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Homework Assignment No. 7 -Solutions

Problem 1 - (10 points)

Find the low frequency PSRR
and all roots of the positive and

?+1.5V

o performance o the: two. Moo Lt 1 00/
. 100/1
stage op amp of Fig. P6.3-9. Uljl—l M3:II__|I:M4 M6
I \| 3
8 Cl25pF °
o—"—|| Ml M2 |}—| =P
Vin I7
in | ol Tion | Izopp
— 151 =
M8_|| M5 7
1/1 "12/1 10/1
Solution -1.5V

Referring to the figure Figure P6.3-10

J 21
VDD_VSS=VT8+VT9+\/ 8 8

- +
Ky (W/L)8 \/KP(WIL)9

or, Iy=60 ud
Now,
gm =363.3 uS ggpn =24 US gaa =3 US g =T74.6 US g4 =30 uS
and  8ds7 =24 uS
Ay =673 4nd A4,, =143
For the positive PSRR, the low frequency PSRR is
A4, (0)Gyy

8ds6
and poles and zeros are
_ GBEase
Hv (U)GH

For the negative PSRR, the low frequency PSRR is given by
4, (V)G

PSRR* = =1737

P1 = 6.66 KHZ, 1 = GB =11.6 MHz. and Zp =por = 6.2 MHz.

PSRR™ = =2171

&ds7
and the poles and zeros are
GB
=00

7 =172.4 KHZ, 1 =GB =11.6 MHz and Zp =pr = 6.2 MHz.
m
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Problem 2 — (10 points)

A CMOS op amp that uses a 5V
power supply is shown. All
transistor lengths are Ium and
operate in the saturation region. ‘_’I l‘_‘ ‘_’I |l‘_‘

Design all of the W values of M8 | M3 M4 M6
every transistor of this op amp

to meet the following Vpp o—] r__ M7

specifications: Slew rate = l: :Il—o %

+10V/ps, Vog(max) = 4V, vzo—j[, M1 M2 R ol ot

Vout(min) = 1V, Vj(min) = l I l |

1.5V, Vjc(max) =4V and GB = ) Is \% o_|

10MHz. . VB’“—”f M5 o M 1:[25pF
Your design should

meet  or  exceed these Mg :II [ .mMi10™

specifications. Ignore bulk

effects and summarize your W
values to the nearest micron, the =
bias current, Is(uA), the power Figure P6.5-13

dissipation, the differential voltage gain, A p and Vgp and Vp N in the table shown.
Solution

1.) Is=C;-SR = 250pA

2 _ GB.C;-= 20mx106-25pF = 1.570.80S > ko LLTOXIO
D &m1 = -Cp-= 20mtx 2pr = 1, .3u = T =5110.125:106 =

- i 40 d I, of 250
I<,(VD5(SB.t))2 = 50-0.25 — (assume D (0) “A

90

3.) W3=W4=W6=W7=W8 =

worst case)
2Up 2-250
4) Wo9=W10=W11 = K’(VDS(sat))2 =7110.0.25 = 18 (assumed I, of 250uA worst case)
5.) Viem(min) = Vpgs(sat) + Vg1 — Vpgs(sat) = 1.5 - (0.159+0.7) = 0.6411V
2p 2-250
T K'(Vpg(sat)2 ~— 110-0.64112 =
6.)Au=8mRour  8&mN =704pS, ryon=02MQ, g,.p = 707uS, rzn = 0.16MC
Ry = &uN: TasNA &mup Tasp? = 28.14MQ||18.1MQ = 11MQ
A y=1.57mS-11MQ = 17,329V/V
7.) Vgp =5-Vpgp(sat) + Vsgp(sat) = 5-0.5+0.54+0.7 = 3.3V
Vpn = Vpgp(sat) + Vggp(sat) = 0.5+40.5+0.7 = 1.7V

8.) Piss = 5(250uA + 250pA) = 2.5mW

. W5 11

WI=W2 | W3=W4=W6 |W9=W10 W5 |Is(uA) |A,, Vgp | Vgn | Paiss
=W7=W8 =W11

90um 40um 18um 11um | 250pA | 17,329 V/V | 3.3V | 1.7V [2.5mW
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Problem 3 — (10 points)
L
‘_.__,..--"
200 4A =\ Tp J=Fod=Hof= o,
120 yA = I':’I- ID.:-.= IDS r I&

|
Cou= Bon _ 38 (g.85216 "

“on g A
= 430 nfy o

)

Holox = 450 Em 434 nF
V.8 ;ML

= 124 r‘-*l%,
(-1 J.{Aff'rz_

..'ll:p':.=

-ﬂﬁ.'F = &7 AAs

Eﬂ_ l'ﬂm:i Mozl m ém‘l'.l Fog |l rﬁ:r]

3

= Toy did _ 1004A (.04i- 556y

]
--ra—; L"I'F aAlg
fog = |BOEML = oy
g = e ki = Vg
LEH- L= Xy—2ly
= |- &= 2{0.00)
= O TL4M

Fm, = I|| lx‘;u_'t:"ﬁipl
=\(ars4-m}{a%}f|wq1‘
= 1640 MA/,

ﬂm‘ -Jl (194 4) Ilf %1} [w“}ﬁ

o7z &y

= 3LBD J-|.1,-’.,|,.

% i+ 64m) (90 k) (328 m) (45K)

]

==2.18 x |0%
comman Fode mnﬂr_:
From (g75),

Vie 7 Vit Vgt Vou~ Veg

Vou, = [2008) ', oz
CYE N
Ve 0. B+0D.6+ 0012 =11 5
Vi 3= 158V
From (6:77),
Il"h:._ <, 'I-"_;I +'I-|'ﬂ.|,..1' L"wﬁ'l-' h"bn,

Yoy, = — |_a{zoo)

m = -7 W

v‘-‘““l' - _L......._..._:'-jm’ =—ad2 ¥
47 [Jsa__.fp_rz}

vi; =B - Qe =0T + |45
Vie € 0n 41V

From (6:86],
Yo 2 o
Yy
From [E'ET.}J
i}-:.'-.- = a.=|'-|‘ - 0.5
1

55 't Tor
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Problem 3 — Continued
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Problem 4 — (10 points)
he2b o
,_,.-""'" {,-:‘,_1 -_;m '!:.Ir.."-'l'll.ll_lli‘
{ W WE a2 W
B o8
BB HE ] )
- b ] a1 ]
T 15 P
ud P L} e =
o 5 i 15 W
E [+ i Imd W=
i i a3 ELE IS
T BT 15 e
-] ] 4 izz =
T a 1
W3 e o e
T T
" WCELE = TIE - TMEL - [WmE] - f-vE
. w3 s s B e HE AT
"""EE bR LR B TO RS L8 D3 TR FORMRRD-WSTTTR RO
wE o8 [ e
Tl ) ] =i A 1
T = Tepm 10 AA Bp,ym 5O =T
,  EETIS EEE
tag= T J.2Ip=o030ya= Iy 7O

i+ FF"'"F

So Tage™ (17 Ppap) Tg = 20 44

b2 .

BRELT IN s D PREMSOE w DERE-E LT

Bigyg
:

:
i
i
:
d
]
]

Lt ] wp Al e sl A=
L ] -1 TR S =L IR Sald EEEREE 20
bl LR L St BT == AL ] Sl LR LT ]
- RREER L BT = 1S e =g, i)
P e el FEETio Suschiztoen
Il (=]
EEEDNT 3l ETH] +11-1] - L
L ol ELL L iy P il i
™ T HEE-EE B ESESE -] REE-ET S RSN D da -
™ T4 IR b SEE-E o TR A -
ak A.40FE-d1 3 RisE-BL - PEE-al -iomEc-El roam-m
IL = I‘ = EO A o TN E. AL -1, FSE-EL T AEAE-E1 %0 -
] L T “3. THEE-3] -F.MEREL L EITE-EL CLRAE-EL -4 g
T L 1L EE ] L MEREL L TITREL 1 ONTEE-RL 3o Uehi
HaiE LTER EFTIEM b RAE-RF PRSPl
IE" IE-_‘ = =,l+= IE‘. a F".,_ = 5 'HA‘ TR dodEeEt Ddoet doETeell lomsn rasmem
® LA LEIEE R LTI 1T
i T L L] 4. HEEE N L MR 10 § o it
L) L h N LN 'R A
IE - 1FI’¢].;*4 r H‘lll -] Jofdiptd olbeead LoeSEend JOEITHIT  IoEEs1)
WTIE  TMSECED IOEETHED  NLCEEED L MR 1NN

=1(5-"‘|-‘“ ‘5[:1-4_{5“)
{+50 {+ 5

= |f& -H-I‘I L] IEEF



ECE 6412 - Spring 2005 Page 7
age

Problem 4 — Continued
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Problem 5 — (10 points)
Vegm IBY

Tams™ S04, Ig- 07A , Te e 2004A

o Ex =037

Ey
From (), If we choose Ei-'l
i

T

¥

]
Py

U"'
ther Taag= 5(Fe™ o8

= 1000 YA = | md
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Meglect current fiow trrovgh g 1o is dependent
Ry and Ry from 200 yA SOUFCE. . e rperature becovse Is
2. ey = 200 44, Vgg = Vy b % depends on femperature.
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