °
Third –Common
Mode (SMALL
INPUT) Vrms Vrms Vrms Vrms Vrms

3000 mVpp/ 0° 3000 mVpp/ 0° Vpp/      ° Vpp/      ° Vpp/      °
Fourth –Common
Mode (VERY
LARGE INPUT)

Vrms Vrms Vrms Vrms Vrms

� Be sure, in the Results part of your lab report, to compare and discuss the

measured values of Avcm, Avdm, and CMRR for the two differential amplifier circuits.


