Z
CHS

e — . — —

¥ I i M‘;; = Thevenin Efwuu[:w@’
j f‘/s 7 ng Va%wf

|
f Rs = Rout

Load

Aversge pouer deliverdd  fo load = (Leas) R,

Vens V; v,
= Vems = == = SR (A
Jous = pogtre MR Leus B (Rt R
V2R,

Average  poer = (Tws)R, = 2 Rt tR* (kg 1)

Plot of  Awrmge  Fouor

Whew R is small, Fg 1 % smoll,
Whea Ro is brges Ep 1 i olso  small .
So -far some R, Between zero ard mjgi,:,;tg, s ajornge power- wll
reack. s peak . lets toke v derivative of g1 witl respect T
R to fiud He optimum Ry
A Vol _ A
3&[ ﬂﬂm&tfﬁa)lj T 2Rt Rt 1R
fgt&y}c'ﬁ zerd Mm&efmk,_

B R o (Rt tR)
2Rttt (e fR) 2 T

RL

= Rt TRLZ2R, = Ri=Pat




longar
‘% a
spertion, a diode can be replaced
ronal
. ] are small .

resslor of diﬁ«ye‘s

Td
o =
Snall Signak
Y4 R,
—
I~ .
ot . ;
ay. 5 j |
Rin = T+ R, I&f
n
T4
Ef FR
b D ‘% prl |
) R{ |
. ﬂM )
( // nma
Rin =Y T R /142 )
P
I,
Co. e [ .
= D;

VY4,
=27 F /2;
Rixn =2



5.3

(a) Looking into the base of @1 we see an equivalent resistance of 7.1, so we can draw the following
equivalent circuit for finding R;,:

Ry
NN

R Trl

Ry =|Ri+ Ry || 1

(b) Looking into the emitter of ()1 we see an equivalent resistance of g% | 7z1, so we can draw the
following equivalent circuit for finding R;,:

Ry %gil | 771

1
Rin =Ry || — || mm1
g

ml

(c) Looking down from the emitter of )1 we see an equivalent resistance of | 722, so we can draw

1
gm
the following equivalent circuit for finding R;,: ’

Vee
Q1
Rin
S5l

1
Rip, =|7rr1 + (1 + ﬂl) <g— || TTK’Q)

m2

(d) Looking into the base of Q2 we see an equivalent resistance of 7,2, so we can draw the following
equivalent circuit for finding R;,:



Vee

@1

Rin - ‘ Trl + (1 + ﬂl)rﬂ'Q ‘




5.4 (a) Looking into the collector of Q1 we see an equivalent resistance of r,1, so we can draw the following
equivalent circuit for finding Rgq+:

Tol Ry

Rout

(b) Let’s draw the small-signal model and apply a test source at the output.

Rp

= + +
Trl gvﬂ'l Im1Ur1 grol Z.t @Ut
L

Ut
1t = gm1Ur1 + —
Tol
Url = 0
. Ut
1t = —
To1l

(¢) Looking down from the emitter of ()1 we see an equivalent resistance of ﬁ || 722 || 702, SO We
can draw the following equivalent circuit for finding R,q¢: ‘

17 Rout

O

gﬁ || T'r2 || T'o2

2%

1
Rout =|Tro1+ (1 + gmlrol) (rﬂ'l || g— || Tr2 H roQ)

m2




(d) Looking into the base of Q2 we see an equivalent resistance of 7.4, so we can draw the following

equivalent circuit for finding Rgq+:
17 Rout

O

MWV

T2

Rout -

rot + (14 gmiror) (rt || 72) |




5.5

(a) Looking into the base of @1 we see an equivalent resistance of 7.1, so we can draw the following
equivalent circuit for finding R;,:

Ry
NNV

R Trl

Ry =|Ri+ Ry || 1

(b) Let’s draw the small-signal model and apply a test source at the input.

J:_
TTI'1§U71'1 Im1Ur1

it f\)vt

. Ur1
1t = ——— — dm1Ur1
Tr1
Ur1 = — V¢
. Ut
1= —+ gmits
Trl
. 1
1 =V | Gm1 + o
w1
UVt 1
Ry = — = H Tl
123 ml

(¢) From our analysis in part (b), we know that looking into the emitter we see a resistance of
s || z2. Thus, we can draw the following equivalent circuit for finding R;,,:



Vee

1
Rin =|1rr1+ (14 51) (g— l 7°7r2)

m2

(d) Looking up from the emitter of (); we see an equivalent resistance of g% | rz2, sO we can draw
the following equivalent circuit for finding R;,:

Vee

1
§g7n2 || T2
e

1
Rip, =|7rr1 + (1 + ﬂl) <g— || TTK’Q)

m2

(e) We know that looking into the base of Q2 we see Ry, = if the emitter is grounded. Thus,
transistor (1 does not affect the input impedance of this circuit.



5.6 (a) Looking into the collector of )1 we see an equivalent resistance of r,1, so we can draw the following
equivalent circuit for finding Rgq+:

To1 RC

Rout

(b) Looking into the emitter of Q2 we see an equivalent resistance of ﬁ || 72 || o2, SO we can draw
the following equivalent circuit for finding Rq:: '

17 Rout

@1

§RE: L T

gm?2

1
Rout =701 + (1 + gmlrol) (Tﬂ’l || g— || T'r2 H 7’02>
2

m




5.7 (a)
VCC - IB(:[OO kQ) = VBE = VT hl([c/]s)
1
Voo — =1c(100 kQ) = Vi In(Ie/Is)

p
Vep = Veln(le/Is) =
Vep =Voe — 1c(500 Q) =
@1 is operating in forward active.
(b)

I = Ig2 = VBE1 = VBE2
Voo — I (100 kQ) = 2V

Voo — l101(100 k) =2VrIn(Ic1/Is)

B
Iei = Icr =
Vee1r = VBr2 =
Veps = Vg2 =

Verpr = Voo — Ic(1kQ) — Vop
-
Both @, and @4 are at the edge of saturation.
(c)
Veo — 1g(100kQ) = Ve + 05V
Voo — %Ic(l()() kQ) =Vrin(log/Is) + 05V

Ie - (122 mA]

Ve =Vee — Ic(1kQ) — 05V
=[738 mV

Q1 is operating at the edge of saturation.



5.8 See Problem 7 for the derivation of I for each part of this problem.

(a)
Iot = 1.754 mA

o = Ien Vi =
ot = B/ =

100 kO

Tl §vﬂ1 Gm1Un1 §500 0

Ic1 = Ico = 1.034 mA
Im1 = gme = Ic1/Vr =|39.8 mS
Trel = Tr2 = ﬂ/gm1 =12.515k

100 k2
— +
Tr1 gvﬂ'l 9m1Ux1 1k
+
Tr2 §Uﬂ2 Im2Ux2
(c)
Ic1 = 1.26 mA

o = Ion Vi =
ot = B/ =

100 kO

Tr1 §Uﬁ1 Im1Vr1 §1 k)




5.9

Vee—Vee Vee . o
34 kO 6k 73
I :ﬁVCC_VTln(IC/IS) _ VTln(Ic/Is)
© 34 kQ 16 k2

Vae ~ (26 mV ]
Ver = Voo — 1c(3kQ) =

Q1 is in soft saturation.
(b)

I

= ICl
= VBE1
2VpE
16 k2

Voo —2Vee
9 kQ

I

Icy
VBE!L

Ver:

=Ip
= lc2
=Vgr2 = VBE
1
—Ip = %
_ 5VCC — 2VT 111(]01/]5) . 2VT 111(]01/]5)
9 kO 16 kQ

.
=Vpp2 = Vepe =
=Vee —101(500 Q) — Vops =

@1 is in forward active and Q)2 is on the edge of saturation.

(c)

VCC—VBE—O.5V_VBE+O.5V7

12 kQ 13 kQ

Ic =4

_Ic

g

— 1B

VCC — VT ln(Ic/Is) —05V _ VT ln(Ic/Is) + 0.5 Vv

12 k2

Ve = (T3]

Ver = Vee — Io(1kQ) — 0.5V =[987 mV

Q1 is in forward active.

13 k2



5.10 See Problem 9 for the derivation of I for each part of this problem.
(a)
Ic =677 uA
dm — Ic/VT =126.0 mS
Te = B/gm =|3.84 kQ

_l’_
(34 kQ) || (16 k) - gv,r G §3 kQ

101 = Icg = 1.72mA

9m1 = gm2 = Ic1/Vr :
Tr1 = Tr2 = 3/gm1 =

+
(9 kQ) || (16 k) Tr1 §vﬂ Gm1Vz1 <500 Q
+
Tr2 §U7T2 Im2Ur2
(c)
I =1.01 mA

gm = Ic/Vr =[38.8 mS]
A

(12kQ) || (13 kQ) - gv,r G §1 kQ




511 (a)

Ver > Veg (in order to guarantee operation in the active mode)
Voo — 16(2kQ) > Vi ln(Ic/Is)

I < 886 HA
Vec —VBe Ve g _Ic
Ry 3k P 3
VCC - VTln(Ic/Is) o VTln(Ic/Is) - I_c
Ry 3 k0 ]
IC VT ln(Ic/Is)
R — ] = —
B ( 3 + 30 Voo — Vrin(Ie/Is)
Rn — VCC — VT ln(Ic/Is)
B= T | Vein(Ic/Is)
I¢] 3 k2
Rp >|7.04 kQ
(b)
Vec —VBe Ve g _Ic
Ry 3k P B
. VCC - VT ln(Ic/Is) VT hl([c/]s)
Ie =p -
Rp 3k
Ic =114 mA
VBE =735mV

VCE = VCC — 10(2 kQ) =215mV

Ve = Ve — Vo =



12). 2. V=28V
5k Sk sokn Vo= 25%55;
& I = 29375
Zohl ko Mayaan p _ JoAfy b
1 = [ e SR o
= = 18ISk

s g e O 1 oI5
I, = Is > 15 = SR = F93X0 TmA)

b At the aa’je ?f Saturgtin means Ve — Vg = 0.
(Sﬂ*ft saturstion. ad gllevied D
%ﬁﬁg %ﬁ;ﬁ

Vig= 25 - 1¢ (5:’%) . which 1= 513 fg{ -y

S0 Ve = 25@%?&” e

{3k )

Selve Fux ef;fwffm .

Vae = 0.4

2 8 (M%E)
= e gt - e
ZS eﬁ?ﬁf/%’) - @ Vae /) -~ zglﬁ[u}{j@ {MA )




5.13 We know the input resistance is R;, = Ry || Rz || r=. Since we want the minimum values of R; and
Ry such that R;, > 10 k2, we should pick the maximum value allowable for 7., which means picking
the minimum value allowable for g, (since rr « 1/gy,), which is g,, = 1/260 S.

1
Im = 260
IC = ngT =100 LLA
VBE = VT hl(]c/]s) =760 mV

1

IB:§:1HA
VCC_VBE_VBE:I
I R, °

Vee — VBE

Rl: I +M

B Ro

rﬂ:£:26kQ
9Im

Rin = R1 || Rz || rx
- (%) | Ba | s
> 10 kO

r, > (35570

Ry > [52.32 k0]



5.14

Ic 1
m:_>_s
Im = Y =96
rﬂ:£:2.6kﬂ

9Im
Rin =Ri || Ra || 7

< T

According to the above analysis, R;, cannot be greater than 2.6 k2. This means that the requirement
that R;, > 10 kQ cannot be met. Qualitatively, the requirement for g,, to be large forces r, to be

small, and since R;, is bounded by r,, it puts an upper bound on R, that, in this case, is below the
required 10 k).



5.15

Rout = RC = RO

Ay = —gmBRc = —gmRo = —V—Ro = —Ay
T
Ao
Ic = —V,
=RV

_Vr Ro
Tﬂ—ﬁIC—BAO

AoV,
VBE:VTln(Ic/Is):VTln 0T
Rolg
Vec —VBe  Vbe :IB:I_C
Ry Ry B
Veo — Ve
By= 72 + Vor
B8 R2

Rin=Ri || Rz || 7=

Vo — Vrln (42 -
= 2 _
%C + E—Tzln (—AOVT) Ao

Rols

In order to maximize R;,, we can let Ry — oo. This gives us

A
ﬁVCC—VTln(R‘;‘g) 5o
Ic Ao

Rin,ma;ﬂ =




516 (a)

I = 0.25 mA
VBE = 696 mV
Vec = Ver —Iplp _ Vb +IplE _ Iy = Ic
Ry Ry B
Vee = Ve — %ICRE
te I VBE+§ICRE

- [

(b) First, consider a 5 % increase in Rp.

Rrp =210Q
Vec = Ve —IpRep _ Vpe +IpRp _ Iy — Ic
Ry Ry g
Veo —Veln(lo/Is) — 2 IcRe  Vrin(le/Is) + “21oRp .o
Ry - Ry P
Ic =243 },LA
IC - IC,nom
T Tonem M0=
Now, consider a 5 % decrease in Rg.
Rp =190 Q2
Io = 257 A

fe —Ienom 100 ~[ 2.8 %]

IC,nom



5.17

Ver > Veg (in order to guarantee operation in the active mode)
Vee — IcRe > Vp ln(IC/IS)

Io < 833 uA
Voo —Vee —IgRp Ve +1eRE . Ic
30 k2 Ry B~ 3
Vi IgR
Ry = BE +1gRE

Vec—Vee—IgRE _ Ic
30 k2

Vrin(lo/Is) + “2 10 Rp

Voc—Vrin(lc/Is)=*2IcRe 1.
30 kQ B

Rz <2066 k0]




5.18 (a) First, note that Vg1 = Veg2 = Vig, but since Is; = 2Iga, Ic1 = 2Ice. Also note that

p1 = B2 = 3 = 100.
It Iciv Voo —Vee — (Up1 +Ig2)Re Vee+ (U1 + Ip2)RE
Bl = — = -
ﬁ Rl Rg
Voo —Vrin(Ie1/Is1) — %%101315 Vrin(Ic1/Is1) + %%101315
Ier=p 7 - 7

(b) The small-signal model is shown below.

Rc
+ + =
Ry Ry Tl ngl T2 gUWQ Im1Vr1 Im2Vr2
Rg
We can simplify the small-signal model as follows:
Rc
+ =
Rl H RQ Tr1l || T7r2§v7r Im1Vx Im2Vr2

Rp



gm1 = Ic1/Vr :
rr1 = B1/9m1 :
Gm2 = oo /Vp =
Tr2 = B2/gm2 :



5.19 (a)

Vee — 2VBe1

I = Ig2 = VeE1 = VBE2

2Vpe1 e

9 k0 B

6k P 5

. VCC - 2VT 111([01/]51) 2VT 111([01/[51)
Ior=h 9 kO BTy

Icr =1Ic2 =
Vep1 = Vpr2 = VrIn(lo1/1s1) =
Vegs = VBr2 =
Ve = Vee — 1c1(100 Q) = Vops =

(b) The small-signal model is shown below.

(9kQ) || (16 kQ)

_|_

Tﬂlgvﬂ’l Im1Ur1 100 Q
+

T2 §UT(2 Im2Ur2

1
gt = gz = - = [OLLuS]

ml



\;QLZ- };Sv
T j:(:,z i%ﬁ‘z
%% gélg{\pb \é*&‘&m ‘\i{f i@%‘i%\}: i}%,g@\g
““‘*‘""“"“‘A\f\.__. k 15
90 o .
—<, V= 25 (I (jkny + 1Re)= 035

Vg= 25 - 18] = 0.9 Rg= 0-F50
%%)‘{":& 904 gg

gg}g“;‘l %}ﬂ{ﬁ,



XF
1ok 12200 \/
< Jor o
<N B=1(x
= Io=7

2 o= 25—
Sl S

- I it
EQ“““ ,.gw%i&ﬁ%»é%mﬁ_

Ea = %«éﬁ 4 Viﬂ{ﬁ

x} ? -gi * .m i ! L) V%F{? :ﬁ‘ - 3
{2“‘ i? oo J= 0 i3H



5.22

Voo — I5(500 Q) — I5(20 kQ) — I5(400 Q) = Vg
144

1
3 1c(500 © + 400 Q) — —=1c(20 kQ) =Vr ln(Ic/Is)

B
VBE == VTln(Ic/Is) :

Ver = Voo — Ip(500 Q) — T5(400 Q)

=Voc — 1;610(500 Q +400 ) =[1.060 V

Vee —

Q1 is operating in forward active.



5.23

Ve < 200 mV
Voo —Ip(1kQ) — IgRp — (Voo — Ip(1kQ) — I(500 Q) < 200 mV
I (500 Q) — IpRp < 200 mV
IpRp > Ic(500 Q) — 200 mV
Voo —Ip(1kQ) — IgRp = Vg = VpIn(Ig/I5)
144

Voo — ch(l kQ) — I(500 ) 4+ 200 mV < Vp ln(Ic/Is)

Ic > 1.29mA
I1(500 Q) — 200 mV
1

C

B

>[34.46 kO]

Rp >




243 40 Ti’i’,&x&gi‘j
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525 (a)

101 =1mA
VCC - (IE‘l + IEQ)(5OO Q) = VT 111([02/[52)
1+ 1+
Voo — < 3 6[@1 + TﬁICQ) (500 Q) =Vr 111([02/[52)
Ics = 2.42 mA

Ve — (IE1 + IEQ)(5OO Q) =Vr 111([01/151)

1+ 1+
Ve — (75101 + ﬁICQ) (500 Q) =Vr 111([01/151)
Ve =(2.68V
(b) The small-signal model is shown below.
200 2
Trl gvﬂ'l T2 §U7T2 Im1VUr1 Im2Ur2

500 Q

gm1 = Ic1/Vr =
rr1 = B1/9m1 :

gm2 = Ic2/Vr :
Tro = B2/gma :



526 (a)

Vee — Ip(60 kQ) = Vi

VCC - 10(60 kQ) = VT ln(Ic/Is)

T = [La7amA]
Vg = Vrln(Io/Is) =
Ve = Voo — 10(200 Q) =

1
ﬁpnp

@1 is operating in forward active.
(b)
Voo — Ver1 — IB2(80 k) = Vips
VCC - VT 111([01/15) - 132(80 kQ) = VT ln(ICQ/IS)
Brpn
1+ Bnpn
_ Bopm
1+ Bnpn
_ Brpn 1 4 Bpnp Ico
I+ ﬁnpn Bpnp

) ICQ(SO kQ) = VT ln(Icg/Is)
ﬂpnp

Veez = Veln(Ioe/Is) =
Veer = Veln(Ie1/Is) =
Veer = Ve =

Vere = Voo — Verr — I02(300 Q)
=|1.585V

Q1 is operating on the edge of saturation. ()2 is operating in forward active.

Ici = ——— I

——1Ipo

ﬁnpn . 1+ ﬁpnp . @
1+ Bnpn ﬁpnp IS

VCC — VT In (



5.27 See Problem 26 for the derivation of I for each part of this problem.

(a) The small-signal model is shown below.

60 kO
L T
I gvﬂ GV § 200 O
L
Io = 1.474 mA

re = 2 - [L76430)]

Im

(b) The small-signal model is shown below.

I
Tﬂ’lgvﬂl Im1Urx1

Ic1 = 680 pA

9Im1
Ico = 674 pA

m2
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5.30

Voo — Ie(1 k) = Vge = Vip (in order for 1 to operate at the edge of saturation)

= Vrin(lc/Is)
Ic = 1.761 mA
VEB =739 mV
Vec —Ves  Ves :IB:I_C
Ry 5 kO 3
Rp = 9.623 k)

First, let’s consider when Rp is 5 % larger than its nominal value.

Rp =10.104 k2
VCC — VT ln(Ic/Is) _ VT ln(Ic/Is) _ I_C

Rp 5k B
Ic = 1.411 mA
VEB =733 mV

Vee = Voo —Ic(1k2) =1.089 V
Vep =| =355 mV | (the collector-base junction is reverse biased)

Now, let’s consider when Rp is 5 % smaller than its nominal value.

Rp =9.142 kQ
VCC - VT hl([c/[s) _ VT hl([c/]s) _ I_c
Rp 5 kQ B
Ic = 2.160 mA
VEB = 744 mV

VEC = VCC — Ic(l kQ) =340 mV
Ve =|405 mV | (the collector-base junction is forward biased)



5.31
Voo +1c(5K2) Voo —Vec —Ic(5k) __ Ic

10 kQ 10 kQ BT
Vee = 300 mV
Ic =194 HA

Vep = Vrin(Ig/Is) = 682 mV
Voo —IgRp — Io(5kQ) = Ve = Vep + 300 mV
1+p
B

IcRp — Ic(5 kQ) = Vgp + 300 mV

e = (27700

Veeo —

Let’s look at what happens when Rp is halved.

Rp = 1.383 kQ
Vec —1gRg —Vep  Vec — (Vec — IgRi — Vi) S e

10 kO 10 kO P8

5VCC - %ICRE = Vrn(Ic/Is) gvcc _ (VCC B %ICRE —r m(IC/IS)) —
10 K0 10 k0 -

Io = 364 pA

VEB = 698 },LV

Ve = 164 pV

Thus, when Rpg is halved, @ operates in deep saturation.



5.32

VCC - 13(20 kQ) - IE(16 kQ) = VBE = VT hl([c/]s)

I 1
Vo~ 12.2010) - L 1001610) = Vi — V(i 1)
Ic
Is = [Voo—1¢ (20 k) - L5210 (1.6 k)| /-
elVee—5 g foll T
I():lmA

Ig =[3x107" A
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5.38 (a)

Rin =1|Tr1
1

Rout - H Tr2
Im

1
Av =|—9m1 <RC + g— || T7'r2)

m2

Rin =1|Tr1

1
Rout = RC + g— H T'r2

m2

(d) Let’s determine the equivalent resistance seen looking up from the output by drawing a small-
signal model and applying a test source.

Re

+
'Ut@ Ty Tﬂzgvﬂz Im2VUr2

. U2
1t = —— + Gm2VUn2
T'r2
Ur2 = Ut
. 1
U =V | — + gm2
T'r2
Ut 1
—=— | ra2
(23 gm2
1
A’U =|—9mi1 <— || Tr2
gm2
Rin =|Tr1
1
Rout = | H Tr2
gdm2




(e) From (d), we know the gain from the input to the collector of Q1 is —gm1 (gﬁ I Tﬂ—g). If we find
the gain from the collector of Q)1 to veyut, we can multiply these expressions to find the overall
gain. Let’s draw the small-signal model to find the gain from the collector of Q1 to vyyt. I'll refer
to the collector of ()1 as node X in the following derivation.

(1
Ux
C

Thus, we have

Re
AN ® Uout
+
Tr2 §U7T2 Im2Ur2
VX — Vout = Gimav
- 5  — Ym2Un2
Re
Ur2 = UX
VX — Vout Gma¥
75  — Ym2UX
Re

_ Vout
R gm2 | = RC

Vout

=1- ngRC
vx

A, =

1
—9mi1 (g— || 7'71'2) (1 - gm2RC)

m2

Rin = [7z1]

To find the output resistance, let’s draw the small-signal model and apply a test source at the
output. Note that looking into the collector of Q1 we see infinite resistance, so we can exclude it

from the small-signal model.

Re

Vv
+

T'r2 §U7'r2

+

Im2Vr2 Ut @Ut

L



Un2
+ J—
2 T
gm2Ur
i =

T2
— 5 Ut
Tr2 | Ut
Tr
Rc
- Tr2 + . o
U2 - )
(gm2 + oo
i =

Ut

Rout = i




5.39 (a)

1
Ay = | —gom (rol |2 e 7’02>

m2

Rin =|Tr1

1
Rout = |To1 H H Tr2 || T'02
9dm2

1
Ay =] —gm1 {7’01 H (Rl b e 2)]

m2

Rin =1|Tr1

1
Rout = |To1 H (Rl + g— H T'r2 || TOQ)

m2

m2

1
Ay =| g [rol H <Rc L] 2>]

Rin =|Tr1

1
Rout =1To1 H (RC + g— || Tr2 H 7'02)

m2

(d) Let’s determine the equivalent resistance seen looking up from the output by drawing a small-
signal model and applying a test source.

Re X
AA'A%

_|_

_|_
Ut @ it Tr2 §U7T2 Im2Ur2 gro2




i =
T'r2 RC
VX — Ut
R + Im2Ux2 + — = 0
C 02
Un2 = Ut

1
i = — a T 5 5 — Y9m o R
B Tﬁ2+ c Rcvt<Rc 92)(T2| c)
1 1 1 1
= V¢ |:— + = - = (_C _gm2> (7‘02 H RC)j|

- 1 + 1 + 1 To2
- rr2 B¢ Jm2 Rc ) ro2 + Re

) roo + R, 1
L =1 || Re || -5 ]

1t

Av =|—9mi1 (rol H T2 || RC H

ro2 + Ro 1
To2 gm2 — RLC

To2 + RC 1 1
c

Rin =1|Tr1

Rout =701 H T'r2 || Re H Too Gmo 1
o m2 T RS

(e) From (d), we know the gain from the input to the collector of Q1 is —gm1 ( 7o1 || 72 || Ro || | Zeztie —11—} ) .

To2  gma— g
If we find the gain from the collector of @1 to vy, we can multiply these expressions to find the
overall gain. Let’s draw the small-signal model to find the gain from the collector of Q1 to vyy:.
I'll refer to the collector of @)1 as node X in the following derivation.

Yite]
NN ® Uout

+ -

vx @ T7'r2§v772 Im2Ux2 §T02

-



Vout — VX Vout
——— t gm2Ur2 + =0
RC To2
Ur2 = VX
Vout — VX Vout
——F—— t 9m2Ux + =0
RC To2

1 + 1 1
Vou -5 — | =7 - — 9m
"\Rc ' 702 *\Re ~Im

Vout 1
=\ 75 " 9m R o
vx (Rc 92)( c |l ro2)

Thus, we have

ro2 + Re 1

1
02 gm2 Rc

A’U =|—9mi1 <rol || T2 H RC ||

) (25— ome) (e 7o)

To find the output resistance, let’s draw the small-signal model and apply a test source at the
output. Note that looking into the collector of ()1 we see r,1, so we replace 1 in the small-signal
model with this equivalent resistance. Also note that r,o appears from the output to ground, so
we can remove it from this analysis and add it in parallel at the end to find Rgq:.

Re
NV
+ +
Tol § T2 § Ur2 Im2Ur2 it @ Ut
—

U2

Rin =1|Tr1

it = gm2Ur2 +
Tr2 || To1l

Tr2 || Tol
—————U¢
Tr2 || o1 + RC

i = (g + 1 ) T'r2 || To1l v
t — 2 t

" Tr2 || Tol Tr2 || o1 + RC
%%

Ur2 =

Rout =To2 || 3
1t

o 1 Tr2 H To1 + RC
=|roz2 || . | 772 | 701 | —————
m2

Tr2 || To1l
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5.43

R
Ay = _170
o + (200 Q)
___ B
4+ (2000)
= —100
Vr
Re = 100— + 100(200 €2)
Ic
IcRC — IE(200 Q) = VCE = VBE = VT ln(Ic/Is)

1+
B

We can see that this equation has no solution. For example, if we let I = 0, we see that according to
the left side, we should have Vg = 2.6 V, which is clearly an infeasible value. Qualitatively, we know
that in order to achieve a large gain, we need a large value for Rc. However, increasing R¢ will result
in a smaller value of Vg, eventually driving the transistor into saturation. When A, = —100, there
is no value of R that will provide such a large gain without driving the transistor into saturation.

Io (100¥—T +100(200 Q)) - 1(200 Q) = Vi In(Ic/Is)
C
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5.46

(a)

Lo

9m1

_Rl—i_gﬁ H 72

REg

Rin = |7z + (1+ B1)Rp|

1
Rout = Rl + — || T2

gm?2

=

A, =|— ¢

9m1 gm?2

! + ! ||T772

Rip =|rm1+ (14 51) <

1
— || 2
gm?2

Rout =

Rin: RB+T7T1+(1+51

1
) (— 7o
gm2

)

Rout =

Re

gm1 gm?2

l—l—lHT‘,Tg—l—%

Rin: RB+T7T1+(1+51

1
) (— 7o
gm2

)

Rout =




5.47 (a)

_RC"'ﬁ H T'r2

L 1+ Rp

9m1

Rin =|rm1 + (1+ B1) R |

1
Rout = RC + — H Tr2

9Im2
(b)
1
o _fetgglte  gg e
T .
m‘i‘RE Rc-l-gﬁHTﬁQ
_|_ gﬁ H T2
1
gmi1 + RE

Rin:‘rﬂl+(1+51)RE‘

1
Rout = | || Tr2
m2
(c)
1
A, = _Rc+ - [| 72

T T
gm1 gm3|[T=3

Rin =Tz + (1 +ﬁl) (é)

gm3 ” Tr3

1
Rout = RC + — H Tr2

gm2
(d)
Av | }EC || Tr2
9gm1 + RE

Rin:‘rﬂl+(1+51)RE‘

Roue =
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5.49 (a) Looking into the emitter of Q2 we see an equivalent resistance of g% [ 772 || To2, SO wWe can draw
the following equivalent circuit for finding Rq::

17 Rout

O

1

Gm2 || Tr2 || To2

2%

1
Rout =|To1+ (1 + gmlrol) (rﬂl || g— || Tr2 H 7‘02>

m2

(b) Looking into the emitter of Q2 we see an equivalent resistance of 2 || T”lfﬁf’a

in parallel with the resistance seen when V4 = o), so we can draw the following equivalent circuit

for finding Ryy::
17 Rout

@1

(ro2 simply appears

Sra || e

Tr2 + RB)

Rout =|7ro1 + (1 +gm1rol) (Tﬂ'l H T2 || 1 +6
2

(¢) Looking down from the emitter of @1 we see an equivalent resistance of Ry || rr2, so we can draw
the following equivalent circuit for finding Rq::



Rout =

ro1 + (14 gmiro1) (e || R || 7r0) |




5.50 (a) Looking into the emitter of Q1 we see an equivalent resistance of g% [ 771 || 701, SO we can draw
the following equivalent circuit for finding Rq::

Vee

g% || Tr1 || Tol

Q2

Rout J

1
Rout =|To2 + (1 + ngTOZ) (rﬂ'Q || g— || Tr1 H rol)

ml

(b) Looking into the emitter of ()1 we see an equivalent resistance of r,1, so we can draw the following
equivalent circuit for finding Rgq:

Vee

Q2

Rout J

Rout =

To2 + (1 + ngTOZ) (TTI'Q || rol) ‘

Comparing this to the solution to part (a), we can see that the output resistance is larger because
instead of a factor of 1/g,,1 dominating the parallel resistors in the expression, r;o dominates
(assuming 7,1 > 752).
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5.52

(a)

VCC - IB(IOO kQ) - IE(IOO Q) = VBE = VT hl(]c/]s)

1 1
VCC — BIg(lOO kQ) — ;610(100 Q) = VT 1n(Ic/Is)
IC = 1.6 mA
1kQ
Ay =—g——ro>
. + 100 Q2
gm = 61.6 mS
A=
VCC - 13(50 kQ) - IE(2 kQ) = VT ln(Ic/Is)
I = 708 pA
1kQ
A, = —
v 1 (1 kQ)||(50 k)
am T 1+5
gm = 27.2 mS
A, =|—-21.54
In— I_c . Vee — Ve — IE(2.5 kQ) B VBE —|—IE(2.5 kQ)
BT 14 kQ 11kQ
, Voo —Viln(lo/Is) — H210(25kQ)  Viln(lo/Is) + 52 10(2.5 k)
c=h 14 k0 - 11kQ
I = 163 pA
g 10 k2
v (1 kQ)[[(14 kQ)[[(11 kQ)
L +5000+ 5
gm = 6.29 mS

4, = [T



5.53

(a)

;. _Veo—15V
O TR
=4 mA
VBE = VT ln(Ic/Is) =832mV
Vee =V,
Rp
Ic
8= - =[60]

(b) Assuming the speaker has an impedance of 8 (2, the gain of the amplifier is

Ay = —gm (RC ” 8 Q)

Thus, the circuit provides greater than unity gain.



5.54 (a)

Av — ngC
Ic
m = — = 76.9 mS
g Vr m
A, =138.46
1
Rin - H T'r
9m
Tw = ﬁ = 1.3k
9m

.~ [57)
Rout = RC =

(b) Since A, = gmRc and g, is fixed for a given value of I, Re should be chosen as large as
possible to maximize the gain of the amplifier. V; should be chosen as small as possible to
maximize the headroom of the amplifier (since in order for @)1 to remain in forward active, we
require V, < Voo — IcRe).



Av| = '
A = Rt T /a2

i
g

Gni (B, + 5=
Iz /# »}%s}

tH

E/j%?; —

= G (B + 7 )
ﬁﬁgéé)



55) Ve
A ﬁ B3
3 Re
ﬁhgﬁﬂ”‘
® 3RE

Ve g b
gﬁ?i“!iﬁgggi&ﬁ

;_ Lo
'32%5 { g\?{g + gg”g’g;‘%f»}j ii

Rel Gt

Qgi{igig + Rs

)



5.56 (a) Looking into the emitter of Q2 we see an equivalent resistance of g% | 72, so we can draw the
following equivalent circuit for finding R;,:

Vee
Ry
1
e
Rin h
R - Tr1 + (]lez H T'r2

(b) Looking right from the base of Q1 we see an equivalent resistance of Ra, so we can draw the
following equivalent circuit for finding R;,:

Vee
Ry
Q1
Ry
Rin -
rr1 + R
Ry =| ——7—
1+ 5

(¢) Looking right from the base of Q1 we see an equivalent resistance of Ry || g% | 772, so we can
draw the following equivalent circuit for finding R;,:



Vee

R

Q1

Ry || o= [l 72

rx1+ Ra || gﬁ | 772

Rin =
1+

(d) Looking right from the base of Q1 we see an equivalent resistance of Ry || 7r2, so we can draw the
following equivalent circuit for finding R;,:

Vee
R
Q1
Ry || 772
Rin -
ra1 + Ro || 7r2
Rin -
1+ 5
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558 (a)

I_Ci Vcc—VBE—IE(4OOQ) Ve + Ig(400 Q)

Is = 3 13 kO 12 kO

Voo —Vrin(Io/Is) = 5210(400 Q) Veln(le/Ts) + 22 10(400 Q)
Io = 13k - 12kQ
Io =

VBE = VT 1D(Ic/Is) =725 mV
Ver =Veoe — Ic(1kQ) — I5(400 ) =|1.07V
Q1 is operating in forward active.
(b)

Ay = gm (1 kQ)
gm = 39.2 mS

A, - [552]



5.61 For small-signal analysis, we can draw the following equivalent circuit.

Ry
Vout ® AAA%

-
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5.61 For small-signal analysis, we can draw the following equivalent circuit.

Ry
Vout ® AAA%

-
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5.63 Since Ig1 = 2[s5 and they’re biased identically, we know that Ico1 = 2I¢s2, which means g1 = 2gm2-

Voutl
- gmlRC - 2gm2RC
Vin
Vout2
— =gm2lc
Vin
- Voutl _ 2Uout2

Vin Vin
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5.67

rr + Rg
Routzm
BVr/Ic + Rs
T 1+ 8
<5Q
I 5 5 I
o=

1+ [J’IE 1183
1%
BULOVE | po (8Ve |

I
B o

1+8 N 1+4
<50

1o > [0 mA]



5.68

(a) Looking into the collector of Q2 we see an equivalent resistance of r,o = 0o, so we can draw the
following equivalent circuit:

Vee
Vin 1
= Vout
goo
A, =
Rin =
1
Rout = | H Tr1l
9dm1

(b) Looking down from the emitter of (); we see an equivalent resistance of qulz | 772, so we can draw
the following equivalent circuit: '
Voo

Vin Q 1

—® Vout

S35 e

1
— || 7r2
Av : gm2 |]‘~ 4
gm1 + gm2 || T'm2
1
Ry = |71 + (1 =+ ﬁl) - || T'r2
9gm2
1 1
Rout = | || Trl || — H T'r2
9Im1 m

(c) Looking into the emitter of Qo we see an equivalent resistance of Zz2tfis
following equivalent circuit:

Tr5, s S0 We can draw the



Vee

Vin Q 1

§T1r2+RS
1+82
Tﬂ2+ﬁRS
o 1+32
Ay = 1 rr2+Rs
gm1 1+82
Tr2 + Rs
Rip =|rm1+ (14 51) (ﬁl—l—iﬂ)
2
1 ro+ Rg
Rowi =| — —_—
out Gm1 || Tr1l H ( 1+ﬂ2

(d) Looking down from the emitter of Q1 we see an equivalent resistance of Rp + g% | 772, so we
can draw the following equivalent circuit:

Vee

Vin Q 1

—® Vout

§RE + L | 7o

gm?2

RE‘F% H Tr2

1 1
m"‘RE"FmH 72

m2

Rin =|Trx1+ (1 + ﬁl) (RE + L)

1 1
Rowt = | -2 7 | <RE + —)
g g

ml m2

(e) Looking into the emitter of Q2 we see an equivalent resistance of q% | 772, so we can draw the
following equivalent circuit: ‘



Vee

Vin Q 1

RE + (]Lz || Tr2 H Tr2

1
A _ gm 9m2
v =

g%"—RE-i-gﬁHTﬂg RE—’_gﬁHT}Q

1 1
m‘i‘RE‘i‘m HTﬂ-Q

1
Rip =|rm1+ (14 51) (RE + 7)
9m2 || T'r2

1 1
Rous = (— | +RE) [P
g g




5.69

(a) Looking into the base of Q2 we see an equivalent resistance of 72 (assuming the emitter of Qs is
grounded), so we can draw the following equivalent circuit for finding the impedance at the base

of Qll

Vee

03}

Req =|rm1 + (14 B1)res |

(b) Looking into the emitter of Q)1 we see an equivalent resistance of q_11 || 771 (assuming the base of

Q1 is grounded), so we can draw the following equivalent circuit for finding the impedance at the
emitter of Qo:

Vee

Tr2 + g% H Tr1

14 Bo

Iov+Ica Bilpr + B2(1+ 51)Ip:
IBl IBl

:‘514-»32(14-51)‘

If we assume that 31, 82 > 1, then this simplifies to (102, meaning a Darlington pair has a current
gain approximately equal to the product of the current gains of the individual transistors.



570 (a)

Rcs =

ro + (14 gmaroz) (rr2 || Ri) |

702 + (1 + gmaroz) (rz2 | RE)
L+ roo + (14 gmaro2) (T2 | RE)

gm1
Ry =[rm + (14 B1) [ro2 + (1 + gmare2) (72 || Re)]]
1

Rowt = | —— || 7 || [roz + (1 gmarea) (a2 || Rp)

m




7i Ve =25V

- i
Iokp3 Iéw X0 A
o L B = 1%
“ e VU, = SV
fﬁ}lf CE. 2 joof
+ 4

T B Y S 43
I, =p(3S (Vee + Lo 1k
EINY
¥ Vea*@’?’&ﬁﬁ{,
J L.= _25-Vg

j%% + KR
' =N

hec| | \ L\ o gagov, tet 03 Yerferak
check £o( Vg - Vge = Vy o -ﬂm 0. 40V, Mot 0F,

\,, = 0.HV, I, = |54k
Checle @g‘%z{ "\j%% ng% = g‘v% jg} {"%i;} = { Fyay, iﬁﬁ‘@?{zf&

© L= 15twh, Ju= 0uials, BN TRS 1]

dn ‘5



‘;'E} / \
AL %%i}geg: ( Include {.ﬁ}

=25\

b (s € o G e g

R ‘\fﬁﬁe

: ?\fi = [ sl Stk (V)

A = (g o/ 3HEL) _ 034
TRUSUES A AVATI VESTTEN!




5.72

(a) Looking into the base of Q2 we see an equivalent resistance of 7.2, so we can draw the following
equivalent circuit for finding R;,:

Vee

O
§RE | 72

Rin - ‘ Tr1 + (1 + 51) (RE || rol) ‘

Looking into the collector of @2 we see an equivalent resistance of r,2. Thus,

(b) Looking into the base of Q2 we see an equivalent resistance of 7.4, so we can draw the following
equivalent circuit for finding vx /vjy:

Vee
UVin Ql
——eoUx
§RE | rr2
vx __ Relrmlra
Vin g% + RE || T'r2 H Tol
We can find vy, /vx by inspection.

Vout

Ux

—gm2 (Rc || mo2)
A, = X Lout
Vin Ux

Rg |l r r
g2 (Re: || 722) I rr2 [ o1

=+ R || o2 [| 71




5.73 (a) Looking into the emitter of Q2 we see an equivalent resistance of g% | 72, so we can draw the
following equivalent circuit for finding R;,:

Voo
@1
Rin
She 5 e

1
Rin =|Tr1 + (1 +ﬁl) (RE || g— H 7'71'2)

m2

Looking into the collector of @2, we see an equivalent resistance of oo (because V4 = 00), so we

have
Rout =

(b) Looking into the emitter of Q2 we see an equivalent resistance of g% | 7z2, so we can draw the
following equivalent circuit for finding vx /vin:

Vee

Vin Q 1

v Bellg e
Vin gﬁ—’—E || gﬁ H Tr2

We can find vy, /vx by inspection.

Vout

= ngRC
VX

VX  Vout
Av - = .
Vin UX

Rp || == | rx2
= ngRC 1 gm2

1
i TE I T | 72




5.74

Rout - RC =

A’u = _ngC =-10

gm = 10 mS
Ie = g Vi = 260 pA
Voo — Vee :IB:I_C
Rp B

VCC — VT ln(Ic/Is)

Rp=p Te

— [ori]

R;, = Rp || rr = 9.86 kO > 5 k2

In sizing C'p, we must consider the effect a finite impedance in series with the input will have on the

circuit parameters. Any series impedance will cause R;, to increase and will not impact R,,;:. However,

a series impedance can cause gain degradation. Thus, we must ensure that |Zp| = jwch ‘ does not

degrade the gain significantly.
If we include |Zg| in the gain expression, we get:

B¢

"1, (ZsDlRs

A, = :
gm + 1+

Thus, we want ﬁ |Zp] < gi to ensure the gain is not significantly degraded.

1 1 1
1 +6 jWCB dm
1 1 11

1+ 827fCs  10gm

Cp =[788 nF|



5.7
Rout = Re <500 Q

To maximize gain, we should maximize R¢.

e - (509

Voo — IcRe > Vg — 400 mV = Vi ln(Ic/Is) — 400 mV
Ic <4.261 mA

To maximize gain, we should maximize I¢.

Io - (125 mA]

Ic Voo — Ve

I = — =
e Rp
_ I_c _ VCC — VT ln(Ic/Is)
B Rp

s = (100135



5.76

Rout = Re =
|A'u| = gmRc
_ IcRc
=7
> 20
Io > 520 A

In order to maximize R;, = Rp || r», we need to maximize 7., meaning we should minimize I (since
Tp = %)
Io = 520 pA
_Ic _Voc—Var
B Rp
_ Vec = VrIn(Ic/Is)
Rp

Ry =[34310]

Ip




5.77

Rout - RC -

A, = —gmBc
IcRo
-
=—-15
Io = 195 uA

VBE = VT ln(Ic/Is) = 6892 mV
Ver > Ve — 400 mV = 289.2 mV

To minimize the supply voltage, we should minimize Vo p.

Ver = 289.2mV

Vee —Vee
Re

Voo = 679.2mV

:IC

Note that this value of Vg is less than the required Vpp. This means that the value of Voo is
constrained by Vpg, not Vog. In theory, we could pick Voo = Vpg, but in this case, we’'d have
to set Rp = 0 ), which would short the input to Veoe. Thus, let’s pick a reasonable value for Rp,

i - [1009]

Voc — VBe :IB:I_C
Rp g

Vee ~ [@01mv]



5.78

|Av| = ngC
_ IcRe
= v
= AO
Rout = RC
ICRout
A =
0 Vr
AoV
I = ——
¢ Rout
P=1IcVeo
AoVr
= Vi
Rout ce

Thus, we must trade off a small output resistance with low power consumption (i.e., as we decrease
Rout, power consumption increases and vice-versa).



5.79

Vee — VBE

P = (IB +Ic)Vcc
1+
B
=1mW
Ic = 396 pA
Ic
:I = —
Rp P B
Voo — Verln(Ig/1
Rp =8 cc TIn(lc/Is)

Ic
=
Ay = —gmRc
IcRc
-
=-20

e =131

IcVee
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22, | FzI, 2 3umy
2
ue
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Av=_RJI . RIL _, R
ReL+Vy 3wt R
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5.81
Rout = RC > 1kQ

To maximize gain, we should maximize R,;.

Ro =
Voo — IcRc — IgRp = Vogp > Vg — 400 mV
Voo — IcRe — 200 mV > Vo ln(Ic/Is) — 400 mV

Ic <1.95mA
To maximize gain, we should maximize I¢.
Ic =1.95mA
IgRp = L BICRE =200 mV

e ~[1015]

VCC — IOIBRl — IERE = VBE = VT ln(Ic/Is)

. = [F95079]

9IBR2 — IERE = VBE = VT ln(Ic/Is)

P



5.82

P=(10Ig+ Ic) Vee

1
= (10—C + Ic) Veeo

54
=5mW
Ic = 1.82 mA
1
IpRp = “;BICRE — 200 mV
Rp =
_ Re
v 1
___Bc
1=+ R
=-5
Rc =616 Q
VCC — 1OIBR1 — 200 mV = VBE = VT hl([c/[s)
Ry =|8.54 kQ

9IBR2 — 200 mV = VBE = VT 1D(Ic/15)

7 ~[57914]



5.83
1

R = — =50 Q (since Rg doesn’t affect R;;,)
gm = 20 mS
I = g Ve = 520 pA
1
IgRp — ;ﬁIcRE — 260 mV
Ry =495 Q
AU = ngc =20
Ro =

VCC — 1OIBR1 — IERE = VBE = VT ln(Ic/Is)

. - [203519]

QIBRQ - IERE = VBE = VT ln(Ic/Is)
Ry =120.83 k2

To pick Cp, we must consider its effect on A,. If we assume the capacitor has an impedance Zg and
|ZB| < R1, Ra, then we have:

Re
=T
9m 1+
Thus, we should choose ﬁ |Zp| < qim
1 1 1 11
7 148l = =

T 1+82rfCs 10 gm



5.84

Rout = RC =

Av :ngC =8

gm = 16 mS
TIo = gV = 416 pA
1
IpRp = gﬁlcRE — 260 mV

R - [6199]

Voo —10IpRy — IgRg = Vg = Vp ln(IC/IS)

7y = 36806 k0]

9IBR2 — IERE = VBE = VT ln(Ic/Is)
Ry =|25.878 kQ

To pick Cp, we must consider its effect on A,. If we assume the capacitor has an impedance Zp and
|Z5| < Ri, R, then we have:

e
1 + 1Zs]
Thus, we should choose ﬁ |ZB| < gi.
1 1 1 11
1ZB| = =

1+ 827fCs 10 gm

1+ 0



5.85

Rout = RC =

IcR
Av:ngC: S

=20
Vr

Ic = 2.6 mA
P=Vceo (10]3 + Ic)

I
= Veo <10FC + IC)

- [T5aw]



5.86
P = (Ic+10Ip) Voo

= (IC + 1OI—C) Veeo

g

=5mW
Ic = 1.82 mA
Av = ngC

_ IcRe

= VT

=10
Rc =

1
IERE = %ﬁfcRE =260 mV

Rp =|141.6Q

VCC — IOIBRl — IERE = VBE = VT ln(Ic/Is)

7, ~[52109]

9IBR2 — IERE = VBE = VT ln(Ic/Is)
Ry =|6.155 kQ

To pick Cp, we must consider its effect on A,. If we assume the capacitor has an impedance Zg and
|ZB| < R1, Ra, then we have:

R
A, = <
L + IZBI
9m 1+
1 1
Thus, we should choose 15 |Zp| < -
1 1 1 11
1ZB| = = —

1+32rfCs 10 gm

1+



5.87
1
R;, = — =50 Q (since Rg doesn’t affect R;;,)

m

gm = 20 mS
1o = g Vi = 520 pA
A’U = ngC =20

e = [19]

1
IERE = + ﬁ[cRE =260 mV

Ry =495 0]

To minimize the supply voltage, we should allow 1 to operate in soft saturation, i.e., Vgc = 400 mV.

VBE = VT hl(]c/]s) = 715 mV
VCE = VBE — 400 mV = 315 mV
Voo — IcRc — IgRp = Vog

Ve - [L05V]

Vee —10IgR, — IR = Vg

. = (230519

9IpRy; — IgRg = VpEg
Ry =120.827 k2

To pick Cp, we must consider its effect on A,. If we assume the capacitor has an impedance Zg and
|ZB| < R1, Ra, then we have:

Rc
A=z
9m 145
1 1
Thus, we should choose 15 |Zp| < -
1 1 1 11
I |ZB| — [

T 1+ 82rfCs 10gm
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5.90 As stated in the hint, let’s assume that IpRg > V. Given this assumption, we can assume that Rg
does not affect the gain.

IERE = 10VT =260 mV

R
g7n+ L
gm = 80 mS

IC = ngT = 208 mA
1405
p

IcRg = 260 mV
Rg =124 Q
Vec —IpR1 — IgRg = Vg = VrIn(Ic¢/Is)

7, - (o]

To pick C7, we must consider its effect on A,. If we assume the capacitor has an impedance Z; and
|Z1] < Ry, then we have:

REg
Ay = 1Z1]

1
g—m+RE+ 1+8

1 1
Thus, we should choose 115 [Z1] < -

1| 1 1 11
1+

7il= — _
1 1+ 82rfCr 10 gm
Cy =[12.6 pF

To pick Cy, we must also consider its effect on A,. Since the capacitor appears in series with Ry, we
need to ensure that |Zs| < Ry, assuming the capacitor has impedance Zs.

1 1
Zy=——=—R
2] 2rfCy 10 ©





