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Caselll: ig = 25 pA
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Vee = Ve -
R( ¥R W(C[ L8 e -.......----S I ! = 4k£2
-
4.12

VetV Vae'Vr
I = O when [ g(_f;{ f= Iy e
Ise . Sor Yee™r g
Iy
e
Vep = V= Vo = Vi ln—f
%

= 285100 = 1S mV
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. 041V,
fne = Ice T =107 = 0089 A
ForVep =01V Vp. = 07-01 = 06V

0.6/ Ve

fne = Igc e =10""* = 265 ma

For Vae =07V
1. tnv 15
$, 07 10

- ®
Too = 145 pA
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ForVep =04V Vae=03V
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ic/ip = 145 mA/14.52 pA = 100
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. 0.089
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¢ 1000 145 mA
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ic = 145 -265 = —12 mA
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= 25 [10200] = 2308 mV
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For Bfomu =1
; i 1+1
VCE«&! = 2§ ln[lOO~ m}
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15V + 139.5 = 50 - 5V

Ve =—4415V
o= Ye=07+10
s 5
- -4.475—50.7+ 10 _ 0965 mA
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(a) 5V
43V

I, < MK 2m
T, B

®)

4.3V 0

U +1p) = 2% = 10 mA

- (43-23) _
Iy (—-—-—20K ) 0.1 mA

I _ (lOm—O.l m) — A=
Ip 0.1m B=9

©)

[b=(ﬂ_—_z)=3mA

I K
Ig=I.+1; = 3ImA
V,=3m(1K) =3V

63-3
I = =33 pA
T T S
Ig Im
= = + 1 = =— = 909
Iy B Ip
B = 899
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Vee=+9V

50 pA FSD Re
iy

ic

1 mA

ForFS.D iy, = 50 pA
ic = 1000 — 50 = 950 pA
Since R,, = 08 Veg=Vge=07V

°. active mode
Vee -V 9 -07 .
Re =€ =2""=] =83k
¢ Ic 1mA 3
= Lp=20_
le = Blg.:. B 30 19
For FSD/S: iy = 10 pA, ip = 990 pA
=8 =99
For FSD/10: i, = 5 pA,ic = 995 pA
=8 =199
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+15V
5kQ
Ve
0= V,=-07V
B =50
10kQ
e

-15V
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Iy e il 1.6 pA

V.= V.= IR = 15V —0078X5V
= LIV
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¥
-5V
Vﬂk'ijfmm - VﬁEimmm
= Zﬁln[—}w}
0.1
" Vagama # 640 mV + 579 my
= 698 mV
fe = ':»90—-? I = 099 mA
Re = :‘!0;9-%):2 = 404 k}

R, = 2208 ?'69§ = 43k0

V- can be raised untill =~ +04 'V
5+ 04 ,
Ry = Zenll == §45 k()
¢ 0.99
4.24
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Ie | SRe=51k0

= A VA

le | $ Rp=68K0

~15V
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o=

ot = (=07 =(=15)
Ig=1. 6.8 kO
15~ 5.1 K(2.1 m)
43V

= 2.1 mA

]
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Ve

4.25

8

-5V

AVpe = Vyln BJ«Z]
(8]
=25In{0.1] = ~537.6 mA
Vagon = 742mV

R(’f = ].5 *lO.S — 10 k!l
V= 0742V
R = —0T42+15
R UYL S P
Bti,
B¢
= 100 0758
101 0.1 7S kO
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Te= —0F+t3 - 1-0S«A
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Tex 236 T, = 1-02mA

3

Tz Tem= %‘-;’-—;c q.g—? = M Py
v;,'- 9. IXTe = Qi 33 i |

A

Ve = 3~ 162822 = p-286\V
Iy = 3 -
Y B 26 = 9B 8: ﬁ

= Te = 102
de = Le = 12T _ 5.034mh
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Teao deubles f" 0C i

(B> Ve=oM
Ve: Verd?F = 03V, b r .

Te= 3-Ve . 3=07F .223.A
‘ ‘ | Thno .
'Xé Lcao = zOnﬂ' ol 2R°C.

-

(&)

Te= £Te 730y 2.3 > 2234A
At $8°C Tip = 2

= 12804/

-3 4 IxIo = -3r223

— Fe 2.23
© Ve=3Y ==oC
Ve= Vo +0:7 = 32V v
__ 9-Ve 4-8.3
I‘ez'w 1 = T “"“EZMA
Ir,s Rl e = RO, xf-FL = 46 6 mhA
31 R gE
, I, Y
VGS'IC)‘D'S(, = Z.GZE! ‘11‘““"“'"’”"{1)() n
g
Te = T, 6 o= Ise T+ lens 2
e - FC. = q:g; =~ D ‘SSNA s 5 € l u?n .,
—ET, S 7 1Y JJee’'r
iy l)(! + B)e 3
for B opencircuited. ig= 0 and (1) gives
@) Ve=3\ Io e’ oy we'Vr _ Bleso
S '69 = depo=¢ T T
substitute into () & {3) =

Ve= 3-0%= 2.3V i = (B W
¢ APt YHopa
T = Ue""/o-l.;‘.;- = 23 /O"f?" = &.:fﬁmﬁ_ ig = (B Dlego

x 2.0
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I:e' = 0-Smf
Vea = 0092y

bhvenN } AT 20°C.

Ves = 0692 - 2x07*(50-20)
0632y

(b) The Base - Emirec Vo Hage is Lued
Ver = 03V af pu Temesmans

At 20°C. ~ l:g' = 6.SmhA af Vgg:—'b‘éw
Thno Fov \gg =02V ,ur fount

y »F -0 692
Lz - é'T“-ots-‘

o-sxto0°3
ié‘ = D’é?jm&
Now & T=50%C 4 Veg = 0-7y

'R'em\@} we o Yol oF 50°C./
'Ig:D-Sm?k) Vea = 0:632V

Mﬂ& Povr \16‘8 = 0.7

t: Q:F-0 632
= - 6oL
o SXIO™> e’
Lte =

75k

4 .30
¥ 10mp Sag -0
ic A e
* Omk e
b‘?’\"‘ 05— B
T e

le = 3-38 g:k

Jee Nohw Ha cweeant
cltt»p Sa%m(-‘mo\{‘kl
ok Ugg =6-GV

4.31

Vi changes by -2 mV/°C for a particular
current. Given that at 25° C Vpe=0.7V and

ir= 10 mA
Thus
@ -25°C  Vy = 07-2x10"Y(~50)
=08V and i.=10mA
@ 125°C Vi = 07-2x 10"} (100)
=05V and ic=10mA
4 .32
i -
Mo = T 3233k
Sx'o T ——.

Va = T = 33-3%/0"% 3x/0™>

= lpboV
pn %, Jfgo"= 3:-3kn2
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4.33
fo= U&/I-‘{_-

@T.= ImA [6= 200k

@ Le= w0A G’"’&T‘“ 2.0 M
4 .34

VBE’ = 0.72V "if = 1.8 mA VC'I? =2V

ic=24mA Vg = 14V
142

= %,

AV
Ll o S = 20k
Aie 24-18
Near saturation V,;; = 0.3V
AV 0.3 ~2
.5 S 54 = 20 kf}
Af{« i(} - !‘8
i(: = .72 mA
Calculating Vg for i = 2.0 mA
AVep _
A, To
Vep—2
2"_5 g = 0= Ve =6V
Take the ratio of currents to find the early voltage
(with Eq 5.36)
Var = Vag

24 _ % (1+14/v4)
SEET

where /- is the current near saturation ¢ aclive
boundary. As calculated above Ir=1.72mA

MV
= 22 = 198 k() ¢ d to th
ro T mA k€) compared 1o the

above caleulation of 20 k().

4 .35
uJJ mg:ual or DC. ﬁ‘»
le .

‘\Fé": le . 1I'2m -

la ?/44

50

o ————y

= Omh _
oLtk

=83 3kS2.

g»w(/ s:j;nl %}t |25

e ————

f;» MA-» - -LQ-Q.K
:c'c,. 12mA

A’}t:‘ ‘{p_&ts«v- A_‘f’i_:',
2 128X 5.,& + 77’2‘3~3§<}'2. = 0. 224mh

o ot l2mh + Ao = 1-474mA

(a) active region

1. = Vee Ve
1. R(_»

=51 2 4 mA

1K
I, 4

= wnow e 008 mA

I B 50
20 %

Vyp = 0.7 + 2024



(b) edge of saturation v, = 03V
I = 2.21_0;3 = 47ma

Iy = 1B = 4.7/50 = 0.094 mA
Vop = 0.094X 20 + 0.7 = 258V

(c) deep saturation v, = 02V By = 10
le = (5 ~ 0.2)1 = 4.8 mA

’5 &= lclafotcéd = 48/10 = (.48 mA
Veg = 048X 20407 = +103V

4.37

Assume active:

Vi =3V, Vg =23 (Assume Ve = 0.7V}
23
10K
I.=23m(50) = 113 mA

V.= 115m(1K) =115V,
saturation. Use Vpegar = 02V
+3 = Veegar — Ve =0
V,=3~-02=28V
Vg=23

V=3V

V, > Vg <V . SATURATED

Iy = = 23 mA

V, < Vg(not true!)

(7

Lega 1K 28

Bfurcﬁd = L[SAY = = = = 9.33
n .

‘Fransistor will operate at edge of sataration when
V, = Vg = 28V

@ Ne=2v ® VYa=1v

Ve=1-0-%=03y

}»—:E ?‘:I‘c_ = 0-3mh

Vez S5~03
Ve =132 3.2y = Y- Y
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® Yo = OV - cotoss

Ve=p0\
JTe = oA
Ye= BM
4 .39
b\( ? = Do
J,:z:..’:ér,
A'A Ves G T
ez 6-2Tg =4V, 2.2V 7
-}, 0,1
° Ve = Va -03
2k = -]
\L 3, o, o3
Ig - \JE 1‘3
-3y 2

=065, 1116, |-bSuk

= Want Vs whkin LTe = 5 x1-1$mh
= O-1HSwmA

Ve = —3+0.11§x2 = ~2. 22V
Va, = Ve+rn 3 = -2.0FV

At o zj conduion  ovaauml
Vge =0.5 V

.- V& -D'S - ZI€*3-‘D <‘:-I’ef=€)

Va= -2.8V at edge
— of-conduchon
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Ve= Ya-0-5 = ~3\
T 20w S Ve= o\

Ox soGualut maavmas Ve = 0.2V

e = -0 8V
g -I:E“ \!E ~D:3 3 ™ n - G.. ‘%‘0'9
2 2.

Se Na+23 = 5vYe
Yo = 2.1V

Vg:"- 2l =03 = 14\ \'c_ = \}S'O'g"__’___ﬁ

~Want Ve ob By 4 =2, Veez02V
Vea s - 05V

Beosd = Lesat: = 2.
Te

Te =Ta T Teat = Legat 1+ Xegal
2
= 3 Tegar

Ve= Ve-0:3 = -2+ 2T¢
2 =2+ BT esat
Tisar= 23 v+
2

Te= l/ec."‘(\la"o'@ = Teeat
2-

'S —\Ne = %(1‘3) + %\15

Ve = GS- R oagy
1273 =

v J

Re1
Ne

s
°‘2"'Nr
2V —
o]

—
—

ks

=

for B =oo
___5..__ = D2, i _g&L~ S."'
Rai +€az Reitfaz

Rai +Re2 = S k~52_~/;'ee
=> .E&z...,, 5 = 2.
25

Rez = 1Dk Rerv= Bk
fom— W A———————

Now Eor B= 100, Use Favinm's

5" l-o obhu\:
s o
S
z‘til E‘A'ILQBL }'—‘*’Vt‘_
10111§
= okSL
@ Ik

Loor @ 2 —-6%&()~0-?— -Te(i) =0

Te = 1-29mA
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Tew 109 1 = 100 x.29= 2%k
oy \ol ——

Ve= 5 — 1-2€() = 332V

WV
® \Ig |-0-F ®
= ©-3Y Ve
D =6+0-257(8)
Te= 0300150 = -1-038Y
\L;r" ®
=Te~Tg
= 0:¢~-0:015
—8\V =0-785 mhA
® p-5 =25 5,
e 0016
“ - :—:‘_E__E-__ oot »9;2-—.8.:;5.. - O'Q?'
O
4 .42
WV 2\
JTe =2mb
Ve 9-2Re ~0.7-4-§
~2K,+9=0

64 -Re-Re =0
Ve LET Vg = OV

Re = 9-0-%

¥ %2mhk >

=4 (Bl

Re = “"’f’"‘? 22.26k8

Using 5% Avoistor watuss

Re =3.qkn Re = 22k

Ie = ‘]_W~D-?» = Z'IZ-MA'
3-9

Ve = =94 2:12% 222 = =43\
oo Voe = H3Y,

p-20

Te =72 3243 mk
Vg= Rax Tefay = 2:02V
Ve= 9- 23T¢ = 2- %2\
Ve = -9+ 30 ) = —2-
o = Te(n ?—) = —-2-93V

Foe Re =27 0kSL.

&op@ 17-2.3Te -0-2 - Re o =0
31

Te = 0- 2224 mk
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Ve= 9-2.-23T¢ = 2. 04V

Smeossssioreosssssssitomiiosy

Ve = 82 T, (2#)-9 = =710V

—e
lo retorn

. e volfapo b fhe ones
firet

ca[co!a‘-wt UAR, M

&ap@ ~Te = 2.3243 A
?- 23Te ~0-F — 270 Te =0

B+
B = 309
4.44

Us: ‘f‘(;uaiulﬁfm%fmt'wf
o* ?5-7'6' and jwuﬂu.,ul?-z_

zj aatoralenr Upe » - D4V

i

J, 2-32423mA

232y

zoz+od=2-42V T

Re=?

CITCVIT AT THE
EDGE ©OF saTURATION

T, =

Ke =

2O 1. . RO .
s Te = 32 x73243

242 +9
B0/51 X 2.3243

= K.0% k.S

4 .45

g = 100

MR, = 100k ~ - R, is large assume active
mode.

‘i'g‘?ls = ‘;*‘g(‘)vf(ml\)

Loop (1)

Ve

- X 100 - 0.7 ~ V; X =
5 - o 07=Vpx1=0
V£=2.16V

Vp=Vg+07=286V
100
Vo= 58— 1 X , = 286V
¢ 101 Ve 6

Thus the BIT is in active mode as assumed.
(1) R, = 10 k{} - assume saturation

5V

5 (Vg + 07)
Ry

5=Vt 02)

Iy =



10Vg + Vg + 10V, = 43 + 48
V=249V

Ve = 249402 = 269V
Vp = Vet 0T = KRR

Check: I = “i:%‘i? = 231 mA

5—3.19

» 10 0.181 m
Ie 31 .
7, 0181 6

Hence, we are in saturation as assumed!
(€} R, = 1 k) - expect saturation, use circuit in (b}
Lo STV H0T) 43—V,

P Ry i
5—(Vp+02) _ 48—V,

1 1

= Ig+le = Vg

43 -V, +48—Vy = Vy

Vg=3V

V5=3.7V

Ve=32V
Cheek Iy = 43 -3 = LimA

[ = 48-3 = 18mA

le 218 = ya<ao0

Iy 13

. Saturation as assumed

I(?

B
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4.46

CY) 5V

@ #
im
n-em."'
Vo= 6-2(16)®
22%52. =gy
— o @
= 0° V, = ¥ 675 -03Y

———

2mh

see laalows for pact ()

@ 5V
V5 -0 92908 B
(RAY Ye=1-24+0-3 =_l.'g.!@

s

Vq = ~5+0939(5.1)
= —~ 0.«209Y
&%0‘?3‘%—"# ®
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© sV
Lo 3 4 x1a8Smb ®

-6

®
V3 =5-14(1-955)
AR A rAY]

®
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Since we are assuming linear operation we don’t

Veesv

havetogoto i, = J.e 4 quation.
g ¢ s e

5V
DC coltector viltage

}

5mV e
¥, Vg + Ag,

g = 03V ..\jxi&i"_
; ,

v, # 0.3 Vo stay in active mode.

Vee = Veg
vy vy
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I
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Vee = 03+ + I-Re
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On the verge of Satuation

Vep = Aug= 03V

for finear operation Avy = Agyu,,

Ver = [Ayw,| = 03

(5~ 1cRe) ~ Ay X3X 107 =03

— AV = Ay xsx 107 = 03

[4,(0.025 + 0.005)] = § — 03

[A = 15667 Note A, is negative,

Ay = —15667 V/V

Now we can find the de collector voltage. Refer to
the sketch of the output voltage, we see that
[Avg] = [(Ay X 0.005)]

Vep = 03 +14,10005 = 108 V

= V(.‘l;‘mr + P+ PAPE Vr
1Ry = ,A‘,§ vy

AV [POVY A v, Ty o

P+03

@ [ =20 102 705 |10 — 10v

(b) =50 05 (128

© | —100 105 {25

@ | =100 [10 125 [4¢

ey | 200 |10 350 653 - HSV

() | =500 |10 125 |38 5 14v

(g) | ~500 |20 (125 (48~ 15V
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v Upe
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IeRe _ 1R
¥he VT

Now g, = OQutput current _ i¢

Input voltage v,

IR,
R, = £7€C
8m K¢ V_T
o= I/ Ve
= ImA _
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for I = 1 mA
4 .63
I.KmA) Forf=100: I.-=RIy
ine for Rp= 1
s Lo/ad!me or Re=1kQ ia=50wA
£ iy =404A
4 tp=Aala
X \ . iy = 30 kA
) -d iy = 20pA
i \eaamw\
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Peak-to-peak V. swing = 4—1 = 3V
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Vep = 23V = 25mA
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() Using the exponential characteristic :

v, Vv
> T
ip=1I,e" T—1,

L e Yy, Vy
giving -€ = ¢ fe1
,(’

(b) Using small-signal approximation :

. I
e = guVp = Vi Ve

Thus .‘.t. = _‘.,l‘
eV,
See table below

For signals at = 5 mV, the error introduced by the
small-signal approximation is 10 %
The error increases to above 20% for signals at

* 10 mV.
Upe idl, idl. | % Error
(mV) Expan. small
signal.
+1 +0.041 | +0.040 -2
-1 ~0.03P | —0.040 +2
+2 +0.083 | +0.080 -4
-2 —0.077 | —0.080 +4
+35 +0.221 | +0.200 1 ~9.5
) —0.181 { —0.200 | +103
+8 +0.377 | +0.320 ] ~15.2
-8 ~0.274 | -0.320 | +16.8
+10 | +0492 | +0400 | —18.7
—-10 | —0330 | -0400 | +213
+12 +0.616 | +0480 | —22.1
-12 —0381 | —0480 | +259
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= A e
c i
i
- '}
(o2 ! Py
.f_
B
N 2,
ol 15 x
P Bis
! o
E
r D= L
il’
{or)
it = ﬁif“ + if“
1,
= (B4 132
B )r,',
= P
e

Chapter 4--33

Neglecting 7,

,
Ry = e
i
o ie("f + RE)
i/ {B+ 1)
= (B + 1)(r, + Ry)
vy = —ai, Re

Vpe
T, b Rr

(3

, Ry
P - ALY

.‘vin r:‘+RE

A, =0 _a_Re __gnRe
v 1, rd+ Re/r, L+ g Re

4.78

B = 200 o = 0995
I —adp = 0995 X 10 mA = 9,95 mA
Ve = 995 mV X 100 = 0995 V

1= .1.%..?1‘ = 0.05 mA

Vy = 1.5 — 10k} X 0.05 mA
=1V

= Ve = + 0003

—  Active region

R

g

1kQ B




4.7? -
. =_£==...."._§_z
8 v,  Zm 04 A/V

re % 04 500 §3
Rm =P = 500 O
R, = 10kQ] r, = 476 O

=y, X 0.32

Yps ™ Uyy
also ¢
Yo = ~Lw¥s Re
= g, Re X032y,
= ~04X 100X 032 v

six
= -128 v,

3y

X Rl'ﬂ
R 2ig + Rin

=gain 22 = —128 ~ ~13 X
ug 14

Iy, = 04V

-

 §:_;=§’-§%30an

e = 032X30m = 9.8 mA

V? V,,Z'—‘&X.—Q =T R
Ve i
v ;
but: r, = -2 = ,‘/"
I(v \’7"&’”
VS‘ V/

v . z
iV, = 25V = ¥ = — 1000 ¥
. Vs v

iV, = 250 V= 1‘3’ = ~10, mo%

K

'Chapter 4--34

DC Analysis:
3-07
DIy = Sl
(Diy 00
Iz = 0.023 mA

Saturation begins to occur when V<07V

1z 1020T = 3ima

- 31 _
le = Blg— B = s = 135

B=25:
Voo _ Ve _ __25x10”
Iy B+DI 26x0023x10™}

r, =

r, = 418 0
En= 5‘_‘_ e 2_—_._.5{26 = 23 “IE_A..
. 418 v
4 .82
1",5':5
Re
R, = rd Ry
=,
=750}
25 mV
cow =Y 1033 ;s
e = 55 = (03 ma)
- 07 :
R, = VT g
i 0.33 k¢
n 28
Ry = 14 ki)
v, . i
Vo o 0Re o 14 187 V/ V

v, r. 0075



Chapter 4--35

4.83

ﬂiw= Re llle fe>~ |cown
Ehvs , VT =100 ~> Te=o0.25m4
Te +iov
Ve =0.3v Ryzloe > S Re
Re =10-0.3
A Us r
f—3 g “3 Kbl 2“\‘!”& ?_cvo
Re
—ov

Selectiou of = valve ro( Re-

The voltoge ganis is o'ireaé@
Yrofofirfou.‘ 1Vt Ke,
Uo = Ue .o
Us Us Ue

= Riy . &R

Rg+Rin fe
> loco @ pe
leo+ice a.1

= SRC Ve RC I“M K(A,

For au ewilter - base s/ wal
as laree as 41owmv , Eh
fguo) et the colleector

{i'fga be

LSWRC X Q.0le wlts.
Thug theLwaximone collector

valtoge w the r)a-‘if Elve
diree¥on will lbe:

UE’—lw«ax =Ve +g.01 ewm. &e

= =g+ Te Re + 0. x ! xKe
Q.1
= =@ +0.25 e +0.1Re

-0 +0.35 Re
Qfa(freueué natuvrakrou ,
Ve lmax € VB wluelk is av.
Thus to ebtain wmaxiwuvwa
aivw wlule allowriue an
ewitter - base srohal
as larpe a8 AOuzv audt!:e
the sBwe Erure Leepiung t
Eraugistor in the O.Lz\}i
wrode we gelect Ke frows:
—(Q+0.35 e =0
= Re=28.6 Ku

Ua“:ase 541;4 =Uo =5Re= 43/
Us



Chapter 4-36

4 .84

For large A7 Elhe pe base
evrrewt will be ~ o
Thvs the pe voltoge at
tlhe base cau be aéoud

Sobséaéu(:ms (e = UT = 25w

and Re= 6.8k , Ec»q.s’m

directly v
VO’lfa%ea a/:/:oél‘ rv/e

And o =1 éz’ves
Uar = 6.8 = 0.9p¢ vy
Ut o0.025+€.8 —==

————i

Ve=15. 1o = 7.5y
150 f1o0 U;gg:.z - 4.3 = .83 vy
:NBe = 0.3 Ue 6.8 +0.025
v 5 -0.3=6.
— ;;: 286\?/ qf /?mSAV l I:ke uode lobeled Uoz ie
oV = T2 connected €o erovuwd:
6.8Ka Re =0 S
c Uez = -ol Re
Uaz Ut fe
4.3K
4.85
Re * "l L
6.8”0\, s viE:Ri'l Aot E:RLU:;
06 =0 "
m(; t P Given:R,= 100KQ A, =2k0& R, =1kQ
Vot = € &XR.E.D. Find : R,, Ay, R,

Ut FRev+fe a) [V (e)| = 0.9 ug(r)]

R,
A’ 30 ' By = m us(1)
le= U6 = UU ! Ryy
" (c) = 0.9]uy(1)
fe+Re f(e+Re Ryt Ry o
a.ma/; T =09
. . Ry + Ry
P2 =~ (e )ee R,
) by %, = - vy O
—— KC UL wpl1) R+ R,;,A‘" v(1)
R ST ) )
fe +Re (D) = =R Ay, ni0)
Thos, o
Uar = -t Be  @.E.D. feot0] = 0300}
T s R, o R
Uc + i 32 09 by
ﬂg {e R, + R, R+ R,
R, < R,R, . (1072 % 107
ORy = 10R, 92X 10"y ~ 10(1 % 10°)

= 250 {2



¢)Taking the limiting values for R, & R,

R R,
GMAV( W L )
Rix + RJ\RG+ Ry,

- 43
A,( 900 X 10° 2% 10 )

900 x 10° + 100 x 10°A250 + 2 x 107
Avp = 125

7’3:‘;; vgig
Ry, + R.Wg R+ Rng

R +
B hve R
o s — %y
RE?R,“‘! w Vg g *
o
R;
Uy = TR, Am Uy = Gy
R,
= vyl vy, = A,
Ri + Rsf‘g
Connecting the load
4
Gw D&ig Rl, Yy
Ry
Hy Gy Dy, =2 Gy = vyl vy
(4 Rr_.+R(;gg o Vg v ¥ Uiz

RI. G
N T
Rl, + an‘

Chapter 4-37

R, and R, are in Parallel. Also do a source trans-
formation

Combine Rfand R, || R, and do another source
transformation

&m (Ry “RL) S
B 20 SR AR
R!*(RZI;RL)"“»R, { iu l)

-

&
-
A

AAA

SR,

The dependent corrent source is equivalent to a
resistor

el
h R R, |Ry)

YT SR RRY
' 'S g R|RY S

R, = uiiy = Ry BB Ry e g R

gn;(Rz SE R!,)
Consider the form
RR R
R .
(IQ)HRA"li"R Iv+a
R+ (Rl Ry
. : 1 2 .
Ro = &) [T o )
The circuit for A, 18
Ry
¥ M- t

[ Bm Vi R"— Uy

AA
ey
=




Chapter 4-38

20%107v; $ 9.00k0 $10k0 v,
> p

10k
N .
»’-
Vg 1,3 5k0
o«
vy W, 1
w‘lk;—f + gt k«; vy
1 1 ] . ( 1 )
L L=t ~galu
[R x, [ R, 8 JY;
A = paf i = m
VG o7 i 1+ Rf:'R:
The circuit for R,
R,
AN O
+ >
:E 1 Bm Vicg QRe<—Ry= R,
p <
~ o

for values given
R, = 99.90, A, = —9.9989, R, = 100

The dependence on R, is
100 R, + 10°
R, = 100 1190 R, -
1100 R, + 1.21 X 10

o= =105 70)

If R, decreases the gain becomes sensitive to R,
If R, — = R,=100,4, = ~10

with Ry

Rl’\' ""’99*9 i
e R =999 (90089
Gro = Rt R 0 S B a0 )

= —4997 ViV
Without Ry
100 ) -
o o f et {— 1) = -5
S vo (100 100! )

4.88
c= 10k, V, = 50V, B = 100, 7, = 0.5 mA
< Jde _osx107? '
g, = 2L = 0. - ~3
"V, 0.023 0x107s
= Y 50
Ia osx107 0kn
=B o 100 ;
” = 5X
Za 20% 1077 SX10°0
Ro = Rell ro = (10x10° | 100 x 10%

=909 k{}
R,=r, =5 %10
The circuit is now (see figure above)

= Yo _.
A, = = = ~g.(Ro]l R)

Y
= —(20 X 1077)(9.09 x 10°|| 10 x 10%)
A= —95.23
GV = paf v = —__R;!.'.'_....
¢ e Rin + Rsig
3
4 = ( i X 10
5 X 10" + 10 % 10°
max signal ug, is

o) _ 5x107°
max Lo L Sx 107 _ 10y

)(~95.2) = -3174

va' 31.74
4.89
16 = p Rl Rl 1o
Rﬁg + r.

IFry—oe then R R, | ro = Rell R,
letR,’ = Rl R,

R ¥
IG" Py I3
' gi"Rsi‘g + L
6 = Ry
Rag y T
B B
But ro/g = /g,
;j(;“f - R!.
wEE 4. I
B g

R" = 10k R, = 10k B = 100
1o = 1 mA



ga=1JdVy, so
R ’
1(;‘,! 2 b
Ryg + Yy
B I
10° ,
a)y |Gyl = = BO VIV
T , 0025
106 go*
b) If B ranges from 50 ~» 150
For = 50:
3
Gy = ——%— = 4444 ViV
lO (}025
ETS
For 8 = 150
4
16y = —%— = 10900 /v
10, 0025
150 10°

¢y What is B range if G, =1G | = 96
at|Gl =
10
10' , 0025

B 0
at}G,| =96 :
100 gemp = 12632
10* , 0025

107?

= 64 =3B = 76.19

d Suppose the nominal G, i8 Gy . and Lo is
variable
B = 50= Gy = 08 Gy yon
B = 150=Gy = 1.2 Gy pom
Then
3

19
10, 0025
0 e

]

038 GV ~ROm

&

L U
g

100, 9025

150 e

Take ratio

A .
0, 0.023

150 fe . 9'——8‘::51(-_. = {1,125 mA

i 2
10, 0025
50 I

9
3

= 1.2 GV ~ 0

Chapter 4-39

10*
4
10, 0.025
Bnnm 1 ol
Gy pom™ 31.25 By = 83.33

4.90
i(‘?‘ - ﬁR( “ Rl “ 7o = e(RCn Rl)" To
nlg+rr R,,s+r
14
To = 'I‘f
.V
Rell BT 72
64 = Rip . 7. <
Hsig 4 Tw
B B
o L Ve
B gm I('

14
(Rell R 32
thus, |Gy} = oo °C

&Z&-}-KI
B I

Rell Ry = 100, Ry, = 10KQ, vV, = 25V,
and V, = 0025V
(o] 2571,

10°, 0025
100 1,

16

f

25 % 10°1,.
(10° 1. +25)(10*1 . + 2.5)

I.(refy | |G
o1 27.47
0.2 | 4115
0.3 55.560
1.0 57.14

1.25 55.55

The values of /. that result in [G,] = 530 are :

1 X 0,925 mA and 0.324 mA,

The 0.324 mA would be preferred since a lower
power is required,



Chapter 4--40

+
:ERL%
« > #ie Bm Yy <&
- 3x,
< .
<:Re+lr
1 Ryy=B+ 1D (r,+R)
Rou=R,
Ry = (B+ 1)(r, + R
i, = y/(r,+R) . e+ £
= Yr
L - v = _ ; Ty = I
b = f,—ai, = {1 —a}i, = (1 a)r,-bkg ¢
_ o100 = (B + l)( LR R) multiply both sides
=5+ Ter1 P
B l \ by Icandrearrangc.
b = B+, ;R, =B+ DRI+ Ryl = (B+ 1)V,
. Given 8 = 100 R, = 20k0): V, =
Ry, = uliy = (B+1)r,+R,) Equation becomes 1=0025V
Vo Vr o Y ~101 RI-+ (2 X 10 1 = (101)(0.025) = 2.525
=T T ie . (EqA)
. 0.025 = 495 0 9“’"“"““"“3 are I & R, This is one equation.
= (0-99)(m) = 4 o= v lretguu, = (1/re + g )us
- (E + ])gm'*':r
R, = (100 + 1)(49.5 + 150) = 20150 O
_ , _ i = (-‘- + ) Ie
Ayp = —~ai Ry = QR(»rt vy B i, Vi b
Avp = —(0.99)(10 X 107) /(495 + 150) = ~49.62
now model becomes Vg = Ryi, + v, Rm;":

i

! R I
R ( + )..., + v, + 2R
B : V,U b [} vy,"”

- R,
e = v = [+ ]GER - ey

I 5% 107
0.1 - 0.005 = [76'0 + 1][,%_____].

R, 0.025
Yo = R o r_Aven 3
Ry + Ry R, + (50005 X107
o R 4 R ’ (100)(0.025) '
Yy m*’ wm"«is 0.008 =0.202RJ1. + 1071, (Fq B)
Gy = U/ Uiy
10 k) 20150 O

(-

SIS b — & ¥4
10k + 10kQ 2.62) 730150 O + 10000 O

= —16.582



Eqguations A and B can be solved simultaneously
I.= 125 mA

RJIc = 0.00064
=R, = 022264/125%10"°
= [78.11

Vgl thy = —Regy, = wR(.,!gﬁ
v

3125 X !0”)
= 5 X 2ld B V) =
(35X 10 )( o 250

-3
G, = (—250)(15_3%-‘12—) = —125

4.93

EGV = BRC
R, +(B+ 1)(r, + R)

§G§" = ﬁRC

Ry + (B + IV /1 + R
Ry = 10KQ ;R = 10k : B = 100;
V,=0025V:

1= 1mA
“TEv1
I,=Ijoa = 101 X 10-A
IR, =0
3
G = (100)(10 X 107 -

10 X 10" + (10D){0.025/(1.01 X 1077))
Suppose [G.] hias a nominal value Gy, and
0.8 Gy corresponds to B = 50. Let R, be a
variable (note that o« = .98}
BR.
Rys + (B + D[0.025/(1.02X 107) + R ]

= 08Gy. pum

(50)(10%)
107 + (51)(0.025/1.02 X 107" + R,)
At =150 G,=12G, pum
(1500(10%
10+ (151(0.005 /7 1.01 X 107" + R,)

These two equations can be solved simulta-
neously for B, & G oom

= 08Gy_yom

= 1*2GV—m’¢m

4.94

P
2.
A
\4
o
-
p

vbe(') = reiz
uplt) = —ai( Rcl Ry)
1)

w0 = TR T R
foolt)] = W‘Qh‘m('}‘
= af Rc| R

VT Ii‘g T’i}e(r)l

Suppose a = |
= 10k (10 k1) . -1
fop(1)] Y (0.25 mAY(10 X 107%)
fug(] = 05V
i

o Rl Ry _ o Rl &
Ryg + 7, Ry, + Vp/ly
(10 kM| (10 k:f{)1 Since o = 1
1kQ + 00257107

=488 V/V
g’-’xix“)l = |ual)|/ Gy
[ (0] = 05/488 = 01025V

Gy = vl Vg =

sig

it

4 .95
ol = (05 V)
- [0 - _05
1] 2% 107
5x 10"

- |“’bf({)}max - 3 = 200
]’(“(’)Lmlx 250 ""A

. S 'y
r, = }:_i EXrE E_I wx 0_;9_.2'_5 = 1.2mA
1 ’ g

ix‘!(’)g max

= 250pA

; 20

lig ()] = fg il 1) = 1.5 mA

man FEEY
e mae ™ g~ Hel Dl ae = 1 MA
Suppose B = 100

. (B+ 1R,

B+ DR +(B+ 1y, + R.sig

(101)(2 % 10"

. = 0.499
(100)(2 % 107 + (101)(20) + 200 % 107




(Gy = 1y(t)/ vs,;(t)) =3

"a(l)

va(ll= G 0499

IVl = 1.00 Volt

4.96
L=1mA; B =100; R, =20k}
R = 1000

= ‘..‘.‘:}_(2‘1. ~33
E——ﬂ Ie= 15107 = 101mA

Ry, = (B + 1)(r, + R;) = (101)(24.752 + 1000)

= 103.5 k(2
we have:
(B+ )R,
fo,. =
vyl U4y = Gy = BT DR+ (B + Ur, + Ry
= (101)(1000) =08178

(161)(1000) -+ (101)(24.752) + 20 X 10°

ity = vpl) /R, = ﬁzgﬁ

L
Viel) = rd, (1) = (r,/ R))Gy V(1) =
1)/ vg(1) = (r, 7RGy

= (24.752/1000)(0.8178) = 0.02024

(1) = v} + v, (1) =

(1) v 1) = Gy + (r/ R)Gy

{117 v (1) = (1 + 247527 1000)(0.8178)
= (.838056

D) v, (1) /7 uﬁg{i) = 02024

= [i6{ ] as

= Ju, 1) £ 002024

gDl = 10X 10777002024 = 0,494V,
D e ™ Gl Mo = (049D(D.8178)
= 0404 V

cy If R, is removed i, = O, therefore,
u, = g, Thus

Gon = 1.

Now for R,

= (1 +r,/R)Gy

Chapter 4—-42

(1) = (1)
Te

vy(1) ~

£

u(t) _

it( 1) =

u{) = =i (D(1~a)R;;, =
i, (D1 — @Ry, — (1)
Te

i) =~
= u(t)

re”e(!) == ‘e(‘ ) sig

. - Y
i o ¥ (1~ )Ry,

Substituting into R, expression

— ) Ry, = ry + ——R,,

Ry = r. (1 By
1
= 24752+ 2X10 = 999972
101
now
22277202
+ +
e o <
ig £7) :,]00 Vo,
1!0(!)/ usig(‘) = W&'ﬁ%‘ﬁ = (.8178
This agrees with G
4 .97
le=025mA; Ry, = 10kQ: R, =1k
V= 0.025
Gy = B+ 1)K,
B+ DR, +(B+ yr, + R,
=V BV
€ Iy (B DI,
Gy = B+ DR,

B+ DR, + BV, /1 %R

sig

Rﬂll( Ve + Rnxg J(B + l)

w BV R
BENL R



for B = 100 B=50 B =150
G, =08347 G, =07727 G,=085
Ry = 19901 (I R, = 2980 0 R, = 166,00

4.98
Part &) Nodal equations:

Part a)
_*fg.;."ewf”sigug‘g 4 Bl % oy
RE R3+r, o e

Y, — v, v,
T e 1
Bty + otk 28
_1:!1'+ t‘ie—kvv*—uﬂ -
Fe RS
Solving:
v, (1) - (8ol = Rp)Re
Vi (1) (raRe+ Rpr, + roro + Byt o+ ReRy
+Rer, 4 r R+ ReRe + ReRy)
AL Re(grore + Rt 1)
Hsig(‘) (rﬂRC + RErﬁ + Fol'z + ngE‘rorev + RCRR

T Rer, + r,Ry + Re R + ReR )

r o= V4
= LA
e
Part b) Nodal equations:
Ry B c
AW —
+ <& <
Vw &Iy gm!"v:. ra‘,
< “: R‘
E ¥ 3 ,
Y,
+ R i
Uyig _
r"r—r'zsig ‘- , — Batn * s ¢ o 0
Rg RD + r ¥ : s
o, T,
vyt b =
gm i ru le
LE .

Chapter 4—43

Solutions
V() _ RAgurore T Rg+7y) v
Vlig(’) B (roRe + Rypry +r e+ BnReroln + ReRy
+Rgr,+ r,Rg + RpRe+ RgRp)
VAt (Re+ r )(Ry+r,)
Vsi;(.’) - (rwR(.‘ + Rlir' + Tol'y + ngE’orw + RC‘RR
+Rer, + Ry + RpRe + RpRy)

4.99
+5v
? [t 5882 = 0.690
8l " Rei1+ Ra2
tes o T Skez =
O.69R81 + ©O-69 K2
> (.31 Rz = 0.E9Rg
=P R8I = ¢.24
Rg2
@ Sruce Vse= 5 Rsz

Ret+Ka2

x{, botle Rez v R8B! are ot

0.9¢ or |.0! er Elherr
vaouwwual valve —= Vee wrll
not be a(tlteaéeo’u
We wust'cons/der tlhe cases
whew oue resistor s at o.9¢
and the other at (.0t o
their no wwinal valve.

lf; Rer'= 1.01 a2
Rgi' = ©0.9¢ Ra !
=> Be= 0.3202V
lf: Rgz2' = ©.¢9 K8z
Re1’' =1,0!l Rai
= VUse = 0.639V
thes Vae rauges praw 0.E38V
to cZ?anj CONT.



Chapter 444

.

For Iec: Te=1s e Ve /vr

faf‘ Vbe = 0.6¢0 —» Tc=1TwmA
=r T sg=|.082x10 '3

or Vee~ O.678 v Xe¢ = O.Gla‘
VBe = 0. 2022 Te= A.62m

Je rauvees .trow Q.618mA to
Ao éZWA .

@ lf. Re = 3ku

Vee = 5-3kx0.62w= 3.14V
Vee = §-3Kx l.62uw = O.14V

Tlu's circet is boc seusitive

fa.ro.meée_r variabious
as' showu Uhere fora 1%
registor Ecleraude .

4.100
+5 .
ﬁb 3"L QS-? lfp—-la(?
AwmiA
A IBx(Lf— Ie
5-0.7 = Tw

(4 100
—» Rg=- Y30kn

Vee = 5v-3K.4mA= 2V

lf—/}:éC’f Te=5-03 x 850
430k
Te =050 unA
= Ypg = H-3KkxO.5ur =+ 3.5V

lf/’:: 180 Tes= I.5mA
Vee- 0.5V

This desiou 18 too seusilive

te variatlious of (3.

4.101
+v /3:.0:7
Re
R
le ° LIcSSW!A
o e by
. “m- 43V
Rz Ce
Re =3v = 1K
3wma
Re= 3v =4ku
3mA

Vb=a.3+3= 3.3V

Ri= 9-3.2 = 13.?Kn
TEN10
v = (Ri+R2) Tg -» Rz =12.8K

lo
Clicose svitable 5% cesistors
Ri=12.2K — 19Ku
R2=12.3k— 13kun
R)=Rz = 1K
Ves = §x13 = 3.372V
g+13
For these valves of R aud
B=00: Rg = 131113 ="'2.55Ku
Te= 332 0.7 2 2,33 wmaA
1K 4—?..'5_1“5:

1
L= 0.99¢ => Te=-2.80mA4A

lf Re /s redveed 6J ~3.55K
g
»>Re~ Y10
= LT e=3.09m4
Te=3.25mA .



Chapter 4-45

4.102

ForB = o, I; = 0,1, = 0.6 mA

R, = 36" =5k = R,
=07+3=37

9-37 _ 106
==l = 200 - 99k
gl 1’2 6m 77k

9= (R,+R,)-—=R, = 1§—k = 123k0Q

Suitable 5%. Resistors: R, = I7 4k
Ry= 121k
B = 90:

Ry = (174 K)|| (12.1K) =

174 K(12.1K) _ 5,
29500 74

9(12.1 K
121 K+ 174K
Ip= 37207 _ 3

7137 5K+784
o
5K (90 + 1)

Vs = =37V

= 6mA

4.103

Te= Vee-Vae
Re+ RB_

BT
(a) Far =lOO, varyiw
between 50 and !5&9 ‘%he
wmaxirwmvun deviabiou iwTe
(4roun the uoucnal valve
obtained ror b=100) accurs
at the low euwd o /5 valves
(b=50) - Thos, éa Keep

Te withiu £ 5% ¢ uaw’ua:l
we most ¢ fo.se tlie coustramt

Te(p=50)> 0.95Te(p=1e0)

of, Vgs- Vpe > 2 0.95 Vge -Vge

RE + R8 Re + R8
S lo]

, Re+Re > o. 15 (Re+ Rs)
ol
0.05Re > Re (oqs .
5 loi
= Re ¢ 5.73
Re
Thus. €ke la.ksest‘: ratic o}

RG/RE ls 5'?3
(b) Te.Re = Vee/3
—> Vgs-Vee . Re = Vee
Re + R8_ 3
Bl
\Vee -0.3 . Vee
A+R8. 1
Re (b+1
Veg=1Vee (41+5.33 )+ 0.3
3 101

= /a8 = 0.35 Vee + 0.7
—

(c) Vee = 1OV
VgB=0.35x10+0.7 = .2V

= R2 x10= Y{.,2

R|+Rz
Rz = 0.42 )
Ri+R2
Te.Re=_L Vee

3 COMNT,
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2xRe=_L xI0
3X

=> Re=1].63Kn

Re=5.73x1.67= §.55 Ka
klokl & ?.55
Ri+ Rz

é’béséiéuét‘uj frow @ S:‘ves
Ri= 9.56 = 212.3 ke

e —

.42 -
4.104
(a) WV p=oo,Te=0
o 3mA
v 3v= Rex3mA
Re T2 > Re=AKun
Re

-3 ("‘3‘0'?)=R£x5m4
v —> Re= 67u
() B=%0 Vre =vyre
la
Ts.Re = Ie.Re
lo
- Te .Re-=TXe.Re
3D o
— Re=(B+HRe @
Qo

O0=Vrg +0.2 + Ve -3
2.3 =\RE. + Vee
lo
7 Vg = 2.3 =2.09V
l.]
2.00=TexRe @

also,

c’wé: .Ie=._]_:_£ = 3wm4 = 3.033wm

—

ol o.98¢
Suvbstibvérn m@:
Le= €3¢
'Lrow\@:
Re» 6l67un
—_—

(e¢) Staudard 5% valves:
Re = 1K n

Re = e8¢t = 680u
Re= 6269 > 6.2K

(d) (}".‘m: 19:0
Te=T¢e
Us=0
=-0.9 ,
ITe=3-0.9 = 3-0.7 =E___.=§:__8.MMQ
ReE 6go
Ve= 3-338mxdk = -0.38V

For 3= 90:
Te= 2.3 = 3.0%'wmA
680 +6.2K

1

Te=otTe = 3.04wm4
—

Ve= R8.Te = - 0.209¢
(5> +
Ve= -0.20¢ ~0.7 = 0.90¢ v
Ve=z= 3-TIc.Re
T 3-304xq = -0.Q4HYV

4.105 +5v
Ve=-0.3V Re
Yo obtain Ie=IwA t_.
Re= -03-¢-5) Qe

\ -8y

=Yy.3 KR CONT.
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Vo wmarivze eain wilule
allowiw +Y vy sioual at
colleetdt , desiqu pora de

acallector uoléaée a‘_ +4V,
Fhus, )
Re= =4 = KW (i)
.Ic A

GFOF 100°¢ rige iu Eewrpera-
ture , VBe Jecreases f‘f
Ixi0o = 200my audlthus
T e iucreases by 0.2V
Re
= 02V =0.043 w4

4‘ 3k
/.€. aun rmerease af 4q. ??’a

“The clhan e m£ fom 50 te

150 Caus e elt

f.fowu Q. 930 tae 0. 993 L(
kes aAu iverease iu

aaﬂ ebor currené a[. l. 3‘/0

Thwo the averall ivierease

iw Le /8 _é_’"o
4.106 Te,
Vo allow a eolleekor Z8 Re
Valba e Swiwn ve
LAY, w@ 5 Rs V1o
33,&‘,\ (/ Ve % &
e = V&+4
= Q.3+ 1 =1].3V
Xe= O 5vva
= Re =5-1.9 = 6.6 k&
.5 E—
For/ﬁ* Yolol
Te =Te = 0.5 ~5nA
(>+1 lai

TIe.Ra= A4V

Re = AV = ) MA=20akKu

oA ®
Now, r/- the BIT vsed has
/3 50, the ewmitter correut
(esvltiug coun be povund trown
£g (5 \§ t f
Te = Vcc: - VBe
Re + R8
/b-&l
= 5 ~0.9 = 0.UlmA
6.6 *é_?_‘f
51

a—gf/)

51
s the collectorwill be

heelher éha,u tlhe basge b
(5 [.&eV Y] a,llau:«[

and Tg-= 0.4

Sxoz
orf a * 1.8V siual swiw
at the™ — colléctor . LS
For [>=150:
Te=s 5-0.9 =0.59wA
6.6 +20e
15}
Te=0.59 = 364
151

Tlues the colleector volt
will be Lueker thand tea

a[, tle b
0.2V

3.6x0.2
3 ].ar awla * Q.2V
3

WIDLLS

a.llow.
5:'&14@!
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4.107 4.109

T6 = Ic/fl= 3mA/90=0.055u
VVe= Re.T8 +0.7
Ves= 1.5V 2Re=24.2KWL

242k (+05V)
v S Re L +1.0V
T = :
T = Te-1I8 = Te I° E Cosv
T = 3.03mA AN N
] : 2 oasv
LS) ———A (-35V)
E, -30V
>
Sk :ERF 20V(15V)
\ |

-5V
The constraints imposed cannot be met
Vo < —0.7V for Q, active.
Change Vy: to 1.5V then
Vo= -35V
Va=Vp +25=-10V
Va =Va +15=+05V
Forp = =
= = Rp, = 1.5V/0.1 mA = 15kQ
Vg =-35+07=-28V

Thenvll=.2_'§=ﬁ

f A1)
1 R Va=0(,=0)
v 2 _y Vo= -0V
o = C“R+R, % Va=Va+15=+08V
f s RR) Vee
ETTR Rer = 7 mm 4250
Thus, For I,; (B = 50) within 5% I, (B = =)
o[ - Vi For § = 50
R +R, L5
lop = alg = D) lp = ————
Rr+(—l“—2‘ Re+ (R, | Ry)/51
g+1 B=o
I = LS

L1k
=



RilR_5
S S e
Need =} T

~R, | Ry=51Rg/2 = 3825kQ

RiR,  _ R = R,
R,+R, 1+R/R, 1+28/22
s R, < 86.9 k) use 82k}

R, < 68.3 k(2 use 68 k2

R, | Ry = 37kQ <3825kQ2

For B = = and 5% values
-5XR

Vg = !
82 R| +RZ

Vp=227+07=-157TV

Iy = 1.57/ 15 = 0.1046 mA

For B = 50 V determine R,

227 -0.7

lpy = === = 0.0998 mA
e = gsTras oo

In = 0.98 X Iy = 0.098 mA

Io = 098 X I, = 0.096 mA

Iy, = 1150

Vee =0.099 X 15 =147V

Vo= =5+ Vy=-353V

ForVep =25V

Vo =Vg=VgtVgp=-103V

Vp=Va+07=-033V

Ry = Var xiﬁ- = 1737 k) use 180k
(4]

< 3825kQ

= -273V

For B = 50
I = 0.096 mA
Vo = 292 180 = -035V

50

Vo =Vy—07=-105V

Vo =5—0.096 X 43 = 0872V

Ve =19V

For B = 100

Ies = 1.57
37/101 + 15

Iy =099 X 099 X I, = 0.10mA

Va=07V

Vo = _%%?x 180 = —0878 V

= 0.102 mA

Vo=V, —07=—-0878V

Ve = 0.7+ 0.878 = 1.578V

For B = 200

Iy = 1.57
37/201 — 15

I = 0.995 X 0.995 X I, = 0.102 mA

= 0.103 mA

Vo = 0615V

V= -2192 180 = —0.091 V
201

Vo= V=07 =-0791V

Ve = 145V
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4.110

To=2wmA =ox 5-03~ 4.3

R R
= R=2.15Kku

Ue wirm = ov C lu actuval
P(’Q-céa‘ee 1 Uewuin o O.L(V)

4.111

Te = Vgs - 8¢

Re + L6 /(p+)
where, Vg = Vee . K2
Ri+ Rz
=¢. 15 =3.21v
23+15

Re =R 1Rz =15/12% = §.64 Kwn

Thus, T e =3.21-0.7 = [.9UwmA

l'z’.' ?oéq -
(et

Rs
o Vo
. v
Vs W_vu f ifa iﬁcfgl_

(SM'-' 1__5 = 0.99v 1.9G = ?C.8w4
vT

0.015 v
(r=p = 100 = .3k
I 2.9

fo=va = _0@ = 52.1Ku
Te o0.70¢1.94
Re=RB)Ifm=9.64/(.3% .15Kku
Gt ~gwa=-26.8ma T
- v
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Po= Rellfa = 2.21] 52. =211 Ka

RS lc

Eew valewt eirewi

Av = Ua = Ui . Vo
Us Us 7
= R . Cwm (RoltR) U
Rs+ R Ue
= -115 x36.8x (2.ufl2)
[O+].15
S 8 13 v/v

Ac=ilo = Uo.Re

——

(0 Us/(Rs+R:)

> Ac=Ue . Ra+ Ko
: Us R
= ~8.43 x ((O+115)

2

1

-H5.3 A/A

4.112
[ Nee = ¢V vwr:gl. Vee = 3V

/U%S/eaﬁ: é éhe base curreut,

K: + = 45 K
a.z
A
€ +Re1 3
= R 18ku , Ri= 30Ku
KB =R 1I1R1z 3015 =10k
4s

Vo

63 %(ﬁu(ﬁi& Il;
i é l L

Te = VBa- Vse

Re + RB
¥l
2= 3-0.3 ==>£5"105xu
RE + 10/101
Use Re =AKu

The resvltin 5 T will be
Te= 3 = 2.0 mA

! + w/mt
Iex KL =0.-99%x2-QF =2.03wA

w e Te =2.07 = 82.9 w4

VT o ozs v
fr= 0 = loc =1.21 Kwu
w 82.9
(0-Va = lco = §48.3ku.
Te 2.07
¢d‘3 %ﬁ%, %Sw\ln%fa Re 2 R
ﬂu:amz!
Yo U”“:;m £ wa UrrR
= un o = L 13
Us Us Urr 23ff2c '5‘”—-«
= —~.28 «x SZ,QxR
1a+ 1.08
Yo obtain Vo = - gy we vse:
Us v
K= 8x1.08 =0.99ku
[.08x82.9

Now R=rojlRe il R
2.99=48.3 /Rc /2
= Ke <2.04 ku
vse Ko = )
Check ; Ve = ?%xl* .86V
while Vo >3y ., Thus ju
active mode as assvued.



4.113

Vas= ¢. 47 = 3.28V
g2+4y7

Re= 4282 =29.88 kw
Te= 329 0.3 = 0.66wA

3.6 +29-88

oy

Te= 0.99x0.66 = C.65mA
SM = 0.5 = 26 mA

e.0r5 Y,
fw= 100 = 3.85Kun
26
fo = lao =151.5Kkn
0.66
Rs va
+ 0
Ve Re "1 Un e (oS Re 2R,
N R P e
Ri=2¢.88]13.85 151.5116.8 12
= 3.4IKa = 1.53KW
Av=Uo = 3.4l x -26x1.53
Us 1o+3.4]
= —lo.twy Whielrs
- abovt 25%0
Wiqler (Zhau iw the arieival
Jé'" . The ima roueuﬁzué is

nobS as laree a's wiQhl have
beeu expe Jd becavse a{élzauéla
R tnereases , Qw decreases {7
abouvt the swue r.
lndeed wast g the tuproveweut
16 dve bo the ruerease i Ke
and Ueuee tu the eﬁec&‘ve load

res/stawce .
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4.114 2y
£=1oa Re
{o=o> Ls -0 |
¢ "}RL
Vs

Rs

gt

'e""-=5KUl , Rin=Reiyl o
=> S5K= Rp.(r
R+ (n
- OK(mw = Rg (fmr-5K)
but: frn=\Vr aud ResIs= 0.5
Te
- 5K, y1 = Q_:é- (f-ﬂ—.sk)
&8 L8
thos, (= 5250u
theu Re=105K
chioose Re = 100Kk
aud Igs 4. P76 A
Te ,-.-,([5”)1:3: 101 X Q. FENA
Te= 0.-98wA
T=Teg—> T 0.5mA

“To avoid saturation:
Ve -Vg > —0.5
Ve = 5v-Re [Te+ 5\«4 Ute]

Te=T.-ot= Q.5mx loallel

= 0.3 mA
6w:= Y..I. = 2;_5:_-“_1 K~ 50\u_i
Te O.4%m v
Ube = 0.005v

—= e = 5" Re [0-47m*50m-w .Ssul
= 5 - 0.3Yxa % Re
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Thew :
Ve-VB = (5-0RuRe)~(~0.5+ Ube)
= 5.495 - 0. Muke > -0.5

Re & 31K,

Base -to -Collector opeu eirewit

LA
Ue = ~Qukle = —5aucx $.1K

Ub = "-dqosv/y
Far Rs=10K , P = (0K
= -Swe (RetlRe)
U’l:
s —B0uww .47 K
= =223V/Nv
Ue = b .Ua= 5 v-223
Vs Us Ub S
= =3U.3 Yy
4.115
Te= O-5mA
ta) Te= 15703
Re + Rs_
[5+!
0.8 = 4.3
Re +2.5

120

> Ke= 28 .57 KN

Cb) \]c = |5 ~Re.Le
5= 15~ Rex0.89¢0.5m

=> Re= 20.2Ka
~ 20KW

e ———————..

e) Rs

g FFRP

Re= 20t , Re=2.5K

{fo= 2oaakuw
GM e >~ O.5wm = ZOmA
VT 28w V
fr=D = 190 - 5K
Swt 20

Av=Uo = Urx do
Us Ug Urr

= ._.flf_.. wa ((afl Re llRe
fr+ Rs S { )

== 5 x20(2ooltol1a)
54+2.5

= -86 VWV

4.116
(a) For eacl trawsgistor
Uk = |5 x 43 = .8V
oo +43
Re=Ri[/R2 = tooftti? = 32K
Te= 4.2 -0.2 = .97 mA
3.9+32
[K=¥]

Ic=0.??x0,9; = 0. 96 wmA
Ve = Vee - Tex Re

- |18~ 0.96x%x £.8 = 85U



¢
éu'sr% %
Riwt Rimz

g1 =Rz = Re = 32Kku

6wr=\3mz= 0.96 = 38.HwA
Q.025% v

fm= fnz= 02 =2.6Ka
38.4

{(’at: Rez= 6.8K

{o1= foz =00

) Rini= R8ul/ (i
= 32(2.6= 2.Hkw
Ué' = ﬁiud
Us Rst Rint
= 2.y = .32 V/V
PRSI ——
5+2.4

(d) Rinz= Kez l/ (2
= 320267 LY4YKw

Ubz = gt Um (Rer M Rinz)
= -39.4 Ubr (6.8 1 2.4)

Uby = -68.1 V/V

ver T

(€) Vo = —Qwaz Unz (Rezil Re)
= -38 . Usbz (6.8112)

Uo =-57.2 Vv

U6z -

Chapter 4-53

(F) Ue =Ubl xUbz »Uo
Us ys Ubr Ub2
® 0,82x ~6%8.1% -5%.3

= 1292 Vv/V

4.119

Rin = p+1) (fe+ 280)
B=100 fe =Vr = 0.025 = 250a
Ie o.l
Rivi= [0l % (250 +250)
= 50.5Kw

50.5
20 +50.5
= 0.32V/)y
Uo = -o (201120)
ué (fe + Re)
= _0.9¢9xio =—[9.83 V/y

R ————— =
0.2804+4 0.250

Ué = EI‘W =
'(-j-; Ra+Rin

Thus, Uo = 0.32%19.8==14.2V,
Us

For Ube = Swmv , Ue= SwmV algo
(sruce Le=Te~= 280w)

Thuws,
Ub = 5+5= |OmV
Us = lOwm = 13.88§wmV

0.3

Uo= 13.88 x (4.2= ]97.2wmV
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4.120 4.121 +5y
() Te= 0.99¢0.5 mA A pswar ) 0
- 0. L{?ﬁwuq Ve 0(9:4 ‘SM*L C
Ve s TeRe +VBE ...
+ TgRe N XN
= 0.8%0.195 +0.9 tsa
+ 0.008 x 300 ‘m ®
= 2.23V e W
. . sod
(b) te= Ut LT Ri= Vr = 5ow -@_‘Lﬂa.smk
re+2e 3&: e T e ]
fe=Vr = 50u Ve = 5 - 0.5.KRc
Ie fe %m:‘n:‘— Ve - O'GI(SM (gC,”'”()
€
—>e= U 2500 oro revent Safura.b’am Ucw.iu
. bot+2zs0 é
le=Uc > 0= Ve-0-0lx20 (Rell4)
8Qa = & - co.5 £C
Ngde ;}Uaéfbu atc: Rc'*"
Ve -UL +otte +Ue =0 S5Re+5-0.5Re* 0.58c-0.2Re=0
y oK z
300K 3 O.8Rec?® -4 .3p. 1 5=0
Vo ~Uv + o Uy + Ue =0
200K (280+350°) ROK Ke=4¢.3 +/4.3%2 +10
=) t_‘.)_:g‘ = '—?O V/V 4
Uc =
= P 6Uku
Select Re = ¢ 1k
Ve = 0.45v
ggﬁ K¢ Sm CRell )
Us Rs+Re
=_50 xzox(9.1(1)
S50+ 50

“..,.2‘//"
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For Ube wax = 10wV
Usmax = ZOowV
Veuwar = [§COmV

Thug the eollector vo té:aLSc

Swiwn sJ—row
( i; s - 0.18)V ta (0.45+0.180V
e prom 0-23V Ea .63V

4.122

Re=re sVt = V__I_-5o(¢
Ie 0.5
To Liud tle voltage coin
Uo/ys jl’l‘eé uoééjf&gﬁ
Z}£= £t. = 50
Us RstRi Sot+s0
Theu,

Ue =o x (Tetal resistauce atc)
Je fe
=~ A x ([COKkR (/A1KR)
Yol7}

)

0.5

= (9.8 V/V

Thus, Ue =1%3.8 xa.5 = §.2 V/v
U‘s ——

4.123

(a) Te= §-0.3
| +1e8 3+

for (=Uo, Tex

o

\.

3 =24

——

—

wA

[\]
Q

| +1

l

£

Ve=4x2.4l= 2.41V
Vg = 2.4l +0.3~ 3.V

FO!‘/3=ZOO, Je=8.% = 5,54m4

1+ 2@
Ve=+5.54V 291
Us= +6.2qV

(b) Ri=100kw /B[ re+tun)]
= |00 ([ (P+)[ re+os]

For(>=40, Ie = 2.4lmA
2 (e 10.37 wn
thvs Ec= 100 (1 4 x(0.010%+05)
= jo0 [l 2]
= [}.30wn

For (b= 200 , T e =5.54mA
—> fe= 4.5 n
thus Ri= 102 ] 2ot (0.0045 +a5)
= (oo [ 1e1.4
= 50.3 k&

(c) Vo =6 - Vo
Us Us.e (fé( P
- ¢ . W/
E;T;kl' (||(|)+f¢
Forb =40,
Vo = 13.3 = 2.5
Us TJ0+13.3 0©.5+0.01a33
= 0.621 VIV

For(3= zoo,

Ua s 50—3 0.54__

Us (o+ 508 0.5+0.0045%
= 2.82% VIV
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4.124
Te = 5-0.13 = 4.00wA
3.3 + oo
1ot
fe =25 = 18un
4.00
,eca(/,’,u)[rg-f(a 3}'!)]
= B0.0Ku

Uo=yb.Vo = R (3301
Us US Ub Rs+RC fe+(3.5N)
Thus,
Ue = Bo x(3.3/1)
Us loo+80 0.025 +(3.3M)

= O.430 V/V

LO = Uo/KRe

(A. Us/®s +R:¢)

Uo . (Rs +R¢)

Us R

= a2.43 x (oo + 80)
1

= 3323.4 A/A

Rouvt = 3.3 //[re; + (ao
XY,

3'5//[002,54-1 ]
Qi
= .76 kuw

4.125

(@) Tez= 5wma
Aeso,  Bz=100

Ter= Sop+Te2
= 850 + lez = 50+ 5a00

Hz+ 101
X Q0.
0.4mA +3y

s 0. 4wmA
(50+1)

* L1 g A '
VBi= 4.5-p5x19 6 = 3.52vV

Va2= 3.82-0.2 ~ 2.82 v

—

(b) /Qeferéa F{S P.5.14%

Ub2 IZL«:—fcz.
Ri=4Kkuw fez=25 = S5
5

Vo = _ 4 = 0.995 V
Ubz A+ c.caes ""Z'""“”‘ v
K:’éz'(ﬂzﬂ) (fez +RL)

= oal) x (1.005)

= 101.5 K

(_C,) (fﬁ = ﬁlléz.
Ubr  Rriéz + e
= ..\../I-_ = 2500
V00 pA
—~ Uet = _101.5 = 0.993V
Ubr tot.5+a.258 ~ V
Ri= AHR il AR I/ B+ 1) (Ter+Bite)
T ANA] Blx(a.25 + 101.5)Kku
B A4l 5.2 M
= Q4990w = Y99Kku

() Ub = Re = 499 = o833
Us Rs+R‘ 1o0+ygq WV
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(€Y Ua= Ub . Uer . Up
Us Us Ubi ey
= 0.933 ¢ 0.¢9) x 0.995
= (.826 v/v

e ———————
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5.1 Twe conditions need to met for vy and rps
The c.qpo.umnu per unit area is: G . to Condition 1: ]
x r = d
B = . 245c15 % P 200X 10 W7 L) vy
t,,zS‘nm =5 Gy ....‘5.’2.&19.. 6958 , = 200 (W/LYUpy,, = 12.5
o.sé f's“ 2

tog = 40nm =G, = G Condition 2:
For (PF capacitante ,ure requure o ares As B |

-2 Tpsa = e )

=_lo - ;qﬁ‘/«m For by = Snna 400 X 107(W/ L)Ugy. s
6.9Ulo’
3 F 20 = lomﬁb(W/L)v(w'Q =25

Aa ,J-ﬂ——? 2 NE3 UM for tox =20nm If condition 1 is met, condition 2 will be met

O.28x10 /‘

since the over-voltage can always be reduced to
. satisfy this requirement. For condition 1, we
For a 31 uare P"”G’ cafm.b‘h’r of (0PF : want to decrease W/L as much as possible (so

long as it is greater than or equal to L), while
A = joxis=14 Sopm  or 3Fx3f /“‘” 57““ E"' still meeting all of the other constraints.

This requires our using the largest possible

04163 né or 108408 puv Sqoote For

A = 10R11€3 2 11630 pni" i f:o, Ues, voltage. Uy, = 18 Volts, 50 Uy = 1.4
Volts that

wr =125 125 ¢4,

5 Vow, 1 i
5. Condition 2 now can be used to find Ygsa

_ 125 _ 25 _
Yor: = WL T wsma - 0%

With V,, small, compared to V,,,

rpgs = !
W Co(X ) Vo)

tbtuz——068volts:>068<vﬂ 1.8

(a) Vv is doubled — r,, is halved. factor = 035 5.

(b) Wis doubled — r,is halved. factor = 0.5 K, = 5mA/V Vv, = 05V

(c) Wand L are doubled — r,,is unchanged. Small U,

factor = 1.0

(d) If oxide thickness !,lﬁ halved, and ip =k, (Ugs—V)Ups = k, Uy Ups
-

Cm ’m‘ Lps = -«l— kS k,, Vyp

Coy s doubled. If W and L are also halved. Tre
is halved, factor = (1.5

Ugs = 2.5V

: Uy = 2.0V
5.3

The transistor size will be minimized if W/L
is minimized, since W/L appears in the
equations that must be satisifyed, we cam y“’ob e
minimize (W/L). Clearly we want to minimize SuA -
L by using the smallest fewure size. /t s 3 2V

s

UUS = L5V

L=018pm S(JmV

RO S LY (vgg V)
S S
ka( W 2 L) 13,

T'ns
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5.7
p-Channel
) V) (mS) ) Vrp = —07 V.
Vs Voy Bos Tos @ fJogy] =05 V.

(15 0 0 =

1.0 0.5 25 400
15 1.0 5.0 200

Vos = -12 V.= '0(;
) for Up = V,,, Upg = Ugs — Uy

20 1.5 7.5 133 = (~1.2) ~ (~0.5) = ~0.7 V.
2.5 20 10 100 Yy = Ups ~07 V,
(€) iy = 1 mA in saturation mode
ckp = 2ip = 8 mA/V?
5.5 (vgs ~ U:p)2
Voo :"‘; (::i;‘ ?2.5 1=15V For vp = —10 mV, ohmic mode

= Vpssat = 1.5V ip = kr,(’u(;g -V, - %vm)(nm)

In saturation:

. e =1 z = 39.6 pA
ip = éku (%)V(fy = §K”Vr)v .
Ul s For v, = ~2 V,satmode, i, = | mA
ip =X —=%(L5V)
2 ¢t
ip = (1.125 mA) 5 g
1w v v oo
p = E‘n—[(VGS Vt)“ kn - “’nc"-"

for equal drain currents :

7

w W [
-~ n -
p.n(.')x..l_. == u’P(’O:"'_‘E = ..,,E E] ._5

>0 . L w g
0) G, . foc _345xlo  _2.35F/,2 | P
* , tox 15118 Za S B
Kn = M,G, = 550Xt x2.3x10 ni26~‘5/“')/‘f; 04
4 ¥ 265,16 ;
=L VooV 190 =L .%126.5.18 (v OF
b1 “0 = § K WY =y T Sy e 5.9
VGS"' 0.F= 0.28 = \;oy =0. ::v. For small V,, =i, ~ &' }I_ff (Vas = V) Vps
(4] »
s = )
vV =0 183 Frg f_’_’_‘ - !
VDsmin = Vo5 -Yp = O DL
ole L KWy LV . !
Q) For smadl Vps 2 (Ervo “J’b”) {D""' ez‘f \év [2A 50 % 107X 20 X (5 ~ 0.8)
\/Ds 1 L Ty = 238 N Vﬂ.\' i rﬂ“«)(j,) = 238 mV
Frne = - = ! & = 1000 fo same performance of 2 he
DS > A MVOV IM.S’:&J‘}]_Q \{w d«zr\:i\: .\amL performance of a p-channel
s:}Vav::o.qV' - oy : .
o W w, W,
vaS:%V -M{; =0My0 3=V ;’-i e ;1 = 2,5::57:’, = _.‘.x;g_s

13
WX25= 7"3 = 50
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5.10 |
k:,:,‘gQ,./sl Eox o-6$‘dﬂ$qx'”ﬂ
o) triede region”: bs < Yes-%

00: &ﬂ@ -b)v -»«L.V ]
D - 2.1l % :on[(s.a.r),g ....Lpl J’ 4.5 mA

o' w2 MA

b) gdgc of SafdruZM r‘t?bn. S WagE (,s"VE
b=t ‘%’M (V- l,)ls.L-xﬂﬂ- %10 10 2>0.8mA

¢) triode regon: Vo L Vg Vi
4y = 121015510 [S-0.1)70.2- i r0.E] 20.02mA

d) Sa.t‘vraz-oy\ ft?a:w : vps>Ves-Y%
iy e knti2inme % 10%(5-0.8) = 9.9mA

5.11
) BT 5 3. 26
. fff . )
Lo €, = 34.5 pFim 348 690 .58 133
;m\
% &ﬁ) .
Uy 171 345 & 664
1, = SO0 VS
maA
k( !sf" ) .
173 345 4719 664
W
for w. = 10
i
Aty
2,50 1625 A4 116
i 0 0o 4.3 0160
i
Vo (¥ 3 23 1.8 13
VAV 07 D5 4 04
I {mA}
for T, = Ups = Upp 16 £.90 469 2,69
iy éiaf Vo 5"’;}2
P {mWi
P o F??D 1 ] 17.3 844 1A
32 287 264 My
&} 4n T in 14.8n




= 1917 % 10-6 X 10[(5 — 0.7) X 02 ~ g(o:z)?}

= 161 mA ,

(d) saturation region: Vi > Ves—
ip = .12. X 1917 X 105X 10 X (5 = 0.7)?
= 171 mA

5.12
Satmode, X = 0

P it

P Yoy

=
2t
L3

Ohmic mode, X = 0

i
(”lg) = UgyUps — "02
&,

P

dupg Fops .

For pmos, ch‘mgc

Upg - Vg

Ty Ve tvl;}l

Chapter 54

5.13
(:D z lIK; !lL (V’Gs—"g)l -> °~2!r°3=i-xd-'¥‘;3(.“‘,3~")‘
Vos-t=2 Vg g = 3V
Vm — ‘\(66 ta’3..\¢lv
For i »08mA: O.8 315#0-’ lvgs-!g‘
Vg -\ - 4 ->Vge =5\
Vosmin® Yoy~ % <51 =4V

5.14
V6s = Vg wdicales opmm—an in galiraloa

mode ; 'f»or—«'*" u(\’c,s )

5—» j_
H = Lu m( }—_ 4o BV
) = J— K‘, ﬂ Lsnvk) (&VB)?»

’
=1V K W _gS A
(s..%).n_us.ve)wvt P =0S 4{,

5.15

. U
c,o.-:J.. h!‘.’.( /s - e),;,.os L,gom Wis 1y

5.16
For tht Chonnt] o meouin Gonfinens. .

.8 = A
Vbsi VGS"VI; =y %SMW =150 =073

Ve = LIV, = 10k
Ve = V= rpg = 100 0
=3 1000 % rpe 5 10 kD)
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2) Fps & &, s0if Wis halved. 7y is doubled:
200 (1= rpy =20 KO

Yps
b) rps o L osoif Lis halved, ry is afso halved:

50 )= rye = 5 ki)

¢) Fps & -‘% 50 if both W and £, are halved, TW

stays unchanged and 50 does ry. Yps ™ ¥gy

100 Q = rpe < 10 kO ip=1 (vs = V)’
2 !

Yps.
5.18 Vi+4
Vi34
Voo
V42
V,+14
V, 4
‘l’iu k ,
Go ip
vl
= 5.20
vep = 0= saturation
Vb Vos = Vo= Vs  Va=Ve-V,
iy = lka("’f},\‘ —v,)? Vo = vaf-v, = Vg ~.l'0 According to Table 5.1,
2 three regions aire possible.
ugs = Vpp ™ CaselV, Vi, (Vo Ve |Vor |Vin |Regionof
1 N Operation
sip = sk, [Vpp — V) — vl
I . ) a +1.0 |+1.0]+2010 1,0 |+ 1.0{cot-off
ip = ’ikn[(.vf)l‘) = V) = 2(Vpp — Vv + il
b 410 [ +2.5]+2.0 | +1.5]+05 | +1.0]sat.
O=v;= (Vpp— ¥
in = 00z (Vyp - Vi) ¢ {+10 [+25]+15 | +1.5]+05 | +0.5]sat
in d +1.0 {+1.5]0 +0,5]~0.5 |~ 1.0]sat.
¥
V=V ] I e |0 +25|1.0  [+25]+ 15 |+ 10]triode.
I\
f +1.0 {#1.0]+1.01(0 - 1.0 10 ent-nff.
g —-1.0 {0 0 +1.010 +1.0]sat.
{ + ¥ L
0 Vpp— V) Vo h ~15 |0 0 +1.5{+0.5 | +1.5]sat
i -1.0 10 +1.0 [+1.0]0 4 2.0H sar.
i +0.5 {+20]+0.5 [+ L5]+05 {0 triode.

* with V, negative, drain and source are reversed
to show the device is in the saturation region.



Chapter 5-6

5.21
.'\:,\.uk
e
-
AT .
et L -3 ¢ Ubsev)
a
rs = 808 =84 . 20kn
A¢ -
P Vg (omet 22-2

To caladlale vy , Comsider the ABC briamgle
Vi rtle 2mhAxrg = 2% 20 =40V =y Vy= 36V

Ae .l =o0.02% \7_‘
Va

5.22
A= 0027 = Us= SOV for

L =1 pm

]

V= U= v, =50V

for L = 3 pm: ¥V, = 50 X3 = 50V

Vi _ 150
= LA = D = 1875 k2
o= g, T 008
Ay .
rg = Aizq Ay,

— = 2.13 pA

for ¥pe raised from 1V 10 3V i, increases
from 80 pA to 82.13 pA.

Ai
Pz 27 % change in i,
n

Ai
In order to reduce TQ by a factor of 2, Aij, has
i

to be halved, or equivalently r, has to be
doubled. In order to double r,,, V, has tobe
doubled and this can be done by doubling the

lepgth. L. = 2X3 = 6 pm

5.23
original

W 2T
ro = [’%kn%(l’cs“ a)]

v Ed -1
[

i

i )
new rp = [%M,,%!—Z %Vw)j = 4ry
Note that quadrupling W and L had no effect;
but decreasing the overdrive voltage by half
increased the output resistance by a factor of 4.

5.24
Mos ) 2 3 Y
AV 002 o0l o\  0.005
Va ) So 100 10 200
Ip(mh 5 333 ol 0.2
r, (k) 10 30 ‘oo 1000
I‘o-.- _\h. v e L
Io VA
5.25
Uy = =3V U= 3V ¥V, = -1V
Ups = =4V Uy = 4V V, = ~50V
A= -002v"

. 4
in = Syt (Vs = V)1 + AV

_lW, .
3 = E""”E“ 34+ 11+ 002 X 4)
= 216#:;,%,

4 2
kl,-i: = 1.39mA/V
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5.26
v, 2 Vs Vi |1Vl Vo pcaerial
& +2 +2 (61 OV. 2V. cutoff
b +2 +1 +HV. OV 2V. cutoff/sat
¢ +2 0 0 +2V, 1V. 2V. Sat
d | +2 0 +1 +#2V. |1V 1V, Sat/ohmic
e +2 0 +1.5 2V, |1V 0.5v ohmic
f +2 0 42 +2V. 1v. ov. ohmic
pmos V, =1V,
5.28
5.27
+2.5V.=n, dip|  dk, dip| AV
ol Saay g Zpl Dy
‘41.1; B akn pdT avillp dT
T, 1, W 3
. . [éknz—ivzs -V }
n
Y B
+1V.=yy Aip 1 dk, .. -2 dv,
B = L IAT 5 AT
L O Tdar - vyar
pmos (b)
Vi = —05V. (9_13) ,
Up = LSV L) o o0 10k 2y o)
» e AT ¢ g dT \ANAT
Ugy 2 V,, = Cutoff
for V=41 V, V=5V, V,, =4V,
Y Vg = 20V, = Cutoff ax
Ugp = Vgp =5 ohmic LI_) = —0.0037C° (~03%C")
SUgp = 4+ 08V = ohmic k.,
Ohmic Sat, Cutoff
{‘ ; : t 2 e T
0 0.5 1.0 15 20 2.5
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5.29 , . 2
a,)xb,_'\i K w (Vs -V f.-, 2el x“%g?» -1

b) [, =V = o~ gel-3e-2

J) V -\’ v "'VM‘S‘* (”3) 2'
In order to l\tulale Ry THOL counne
tnbert ed n Sevies woth e Amx}\.yvbs haas
to be equal to Y ,‘Vk,ﬁoﬁwm&v{u
is oPu«oI on e 4'.4{39 ot salitcallon :
N/ 06" ‘51 . Note that Sinte tp isthe Sawt,
VG.S SR\ys g Souwal -
3-1» o .5 KJL
Noﬂ +hat V s Foeed f"tmt’3h Vasggv-
<) VGS_-../M( ==>V =V =3v. Now For %Sb°
be _aVvy Vo has to wve V.
v N
N =o® \f .
d) __3\, -y = =V . Ag‘d{x‘a 4+ resvshor
hc.h..n.ew \/ oud Arosia means ‘H'mkv has to
e 5- '1,"5“ ond tho teaves \V vamac.mp
o m N.‘nsm( . RDMX ﬁiﬁmo‘st"h-

Tn ocder to caludali the lorgest Pesistor
odded to the galesy note theb Siace thagall
doesat dreun any- curvent ,ehe valve of +he
resistor is iwwr;“\‘

Now we calaale Py, »sS0ming thak the
v'o\taac, deop ouross the comenk sodf@ ‘s ok
teant oY,

0 V=8 then v, =3V, V= ¥-3:5

R. = ,..5.—-—%2'5‘*‘"
SMox g

Vv

b) V;Q»Q*la.’; ,V:s € l~‘VGJr~RV
Romas = :.%:3). -~ 2.5K5

) v3=\°ul'&?v ’VS_O*P/GJ‘BV

RSW - !_-;é_ o 4.5 A

d Vs -5ea.-3V v, =3V | ea”
&Mn = %zﬁ.“q‘-&w

5.30

Ioe QL_D.R =30 2™ Aas RSk
{»]
]) "VG = ﬁﬂh&)m\:\om

therefore: 4b,_\__g N-(V&.v)

! =L x6ox m!.ea (vés-o"
k4 v&s’z‘v =>V3 =,_1V'
Rye 22265 . 3xa

5.31

L=1mA, V=03V, V, =18V
To operate at the edge of saturation, Vi must

equal V,,
+1.8V
,‘, Io=1mA
Ry
+
Vi
Vi Vo= V= 18— 0= L8V
Vu\ = szs e v. =1.8~08 =413V
with Vi = Vo= 13V,
—_\ —
R, = Voo = Vo w~ L8—13 500 O
i I mA



5.32

Ra-3E. . 3 0uwn
oS

0. us' .-..__,go,m:&.. (~V5 (-0 4)).,»«/. YA

5.33
VGSt""sv) ::wjmul.g!lox

VGSL' 13“3«‘ S.’.‘.’Q.v > 180 n_xi_;ﬂ.ﬁc Vtz (1_‘)

=W, = 2pm

R= 5:.—.3.-& 212.5 K51
o120

5.34
Vot = L3V

FRYES

120 pA = %xlzox.’f"iuj» 1

5.35
V’ ‘Vosgsv sV wvosco.bsv

DS,som ,..&& => Ty =z 0% e C.0nlAz1mA

3
R = Ypd-Mo _ M._‘?:_ 4.5 KN

In
Vs {Vge —'Vb

Ip - Kl ..%[( -M]

s 10015 .w,"ﬁ«t)mﬂ’; -*_9-95—]’)""[‘ so

— bnac&e. "3"*

5.36
Incircuita: V; = 10-4X2 =2V

assume saturation:
=2

#

% XX (Vgs—2)

= Vpg = 4V

=3V, = —4V | VI)S = 6V > V(;S"‘ V,

soonr assumpﬁon was correct.

In circuit b:

=1 =1x1x-2'=

Ves = 341V Vy = 341 V

In circuit ¢:

Ipn=2mA=V, =

i
|
EoN
<
4
=

=4V =¥,

Vs = —10X25X2 = -3V

In circuit d:

Iy =2mA=Vy = 4 VsV, =6V
=DV, = Vg—4=2 V

If we replace the current source with a resistor
in each of those circuits:

in circuit a:

R=222C10) = 301 kg
(by looking at the table for 1% resistors)
now recalculate 1,,: 1, = %x PX (Pay — V,)2
Vas =V, = 0—=(~10+301],)—2
= 8~ 301/, =
2Up = (B ~3011,) =1,

= 199 mA= ¥V, = 204 V
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V, = =401 V
In cireuit b:
R = 19_“:{.3:‘2! = 659 k= 665 £Q

then
Vs = 10 — 6651

= Ly 1(10 - 6657-2)" =1 = 099 ma

[V

Vy =10~ 665 %099 = 341 V
In circuitc:

R= .‘951’ =3.01 kQ,

Veg = —(10 + 3.017)

;ﬁgxtx(— 10 + 3017 + 2)°

Iy = 199 mA

Ve = 10-301 X199 =401V
Vg=—10+25kX19 = -503 V
In circuit d:

R=2=1ksov,issill 2 V.

&

5.37

3 2
Q) Vog=-V, - 1OUNLLx0. Hxio W -V =

Vesai. 22V =7V o -1.22Y
b) weoua =L xaH W) - 55"'"“}2 5:-13:”
Q \alfxo.'ix{. 5-4)2,-)- ng 323V ...7\/3 -_3.0.3V
d) o a.}i.xok,ams(v _3)2,;,\1&551 94-"2:7‘/ 1. 22V
e) \gli,go.k(v » 3.2, v‘ =3, 24V
) ‘E’-}Ex%“»“ (5-'°°I-U"~7I=G_M¢‘FMA,o-o3€~A

\’t) gyv

vs 25.-10020.036 = Lti\r

U

2
3, T -_k 2Oy (S L=1) mm Tamt38mA
V e 5-1.3Fxt =B, ‘:LY

h) 1‘=-L-wo U (5160 -TY wns h}(ﬁ“‘fu&(’“

-5 4100 50.036 g..[.qv

Note that Teo.ous™? in circuks h awd £
is not acceprable, becanda it regults in 2-5“’&
that s not physially pessible. ‘

5.38
ay v =Y, .

ayv .’s,g\f +2.V

L.V 't‘s-)- -L.sls (- u‘)a
v 4
+V *heayxvxﬂ

hnd ’
," —1.%‘

Va

N Veglo That is not possible for oan NMos . .
Therefore V, =-2.56Y

=156V ig not acceptable bemmse 1+ resolbg

.L...._.____..
LN =5) = L 252 )
2.44 o (q_vi‘ =5 U= t1.5¢"n, v - 2.44Y
.-s.ss"x

The seeond aaswer resolts 4, \&sgs..s.sg {0
WM {5 mot atcedptable Therefore Ve 2-""1‘/
t

b) M = -Y.EK.. :':‘i‘> zry IO»V3 =Vg@
‘Q-.‘T’{_ - Lr e (Y, )y Vo Y, -;) ®
by=Vey, o2 r('nv.n) =V ly, - @
@6 > T AR a)V-z\z-\S
0,8 »> 2y Y =10-Y =y v, =5V
®=7 VS"("’V;') hatd ‘Qz"q‘g-f-"taayvs-x G.SSVA
Vs »2.45Y
Vgs €.55 resvits in {, = 6.55mA , V' 445V
and thesisno b physicly pessible .So V .2.45"
X

V,=10-2.45 - %55 Y

3-




5.39
The PMOS transistor operates in saturation
region if
Vep = Vg — [V
or
Vep= Vg — |

A!SO, Vs” 4 IR = VSG% VSD
s ng - IR
=5 JR <[V} for PMOS io be in saturation.

+10V.

R =0=IR=0<V]

]

saturation:
=100 = Ix8x25
X Vg ‘Vé )
Vig— 1 = 1=V, =2V
“ Vip
b)
R« J0k(} = IR = 10X01 = | V=
saturation
Ve # 2V Py =21 =1V

¢y R = W EkO=IR = 30X 01
= 3 V= triode region

100 = 8Xx28

e . 1,271
{”’xa; =¥V - é‘Vm‘!

Chapter 5--11

05 = [(V'w ~1){(Vg—3) ~ %(Vm - 3)’]

05 = 05V~ Vg~ 1.5
”@(;“‘2”33‘* 4=0

Vig =324V, -12 V X

Vip = 324—3 = 024 V

100 k=5 IR = 100 X 0.1

= 10 V =3 trivode region

100 = 8§x25 X

5.40
o) QQ’Q."?““'H? v
SGBA.NT»'OA: 4)"‘;-9,_

~Ves) # Vs
3V =V

v
Gsy +%s2 =7 s Ve
\fg =15 v
2

112. li-n 20#_%_62_ Q.51 s?-S’EA

3
Q
N

e

Iyutyx zo;g;%u.sq-u e 4.6 4A

C) Wi 235 .35
) o .?E‘L

Tgzd 20230 (1.5 )= 3.5 un
682_;21,‘:(_13!)-19}1

v
1
LI

4

_.{

Y
_..]

ay

3v
b) Both trausistors hawne ngvé
amd Heerefore t\«awop«l-g
in Salrshiont iy =4y, :
FACE - =La b oy g Ly
2.5(Y, )= (2~y,)
FSRCY, 1)l Y, ) =y Y, = 1.39 Very¥ 24

R
Yy
by

5

2

3V
" ’ Q, W=TS§ fam
Wa =30 o3 _h .35 WIS/
t-a. 10 wy Lr‘
‘i’olu {D‘_ La. v
S'nte }‘ﬁay%‘fk%% (4
‘>\/ S‘s GSZR,%:,_':I»SV‘VS‘
= ()
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5.41

Since Vg = Vp, then Q0 is in saturation. We
assume that Q, is also in saturation, then
because I, = Ly, Vey would be equal to Vi,

, s _ .

Vest = Vgsr = 5 23V

ho= x50 x D25~ 1) = 5625 A
Vesr = Vegr = 2.3 V. Since Qyand Qg have

the same drain current, then
Vass = Vgse = 23 V. This is based on the
assumption that Oy & QO are saturated:
Vass = Vo= 1 = lgg = Iy

= 562.5 pA
Vy = §5~235 =25V
Now if Q;and Q; have W = 100 pm then:
1 2

I = 5x50x£§1."(2.5 ~1)° = 5625 mA
or

I_Q} =>4 iy_z = !'—9?—“«5[@3 =

It W, 10

10 X 562.5 pA = 5625 mA

5.42
Parta
Find the Ry, corresponding to point B, which is
the sawration-triode boundary with
Ve p= 0.5 Volis
Also on the boundary
F»' u»’ o
K nZ v;"":’ #
2

Ing

Y mA

5 (0,25x|(3”‘;)(4m(0~5)3 s 125

23205 5 600 0

1.25x10
Partb
Find vy corresponding to point B,

Ry 5

n

‘i&&lfﬁ (0.5 = Vé'i&li) =V,
0.5 + 0.5 = 1.0 Volts

Partc

Find V. corresponding to point C, where Voo
= 2.5 Volts and the transistor is in ihe triode
regiony

X ’ \
Voge + ’Rb[kn%((v(}& ¢~ VidUpg - 39'255)]

= Vpp=s Vos,c + 1600

025 x 1077 ~0.5) — 059 .~
[( x 1077)40((25 ~ 0.5) 05v,

The o0ts of this equation are 0.07720 &
404778

Clearly the v,,= 0.07720 is the choice because
the other one is above V,,,,

The current, i, corresponding to point C,

iﬁ (4] is
i) .= Voo = Vos.e
DA Rp
235 = 007720 _
600 = 1.51dmA
An equivalent resistor value can now be
calculated at point C
Vose 0.07720
R.. o s o ODU7720
eiubatent iose 1514 % 10_3 50,980

This can be compared to the value of 7, .
which is really derived forv,, =0,

1
(Vis

Tps =
W
nz' - VI)
= ! =
(0.25 X1077)(40)(2.5 ~ 0.5)

k

30

The value is close to the equivalent resistor value,
but they are not exactly equal.

Part
V5 = 0.8, so the transistor is in saturation,
Find V.

Q‘Y("t;sgv')h
» L 2

Vs + Ry [k ]‘"‘ Voo = Vi

+ 1600 (0255 10” ‘3&0(0.8 - 0.5 )]

= 2.5
Ve = L78Volts
The voltage gain is

, W ,
A= ATV VOR, = (025107

{40M0.8 ~ 0.5)(1600) = ~ 4R
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5.43
a) " v
Poinf' A N .‘.’\"b:‘ ] de VDD =5

For V (Vs the Hansistor s nol on »Y, (U
Point A is whar Yoo, and Hhe bransister
torns on -As V. increases tha 4, ‘ncreases
and U; decreases. i dterenses to tie point that
it is beow by\i Volts . At Heio poial, Bythe
HOSFET enters the +viode refioniy joV v
or VpszVg oy, . So at point B: T; Vop-Ves
I« fgzgfan!g. = 4 og ¥ &’M’ei

2..\%«5 £l o fatet Vg -1 o 12Vgg-23Y 4 6=0
Vs = 161V =y Up 1.6V u",‘...l.si-lgo.s:"

Point @ Voa - 0.ltV VEE =t.eV

3
b) 1Qc é alx 05 codasmA
Voq = 5 - 24x0425= v

v
\sv.‘.ll" gbugf'ﬂ 5

=V

Yra® '%s *

Now to calwulate +he incremental gan

ky ot this pias poink | fpum equat-ion 1.t

we have: A, =2 Vaoly,, = *Q.Lr’lkk.\gg)

A\}" =w2(5-2) o —11\;1:_\’
0.5

C) Viq -.:\.9", v,_-i‘r, vxsgu.st"', Thas thae saracsf'
ampitude. of o Sine wave that Gue beapplics to
the inpuk while e tronsistor cemosin, Satoralion
is: 16l-\.5=z0.llV
The amplitude of Hae outpul VO\bnac si'znal that
resolks is approvimolely equal to o v 22061
=137, The 8@&\ implied by this amplitvdes is:

guin= 138 Liaen

This gada s 5.32 sitFerent Brona the fntrenenty|
%euif\ colcdated i pontby. This diffcrence i
dus o the fack thot He S%MOFM
w\tmar:, troms Fer casrve considered rere 13

rot perfectly lnear

5.44

Rbnzl’m y Vgot v

= roga-fwlA

A%;;Q%‘g.’.to =~ ?33}_ -y, z0.4’

(24

Iye

ov . . Ve
V. =12V sy V,}n 1.2.0.44m 0.3V

PP
% v

} 4
- 0.] -.;.,Sam:’ {L 0.4

-y W 285
IS

5.55 the maximum gain achievable is:

lA

vmax! -

5

Von =
(02/2)

(Vov/z)

the gain is maximum when V,,

o V/V

is minimum (= 0.2 V) and when the drop across
Ry (= I,R;) is largest possible, which occurs
when we operate closest to point B

AtB: Vol = Vg, ~ V, = Voy

Vpsly = 0.2

to allow for £0.5 V swing
Vos = 02405 = 07V

>lay = 20D o gy

AV, X 43 = AV
AV,

) Ifi, =

- 05
43

0.2/2
0
= 2 11.6 mV

100 A,

k= JQO;LA/Vlm-?f =2

W s )
In sataration: [, = lk,l'iv(;,,ml‘-' = f]’i
2L L kVS.
nt Oy
}Y S ._....2 _.x. ,lOO._ __"!'m = i()
Lo 100 ux 0.2y

(D Vi = IRy = 0.7

S—100 p R, = 0.7= R, = 43kQ



5.46
Vop
4
L 143

Qs TRy

" _____‘t: 4]

bis
given Vy =¥, =V,

for Qs ip = k() Voo = Vo= V0’

for @y ip = %L( ) v

for VsV, =V, + 7V,

equate iy, and f,;

() v b= (0

e
I ™
Voo — Vo~ V:l = (W'il.)z { §
, g(}V!L)}
Vo= Vpp—=V,+V, i
\;(W}’L}z
[T
WL,
)
1] .

for f:LTZ—)] = ;
N{W /LY, k§( 5 )
\es

A, = 10 = ~3.16

-V

i

al

]

Chapter 5—-14

5.47 , 2 .

oK R Y, = Forkialeinn
L"J-%Uw‘)’»l 20 A

g, .gg_;,pgummk

t!’— \3,,.,.“",., D:.L.xi(t.-.o 1 e 0.3 mA

%aﬂ,’lmit.o 49 m A

(‘5,““")

For posibve intrement : g, = H), .2).1.}

35 o4 %
For negalive inceomaek = g = &M 1 qmby

Awn eshimals "’"’3.“ = 2]4»\"! 1,.‘5.,0,

La)‘ .‘C’..V 2.u|siuh-/u» s;;v‘:_eq,s

5.48 . oY
&) To=bxte(4-2)= 2w A

Vp = bRy atl0-2x3.6

VQ = 2.3V

A

]:_Vos

b) 9. = k”-w: \{’v- Ve (4 ..2.).-:2.\»\#[!!

<) A'J: g‘%;c -j”RDf -2;3.6:-7.2\//

d) r,

g N = Sorn
I\ID C.oly 2.

A, ‘!%. =g (R 17) = = 2(3- 6;1570)-_6?\'/

5.49
jnRD=5""’> gm:_g:_a :o.lmA/V =y
L3N
RD:SO
For 0.5v gubpet S'Z]na/lp,n.c/ v,
« guin oF 5%, 1 220

So we cam write Vg 053V g0l -V

or VOS}VGS.Q.O.‘-O.E\ g,vvbs;\é’;xﬂo_z
P“SO’ Fron the othar Sa'Je. B VOS + 0.5:\{ VDO

O Vpg (3-05 w> vy § 25V




Chapter 5--15

5.50
We dlS('z,'\ +Va f.\'(uﬁu—" Cor lowrest possible "‘v"g.; Ry , —} - Av"" Eﬂ oo W) ‘E)
Vi thoks avoo\pw-x!-u Yo davian sperslioniy Im= —-‘7-2 <q.4.31 Vov Voy
lov [0)
Saluvralion: VDS"’ VG'S"O'L -
Vos = Vop - Roly => Vg ~0-2= 3-SonIy Minipum Vi For ulgc of satvralion:
-y Iy o 2.2-Vgs %S ? \)é 4\- Vb or UDSM"L ‘\gsm,‘ vl;
S A
Aso 5 From ._10.«1,1\. 3.‘1-2'.IL = 0.l VDS -,Ml}s *y; ...V‘
olal _ x 3:2-Vog Vors e IF we replace A,,.wﬂ-k@
Vos-0.8 So _ 2(YoD-Wp) ¥ v, -.-=V+ O~
=>VgsattaV 5 g e0.03umA Vov

~ ~
v > Yy (1+ 2N \L,, + > 4+ 2Vop v
VDS. 14g.o0.2= . 9-1‘ => Vp ( Vw) =Vov * W0 Vov
w .—Q_... _—&&Eﬁ.— Lu3 S,
TR Lutoxodat Voo Yov + Ui + Wop Wilyg)
L7
w:: 1.43

VOV = 1.49.0 .§=0. 69V

V°°-3Y)V-1°MV m:to-yu -.7V 20.2Y

vD.__&.f_uL:.&tlr_‘f. »0.68Y"
14 2Axo.l

A‘,..z.(.ét&;éz.’. =-23.2 V),

If tD-loo}aA —04"‘"

Ay=-2R0I0 _, 23.2=2xRpx01.>
RD-23 2.&.!1.

B 2 -3 2
&-_\;K‘%\év 2=y 0-‘-.\2-'; tooxto W 0.2
=y W »So
L




Chapter 5--16

5.51
Given u, = 500cm’ / Vs
B, = 250cm*/ Vs c.= 0.4—‘1:-2
pm
K, =pC, = 20pA/V’
k, = 10pA/V’
Use equations
(555)g, = k’%’yo,,
(5.56)g, = /2k'%l,,
_ 2
(5.57) g = 32
w
case Ip w L ! k'—
e Lo [ Vel | M| | | T 5 |
| O @ @ 1 wo [ () | 100 2 2
bwy | @D | 12| 07 0.125 | 400 8 4
o(N) - - @ | »0 @ 250 5 10
) - - - - 200 4 2
e(N) - - 1.41 @ 5 0.1 0.141
£N) 0.1 @ (03 1 @ @ 10 0.2 0.2
(P) - - 2 - - » *g
® 1 0 @ o
ne) |1 @ @ 2 - - 50 @ 1
i(P) @ - - 1 @0) @ 2000 | 20 20
iP) @ - - 2 - - 125 125 5
Py | 00s |- - @ @ @ 10 0.1 0.1
IP) - - @ - - 08 6:008 0.04

Note - the circled entries are the givens.




Chapter 5-17

ﬂ_ = \ .y W »
v 2xSoxis Sx08 ———-—2:

'sz %& a‘pvov':« ?:&.?_’25‘ u)v
oV

Yom . —Fm®
Yom+ Rs 1+ JaRs

5.54

#VA . 50 z1woxn

Ly 0.5
S =2 21Ip

Vers -Ve

= 2x0.5 _ .
dm= af.o.q =0UmAf, > v

A TaSooMA
» Vos=Vpg=2 ¥

"
&= In (GlIR) - -omuootllw") =- 3'3%

For TalmA or fw:a.*\wwmf—:
. Q’zz:_".rl

= 6 = V - r‘ ~¥)
o2 (VosrVe) o 2 Ot

5.55

NMes: g, -BMLQ, fzﬂa.m.@_,.a.u.wiz_gg

Yos Lt.ﬁ.. s.!a._..-;scm —r
b

= 0L
215@;‘ "

Smp = x"a 0. 22042 n 0.08Y MA/V‘

Y= 2ID 2ID V. 220 _ o049V
Yov o e

PMos: g ={ 2 30m5% Lol =024 mAy

Tom ‘.‘_’Al e 1222 o 2noRN
Ip .

X by = O
=0. »y ’hbmo 2.0 2M= O.0UE "\A/‘r
%v = -.u.—-g-.. = 0‘83v

0.24

5.56

V, =1V, k =X = 2masv’

~=

() dc analysis V,; = %— 15 ¥, = 5V, assume

1, = 1 mA

<
“
§

=3V, Vg =2V, Vo = 1V.

%k’l’%v = | mA (check)

it

V= Vpp— IpRp = 7.5V.

Iy 1 mA
P ﬁm = 2 m8



Chapter 5—-18

© 5.58

R,
+ ) FN
% Ria Avo LIS W R;,,

Where i, = Norton’s current source =

AypV,
R

£
and R, == R, this is equivalent to Fig. P5.82

¥
' where 3, == Avo
Ry
R[) RL i,
73K 10K °
s +
Y% Rﬁ, Gm"i Ra
@R, = Ry = 333 MQ = = =
R If the output is shorted, i, = G,V or
Yor in = .97 G = i(} th a signal 4
Ve R+ Ry em v R -0 with a signal source an
iRy =
;’:g - ’gm(’n“Rn“ R} = —82 load connected,
R4
D= —go

"’s'\g

V.,.R;
by voltage division, V, = SR i LA

in + ing

since V, = GV, (R, H R,), substitution for V;

Aw=100 vields
Vo = BATLCRE G.(R, | R,), sothat
Ugre; Ry # R, Vo R, 4 R, o Ve . o
= 82.6 1y "V’,’;; ""”“““""—h TR, e .
A, = 0= Rag * Ri _ o000



Chapter 5-19

5.59
"("‘*‘ Ro
4
R, R, U

note Rin = Rl g Rin
Ry=R, | R,

AL
Uy = "i = gmv(Rj’ sl RI
Ry+
- ‘U[ ngfRL‘[ Rl(l ngL} ' ’
=Y ’ v, R
R, +R, R,+R, i, = = t + 8,0, 1
Avo = o) = BUZERD = gk, mtke o RitRy
vﬁ; : 7 1+ ngI
1 ) i ;
1= R, + R
( 2R v
R, +R
1+ 52 Ry "r‘:_—““R‘L
R, Smtly
(R, TR, )+R
C o, { R - g g)} R, = R || Ry = Ryl L
j = T = 0 2 0 1 T R e
i R; Ry R,+R; T+ emRy | sng)
Fvaluate for
Ri = R (B> =) = 100kQ, R, = 1 mQ, g, = 100 mANV
o = ARPR R *gRER, R, = 100 Q, R, = 1kQ (R, assumed $)
¥ Rv' R, R, + Ry sg
" ) R, = 49.8k{)
_lreR
R, + R, Ay = 100
R = R, +R _ R, + R, R, R, = 100 Q
* P+ 2Ry U g"’(Rz IRy R, is outin half by R,
R+ R, 1R, Given Ry, = 100k, R, —=, and
Ry, = Ryi Ry = R i W TR Ry =1 m{)
Output resistance assuming R, = 0 1 — mlé_
R.,= R fR, =R Gy = Yo Rin —o R Emtt ¢
o P AT z 7y " TR Sm Lm’"“‘“’m
wig in wig L
Output resistance including R, I+ R, -
Gy = ~4.55(R,— %), Gy = ~302

{,R’, =1 m{



5.60

Ry, = depends on biasing
Ay = =2ar, || R
- -—04-~(so k0 || 6 k)

= ~214V/V
Vs 10y
= ol =il = 30k
o= 7, 02mA ke
g = vzp,,c‘,,’{ = 04 mA/V

R, = r,||Ry = 50 kQ|6 k(} = 536 kO

WITH R,=10 kQ ‘and assuming losses due to
source impedance are negligible
= A = —g.(r|Rl|R,)
-0, 4—-(5 36 k10 k() = —140V/V
For a 0.2V peak output, the input must be

@%Y = 0.143V peak

Rl
Vi=125V 15k
vov~0 25V ]

2R, mxom
. 2.4, 14
a) Bty =} Lo = = 2 and r, o= A
oy o
&l =
Zlp Va o 2Va_2-125 _ 0
Vuv [D va 025

b) If Gv = —10V/V,

R, = 15 kLR, = 2R, = 30k,

what is gm?

Gv = Adv = =g, (RI=IR,}
—10V/V = ~g (30K] 15K) = —g, - 10K
am = 1 mA
“ \Y
therefore:
3 J
1y = Vou, Ly = L2V ImAZY 6195 mA.
2 2
ARy = R
oG = —g, = ZLMA g5k
2 v

[CE Y A

Chapter 5-20

5.62
Gv = Ay =

~8m(Rpll Ry [l ry)

If Ry Ry = x=Gv = ~ Lty

since B = .‘?‘12 and r, = xé
Vav »
Gy = :..2..{’9- E.ﬂ = ﬂé
(34 I” V(m
5.63
By = S mS
Em
iy ==
Fl gmlgs T+g.R. %
Bm
= ]
]+ng$ m$
&y
5.64
Rs = 1k
—:&’l&_ = ,..,]s
1 + gI!IRS )
~£.8 = —30
. = 1
CH T P Ims
. 2
forA = ~10,let R, = = = 2k0)
Bm



5.65

R, = - = 2500

m
L

Ysig R.w'g + Riéx
8 = JEIp, sofor ;L = Ry 8y mUSE
Sm

decrease to 1/2, and 1, must decrease 1o 1/4

m
Ry R,
K; 5k Sk
g, =4ms
Rig |
500 >

Uﬁ!

i

IK < R < 3K

RL. nom T 2K

for RI‘. min
RI., min = (080) RL, nom

Ry min t Ry RI_, nom T Roue
1K . 16K

IK+R,, 2K+R,

W Rpll Rp) = +33

Chapter 5-21

2K* + 1KR,,, = 16K* + 16KR,,
4002 0.6R

out
R, = 6670
for 'Rt,, o
RI max < RL nom
B g (] 20) s 2O
Rl., max out RL. nom + R«ml
3K 24K

3K+ Ry, 2K+R.,

R, =2k
Therefore Ry ,;, is the ruling case and

Roq = 66700

; 1
= b SO

k, = 16mA/V’
o 1;,?_:70 P‘A
_ 2p _ 93V,

* Em

5.67
Source Follower
Ju,] = 50mV
iv',l =05V
R, = 2k}

v, = g,v,R =g, = 00my 1, 5m$

30my 2kQ

For low distortion, keep
i”_g,\-é <02 Vou:.’ Vav = 0.25V.

gn?
= —’“—2-1‘ = 0.625mA

i
opeak . S00mVpK _ .o .
- -~ rApk

ip wax = 0625 mA + 250 pA = 0.875 mA
i min = 0625 mA - 250 pA = 0375 mA
Vg T Uy v, = 530mVpk



5.68
-3
fbrlmk x,jz_.x Boxto x %a!(vas-"nf -ty

Vs = 2.32Y

X8
RyYp =6V = Rym 2 o 2. S

V= S8 3.3V i

ﬁ@,ﬁ e xR = .42 R, »22H0 .,&a,zoﬂz
+ "o

Vs a's‘,

at the edge of saliralion vy o Yoo "-\r
Vv ¢ .
vwsz.sa»c.z:. iz’ . Se Yoy 8 §.112,3.88

away from the edaeoF Saburaliart .

5.69

- 2 -3 2
Tpe 2mA=Lio Wy =y2zlx So.to,.%‘ee Yy

L ov
Vovs 1.26vy
V’M -.:Vov e\dae o triode
ﬂu’dw«g of cutoff ('vos"‘-VbD)MA b&g’mvtﬁé_op-
triode opendlion (Vo= ) is when Y= 20126
Vos = 15. 63V *
Ves=2-33V my Vo= 22,32V =>R . 2232115

“'zsns.al‘ﬂ‘.!\- x
Vor Vg +Vpg=-2.32415.63.13.3} V,,Rn,us..\s:s\
2.

RD=0.85 KA

Chapter 5-22

5.70 L
2.2+45.6 56

i{:ﬁi. =220 to 3o MM/ 2

Vo #13 tozuy

Toul n¥ Y
o=l Ak W (34_vp)

B i x2% GB3-u-zuy, NoMA
Tomny # L 23803 41304 238 A
*o Kt Iy bo (SOAA - 3‘;“’

2
l?ﬁslixsiofa.q-o.ts&u&) .
% = 2ARSL

2.2

Select Rgao® 25

2
Tomau =t x380 W31 8.2.13)
Iomons = - 1S WA of OBM A

The Setond amswer cesplbsin '\Lsa:ﬁv{ Viee

and thevefore itis wet arcaprable .

Fomin =) %023 ¢ (3.4.8.2L . - 2.y
ID v = o.0MwmA

5.71

v&’ 1\, » V:.ML‘ ".MAI

Ibs.\;tlv (“"ID"‘”’"& qv

2 .
To=HaTy ULy oy =1"A A e
5 S

Tpeu™* regutts i Ve =0 whicin
i wot acceprabe Maace Fove Fy=tmh.
For k’seé Sé’ Lw\aer 5 L. lf-:_v_y_=3uk/vl
. [
Toel w3, o)t r L3 M

o R
Ip intreases by 13/,



Chapter 5-23

5.72
Vos = S-283V > I = _2.,___.=2w~%

Ioc 2s 1—‘ 1;(3-\'&) -s.ﬂ 1 53,)": —,\t,\ sq

fr o dowu with Y= |.9¢\...S"sl-°ﬁ\,:
Tord ¥ 2x (5T —10q)® =5 Tye2.33%%
Vge 2.3%V

5.73 N°V

To mexiinas e ’g;.,. ywe dc_gga’,‘ for Rp "
He loweat Possible V, consistant 1M Yk
with au\ou.'na o vpp s.'am.l -[..

. R
Swua, wa. vn_‘

s

Yorin® Y5-Y% =o0-2 -1V
Vo-!a-—ﬁ G?VD:-lv = %:‘0—(‘0:"“’-
f L\( 1-[0-(-!0}!1- Rs) - 2] ol m> 1=(8- RS)

ngvm

5.74
o LW
k 2k L
Voo
Ry
R
-L—-ng—* &’D
= Rs
Vss

al, = "‘ (Vm V')z

2
Iy = KO+ Vgs— Redp= V)

aly

2
ID = (Vee—RIp— V) +
3K (Vss— Rslp— ¥,

al
+ 2K(Vgs = Rylp = VI(-R)ZP

alp _ Ip _ J’T’K‘"”
K K R\ x5k
‘35‘-’(|+z/1(101¢s)=',—’(’=

’u_ BID K _
x aKlp 1+2 /Kl,, Rs

WK = mo,m/v’.é‘-(‘-‘ = *10%,

V,=1V,I,=100 pA
Ap_ 49

Ip

sho=olly o 1 _ o
X Qf 10

k
1

1+ 24100 % 1072 x 100 x 107,
= Rg = 45 kQ

Now find V,, and Vgg when I, = 100 pA and

= 100 pA/V? 100 = 100 (Vgs — 12
=Ve =2V

Also Vg = Vss — IR
2= Vg — 100 X 10-¢ X 45 X 10¢

=:Vss =65V

C.ForVg=5V
Ry = — Vgs + Vss

s = —

= =2*5 - 30kn

100 X 10
S:D = 1
1+ 2100 X 107 % 100 X 107 x R

=014

ForA—K = -10%.%52 = +14%

D



5.75
Both tasdes ate {w salivrolion Mglon ;pecaude

YooV -
Vp »to-Sur=sV

r
OJ) ‘EL‘Oo‘gILVC'su‘) D?VG&"&V ’\fsﬁ“av

Vps = BV
2
v} (=.§3._.x\'1$‘*(v“-z) -\ »x.&v vs-~'53

VDS':R.3V

Vp = Vg = Fos

Vg2 Vg = Vs Vg = ~,

Fpeg = 0

Y

=10K

o

- ‘e”
B,__MQ = lXQ.SX{V,, -1

a)
’ 10 2
= V;) =27V
=27V
0=V, 1 , 2
b} “"T(Tw wH 53{[25)((”{)"'2}

Chapter 5--24

5.77
tar Ty=o- awa N ¢

2
0.2 My
€0 x(vH.—\)

V65 = wv P vb“'v(, - Vosul\/
‘D - 49_':..~ w 35K
St\c;} ’“o" 36KN  my 2...».:1. oMV, )"

_?:...D..o TRV P Vl,::w‘ L'Dco.z.imA

5.78 g

2 VDD“
rba’la-\i—%auz- x(V _\-1) ]

D
Vos -l 22b12 =V, = 2.32Y Ret h
VG = 2'32v Jl ‘1"‘1
v [
Vobﬂ;n“v@S'Vl-. - )12 RG:.
+23.12Y > =

Vos = Vps:a
Rop 222MA =>T = 232 _oaipA
22

RG' = 3. \1..‘). 32 . 158M
= LU RN

R.b.
9..«0 “ll.l‘

5.79
a)
Vo = V) e
A= LYo V) _2(10l 25)
" Yov -
=15 VIV

b) if Voy is halved (Vgy = 0.5) then I, is divided

bydiied, = 5 = 0125 mA

Since Vp, is kept unchanged at 2.5V them
- 10-25 o 6o kO,

Rp = %35
21
y om w_._D» = 0.5 mé
&P" V N v
oV
Va I - .?..i = 600 kQ}
r ::.....myﬂ*»4><r 4X0‘; 600

i
A = —15% 2 = =30V /V{withoutr,)

Eh &



¢} If we take r,, into account ;

Ao = “Bplr |l Rp) = '“05(600,(5{ wk)
= ~213VIVv
- Ky ook
Ry = Rpll r, = 6007 60" = 54.5 kO

DR, = R = 47 MO
R, = 545 kil
G = Riu RL
Yo Ryt Rye VR R
47 15
=31 wymax
FE Y el Ty

Gv =377 V/V

€) As we can see by reducing Vg, 1o half of its
value or equivalently multiplying drain current by
4, A o 15 almost doubled, while Ry, is multiplicd
by 4.
As aresult G, which is proportional to both
Av o and A is only shightly reduced.

bt

(G, was -7 V/V hefore and it is 5.8 V/V now)

Chapter 5-25



Chapter 5-26

+5V.

kS

A A4

——

ey
~N

¥,=071V.
¥y =50V
a) with I, = 0.5 mA

Vo = +2V Ve IV, Voo = +1V.

Voy = 03V

1, 2 . mA
0.5 mA = iknl/wz;k& e u,]_i:)

Vp = 5—(5 K}O5 mA) = + 25V,
Vop = —05V <V .. Saturation

BY R, = 200 K§ 300 K = 120 kD
R

Gy = 2 = w00 g
o 120 K ~ R,
(sKirisK)
21
L = Vﬂ = 3.33mS
ay
rg = 7.1 = 100 kO
I
Gy = ~41
o) v, = sifrent

2., (SKESKII00R ) = 812

2K C, =

-

o~ v
ng + V(jn = lt&,""‘m - 0.5

=V, = 07V.

v, max = 1.07 Vok

-~

-
¥, max
T. Uy MAX =

8.12

= 132 mv,,

N v, max
Ugig, MAX = —23.—1— = 261 mvp

dAdd R, = L = 300 0,
Em

then v, = — & _ =

Yo T ¥R 2

2aRy = Y0 = 4.00
1+ ng‘ v,

o e 05 =
vt e = 05=07 V.

r»;',;-,, max = 0.96 V.



—2.5V.

Ve = =07V, Vi

a)for I, = 03 mA, |V, = 03 V.
Vie = 1OV, , Vg =0
Vg =25—IR; = 1.0 V.
- Rs = 5.0 kQ
B g, = 22 = 2ms
Vor

G, = v_':"’; = —g.Rp = —10

= 50 kQ
) v,+ Vep=V,, = —07

-

”0
— +1V.2 =07
10

~lo, +
vp S 1S5V,

Vo MAX - 0.155V

Usig S pk

d) for v, = 50 mV, changedR,

-

!Io +

+ (25— IRy = —0.7

L

forg, = 2mS,I, = 03 mA
- Il:g'_LRl"gnkoﬁ,,, +2.5— IpRp= —0.7
gnRD

R, =788 kQ (150 = 50 mV)
Gy = —g,R, = —158
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5.82
a,

D-o‘-.\z.v.OSva -yV -osv Rb
“"?VGS= o.s41=18Y o8 ”'_,,]
Vg w0 moVg e ~LSV x— -
Rg=u8==5) _ 35kn +2

8 - 35en v Ie
\%-S—RDIO.’

. -5
Lorgest puosible Ry is achieved For Vosmin
VDS) V&s-\'g oy VD’M\ .VOV -7V°s_' -VOV
=rVpy eI+ 05215V =, Ry = 2.,‘,_‘;._5_ a5k
fgztom -

‘°"} --.9. ~2ael = ot Ry
___.-Ma-uooxn.
I

C)IF 3 ;¢ grevnded then e cirandls becomeg
O Conamion-Scirea Cgvd'-x‘a vrak'c . The Val'bgf

’u'q. accardu\a to €q. 4.82 ;

R
R RARYINT

Gy ‘|:M‘» %0.4x (400" 38Ky ‘16"): 65

G,-6.
y= 6 SV/U__
S

%

9 IF y is Grovnded, then Hie cirtuk tecomes

o Soorce fol\g.oer Conbs

aorn-t‘on.
Eq-4.103 : A

Yoo 0.99
= = V/’_

Rue=L “,. ,L__"%Js‘- '-too+.‘l’~q

Ryt = z 42k

€) I+ x g gfoonded , g Crcal-be comes. -

Common - gor cpah’aoruno-\
R.,\.L \|R,-55'~“_L. = 2.33KkA

ﬁ 4. ﬂ? l.--(.", Rsz: = =y
gr "N

= (OMA
TN i mm A

Ja Rbli - 3$’q1y‘A=° yv




5.83
a) i%.a sourte Follower:
¥,
A, = sl
Yo i
Fy ot
® B
ra»-:zmwxav/v
Ry =+ =1 =020
L
b) i$ a common - gate configuration:
1 1
R, = — = o= 02k}
it Za

Ay = g(Rp||R) = 5(5K|[2K) = 71 V/V

¢} If we connect both stages together, then: for the
R,

WRL + Rwl

where R; is fact R;, of the second stage.

0.2K
i = OS5V /Y
02+02

For the second stage: 4, = 7.1 v/iv
overall gain

A=A A =T1X05=355V/V
v vom

first stage: 4 . A

Therefore: A, = 1 X
Yy

5.84

5.85
V.= 1.0V,
r=03V, 1
24, =006V
Q< V<4V
V= Vo tr {/: Zd’fw‘jwf;\)‘c - n«'f :;‘:b—’]
for < Vg, <4V,
so IV, <V, <168V

Vi, < V<V, + 0683V

Since £ = ;3»«{,

"l‘ ‘S;»(
makes C,, 4x lower. and V, becomes
V<V, <374V,

L anincrease of 4x inf
ox

Chapter 5-28

5.86

The test for region of operation for a deple-
tion mode MOSFET is the same as for a enhance-
ment mode MOSFET. The threshold voltage is
negative; however.
v,= =3 Volts, v=0, 14220 Pug=0
a) 1 = 0.1 Volts Pugg = 0.1 and vy~ vy =3 Pog—~
%, 50 transistor is in the triode region
b) 2= 1 Volts Puy=1 and v, = 3 P < Wty
so transistor is in the triode region.
€) 153 Volts Pups =3 and vige-1,= 3 P = i~
50 transistor is at triode-saturation boundary.
d)-i, = 5 Volts Poy, =51 and v-vyp= 3 Pipe > s~ 4,
0 teansistor is in the saturation region.

Vex = Vpg = V ¥V, isnegative so

Vps < Vs — ¥, (always)
First, when V=V >V,
e From TABLE 5.1, this is triode region

. W

ip = k,,(z)[( Vas = V)Vps — ”_li"fw]
oy f L ‘ =
= k(e -rr-1)
(WYL
= ()37 ]

e 1Y 2
- ik”(?‘.)f v -2vv)

Note that when ¥ < 0, 1 = i, is negative.
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. v.. WMV=V03<V"ANDW“.““MW . i= -.-.l.k’ ;”f)(ViMZV,V) V=V,
device can operate symmetrically with Dactingas L
the source and § acting as the drain, the cireuit can
be modeled as below, In this configuration. = 1(mA/ VY +AVIV)
1 2
# = —%(2 mA / V(=2 V)
+ -
5 = ~4 mA
V<0
G M
Voo = 0>V, Vpg = =V

(Viys- is therefore positive)

Since Vgp-= V <V, this is saturation region
(see Table 5.1}

so

: 1, 2
1= =iy = ~M(F)ves - ¥
1, 2

1, (WY, 2
= ‘-:x"ﬂ(z)"'

i

‘ A
vV, = —2V, k(l;./) = 2 m=
4 imd)

54

~2 -1 ]

ot e Y (V)




6.1
For I =10 pA:
Lot 7 TR 04 mA/YV
=B = 10 .
T e T GAmAN POk
o V4. 10V
a 1 10 pA tma
o Ve v ,
Aamgmro“‘” ';:;"‘" m = 400 V/V
For 1= 100 pA:
100 pA
= = 4 7
B 35 MV mA/NV
= 100
- TmAN 25 k(2
w JOV L0
r, T00 WA 100 kO

A, = 4AmA/VI00 kQ) = 400

Fori= 1 mA:

2y = 215'::; = 40 mA/V
r = 36"1:;% = 25 k0
r, = {_% = 10 kO

Ao = 40 mA/V (10K} = 400

i &n £ o A,

10 A (04 mA/V R5OKD T 1 M0 1400

100 pA [4.0mA/V 125k 1100k8 | 400

TmA [40mA/V 25k0 | 10k | 400

Chapter 6—1

6.2
= Ip
8n ng‘so
2

_ 8a¥or _ 2mA/V(025 V) _ ,

Fromchapt S, k: = u,,Cox

since g, = 2pnCol W/L)JTp

2mA/V = J2(200 pA/ V) W/L)(250 pA)

yielding

W/L = 40

50 that

W = 40(0.5 pm) = 20 um

6.3
Assuming that the MOSFET is operating
above V,,

A = Vt\' i z(pncox)( ;"L)
? "

If 1, is decreased to 25 pA,

Aa is increased by L= 2

J174
8 = 2 Co WIL) - JI

50, g, is decreased by

J174 = 172

It 1, isincreased to 400 p.A,
A is decreased by L !
o A 2

&, increases by Ja =

k]

9



The edge of the Saturation region is defined as
when [V = |V, d =1V = [Vodd
. The highest instantaneous output voltage is
Vop = Vel = 1.8—03 = 15V

I .
a)gmm...l.?_:_.._g_lo A:go&é

Voy 025 v
3 2

50,
Vo L 5 Vium (2) (0.18 pm)

o= = pm 18 pm)

o T 10 A 180 k0
2V, L

A = A = 205 V/pm) (036 pm)

s Vov 025V
= 144 VIV

by with I, = 10 gA

k, = Z—IL’ = IO pA) - 320 vl
Vo (028 V)

Solving for Ve with I, = 100 pA:

21,

ov —[;

v, = /2“00 A) = 079 Volts
320 pALY”
o . 100pA . o553 Ay

g = =2 =
" V2 079 V2

Chapter 6-—-2

, = Wl syiam (036pm) _ 18 KO
o T, 160 pA

A, = gr, = 253 RAIV(IB Q) =456 VIV

¢) Now, withanew Wand ¥, = 025V,
I, = 100 pA,

Ip 100 pA
= = e 20 = 800 pA/V
Sl 7w Bl v 2 7 A

o oo Wb s Viem©36 um) _ jg4q
0. I 100 pA

_ Wl ) (5Vipm)(0.36 pm)
o~ TV, 025 V

]

144 VIV

d) Ip isnow 10 pA, first, find k,;:
k, = 2o o WO RA) o 3 mapy?
Yoy (0.25 V)

50, now with [, = 10 pA,

7, 2(10 pA)
v, = |22 = ’.__....L = 0.079 V
oy J K, 32mA/V 00

1y 10 pA "
el = = 253 pA/V
8n =y 007912V .

[

VoL

o= A (5V/pm)(0.36 pm) _ 180 kO
o T 0 A
4 = 2Vl (5v/pm)(0.36 pm)

o Vor 0079 V

= 45,6 VIV

€) The lowest Ag is 4.56 VIV

when ¥, = 0.79 V. I, = 100 pA,
L = 036 pm
The highest Ay is 45.6 V/V

with I, = 10 pA, ¥, = 0.079V
If W/L is held constant, and /. is increased
10 times,

o

VoL

s
‘()V

(or since g, remains

since A P

constant, and ry, is increased by L)
Each gain is increased by a factor of 10:
Low A =45.6 VIV

High A, =456 VIV
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6.5 6.7
#{z)e
b = 35\ T )  or Vop=25V
. 3
w._ 2y 20100 pA) = 16
T 7,7 200 pAIVi(025 V) v,
kv G
n ov o—w«---—{l Q2
so; W o= 16(0.4 pm) = 64 pm
g = Al = 0 BA _ gag AV —o
" Va2 (()25 V)
2
—i e
" L 20 Vipm(04 pm) _ g0 4;
To ID 100 pA E_:
KL= 08 pm, , =
W = 08 pm(16) = 12.8 pm Vo= Vpp - Vsuz
= Vo ~ V- IV,
_ 100 pA b = Vi
. = (WV) 800 pA/V =25-05- o3-17v
. ¥
2 Since II) = (”‘n u:)( V) (}y
_ _ 2 V!&m(GB w160 kO
£, = fn 100 A (W) 2!,,,
“",u a:)l' #2
o 20000 pA)
6.6 (200 pA / VH03V)
for Q,, (%/) = .___.2,{9_2___»._
TR (""p ar)l m'
- 200pA) 5,
(100 pA 7 V)0.3)°
Since V,;a = ;V;r = 20 V/ipm A
Lo,
S | =p = wm A = 20 Vipm {05 um)
(4} a2 Q { l()O ILA
- T = 100 pA
gm Vuy 03"2 v i 667 LLA/‘V
VL . =
Since 4, = ——, and the current source 1S ‘
ov r, = 100kQ
ideal, 0,
L= Ao _ 10002V) _ g5
320 Vigm) ,
2, (20 Vipm) Ay = %g,,, r, = ~%(66’7 wA 7V)(100 k)
= ~333 V/V

Since [y, = -(1.!.,,(’,,1)({ )\"0"

w2
L e,

) 2 (50 pA) - 125
(200 RANVI(02 VY




Vpp=+18V

0—"—"‘: 1073

0_“_'; [}
+
Vi

s
-

Vo = Vop = |Vl — Vol
= 18-05-02 =11V

Ip 100 pA
= = B2 = 1mA/Y
g = 52 = oaviz L™
A, = —gm(ry, || ro,) sowe must find
oL am‘lra2
Av —40

= Sro= =t = 40k0
"ol 7ox —gm —ImA/V
. _ VAn _ lVA',L
since r, = —l;- adr, = T
r, = ?.y_/.ﬁ-m-.l, = M'L
o 100 pA pm
y =0¥/ipm ; 60K |
o2 100 pA um
50,

0k = S0KQ/um(60 kQ/pm) L’
50kQ/pum-L+60kQ/pum L

or L = 147 pm
since ’D = %"'ncu(%/)' VZV-
G
L, P'ncaxvzov
= —2000pA) - yp9

387 pA/ V(02 V)?
similarly,

0. e
L) l&pco:wovlz

o 200uA) g
86 KA/ V? (02 V)

200 4A
r=3ma() ..

YW “—“Ovo
C—»x +
o——-||———>-|[__]- Vi’s
R=2 Ma}:- e =

(a) If we neglect the current through Rp,
Ip = 200 pA = %k;(W/L)Vf”,

v, = | = PONRA) _ g4y
N(W/L) N2mA/V

Vgs = Vit Vp, = 054045 = 095 V

The current through the feedback network is

I = 8 = 095V _ 47,

This is << 200 p A, so this assumption is
justified.

Vps =

Ir (Rp + R)) = 0475 pA(BMQ +2MQ)

=238V=24V
(b) small-signal model:

o- n A' V‘V - —O VD
+ +

v Ry=2 MQ V‘, 8m Vs Ta

KCL at the output node yields
Vo= Vi
Ry

o
—_ ng‘, +
To

since ¥y, = ¥,

V v )
-—‘-’+gnl’,+.2-.y_' = QO or
r Rr R

o
|-
-
|
[
2

<o
|
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fa = 22 = 2200 8A) _ o590y

v, 045 V
Yy W0V
= o LN = {
Pl 100 k2
SOy
1
~ 089 mA/V
Vb _ 3000 K - =-861V/V
v 1,1
100K 3000 K

To find the peak of the maximum sinewave output
possible, we note that the current source is
assured to be ideal. Therefore, sinewave ampli-
tude will be limited by the negative excursion.
Since this happens when

Vps = V,, = 045V,
the maximum peak amplitude will be
24 - 045 = 195V
(That is, the output will vary between 0.45V and
24+ 195 = 435V)

The corresponding input voltage is
V
poo= Opew o 195V _
‘peak Ay 861 V/V

(©) To find R, we apply a test voltage Vy to the
input

i
- @R,-: 3 Mn
- AAA o

v » —OVD
+ +
V‘ V., R,n 2Mﬂ » Va! Ty
KCL atnode A:
v, V.~V
=Xy X 0
KCL at node B:
V, -V v
X o 0
= .24
Ry r 8m Y
0
1
V(z; ~#)
r
= ——
0 .l.+._1_
ro Re

Substituting into the first equation, we get

R *)
Ve V¥, (RF £n

o= Yoy Ve v R H)
R, Ry RF(_.I__*,‘_L)
ro Ry
so that
\4
Rin = J
l.\'
= 1
L
Lot R e,
Ry Ry U/rg+1/R, 1 T
ro Ry
1
R, =
o ] + B
Ri Re R o Rey
o To
- !
R = 1 i 089 mA Y
Tmll Imi 3 Smiy
" %i«"»‘;g% 3w Fian
R, = 339kQ



6.10 the transfer
characteristic of the amplifier over the region
labeled as segment 111, is quite linear.

Voa = Vop— Voys = 5-053 = 447V
Now to Find the linear equation for segment 11,

we can wnte lDl = 'Dz

(-l 2)
= &kL({)z(v— lu.,,|)’(1 + !g%:-;'_o)

—o6f1+ %
=200V, 0.6)(l+20)

= 65 xo.sz’x(l + Klllzl_;_'_'g)

V -~
(Vs = lV.plf(l + 220 ""]

Ap
200 z(Vl— 0.6)2 - 1.5 - v,/10
65 X 0.53 |+ Y
20
73(y - 06 = LT ve/1
1+ 20
20
_ 1 - 0.067 Vo
= m:l 0.117 v,

=y = 8.57 - 62.57(y, ~ 0.6)°
If we substitute for vy, =4.47V, then
Via=086V
To determine coordinates of B, note that
V’B - Vm = VOB or V", -06= Von
Substitute in 1:
Vog = 857~ 625Tu};= Vpg=036V
Vig =06+036=096V
Therefore the linear region is :

086 V=V,<09 V or

036 VsV,=447V

Chapter 6--6

| )

A
-5V

(a) If G and D are open, and no current flows to
either gate,
Vp=Vgandlp, =Ip,

Iw = 3k (WILY(Vg = Vs = V)

=Ipy = %k;(W/L)Z(VDD ~Ve- 'VI|)2
or, (Vg - (- 1.5V) -0.5V)2 =
(15V-V5-02V)?
(Ve+ 1)) = (1= Vell= Vg = 0
S0,

= | 2 2
Iy = Ipy = 5(1LmA/V)(0 + 1)

= 0.5 mA

(b) For rp, = =, the small-signal model
becomes:

g 8m Vp

WA oD

o<+ Q
o1 =+

+
Vp 8m Vy
Vo = Vi = 2(g,V,; )R
Voo = Vi 50
Vo = Vi—2g,Rv;
Av =Y - 1-2g,R

Vi



Chapter 67

substituting values,
Av = 1 =2(1 mA/V)(1 MQ2) = —1999 V/V
Vo - 20V
= = = 40 k)
©70 =Tl = osmA
Adding To, and T, 10 the model, we get

KCL at D yields,
Vi-V,
R

02

V. = Vi
Yo,
R

27,
To

%‘_ZKuvl-__ so that

R
1

28m

2

To

Substituting numbers, we get:

Av =1 —2(1 mA/V)(1000 k1)
1+ 2000 kQ

40 kQ)

_ 1-2g.R

1+2R

To

= Yo _

L]

Av

+

= =392V/V
To find R, , note that

= 28,V + -r—V—"— and since

Substituting in numerical values,
1 MO

Ry, = = 249K
l—[ 1 -2(1 mA/V)(1 M) ]
1+ (2)(1 mA 7/ V)(40 kQ)
=25k
(d) If the gate is driven as shown:
100K} C—x G
+ +
Vsig Rin 12
Voo __Ra .,
Vg 100kQ+R, "
25 kN
= 2 2e . (-39.2V/V) = 784 V.
100 k2 + 25 kO (=39.2VIV) 184 VIV

(e) |vps| must be = |Vod

with Vg = 0, Vi = 15V, Vi = 15V
s Vol = 15-05 = 10V

Given the = 1.5 V supplies,

“05V=y, =05V

6.12
3 = Vg
a) Ipgp = Iy = 33 k?fj
Lore = 3-07
REF S T3
Iggr = 0.1 mA

=I(‘2 = 51(;3
I;, =1 =05mA=! = 05mA

3V 3v
Q
i
23k0 Vo
Y
Qs (0%
b) ) B
[V = S0V=srg, = LV,-*J =3 - 100k0

=30

=30 - j00k0
ror = g5 = 10
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Total resistance at the collector of , is
equal (0 ¢, || 7y, thus:

rer = 100 kG | 100k} = SO k0
N = S0k

¢) gy = 0= 05 _ g masy
ro =B = ;_0 = 25K0

&) Ry = ry = 25k

Ra = rgy ;! roz = ](x)kn ﬁ 100 k02 = 50 k()

Ay = =g Rp = —20X50 = —1000 V/V

6.13
Vpp=18V

O IH-——-‘“ )

oV,

O e

Vi

For an outputof 1.6V,

Vsny, ., = Yorl = 1816 =02V,
"'.w,mm =02V

Since [y, = Ipy = Iy = 50 pA,

2

and I = 2, CHWILV ),

20,
(L) ( ) - (pyC());)(‘(()V)

= 2(30 pA) = 29.1
(86 pA 7 V02 VY
For Q.
(Hﬁ) - 2(30 pA) = 6.46
L)y (387 pA7VH(02 VY

Ay mustbe at least ~10 V7V,

and Ay = ~gulroik ro2)
If we want to make ryy and rg, equal,

Apy 50 pA2
=05 mA/V
By e 02V m

. —10V/V
"0 = Ty (05 mAT vy 0 KO

rg = W 50,
for @y, L, = wwL———l"snvo/":fm‘“A = 04 um
for O, and Q3,

- = 40 k0(0.05 pA)

Since we want L, = L, = L, and L be an integer
multiple of 0.18 pm, we choose

= 3(0.18 pm) = 0.54 pm
{Note: Choosing 0.36 p.m results in slightly less
than ~10 V/V.)

checking,
V L
ror = == W on(;s(?nszf 2= 540
Fos = toy = 6V /pm (0.54 pm)
0.05 mA
= 64.8 k{)

Ay = =g(ror | ro2)

= ~0.5 mA/ V(54 K11648 K)

= —{47 VIV

1f the gain is to be doubled, and the !g ratios kept

the same, 7,, || r; must double,

If 75 and ry, had been equal, this would have
meant doubling L and W, making the area 4 times
greater.

Foragainof ~20 V/V,

Ly = 0.8 pm

L, = 0.67 pm

The closest imeger multiple that satisfies our
requirement is (.18 pm)(5) = 0.9 pm,

so, with Ly = Ly =L,

SN/ pm (09 pm) _ 90 k()

il

T

0.05 mA
Yo = 6 *ﬁ"u‘—*—ﬁ*——m(ﬂg m) = 133 k{}
i 0.05 mA
This results in a gain of
Ap = —(0.5 mA/ V)90 kD2 | 133 k)

Ay = —268V/V
This represents an increase in area of

(»93*) = 278 (instead of 4)



6.14

v
Kz.mﬂgmzazm‘,‘
ov:iz

so that

VAzﬁ?X=‘l‘2§%§lﬁ=4v

I V;= S V/um,

Ly=1Ly =L
Vs Vs Ve
él{,-%L
EmslFor & '403 = [-VC)X"fl’g
v iL
4
Vos = * 7
so that
| s
R - lilﬁL . i‘A;L
& = “1(”){ I
Ay 1
¥l

Finally, /Ry = ==

o
Now,!lf'_‘% = 5V/ipm Vel = 02V
For L = (I8 pmu

25 V/pm)(0.18 pm)* _ g1V
02V)

}R” =
Ry o= Bo o 8LV o g0k
“ I 0.01 mA

oo ML BOLMA Ay
a2 02V

2WL = 2(0.18 pm)(0.18 pm)n = 0.065 n

Assuming that the driving NMOS transistors have
similar g,, and R,

1
Ay = 3 2Ry
Ay = —-%(0.1 MA/ V)(810 K) = —40.5 V/V

For L = 0.36 pm:

IRy =25V pm)*(0.36 pm)*

=324V
02 V) 32

R, o= 324V
%7 001 mA
2, remains unchanged

= 3.240 k)

Ay = ~%(o.; mMA/V)(3.240 K) =~162 V/V
Ama= 2 LW = (036 um)’n(2) = 0.26 npum’
For L = 0.54 pm:

IR, = 20 V/;:g!fi?f‘* pm)’ _ gy

729V
Ry =

= 7.200 k()
0.01 mA 0

A, = -% (0.1 mA / V)(7.290 kQ)

= ~364.5 VIV

Area = 2(0.54 n)(0.54) = 0.58n pm’
Mow, use / = 0.1 mA:
L = 0.18 pm

Since !1} = é I‘I' (w/ L)Vf)u‘

W/ L will be ten times larger (10n)

e, = 0.1 mAY(2) _ 1mA/Y

(0.2v)
IR, 8.1V
R, = ,,,,,,,‘_’, = et Yo 1 kD)
o i 0.1 mA 81 kQ
A, = —»;i-(l MA/vHBLK) = —4035 V/V

Area = 2 WL = 2(10 n)(0.18 pm)?

= 0.65 npm?
For L. = 0.36 pm:
g = 224V o k0
’ 1.1 mA
A, = amarvicaak) = <162 vy

Area = 2 WL = 2010 n)}0.36 pm)?
= 2.59 np,mz

For L = 054 pm:

. 129V

= 729 k()
0.1 mA

9



Chapter 6—10

L= Ly, = 0.18 pm L = 2L, = 036 um L= 3L, = 054 pm
IRa = 1V IR() = 32.4 V IR() = 729V

8 | Bo| A | 2WL | g, Ry | A, | 2WL | g, R, A, | 2WL

MA/V Q] VIV | pm? WAV &0 [ VviV] pm? [mANV k0 | V/V | pm?
I=001mA | 01 [810] -205|0065n| 01 |3240| —162/026n| 0.1 | 7.290 | 364, 5| 0.58n

WiL=n

I=001mA | 10 |81 | -405]|065n | 10 | 324 | —y2| 26n | 1.0 | 729 [ 3645 580
WiL=10n
I=001mA | 100 |81 | -405| 65n | 100 | 324 | —y62| 26n | 100 | 729 | _364,5| 58n
WIL=100n

A = w%(r mA/VY(T9 K) = —364.5 V/V

i

(2)(10 n)(0.54 m)’
= 58 n pm?

Now, for [ = 1.0 mA,

For L = 0.18 pm:

i

Area = 2 WL

v 100 n
gy = LRAQ) = yomAsv
"02V) .
8.1V ,
=81 Y = g1k0
Ro = TmA
Ay = —%gm mA /V)(B.1 k)
= ~405 V/V
Area = 2 WL = 2(100 n)(0.18 pm)?
= 6.5 n pm?

For L = 036 pm:

, = 24V = nako
Ro 1 mA )
Ay = —taomarvy2ak) = —1e2 vy

Area = 2 WL = 2(100 n)(0.36 pm)’
= 26 n um?
For L = 0.54 pm:

729V

Ry = === = 720

o T 729 k2
Ay = —1ao masvy729K)
= —-3645V/V
Area = 2 WL = 2(100 n)(0.5 pm)?
= 58 n pm?
The table summarizes the calculations.
Comments:

(8) Ry and Ay, are increased but at the cost of
larger device area. As L increases by a factor of X,
Ay and R, increase by a factor of X2, The
device area increases at this same rate.

(b) g, increases with {1, but R, decreases with
1

LN

The device area increases with {1}

{c) Smallest area= 0.065 n pm?

Largestarea= 58 n pm? Gain and & have been

increased, but at the expense of increased device
area.
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6.16 6.17
21, I, _ 100pa
, =2 %0, By = b = VLR
Bt = G " T Vv (025v)/3  SORAY
s 2
= &mVov ., 1mA/V(O2V) ‘
Iy = =5 3 100 wA Since all devices have the same V,, and I,,,
Ry = (&maroalot Tor = Toy = Toy = 1oy
However, if wemake g, = fa2 © L o Vel o av P
I, OlmA

and rgy = rgz = rg, WeCHn say

that 400 kQ = | mA/V - rj) Ron = g 1o = (0.8 mA/V)(40 k(2)?

v ' = 128 MQ
4o 0K L g
TmA/V Ry = 8n7h = 128 MO
since ry = Yi{‘t Ry = Roull Ry = 640 k02
’ ID AV = '—gml‘R()
vy SV;’um = —-512V/V
Voo
6.18
Sincefiv=—gm, RO
A -
Ry = ¥ = 2200 _ 1554

If all have the same /p, and V,;. and

since R, = R, || R,p, and

Smy ™ Bo2 ™ 83 = Bms = Bus

= f2 Py G (WiLY- T sothat

8
2
}! = m,_._.__._.—_._g“
L 3wmCnly = @n )| Gw o) = 2 gm o
solving for ry, we get
_ (1000 pA/ VY -
- gl 125 ZRo (100 kfl)
20400 pA 7 V(100 pA) AT 10 k)

For maximum negative excursion at the output,
we want the MOSFETs to be biased so that each I o= Sm|vov| ~ 2mA/NV{02 V)

2

- -

transistor can reach Vo = Vi, = 02 V.

o Set Vg = Vo, #+ Voy + Voy = 0.2mA = 200 pA

=05+02+02 =09V Since 7, = [vile
minimum output voltage will be Ip
2V = 04V , 5
oV 7 = Tol _ 10k002 mA) _ 0.4 pum

ivﬂ S5V/pm



Since g, =

,J(2 1“: C,,,)‘(W'/ L) JI;

(W) (W) 2, Coly C(,,I,,

" {(ZmA/ V)
2 (400 pA 7 VY200 pA)

Similarly,
(%), = @),
2 mA/VY

2 (100 A 7 V3)(200 pA)

-3

it

i

6.19

ay [ = k';%vf)v

O¥a

[ S E

®

=5 Forsame [:

o~
k)

For same [, if %, is divided by 4,

then Vf,v is multiplied by 4, or equivalently

Voy is doubled g, = p‘;,C‘,x;f Vv Thus g, for

circuit (b) is half of the one for circuit(a).
20y Vs _ 2V,L
Voo Ip wy
Lis multiplicd by 4, and V5 is halved, then Ag is
doubled for circuit(b).

In summary, for circuit (b), Vy is doubled, gm is
halved, A, is doubled.

(b) Each transistor is cireuit (c) has the same Vg
as the one in circuit (a).

Apg = Bula = . Thas, if

Ayg = "*“‘%} = ‘“(és’:es"u)z

G, ™ Buy ™ & (same as circuit (1))

Note that for the transistor in {c), the g, and rp
are the same as those in cireuit (2}, In summary,
for circuit(h), V., is doubled, g, is halved A is
doubled.

(b) Each transistor in circuit (¢} has the same V,
as the one in circuit (a).

Ayp = =45 = ~(gar,)’

G, = @ ™ Ry (3ame as circuit (a))

Note that for the transistor in (¢), the g, and 7,
are the sume as those is circuit (a).

Thus. the intrinsic gain for cirenit {¢), A, =~ A%
where A, is the intrinsic gain for cireuit (a).

Chapter 6--12

In general, circuit (c) has a higher output resis-
tance, and for the same Vi of transistors it has

Tower output swing, The output swing is limited

102 Vy on the Tow side for circuits (b) and (c);

but limited to only V,,y in circuit (a)

6.20
For 0,

Voy = V;=V,, = 08-05 = 03V
Since all transistors are identical, and
kpy = kyy = i = K

with IDI = 11)2 = 103 = IIN'

[Vou = 03V (since 1, = %kgvmﬁ)
with Vs, and Vg fixed,
Vio = Vg2 — Van
= 12~05-03 = 04V
Via = Vi + Van

34+405+03 =21V
The lowest V,, is

Voat+ Vgyy, = 04 +03
The highest V, is

Via— Voyy = 21 -03 = 18V
so the output range is 0.7 Vo 18 V

07V

]

Vpp =25V
Vea= 17V
o—i 0O,
V= 13V
o—j O
o
V=12V
o— o,
Vor = Vi
o— &3
=08V



»- < V()
R,
Ry +r, R
Ry==t"Te - % is
L+gare  $uro 8
(by Vy =i R, and
Vi vV
i P ang e 3ig
Rsig + Rin R. 4 RL T
YT w R Tia

multiplying and dividing by Vg We get

Yo o Ry . Ry
Viie Ry, + Rty e N + L
l—i(gmr() i gmrﬁ B
IR, =r, = 10kQ, 4, = 20,
. LA 20 . ,
Rg, = 1K, g, = = Tokn T 2mAV
10 kQ) i
n o b e = ] k()
20 2mA/Y
Yo o R _10k0 VIV

Vie R +R, TkQ+1k0

a} If d is shorted to ground, the current flowing
through the short is

Chapter 6-13

]
il

1
(;m b = U S—
14 I
R L
From Fig. 713,
Ry = ry+ Rsig + (8m ro)Rau
by If rp + 10 k), and

=0 20 _ /v
&=, T 0kn ’

t

On = —07 - iV
Ry + = 1k + 1Y
e 0 2 mA

= 067 mA/V
Ry+ 10kQ + 1k + (20)(1 k) = 310
Using the new model,
Vo = G,V (Ry | R

V,
i;’fl =GRy | R)

sig

=067 mA/V (31kO | 10kQ) = 504 V/iv

Vo
R,
1,1
v L=
»M? Ax

VoL
e e A
or ™ Fox = rgy worg e sl

= (3 V7 pm)(0.36 pam)
200 pA

o = 9 k6




Ipg _ 200 pA . {54 masv

rit = T

Voy 02672

Vovi = Vopy = L2200 yA)

100 pA/ vz(—si)
0.36

= (.52 V

Cut = Bt = e BA 969 LAY

(052 v)72
Ry = (ga3r 0161
= (1.5 mA/V)Y(9 kQ) = 125

Rop = (8msr02)704

= (0.769 mA/V)(9 k)’ = 62.3 kO

Ra = Rup I! Run

k0

= 623k || 125k0 = 416 kO

The value of R, || R, needed is

A =100
R Ry = __‘:___V_ T et
ol Re % 154 mA/V

This is greater than Ry!

This can’t be done with the present design.
One thing we could do is double cascode the

current source to raise R:

B VDD
3

Vi o— Q, { Ron

=649 kO

Chapter 614

This raises R, to
Rop = (8maT03 8maT04)" 05

= (0,769 mA/ V)9 k)’ = 431 kO
We can now find an R, that will allow a gain of
~100 V/V: Since
431 kQ 125 kQ = 969 k)

§ R(96.9) = 65 ki), we get
Scttmg m ! g
Ry = 197 k2

To find the gain of the CS amplifier, we calculate Ry
Rpy = Repll R @m0 | ron

Ry = [(431 k|| 197 kQ)(1.5 mA/V)
O kM1 (9 kD)
Roy = 9 k)
50, Ayy = ~g, Rg = (154 mA/V)(9 ki)
= ~139V/V
6.24
Ry =r,
Ry, = g,,,r;
2
Ry~ l + gmr(}
Bm  BmTo

b) i! = Vil
By current division,

1 .
Vi (—- o r-)
i,R3 _ B 2, l)‘

Tot Ry ’c7+“]“*"”(;
1
— Vx(] + gmrﬁ)
LI, 2ry
m
also,
i = hro Vign'o . VYigwro
- rp+ R 1 . 1
Uyt =, =k 2ry

" L

3 N Ve r
iy = g - iala

= gy = i} =
—+ 2r,
K



)
Vi

]

~Vigalre n Ry)

-V‘g,,(rv)(;‘; + r,,)

1
rgt —+ry
Bn

Vv, = ~Vig.ro

R ‘o
LI
PP
~Viuto -1
P~ 47 W
et 72
L4t
gmrﬂ

Vl = V«‘gm[(gmré)a (gm §g r;)]

I 2
= “é(gmr())

-V, r — V.7
V.K £ “i‘m.ﬁ!'—q ry = _.,i._ig’"_(f
— 2}‘(, —_—+2
Em gmrl)
i
=73 iulo

&) Vi(n= :‘;‘_V;gm’a

With Vige = 5 mV,

Vipesk = «%cs mV)(20) = —50 MV,
Vi) = =3Vigara)

Vipess = —2(5 mV)20)" = =1 Voo

V)= - ,,12 Vidg.to)

(5 mV)(20) = —50 mV e

o | e

14 Ipeak =

Chapter 6—15

Vi
t
.
< -

Vi)

50 mvy 4
~50mv 4

Vi) 4 f

1V
(Y
'3 (6]
0my

N

.«50 mVN

6.25
W 2
Since 7, = %(u,.C,a,)(-L-)IVm:E .

w_ 2y
L { ﬁ*,u(-ﬁr,;) Vol !
- 20100 pA)
(100 pA 7 V0.2 VY
L S0
L

{for all transistors)

.
I l‘fqiia _ (6 V/pm)(0.18 pm)
9 7, 100 A

= 10.8 k2

To permit the maximum swing, each ¥ DS,

should equal |V ). So.
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= d 8
Var = Vop = |Vy| = [Vod G = i’i - 1+M2 T A
=18-05-02=11V ‘ 8"
Var = Vuye ™ Vil = 1Vodl d)lfkﬁl,?o.-
=(18-02)~05-02=09V fos = a1
of)

Vos = Vin,, .~ Vel = Vool

. . ‘ v ﬁz)
= (18~02~02)~05~02=07V “"”"(2 Vi r
) gm O

A

Ro = roi(8mat o) (&wsror) /24 Ly 3r,+ 2
- En Bm
. 2
gar) = (1 mA/VP(108 kD)’ = 126 MO = Vo _ 8nlo(8ars)
! 3r, + 2
2
p . A 20
Calculating: r, = 2 < =
By 5 TmAN 10kQ
6.26 V. e’ ,
= o 8mlo) T 2 ‘
a) Assuming that all transistors have the T/i: T :' ?f 7 go = - (2010 kﬂz
i (10K + =
same g, and r ) TTATY
Ry=r, = =129V /V
Rm =
Rﬂf& = (§m3 Faa ).
Roill Ros = roro) = Lo A2
orlh Koz gmtzlﬁ*‘zgm() 6.27
2
Rov= (8ms Fot) Tos = BuTs B=350V, =5V, I=05mA
R.o= 1 Ros 1. g,,,rf, 1 If the base currents are ignored, we can use the
" 1-1:; P 2—; ' E:’;_. ;:: o same r, and g, for each transistor.
= | S b
b) R!) - Rd_‘l " Ra4 = (igmrn) g (gmrr;) V(A(
| DR
58 70
Ry = TS
Egmrﬂ + Eml o> VBJ [ S— Qi
»
|
= :;_8'::’0
¢y If V,, is shorted to ground, g
L, 0 _ 1 Vi 0— o
Ripp = — + — = — )
&n  &nTo B \‘
Using current division, L
t R_r)
}
_ L _05mA _ , ,
R v —*—————25 v 20 mA/V
re=Ba 30 sk
L 20 mA/YV
iy
' i row LA L 3V g kg
= i, 0.5 mA
1t N
- R:} = (gmlr;s:}( Fead T'ad)
L, R, = (?:QM)(;Q K10 kO] 2.5 k()
] , 2° 2V Vo
Ly T R \(c" — .
Ladbl 142 R, = 40 kQ
2



6.28
Vee
Q
0,
Ry
If the transistors are identical,
%
"o|="oz=’o=l—l'1!
c
I}
8m = gn1=8n=vlij-
= _. _B _B8Vr
= Fay = Ty = =
T's1 w2 " e ‘ld

X Ry = (Zmrod)(ror |l r22)

[V 8Yr
g, = WA | _PdVd_| wimg=1,
V|, B
fid  ld
IR, = '_YAI[‘V.AI' Bvr]
VeVl + BVr.
IR, = LVLAJ'. BVT = I_Y—A.‘. 1
S N 17 A E
[Val BVr VA
- A
IR, Vr/ V) + (1/8)
For |[V,| = 5V.B =50
If1=0.1 mA,
R=—2Y .1 -sMn
°T 0025V, 1 OImA
5V 50
If7=05mA,
1 mA
= LMA) = 400 kO
R, 2Mﬂ(.5mA) 400
If1=1.0mA,

1 mA
R, =2M (lmA)

Chapter 617

Vee

1
£
=}

25 kQ

Ay = —gu( Ron || Ryp)
Rop = Bro = 100(1 MQ) = 100 MQ2
Ron = (Bmarod)rorll 72
= (4 mA/V - 1 MOQ)(I MQ2 || 25 kD)
R,, = 100MQ
s0, Ay = —4 mA/V (100 M| 100M)
= 200, 000 V/V

6.30
RO = rﬂ[‘ + gm(Rf “ r')]

Ild _ 05mA
= = =212 = 002A/V
En Vy  25mV 0

=B - _100 _
f* g8 O002A/V 5k

whenR, =0, R, =7,
a)For R, = 5-r,,

5 = [1+2aR.] r0)]

5= 1+002A/V(R,| 5k0)
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RI5k0=—2 _ = pakn

002ZANV
. R 5 ki) .
% - - = ()2 5 s = B,
Solving, R.T5k0 02k} SINCE. 2,7, B
i i R,
R, = S02 K0y |
* 4.8k 2080 Avp = ~gulp* 9;0
b)PdtR‘,aw-rq, 1+;5
i
10 = 14002 A7V)-(R,] 5k) There are several ways to derive the equation
R,-5kil 9 B for G,
Sothat o TTRn ~ dmaw 400 Method 1:

Solving, R, = 495 0 Take the basic small-signal model:

&For R, = 501,
50 = 1+0.02 AIV(R,|| 5k0)
R,-5k0 _ 49

R,75k0 002 Am - 245k
R, = 48%k§}
6.31
With the output unloaded, the small-signal
model can be drawn as follows:
C .
p—o—0 Nowethat V, = V,— V,
.§.
» 0—V,
= . +g,V
Bm Vﬁ“ E: o Vg 1y ro BmVu
—_ . v
'0 = -t + gm(Vi - Vp)
+ ro
I Assuming that i, >> i,
R, V. = V, ~ iR, Then,
. —ipR, .
- ip = et BuVi T igR.8,,
— o
Since no current flows out the collector,
V, = —g.Varo + V., By volage division, ;0( 1+ ‘;& + R,gm) = g, V; 50 that,
]

Vi v,
v, = iR and V, = LS .
ry+ R, r.+ R, G o= tp Bm
»

substituting, we get Vi T 1+ R, + g.R
[
A, = Vo _ = Bulalz T R, o
o v, r, + R, . R,
’ i since — << 1 usually,
R, T
¥ o mr—
L0 , i Em
Apy = =Bty = ———— G, =X ~
o !’,,. * Rs‘ " Vi I+ «‘:’ng

dividing by 7,

Apg = “Baly
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Method 2:
Consider the model - R,
. T,
A’W) =~ Ewlo BR”
[ S
Py
1= 025 kQ
= —(8 mAIV)(100 k(). —100U00 kD)
(BmANX ) 0.25 kf)
125k}
Ayp = ~T84 VIV
RO = Ty + (R" EE r:) + (gmr())(ge g rﬁ‘) G, = Em . 8 mA/V
or " 1+g,R, 1+ 8 mA/NV(125 k)
Ro=rol1 + gulRe] 7)) = 267 mA/V
Shorting the output removes Ry from the CKT.
L 4 $-0
rore — R, . Vg
~Aypp = EM__’;Z,;'E?:_" {from part | above) |
gurors =R, G,V Ry R, = 10Kk
m“_gz‘ _AV{): rﬂ+Rl
Gm Vg Rg ro¥ g.r R,r,, = = =
o7 Enll, LR,
. gm"a"g”‘Re - VO_ »
O = Flra + R ¥ garors Av= 3 = ~GulRoll Ro)
Dividing by rgr, . we get = —2.67 mA/V (296 kQ | 10 k)
_ R Ay = ~259 VIV
Em rol's Note: Depending upon the approximations taken,
the values of A, may very slightly.

Gy = —
" rf)(rvr + Rt) + 2 R
- =T Eafts

~ Km
G o 2T
" TR,

with B = 100, r, = 100 k0,
Fe = 0.2 mA, and R, = 250 Q,

i _ 02mA ,
= L& = =200 o B mAY
B =y, T Fmv 0"
=B . 10 _ p1sko

Be g mA

‘!

Ry ~ ro+(Rell r )1 +g.)
=gt I“(,g_,},fké ‘% re)
R, =~ 100 k2 + (025 kQF 125 ki)

(100 kQ)(s i’g‘)

= 296 k()



6.32

8m = &
Fai
\%
for = Yoz = Lzé“i = fima 0k

R, = ryy = 25k
Ro = (8maro2)(rosh ra2)
Ry = (4 mA/VY(50 Q)50 kN 25 kD)
= 333 MQ
Avp = —GRp™ ~gmRy
= ~(4 MA/V)(3.33 MQ)= —133 X 10" W7V

Lo e .%.I_Q{;_ £=3 Q..!M = | mA/Y
Vol 02V
2

Again, Ry, = rp = 25k}

Ro = (gaTo)ror = (1 mAIVI(S0 KY’
= 2.5 M)

Chapter 6-20

Ay = —Gulo ™~ —8gmRo
= ~(4 MA/VH25MQ) = —10 X 10’ VIV

From part (b),

B = &y = 1 MAIV

Rin = %

Ro = {&maro2)Tn

R, = (1 mAV)50kQ)* = 2.5 MO

Ayp = —G,Ro = ~gmRo -
Ayp = ~{1 mA/VN2S MQ) = ~2,500 VIV

From above,

Lo 7 1 MAIY

B2 ™ 4 mA/Y, Ppa = 25kQ
Rﬂ) =%

=
i

= (o) o | 1)

R, = (4 mAIV)(50 k)(50 k2| 25 kD)
= 3.33 M{}

=GRy

Avo# =g Ry = —1 mAIN(GIIMQ)
333 % 10° Vv
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Comments:

(1) A MOSFET for (3,

makes R;, — o,

(2) The output resistance when , is 4 BIT is lis-
ited by r.,. Incases (a) and (d), R, was higher
due to.the value of rg and g,,5.

(3) In these four cases, Ay, was highest with two
BITs Ay, was lowest with two MOSFETSs.

These results could be changed with different

biasing.

6.33

%: I'Ra: aS‘o/‘A s 30‘5}4M ’Wﬂs}‘lh ,\t*o.fv
T= rb"““n m -1‘50}1!/

v
50 = .l-.y?.g'()x.s:. (V&S..cg)::) 65301" 5 0.3
V@s,oBV (V }5 no t aterptabie, Ahare fone
Vésg O»?V
Vop-Y63 o, 18-0.F =y R= 220,
r, .V GS - 0.050 =3
Iy o loe 2 = R

Q oend Q;_ hawve tht Sancl VM.V\A {o wes - valut
of VO er VD."?» ‘s when VDS-'-’%’-V‘:-;O-?«O.s:O.?Y

kt"“ %mm = o.l‘l

S-V_ﬁ‘z !’ﬁ—‘i 1.2;0-&0—'53200‘31
o o 0 .05

alz &% :_..‘5;7‘;- SMA => sk, = SMA

Yo

6.34

Paloy =250y 5 v'ggo/ , =06V
_29_ 5/ =>>% = 5pA ;w bV'.wl 8.0.2521.55

fo =

AV _1.55 .. 3to xS

Ay M

YosYAL o L=L xfo =0)x30:].55Mm
Va 20

Lo ;

v
Vowin = Vg5 Ve =025 =>Y = 0.2540.6:0.35
R=Vpp-Y6&s . 1.8-0.85 ., asc
I [ 18]

AT
Ipe Lo aGy DLW, o~ o) s ZEE 5
— Anfox(\é,s”vb
e Wz 2px LSS xlop = 9.8y
e 250 (0.95.-0.6)% mm/‘;;

16.1.8= V&S 40:6 ay VG.S 2z 0.8V

6.35 AL
voe =\ ¥V, i \=0.6V ,}tpg_

Taep = VOUA Ve =16V

os & Ves-Ye
Vomas = VDSMM"V&S»“ (g 5&&

»,VG 218.0.¥=1VY

Ra Yo -\ __ =128%2
Ly o.0%

2 2
To=L MG, (Vps-Vy) Wo=>We L

PXNTEN
W 2x 80 ""'"F‘”%
L toe(-o.840.6 -

6.36

Wy =hw, Liely VoV,o.‘)V

]; = IREF w’l—)l
(W),

‘wa:n.-v v 0.3y

» Tage = 20MA
= 20x “ = Bo LA

Vzo.5v . Aftvrel.y toly.6.11 I‘:('f’:-)z-r (7 ect6)

I72) Vaz
‘%V GS*V& L] VCT.S =0.340.5z0.8Y
Ve - =
Ir _:;&i { =2Y% =03y

Or e ovid Sinply say Vpg cVhg, =l omel

Siace VDJ' ~V6$, = o’gv--:p V0.3

oz s VA 25 a)
— e 2.5 kAN
Ip, ©.o8

foa = AV,
— -y BT .
AL, -1—-A L= 31 - 3



o-37 Ve lhat (WIL);
Voo = Ves2 80 Ton (W}L);
-1 (W/L),
REFeYom Y. (WIL)

Iy = Ipa

WY _ Ipy _ I;m
(WY, Ipi  Im
; (WAL) (WAL,
REF(WILY, (W/L),s

Vass = Vg SO that s

Io = 104 =

6.38
1F the tramsSter with w=ib ¢ diode.counechd,
thaaa l'zg (oole% = dooMA

1'3 - 'oo‘% = 400MA

IE Ht trommsstor with we 20 s disde. conrachd
than - I, ztoox % = So MA
-]
Iy zt00 u%% =200 MM

IF the trawsistor with wetio s disde - conmached,
Hhan: 1, c100x 133 a ASMA

Tyztoe x 20 GolA
b 5 = 5

So For cases Monl} ont trouasis for 1's drodc
conneched , L defferewt oukpet casrrendd are
possible (depending on Hu cwc.am‘ianwe.
choose) .

IF 2 bmnsistors are diode.copnechked than
they act as ous ¢qm’vM EramsiStor wpese
width. ts the 30t 0F pha widbhs oF each
Prowasis tor :

T W =t0+20 then Lysicox g_g.::!33/4ﬁt
IF Wy = 20440 then [, < oo ig = 16 TAO
IF Wpp = 40400 then L, «toox% = YOMUA

Chapter 6-22

So 3 different onbpot curvents arepassible
_depuufn? on which two trawsisfors are

dipde - connected . Now we cajuuole v;,e,.

H
;oo=-é..x Box ﬂl-’-(vsamo'?) -y VSG" k'v{‘igj?‘”
oll have the Sowe Vgo, Ffor amy given

Con‘.'a&’ M.’ﬂ .

For W =60 => (00 = _L. toxﬁ_(v .t
‘7%6501

For Wegg. 50 =5 100 = an’ovzuv%_n)
- Ve = 0.13Y

6.39 , the small-signal
mode! can be drawn as toltows:

s
> gnnvm;

Vv < 7
i v vg:‘!gmi b o

(D Vy = —gmalrpll ROV,

Ver = Upy = 8wz Viu2) o

DV = o Ty = Bmz Ver T2
- Voo

3) tny = “szl gmla“&“‘

o
substituting (3) into (2), we get
Voo o ,
Ver = =V Bmi 7oy = 2502 =g, Voo 1y
o
@) V., = — Vet B Ty
282

i
T+ 2=+ rm
Yoy

substituting (4) imo (1), we get



-V, r
Vo = —8m(rosll Rp) ____ﬂng_QZ__
(l + L, ’oz)
()
since V| =V,
Vn &m 02

= gm(rosll Ry)

r
v (l + 24, ’02)
m

divide out ry:
Vo _ 8&m 8mUoall R

Vi (l +‘L+8mi)
fox To

Assuming all r, values arc >> 1,
Vo _ 8m 8m R,

Vi 8m2

. 1, (W), 2
Since I, = ikl’(T)V"V and Vi = Vg
Vovs = Vors  Also, g = 2

ov2 ova "« Bm Voul2

making g, o I, whichis o w

Here, L, = L3, so we could also express the gain as
) W,
v = 8m R (WZ)
Now, to find the resistance looking into the
diode-connected drain of Q,, we apply a test
voltage Vy:

8ma Vg2

Chapter 623

Vy

iy = VO +8m V, £52

: . \4
since Vo, = Vy iy = X+ v,
Toz

ix
X +
Vx To2 "
V. !
Ry = = = rp,ll _‘2
The CS gain is
Vv, 1
TZ" = _gml(g—m;“ oz | "m)
6.40
Is e lo”’./‘\
va§,
a) fkchr e /Vrz=>66=V "A‘.‘Iﬂ
-6
Trep=tophw vy s 0.025 L.. '°x:; .057‘
IREF' 10mA -75‘ PY-R olfl“ '_g_m_’ 0. 7“’9
Therehore :

topa ¢ Lpep S1OMA > o.sxv(v“(o.ﬂn
,Jf‘ncc/’ is very Iv’fl\., Ly 5 nagtgible awd hance
L e Coer 1opa & I, 10 mA

br,-
Teer u-z/,a
forol\(t {s™ , B remacns constend ok 100,

IREF = 10mA o L, .—lo

' =9.72mA

'-

Ingp « 01 mA =T 70 _0.098mA

T l-o- 2/100

REF-[M‘ - l-og -aquA
t+ oo

IRep = lopuA =>



6.41
Is,_s IS.KM ’ I"'rc rREF Lr
(-]
:a",r‘+% *% 0] L
Qp——Q.
Vae, = VBE2 => ‘-fz‘- )
v lm__e.. \43« L 4
Isa
g Io . .l:il—sm =TI = Io/m
L 1

by sabs‘h’('uh'na for Eein @ .
Tope nde o Jo_ L Ioe sl = 2 ——
Rer M"p;a + 4 > Teer ’*/ﬁ**ﬁ'
_I.-°—= m
PR
Ige %

Thes resoll s +he S0 &5 Eq.6.22.

For Laraeﬂ, fo/ = m, with Fiwke 3 thas
m ,To M.zfﬁu.

ralio drps fo 1’/“& .--——-'*%”
tntrodvced error within 5’/ t 0. ‘lS'm.TE—’;

pmin =80=>0.95= _'_i_m oyﬂ!ascz-'
g0

6.42

[} 9,

‘L’u

Tng

For identical transistors, the transfer ratio
is the same as eq. (7.69):

Chapter 6--24

6.43

Ley= (% Nd rR'

Vo = 10-0.3=9.3V , vez.-,o,o1=-13, =‘7':5r7.}

‘ o
=1 Ae
i L S
V¢3=t.5’6':2.‘=3.72Y ? VCS' -O’V
‘é‘gs—lJGﬂ =3./4Y 7 c’.fa c¥® %2
T4 ed71.86 = 3.72mA -7\/, e -3 Rxte=3.72¢

Y S 5 :'86

18’
Q
foggma - Lredt
1.86
33}l Ry KR -ul' (TS
32V -q.3Y L:l 3.4V
N s \@» o3

T
—
LN
—p

rao = ;, =) 36mA
(T =Vc,,-vaw=€_o.7=4.3"
Ly=t,,=186mA
Ve = +.86x1 =1.86Y

m
)
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6.44
a)
Rzloxksne
Vz-0% =5 I = ;%.“_:%g:_l__mj), |mA
tQ =1mA

b)

v’.s 5‘,1—0-13$V

I'Ic;;frcq ’ 1;3 :Ic";
V3=o+o.7 0.7V

v, = _10.7 4+ I¥16"5 = ~0.3Y
Vs =—|0.7+|r,l:i’ -5

=l =2xl2mA
l;'..>[-2)<'b\

R = look S

- —0.F+103 dm A
V,:-O.?V > Ic‘ == = 0dm
I s 2 &' = O.QMA
Vy:0?Y % :57.07. svY
\/‘_',,loﬂk #1lxi0o = —0.?Y

io v

Vo=_to.F+0. 1xig0 .57

2

T= lO;P‘# = | MA

wp Re T.6KN

4.3k

=3 Ve _5-07 _
43kQ 43kQ
since B >>1, 1 = [ =Ig=1mA
To find the output resistance, we
can use eq. (7.50) or since g, rp, >> |,

RO =Tro + 8m rO(Rp “ rv)

Ig

In this case,
Ie 1 mA
=L =_"M1 = guasv
Em = V. T Bmv
=B - 10_,
ry P 04 5 kQ
=Ya o100V _ 00k

T TmA
Ro = 100 K + (.04 A/V)(100 k)
(43kQ| 2.5k0)

Ry = 6.42 MQ)
If the collector voltage changes by 10V,
AV ov
=== —— = ].56 pA
A= R = Gmwmn - ow
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6.47
All he tramsistors in ~this problosws are crcmb‘g

ok a bias cumenk of 0.SMA amd tuws have:

!‘g.so.ﬂt ’3 ﬁ”mkﬁr 9 (‘q::SKfL

-"’9'8 ..gpp
2riy Moo
S‘ma /“38.,;: »Cﬁﬂ‘?ﬁ ’f” l’kzo

w) Common —Ems Her M{-F:cr,

P, zlokL , R zlo&l
5. QO#I"-—:GG?V/

A" ® “"'%—u"' R-- {045
F "
*7 (&,t/fn) [en+ (n;.,&)suj

= I FkHZ
PR

i = zn(n?,s") [5+ 'z .2.::14)5_‘]

b) Guscode :
Ays Lixa Re . _ 100x09%0 --66%

&‘,-rr',; lo+5

Inpal Pa/c i

= o]
ﬂn(&‘y//%/)@m'f"‘ﬁu)
—,._...!..—.._-—.-----—-~---—-’~ - 1’.?? HHZ
G 2n(1olls) (6 +4)"
“A‘ ole : = { 7‘ 6
;:f’;z midbmdfrni( PR, T i

- ! =530.5

Ve7 wgh,

= W.iMHE

-
V)

C..) cC- Cb CMCA.G!C (ﬂ‘dr'f.‘CJ d&'FF. Mf‘t’ﬂf(d

Aua AR - looxio _ s
%3-'-2';' 10410 %
InPu}' pole : {7’1“ )
2"(&318%)(&%45‘,;

= G4MHE

=
Zn (IOIIIO"')(.?*{'2)P

Cubpat palc { - F.96
pak pe FP)‘ ‘2”5!2’?6 2n32rb" HMHBE

= SHHz

Thao:  fy =
" Jr‘~) G

d) cc.ce Cascade:
Ay Pt aRe .
&:, Ty ﬂ/qu)m
Refer to Mk 693 in
Rure (Reoq 1R )= 16% 11 C A+ 1) Lrert "ma]
ﬁ).;: 10%1] 1042 [o-05+ S’J = 81K

-1 sy Tnz =5[] [0£5. = 1495
Ras= T // 74 Guey Yir2 /l 14 2075 =

Rz ry || it R85 _s*)| B4 sm TTE:"

L+t
where ¢_=¢,, + c).z(u?m,_&) =64 2(1+200)
C,,»:“O?PF
‘;“;g & = lakn‘
Zh&' ),’ Rr* z ,Al.
z‘\” 2x 9. 31,,.5,.0:‘1‘1 .,.Ha:xd l"‘-! + 2x10
19.62 + 0.B6 4 58.75 +20 = 199, 2ns

?'ﬁ =
Sz L = =LEnHZ
Y, 2nu9ez? —

lolxlooxio n_‘wz
{04 54 (otxS

c) Rided Cascode :
Apm e ~ BoorRe _  tooxoq9xio _ _.66\1/

Tnpuk pole. : g + 7111 to+s
L

) = l = |
7 20 (Rogg l7) Ccrn+2Gu) - 2ntiolls) (644)
fpre 4. 7FMHE

\Jeva hig h.l

{ P
2r1x6 k0.05

f‘P3- 7.q96HHz

R TET v ——
FM

Rt e
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F) cec-cs Cascade ;

BeIhake o lolxeTIxl 2Sev).
’&gf%+!)2ﬁ (0. 4l01x0]
Foote s £ =

Drpukpete s Fpy= zn(tz‘ """)(C"/g"ﬁ")

-6 qMH2

o= 2«(:0“[!(0 yIt 2%2%)

I =+496
Oukpuk pele = Fpy 2 zd&c’u prrre I T

PR B T

[Emrdza -

Sommar of resilts: (HH

Cth:‘gamD» »” Aﬂ (% ) F‘" (HH) G.3.
o) Ce ~65.F oAt} “*.8
b) Cascode —66 4.1 27|
¢) CC-CB Cascade + 50 5.0 250
d) €C_CE Castacle —1ay 16 310
) Foided tastedle £ 4.1 2%
£) ce £8 Cascadt +50 50 250
6.48

Tppp =P HA= L =T = [, I3
All tramsisfors mave the Samce I 7 5%y
Values.

Lafwlw w %o > 0082 Lx Hx\y my 0.2V
Vérs' c“‘,‘.\/f;..0.2,,.(;.*5“,.0 S}V
V= Vo =0-RY = Vs =5 Yguy = 0T+ Vpgp etV

= = 1Y = T AR %A
—-7\(63—» 'lq = Vss__,, 55

= Vg;kvg,a =Vey 4 YW =0.v
As e.o:Phx.ntd RLVY VO\&\g’.a—t LNy %aﬁ. afQ,

15 Vg which. fmplies Voltage of V&sz‘gv*‘lt
ot Ak souca of Q; . For miatrvra allsweble

at the ouhﬁk ‘
voihaae Yps=Voy ov u‘au.v:x\ e&k‘} N -Xv_‘v&‘ ‘
v va v*vh CQV&V 4"v -
Fm= .__.R = 2}_0 of . 0. "‘"/v \%ci.. PRTTLON

a""ﬂ g,, é. /"7 Rymrog e [1+ ‘7:0*1»5,)’63_]'5:.
AR, = 100K s [14 0.8 ,oo],w- £.2M.0

——————

6.49
Tepr = 25 pA,
=25puA =1, W, = W, = 2pm
W, = w.x = 40 pm

; k A \‘mzazi

% X 200 X % Voy, = Voy, = 0354V

1; 04 2
Vo = Vou=3# = /L)

t®)
L,

=1 =25x% < 500 ua

I, = 05 mA =

Iy = 0.5 mA

Visi = Vo +V, = 0354 + 06 = 0954V
Voo = 0954 Y

Via = Vs + Vi,

Since I, = I, and W, = W, then

Vesi = Vasa= Vou = 2V
=191V =V,

The Jowest possible voltage for the output is
when Q,has Vi, = Vipq or

Youn = Var = Vasy + Vors
since Vo = Voo and [, = I, then
Viss = Vag
= Vo = 191 ~ 0954 £ 0354 = 131V

- Ay 2x058
Voy 0354



6.50

v
rm—r03“~=7;~62—%~40kﬂ
Eq. 6.189:

Ry = ros+ [U+ Ry + gapa) 031702
Ro = 40KQ + [1 + 282k X 40 k(2 X 40 k]
X 40 kQ = 46 MO

<

i
N
xo— & )‘Vm .L'oz Vo}- Vﬁn

149

On On

_F

©
4
et
©
2T
2N

Ton =lg = Tyz .. = Igy = Iy
The emitter of Q0 supplies the base currents for
all transistor so

Lo = (n+ 1)l
£3 ﬁ
(n+ DMy

ey = Iy rly = + 1/
RET wa rhy TTEETRE
S W
hpe 4 (1)

BB+
for deviation of . 1% from unity:
22_2 = .—..m...l.‘.“_..:an§§
100 1+ (nt+1)

100(101)

Chapter 628

6.52 v Lo

Since Qz! » Qza., - 'QM IREF Lo Ton

are all matched toQ, : 2y

o,: Iog& » e = MQ’I

The emitfer of Qy Slpf’fﬂ / Ry
He boagecurvent For all
trasistors;So L .0 D1p

A rode &Vwﬂ-ldn ok tha bd.ot. of Qg. yf"’d"'

I = n+1)L, Thus = I, N S
rep = T+ Tges Teer '+ 24
Tor oadeviation Errar U of
fess thawm o, v B RPER M— L
5 thasa / 100 +‘:U-L ”ﬂ" W
=sn= L’._-,.; zynt9

6.53 Sy
:[kgp :0.,MA:. S o’?R-Q.?a ‘—'5) q
'
2> R=5F6KN

Yomoy is obtuned whet Q3 1,1
issatyrated: %M:rs_on-a.z.ﬁ.l" _g

b
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6.54 = )
Qa, aud Q, are T
blased ot t“ . Ia'_
r,.-rq-.‘.’r_...-,z = Zeer I dur'nz
v QJ Q,
L} =AvC, =
Trer

Q, is bvh;edq,l: 21'Ref) = =
“Thees ey » é!l Vit =Vl11

2Lger S.Mau—S-'anol

) wodel
RefFer to the small _eirenddr Moly_c.': pcrfm’nd

direcHy on the cirewd . Since the curmeut /'athe
emitter of Q is __.n'.- , the wll'a.Je Vi will
be: VY ",‘""L""CJ

= VitV = zm 34V =Y, (122 !.Q)

= ! Z.A_E_, -&E. 2v,
et (1t 3‘Réf—‘ Avr )=2¥m
ond q.x__s ' . Thas: Rc'n‘ Vi __2___-‘2_‘/[;
¥ Gt IRee
For Ipgp=l0cpA=> R = ?-:-’la‘lliao.snn

x<

6.55

Al Hhe outpat currents are C7ual to I,,then
- nlo .

we hak: Toge= 25+ s 130T

Lis .Jcal} IRe?/Q , For 5] lower I,

IREF 2+
B=105 outpults
Leer i r
Leml g i’%‘ogh {];r,
o )1 2 9

6.56

a) See the analysis on the circuit.
1+ B*2 ,_,p’+25+2

T = I+ BT BB+ 1)
Iy = Iy = %%‘E—f’

Jo o le _ ) BB+2)
Irer Teer 2 Bz+2[3+2
lx‘—lr—

2 1 +2/8%28)

Jo _ 1 __ 1
kee 2 142y B2
Observe that the deviation factor is

1+2/8?
independent of the number of outputs or the value
of each output, i.c.:
The current Iy can be split into any number of
outputs through an appropriate combinations of
parallel-connected transistors. (Q; and Q4 in this
case) The reason the error factor remains

unchanged at -—-I—-—z is that the base current
1+2/8

that need to be supplied by /gy (subtract from
Iy ) remains unchanged.

b) The I mA reference current can be used to gen-
erate three output currents of 1, 2, 4 mA by using
3 transistors in parallel having relative area ratios
of 1, 2, 4 as shown:
Jo 11
e 744 2/p?

= 0.998 mA (1 mA ideally)

= Iy,

1 B+2 , LB*2,
—2-ﬂ+| 2 B+1
(- llm l’(n
D%,
\ —(B+1) 3 (o
1+ % H
1 B+2
2 i .
11 pa+p=
A TN, B+2
(0]
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(c) If a small-signal model is added
l’m to account for Q,, the circuit is changed to
G,
O
Vi
G,
+
Viesg
, -
o 2 1
—_— = L —— 1,
Irer Ty+2/ g ®
= (1.996) mA (2 mA ideally) Bonz Ve,
Iy _4_ 1
L e— = ——
hee  Tr42/p2
= 3.992 mA (4 mA ideally) Since Ve = Voss = —2,4Vesaus
(no current into gate 3)
€ S’)( Vess = Vpsy = 0 sothat Vp, = Vg, and
there is no effect.
Ry ™= (8m3703)7 0y
(a) First, we need an estimate for V,, _ Iy 0.1 mA
and V. Since the currents are all approximately 8a = vV./2 = 02v/3 73 ImA/V

1 2 )
the same, and /,, = 3 C )XW/ L) Yoy R,= (1 mA/V)(200 k)’ = 40 MQ
6,57
O N CaWIL)
Vo = { 2000 0A)  _ ooy
ov (400 A/ V)(125) 02

since no value is given for V,,, we have to estimate ) res

this with p,C,, = 400 pA/V?,!

this fabrication process is similar to < %y a-uV;s:
the 0.18 wm technology. We will theref
approximate V, as approximately 0.5 V.
Vos = Vit V,, = 05V +02V = 07V z
®) Vpsa: = Vgsy + Vgsa = 14V, whichiis .

[
=(2-V,,) x* 3”3‘\/3’1 @
r, = Yoo 20V _ apka Y’S?,""(’S}""Vx' "
] 0.1 mA S e Q, and Q, have the Sae ponaselers
S AV _14-07
ar= S = Lm] = 03s A amd Same current , there fore Vgss=Y9s3
Iy = lggr — Al Vx = 2V, s2 =7 5‘2= !’.&
so that, Subst/ Y
ybstitute for V. .

L~100 - 35 = 965 pA ’ rgs2 mn @
(¢) I, = Ipgr Cx "’mz 3 ﬁf

@V, . = Vut+2V, o

=05+2(02V) =09V
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6.59
TREF = loopuA 139
Q
Vosi* 2Ve s :
vi v,
bs2="Gs .
Y052, 2 a, Ypsi=

T Reer 545 ”‘(Vésye)(”-g_n_)
"""’J-ﬂ-'-’“("és-° 6 u Z_Iras)
"(Vas—o 62104 Ves)

65.'.’0.‘1]\/ (by iteredon)
Lo= By g v 2000 ‘Vc.,—"-‘)z(lf.y_é.é)
L 10043 MA
T’V-‘O‘ﬂure is 247

+ha dreak as F,

or 0.5, cFys
i /erfar Hod. f)« ng
9 6.61¢C c,n_wre.s that Q
and Q) have the sore Vo and thus elimenale
H above error.

6.60 Teep = (ooMa T zloph
“)"ae, =0t + Y, ‘w.L_e._ 0.642V
Veez .0?‘4""_"“_‘&—.:0 Ss¥SV
L= !ﬁ—ﬂ-‘—‘f&‘—':,(a/mo,%.;:t kL
b) ng'(/’*l) ._c__- «503/<n.>>ke

°2-‘=—v—*‘|""'-‘L -r-?R safz“"%)r =33MA
R,=33HJL

6L« BV =5 .o.15HMA
R R

6.61

a’:‘!ﬂ— =09 ’>t :.QO/A
Teer

Ve = Y, &»# =2.63mY

e 2:63mV _ 2930
Re Q0uA
o= \_frb; = 1ML
gm=3-6may,
& = ‘*’mké)ro -] 3M0 Gmparc bor‘,.!.';}‘l

b) KIO“EFgOa' =7 Lyato pp

VReer lnato - 5F7.56 mV
Re = 52:5¢ "o 5. 76k
o
fo= 192 o joMAL
oM
,"=0.NNA/¢

Roc(lf’,, Rg) p=33NA Gm,xyu. to pmloML

c) Io .00l =T = L HA
Teer

Yee -
Ré..uisugn.\\

]
o= 12‘2 = (0o MM
,M-ao‘i m A,

&a(l""'. %)r g“cﬁ"\ GMF"C %roa:‘o-g.

v, V. b 106 = USMY

6.62

= [lrL(Réﬂr")J 7

Ieo:—@f—’-‘-‘ﬂ =z0.493 A

y 4
I, X L 2mMA
vt 5‘33‘;'"7 W oL
o-xa- -dog = 232.6%n Re=to
T Yoy

r _é_ 0o _
negy " e~ oK

Rgs(c

R, = [1+( 1051555 ,ru] x232.6
R, =14.92 M
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6.63

: a2
A " Bz

L2mA my Jus Ao L Bombl 4’"’%" 5

fca_':z.-clz 4 0.

| F
£ = gﬂ sy e B2 - 31.35P
2w TR rhoonict
-l 3!.3’5' 222985 P'F
ﬁ e = PR .
” R ! 0.2 4 1 1-0124, n}_:ﬂ
fﬁ’f,m‘ + 7 i PR -X W

R‘ Rl_"k‘n' b4 R;a" R.so:’*r “&4‘3
= .’”Lf“-f(ﬁ#l) ] (2 F €.171%)
K},(s %3 [ (t-25 ¢ 101x1)= R,,z |l 1o2. as*
Ryg = ...iz:..,-tzﬁh—-—-— (Eq.6.180)
..?h_-

I*{' 501 e
R em t;x . Rgq i

t 4+ 0. t@k’,,.yu o?@r;.?r
' =
211 ( Ry Gy RAGy zn(z‘a-rsfj‘,?zi!j';;

a) Rsig=t M0 A, 0978y,
/.,eo‘i? = 2440 =55, = 5F.FMHzZ
b) Rsl--;;al(.ﬂ.. Au=09v,
Bu'= 40K, R 212490 =y £y = F.2%HH2
C) Rsigelookd : Ay o499,
Ru-50.6K52 , R - 6212 Fy = 1.34HHE

£, =
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6.64

Bach of -ﬂ’;c tromssbors s opemﬁ'a’ at e

bias carrent of appsximmf toouA Thars.:

Im= o:! 100 =25 KN
s025 E2

Yo ot 250 L0

- Nmﬁfv ";' - JO2,

b4 agl.,_ra'“n-
O
dm .47 e C o1 39pF
Gretu= 2nf. TrrGesn S IERE = G 4
@) Rin = (p+1) [r;,*(r,u”,;,nj
Rin = !ol[lsoxt;?g-ls'*‘n (H’LJ - 9. RS

Ape - Rin . _rzllfp: r
Rin+Rsig 12, +tualifs) dma o2
g™ as®ymM M
...&...—— b QAL A “xl
2.5q000 0.25 pc25K] M)

5" r-3943.6 \%f

YTo catedtale £y, refer to

Ru

1= Rsig Il Rin = 10511 2.5Mw 10800

R L

Rf’)’.“ (n‘z ”G'

Ring = 251"
Renz » 24460 c
r 1
R » __;,u__éne,.__. Rnz
r+.,s_z +.Bin2
Teq
R,,,, m+2‘!- = 0.35kn_

Rsig
W;I" é.c WL T c"""' ¢3-"m 'r‘l‘:‘_:
J_}" i I"nz Yer ‘}”— G2t
= T - 215: [ '::IrL

l/&n] Hiller's Theorem for Cuz :
254

&= Grz+uz (14, 52)
G - 1-3940.2014 % x ipoo) = E01 - 6pF

'e ykg,y K K11 25410
R = Toa 70, 1] % =25 [[ 1000 /fw;-}w
Rp= 34200
R}'zg fon = joooK

Co 90 By +Su B+ G R+ €52 45 Bz

T‘; =0:2%10 4 1.39x0 354 §01.6€ x0.342 4-(0- 241 ) xt000

'Z‘ 224049 4 2F4.15 4 1200 ns

‘ﬂw.s (G« 5‘,_) 02 15 the dwn«kqj Cerin,
The second most se?m.ﬂw term 5 C R
50 (6 + Suz) dominakes amd then ¢ or
equivalently Sy .

Fﬂl z‘

o |JOLFHHE
7 27, T 2npu6.6"

O lntrensin 7 the bias corrents by a fachor
of lo
gma 40M47r
vz 25N » fy=
C;, = "‘jz + €, %10 208+ 0.-59x0 =6.7pF
Cy =0 2pF
R = 101 [0.0254 (2 $ped)] = 249k
R, is almost decrm.ud by a factor oFlo.

2 f"_'a. 2.5k
(oo &KL

Ay = _ 249 5% 100" x{000
249410 00 zs‘., (251100
A" = —'3 $ot V/

A, remoins alMd”-SI' constawf .
C = 6.7+ 021+ 4o xi00) = F86.9 (almost onstouk)
Ry = R,,? 1Ry =16%1] 2495 29.61x 0
Rui Stays almost the sonse .
R-= 2.8%)1 105]] 2:541C = 7.8

ot
R, s almost reduced by a facfor oF 3.
Rinl’ 772” o= 2. H45 0.
R"’ = 0K 2-%44%

H‘ '&? + 25 uns‘

Rri is almost decreased by Qfoctor of 3.

(dtcreased by a foctorof

t0)
U, =02x961 4 6.7x0.120 4 §06 .9x0.18 4 |.2x 100

T, =1.924084+95.24120 = 21%.92n 5
Thuo +he dominant effect , that of +he
oulpat pole, is redvead by a fackor of lo.

= 120 N

R/qza: ’st‘aom

Thes occows becauose (q+G,,) remains
constund while rpy Jecreases by a Foctor of
10.The Second mest 5:,7»65‘0»‘1 fochor(that
duae to ('.r or Cys with Miller !ff\ecf) also
decrenses, but only by a factor ofF3. The
overall resolt s awm increase infy

(ont .



Iy = aly = %’(‘99 B = 98 pA
Ies = algy = {%‘f’uo m) = 99 mA
Neglecting Early effect

using resistance reflection rule:
Ry = r +roBy + D+ TRB+ DB+ )

R, = E!I+ ﬂT‘i‘fum) + 1k(101Y

IC'I [ 43
- 10025 m) . 10025 M) 101y + 102 M
98 oom 0D+ 1021

Ry, =2B5K+2BI5K+102M = 10272M

R, = a2 +[ Toy + !(}()K‘%( ] )
B+ 1 LB +1 B+ 1R +1

Ry = 10025 m) {255!( 4 100 K](_}_)
(101 3(9.9 m) 101 101 101

.
= 254 (253 + 99y | = 14,
Ry = 25 4 (2 )m(m!) 148 O
Avg = 1,000 VIV
1 X 1,000

AL T i timo—
YOOTAR L a0n

= Q985 VIV

Chapter 6--34

6.66
I&-lamﬁb = ley = 2.$ 0 1T = 2s3an
Iggz ,%%_.‘ o 0 lm A u>rﬁs2.$'o$\ » l'“ltl;.a“«n.
RM; tolx [0.25'4» lol(o‘wZS‘.q.l')J a0, 30,
Rin.= 10,3 145L
Rsi
Bur = rea v [ ¢ 22
2.5 A o i
R,.;-s » + ok [zso-»- m.:.:.‘e_.‘]gw gn
Neguu-.'n‘; o -

Ay =1ooe Y A jxlocC 0.985V/
v /V 2 TrE 14. 84000 b /V'

6.67
LeL.TslmA => Gun = M0 AL, ,q,=£49_.:=3m

Yez3..22250 -3 .&"——zﬂ_‘-—“m =4pF
T TS T g
Uing Eq-6.155" oS a6t
=Ve "n R
AM w‘; Sé‘ R.'n-f‘ejy)g" L

&'p\.sl’}, = 24 3KSL 6 KL

=
AM P= Ji-x-s—f-;;— )11-10)"0 = ‘f‘-'sv/‘f

; - ] -k
] 2n(§t +eu)( R,? 12 ) 2n( %6__ ,,05)( 20']{59
For = F1amHz

=38 MHZ

- 1 I
2 InCuR, | 2nx0.5klo*

= F.ol HH2

6.68 <

2" = R,
= 20y ;_,_,\fs T
‘%: KL’ M‘"g: )’5‘3 Ya
Yoo - - o
AMs55§D = S0V

Yos;

$p, = —L

2r A

(S"z-‘-‘~~rcgd) %7 =
b o=t = F2UMHZ
L P

i
Fpa = S R——— X LTS
*2"(57¢ri)£L 20(0.14 1)x20% i

Fysmde - 512MHZ

Fes
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0.5 pm 0.25 pm 0.18 um 0.13 pm
NMOS PMOS | NMOS PMOS | NMOS PMOS | NMOS PMOS
vV, (V)| 032 -054| 027 -046 | 023  -048 | 02 —0.42
Ve 102 -134| 07  -108 | o1 -093 | 06 —0.82
0.5 pm 0.25 pm 0.18 pm 0.13 pm

NMOS PMOS | NMOS PMOS | NMOS PMOS
£, (MA V) 0.62 0.37 0.73 0.43 0.88

NMOS PMOS
0.41 1.02 0.48

6 . 69 1fihe area of the emitter-base junction is

= 2X10 __y108 .12
changed by a factor of 10, then /g is changed by 267 x 0.25° -
the save factor. If V. is kept constant, then /¢ is For PMOS:
also changed by the same factor: K =93 BA (_‘Y]

Vaerv, " v? L,
e = Ige

_2x100 _
LaAdealy=lcaA ponomove iR

T 93x028°
Ay = 10A, = ley = 10 ¢
If 1, iskeptc then Vg, chang
YBE/v,
Iy = 1015 = I e
Voer ~ Va2
V.
e ! = 10= Vyy = Vira 6.72

= = o= 1 w
V,1n10 = 0.058 V or 58 mV i = ipp= Ep"C,,'(IJ"VOi"

= 2

we also have g, = g,

S, Ly
6.70 = 10, 1, = 100 pA, Sm*gn-'v=* ova = Yov, (D
l/)'=lk"‘!‘/2 (}!)
2 % L
@@ =-—p=t 30,4
Voy = ﬂ_ 2X00 _ [0 (‘1!) n, 160
Y %0 fk "
Wl . )
Vgs = V,+ v,
6.71

b= LWy W 2

kv
" ov

For NMOS:

K= 267 B2 n(w)
" 2 L

"
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6.73
Vovr = 025 V
for an npn transistor:
1o 0.1
e & o b .
B v, = 6025 b MA LY
For an NMOS with the sama g, i.e.
fw = AMASYV
we-will have ;
2 )
&y = "f’-’zmla = 8, X 22 = 05 mA
Vov 2
Iy = 05 mA
6.74
Assuming large r, For both transistors, for
case (a) we have r = R S !
A "2“ncm ! ID
3
r= - 10 = 158 k)
N2 X200 X 10 X 0.1 X 10°
For case (b} we have

r=r)t=

PRERTENTYN
BYr ¥y o025

T . S5 ol 2 = 2
TN T gy S 0Bk
r= 250 O
6.75

2y _ 2x100x107° ,
Tt w B e DA MASV
L Vo 03 04 m
VL
— Voo AT o2 xd 250 kO
I, 1, o1

Ay = gor, = 04 X250 = 100 V/V

. Ba XL 0.4 % |
mCouVor  127x 10 x0s
W= 63 pum

fiz

6.76
L =03 jm, I, = 100 pA,
Voy = 02V

4

gm:%=2wx‘wx,o = | mA/V
Vov 02

ro= Yt Xl o 5X03 L g5k
I I o1

A, = gule = I X115 = {5V7V

w
Ew = u'ncnr ‘?"Vov“""

W o= gm X L 1X03
= =3
"-ucoxvov 3BT X107 X 02
W = 388 pm
6.77
L =03pum W= 6pm
Vov = 02V
1 W2

o = 3 mCou 7V,

1 6 2
==X 38T X X 02" = 155 nA
2 03 .
I, = 0.155 mA
o = ‘E}L’ = 155 mA/V
ov
Co = : %Cuz + Coy = % WLC,,

+ Wi, C

ox

C,. = %xf»xo.sxs.ﬁmx&m

= 12.54 {F
Co = CouW = 037 %6 = 222 fF
Lo
5 2m(C,, + ng)
1.55 x 10

= 16,7 GHz

1%

297(12.54 + 2.22) X 10
If we use the approximation formula:
L3 w, Vo

fo== 3
2wl

I when

o

. 2 W
(‘J\“ el ngv C.” :§ T C

1.5 % 450 X 10 * x 02
2xwx 0¥ x10"
The approximation formula over estimates

= 239 GHz

fi because itignores WL, €, or Coppin

and €, caleulation.



6.78
Ic = 10 pA, High-voltage process
=le _10x107 _ o N
& =y, 0025 -

Ci = 758, = 035%107° x 0.4 x 107
=140 x 107" F = 140 F
G = 2C;,, = 2% 1 = 2pF = 2000 fF
C, = Cj,+C;, = 2140 fF
Cp = Cug = 0.3 pF = 300 fF
fr= R B—
27(C, + Cp)
- 04 %107
2m(2140 + 300 X 10™)
Ic = 100 pA, High-voltage process:
gn = 10X 0.4 = 4 mA/V,
Cs = 10X 140 = 1400 F
C, = 3400 fF =
- 4x107°
T 20(3400 + 300) x 10°°
Ic = 10 pA, Low-voltage process
_ lox10”?
0.025
Cioe = 10x1077 x 04X107° = 4(F
C. = 2XSF=10fF
C, = Cp+C,. = 14(F
Cn=Cpo = 5fF

|
= 26.1 MHz |

= 172.1 MHz

I = 04 mA/V

f = 8m - 04 x 107"
TG, C) s+ x 10"
= 3.35 GHz
Ic = 100 pA, Low-voltage process
100x 107"
= 22220 = 4 mAV
En 0.025 m

C,e = 10X 4 = 401F
C, =40+10 = 50(F, C, = 5(F

-3
fr= —2X0___ o ji60m
2mw(50 + 5) X 10
In Summary:
Standard Standard
High-Voltage low-Voltage
npn npn
le= Ie= Ie = Ie=
fOpA 100pA | 10pA 100 pA
Jr 26.1 172.1 335 11.6
MHz MHz GHz2 MHz

Chapter 6-37

6.79
lIe = ImA=g, = {;Q = 40 mA/V
y
Forpnp:
Coe = Tegm = 30X 107° x 40 mA/V = 1200 pF

G, =2C,, =2x03 = 0.6 pF
C, = 1200.6 pF
C, =

| pF
=f7 = - = 40 mA/V
2m(e, + ) 2m(1200.6 + 1) pF
fr = 53 MHz
Eornpn :
Coe =

Tr8m = 035 ns X 40 mA/Y = 14 pF .
Co=2x1= 2 pF

C“ = :03PF
Co = 1442 = 16pF

=Dfr = M =
T In(16+ 03)pF = 39 MHz

6.80
v

Ay = Bu'lo = i’x.’! = 31‘ = —L"AL
VﬂV ID VOV VOV

Therefore A, is only determined by setting values
for Land v,

= 8w
Ir 2m(C,, + C,,)

- 21/ Voy
u@wz_c;, +Cpy + c,,v)
If we assume that Cov is very small or equiva-

lently ¢, >> C geand C, = gWLC

oy

(replace I, with %k;% Vi)

Sz aWAVoy ﬁ'Vov/Lz
2 x2wee,, 4
3 nr
=3 . Yo
41ruuz~’~
As we can see fr can be determined after knowing
Vov and L,

it is not dependent on either Iporw,



6.81

¥ou =02V, L= 0.244m, 0.3 um, 04

a V.1
Ay = Buty = f—&‘ = ot

Vor Vov | 02
DLV

[

fr =13y 15450 X 107 x 02
2al’ X3 XL x40t

- 3;35 GHz

L{pm) 02 0.3 0.4
Ay (VIV) 10 15 20
Fr (GHz) 5375 23.9 13.4

6.82

L=05 i, V[)y =03V, C, =1 pF,
fr = 100 MHz

= Sm_ = 2
Iy nC, 8 T 2TCS

=25 X 1 pF X 100 MHz = 628 wA/NV

B = T2y = g, X V2= 628 x 93
ov 2
Ip = 942 yA

T 74 ¥
Iy = f,:kn%vfn‘-‘-? W = “—-*—TL{H
= kt?V;)V
L IXOUS XML _ 551 um

190 x 0.3°
W= 551 pm

v, o %E L 20%05 | k0
P g7 B e = e ’

Iy Ly eazxiw”

628 _ .
Ao = BuTo = jros X 1062 = 667 VIV
. ! !

T TaCr,  OF X 1pF X 1062 k0

= 1.5 MHz

Chapter 638



Chapter 7—-1

7.1

Vop =vVgs = 2.5v

Kn'w =3wA jVEu= 0.3V
L Tk

IT= 02wA , zo = SKuw

(a)Vov = ﬁ/KM w/(_
= /02/3 - OZéV

Ves = Vov+VE = 0.26+0.3

= 0.96V
+2.5v
(b)
@
Q.- 2w A

—~2.5¢
® Vsi=Vsz = Veu - Vgs

= 0-0.9 = -0.96v

@ Im=Tpz=XL =
2

@) Vo= Voz = Veo- I xKRp
= 4+2.8-0.1x2.5 %= 2.25V

(e) ‘f Uem = + 1V
Vs

Vai 2= +1-0.-96= o.04v
Toi=zTpz = O-lwmA -
Vpr= Vpz = 2, zsy

Cd)vf Uem = =1V
Vsi=Vsz= | ~0.96 = —1.96v

Io=TIp2z= QO.lwAi
VUpr = Voz = 2.25V
e o

(e) Uerax =VE +Vop - Rp
y
= 0.342.5-0.1x 2.5 =+2.95v
m—

(P Uesvw = -Vss+Ves + VE + Vov
- -2.54+40.34+0.73+0-26

= -1.24y

Vs wiu= Ueruiv -Ves
= -\.24-0.-96 = -2.2V

7.2

(.a) Vov = "\/71 /KP' (wred

= "‘/ 0.2/3.8 = - 0. 45y

Ves = Vov ¢ VE = -~0.US5-0-8
= -1 25V
Usi=Usz = Us ~Vgs
= O-H 26 = +1.25V

———

Vpi= Voz= L x Rp —Vpo
z

= 0.3x2 -2.5=-.8V
2 I

(6) For Q omd Rz to rewaiu
wm gaturatrau :
Vos £ Vs - VE
—v VcM>,(;_L___Ro - \Ioo) + Ve
2

Vemwig = 01 x2 2.5 —©-8
Z
- w‘ié(/
Orc? allow sv rerewé val & Gd
{_or the curreldt Sovrece to
/oefaée ffo e/IU
Vet < Ves “Ves +(VVEF Vov )
-2 VeMumax= 2.5 ~O. 5-1.25
= 0.35 V/



Vil

Vg = 0
Ver = 1y
When all the current'is on 0 :

= %(kp'{){ Vesi =V, 32

2
= Ve =V, + ’-—-—-—-—
kw/L

=V, + SV,
and V, is reduced to V,thus Vg = —V,.
Then vy = vgsy + vg

=V, + v, -V, = 2V,
In a similar manner as for the NMOS Differential
Awmplifier, as v reaches — S22 Voy (3 turns off
and Q- on. Thus the steerine range is
Svysv= -V,
For this particular case

v, = ’_Q.gfl,“,‘,.“_\.; =025V
4 mA/V”

% ~025 = v, 5 2 X025
~(1.35 < v, = 0.35
when Vi, =—035V,
iy = 05 mAig, =0
Ve =V, = + 08V
Vo = 4kQEX0SmA—25 = =05V
Ve » 0=25V = —28V
whesn v = +HL28Y,

fpy @ 0 ipy = 0.5 mA

Ve &ty = Uos = Uy~ Vg
=035 VH08V = LISY
Vpy = —25 ¥

Vi & =05V

7.4
Vg = wyip, = 011 mA
Ve = 0 ipy = 009 mA

3

1 w ?
Iy = 3 kn }”_‘(Vcs' V)
For Qy:
ot m =15 mvg, - 05y
Vg = 0TIV
For Qy:
0.09 m = % 5 m(Vggy — 0.5
-3 Vgy = 0.69V
Vi = Vg = 069V
vy = Vi+ Vg = — 069+ 071
= 0,02V

Vps =V = 10k (ipy = ipy)
= 0KV (0.41 2009 m

=02V

thus

Vo= Vo _ 22 _
Uiy 0.02

when iy, = 0.09 mA and
ina = 011 mA
is the reverse condition from the case we just

studied, thus v, .= =002V
7.5
Vos = Vi + Vo =05V H02V =07V
Vpar # Ve = = V4 Vo= 12V 40TV
= ~05Y
Vop =V 12V = (=05 V)
# = top 2L ( = 17k
0.1 mA 0.1 mA o
Vop = Vi 12V =02V
=B = =5k
Ry 04 mA/2 0.2 mA Q
wy (B_{) _ 04 mA[k’v 2]
(\L )s L, 2 Lon ooy

= 0.2 mA[(0.25 mA V) 02V)) ' = 20

(}f) = 04 mALDOI mA] ' = 40
{ 0.1 mALDOI mA]" = 10

Pt
EN
I

g o V4 — (]
Vewmay = Yot Vpp — (J7 DR,

s wmowe Voo b W R TN
Vo mirain 7 Vgt Ve + Vi ot Vi

e IV AO2VAHDSVA02Y » -3V



7.6

We Kuowr tlat Elhere rs a
Lvear )te[aéx'aualdf: belweew
Vav & U:’J Aluee
Vov = UdI2
vai'
Thew prave the Jata iu bable
2.3 we cawn tell that por
Uimak = 150wV
\Vov=0.2%x 150 = ©.238V
126 =
For wie W = A . I
L (vav)* k
where T awd K are ecousbaut
thos , /.or Wyl
(.;V.‘l) - 80 = 35.3
[ 7 @ﬁ)i
12¢
For e - w = = whwl
5 8T %,

n counsgbaut
- sz = Jw = Z =68

150y 150 ~ w4
ru) (Z¢ v

7.7

Vigmax f2)

b A K

( lef

=2V, /K = vy,
QED.

Chapter 7-3

thus Al = 21JK(1 - K)
QED.
ForK = 0.01

Al = 21./001(1 ~ 0.00)

=0.J98 % J
Vidmex = 2v0vm. = (lzvm.
For K = 0.1
A1 = 200001 =01) = 081
vi‘dmn = 2vovm
= 0.894. Vyy

7.8
Lo=1 fucoxW (Ves-VE)?
2 A

2
200 = 1 x 90 x lac (Ves-0.8)

2 2 T.c
= Vgs= |.[9v

we=ZID = 2x100 =1.06wr
Ves-ve (1.19-1) — v

Uid [{vlt evrreut = J? (VGS - Ue)

swiéelu.‘us
= .23V
Vo dovble tlus valve , Vas -Vt
nues b be dovbled wlweld weans
tiat TIp oshouvld be guadru-
fleo', l.e. T c&aué d to:

oo na



7.9
S\M = 2T0 > Am= L
VOV o.

7.10

; w o2
ip = 3k ¥ Vos= V)
50 = %x«wo(vcg- 1

=P VGS = |5V
Forvg, = vg; =0, g = ~15V
Forvg, = v =2V vg= 405V

The drain currents are equal in both cases,
For Vg = 0:

Toreduce ip; by 10%,
fpa = 09X 50 = 45 pA
ine = 55 uA

ﬁi,,‘;
g2 = == 4+ | = 147
Vs 200 v

Vosy = /?%‘(555‘4»1 = 152V

Thus, Vg, = g ~ Yugr = 005V
To increase iy, by 10%

ip: = 53 pA

ing = 45 pA

vesy = 132V

Yegy = 14TV

= Vo = 0035V

in/im oz i Vo Vosi Vo= Ver
' (rA) Ay ™ ) Wy

1 50 50 1.5 ] o
D5 33 667 1408 1577 007
08 474 526 1487 1513 —0.026.
099 4775 5025 14886 1.5012 —0.013

Y
2]

For iy, fips = W=dip = 476 pA
ipy = 9524 pA

Veg = LISAV, Vgg = 1.690

Thus V(n - Vm = 0536V

7.11
@ V,y = Vpa=Vp =

(Vop = ipaRp) =~ (Vpp = ipiRp) = (ip; — i IRy

= ()% fr- ()
Via {(an)( 2, . Vo
1 )(V,,) (V,/zi
Mt Bca N
(Vo,, ) v,,‘,) Ry

4 Vig/ 2y
= f i w( id )
Ry v Tl

ov VOP
(b) see plot
slope of linear portion
= 4 (IR, n
"‘"{dym % Va:) = IRy !/ Voy
(c) see plot

when the bias current is doubled, V50

2 s
ViV = 2R || ..(Lt_’i)

W) Vor Wl Vay

increases by a factor of J2 the slope of the linear
part has increased by a factor of J2
{d) see plot
ITWIL is doubled, V., reduces by a factor at /3

, ey
w Vv, = 2Ry J, (L)

S22 oy ov

The slope of the linear part has increased by fac-
torof /3 compared to (b)



Chapter 7-5

7.12 7.14
! ' Aq . 20 .
Vov = I’/KM’& ,‘/ 0.5 = 0.2v (a)g_=§-§~m~ﬁ 0426 A/ V
L a.25250 (01 = 2.Vo, = (0426 mA/V)(0.2V)
w = L =0.5mi = 2.5mA " BwA
(3 Va& 0.2\ w— © Vep = gx,, = (85 pA/2)(47 k(1)
- - ' =2V
(o= Yﬁ. - A_Q,.. - iOmK«/l () Viggeaxs = Veu + 10 mV = 051 V
Iy Xo Lafﬁlwlf} ) Voo = Vs = Vi + IRy
= x (Rp llfo = 051V =V, + (85 pA/2)(47 k()
=82.5 wA (‘-U(ﬂ.ll qoku) =251V-¥,
v
7.15
= .09 viv

Fora CS amplificr 4, = ~g R,
For a differential amplifier A, = 8ulp with{= 21y

So the differential pair requires twice the bias cur-
rent as the CS amplifier.

7.13 ‘The power dissipation at the difl amp is also ¥wice

! 9 2 as high,

U’:o’/z) = 0.1 w»(azlz. = ol
Vav Vov
=’~J .I" ©0.316V 7.16
—_ Vov 4 ———

HALF-CIRCUIT
8“45 -I-. -_— 3WA = -1- Voo
Vov V. 0.31¢6 %,
—P> T =0 95mA4

s
T ——

Vvv{
Via
4[30.’\}0\/:/ xI ?o—-] 0,
Ku ‘LU/L

=D (0.816)% = O.95wmA

/ Ry
2 2
e 1
C.lwg x (g{) =
T & smali-signal anatysis
- v 2
g l ‘:?5 . Vld R:
L V}“ _:;. -.gmvmﬁ;;.
, V.2
l4 Ro= 5Ku => vy - Y
1 4g =
AO’-’-‘S\M@D = BmAxS5Ky :15% 5
- V. .72
v Vor LV Ry = ~g {T#Eml )ER,)

ib Urd= 0.2 =0 Nod =Uidx Ad
= 0.2 x 15’-“_\?&!



v R
A, = 24 Bulln
1TV, T+g.RI2

when Rg = ) A‘, = g,,R,, {agm with FW' 835)

when Ry = 2. the differential gain is reduced

L4

by half

7.17

(@) Vg = Vg = OV

Vi1 = Vg assuming martching components

Vor = Vg = Vs = OV —(V, + V)
==V + Vo)

{b) zero current flows through Qy

Vova = Vo=V =V, = Ve (—(V, + V) = ¥,

(€} Vgr = —Vgr = Vy/2

Py is now merc negative than in (a) and Vg, is
now less negative than in (a) so thereis a voltage
across Oy, If this voltage is small and if ¥ is such
that Py = ¥y then Q5 will operate in triode.

- W -1
Ty = [ku T V..;-s]

RET R W
Bt ¥ 82 < ———-‘{;’m‘"mh G ku T Vu:v

-1

o — Vm;}‘! e
80 Py Bt v v
gy

Vgy 1
Vovs &

(d) rpsy =

(IR = 1 S Vs T Vg

Ly
Fromb)Vyuy = Ve + V50 Vo = OV
B 1 ; .
(i) R, = 2 Vg 2V,
< Bt
so Ve = Vo
7.18
@) Vg, = Vg, = OV
VSI = y‘” pe \.,v(v‘ + Vus'?

Zero current flows through (0, and O,
3 and (J, have the same overdrive voltage as [4A
and 4

Frocr 5 Pres B0 ! 3R R
351 3 1Ky
o ”{ I

Chapter 7—-6

W ) ~1
= [kl=] V¥
["(L)“ "‘"-’]

= LW
8,2 = iku('z)’ IVovn.z

Lrwy 17!
v, .2 Bmt,3 sk (")
ov2 1 L u.z]

Tpsy = Tpsa = Fpgya

- [ME), ), ] T
= foe(2), (D))
(2,

= w)
T -2.gll 2
(L 14 h2
()
L)is
w
gml.?(z)‘}.‘

R
A, =V, IV, = _ Solo
®4, O Y Y g Ry 2

{See solution 10 8.21)
8my.2 Rp

(),

Ry = 2rpg 4=

Lt g s
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For (%) ratios

w
I Iy = % 13 Cm-(”;:)( VﬂV)z
So that
w2
L p‘ CN.K V;"
For ;.
(¥) = WA 55
Ly 00 pA VO3 VY
For 0y and (s,

3

(2) - (2) - s - s

2 L) op pasvios)

For @, and Oy

(ﬂ) = (_“_’) = AHOpA) o o33
L, L1y 30 pAsvi02sy
For Qg and O,

WY - (W) - 2000p8) gy,
(JLJ6 (L )a 30 pA/V03 VY

For Foppe = 1 pA, In summary, the results are as follows:

R = Yoo~ Vi 15-(~15)

= 30 ki)
Tesr 0 ma F e @ Q3 Qs Qs Qs &y

Vasr & Vose = Ve = — 15 - (-251 = 1V
Vorr = Vops = Ve = Vg Ve = 1 =07 = 03 Y

Vegs & Vo = L3—-23= -1V

nC, | 30 30 30 90 90 30 90 | pAan?

Ib | 50 | 50 [ 100 ] 50 | 50 | 100 [ 100 | A

- Voy |-025]-025] 03| 03 |03 |03 o3 | v

Vovg = Voug = Vge =V, = — 1 - {07y = -3V

From section 8.23. we know that w 533 1533 1 740 123 | 123 | 740 | 247
L

Ag = gadrall

Since ¢y and O, circuits are symimetical Vas {-095]-095] -1 1 1 -1 1 v
With [ = Ty = 100 A
Iy =4 =50
v 20
Fap = oz = Py T e T T:’ = ;{}‘,’;’; = 400 k0 7.20
1w, »

So, {0y = ;,k,,T{‘«m -V

8 VY = g (400 K § 400 K3 g ,

. ‘( N N

and 'HE o %k"(? X T]{‘i‘”: V‘,)
By = 400 pA YV 2 - ‘
Fort wA Sinee Vg — ¥, 15 equal for both transistors ©

. ol H I

ine e LW Aoy L w0

Since g, Vo173 > ;;- 3 T U

21 . 3 =
lvm'i‘ = ‘Ivavzl = %"‘omg w %Vm:xg ® ::f but § = Jpyy b Ly = My,
L 2050 8A) _ sy
A0 pASY
S0,
Vst = Vg = Vo 2V, = - 028~ 07

L AT




Ioy = 113
Py o= 2173
®) Voy = Vs ¥,
Von = Vou = Vi

For Q1 : g = %k;(%)f’%,y

Ax{ = gm!(Rym § a;;)
= 2otl8m3T 0701 | (8nstas)rys)
I£ all transistors have the same channel fengih and the
2
same [V fand [V | Since g, = %’Q and
ov

v .
rg = T‘—‘ and with g, and r, the same for all devices,
I

4, = f?'l!z((g.’_a.}lé)l’a)zg ((31:1 . ’.’;s)lis)
' VorllVyy 1, 1577 v, P
2V 2V

!
,;vf.""m-‘ In" Voo lad

2(2/,,_ vy
Vm" "Gk’ 1,

= ..._‘,,:j‘ . M(-Jlﬁi,)z

Chapter 7-8

For A, = 1000 V/Vand |V,,| = 02V

f 2

1000 = 2%l

Vol
Vem J500-0,2V =447V
iwjvy = 10v/pa

447 V

PR LN AW ) . V. 4
1 0V /nh 0 pm
For high g,, the bias current should be high, but
with £0.9 V Supplies the bias current must not
1w
18V
pation at | mW

exceed = 0.556 mA to keep power dissi-

7.22

Vov =/ 1 :I/_ézz ©.26V
Ku'w/( 3

S T I = 0:2wA = 0.3hw4

Vov .26V
(a) Siuéle— euwded ové/oué-.

v

Ma‘l=’..l..8mx£0 = 0.93¢10
2 vem———

2
= 3.85 v/y

[Aeml="Rp = O = 0o.05
ZKRss Z-—;?)a
}’.3.2’ =3.85 =3
’ACM c.ox

1, € 3?-70/8

TSI

-

n

|

e,
T

CMRR

1]

V/!/
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(6) Dl‘{tefeu&faﬂ outpuvt, awd
AYo wiismatelh iv Rp's-

|Ad = auw Rp
=0.37 xto = 2.2V
[Aeml= Ro ¢ AKD)
72 Rss \_Rp
= 10 xo0.01= @.5myy,
zx‘xoo -

7.23

VOU } / C- FwmAi
p w/c. 3.5wm4
E2

= —0.ysy

5“" T O.3mA = ). 564
Uov) o-4ysv v

1Ad] = 5w Ro=1.56x2 =3.12 vy,

lheu] = Ro . [ARD =2 « 007
2Rss \ Rp/ 2¥30
= &.7x107%

CHRR= 3.1Z = (¢80 -»73.4
6.3%107°4 o8

7.24
@Ry, = R, + éf_ Ry, - Ry - 2R

Ag, A
Bt ¥ Bm t -"'5“! By ™ me'""‘gm

: - Bt vi-‘m ; . Am}vnm
tay = _T gy = o
Bmfsy “’gm‘RS.i

Iy =gy = (81 = Qo )""“LLL’
v,
A em
Lo P )]

. . V...
i Y i = (8 + B, e
witsy

V. V.
= (2g,) 0 = o (g
28Ry Ry

Vi = Vor = Voy = = ipnRp, + inRpy
AR,
= - l,,}(R,) ) + :J,(R,, + AR‘?)

Vog = Rpliy — i) + “‘:,i)('az +ig)
Now substitute (1) and (2)

v Y, AR,V
Vou = Ro (g5 ) 1 Ao V)
0d »{ gngmk:;s- 7 \R,,

Ary = Vos . Rp Agw + __LR’”.
L Ry 22, 2Ry

_ Ry {Ae,,.+ M,,]
’,R.W RI:

b)Y R, = SKO R = 25K
If A, = 0002 VIV, use the result of [£Y]

A = 0002 = Ko 38, “‘fﬁ]

Z’f,sst B ﬁRm
So. AR, can compensate for Ag,,

0002 = (2K ARy
EF TR

AR, = 0.002¢(50 k) = (00 0

soa 100 ohm compersation in Ryfa 2% adjust-

ment) is sufficient.

7.25

H A, = HOEDAB)Y, Ry and therefore CMRR

will increase by 40 dB,

— ‘/J
RS
S
O mn( —‘) =10V
: P B
for v, = ON ey



Chapter 7--10

7.26

UBe » 0.7 D iesimA

—~ akblesa.5ma Y

Use= 0.7+ 25 ln(g_._g)
i

= Q.883V
Thus,
Ue= Uen- Use
= -2-0.683°-2.683V
c.68:;

ler=(e2 »0tx 0.8 = 100 x 0.5
to)
2 0.495wmA
Uei « Uez = Vee ~ceRe
= 5" o04esx3
=4 3.5|5V

7.27
1'=05mA S0l = Icy = 025mA

Ve = Vo= Ve Vg = 07 +0025- ln('T‘)x

forip = 0.5mA,V,, = 0683V
if Vg = 05Vand V,, = OV,V,, = 05V

iy = 1 - 0.5 mA
|+ e-',der | 4 03VIOBY
= B3MA _ o5 mA
1+e
iy = ! - _05mA
i 1 +eVid<'Vr 1 +cﬂ§ 7025
- 05 mAuz 110774
485 x 10
iy = -:g—‘l’o.s mA = 0495 mA
Ver = 25V = (0.495 mA)(8 k1)
= —146V

ica™=0 Ve =25V

Ve =05V -0683V =-0183V
ifVgy = —=05VandV,, = 0V
Vie = =05 Vi =0iz,=05mA
(Same equations as above)

Ver =25V VY, = —146V

V, = 0-0683V = —0.683 V

7.28

Venma = Vec—alRe+04v

_ _ 100(0.5 mA —0os
=25V 10:( : )8kn+o.4v 092V

Vemmn = = Vee + Veg + Vi
= —25V 403V + Vg
025 mA
Vye = 07V + 00251 (——-) = 0,665V
8 "\Tma

Vesrman = —22V 40665V = ~153V
So—-153 V<V, <092V

7.29
SV
J{i= — = 46mA
1k 3
aoma [ o, = ~03+07
—a3v R SRR
=
Ve = =5 + 4.6 % jo—rit 16 mA @= -5V
-04V  jkn 10
-5V
7.30

Ver = 690mV atic = ImAB = 50
Vce(SAT) = 03V
Re = 82kQ Vo = ~Vpe =12V

I = 20 pA

(a)

Vae = 690 mV + 25 mV In (—'QL‘L) =575 mV
1000 A

Vi = V= Vy = =515 mV
Ver = Vey = 12V = (10 pA)(82 k) = 038 V
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o).
1 , .
Vowmax = Vee = azRe + 04V CC—) UeMuwax =3=5 '.;'1-'-&"'
= g,zvug%m pA B2KOQ 04V =p TRe = 4V 2
B
= 08V

Vew s = Vit Ves+ Vi Cd ) iz £ 2‘/1A

= o LIV H 03V A0STSV = ~0325V

So~0325 V< Vey <0V (5 1 |
© =p 1 & U (pu)/m
= (G) s st Thvs, T = 4x10Lpk = 0.404 pA
1*e Seleet = 0.4UmA

“Vgev,
082 = ¢ ! R WL{ .
~VilO82) = Vig = S e= 4y = YV = 10Ku
if Vs = 0,Vy = +5mV — e g

I 0.4wmA

7.31
With only common-mode at the inputs

Ver = Voo = Voo — “ékc VY,

therefore the ripple voltage dircetly appears at the 7.33

single-ended output Ve, and Vs i) = — W T gy T v
However, because the differential output ’v—j

Ve = Voo = Vi, does not include the 1+e

common-mode output, the ripple voltage does Aigy _ ipy 22 T 05
not appear on the differential output. 1 H i

This is an advantage of using the differential Define normalized Gain

vutput compared to using the single ended output. Ayl

G?J =

]

wd(mV)| 5 101 20 | 30 | 40
G, 9.97 1 9.87 1 9.50 | 8.95 | 830

7.32

= Fed =
(aw) UCM A ax. U hz Observe that the gain stays relatively constant

v ce —~ I . Q Pl upto V,; nearly 20 mV. Then it decreases signifi-

".i: cantly with the increase in signal level, Whenevey
gain depends on signal level, nonlinear, distortion
ocears.

(o)1 tle current is steered
to ' &, , Ehew
Uer = Vee-T Re , & aa-au\sc
Ob”' —LRe
<
Ucz= Vee & a@&ap{t e 06
+XI Re
2

psot————
fc———y




Chapter 7—-12

7.34 7.35
w;eh: i):‘! F= .._._.._.’...._,,....._. and il:'! £ -—-—-!—...m
Vei-VBz = [OmV pre Lo
Cet - T = . 5?81 with Vig = vy ~ vy = SmV, ando = 1,
I+ e“ oy 24 oy = i 1 +e 5lmw'zsmv = 0551
Siuce Llei+ter =1 R T N Y
(€2 0.402 L s =T
; ~ jebanee Ver= Ve = (Vee = ics R) =~ (Voo =iy Re)
Fa( a eollector f‘e:{ ) = — 045 IRc + 055 IR = 0.1 IR,
Ua= Uei- Uez = (Uch*lc:‘ Re A =2 o ODIR o paviv
- (Vee ~(ez ﬂa) TV, 0005V ¢

= (tes-ter ) Re

s 1
N f Each collector is biased at Vo~ % R,
= ~x ((e2-Cer) Re (0 Bach lloctoris ez te
If we want to maintain the same differential input,
= -0, , 96. xI. ch cach collector should be allowed to fall by
Th vs ; or ol 2"(" below its bias value.

- . i T Re=]) 0,
Ua =1 ,;g & 15?6{0 N Vewmin = Vee = 05 IR — 0.05 IR,
TRec= 5.

= Vee— 055 IR,

Mow I =z2uA / tlus If this is permitted until v., = 0,
KC, = z . 5 K v Viewany = Ve = Vee — 035 1R
——— Ifthe gain is 20 /R
b 1Re = 2 somh
DC (bias) voltage at eae < Ta®M
55 A,
ce uea(’faf Vicmmany = Vee = %ﬂ—‘ = Ve = 00275 4,
= ~T Re=10-1x 2.5
Vc& ____,-2: R - .:7 S.V so, for a given Ve, A reduces the maximum

allowed VICN"

- tE swin
Fora. -tV auc’:pu {Jaié

the wiruimmvun valtage A.vvy 10 20 00 a0
) q: Viewman | Yee™ | Vee Vee= | VYoo
60-(3[4 colle etor 13 B (::) 275 S5 825 "
2.5 -0. s = 3 ’0\/ q‘ IR (V) 5 0 15 20
v R (kD) 5 10 15 2
Thus, Vz e.w.( 1Y :
max ==

achived by increasing R to 10 k €2, the maximum
comman-mode input voltage would be ¥ — 5.5
= 4.5V 1 a gain of 300 is required, if can be
achieved by changing RC to 15 k82, Howerver this
means that Fyeye oo 0= Ve~ 825 = 175V



7.36

I =6GcwA

The currewt will ofyy;de between
the Ewa Erausistors I ffo/oaréueu
é&? étce:f ewiitter areag. Tlus
with uo rupvt,

Ter= [.5 ¢z
Tetv+Lez=2.5 Lez
Tez = 2.4mA
Tet= 3.6ua

For ot =1
Teot = 3.6umd
L
Tecz- 2,';‘-{_«?"‘

= 6uel

To eovalize thie collector cvrreuts

?Ofuj ‘L reuce giemal
B2-U8 whase vdlve cau
é& de&ermmeo/ asu/_oﬂawx .

lé’l I35 (U" EYvr)

lez = Iséze(waz vellvr)
where Iset1/Tser =1.5
Now 1 lei=ter when

{ 1.4 e(V31'sz)/v'r

Udz Use-Ust <UT I 1.8 =10.1 v

7.37

(a)

Vgp = 690 mV + 25 mV In (0‘——1-:} = 632 mV
R, = 0.V 0

(b} Egn 8.73

= 2BA g a

ey @ dgy =gy ™ i r
I +e

R, = 0¥, = 20mV

Chapter 7--13

te)
Vari = 690 mV + 25 mV ]n(‘:3

2
Vaer = 690 mV +25 mV In (9_“.’:) = 630 mV

Vagr = Vags = 20 mV
200mV = YV, = V)~V
“ Vs + 138 pA R+ V)
“{Vygo + 62 pA Rp + V)
200mV = Yy~ V,, + (138 pA — 62 RAMR,
180 mA = 76 pa - R,
Ry = 237 k0

{d) Without R, a ¥, of 20 mV causes a differen-
tial current of 76 pA

x

= 16 pA _ Vo= (263 ()
0mv I8 mA/ {263 (1)

with Ry = 237 k02, 4 5, of 200 mV cavscs a

differential current of 76 A

G, = 76 pA
200 my

So G,, has been reduced by a factor of 10, This i 15

the same fiactor by which V) w increased. So we

have traded differential gain for a wider usable
input range.

= 038 mA/V = (263 k0"

7.38

Eacll Jevice i3 a era,(::p:\é at
a curreunt a} 150/1/3

Thus |
S\M = Q05 wA = 6\M_,f\>__
25 wmy v

Rid= 2(P+1)fe = 2 ¢
F2x 150 = 35K
q =
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7.39

Rid > t1oku ; Ad =200 V/V |
(>, 100 Vee = 1OV
fid =104 = 27rm= 2 x 0@
{7 %3
=D Quaz= 20waA/y
Tuvs ebdbh devree Is a/oeraém.\s
ot 2.5wmA aud I = AwA

Volkage gain = Qw.Re
06 2600 - Re
=p> Re=l0Kn

—

7.40
Swvy
fe=Vr = 25my = Soou
T2 56h4A

Ha'lf" el reu:’é Sac’u = olRe ~ .R.S
re e

= ok = 20 Viv
500
At oue collector we expeet

a signal aklioowhind at the
otuet a s%ua( e (-toowmv)

Rc-Zo((e«&-t;)
Re = 95 /g

7.41
VYee
5K
fe syt Uect 5““’: w
Ie e, Vez
= 25wm + Re Re
o Ud
wA G XX tea
T8

(a)le= UJ _
2(fe+ Re)H

= oqv = 0.4YwmA
2(25+ leo) v

(b) ter= 1+0.4 = .Y war
tez=)-0.4 =—0~.6w4

le) Uei= -(ekhe = —0.{xs = -2V
Vez= +2v =

(d) Uad = 4v
Ad =Usd [ Uid =4 = Yoy

fe 5
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(b)
Verma = Vee + 04V = VT“ - A, ( Vv, + %‘)

Riu = 2 (B+1) (fe+Re)
= 2Z2x 20l X Z0fe= 30Oku

5v+o.4v—"’Tm"-loo(25mv+Q?"‘.‘.’)

=5V+04V-5mV-100 (30 mV)

=P re = 80000 = lOUl =2395V
gooc Vor = Ag-Vig = 100-10mV = | V
T]AUS eacl devrce 18 aferab'uj IR = 2R, Eqn880g, = %
T
ak a euvrreut 0,— 291_2;‘_‘! =2.5m Ic = g.Vy IR¢ = 2g, V;) Re Eqn8.93
w A, = R,
d 8m Re
=P T : 5mA IRc = 2V A, = (2)(25 mV)(100) = 5V
| = Yuiescentpower _ 5 mW _ 0.5 mA
Vee = (V) v ’
Re = 13 x10 = (SO Re =¥ = 10kn
Re = 20% 202+ QKa (OVFOr Vi = OV

7, v,
= 5v+o.4v—%’—,4,(25mv+—:;!)

OV =54V -5mV - A, (30 mV)

7.43 A = 5395V
7 0 mv

(for Viy = 10 mV)

= 180V /V

@) Vpes04 vV
Vy— Ves04V
Vew +V,yr2) - Vee —ic ) R)s 04V

Via _ .
SO Vermar = vcc+o.4v—f—.c,kc 7.44

Vi with /R~ = 4V, and assuming thata = 1,
= Vec+04V - 22-1 - (1(, + g“VTM)RC ¢ )
Ver = Ve = Vee =5 Re
As = 8nRc and gn = of =5-2=3V
VT
Ie = 8.Vr
= Vig
Vs mar = Vee + 04V — ¢
Vid
—[(x... VrRe) + (8 3¢ Re ]
= V¢-C+0A4V-—%’-’-—[A" V,+A‘Z_"!]

Vee +04V - 22"-‘— Ad[ v,+%’]




@) vy = 1 + 0,008 sinfwi)
Upy = 1~ 0.003 sin(oxt)
W see

= 100 mv

‘that
since 21 v, 25 mv

= 4,

he output will be fairly linedr. With the informa-

tion given,

since o = Iy
gy o et A0 by X s
e & v in; ¥y - R INT A 2% )
1+e& T & 4o W
Vot = Vg ™ Vgy

= (Vee = igaRe) — (Ve ~ o Re)
or

1 Rg TR

—¥ i ¥ V. /¥
Tte @7 1397
withlge = 4Vand [Vl = 10 mV,

t = 5V( ! —. — ! )
od may L4 08 [ B

Vi =

= 989 mv
50, A, = ey o mmv 79.2

3.396
30

*

=

(b} gy = 1 + O sin{wr)

vga = 1= 0.1 sin{wt)
- 200mV

Vr,‘ 25 my

sce that this will clearly represent large-signal
operation with significant distortion.
Using the same equation,

Herc.

1 1
Yo my 4V( e, - ,,‘)
od s PR
~40V
A, = YJIL‘ -3V . 15

V. (MY
waveform is distorted; upper excursions are lim-
ited to 5 V.

Chapter 7-16

Differential
Half - Circuit

lAd = %ﬂ = gulrar || rpy) Assuming that
id
I
I(\ = ’,; = 5
_ v
Fou = Ty = L,.r_i . and
N L
S v, 35 mv
A, = (1)("’ V) .,}f’m = 200
Ay 5% mV 2 S my
7.46

Yod ..
”‘T = },,BR‘;
Vid
ES ?

ra H(B+ DR,

So,

'1;,.4 )
Ve 5 BRe

2 r*ft({&‘ I)R




()

V.. id
2
!
“Ver
Y Differential
2 Half - Circuit
noting
[
_ v, R S,
A = 1o ~ € which is identical to
Vol rtR,

The half ¢ircuit has
R, =yt + (3 + 1IR,
Ry = Zra+ (B + 1H2R,}
This is equivalent to
Ry = (B -+ 1N2r, + 2R}
Ve 7 Vg b f. R+ Vg

by

Chapter 7-17

Differential

Half - Circuil is the
same as the circait of
Part (a)

—
-

So, using the same derivation,

jag = |Vedf ~ Re

Vol “r.tR,
Ry = 2rm+2(B+ DR, = (B+ 1)(2r; + 2R,)
Vew = Ve + Vs
Since the quiescent emitter currents do not pass
through the 2R, resistance, there is no drop 56 that
¥ can be Tower in case (b) than case (a)

— Y
"bi[

Vie = 4V,
From Eq. {8.94).

Ve = 40V,

40V,
. I
e 1
Hax e~ lp, and
40V,
Ay = ﬂ.l_i w8
sV,
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7.48
ZHn v, Re
pAA Xom o
Ue ~ Re = 2ok,
Uzem 2R ZMHa 2R
= g-el vy
el ~4oog
w———

7.49

l;f_g = K x20ky
Ut (2re +2x200 ) n
Where te= Vr = 0.05v w100a
0.5/2 Q.5 wh
l._[_q > 20 e = 33.3V/y
Ue bco =
(= (b+1) (2fe + 2x200)
let x 2 x 300 ai&&w

]

7.50
Eacli érausisé'o( /8 afeml:;uj

at Ie=AwA , Ehuse
fer25u awd fo=121x25

= 2825 K
Ve = xx 7.5 ku = 3522 = 39¢
Vi (zfe+ 200)w 280 T

Ré=(b+t)(ferz00+le) = 25 Ku

T————

7.51
withV,, = 0V, = ~07 V

Zo e § 3 o f e G
ayd Ve~ Ve S Y

Since R, >> r,,

Vol 1 % Re e
2 =2 r, -
Vo

common-mode half circuit

Wa =1,

A 2K -
243 K) + 50

(c) CMRR (dB) = 20 log,,

V.7 Va’d = 20 log,g _2_0_.1 = 38.8 dB
A 0.23

o

0.23

D

Vi = 0.0sin 2o X 60¢ + 0.0055in 29 X 1000 7

Vi = O.dsin 27 % 60r — 0.005sin 29 % 10007
"« == 0.01 sin 29r ¥ 10001

V.. = D.1sin 22X 60 ¢

so that

v, =Y
» ~
id

VA0 = 20 [0.01 sin 270 X 1000 1+ 023

0.3 sin 2% X 60 1]

VAn = 02510 29 2 1000 ¢ + 0.023 sin 29 X 6y

I . Vm’ AL Viem

7.52
Eacli traysistos Y -2
'8 braged at  so th. R
Twid . Thos, Km.:& Re =100 u
fe=254 , W =4ouma, < *

fG =lea/) = 1p0ky »}
The df/,fereuéia/ L(alf~c:'fa,¢z'é i3



Ad =Ue = « [ Re li(Rerz)]
ve (e + Re/2
= o5 = 26.3 vy

a.025 +o.lco
Ride 2[ Roll (B+1) (fe + eé/a)\

= 2 [ 304 tor (e.025 +0»:oa)]
7.8 Ku
a——

s

T“le Cowmmeou - VM-OO’? [A-OJ(, eirew t

Acu. = o = 10 2
Urewm 300 \ocnu
Uzenm Ve
= 1 = 0.033 viy '
>0 ‘ sax 3aokn
2Riem =30kl ?.5M
= A0Kw 2Riemn r
Riew = 15Ku (b+1)(3a0) I
({5+t)(a

Withovt the Po ~ 30/ 10=3.5Ma
rc.s:‘séars Aec‘am =3.25 R

e ——
——IIIE

7.53
(a) Ad {Sf'ksfbe\:dev' oL (Rellfo)
oaétwk Zie
where (e = 0.025v = loou
O.25mA
(o= 200v = Booky
Q285w
Ad (m L = 20 = loo Vv
e\«e%’ed Zxa.|
Cb) Ad I 0’:"{; = "Q’XAJI5'.”
at?&fwé end,
T Z2QOvy

(e) Rid=2(r = 2x 2oix 100
= Yo.2Kku

-
—r————

Chapter 7—-19

(d) Acm

8;‘»13!3» euded
aue,ub
= 20

—————

2000
(@) Aew]d{” ook = O

7.54
7= 100 uA, B = S0, V, = 20V
For Q..
v 0V .
Ry = A = 20T = 200 k)
R e XY Sl

Vy 200V
o T Ty = 'vp:ma._..*._:di
T E Ta T T TS T GosmA 0k
Using Eq. (8.103),

1+ &'_

.
Rip = PRyt
ioay o B LL] R{ 3 BR‘:g

o

. R
Riw = SO(200 k) - o ODI00K)
= T R+ 200k
0K

Ry << Rpg
and Ry << r,,
R, = SO {200 K) (:5) = S MQ

= R

C

a———

Z

R
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This figure is for 7.54

ey
rO“"‘
Ricw
{©)
Equivalent —y
rE
|14 10V ; »
Rpp = ryy = 22 = = 20k0 From Eq. (7.88)
e & 1 1.5 mA 1
R = zBsr
v fodie ST
rx?ma‘,§=r¢‘mﬁé=6éé«%:]lX)ﬁ 2
/ Bo b i 4
00 k= laomeon = 1me
Sinceq = B = 100 “
B+1 101 AR
Az & = 0‘1“0 }:: = 100 V/V TTR
e - A00DA0K) b hoor viv
b A = aAR, _ (00210 K) 201m) + 0.1 k
TR 2Ry 2020ky + 0.1 k D \ 1A
6 = e CMRR{dB) = 20 log 104 = 2
= 0.00499 VIV (i 20logw ) - 20 m"""”!
v fAL ' = 120 dB
CMRR(AB) = 20 log,,. 24l = 2010, 300 ! 12t
B B 0199,

= 86 dB




.56

]

i
ver = Voo~ 2 Rc v,

Veu Va2 0
=10-5/—-051 =0

I=18mA

Vo=Va=1V

25 _
Ay = 2%%‘-) where r, = 55 = 278 Q0

Thus, A, = 360 V/V
e = U = 1.8 sin @ A%

Chapter 7-21

7.57

akc
2R,
Let collector resistors be R, & R, + AR, then

Taken single-endedly Acm, =

Acm = ;"1{ (Re + AR = R¢)

- R
TN
Which can be written as
Aem, = “Re BRe _ 4, BRe
2R, Rc Rc
CMRR = A—A" = Z'AZR
ond 4 Iy
cm‘——Rr
= A’ . 2
Acm, AR
Re

2
Thus, 20 log = = 40
us, og AR, dB
Re
- AR/ R = 2%

7.58

The bias evurcent will Ltk
betweew tlhe Ewo Erausistors
accardiue ba therr area ratra .
°Tiw..s (2 lar e-area deviee
will earry twice Ehe ecvrrent
Of tee a&lcr deviee .

Yot is, the dras currents
wil be 2I/3 and I/3-

Mow with VUzcun lced
the €M niqual curféit wil)

6 'l/v UICM/K



Chapter 7—-22

split between G auwd Rz iw
the sawme rakio. Tles is

becavse their
fe velves will
be relakediu
tle Sanve waj.
TL{LLB, l

s éLce 65
0’6—\/46& ‘el

Il be tuat

- mmli

Va. e fez .

TL’-& fe it wil .
L = Zz U:r::m awd Lz?—,l_d?tdu.
- 3 r

R,
C’F&a.s é&c a/iﬁe,/&uéfal avé,wé

volkace Uo U will be ’
Uo=U-tzRe-(~CiRe)= (Li-C2)Re
= 13* Uzew, - Ke
R
Aewai= L Re = L x 2 =o.00u v
Z 2 lgeo TV

7.59
For 1= 200514 :

ZKu‘w,{LIr; “ﬁxﬂxa.f
= Q.83 wWA /v
Rp= 10Kka

TUwws, Aof=6w£p »lovp.89= g%

Vos = (Vas -ve) - 4Ry

2 Ro
where ARp =0.02 (wors & case)
Ro
aund Vss-Ut =21, _ [Znoq
- Kwwie V"4
= 0.223%V
Thys , Vos = :lLAO 223 % 0.02
= 2.23mV

For .= 4oohA:

M=J—2xon_7_'=~ l.265wmA/y
Ad = 12.65 vyy

Vov= Vgs-Vt = 0. 316V
Vas = Jz.:x 0.316x0.02 * 8.16wV

Thus both Ad and Vos uerease

by Lhe Bawe ratia Siuce both
Jarc fmrarl::'oual to J I

7.60

Worst cases: AVE = [1OwV
ARo = 0.0t ; Alwir) = 0-04
) (wit)

Vos, (dve to aRo) = Vov ARp = 0.2x0.04
2 Roe 2

= bwV/
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Vosz (dveta dwir) = Vov Awi = 0.3x0.04
2 wie 2
= éwmv//
Vos s (Jueta dve) = AVE = [Owy

Sivce tlese oﬁ.aeés are not
correl
Vos = [Vos, 2 + Vas,? + Vog =

Vos =\ 62442+ 102 < 13 lwv
gm———

oﬂte ‘ot eoubribvtion ;s Jve
Eo thel] the é[Arecholo’
m:.smo.l:eh AVE.

iud Ele re vired wiswatel,
(t that cou c:orre_e,é tof Ues
l3 HmV = \Iav ARD

2 2o
= ARo = 2x [3.UlmV
Ko 0.3V

= 0Q.08% of 8.77%

-

14 AVE i8 reduced &

f(eguces o -
Jézvbéz-l»iz = .54 waV

QCé'O f
i

Vos

Qud ARp = 2x 8.54¢wV = 5,617,
Ro 0-3v

7.61
Vov = pa o =Jlaa = 0.223v
Ku' wrg lea x 20

we obtaru
Vos Yvel to ARb IRy as:
Vas = Vou ARp =0.223 x0.05
2 Ro 2
= O. 5?m\/
From €qu. (2. N?) Vas dve Eo
Ai) ity s
Vos = (M)A_@g:aﬁxgﬂg
2 Wy 2
= ﬁﬁm\/
The ol et ara"s:'uj frow AVEis

1 Mos = AVE = g_mv

Worst case a/seé Y

5.5 +5.53% 8 = (L. 15wV
A the faa(: 3UW o
ffd %azev f
Vos = J2L5 BIwm) s 5m = 9. 3%3mV
7.62
AUe = ARe.T
y
Ad= &g = KC- = L(c
fe VT/:L 2 W
=p Uag’ AU:: = Aec_ T
Ad  Re
S 0lx 28 =2 2.5uV

i
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v
=11+ fo)

Vos = Ur. AXg fez
T " Where I¢. can be determined from
foy ¥ dey =1

7.63

2% 0.1 = 2.5uV

et o= !
] VCE VCI:
24 Ly LCE
V.ll VAZ

Notethat for Vg <<V, Vo I -l ‘Thus, the
7.64 ‘ 2le™3
] differential gain A, can still be written as
At'&'l:‘ == ARC;

Re Re - 1R r, 2V,

r,+ R, 2Vy

A= T AV, + IR, The offsct voltage at the cutput can be found from

AVe = vy ~ Ve = Uy = IR,

=1 R(\(Y.Ef - YJZE)

+ Ry

Avge Mc( Lf}g)
2

Vo = o8 = ant
8T A, Re Vg Vi
s !R (V‘-‘lf !.E!;)
2 VAI VAZ
7.65 Thus, Vs = ave
CASE |: BYT Diff. Amp. Ay
From Eq. (8.121) v v Ve Vg
aRe : os = Vi3 - 3%)
WVos = Vi( 55 ) =25 mV (0.04) = | mV o Va
Re For
CASE 2: MOSFET Diff. Amp. Vep = 10V, V,, = 100V and
V. = 300V
9
Vos = (LQX)(ARD) 300 mV (0.04) = 6 mV o
A Vos = 25(100 56"0)
If the MOSFET widths, are increased by a factor ’
of 4, and since Jp, must remain copstant, we see = 1.7 mV
that since
= b (WY,2
1 = 3K F Vv o Vee
The new V,,, = ]w‘?:':?wm which is 51—‘; }-;
,imx,,(‘f) - ?UQ&: u
of its orginal value. e ’“éfe
So, the new offset voltage is he
‘ eutal
Vs = (l'i‘l—‘l‘-?f]mm;» = 3mV ""’““‘"“L‘ £ .
) 2 Clhauees iy
7 66 voltaXe fona x
Since the two transistors are matched except for wuu_ e €l ﬂ' 1 ow éaé L" 81 0/8‘5

their ¥ value, we can express the collector curs

rents when the input ternrinals are grounded as,

= Yo
Ty = 1,(1 ‘ T]

a1

Seﬁoud

m'f‘ ( awd n
erder teruas

éerw,g) :

ec

N

xA
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L. ARs AT .Rs -AI . (e
2P T £0p) z

=L ARs 4AT R Az (e
2(3+) 2 thn) Z

AT [ve + Ls ]= I .ARs

(}H zZ(Pt)
AT = 1 ARs , 4
z(pr) fe+Rs
O+l
AVe = -AT Re
= -TRcARsg . _A
2¢0+1)  Te + Re/[pet) ,4
Ad = Re/fe

Thus , Vos = AVe /AJ
= ~IARs - (e
2¢B+t) fetr Rs

O+l

For Rs << e aud A>>1,
x5

R.E.D .

Vos| = _I.(ARs)
|Vos| 2

7.68

(@) Rei = 5x1.05= 5.26Ku
Rez=5 x0.95= 4.35Ku
rreet o Useé nullive wrill be
az,jl:.xeve wheu x Vs svelc that

Ret +x 11y =Rez + =X) xiKu

= 5.25+X = 4. 35+ 4-X
zm—t> X *0.25

[ —
—

(b) Ter= 1.05mmA
Iecz = 0. S e
)L.Seé uvlh /s aclueved
fw hew x /.s svelt that
.05 (x+5) = 0.95((1-x)+5)
X= a.z225

7.69

.IGWM = I/Z =

= 3,2n4
ﬂmwm-l 80+[ J
Tewin= X7z

- 3ce = 1.5
ﬁmavﬂ J

200+
Los = Tgumayr - T guuin = 2.2na

7.70

Ter» 2T aud Lez=L T
3 3

(O twice tie area. of @2)

AUc= Uez-Uel = .,BLIEC

Nom: ual[\jﬂc
= I Rc

Te Zur
Vos = Ave =§.Vr 16.3wv

Thus, 3ma.[l—aa5u.a,/ aunalyscs
prea/.aés that Oa 163wl pe
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Valka Phea’ as Usz- g1 =
16.3C wfula’ restore the

evrrewt balayce i the pair
aud redvee AUe to eere.

USIV\S [arée 8( uo.l a.ua((tjsls

Lei = Isi. v
£7 = . usz-UVe
tEze Ts2. & o Ut
!l"u‘:l
(_El = Ial ’ eUac;T_____(._f_gz
ng :1:32.
Yo restore balaunce ; Lei=
tlucs

Ul—u‘
e 3 &

Lez )

A= 2oV Ve

vr
= Vgi-VB2= -V lm 2
VB2- VgL = 17.3wmV

f——

NOuMiuaJlti
Ta=VT/2 =~ 00 =0.5m
0O+ 2 x100

But with the iubalauce,
Tg1~ 2I/3 =2x lee =o.6;/m

V. 3ca
Tez = T/3 = 0@ = 0.33214
[) 300
Is = Lei+Tez = o.5/zf4
2

Teos = ,_I.an—-lszl

Q.34 n4

7.71

Re = 20Kn

\Vas = £ 3wV

Warst case |Vog| is 3wmv

[Ves | = Vr (AR ) Ves|= 3wV
Re

=D Swx 20k=24K Ake=2.4Ku
Z25u

/ A’d"‘ 90V v

TLUJS is the wax ruome wlswatel
tlaak cecurs in Re.

Thws, é[tc lowest eolleector
res/sto 8 adjvete trom

Re waiu + Aﬂ witlh AR var ou.S
betweeu zero awd 2.4

ther. €le o ﬂseé wavld 66
elivuuated

“Tlhes can be acliceved with
the f.oaow'uj elrevié:
Vic Wheu Rer x Kez
are equal the
Re tewtiowekter
2

/8 Euued bo
the wuddle
eiwt . iy tle
WOf.Sé case, wtteu
either Re /s bislien
OZ‘U&A , ble céeué:am ten
I8 adjvsted éo cue extrewe

Svelk as to ruerease the (owest
Re 6y 2.4 . fu ol glleen
ecasesVwlew ARc is distributesd
between Reaud Rer the
paé&u«é-'a»reé'ef '8 adjusted
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7.72
For eqels trausistor To= T/2.
For ¢ A

7 ldﬂ,}; wifo
z 9

but Sms 2xp aud fo=VA
Vav To

—t> AJS,L(Z:LO VA = VA
2 \Vov/Tp Vov

—+ §av/v = 20V/ Vov

— Ua\)= w/sa = 0-25\/
%ualld
2Ip= Kw Vav

T

= 3.2wd (o- zsv) 0. 2w 2 wi

AV, 1 =

et ey
o} %})1‘ -(?J*.WQ
]1 =200 pA
Vs 0“‘" ) O
K
<
Vg 1V

Gl = 1 = 200 pA

loy = Ay = fpy & Jpe = !

2

=2-—-E—°°'2 A = 100 pA

w
Ipy = Ipy = % F-»Ca.(l )Vov

(W) o L2y 2(100 pA)
L).2  pCoVey 400 pA/V (02 VY

= J2.5

For Q, and 0.,

(ﬂ) - L - 2(100 pA) -
Loy w,C, Vi 100 pA/V (02 V)
= 50

(b)

\%
Ay = “‘,“Q = galrl v
id
Sincery=ry=r, A, = %8».’0
= = e =g = [D

Bl Bz Bum3 B Xm V‘)P 73

= 100 pA v
pavsz o | mA

The value of r, needed is

ro = 24 = QUOVIV) — 99 k0

Lo 1 mA/V

Since r, = l-:—;’i <L,

1 I’pll) " 100 K(O‘ maA) = 05 wm
N 20 Vipm

YV, =0, the maximum V,is V,, — V. =

I —02=+08V with a single-NMOS current

transistor, the lowest ¥, should go is Vi, + 2V,

= =14 202V) = —~0.6V s0, the range of V,, is

-06Vio +0.8V

(d) Qs delivers I = 200 pA, and L = 0.5 pm,

Voo = 0.2 V. So,

ros = Yall Ly QONV/BmNOS pm)
i 0.2 mA
For = o = 1, = 100 k2
Agy 5 ~Lm—Too 1
iene Qs VF g ren
A = L MOk }
2050 k) 1+ {1 mA/VICION k)
< =001

CMRR{dB) = 20 I()gu,gi?f-l]

o

20 logy, (ﬁ”&) = 74 dR

50 k&)



7.74
CMRR = (g, r,)(g. Ry)

(a) For a simple current mirror
Rss = ros=(for 1, =1/2)
CMRR = (g, r)g. roy)
- (1’.»&)(}2_".4_)
Vov I Vov 21y
Va . Va

=2.-A. 14
Vov Vov

v 2
= 2(—‘-) QED.
VOV

(b) for the modified Wilson current source of

RSS = 81 701" o8
= CMRR = (£,r0) (&4 &1 T07 Tos)
For Qs ¢ 7.4

Vovs = o Ll
k W/L
while forQy ; 3.4

Vov = ’-I
k W/L

= Vovs = 2 Vov
Thus, (for I = 2/p)
I Ve i

CMRR = L. A2
Vor 112) Voo fav,,

2/ V. V

LA la
I

_ 4 va® _ va'
_____2.ﬁ_i_

J2 vy, Vov
Fork W/L = 10 mA/V?
I=1mA
Wid=10V

Voy = ’__.I_M_: = 0316 V
10 mA/V”

=> For the simple current mirror case:

CMRR = 2(6%?'6)2 = 2000

- 66dB
For the Wilson sourcc:

1
CMRR = 2519 . goaqn
(0316)°
-~ 99dB

Chapter 7--28

Qs
Vos,.y= | 592241
soon

= 1,35V JEeF
Voo -0+ [T %,

=4'5V Qs

~-Vss

For VUps=Vess
—Vss+2Ves, t ZVss'_q = Vop

Tuw,
Voo + Vss =2 (1.5)+2(1.35)

= 5.3V

v Oy

(@)

) Ros = (BmsT0d)02
= 8T
Ros = (8ea Ton) Tow
= 8alo
As = 8u(Ros ll Roe)

|
= B S8MT,

_ 2y _V,
gm"v";
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thus, gr, = 2V, / V,, Note, through, that this is inconsistent with KVL.

= A, = NV, Vo) Fiyy=0,Vpy = 0,but Vpy = Vyy = ~V, /4.
QED. - = Y . N
For V., = 025V & V, = 20V Wi =0,V 1 but this conflicts with ¥4

A, = 2 Q010259 = 12800 VIV , v,
being ---5‘».

It appears that the approximations for ¥, and v,

7.77 prevent a clean solution. I these were more exact,
T all current-and voltage refutionships should be
|
v 58w o) Vi consisient.
b= ;;; = *’"‘"““r“;“ww h 3&".”«
. v U
2T Bt Yepg = é‘%‘é
7.78
— ioo= 8V, Y _ B Y
: 3 g 4 Ipp = gy = Ipy = 1y, = % = _____g___l()()z A . s nA
o ;
P P T [“f**f} Bt = Gap = A2 = 0pA _ oo
\ TRV T a2y B mA
=3 g Gy = g4y = 05 mA/V
AT | =y, = Yan o 20V )
g o= fy = 3&’« [N (] Tz 7;" = 005 wA = 400 k{}
: 3 1 =} [Val 12v
fo T ohe by T oo g W - mg T 5 Bmh Toy = Iy = = = 2
§ TR a? i3 8wl 3 BmViy 3 ) -—-11,’) 005w 40 k()
However, if we use KVL, R, =rafr, = 400k} 240k = 150 kO
. Ay =GR, = (0SmA/VI(ISDK) = 75V /v
poe T L2 .. Gain will be reduced by a factor of 2 if
“ ¥, L RL = R‘, = 150k}
=3 8w Vi = Yf:’ inconsistent
3y g Ve 8 Ve 7.79
[PEECIE PRl PO ;X.« o 3 4
N - .. . 3 » » -
S Rid = (B+1) 2t ; (e = 25wy « 500w
vi WY o 3,
Iy = Bulps &= gm(—ﬁf —“;;‘] \ 48”’”“4 50/"
*
-
= iy ig’" v, -—-‘Pf:g/.. [0t tgoa = 121Kw
Ve mVa Ro = feu({faz = fo ; fa= VA
T e S 4 2. Xe
foy bl By OF
Mo : {0 =160V -3.2n0r
N A e
e = fg ~iy = b T s?/’A
hich is the same as /) W .
lwhlcht'\luﬂn‘ :’ , Ra = l.6Mn
f2 7 Gulay ;zgm Vi
1 PSR SOV
iy = 4y Ty = 3 G Ve :_imfs‘nf o

Gwe = SMAI =(sz.= SONA = Z_g;g_/v

25wV
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Ad = GwmRo = 2x leca = 32aa VNV
w

A |O0KUL mput resistauce,
Ad = Gum

Ro [ teokw )
= 189.2 Vv

W)HA a .ﬂvéseiueué 86&? [(aum
(

7.80

+5vV

Gw = I/7 =54
w v

T 250 g

R=5-(-3)-Vse g,
XI

*= $§3 =33.2ku
.28 T ——

Rid =([L+)2re
fe= Vr =
T2

— e:o’ =

fa=Va = 10a . ggokn
Te o.12s

Ro = fa = Yooku
2_ =,

Ad =

g =

-~Sv

whete,

25wV = Z2oow
0.125wA

151X 2% 0.2 = 50"{&‘4

w ko = SxYoo = 2000 viv
I/2 =125 co.

83 j4
B 151 =/

Uzen | o = Y +O-HV
- 5‘0-? +0-q q ?V

=\gs -o.4 409
= -5 a.q+0—?

'Wuw éléel Ioué coucmou - knode

favge 4 Vie+4.7Vv

U.‘Lcn | ueln

(w we [Lcw& assvuwed
a trausiskar reumaius ve
7.81

Vee

Rid s (B+1)2 (fe+Re) as

Gue is still ¢ val
éo (SW(. 5 A’V
= T =250/ A
(rrow Problewe 3.68
abave )
aud fe = Vr = 200w , (o= g00Ku
X/2

! B.‘d* 100 Kwn =P
10OK = |51 x 2 » (200t RE)
—v Re= 131
o obtain Ad:

Ad= Gu.Ro (Esu 7!65)
As iu the derivatiow o ﬂaz we
65 (‘-? 162), Koz éavuo’

zus ju (6.15%) , bot

bime udbiu
encler ob

-Vee

tlat (e at bhe
Rz <o
fel +2Re



ﬁuw z: " raz[;-rsm((uHZﬂe)!l(mj}

Roz * 900K [ | +5ua (2004 ¥ 81) u/a’a.zx:

Roz= 2620 K (@)fe

Ro= Rozll oy
(2620 | 00 )K= 613Kk

-~ Ads Burx 613K = 3065 Vly

7.82
G‘Mﬁ‘”‘ = T/72 - 0.5w(z
vr 25w

6m = AQwWA/Y

- ‘
—

Ro= (oelfoy = VA [l Va =Lva
Xez ey ZI/Z

120 = Z40Kun

0.5we

Ad = GuwRo = lox 240 = 24a0k

-~
-~

Rid = 21m = 291 (3= Z5wy 150
Xi2 0.5
Rid= 3.5Ku
b

For a simple current weirrar

the auéfwé resistavce ( thws
Kee) is fa
—=> Ree = VA = 120 = 72q0Ku
xI O.5m

ey
presssi—

Chapter 7-31

Aem= -foy

- (Zx Z4OK)

Paree 150% Z4ok
| = ~ 13.3 mvy
awd , CHRK - (Z‘(oa(?tzsa. usy
~“13.3wm
l.e. 105 J8B
P
Uo =~ Bid = 2.5¢ = o.ysy
Us 2J+Rs 7.5k 10k v

= Dverall ¢acuw A:

Azuvl e = 0.43x 2400
Vs v
= 1032 Vv
7.83
{a) ¥ R, and R, can be ignored,

i [ Gm.rm Vicm

v, = {Am if - Gms'm Vicmlkom
substituting in for i,

2, = A G Yiew = Gunom View] Rom

v,

- g — "l
A(‘M - v - (’mcm R'n)n‘-A"g -1}
et
M) iy T A
i~ I, [P Vooz
A, = il eyl e - 1)
5 i Faxdi

g0 Voo = A, w0,

And; .
Am =1 m' - = SINCE Ly 2 By
Boalus 1
R
-
Bm3 Tos

Continuing, we can substitute this into the equa-
tion of pan {a):

Ry Tos



icme

v V.. .
Since Virma_wu‘t L L

2R, T 2R,
substituting,
w0 t )
o [Dem Y Bu3 Fa3:
Acm. (23“‘) |+ 1
Sm3 Yo

sinee R, = Toan

—r i
- z'k,s(g,,,g Pyt 1
(3]

Wi

= B, + Zi,,——a}ib £

&.«

g +2
Ad = LB
Awii = (;3 Z 2)3
v = (755) =

Now, substituting into the resulting equation of
part{ 1),
A:,m & GmuuR: n(Ass -

At‘"ﬂ = (}mfmr()d( B

B - l) amd since

- . |
Guem = 55—
3

AL, = :.%.’L(ﬁ.: ”2) = "roe:,(w 2 )
o 2Ry B+2 2R, \BH2

since B >> 2,

A~ 0%
. B,@!RI:A

Chapter 7-32

7.84

. for a wilson current mirror,
do - !
Ixer + i

B+

As an active load, this means that one collector

current will be &L, while the other is

al 2
”2”(1 * BB +2))
ool 2 1) = i
IAd = “2“(' T ‘) " [ﬁw )
al
ey = 2 = ol
6,,, =. &m VT 2V1-
Vod = A _ ol AL
OF - =
G, BB+2) BB+
ol
v,
For B = 50,
| o= 2(25mV)
Vol 50050 + 2) 19.2 pv
7.85

= 2 c// Row
wlcac Rac rs
the avéfm‘: as
resistaice

al; the caneadea
stage ¥

]

Row " the aué vt
fes:aéawcce.a blee
wilson .séage



Roc= [3(0 ® leawf-‘[}_f__o
.4
=>Ro = (o || 3fa = f3re .(ro
7 z

fot+L
- A :@roﬁot 1)

2x3 3
=p Avo = Gi& Lo = Sm(lro
) "3 R.ED
a'or: L= O04mA, ﬂ z 100, VA * 120V

Avo =

Tz (3.4 = f va
VvVt 3 x/ 3 vr
= 1log x !_%QV = [60cop

3 25 mV

r.e. 1oy dé

7.86

To obtain maximum positive swing Vi, must be
as low as possible.
'To keep the top current sources out of saturation;
Ver = 0207 = Voo
Vot s = 21V
And: Vi = Vo = +04V
Since Vi, ~O = V00 o= —04 Y

= Range of V,_ is:
AV, =4V
For: I = 04 mA, By = 30, B, = 150 &
Vv, = 120
= 02mA g ma

23 mV AY

For the folded cascode: Ry = Borg.

Gy = 8

Chapter 7—-33

For the Wilson mirror: Ry, = asig.é

=Ry = [Ba ol By 2]

Toa = ros = 120/02mA = 600 k()
>Ry = [soxﬁooxg lﬁ()xﬁ"gl‘.]

130 M|l 45 M}
1§ MDD

H

Ay = G,Ry = s'“..véxlsmﬂ = 144000

+3v
7.87 p s O-Ywm4
Kp'wiLe 6.Uma/v? |
lvad = lov >s ezl
Vanen = 120 . as @y

Ko = fe20 foy =Vap || 120
Il X/ "3V
Po = (/0/ o.2m) {!20/0-2m)=*‘£6£w

Gw = Quet =/ T« kpwi

= \/O.l—lwkx YA )
‘-‘—'b(';m:l,ém_i fve

mv

Ao’= GmxRo = I'ém_ix U6k e
v

— Ad = 23.6 V/y
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Ips = dpg = lpy = Ipg =1 = Iper = 225 1A Vasl = IVl + Vo], soallare
225 pA Vol = 075 +025 = 10V
,,,,:,m=,m=,m=%=_,_2|~__ Ve osmozs 212(5)
= 12 _ 25 pA _ g9 mav
= 1125 pA O T I A
From Eq. (8.180), systemic balance will occur in ] 2(225 pA
N = = BA) _ AV
this circuit when gl', 8 1 V,,.,IN 025V 18m
7, (2) v
T n =Yl o _9V n
(%2 =2 ;)’ o " oanmA 0"
T T v 9v
1), (2 7
( . s o foo.a = T T ommmA - OM
Y ey o8
w - 2(’“)7.(_‘!) - @2 .(19) = el ro
(Z),, S Trwy \LJ, (99) 0.5 = —(09 mA/V)(BO K| 80k) = =36 V/V
("l:)s 0.5 Ay = ~Zme(rosll 7o7)
20 = —(1.8 mA/V)(40 k] 40k) = —36 V/V
T 05 Ap = A XAy = (=36)(=36) = 1296 VIV
s0, Wy = 20 : = 20log ,,(1296) = 6225 dB
1 W2 The input common-mode range is determined as
= 2 —\v pu 8
To ind [V, weuse fo = 3uCo(F VB0 follows:

The lower limit is when the input is such that Q;
and Q, leave the saturation region:

|V I = , 2(1py) - [ 225 pA
ovii,2 W 2 30 Vpr = = Vss+ Vg = —15+1 =05V
ano,(—-) 60 pA V'(—) . .
L), 0.5 with |V,] = |V,,], this would be when
=025V Vg, = =05+025 = =025V
Worss = JZID, _ [20125 pA) Viemin = Vst = Vs = —025-1 = ~1.25V
vh.s —— =
1,Co, 180 A /vl((_;_o) The upper limit is when Qs leaves saturation:
a5y 5 Vos.. = Voo~ IVoul = 15-025 = 125V
- Viwse = Vsmu— Vse = 125—=10 = +025V
‘V v' - ,—— 37 _ ,—2(225 I-lAL 8 max . $Smaz §G
ovis.1.a W 60 so, range is (-1.25 V10 +0.25 V)
”’C“'(I), e 60 "A/v((—ﬁ) For the output range, Vg n,, is
=025V Voms = Von—[Vor] = 15-025 = 125V
Vomn = = Vss+|Vou| = = 1.5+025
= —-125V

50 the output range is (—1.25 V +1.25V)

Q [4)) [ Qo Qs Qs Q; [
1p(1LA) 125 1125 1125 1125 225 225 225 225

[Voul(V) 025 025 025 0.25 0.25 0.25 025 025

Ved(V) 10 10 10 10 10 10 10 10
) (m,_\) 09 09 09 09 18 18 18 I8
8| 7y

ro(k2) 80 80 80 80 40 40 40 40
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7.89

:f:: :j ;';;:—;24;5;.: oo ‘ ‘d) Top = gy = %‘;‘ = 0; ::‘ Y = 25k}

?hmimmsmgim for Qannd G 0 Tos = toy = !iy',;il = i = 125K0

g = Dy = ppp = 400 pA o v:% ot e
G 1O | Oy | G| O | Q| O | & Lot = ,V:Ii«/z = Qg.z.'l’aﬁ = 4 mAIV

(w) 25 |25 | 100100} 50 | 200 | 50 | 25 A= gl ll ro) = (2mANV)(25 k] 25 k)
L

= 25 VIV
Ay = ~gaalrogll 7o7) = =4 mANV(125 k]| 125K)
1, = ék‘(wmv;y sa, - 35 VIV
: Ag'= A;- Ay = 25(—125) = —625 VIV
(,,“f) = gy 2{200 p A} o 174 (—25)
Liss  k(ve)' 400 pA/V (02 VY
= 3
» 7.90
(!‘L’) = e 20200 pA) 1y
Liss  k(ve¥ 400 pA/V02 VY 3k Vo
= 100 | Vo = ,f{!
(E) o 22y 2(400 pA)Y
Liss  k(ver) 400 uArvi02 VY If K increases by 4 — V5, decreases

4200 pA)

(E) o Megr
L/e A:,,(V(,V):

Ideally, Vy(de) = 0

100 pA/V (02 VY

(b) For the common-mode input range:
The lower limit is when Q is leaving saturation,

Vps = = Vg +1V = 1 V+02V = —D8V

Viaoins = Vog + Vs = Vo Vo 4 Vo

= 04+02-08 =

—32V

The upper input limit is when 0, and Q2 leave the

saturation region;

Vg = Vop = Vipy =

F~(04+02) = 04V

Vst = Vg = 02V, 50

4 = ¥ o
"itvf,mal} = Vo= Voo

+
¢ V(«‘St

= VbV, = 04V =08V
so, the range of input voltage is

(02 Vi +0.8V)

te) The maximum output voltage is

k{;’
£
fmaxt

— L VNN
- Vm: ;"m'%

102 = 408

v, o= Ve iVl = =1+ 02

RETI

= =&V

5o range is (-0.8 Vo +0.8 V)

v

by 12
B = 2V = k- V4
-3 ik increases by 4
gm increases by > 2
{b) A, = gmRp,
-3 A, increases X 2 as does Ay
{c) Offsets due to V, mismatch are unaffected.

Others reduced ¥ % since A, increases X 2

7.91
w 50
Iy = ‘“‘,ilm;r = 4—03(90*““
= 1125 pA

Output offset current = [y, — Ipg
= 112590 = 225 pA
=V, = 8 prgll ry)

- _lo
T s
=V, = 225 p (111 k|| 889 k)
=LV

v o= Ye o LIV
1oy

= 88.9 k)

= 1 mV
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.92
OHse‘: corrent = Toz-Toy
= To3z -Toy

Toz= K (Ves-ve)?

K
z 2
K (Ves - (VE +AVE))
z

Toy =

To= Xo3- T4
=5 ‘-(Vas—vl:—Vath 1AvVt) X
2

(\Ias—\)l: +Vas -Vt -A\Jtﬂ
= AVE.K (2Ves -2Vt -AVE)

Z
= g (V6s-VE) L AVE

o = ;msA\,t

Lecall To= Gwi.Ves
aud Guar= Qual
==P Vo3 = Sw.z. . AVE
g
For AVE = 2waV
Vos = -2:2% x2m = ZwV
0-3m

7.93
(@) Tgi»Tez= O.1wA =Tgi ,TEY

and siuee the
ovteut 18 leld at ov

Lee = Zwd

Tes TAwmA

(b) fei= ez = 25mv « 280u
O.lwA

fes = 25mv= 25a
1w A4

fee = 25mv = 2.5
ZwA

For the active loaded oliyeren-
tial raxt ; Pecall frou .5%;,,,_

(7-161)  Gwu = Qua
= =L 2 Qua

fe«. 250 v
Rot =(br1)fes Siuce alifo’s=co

Ror= 101x 258 = 25250
!==DA[=G|Ml ﬂo|= q@_i12525(.¢

- 1% 1 vy

For the comwcou - enciltter:
AS = -6\“5 . Rcs
= V-8R = -1p0x 10K
fesg -
=-40, 000 vy,
For the ewmilter [ollowenr:

Ao o4
Azhdvgeo_se = Aﬁ:AG = “qo, Qo0 V/V

A=A, Azu&-abosc * 10.1 x -Yo,00e
= -QO"((GOOV/V

(¢) Since the douinaut low-
feeueucy pale s selt by Ce ¥
{m \7 r (j

(P = 1 = [OOHz
21 . Ron (As+1) ce
S —
by Mellex eﬁlecb
=p C = 4/(211’&25(25:( 4OK ¥ 100)

= lS.?éEF
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7.94
Iy = 225 pA Vovu = [Voue] = 025V
My Cop = 180 WASV? = Ve = 025+07 = 095 V
o Coy = 60 uATY? Vo = = 055 + 095
For 0y & 0yt WIL = 60/0.5 You = Vou = 04V
=V = [ Uy -:3:025‘8,”“ Vo = 13+ (=028 - 07y
k(W /L) lf:galz; from the results above:
/ =
Wodsy = 6%%% = 025V :n*}l.;:? = ;g;gi
, Wily, =
then gops = EZVI?; =2 é %2-%,—‘5 :Wl 1;:2 - ﬁgigi

= 1.8 mA/V
Since g,, of Qg Oy & @ are identical to g,, of
Oy & Oy then Fyyy =025V
Thus for Oy
2 2 X228

0.25y = —
OB = o ax W/ i,

S (W/L)y, = 40 iz, (26/05)
Since O, is 4 times as wide as Oy, then

X320

W/ y = = 070,

{ L}y o3 kit 5

Ry = 2 ( W7L3, )
T WLy,

L w1,

80705

2 ] dw/08
JZXIXO;LX{)%XEB;L S
Ry = 5556 01 A= 2Re Il Rid2
The voltage drop on Ry is .
565.6 X 225 = 0.125 V. Z (Ret +fet)
:; (:’t:;am the gate voltages:(assume (¥, = [V} = g t d 2= ( (}i" l) ( Z ( e 2) . 6 17247
= A= (2.5 )y
pramm— =,
Vs = !lf_zzjmga = 0125 ¥ Al = ey = (- 2Rc (5({
180 o = e »
T (61 Ride+2Re
Voriz = Vasiz = Var — ]
s Viggps = 0125 507 = 0823V = LU X0 A/A
thus,
Vo = Vo ¥ Ra Vi
s (LR25 + 0123 — 18
= —0A5V 7.96

Ry > E;t’gf‘*l +rs = Re

Thus R affeots By We want R | 3k = 76
Ry = TR0
s Ry = (T8 = rp B+ 1D

= 734k}



“R5" Ry
rat Ry
andAy = —3.09V/V

Ay = i Rio=304 kO

3.09
dA =8513-39 = g4 v/v
an Yogm - YMY

The gain has been reduced by a factor of 2.07 and
can be restored by reducing R, by this same factor
to increase 4y, Thus Ry = 1.11 k2

(Note that this is a first ordcr approximation).

7.97
o R _ -5

@4 = 3555k - 2325

= —=130.5 VIV

. L. 130.5

i.c Ay is increased by X¥5)

=20.33 i

= A = 8513 x 2033
= 1max10' vsv
(b) Let the output resistance of the current source
R .+ r,) =3k
g+1
The amplificr can be modellcd as shown:
Ro
*— Vo

be R—>® Ry = 3k|l(

vl

R,

AAA-
A
x
1Y
>
=

Pa— o =
Thus,
A _ AR,
LOAD = T T o
R, + R,

- 1% 10" 100
173.1 X 10 100 + 3000

= 5583 VIV

For the original amplifier:

100
Acoan = 813X e v

7.98

Chapter 7--38

(@) Xer= 20vr00K ~ 0.3
2K +100k
9.5K + (82Kl 1a0kK)
(3H
/}=IOO => TEI= |.03wA
o

=00 w=P Tol = ].02w A
1ol =

Veir = 1oV - 1.02wmA 5.0k = H.8V
Tez=(10-0.2 -4.8)V = AmA
q.5xu

*Teo2 > 0-99wA

Vez = 0.9¢wr10.6K ~10 = 0.5V
=> Uspe = 0.5 -0.3 = 0.2V
]

Tez= ~0.2 —(-10) = 0.38wA
10K
" Tez: 0.97wA

Tlwo all trawsistors are
O/Oefaéc'ud at Te =~ M
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(b) Rin= 82Kl 1ooX [l Tm

= {-Fz = 1 v
wkere fm= & = 100 = 2.5ku . 21Tx 852px 10.5K
Wt HOw

= (3.8 KHe
=t Kiu =@z llooll2.5)Kk = £.33K -

Rovt = 10K [/ (fes + 10.6x ]

B+
= lok/l [264« lO.éK] 7.99

la} . !
- \2_89“- @) Ipy-s0 = 3

Iy _
Ipes = 2(5) =1

) et = Gt = UOuekry e = A6 Somat
% Vg

2

Ltz = 51K = 5.0 =0.63A
U

1/2 !

g Bumt-37 = 05 ““"";
cel S.0K+ (2 5.1+ 2.8 A 3 ,Vov’2 . Vol
tez = [Ae= 100 A/p fues = 7ol = Vo
; 2
tbz .
. vl
tbz = 10.6% o = iy Som
(cz 10.6Kk+{t1)(fes+ oK) o 5 = A
= 2.01036 A/A vy
) — -~ Foss = T
2‘23 - ﬁs*l - {ol In Summary,
3
Vo = ce3 x oK
Thos,
Uo = 10X 101 x 0.0103&x% 102 % 0.6
ue 3717

= 2.81 x109v)y

(d) fre = 4/ (217 Ce -R2)

whete: 2+ 5.1k /) fn2

= 5K 2.5K = 1.68kun
Cz2=0Cn2+ Cke (44
ot - K sz Rez)
Kizz 10.6K || (p+1)(fes+ 10K)
106Kk 101%x(25+10K)
= lo.5kw.
=Lz =l0p+2p (4 + Uomn10.5k)
= SSZFF
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(o] I (] I O | Q| Os | Q6 | Or Qs

n 2 n n n 1 n2 1

vl 2val 2vi| 2vd 2vl | va | 2 v
1 1

1 T ! I 1 1

(b)To find the differential gain, apply —YE"-’ 0 Q)
andV /210 Oy

|
Ves = xml('ul I roall '“) Via/2
Smr

since = << r || ror
LTS

1 Vis
iyg = =V = —gn ._.) p i
as #$ 8ms 1 '(g,,, (8ms) 2

. ! . 1
V=V, =i (r,, rall ———) = (-—-—)
8 7 as {Fus Il ral o as\g

SINCE Zmg = Zm+

1YV
vV, = — —_)
8 8mi (g”n) 2

since 8,4 = 2 87

. [} \4

iy = +8u (a)(zkm)'—i’"’ = tgmVis
N Vig .

with +—2— applicd t0 ,,

1
Vs = 8w (’n:“’u" ;,‘“)

mid

1)V,
V, =V, = — (__.)__'!
%6 ' 8 ) 2

SINCE g = Ema X 2.
. 1YV
ige = ~8ma(2) (—8m1) (Z"‘) —2"!

i = 8m Vi '

io ™ Bmt Via* 8w Via = 28m Vi

A, iR
V: = —V—,-,,ﬁ =2 g (rusll ron)

%
i
]

14
= = YA
oo = Fog = l‘l‘l

Yol = Yo

1 Vov

1
Vadl

.’.‘1 = 2._1_..(1
V'd IV0V| 2
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() I each input-transistor (( and ) is replaced

. v
with a current source of 22
Rsg

From (24, with a transfér ratio of (l - -—-’-—-) .

8ur
P L 1

2R Bmar 04
From
. Vs i i
Oroipg = *4—‘35!(1 - 1~ )(z)
b 2 Ry Ews¥ o3 EmT oy

g = gy Fipg

io=y‘~“ﬂ[-l+ ! +(1~ ' )
Rss 8ot Tos L3 T3

(l - gml"m)]

Since gy ™ gagandrgy = rg,

B
Ry Emilor &wiT 07

Vi = dglr,ell roy) and Since LN
8mil o3
_:"irm( 1 )
Ty s (r,sf ros)
! Res \guaron? ”
AL = ; Vol = (rosl row) _ 1
e T e T "T"‘ -
View 58 &1 07
{d} 1f the current source is fabricated as a simple
. v
current mirror, Rgy = ._,_‘
v p \4
Yoe = Fog = "”i"é 0, rgld rop = ‘é“;

cmrr = 1A o ValVoy
Al rusll ros L]
Ry Bwt¥ o1

1Yoy
AV,

{¢) To find the input common-mode range, con-
sider both upper and lower limits: Lower limit is
when the current source begins to leave the satura-
tion regionat Vg = V,,

So,

Viwing = Vo + Vou + Vg = V, + 2V, =V,

The maximum lmit occurs when Q) or O, beging
to leave the saturated region: For example, when
Vsi = Vop = Viga = Vo,

V,(m") =V, 4+ Vye + Vg

V,(m,-, =V, 4+ Vo + V=V, +2V,,
V{max) = V,, — Vm.’

So the range is

(= Vo + V, + 2V S Ve s Vi — Voo

7.100
{a)

+3V
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DC Analysis

o 36-(-43) - 1940 Tra + gy 165 10° = 3300
100 pA ) .
Node voltages: ;‘5‘-’- = ]
V= =43V Vy = ~07V i
V= +07V V=0V Thus, 22 =~ 3300 VIV (Polarity correct)
G
X ,osx 4 $.3°
vy 36V v, 43V @R, =21,
Vg = + 43V
=2x Lg‘-’ = S0k
® | ol Ban
Transistor | 1(mA) g (mAV)  r(m@) Row = rooll 7odl [,,4 + mzﬂ_;?f.__’m]
0.1 4 2
& = 02]02] {25,:0“' + 24 100x 2]
o, 0.1 4 2 101
a ou s s =~ 164 k2
(©) Vyemiosy = — 43— 04+ 0.7
0y 10 40 02 -4V
Qs 0 0 = Viewmed = Yo+ 04 =+ 47V
0 01 {1 The voltage at the base of Q4 can riscto V.
g ' (V) +04=+4V
O 0.2 before O, saturating. Thus vy can go up to + 3.3V
Oc 'S 2 The voltage at the output can go down 10 Vi, of
Op+04=V,~04=—43-04=—47V
) | 1K 4 0.2
Op “Thus the lincar range at the output is — 4.7V 1o
O 0.1 +33V
{g) At the positive limit of vg
Oy 0.1
O 02 e !

(¢) Total reststance at collector Qy is

= Burosd rod (Bs+ Dpall 700)
= 100X 2028 101021 02)

= 1.65 M}

Large
o {ignore.}
¥zt

= o V,/ 2
o

. 2 . .
e - iy, = + 3.3 Vand @, just cut off
B 33V
V B
gy 2 ) R 9.1 mA
2 i Yo
= = 363 £

{this is the minimum allowed R, for -+ 3.3V out-
put)
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At the negative imit of o Lev, = —33 Vand
€ b cut-of, O with alse be cut-off, and y will
eut-off.
Thus,

101 % 0.1 = (0.1 mA

47 = 4733 3 This 15 the mduimum

For 0g: 50 = 1 x40% 5;3;;»'(;% ~ vy

= Vige = 1,50V

Y, = ~33Y VY, = =17V

Ve w + 13V Vo = OV

Ve = +1¥ Vo= +3Y

Vo = + 33V Vg w4+ 27%

te}

Transisior Iy, Viss gm N

Ay (v ImAYY (Ml

By = T A 4 i 1.7 28.3 §
atlewed & fora — 4.7V output R Hi 1.7 I3 5
7.101 Oy 0 L7 283 5
DI analysis 04 0 17 566 28
@) Tpr = 10 BA = 5 X0 % SV = V) 0c 0 17 283 5
----- s Vs, = WV =17V U 500 1% 200 }
gy g Fey 2 \
10 Iz X 20 % AVes, = D Oy B wps 0 "
¥ {14 Hi 1.7 TR &
e w660 k{1 2y 20 i 6.6
[ » . 4 -
3o 3 1. B 5
ik Sew fignre above Ue 10 L7
Viss = Op 00 17 1414
Ve O w2 20 5
O 10 P 21 5
Voss * gt
i + By
+ L] O @ 7 . 29v
2v 05 fr RUEEAY ,}3%);;:& :r,.,:;a
- AV ~
f“i{l}—hwwig A e WA
. — —
o Ly O, +33V _
v G 1 1 LEN
Ve | % “‘ e \;;nm‘
o $1] gti\ §{3 ;@A I ) “
IV 6y Ly B ’“Ya.:wi‘—?’f §50.un
, o4 ¢ g;_l 0oy
1 pdy é‘, * . @ e ——gl
I R H L, o
oy | | (@] ov
) Od waadl 04 } 504
~ 1y 200A o
ik 2
4 bomp, - —
LY
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(g) 06 cuts off
thus,

1v _

R, 50 pA
R, = 1V

(h)Maximum possible voltage at drain of Qs is
+2V. At theis value we have:

Total resistance at the drain of Qs, R is: j

R = (& ros)rosll o)l roc

= [(283 x 5)(25] )1 5
=49 M2

Thus, 2 = g, ,R
L
=283X49=[387V/V

and %2 = __(rooll roe)

v, 1
3 (ropll roe) + —

mb
- —aln __,

]
aj 1)4\27.6

&

= 1387V/V

2|

x

= o

-]

out = Tonll rosll 1/,
=1 1} 1/200 MQ
=5k

. ©) YViemiman = Vgt V,
=+43V

Vicsiming = Vs + Vgmin
= Ve + V-V,
=1L7-33-1=-26V
D Vomu = Vemu — Vass
=V, + IV,| = Vese
=+1+1-15=+05V

Yomin = V.{"’ V, =-=33—-1=

Ip = SOpA + -‘;—"mA

+2vVe—j .
Yo
50uA 2kN

1 w -
Ip = i#ucoxl’(z -V,— V)

=V, =017V
For the lowest posible output, the circuit becomes

—43ve—||T 0 Wk
5 $2k0
-4 &

Where:
Qs cuts off and Q, conducts

I, = 129— 0.05 mA

= lu,cox(1°—°)(— Vo +43—1)°
2 5
=Vy = 145V
That is, the range of y, is
—43V —145Vio + 017V





