ol
i
[
(=]

120k0

ac equivalent circuit:

1kQ

dc equivalent circuit:

15V V’O_ 240kC2
© 240K+ 12002

Rgg = 240kQ120kQ = 80.0kQ2

15V =10.0V

Assume Depletion Mode PAMOS Operates in Saturation and BJT Operates in Forward Active Region;
5_10—07
- 71 W0=07V _» 097 pa | 1, =751, =223
+76(18) kO
Ve =15—180001El =10.9% | ¥, =360001;, =8.03 ¥

VEC’. =109-8.03=287VFV | I%B =(.7—2.87=—2.17 Assumption is Correct

Voo, =3.01 7,
g, 15t Vao =803 | 0004(1,6(2_4) _, Vos2
5.1kQ I, =1.96 mA

52 = —[15 —5.1kQ(1.96mA4)] = =5.00 ¥ | Va5 — ¥ =3.01- 4 =—0.907

80k

in

. 1+(g,.,35100)

|V352 =

‘(VC-S_ I’:ﬂ ]‘ Assumption is Correct

Ll

g, = 40(223u4)=8.92ms | 1, =

=8.41kQ2
8.92mS

T g \/2(43;10‘3 ¥1.96x107)=3.96mS

QY R =240kQ120kQr;, = 7.61 kQ | R, = 5.1kQ[IkQ = 83602

Vv,

= R, | 7.61 kQ
4. R ~8m (36kC2) ‘— |=-8.92mS(36kQ)y———————=-284
i R_i’ _Rin / le-ﬁ- ,6lkfl —‘A1=0768(—284}=—218
v,  gnkRr (3.96mS5)(0.836k2) _
sz :‘\_‘:1 = =0.768
g l+g. R 1+(3.96mS)(0.836k2)

=2410



{b) If the bypass capacitor 1s removed from the 18 k2 resistor, then

10

Lh | .
C-:l_ Voo + 4 1 __g _ RJ’H ‘ !BEIRI
A,
i

L v, | 1KQ+ R, N\ 17y + (B +1)18KQ)
I6k0 Y . Y
Em'se % sika RO [ 75.6kQ ] 75(36kQY) |

=—1.93

gm ETE,'CT "‘1'.'1 :| |
- 1kQ+75.6kQ N 138Kk

L
836 O A,=0.768(-1.93)=-1.48
18 kO
. Y Y
4] I, — i + i
+ BOKQY  [1, + (B, +118kQ]
30L0 see [F+ (B, + DISKR] = g0k
e =Y, —

80KQ 1 + (B, + 18R]
[Fm + (B + DISRQ]

R, === 30KQ|

R =75.6kQ



+Vee Assume Both BJT Operate in Forward Active Region ;
W |I_f P}E ".|
I _— \ ]:/T ] i
ICI* Ter=Ir2 = iL Iy=Ip=Ie  ° Vaer=Vaes=Vor |
I, 100(20uA )
I = — = —_ = EE = — =4,
cr=de;=I =0 =0; 2 101|x 5 | 9.90u4
Q Vp:lﬂ—g.lxl@sfc=O.991V
! ) B 100
—o —g = = Fi=F,=l=_l¢ _ =252.5
X Bui= Bny =8 =40I; =0.396mS  Ta=Try=li=—g= =g e K
(a) For v.=0:
= Tee V= Vpy =0.991
V; = since there is no independent source
v
2 Vo=1,+¥, =0.991
For v, =2mV :
Pa = VCE = O.ggl
Differential mode mput © Yy =V, -V, = 1. —( =2mV
i1+ Pis = —("32"‘15"5;2)
—_IT_ 5= "le2 Vo = g:rlr_j;sj.R(
Yig =g T —Tp2 Ty .
YV, = Ina I
> Vg =—2ig, T, Sl
g 1, . id it Vo F, 1"(1‘
m be A Y, = " : 1
Virtual Ground B2 = ‘.l"i - & || 2r | R
' 2r, o
—— p——
. . pp— : 1,
14 Bia Ended Ouput —= A, = 1_‘ g"‘ff =180
id =
L , 2
Common mode input : v, = 1+Vs = 2mv+0 = 1lm¥V
. =

v, 0
v, _f:'.m e —— () Since there is no current
Vie Vi
gm‘t-jg) h\"\-\\

corrected

1-‘5 . ‘451'51' 1»;‘-5‘1 s ‘4m1!f{‘

v, = 180(0.002F)—0(0.001¥ ) = 0.36 ¥
Vo=1,+¥% = 0.36 ¥ +0.991F = 1.357



Differential mode input © 1

15.64
1!01 11
9]
R
R
Em _,5.?
+ = :‘61 - e
B €
1 .
1 Q 1 l le
jgm RE.E ﬁg
gml gm gﬂ’-') gm 2“"

##%There is no virtual ground since the circuit is mismatched ***

REE
vty Vi = Nd_ _y
hal 3 = Ee 7 g
Ve = e
Iy \ I."
; [ v . v,
gml‘-.":;l = gmll 1;.""‘_11 gm_‘?lggj = gm_? — i_v
\ 2 EJ 2 g
f , ™ ( Vv
1 ol =_gm1 1;""‘_? R 1"92 = gm.? - i_p |R
\ 2 ). . 2 ®)
_, N
1.‘gd = 1]91_1!02 = _gml __‘v |R +gm) 119 R
\ 2 2 /
(v Y3 N Y VA, [ Ag ]
=_| i_vf gm + ﬁ |R_‘ i _1;6 F gm _— R = ng 1.m' + &g = _ng| Vg + ﬁ".‘e
2 J\ 2 v 2 / 2 g,
At the emitter node , . ,
i m !I 1’ | j Ll I l. ]' 1
KCILa‘cemittvarncncle—!-:'614_:'63_;'6:l[jl—!-|_—d—‘lfs g+ Ag +grr ——d—‘lf‘ Igm—i+gﬁ‘—GEEvs={] | Gegg=— & &x=—
\ 2 AN 2 Iy 2 R_- e
1.‘9 — i "igm ﬁo "m, - 1 .ﬂlgm -.‘ ‘; (’6 + 1 ]QR—— |
2 g T (,B +1].R” 4 g ;
=—g, R=-300

negligible because
verv low value



15.64 Continue

Cominon mode input : v,

1!01 vn)
0 o
R R

— m EFE
gml = gm + T -E gm‘} gm ni
Hi Ihere 1‘5 o Til‘tﬂal gf@uﬂd Siﬂce the Cil":uit 1'5 IIliSIIlEitChEd***
. . 1, .
1[5;5 — [1.1:{‘ -V, ] e [1.1:{‘ -V, ]

gmltl‘;; = 8mi [1!:}? -V, ] Emz T-:';E = gm)[-.!jc —V, ]

vulz_gml[v:‘.o_vg]R 1302=_gﬂ?2[1!f@-_113]R
vud = 1!01 _1?02 = _gmlh":'c —113 ]R + gm)[vfc —"HB ]R
(, As. ) (, _le,) Ag,
vud = _[1'":'c - vs j._ gm + T TR - [vir _135' j gm - TII‘R = _ig:'nR(vr'c - vs] = ng[v:'c _vs ]
At the emitter node : A A
KCL at emitter node —= i) 41,7 — i, =0 — [vr'c -V, j Ew T % +Er T 8w~ % + &r I|_ GEEvs =0

(!Br:r B I}EREE [
v

g | 1"',-[- — V= vir

v,, A R A R
Acﬂr —_od _ gm !Ba =_ gm gm =_0.00499
1;ir gm }'n_ - (!Br:r + I]EREE gm 1+ lngEE

Vo=

e

1

A .

CMRR = A—dd = (l —EngEE][%]=6DGDG or 95.6 dB
cd

m



-
L

IEE

IEE

(a)

Common-mode
half eireuit

100k0Q

[

Rz > 600k O

Differential-mode
half ciremt

Vid

5|




(b)

JTEE

de half-circnit

Common mode nput - v,

Assume BJT Operates in Forward Active Region ;
100

I, =0 0. =——(100u4)=99.0 ud
101

Vp =20-10°1. —(-0.7)=10.8 ¥

V;

he=10°1.—20=-10.1¥

Assumption is Correct

Q- Pomnt =(99.0u4, 10.8%)

100(0.0257)
rTr= =
" 99.0 uA4
=40I.=3.96ms

25.3kC2

100uA  Ew
Vee

Yo =~ BuVse (1 UUkQ}

Vie= Yy, H Vo _‘f_ (600kQ2)
100k Q) L

25.3kQ+101(600k2)

‘Acr =
Ry; %5001\- 0

4 Y B,(100k02)
Yie 1+ (B, +1)(600kQ2)
100(100kQ2) L e

Differential mode input © 1y

-
o Vo = — £, (100k0Y[500k2 )
Y v ey Ve
5001{ Q _2 - 135 |I.‘gm-"5§ —T'} (600kQ||2.5kQ }
4, =29 —_ B,(100kY[500kQ2 )
= Vg .+ (169 + 1)(600m||2_5m )
_ 100{83.3.!{9} 30.1

A, =— =
@ 25.3k0+101(2.49kQ)

=2+ (B, D249k)]

by

(0.54,)_[1505)_,.

Single -ended CMRR = |

A ) \o1e6s)



