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SOLUTION

dc analysis – tasks a) & b) 1=2=∞⇒ I B1=I B2=0⇒ I C1=I E1 , I C2= I E2

IREF1:  12V= I REF1Rref1V BE1−12V⇒ I REF1=
24V−V BE1

Rref1
=24V−0.7V

47k
=0.49mA

IREF2:   12V=V EB2 I REF2Rref2−12V⇒ I REF2=
24V−V EB2

Rref1
= 24V−0.7V

24 k
=0.97mA

IE1 &   I  E2:   Since 1=2=∞ and r 01=r02=∞ then I E1=I ref1=0.49mA & I E2= I ref2=0.97mA

Also gm1=
I C1
V T

=
I E1
V T

=0.49mA
25mV

=0.02 A/V=20mS & 

gm2=
IC2
V T

=
I E2
V T

=0.97mA
25mV

=0.039 A/V=39mS

VC1:   12V= IC1 RC1V C1⇒V C1=12V−I C1 RC1=12V−I E1RC1=12V−5.88V=6.12V

 V C1=6.12V

VC2:    
−12V=−IC2RC2V C2⇒V C2=−12VIC2 RC2=−12V I E2RC2=−12V5.82V=−6.18V

V C2=−6.12V
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ac- analysis – tasks c – f

With 1=2=∞⇒ re1=
1

11

1
gm1

= 1
g m1

= 1
20mS

=50 & r e2=
1
g m2

= 1
39mS

=24.6

Hence, RE1r e1≈RE1=1.2 k &  RE2r e2≈RE2=1k

mid-band analysis d) : CE1 and CE2 are short circuits

v sig=v1gm1 v1RE1=1gm1 RE1v1

vc1=−gm1 RC1v1=
−g m1RC1v sig
1gm1RE1

⇒
vc1
v sig

=
−gm1 RC1

1gm1 RE1
≈
−RC1
RE1

=−10

gm1RE1=20mS∗1.2 k=24≫1

vc1=v2gm2 v2 RE2=1gm2 RE2v2

vout=vc2=−gm2 RC2v2=
−gm2 RC2 vc1
1gm2RE2

⇒
vout
vc1

=
−gm2 RC2
1g m2RE2

≈
−RC2
RE2

=−6

gm2RE2=39mS∗1 k=39≫1

G=
vout
vsig

=
vc1
vsig

vout
vc1

=−10∗−6=60

Low-frequency analysis e) and f):

v sig=v1gm1 v1RE1
1
sC E

=1gm1RE1
1
sC E

v1
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vc1=−gm1 RC1v1=
−gm1 RC1v sig

1gm1RE1
1
sC E1


⇒
vc1
vsig

=
−gm1RC1

1gm1 RE1
1
sC E1


≈
−RC1/RE1 s

s 1
RE1C E1

vout=−gm2 RC2v2=
−gm2RC2vout

1gm2RE2
1
sC E2


⇒
vout
vc1

=
−gm1RC2

1gm2RE2
1
sC E2


≈
−RC2/RE2 s

s 1
RE2C E2

f 1=
1

2RE1∗2.2 F
=60.3Hz and f 2=

1
2 RE2∗2.6F

=61.2Hz

g) With f 1≈ f 2≈60Hz  the overall voltage gain has a double pole near 6o Hz.  If there were a single 
break-point at 60 Hz the gain would be -3 dB or 1/2 the mid-band gain.  With two brek-points at 
near 60 Hz the gain is – 6 db or ½ the mid-band gain.  Hence, the gain at 60 Hz is at 

   G  f =60Hz ≈G
2
=30

 
a)  To increase the mid-band gain achieved in Fig. 1 by 4x (quadruple the gain) while leaving 
unchanged the operating points and break frequencies, the design options are to increase the values of 
RC1 and/or RC2 to increase the gain and increasing Rref1 and/or Rref2 in concert to reduce the bias currents 
in a manner that keep VC1 and VC2 constant. 

b) To quadruple the overall gain G, lets increase RC1 , RC2 by 2x to increase the overall gain by 4x, i.e.

 RC1=2∗12k=24k and RC2=2∗6k=12 k

and increase Rref1, Ref2 by 2x to ½ the two bias currents, i.e.

Rref1=2∗47 k=94 k and Rref2=2∗24k=48k

c) It is not recommended to use a PNP BJT as an amplifying transistor because its actual β and unity-
gain bandwidth fT are much smaller than those for a comparable NPN transistor.
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