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2. Introduction

The ommon-emitter amplifier is one of the most common dscrete anplifier used in
conventional eledronics. Its eda charaderistics were to be discovered in this lab sesgon.

3. DC bias of common-emitter amplifier
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figure 1

a) Measurment of the“true’ resistor values

For calculating the corred bias values at first the rea values of the used resistors and
cgpacitors have to be measured, because they all have got deviations from the printed values.

Also ameasurement of the very small currentsis not possble. So the voltage drop aadossthe
diff erent devices hasto be determined and then the flowing current can be cdculated viaKCL
and Ohm’s law.

The foll owing values were measured:

Rs=3.26kQ C1=80.544F
R1=9.9%Q C,=8.94QIF
R2=55.71Q Cs=9.171F
Re=986Q

RCZBSZ(Q

RL=6.72KQ



b) DC-bias precalculation with given resistors

> B=200,Vee=0.7V

__RiR, _10KQBEKQ _o 00 o

1) ) | p ¢ ' R,+R, 10kQ+56kQ

[ I

I I

’ i C ; .= R, Vee - 10 gy -1518v
3 Y “ R, +R, 10kQ +56kQ
0 e L (
VRS ¢ | ‘c‘i“ \ . _
¢ X ) Lo withVg =0.7V
! voome S &
| AT my " kel
| ) y OV =1.R. -V, +Rl,
; % OV =(lg+lg)~Vo +Rlq
| OV =15(BRe +Re +R;) —V,
Ry 10kQ
V R + R CcC -
| — o — 1 2 — 1G(Q + 56kQ - 723a1A
= BRe+Re*+R, g ,p R,R, 2000100 +100@) +8.485Q
E E
Rl + RZ

l. =Bls = 2007.232uA =1.446MmA =B+,

VRC = RCI C
Ve = 3.9kQ [1.446mA
Vqe =5.639V

Vee =Rele =Rc[l5 (3 +1)
Ve =10002(7.2320A [201)
Vge = 1454V

Vee =Vee = Vee = Vae
Ve =10V -5.639V -1.454v
Ve =290V

I
I =2017.234A =1.4536mA

m

Vieo =Vee =Vee = Ve
Vg, =10V —-0.7V —-1.454v
Vg, =7.846V

| = Ve, _ 7846V
2 R, 56kQ

| ., = 0.140mA

Ve = Ve + Ve =1.454V +2.907V
V. =436V

VRl = Vcc - VRz
VRl =10V -7.846V =2.154V




c) Measurement of DC-Voltages (DC-bias)

Next step was to measure the voltagesin order to ched the red bias and to cdculate based on
this values the DC current amplification and the other occurring currents and vdtages.

Vr1=1.477V
VR2:8.51V
VRE:0.863/
Vgrc=3.3V
V=6.66
VBE:0.618
VCE:5.80

d) Calculation of 1g, |c and 3 with measured values

i. lgwithIgand IC(RE and Rc)

|, =0.875mA - 0.8713nA
|, = 3.7pA

B=h, = lc _0.8713nA _ 235

lg =22 ==""Y =0,14785nA
R, 9.9%Q
I, = ez - 8N 1557800
R, 557kQ
I =1, =l =0.15278nA - 0.14785nA = 4.93uA
golc _0871nA .
ST, 493A =



4. AC and small signal characteristics

Next part of the lab wasto determine the small signal charaderistics of the mommon-emitter
amplifier. Small signal characteristics are the essential values for the anplificaion function d
the drcuit.

For calculation d these dharaderistics aspeda model is used, the small signa model of the
BJT. These models are derived from the dharacteristic aurves of the real devices and, when
properly devised, can be used to predict acarately the behaviour of semiconductor devicesin
pradicd applicaions sich as voltage and current amplification.

By computer simulation more complex models can be used.

a) BJT small signal behavioural modéel

' ' '
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> > i >
V | sl ‘ ¢
U= foe=hie
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figure 2

In the small signal model for mid frequencies the cgacitors are short circuited because their
impedanceis negligble to the rest of the arcuit.

b) Definitions of the small signal parameters

Voc.  Open circuit output voltage
Vo output voltage with load
Ve signal voltage

Vi ampifier input voltage
Vs, voltage drop across ®nsor resistor
Ri: amplifier inpu resistance

Ro.  amplifier output resistance

Avo. amplifier voltage gain withou load
A,.  amplifier voltage gain with load
Ai: amplifier current gain

Ap: amplifier power gain



c) Measured small signal values
(A generator with f=1kHz works as voltage source V1)

Vvs=20mV
Voc=1.2420/
Vo=0.799%/
vi=10.8nV
Vis=9.1ImV

d) Calculation and derivation of the small signal parameters

ALL THEORETICAL VALUESWITH INDEX ‘ (i.e. R)

i. Amplifier input resistanceR;

V RS L
RS <
> be=hie

> RI =
56K 10k

w

~
~J
N
JAVAY
/\ \/
//\\

TheoreticaValuesfor R, : Measuredsalueof R; :

LV, _Vi_ vy _  108mVvV_ _
Ri:i_:Rlllellhie R'__, “v./  9ImV Z387Q
i N 3.26kQ
R, =R, IR, lIh,r,  withr, =221
E
, 26mvV
Ri:Rlllellhfe—
|E
R’ =10kQ ||56kQ [| 200221V
1.453mA
R = ! = 25%Q

— 1 + 1 + 1
10kQ 56kQ 3.57&Q

The theoretical value of R; fits goodwith the determination die the measured values. The
measurement of v; and i; was relative uncertain because of the small values and nd using the
whale range of the measuring instrument (~20mV to 200mV Range).
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ii. Amplifier output resistanceR,

RO c
A A A
\ /\ /\

v

v [ S

Vv
°e 6.8 °

figure 4

Theoretichvalueof R, : Measuredralueof R, :

R', =R, with ho. =0S R, = Yoe Vo
\"
R, =3.9kQ %L
n L1242V -079% ., O

°_ 0.799v
A.?ZkQ

From these in the lab measured values hog can be easily determined:

1 1 1
- = + —
I:QO hOE RC
111
hOE RO RC
_ 1 _ 1
f S S R S
R, R. 37%Q 3.82Q
hop =1421kQ

It can be seen, that hoe can belet out at calculation d BJTs, because of itslarge value to the
rest of the drcuit.



iii. Voltage amplification without load A,

Theoretichvaluesof A, :

\'

AIVO: o R, -0
v, "
A, = _iCRC - _ hfeiB_Rc
hieIB hieIB
Al — _hfeRC — hfeRC
ve h, h 26mV
O
|E
L 3.9kQ _
A= 2emv =218
1.4536MmA

iv. Voltage amplification with load A,

Theoretichvalueof A, :

— _ic(RC”RL)
! hieiB
hfe(Rc”RL) hfe(RC”RL)

A ", 26mV

fe
IE

RC mL
A' = RC”RL — RC+RL

v 26mv,/  26mV
IE IE
A = 2.47%Q _138

—v_26mV
1.4536mA

Measuredralueof A :

AVO = Voc
Vi
124N
* " 10.8mV
A, =115

Measuredralueof A :

v

Av :&
Vi
A, = 0.799v
10.8mV
A =74




v. Current amplification A;

Theoretichvalueof A, : Measuredralueof A, :
[ v
A' = _Cc . oc
L [ A = I_C = Rc
hel _ RJR, . Ve
A =Dele it :¢'| R
J he +Ry[R, 1.242/
— 3.82kQ
A' = Rl”Rz = Rl”RZ Ai - imV
i fe h, + R1||R2 fe h, 26m% + R1||R2 A.ZBKQ
] A, =117
A" =200 8.485KQ
3.58kQ +8.485%Q

A' =140

vi. Amplifier power gain A,

Theeoretiocvalueof Ap :

Measuredralueof Ap :

A =|A A Ay=[A B
A' = R| hfe(RC||R'-)| Alp:74ﬂl7
po|fe h, +R, hie L%%

o R, RCHRL
A, =1h h +R, 26m%
E
o 8.45&Q 2.47KQ ‘
b 3.58KQ +8.45&Q DQG”‘% 143611A‘
A',=19494
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e) Comparison between measured and calculated values

i. DC-Bias
Measurand VRe VRE Vce Vc VRri VRo hfe
measured 3.33v |0.863v |5.80v |6.66V |2.154/ |7.846/ |237

177

cdculated 5.639/ [1.454/ [2.90N |4.36V |2.154/ |7.846/ |200

ii. Small signal parameters

Measurand Rj, Rout Ao Ay, A A,
measured 3.87k2 [3.72kQ (115 |74 |[117 {8685

cdculated 252K |3.9kQ |218 [138 140 |19494

The measured and the cdculated values are partly very different. Magor problem of the
determination d the Bias and the small signal parameters were the uncertain measurements.
Espedally the small valueslike Ig andthe inpu current of the small signal equivalent circuit
were very difficult to determine exadly.
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5. Freguency response of the CE-amplifier

a) Measured frequency response of A,

The voltage amplificaion over arange from 10Hz to 1kHz wasto measure to determine the
cut-off frequency of the CE-Amplifier.

flHz 10 50 70 100 120 200 500 700 1000
Al 13.1 [12.8 |11.4 |11.1 [{10.7 [11.4 [10.2 |10 [10 |10
VALVl 133.4 [0.324 [555 [618 [667 [730 |714 [734 [736 |738
VAV 14 [25.31 |48.7 |[55.7 [62.3 |64 |70 [73.4]73.6 [73.8

Voltage Amplification vs frequency

Av
100

-3dB :7Avmax 4
V2

10

1 ——t—+—
10 100 1000

fc=58Hz

figure 5

The aut-off frequency is defined as the frequency, when the anplificationis dropped dowvn to
70.7%6 (-3dB or ¥2v2).

Below thisfrequency thereis gill amplificaion, bu the frequency range of amplifiersis
commonly defined by the 3dB cut-off freuency.

12



b) Determination of the theoretical cut-off frequency

. l l5 lo .
| | > > i > | |
‘ 1 C 1
RS 10u 10u
_ v
Ves \ = @t
v RO R1 iif Tk \\f) RC "
= ’ 6.8k
~ 56k 10 3.9
A K\ — RE VO
VS CE Vv
T qoou RE
figure 6

Figure 6 shows the equivalent circuit for low and mid frequencies.
To determine the aut-off frequency the input and ouput circuit has to be separated.

l l5 lo
cl . c2
I > > | > [
5 c
© 4 be=hie IC
Vis = i7 Lo x|
v ‘ R2 = R1 T T < <
[‘/\f\m Vi Vi 56k 10k 3.9k V 6.8k
A \__ O
V. Z
S Ein Lo
, ° VRE
figure 7 q ;4
Input Current source Output

- i=constant

The aut-off frequency of the CE-Amplifier isabove al depending onthe amitter bypass
cgpacitor Ce=C3. Theimpedance of the two couding cgpadtorsis abou 15002 at 10Hz eat
and can be neglected because of these small values in comparisonto the rest of the drcuit.

For theinput circuit:

V.

- hie +Rln +ZEIn

whereZ.,, =(B+1)Z; = =

p+1

13



The aurrent through (B+1)Re can be negleded because of it’s large resistance

i — Vin
g —
hie +R|n _j B+1

E

The aurrent Ig will dropto 70.26 of it’s maximum value when the voltage drop at (hietRin)
and Zg are of the same magnitude.

1
——=R, +h,
[]CE In ie

p+1

_ p+1 _ _
Weyioi = m WhereRm = Rl”RZ”RS =2.38kQ
201 _ g3

°_10QUF(2.38Q +3577KQ) s

e

f =% —5any
ort

c

The cdculated cut-off frequency iswith 54Hz very close a the measured value of 58 Hz.
The exad cdculation d the ait-off frequency is very complex andis donein most cases with

a computer and a simulation software like (P) or (H)spice
On the foll owing pages (P)spice printouts of the ssimulated CE-Amplifier can be found.

182.87UA v 1.106mA

Y
RC a0

R2 56k

7.686V |
I

Q |
C1 1.760V 12V

I
10U

¥ N
6.914UA Q2N2222

1.113V

RL
Rs §.3k R1 10k RE 1K §.8k

C3

v 1.113mA
@ ' \ 100U

figure 8
figure 8 shows the BIAS calculated by a (P)spice simulation.
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Spiceprintout of frequency resporse Ay
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c) Freguency response of A;

50 70 100 200 500 700

VidmV 4.5 6.2 80 |83 (87 |89 (9.1 ]9.2 (9.2 |93
Vo/mV 197 [351 |600 |668 |720 |738 |[771 [792 [795 |797
Vo 1.38 |1.90 |2.45 |2.54 |(2.67 |2.73 |2.79 |2.82 |2.82 |2.85
R /WA
v, 29.31 [52.23 ({89.29/99.4 (107 |110 |115 |118 |118 |119
r /A

L
A 21 275 |36 |39 |40 |40,5 |41 |42 |42 |42

Current Amplification vs frequency

100

~HB= A

2

10

10 100

fc=23Hz
figure 9

The ait-off frequency of the aurrent amplificationisreal ou from the diagram 23Hz.

This frequency isabove dl determined by the capadtor Ce.
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Spiceprintout of the frequency resporse of the arrent amplificaion A; vs frequency
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6. Disconnection of bypasscapacitor C;

Next step of the Lab wasto disconrect the Emitter bypasscapadtor to proof the importance
of the bypasscapadtor espedally onthe voltage and current amplification, the main

= RC
L Rre2

= sk

cl —
0 - - v

1T
10U 2N2222

7

Rs L

RL
33K <

- R1 RE L = 6.8

106 WY

Vs

figure 10

Figure 10 shows the schematics of the CE-Amplifier with dsconrected Cs.

7. DC-Biaswith disconnected C;

a) Calculation of DC-Bias

The cdculated DC-Bias with disconrected cgpadtor Cz can't change, because Cs has no
influenceto any DC-vaues. Cz isnat used for caculation o the DC-Bias and so it’snot able
to changeit.

- seeDC-Bias values at DC-bias precdculationwith given resistors

b) Measurement of DC-Voltages (DC-bias)

The same DC-bias measurements were to make with disconrected C; like in the first part of
the Lab.

Vr1=1.479V
VR2:8.47V
VRE:O.849\/
Vrc=3.2V
VC:6.65
VBE:0.625
VCE:5.81

18



c) Calculation of Ig, |c and B with measured values( Cs disconneded)

i. |BW|th IEand |C(RE and Rc)

The different values of B=hse can be led back to the uncertainty of measurement, because the
measured values were very small and at the lower range of the measuring instrument.

19



8. AC and small signal characteristics (without C,)

Next part of the lab wasto determine the small signal charaderistics of the mommon-emitter
amplifier.

By computer simulation more complex models can be used.

a) BJT small signal behavioural modéel

With the disconneded Capadtor Cz another model of the arcuit has to be used now, because
the Emitter Resistor is now not short circuited at mid-frequencies and generates an important
current feedbadk of the AC-signals through Ig, which reduces the anplification d the CE-
Amplifier considerably.

Cl
|
|

|
. > c2
| > > | [
C
rs | 10u # 10u
V > ibe=hie IC
RS . . S

AR 56k 10k sk \/ o8

© :
Y ,

figure 11

All the definitions can be taken from Definitions of the small signal parameters

b) Measured small signal values without Cs

- Theinpu voltages are increased by afador 10to oltain better measurands at the low
amplificaions withou bypasscapacitor.
(A generator with f=1kHz works as voltage source V1)

ve=200mV
Voc=533mV
Vo=340mV
vi=143mV
Vis=57.3mV

20



c¢) Calculation and derivation of the small sighal parameters (mid freq., without Cs)

ALL THEORETICAL VALUESWITH INDEX ‘ (i.e. R)

i. Amplifier input resistanceR;

. | o
1 ! B '

C2
I > > | > I
| 0 L < o0
RS 10u u
- v
> =hi 1 e
VRS 7 - f i /D "RC R =
v ‘ RO= R= T - < <
BN 6.8k
~) 56k 10 3.9
A C/ Vo
VS REINn— V REOU
J RE =

figure 12

The
Figure 12 shows, that the Emitter resistor is divided into two parts for separating input and
output circuit.

The onrection ketween bah is given through the voltage drop at the emitter resistor Rg.

Theoretichvalueof R, : Measured/alueof R, :

- in .
i ig y V%
S

Ry = R2HR1||(hie +Rg,) whereRg, = Vre = (e +.1)REiB R, = Vi o _Yi

I:zlin = RZHRln[hie + (hfe +1)RE]

r - l4amv
Ry = R, |Ry[(h, +heRe) STV ek
R = 1 R, =8.14kQ
nT1 o, 1, 1 —
56kQ  10kQ 3.577kQ +200x1kQ
R, =8.15kQ

The cdculated value of Ri, isvery close to the measured value. The gproximation d Rg, can
be dore because there' s a negligible diff erence between he and (hset+1).

21



ii. Amplifier output resistanceR,

RO c
A A A
\ /\ /\

v

v =w

Vv
°e 6.8 °

figure 13

It's the same small signal model than in the first part. The series conrection d the aurrent
source and the amitter resistor can be reduced to the arrent sourceonly.

Theoretichvalueof R, : Measured/alueof R, :

R' =R, with hg, =0S R, = Yo Vo
LI VO
R', =3.9kQ AL
_533nV -340mV _
R, = Y, =3.81kQ
6.72kQ
The cdculated and the measured value ae again very close together.
li. Voltageamplification at mid frequencies without load
Theoretical value of A , : Measuredsalueof A, :
.0:Voc - _hfeiBRC Avo:h
’ Vi iB(hie+REin) Vi
A = -h.R. Av0:53E}nv
* 7 (he * Rey) Y
, =33
A - — hfeRC ~ hfeRC av
" hie+(hfe+1)RE hie-'-hfeRE
9kQ
200 [B.9k ~383

v "~ 3577kQ + 200 OkQ

The Voltage anplificationis very low, because the emitter resistor withou bypasscapadtor
causes a aurrent feedbadk which resultsin alow Amplification at al frequencies (see
frequency resporse).
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Iv. Voltage amplification at mid frequencieswith load

Theoretichvalueof A : Measuredvalueof A :
A.v:&: _.hfeiB(RC”RL) Avo :Voc
Vi IB(hie +REin) Vi
- _hfe(RC”RL) A . = 340mV
" (he +Rg) L4V
A, =238

— hfe(RC”RL) ~ hfe(RC”RL)
' hie + (hfe +1)RE hie + hfeRE
ZOOD3.9kQ [6.8kQ

A= BKQTE8KA _ ) e
3.577KQ +20000kQ ——

The anplificaionwithou bypasscapadtor is again very low, but the theoreticd value andthe
measured value ae very close together.

v. Current amplification A;

Theoretichvalueof A, :

A" :i_C
I Il
Nl . R,|R .
A =2ele yith = iR i,
II hie + (hfe +1)RE + I:21||R2
. RIR. RIR,
i~ e — e
hie +Re(he +D + R1||R2 N 26m% +Rg(h, +1) + R1||R2
E
A" = 200 8.485%Q
3.58kQ +1kQ (2071 +8.48%Q
A',=8

Measuredralueof A, :

Voe
A = I_C = Rc
I i| Vis
Rs
533nV
A = 3.8240
' 57.3m\%
3.26kQ

A =793

23



vi. Amplifier power gain A,

Theeoretiocvalueof Ap :

Alp = |Ai Dl‘V|

) RyJR . ReR, \
fe
P hie+RE(B+1)+Rl||R2 h% +RE
fe

A =200 500 0 +i§28k£o1+ 8480 3 5771?279(9 ‘
. . - /200+ ]J(Q‘

Measuredralueof Ap :

AL =|A A
A' =7.93[R.38
A =19

d) Comparison between measured and calculated values

Measurand  hye Rin Rout Ao A A A
measured 171 [8.14kQ |3.81kQ 3.3 |2.38 |8 |19
213

cdculated 200 [8.15KQ [3.9kQ [3.83 |2.45 |8 |19
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9. Frequency response of the CE-amplifier without Cs

a) Frequency response of A,

flHz 10 20 50 70 100 200 500 700 1000
viimV [134 [131.8 [131.4{131.2/131.3/130.9/130.9/730.9/130.9

vo/mV |305 [309 |311 [310 |[311 |310 |310 [310 |310

Vo/Vi 2.3 2.3 24 |23 |23 |23 |23 |23 |23

Voltage Amplification vs frequency

Av

10 100 1000 ]

figure 14 f.isnot
readable
and so the ait-off frequency is much lower than 10Hz. The aurrent amplificationislinea over
the low and mid frequency band.
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(P)spice printout of the VVoltage Amplification withou bypasscgpacitor
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b) Theoretical calculation of the lower cut-off frequency

At thiscircuit only the muging capadtors have an influenceto the lower cut -off fr equency
because the bypasscapadtor is removed.

il lc il
RS ‘ 10u L v 10U
V, > roe=hie IC
RS < 2 = - g . \‘, ~>RC R >
v 2= RS > >
V1 6.8k
) 56k 10k 3.9
A Vi VO
V, 3

figure 15

figure 15 shows the small signal equivalent circuit for the CE-Ampflifier with dsconrected
bypasscagpacitor.

1 | » ‘(‘32
| o0 L c o0
RS U U
VRS - r e=hie v/,; IC
( < < = =RC RO =
v ‘ V R = R = T o~
oV 6.8k
, 56k 10k 3.9
A (Y R Vo
S Eln - REouf g
- J - J VRE
figure 16

In figure 16 the amitter resistor is sparated into itsinpu and ouput circuit part.

For theinput circuit:

i =—
TR L

+7

jwC
i R ”R i = I:QB Vi
° R”R +h +RE|n ! RB+hie+REin R + 1
" jwC,

ig = v; whereR,, = RB”(hie +Ryg,)

(hle+REln)E‘ (A)R C E
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For the output circuit:

i0 = RC 1 ic = RC 1 hfeiB
R, +R, +- Rc+R +-
JwC, JwC,
v, =-R,i, =- RiRch, i, whereR.[R, - _RR
R, +R.+- Re+R,
JC,
Rc|IR.)h
Vo — ( C” IEI_) fe .
1+-
JaR, +R¢)C,
Combining the l/P and O/P circuit
A :& - _ (RC”RL)hfe 1 whereA . =— hfe(RC”RL)
! Vi 1 + 1 (h + REin) e hie + (1+ hfe)RE

1+- 1+- ie
jo(R, +R.)C, ~ jwR,C,
1, =R,C, = [Ry|(h,, +@+h)RL)[C,
T, = (RC + RL)CZ

2
AV (S) = & = Avmid TlTZS
vV, @+t19@Q+1,9

Using the @lculated values:

T, = (8.48kQ)|8.14kQ)10uF

1, =0.08%5
w=1=1228 O f,==105
T, 21
1, = (39KQ + 6.8Q)LOUF
1, =0.107
W, =1 =034z 0O f,=22=14817
1, — 21
A(s s w’
w=w, U | ()|:| 2|: 2 2
‘Amid‘ ‘(S+wc) ‘ W +00c
w, =1.550,
W, = 2Hz

This low frequency was not measurable in the lab, because the generator and the measuring
instruments were not able to determine such alow frequency corredly.
The anplification d the CE-Amplifier withou bypasscgpadtor reades nealy into the DC-

region.
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c) Frequency response of A; without Cs

flHz 10 20 50 70 100 200 500 700 1000
Vi/mV 56 57 57 |57 |57 |57 |57 |57 |57

Vo/mV 333 [337 |339 |339 |340 [339 |[339 |339 [339

s

\; /A 17.17 (175 |175 (175|175 |17.5 (175 |17.5 |17.5
I
RS

[¢]

R,

Y, /A 49.55 |50 50.5 |50.5 [50.5 [50.5 [50.5 [50.5 [50.5
I

A 2.88 |2.87 |2.88 |2.88 |2.88 |2.88 |2.88 |2.88 |2.88

A Current Amplification vs frequency

10 4

10 100 1000

figure 17

fcisnat readable and so the aut-off frequency is much lower than 1C0Hz.

The arrent and vdtage amplificaion d the CE-amplifier is very low, bu constant during the
lower frequencies, therefor the CE-Amplifier withou bypasscapadtor is nat often used.

For low frequency amplification wsually direct coupged amplifiers with bypasscapadtors are
used. If the arcuit iswell designed the lower cut-off frequency is mostly determined by the
emitter cgpacitor and NOT by the couging capadtors.
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(P)spice printout of the aurrent amplification vs frequency
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