UNIVERSITI SAINS MALAYSIA

EEE 241
ANALOG ELECTRONICS 1
TUTORIAL

DR NORLAILI MOHD NOH



X o

1V Given, [,=/,=100

Sl
8kQ V=26mV, V, =100V ?%i U'ILM

1
| °Y

Y

1
10kQ | °© Z

a) dc voltage at B, E and C.

le=alg= fe 1.-0.99mA
,BF +1

Ig_lc_0.99mA_g g /A

P

100

V=10-1R -=10-0.99mA(8k)=2.08V

Ig

_0-Vp

10k

“ Vg=—9.9A(10k)=—0.099V
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(a)Determine the dc voltages at the 3
terminals of the BJT (Vg, Vi, Vg).

(b) Determine g, ro,and r, ?

(c) Determine the voltage gain (vy / vg)of
this amplifier circuit if a signal source with
a voltage v, and a 2 kQ internal resistor is
connected to X and an 8 kQ load resistor
is connected to Y. Z is connected to
ground.

(d) If the r, is neglected, calculate the
percentage of error in your calculation of
the voltage gain.

Vg=Vg—Vg=0.7V ..Vg=-0.099-0.7=0.799V



b)

Given:

Bo= =100
Vr=26mV
V=100V

Calculated:

le=alg= B 1.-0.99mA
,BF +1

:IC :099m:O O381A
Smy T 26m g

r,=Pe= 100 9624 67190
gn 0.0381

r,="2= 199" 101010.101Q
Ic 0.99m

5
[,
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_LE'

C) VY __ gmViL //8k //8k
Vs Vs
o (rz //10k)vy (, //4K)
__ " 2k+r://10k

Vs
:—0.0381{2079'0021

4079.0021

}3847.6337

=-74.717

Y 2 Eh 'ﬁ.
A8 M
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10V
vy
8kQ] 8kQ 8kQ2
- o0
I oY
Il
00
X o—f—1- .

STV 26m g

r,=Po= 100 162467190
gm 0.0381

ro="A= 1% 101010.101Q
Ic 0.99m

o Z



d) If r_ is neglected, Ay=—0.0381(0.5097)4k=-77.6783

Hence, the percentage of error =/7:6783=74.717 1oy,

74.717
~3.96%
2kQ Y C
—AM——o
¢ + 10kQ emv; | 1o +
A +
'S In > v C‘D Vy
— _1 8kQ)] 8kQ

As
I:; - : I;%} mﬂ
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2. Determine the signal voltage at the B. The signal source gives A&z
a voltage of 10mV rms and has a resistance of 300Q. g%i U-:M

12V dc equivalent circuftersm sans macarsia

12V

1kO
22kO
C3 v
\,out 22kQ§ 1KO
I\ e
_IB_;:

\| |

1 R I
- 6.8kQ VBE :

L enos 03

v 6.8kQ 16 § 5600

= ac equivalent circuit :

Given Bp=150; Bo=160; + 22kQ T gmVpe| To "
Vgp=0.7V and Vp=26mV Ow 2 2 » %be @ 2 §RL§ Yo




12V

1kQ

out

1kQ

Method 1
R :VB :VBE +IgRE
IN(B) Ig Is

Assume Vg <<IgRp.Rpyp,

where [ =(S+1)I5

AR
Bty

LUNIVERSITI SAINS MALAYSIA

_ (ﬂF +1)IBRE
Is

Assume Pr>> 1,RIN(B) =BpRy

Since B =150,

R =150(560)=84kQ

IN(B)



A common rule-of-thumb is that if two resistors are in parallel and g"% u_:M
one is at least ten times the other, the total resistance is taken to .91
be approximately equal to the smaller value. PNIVERSITI SAINS MatAvsis

V,=_ 08KRn® ) Since R (B)=84kQ, Vg ~ o8k (12)=2.8333V

B 6.8k/R v +22k 6.8k+22k

(The exact value i1s 6.8k//84k =6.2907kQY)
Ve =Vg—Vpp=2.8333-0.7=2.1333V v
lg=2.1333_3 g095v

560¢2 22kQ§ 1kQ
Io=aly=2% 1,=3.7843mA Ry

,BF+1
g = Ic =3°7843mA=O.1456A/V VBE l: Ig
Vi 26mA 6.8kgz§
R

rp=Po =160 109890110 ! fiﬁm

gn  0.1456 A1 E



6.8k DRz,
~ 12)=2. (A
VB g graap 1272833V 2'%% U"LM
VE :VB _VBE :2. 1333V UNIVERSITI SAINS MALAYSIA
I5=3.8095V

1-=3.7843mA

g =0.1456A/V
r,=1098.9011Q

v 68K/
be ¢ 8k//22k //1,+300 1D 300kQ B C
1 _ 1 1 1 —,\/\/\, 2 4 9 L

= +—t
Rt 6.8k 22k 1.0989k

Hence, R+ =907.0185Q - |eske - 1kQ] Rp
Vi =0.75145v, ¢ ¢

I
Vbe:7‘5145 mVrms =



Method 2

Vig= o8 19)=2.8333V 1 484 EM

TH 6.8k+22k 1kQ) UnivERSITI SAINS MALAYSIA
Ry =22k//6.8k=5194.4444 0 PO S Vou
G

—2.8333+15(5194.4444)+Vpp +HE (560)=0 | 3
I5(5194.4444+(3:+1)560)+0.7=2.8333 fe oo c,
Ip=2833307 3768410 A - T T

89754.4444 = 1 1
V=2.8333-(5194.4444x2.3768x10%)=2.7098 V v

VE=Vp—Vp=2.0098 V
p=Ve, =3.5889mA

gm:I%T=O.1371%

rﬂ:ﬂ%m=1.1670 kQ
V=0.7606 V. =7.6 mVrms

10
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Conclusion

Using V= R

(once it is known that R >10xR, )
R, 4R, IN(B) 1

Vee

will result in a Ybe that is very close to the one obtained from Method 2
Vin

11



3. Select a minimum value for the emitter-bypass capacitor if the
amplifier must operate over a frequency range from 2kHz to ;f” '

10kHz i U'ILM

LUNIVERSITI SAINS MALAYSIA

Solution

The value of the bypass capacitor must be large enough so that its
reactance over the frequency sample of the amplifier is very small (ideally
0Q) compared to Rg. A good rule of thumb is that X. of the bypass capacitor
should be at least 10 times smaller than R; at the minimum frequency for

which the amplifier must operate. 12V

For this circuit, Xc— R _560_5¢ 29k 1kQ
10 10
27fC \ | G

C 1 | 1

— = =1.421uF
2rfXce 27(2k)56 6_8kQ§
5600 )
This is the minimum value for the bypass capacitor for _L Rg

this circuit. A larger value can be used, although cost and - L
physical size usually impose limitations. 12



At the maximum frequency of 10kHz, Xoo 1

272(10k)1.4214 =120 §%f§ U'ILM

At the maximum frequency of 10kHz, X. =11.2Q and this value is = R /10
where Rg =560 Q

If the maximum frequency is used instead to determine C, then

Co 1 —028424F
272(10k)56

At the minimum frequency of 2kHz,

Xc= 1 =2800)
277(2k)0.2842

10 X. =2800 and this is > R;. Hence, in order to calculate the minimum value
of the bypass capacitor, the X. must be 10 times smaller than R; at the
minimum frequency.

13



4. Calculate the voltage gain with and without the bypass

capacitor. 12V
a) With capacitor
22kQ 1kQ
|(
G A 1
\| G
A y
3000 0
+ 1 —
v 08K sg0s AN
n C
i 1 X T
ac equivalent circuit :
3000 B C
—\\V\—¢ * .

oM

AR

LUNIVERSITI SAINS MALAYSIA
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3000 5 C
\ 4

Na —r— 6 |IM
- 22k [68kQY gy o L 1kQ + O3
be O UMNIVERSITI SAINS MALAYSIA
@Vin § § It g\—i]_be C[,) § § Vo

® ® * ® ® O
Open circuit voltage gain : i E
2, = Vo :—gmvbe(ro //1k)
Vin Vin
Assuming r, >>1Kk, aV:_ngbe(lk)
Vin

We know Vbe_ 22k//6.8k//t;
22k//6.8k//r, +300 1

From Question 2 (method 1), r,=1098.9011Q and hence V,,=0.75145v;,
_—gm(1k)0.7514viy
Vin
From Question 2 (method 1), 8m=0.1456A/v
".a,=—109.4038

Sy

15



If there is no C, A2s
22k£2§ R SR WA
|/

C, A °
C +
)I ! |\ 3
3000 § Vo
_|_ —_
v, 6 6.8k 560Q§ 1
ac equivalent circuit
3OOQ B C
+ EmVpe °
Vbe 1o +
@ v 1kQ Vo
6.8k E
22k 5600 i

16



b) Without bypass capacitor :

AR
3000 B b C E‘ i U"LM

_,\/\/\’ * * > + ngbe * 0 UNIVERSITI SAINS MALAYSIA
N + I Vl)e o +
1kQ
@JV- \ 0
in I'<16.8k0
B E + _
22kQ| T 560€2 v
R' B l
If the effect of r, is neglected, the open circuit voltage gain :
Ve Vi=VptVe
a,=—" ,
— 1
Vo ="8mVpe(1k) :Vbe+Vbe(rﬂ+gm)56O
= 1+(1+gm)560}vbe
. vo _—0.1456(1k)
=1+ +O.1456)560}Vbe Vi 83.0456
1098.9011 —_17532

=83.0456v, 17



As
I:; - : I;%} mﬂ

LUNIVERSITI SAINS MALAYSIA

3000 5 i C
| + EmVpe

+ + Vbe
U)v. Vv
O, § 1§F8k9
T22k0| T 560€2 Ve

v, = (22116 8K//R )Vin

I 20k//6.8k//R'+300

R'=V1 = 83.0456vee(1z) _g1 »580K0)
1y Vbe

rovy =218 20,9425y
5214.7

Vo Vo, Vi =_1.7532x0.9425=—1.6524

Vin V1l Vin
Hence, if there is no C,, the open circuit voltage gain is very much
reduced.
18




5. Connect a 5kQ) load to the CE amplifier shown below. Find

the overall gain.

12V
22k 1kQ
Ve

C AN

\| G

AN

3000 § SkQ

_|_ e
v 08K 56002 N
in C,

Vo _ ~gmVoe(1k//5K)
Vin Vin
Rt
vV, = V.
be R.4300 In
Ry= 6.8k//22k//r,,

ac equivalent circuit ? %i U'IIM

Lirag UERE TI SAINS MALAYSIA

3000 B

1kQ| 5kQf +

Tbe C‘D § §VO

@

=-0.1456(833.3333)(0.7514)

=-91.1699
From Question 4, when there is no load,
S.a,=—-109.4038

Thus, open-circuit voltage gain is the
maximum gain that can be achieved by
an amplifier.

From Question 2, g, =0.1456A/V,1,=1098.9011€), R =907.018502 19



Conclusion ?ﬁ;‘% U'IIM
Connecting a load to the output will reduce the gain. When there
is no load (i.e. R =«), the gain of the amplifier is at its maximum.

At R =« the gain is said to be the open circuit voltage gain.

20



6. Find R;, a,, @, and a,. Given =,=175 and assume that the _ .
capacitances’ reactances are negligible at the frequency of };%i U':M

operation. V:=26mV and Vg=0.7V. Neglect r,. e
IOV NIVERSITI SAINS MALAYSIA
T ac equivalent circuit
B ' C
¢ §101<Q 14 —

Ying_ ] - " < be ~foi, =
Wrms 20 | N G ®Vin SKQ§ .
| £ . E

lomi A - r Rib 10k//1k \”,LO

1 kO 10 kﬂg R =909.0909 )
R, - | = = =
175 R., =1064.1781
R i) =Frlo)= 175kQ le=alg="°(4.3m)=4.2756mA ib {176909.0909
Rings) 210R; .-.r,,=41277556(26) 1064.1781Q ~161.0642kQ)
. 10k =
V= 0=V R = Vi —ibtrt(ib+/5:i5)909.0909 Rl_iké;l 96411:;26421(
" Vp=Vp-0.7=4.3V 1}‘; iy ] ﬂ)9(i)b90909 =
SR = +(1+ :

I —£:4.3mA b 21

E™ 1k



10V

10kQ

e
M\

(ip+ Boib )909.0909

Ay =" " i +(ip+foi5)909.0909
" (14/3,)909.0909
rz +(1+ 53)909.0909
_159999.9984

1V rms 2N
Ri =

161064.1765

sé ~0.9934

1 r, =5 =175 6mv)

gm IC

o
N _
@ Vin SkQ £ N °
- r 10k//1k N
=909.0909Q 0

1% M

LUNIVERSITI SAINS MALAYSIA
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Poly,

in 5kQd
E +
- |_) 10k//1k

=909.09092

' ? ¢gmw§e M0 LA

_ ib(1+,)
ibtr H(1+ 5, )i5909.0909 .
+1p
5k
— ib(H',BO)
it (14 B )i (909. 0909) .
Sk
_ 176
1064.1781+176(909.0909)

5k

176

:33.2128
—~5.2992
23




ORT 19 M
It < Vhe — ﬂoib 4 & ot

+ - - UMIVERSITI SAINS MALAYSIA
@’Vin gsm = ©
— r 10k//1k ;r
=909.0909Q 0
R _
- - T 1, =1064.1781Q
U ity +(14 5,)in(909.0909)
+1p
5k
_ 176
1064.1781+176(909.0909)+1
5k
176
332128 o
—5.2992 a; _iv(I+/)
Vin
ap=a.a,=>5.2992x0.9934=5.2642 R;
_ 176
1 +(1+ 50 )909.0909

For a CC configuration, ap~4;
4.8494k

~5.299] 24



Using Method 2 to determine | : o,
f 9 kM

I§2§§
10kQ § 1kQ

10V
10k//10k
=5kQ)
+
0.7
10k (10) -
NG §le
=5V \=

LUNIVERSITI SAINS MALAYSIA

Using KVL at the input loop :

a,=a.a,=5.2992x0.9934=5.2642
—5+1,(5k)+0.7+1(1k) =0
I,(5k)+ I, (1+ B)(1k)=4.3

Ih=-22=0.0238mA
181k
Io=plg=4.165mA

r.=1092.437
R., =1092.437+176(909.0909)=161.0924k2

R.=5k//161.0924k =4.8495kQ

4 —  1760909.0909)  _{ 9939
Y 1092.437+176(909.0909)
176(4.8495k) _57083

a.=
1 1092.437+176(909.0909)
25



7. Given : Bz=250, V;=26mV and Vg=0.7V. Find the input

resistance, short circuit current gain and power gain for the }%i u_IIM
amplifier shown below.

LUNIVERSITI SAINS MALAYSIA

ac equivalent circuit

10V
B C
O + 9 7 3 o)
I +
3 6kQ§ 2'?1;Q ?X ;Vbe gmVpe § §
CH=IpuF I\ ovo s6 k12K @ Vo
AN S 1 L
C 10kQ +
= ) V; 1kQ
100pF — —
o = =

The 56 kQ//12 kQ is shorted to ground and can
be neglected in the small signal model. The
analysis becomes difficult because the current
source is between the output and the input
node. Hence, use the T-model. 26



T-model

i E ie‘ io (.3 iIO' - o 1;1.
+ Y 1k § + gmVe + I:- iﬁﬂ u:M
V- Ve T UNIVERSITI SAINS MALAYSIA
e He€2 Te 97— C 2.21<Q§ RL§ o .
B 1okl — Notice that the 56 kQ//12 kQ
l are shorted to ground and
= = = = = can be neglected in the small
R. =Y =r, signal model.
1€ ie a _ Vo
RIN(B) =PRg r,=% = 1 Y v oY
=250kQ g g 41 _ gmVe(2-2k//10K)
250k >10x12k b Ve 2.2kQ
1 _ 56kQ '
V= 12k (10) gm_V(; 8m (2-2k//10k) § K oV
12k+56 k =73.5738 C)=IuF Com
=1.7647 C A avo—gm(Z.Zk) 1
V,=1.7647-0.7  +8m=0.0408Ay 8976 L 10k0
=1.0647 =20 1 122441200 T S Sio
I =1.0647mA 2511 0.0408 100uF =
IC=1.O6O4mA Rizlk//24.4122=23.8304§2 2L |
n - -
Rizre

27



- . . . ’

1i E le 10 C 10

>—e > > —— 3 P O .-r
b —I— e -~

1
—+ Y 1k —+ gmVe (IT™) ve:ﬁs ‘l"l SAINS MALAYSIA
in & § k€2 Te g:’e < 2.2k RL§ "o
— B | —
10k
1 | l 1 1 56k§2§ 2-?1;9
- - - B B C,=1yuF AN S
alS:_O ... a — nge 200408 /I @
lily =0 15 1 1 0.042 §10k9
. © Ve 1k+ = (
S 1o =8mV}, le =
e ~0.9714 100uF 12kQ Sk |
KCL at node E : 3
1 =1 +1lk Vin = =
i =Vey Ve Short-circuit current gain of a CB amplifier = 1.
1k r CB is a current buffer.

l_V Lt
e[lk re} Open-circuit voltage gain, ayo =8m(2.2k)=89.76

Hence, for a CB amplifier, power gain = voltage gain.

a,=ay0a. =89.76(0.9714)=87.1929

p 28



8. Given k=*“12C°XVLV=O.24><10-3P/ . Vasg=6.4mV,

lpg=2.75mV and ro=50kQ. Determine g _ , R, with and without r, %" U-'IM

(compare the result), and a, with and without ro (compare the e
result).

12V

%Zkﬂ Solution
I 20 =H,Cox  (Vos= V) =2k(Vs = V)

T IS °Vo
10MQ m:
% u I = baon W(VGS V) k(VGS_Vt)2

A 2
/ 2
S b= 5%

= 5.g,=2.75mx4x0.24x10" =1.6248mS

29



AR

12V
———"V\W\— o
@ I( O Vo + + +
IOMQ II,LF Vi @ Vgs nggS
\ | I — (J/) Vo
| | — 50kQ| 2kO
1uF | — o—
L 4
= R. I S
R =Vi I =
1 il
ViZVgs i(l-l— 10M jzv(g N 1 J
KCL at node D : ' 50Kk/2k ) 50k//2k
: v 10M )
.=g VvV +—2 1+
T 8mVes T ooy R =Vi= ( S0k//2k ) _ 5201 _»5 4reniO)
) 1 N 1 2.1448m
V, =V, —1,(10M) 8mt oo

50k//2k

30



AR
o 35 1M
" & gty 2]

LUNIVERSITI SAINS MALAYSIA

2kQ

Without r, :
1+10M
R=Y= 2% = 001 5 3536MQ)
1i Ot 2.1248m
2k
Observation :

Since r,>10Rp, R, with or without r_ will be quite close.

31



3 O ANAA . o) thﬁr
+ + + AgA U'ILM
v () gmVgs e, A
. f\J AV4 UHIVERSITI SAINS MALAYSIA
Qe 2
- 50kQ2 2kQ
_ ® O
— S
a ="° Without r,
Vi ’
=gVt vo _[1-em(OM)]_-16247 _ 3 54gg
50k//2k Vi 1+10M 5001
V0 — Vgs _li (1 OM) 2k
V.=V~ gmvie— " |1OM The two results are clqse.
50k//2k Hence, the effect of r is not very

10M
50k//2k

V0(1+

j=vi(1—gm(10M))

_| 1-1.6248m(10M) |_ -16247 _

significant to the calculation of
a,.

=-3.1238

10M
1+
1923.0769

5201

32



9. Determine the output voltage if Vi=0.8mV and r,=40kQ.
Given k=0.4X10-3 A/V? and V,=3V. The dc voltage at source is }
1.2V. Assume that body effect is negligible.

& M

30V UMIVERSITI SAINS MALAYSIA
40MQ 3.3k
G o
} C3 +
Vo
10MQ —
M 12k0S <
A Cy
ac equivalent circuit G D
4 ¢ O @ ® o)
+ + gmVgs +
Vi @ g § Vgs C‘I’D § § Vo
o 10MQ| 40MQ 40kQ| 3.3k

33



G D
L L O L L 4
+ + gmVgs
Vi Vgs
C\lf VO
B 10MQ| 40MQ 40kQ| 3.3kQ
@ —e . ® & & O
1 s
dc-analysis
30V 30V
40MQ 3.3kQ2 4OMQ§ £3.3k§2
G C
; Cy +
Vo
s 10MQ — 10MQ
0 LS I I § 1.2k
- 2

—EZmVgs (401(//3 31() oy

Py
94 kM

Vs
UNIVERSITI SAINS MALAYSIA

-a,=—g, (3048.4988)

a, =
Vi
V.=

_ g =?

gm — l"lncox \LK/](VGS _Vt)

k=HCox W _ 45103
2 L

g =0.8x103(V —3)

V="

A (Y

©  10M+40M

V,=1.2V

"V =6-1.2=4.8V

g =0.8x1073(1.8)=1.44mS

~a,=—1.44m3048.4988)=-4.3898

v.=a v.=—4.3898(0.8m)=-3.5118mV
34
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1O(a)VD:? Voy=2 Vi=? V. =? V=2 DC model

VDD Given: Vbp ?‘ %-% u.I'M

VDD :VSS ZIOV UNIVERSITI SAINS MALAYSIA
R
[=0.5mA RD
F*”O R, =15kQ
4| §RL V,=1.5V

Riig = \| (_| & nCI‘J”‘W—lmAV _|
e 010 T V=TV =
+ Cl '
@V )1
S18 |—>
-V,
— Rin —Vgg SS
I, =t W (Vi =V,
Vo =0 2Cox W
I GZO SmA [ =Hr-e ) (Vov)2 Vi—V, =1
/oY V..=1+1.5=2.5V
V,=V,,—I,R —1& , Gs
D pp~ ipf™p 0.5m= VOV Vo2V V. 22§V
V. =10-0.5(15k)=2.5V 2 Vgs =V —Vs =2
v, = [05m2_y S V,==2.5V
Im

35



b) &=t M5 M

VDD UNIVERSITI SAINS MALAYSIA
nCOX W
Rp )= 2 —(Vgs—= V)
vo 2 L
E \W%
C 8m = 1nCox 7(VGs _Vt)
C2 § L

ID :%(VGS _Vt)

R . |
sig =
+ CCI ¢ I " Vgs—Vi 1 \%
) vsig - ? roz\I/A:ISOkQ
D
= Rin  —Vss

36



©) R,=? R,=? a,=? ,}%,i IEM

v
DD o G LUNIVERSITI SAINS MALAYSIA
+
\Y
%S gmVgs D
o (o0
</ +
Io
—W—t RpZ RIS v,
) -
&) = =
Emb Vbs
L Rin  ~Vss |
| I'O
S Sg A2
_|_
R § T "
sig § Vg
g 1 gmVs 0 §RD//RL
T-model + Yi glm _ C ° _
Ysig @) -
_ "R G

1 37




1 -
S_sie
~ 4

D

AN
7

Rsig é i i
+ vi | L s CD gmVsg 'O
Vsig ’\} > -

_|_

RD //RL

Io
g
. —@
} R; lG

R, =15k
R,, =500
r =150kQ)

g,=lmA
R, =15k

Since y is not given, assume the body

effect is negligible.

R =? a = Vo
1 v Viig

AR

Ri - \/1 UNIVERSITI SAINS MALAYSIA
Lsig
KCL at node S,
Vi=V,,
. — \/1 _Vo
1g, = . +g V.
KCL atnode D:
Vi _VO +ng1 — VO
1o RD/[RL
(O
I, °lt, Rp/RL

Io

(Vi _Vo +gmro\/i )(1+gm j
38



Vor. (1+ 1 j
R — 1o RD //RL

i [Vi(I+gumb, )_Vo](rlJrgmj

(o)

Voro(lJr I j
R. — 1o RD //RL

V0[1+ : (14+8ml )
1o RD //RL ( | j

_VO

. r"
Io

ISOk( l + I j
R — 150k 7500
Lt asy
150k 7500 ( 1 )
1 — +Im
1 m 150k
| 150k
R = 21

0.0211-1.0067x10~°
R, =1045.1245Q)

ih F
i i
) &l
gt
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