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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‘+1‘5 v
negative power supply rejection MO 10/1 10/1
ratio performance for the two- 100/1
stage op amp of Fig. P6.3-9. 1/1__1’—’ M3 F__{I:MZ‘ IItM6
; I Vo
ISl Ce=5pF
co—— M1 Mz P
Vin 10/1 I
ho A ) ——— } IZOpF
| 1’51 =
ms J-——A —[ o7
1/1 jﬁlf 1 10/1
Solution -1.5V

Referring to the figure Figure P6.3-10

77
Vpp—Vss =Vypg+Vrg + \/ i

Ty,
Ky (W/LF \/K})(Wf);

or, Iy =60 pd
Now,
Eml =3633 US gy =24 1S gua =3 U 8me =TT46 1S gy =30 uS
and  &ds7 =24 1S
Ay =673 44 A,y =143
For the positive PSRR, the low frequency PSRR is

4 .

psrrt = 2 OG 144,
Bds6

and poles and zeros are

_ (GB B
v Hi

2 = 6.66 KHZ, 2] =GB =116 MHz.and %2 T P2 = 6.2 MHz.

For the negative PSRR, the low frequency PSRR is given by

_ A, (U
pspr~ = W Wou 54
& ds7

and the poles and zeros are
pr =GB 1704

T KHz, 21 =GB =116 Nizand 22 =P2=02 MHL.
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 1um and
operate in the saturation region.
Design all of the W values of
every transistor of this op amp
to meet the following
specifications: Slew rate =
+10V/ps, Vou(max) = 4V,
Voy(min) = 1V, Vj(min) =
1.5V, Vijc(max) =4V and GB =
10MHz.

Your design should
meet or exceed these
specifications. Ignore bulk

effects and summarize your W
values to the nearest micron, the
bias current, I;(pA), the power

Solution
1) 15 = CLSR = 250].1A

2.} gy = GB-Cp-=20mx106-25pF = 1,570.8uS = I

?VDD =5V
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—||:M3 M4

s

V2 o—||:

-—

Vgp o—
Ml M2_|—o

VB,-£| l—_> le\i 55 Veno—]

Vi
5o

vy [ *— 11

Mo ]

v |

M6

M7
Vout

Mil

M10 ™~

2,

Figure P6.5-13
dissipation, the differential voltage gain, A, ;, and Vpp and Vi, in the table shown.

Wi (1.570x10-3)2

2:250

3.) Wi=W4=Wo6=W7=W§ =

worst case)
2Ip

K’(Vps(sat))?

=2.110.125x106 = >

= 30.025 = 40 (assumed Ip of 250pA

2-250

4) Wo=W10=W1l = K’(VDS(sat))2 =7110.0.35 = 18 (assumed I of 250pA worst case)

5.) Viem(min) = Vpgs(sat) + Vgg = Vpgs(sat) = 1.5 - (0.159+0.7) = 0.6411V

21

2-250

- W5

6.) A= gmiRou

=K (VpsGan? ~ 110064112~ !
EmN = 704[.18, FgeN = O.ZMQ, Emp = 707}18, FasN = 0.16MQ

Ryue = 8N Fasn2 €mp- Tasp? = 28.14MQJ|18.1MQ = 11MQ
A= 1.57mS-11MQ = 17,320V/V

1) Vgp= S-VDSp(sat) + VGSp(sat) = 5-0.5+0.5+0.7 = 3.3V
Van = Vpsp(sat) + Vggp(sat) = 0.5+0.5+0.7 = 1.7V

8.) P = S(250pA + 250pA) = 2.5mW

=W7=W8 =W1 1
90um 40pm 18um 11um { 250pA | 17,329 V/V 3.3V [ 1.7V | 2.5mW
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Problem 3 — (10 points)

45
6.2

200 HA =| Tp J=p|=ITp )= T,
[DO MA "ID," IDJ-= I'DS = I.D4

Cox ™ %, = 3.9 (s.sstE"’ )
X

go A
= 43| Y'IF/-sz
Hnlox = 450cm. 43| nf
Vrs C_ML
= 194 MA/V"
, —
Kn = 194 HA/V,_
4 *
Xp = 647 HA/\ 2
Vo =g (Toall tay) §my( Voc ) ¥o7)
W
L= Toa dxg4 _ iooyA (0:044)» 5-56 4
GZ Lg# dVDS 072 Am
roz = ‘80 k:‘- = ro4.
rOG = 40k = LY

LLFFE L= Xd—ZLd
- | -0 l=2(0.09)
= O-'qum
Gm, = /2..:!:’_”. I
2 | PLe.ff D,
- \/ 2 (647.4) ( 150) (I00M) "

072

gmy =Jl(i94l-1) ( 3'%95) (‘woM)j

3280 MA/V
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Y% (. 64m) (20 K) (3.28m) (45K)
'!’.o

t

=-2-18 x jo%
common mode mnge:
From (6.75),

Vov, = [2000) " . 0,2y
194 (5%..,2)

Vie 2 -0.840.6 +0-12 ~1-5
v|¢ D - |'58 V
From (6+77),

Vie & Vg, Vou, + Vovgt Vop

VDV5 = [ 2(z00)

4 7(150, 1)

Vovy» —12(1090  * _oav
€47 (ls%,,z)

-o0:17V

Vig £ 04l V

From (6.86),

Yo = 0

Vad
From §-87),
_?.D_ = a’O'I = 0.5
1{55 oc + Yoz
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Problem 3 — Continued

THO-STAGE O3 ARFLITIER
atenar

Voo 100 0 1.5

VEE 200 ¢ -1.5

M 7T 5 4 & PESWISIU LelU
Ot 6 4 4§ PN08 W=1500 Lel¥
™ T 7 200 100 WEDd WaS0U  Lelt
M1 7T 200 200 WA WeS0D  LelU
4 Y 100 100 BMGS WelSOU Lelm
M % & 200 200 WMOS WelDDD LelU
o % 3 100 100 MO8 W=1S0U LalU
x 33 100 100 FNOB Wal3(Q L=l
IRYAS 3 20¢ 2000

4 THE DC OFFENT IS ALJUSTED BY TRIAL AND EXROR
* 7o EET THE GUATUT TO ITRO.

viL 8 1 4.60

¥z & 1 0

vIc 2 0 0

ALEFY = LDRANN - 2LD -XD = 1 - 2{0.98) - 0.1 = 0.71 UM
*LAMEDL= (CYD/INDA) /LEFF = 0.040/0.720 = 0.0555

OMODEL FMOS FMOA LEVEL=1 FP=154U VIOaD.f LANBDA=0.0353
JOORL MDS POS LEVELsl FKPe64.70 VIOm-0.8 LANBDA=D, 0555
SORTIONE WORME NOMCD

=5.643%-01 1.300B+00 -1.499%+00 -9.97T6E-81
LB 0. a. 0.

$.000K-01 ~3.000E-01 -N.000K-0L

=1.¥76E-01 1.398E-01 -1.976E-01 -1.976K-01

1.0012-02 2.102E-02 1.0518-02 1.024%-02
h. 0. 0. 0.

1.9788-03 1.%37%-03 2.078K-03 1.024E-03

1.052%-05 1.051K-05 1.052E-05 1.052E-0%
o0, 0. Q. Q.

-§.000K-01

WIDTR o=kl

JOFTIONS VNTOLs1R ABSTOLw1F RELICL=1D

LOF

O Vvl

J

et OFERATING FOINT THFOMMATION Mol= 27.000 TRME= 37.000

i =VOLTAGE nm =VOLTME wbe «TOLTME

+0:32 s 0. 0:3 = 5.0248-01 0:4 = §.357-01
+018 » 4.§00K-06 0:6 = 0. 07 u-7,.§09%-01
+0:3 =-7.6028-01 0:9 = 3.026%-04 01100 = 1.5002+00
+0:2300 a1, 500Z+00

SURCRT
noaENr 0:xl oz g3 o:d
WAEL 0: MO8 {:708 -H '} 0: 08

1 «$.7728=05 =9.7728-05 §.77iR-05 9.7721E-05

ms g. 0. a. 0.

ID 1.§978-14 1,.696E-14 ~7.391K-15 -7.398R-15

vas -9,35TR-01 -9.357E-01 7.3ME-01 7.351R-01

e =1.696K+00 ~1.695E+00 7.3518-01 7.390E-01

i3 0. a. 0. 0.

v -1.000K-D1 -§.000E-D1 B.000E-01 §.000K-01

VDEAT  -1,3STE-01 -1.357E-01 1.3%1%-91 1.391E-01

BT 1.0§2x-02 1.062E-02 1.010E-02 1.010E-02

GAM XFY 0. g. 0. 0.

™ 1.4418-03 1.4412-03 1.405F-03 1.405K-03

e 4.957E-08 4.3572-06 S.210K-06 5.310E-06

@0 a. 0. 0. e.

SUBCKY

ELDENT 0: [1d ] 1h o 0:Ms

| ve o 0:103 0:308 0108 LB, -}

pi] =1.984x-04 2.053R-04 ~2.033E-04 -2.000E-0d

pa o. 8. 0. 0.

Imo 5,.643E-15 -1.500E-14 1.5002-14 9.97€E-15

vGI -9.976E-01 7.394E-01 -9.376E-01 -9.976E-01

i

b

YR

VDBAT

ANTA

GAX T

[}

Goa

[+ )

sran SMALL-BIGHAL TRARSFER CHAMMCTERISTICS

v(9)/VI1 = -1.975E+04
INPUT RESISTANCE AT Vil = 1.000K+20
OUTPUT RRSISTANCE AT V{3) = 4.754E+04
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TVO-STACE CHDA ANMLIFIER (MAXINOM COMMON-NODE INPUT VOLTAGE)

seraNe

Vo 160 0 1.5

Vi3 300 0 -1.3

u T8 4 4 DA W=1500 Lel0
n | 4 ¢ TDE W=1500 L=l
b c] T 200 200 3OS W=50T L«1D
] B 7 200 200 TMDS We30U  La10
-] 13 100 100 PHDS W=15010 Lal
6 y 3 200 200 MCS W=10001 L=lQ
x? 3 100 100 MOS W=1300 I=1V
= 33 100 100 PNOS W=1500 L=1¥
IBIAS 3 100 2000

* THE DC OFPAET? 18 ADJUSTID BY TRIAL AKD ERROR
* 0 EIT THE OUTPUT TC IXRO.

Vi1 5 2 1w

vz & 2 ¢

* THE EAYTIETM VAIOE OF ¥IC 1 ADJUSTED BY TATAL AND EXROR
 UWELL M5 SARELY GPERATIZ TN THE ACTIVE REGION

+ (MEERE |VD| > |VDSAT| FOR k=)

YIC 2 o 0.38

SLEFY = LIRAMN - JLD ~XD = 1 - 2{0.08) - 0.1 = 0,72 TM
*LAMBOR« (DXD/DYDE) /LEFT = {.040/0.720 = (.05%5

UKL M08 JOOS LEVEL=1 KP=1340 VIOn0.6 LAKEDA=(. 0555
ST, MO8 PO LEVET1 KP=£d.70 VIOu-0,§ LAMEDA=D 0555

IDTH OUT=EO

.OPTIONS VNYOL=iN ABSTOLsi¥ RELTOLs10

.op

o vi9) VIl

B

aeas OPERAYING FOINT INFORGTION  THOM= 27.000 TR« 27.000

WIE  =VOLTAGK NODE  =VOLTAGE WIR  =VOLTAK

+0:2 = 3.600R-01 0;3 = 5.024E-01 0:4 « 12935400
*0:5 = 3.500R-01 03§ = 3.600%-01 ¢17 =-7.6228-01
+0:4 n-7,.402X-01 0:8 = 1.329%-04 0:100 = 15008400
+0:200  =-1_500R+00

sefe MOEFETS

SURCKT
ELEMEST 0:M1 0::e 0:0 (BT
oL 0:PE0S Ciriol 08 013808

t+) -3, 5048=05 -9.585E-05 3.584K-05 §.S08K-08

b+ 1 0. 0. t. v.

=0 2.058K-14  3.053%-14 -7.378X-15 -7.3908-15

VoA -3.331E-D1 -9.3322-01 1.3782-01 7.3T4R-0%L

VD8 «2.0558+00 -2.053Ke00 T.370E-01 7.338E-00

veg 8. 0. 0. 0.

v -3.000E-01 -8.000E-01 &.0O0E-01 §,000K-01

VDEA?  -1.331K-01 -1.332E-01 1.370X-01 1.378B-01

EETA  1.0818-02 1.081E-02 1.010E-D 1.0308-02

auEr 0. 0. o. 0.

o 1.440E<03 1.440E-01 1.391E-03 1.391K-03

coa 4.774E-06  4.775K-06 5.1108-06 5.110K-D

an 0. 0. 0. 0.

KUBCKT

xLoumet  0:M3 0:M6 0:M7 o

ML 0:FHOH 008 0:FMOS O PWOS

bl -1.9172-04 2.053X-04 ~2.053E-04 -1.000E-804

e t. 0. 0. 0.

=D 2.068T-15 -1.5002-14 1.500R-14 %.91EX-1%

VO3 -9.376X-01 7.39EE-01 -9.576K-01 -§,3T6K-01

o8

=2.060E-01 1.500R+00 -1.499E+00 -3.375E-01

VB3 0. 0. 0. 0.

VIE -8.000E-01 @.000E-01 -0.CO0E-01 -§.000E-01
VDEAT  -1.976E-01 1.39ME-01 -1.976E-01 -1.4T76K-01
BETA §.0162-03 2.102K-02 1.051%-02 1.024E-02
AN EFF 2. 0. . g.

o 1. M0E-D3 1.937E-03 1.070Z-01 2.014E-03
fr] 1.652x-05 1.052Z-05 1.051K-05 1.052K-05
0. g. 6. 0.

bk HMALL -BICMAL TRANAFER CHARMCTERISTICS
Vis) VIL = +2.029K+04
IRPUT RESISTANCE AT vIi1 = 1,000E+10
CUTPUT RESISTARCE AT V(%) = 4.7531E+04
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Problem 3 ~ Continued

TW-STVE CN0d AMPLITIER (MININOM COMMON-NODE INPUT VOLTAZR)

YDD 100 0 1.5

veE 200 ¢ 1.5

n 15 4 4 DBADEW130 LU
| -} LI 3 4 4 PR W10 LelD
[ <} 77 300 300 WMDS W=30U LelUD
| LI 200 200 NMOS We30U LelU
| ] i 13 100 100 PMDS W=1300 (=)0
»» L | 200 100 MMDS Wel00D La1U
w 33 100 100 MOS W=130¢ Lall
| ] 113 100 100 PNOR We1S0U La=10
INIAS 3 200 2000

* THE DC OFFSET IS ADJUSTED BT TAIAL AMD ERROR
* 0 4T THE OUTIUT TO IEROC.

vii 5 1 -33.T

YiZ2 & 3 0

* {vxxxz |vDs| > |vDeat| rou M)

¥Ie 2 0 -1.3%

TLEFY = LIGUE - 21D -ID = 1 ~ 2(0.09) - 0.1 = 9.72 M
*LANBIAe [ IXD/CNDE) /LEFY = 0.04U/0.720 = 0.0555

JOOKL S W08 LEVELel KPs1940 Y¥O=0.6 LAMBDA=O.033%
JODEL MO8 PO 1XVELe]l RPugd. 70 YTCa-0.8 LAMEDA=O D585
CPTIONE NGPAGK BOMCD

NIDDY OUT=ED

JGPTIONS VITOL=1N ABPTCL=1P RELTOL=10

.op

ST Wi I

THOM= 27.000 TEWP= 17.000
i =VOLIAGR e =VCLTAGE
=-1_S80R400 D:) = 5.0245-01 0:4 ==§.030K-01
==1.5305+00 0:6 ==1.550R400 017 =-7,551x-01
+0: =-7.6028-01 0:9 = 5. 060E-04 01100 = 1.500%+00
w=1.500K+00

-
-
-
-

L 5 - o
s [ 01304 D308
-1.0500-04 -1,0508-04 1.0502-04 1.0542-04
0. b, 0. e,
1.5238-15 1.372K-15 =7.4403-15 -7.3%8IX-15
-$.471x-01 +9.470E-01 T7.440E-01 T.4402-01
~1.5238-01 ~1.5TIE-01 7.440E-01 7.3543-071
0. 0. 0. o,
-$.000%-01 -8.000K-01 &.000K-01 &.000E-01
=1.471E-01 -1.470KE-01 1.448E-01 1. 440E-01)
$.7472-01 9.7%0E-03 1.0108K-02 1.010X-02
0. 0. 0. 0.
1.43%2-03 1.439%-03 1.463E-03 1.462E-03
5.0242-06 5.821RX-06 35.640E-06 S.640E-06
G. 0. 0. 0.

0z 0:3
0

D:NE 0:X7 O:né
0: P08 0: 08 [F3y + ] D:FNDE
~1.118K-04 2.053E-04 -2,053E-04 -2.0002-04
0. 0. Q. 0.
2.1038-14 -1,301K-14 1.499%-14 9.376E-1%
=9.9768-01 7-3MIR-01 -9.376X-01 -9.376K-01
«1.103F+80 1.500K+00 -1.439%+00 -9.976K-01
. a. 0. Q.
~1.00DE-01 &.000K-01 =-%_00O0E-0F -3.0Q00K-01
=1.976-01 1.3%0K-01 -1.376R-01 -1.976E-01
1.084E-07 2.103%-02 1.051B-02 1.014K-03
0. 0. a. Q.
1.142K-03 2.9%7E-03 1.077X-03 2.0242-03
1.052E-05 1.052K-05 1.052E-05 1.052E-035
0. 0. 0. 0.

ggaaaaaaagig iaegggizaaaevgia

3

: ga
: BEERE

ROLL-STGOL TRAMSFER CHARACTIXISTICS

VI8 /VIL = -1.T508+04
INPUT RESISTANCE AT vIii = 1.000X+20
QUTPUT RESISTAICE AT ¥{9) a L. TSEX404
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TVO-FIMGE OMON ANFLITIER (GAIN FROM YD}
reian

D 180 ¢ L5

VRS 00 O 1.5

| 8 T8 ¢ 4 PSSy Lalo
| - | I 4 4 PWOY Wel30U a1V
u3 17 100 200 MEDS WaSOD  LelU
] | 3 § 200 200 MMDB W=500 L=1U
L 13 100 100 PMDS WelS0U Laly
» L B 200 200 MEOS Wel0OU L=ip
| ¢ y 3 100 100 PMDE WelS50U LalD
-} i3 100 100 MO8 walSOU Ls1U
TBIAS 3 200 2000

* THE DC OFFSIT IE ADJUSTED HY TRIAL AND KRRGR
* TO AXT TEE OUTPUT T0 IERO.

VIl S5 31 4.60

vz & 2 0

vic 31 ¢ 0o

*LETT = LDRAME - 2LD ~XD = 1 - 2({0.09} - 0.1 ~ 0,72 M
*LAMEDLe (DED/IVDS) /LEFF = 0.040/0.770 = 0.055%

EL B8 MOS [XVEL+L FF=130 VT0«0.6 LAMEDA=(.0S85%
JODEL P08 MI0S LIVELal KR=64.70 VTOw-0.8 LAMKNA=(, 0555
.OFITCNS WOPAGE NOND

NIDTH OUT=30

OFTIONE VRTOL=1X ABFICOLw1F RELTOL=1VU

OFEFATING POINT IRFORMATION THM= 37,000 TEMP= 27.000
IR =VOLTAGE wooe =TOLTAGE

+0:2 = 0. 0:3 w» 5.024K-01 0:4 = 9.357R-01
+0:5 = {.G00R-0F O:6 = 0. n7 #=7.609K-01
+0:0 =-7.6028-01 0:% = 3.026%-04 0:100 = 1.500R+00
+0:200 ==1.500R+00

Labld SOLL-IICOT TRAMSYTR CHARMCTERTSTICS

V¥ N = ~1.64TR-02

TAPUT RESIETANCE AT Voo = 4. 723E+0M4

OUTFUT RESIFTANCE AT V(9) » L.750Re04

:

1.5

-1.%
4 & Dp weisoy
4 4 POB Wel30T
200 200 303 W=SOU
200 200 XMO8 M=50U
100 100 PHOS W=l1SGT
200 200 MO8 W=100U
100 100 PMOS WeiS0U
100 100 PMOS W=l50U

=17
L=1¥
L=10
L=1U
Leil
Laly
L=y
T=17

[FRER PR NN

ALEFF = LDRAMK - 21D -XD = 1 - 2{0.09) - 0.2 = 0.7T2 UM
*LABDAs [OID/DVDS ) /LEYT = 0.040/0.920 = (.0555

JOIEL DS B0 LIVELa) FP=134U VTOw0.§ LANMDA=0.0%33
-MODEL FNOS MO8 LEVEL=1 KPefd.70 VICw-0.8 LAMBDA=D.0555

NIITH (AFP=RD

~OPTIONS VNTOL=1N ABSTCLalF RELTUL=1T

0P

P Vi) VS8

D

aser  OFERATING FOTNT INFORMATION THOM= 27,000 TEMP= 37.000
Wox *VOLTASE WD =YOLTACK HODR =VOLTAGE

+012 = 0. B:3 = 5.04K-01 O:d = 9,3572~01

+0:5 = 4.600K-06 0:§ = 0. 0:7 =-7.508K-D1

+0:0 =-7.6028-01 0:5 = 3.036K-04 0:100 = 1.5008+00

+0:300 w-1.500K+00

sare SHALL~8IGMAL TAANSFIR CHARACTERISTICS

V(%) /vas = 5.063K-01

INFUT RESISTAICK AT viB = 1.865K+05

OUTPUT RISISTARCE AT Vi3 = 4 TSAESO4
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Problem 4 — (10 points)

426

g
@

Te,

IB-'-' Icl

-:I‘z’ 1O A

JIrer

5Pnp= S0

I+ Bopp

"o Iger® (M1 Bpap) Ty = 20 4A

-3

= IEIBE 13'4‘21;4 oL :Eci!- 54A

Ig"' ZIIC3I+4 ‘IB|3|

—
-

2 (E44).50+4. (.15_*.'1)
I+50 [+ 50

'0-2 HA - IREF

— [ ’

Page 6

e LI 15
VER awe o =15

Inxr to0 k] an

o 100 ] 10 L

Q3 100 ] 1 Ly

Q3 12 § 10 ne

1] ¥ (] 11 NP

Y 12 13 0 KM

-1 16 13 00 W

a7 100 12 11 KPR

a0 [ [ ] 200 W@

Q11 [ ] ] 00 W

Q12 00 4 3 iy

* NITE VIC » ~12.§ V,

* WX10 » VIC - VBEL - |VBXY| - (-VEX)
¥ =12, ~ 0.6 -0.6+ 15 w12V

* TEIS IB KNOUGH TO OFENATE Q10 IR THE FOMMARD-ACTIVE ARGICH.
Vi1 & ] -11.8
vI2 ¥ o ~13.6§ AC 1

JODEL NN NPW  BP=250 1§=3E-15
DKL PRP PME BF=50  IPs2E-15
SOPTIONS NOFAGE FCONOD

HIDTH DUT=20

.OF

¢ YOUT IN USED TO MEASURE THE AC SBORT CIACUIT GUTPUT

* CURMENT TO PIND GM.

* THE IC VALUE OF VOUT YOS GIVEN IN THE PROBLEM STATEMENT.
voUr 18 200 1.6

A DEC 11 10
SPAINT AC IN{VOGT) IR(VOUT}

* THR TRAMBCOMDUCTANCE CAN ALBO BE MEASUNED BY ELIMINATING
* TE VOLTAGE SOUMCE COMMECTED AT THE OUTRUT ARD THR

* AC ANALYSIS ABOVE, FINDING THE VOLTAGE GAIM AND OUTPUT

* RESIGTANCE WITH A .IT STATEMENT AS SROWM RELOW,

* ARD CALCULATING GM = (VOLTAZE GATN)/(GIPIFUT AXSINTANCK)
® THE RESULT I8 G = 1.736K4/9.23787 = 10428 A/V

".TF V(I6} VI2

*4vr OFXRATING FOINT INFORMATION

WIE  «VOLTAGE WDE  =YOLTAGE NOIR  =VOLTAGE
+0:3 =-1.383E4+01 014 w-1.453E401 D16 n-1.3738+01
+0:10 =-1.240%+01 0:% w-1,2602+01 H:%0 -1, 315E+01
#0111 =-1.3152+01 0:12 ==1,4012+0% §:13 u-1, 4442401,
+0116 w-1.3402+01 D:100 = 1.300F+01 0:200 =-1,5002+01
Sutt BIFOLAN JUMCTION TRANSISTORS
BUBCET
ELEMENT 0:Ql 0102 0:03 0:04 0:0%

NODRL 0:KPE LB o:-FuP a:mr 0:¥PN

e ] 3.9458-00 J.M45E-08 ~1.342%-07 -1.949K-07 3,343E-08
Ic 9.863K-06  §.3638-06 -5.704K-05 =3.707E-06 9.T0BE=06
vax 5.536F-01 §,536K-01 ~5.769K-01 -3.745EK-01 5.532E-01
ez 2.015E+01  2.B1SE+D1 ~0.E51K-DL ~2.464E-01 9.013F-01
VBC ' -2.760E+0) -2,750Rs01 2.8B3E-01 -3.304X-01 -4.282E-01
vs ~1.S00B#01 -1.500B+01 1.373F+01 1.373E401 1.401X+01
POWER  2.777E-04 2.777R-04  B.S11X-05 Z,308E-08 9.544%-06
BEYAD  2.500E+02 2,500E+02 S5.000E+D1 4.941E¢03 2.5D08+03
o 3.012E-04  3.0132-04 3.7S4E-04 3.783E-04 3.753E-04
rPX 6.555K+05 §.586X+05 1.327E+05 1.332K405 6.GE0K+05
] 0. 0. [ B 0. 0.

i) 5.520E+15 3.520R+15 1.441X4%4  1.561E+07 0.5867M+13
BETAAC  2,500R+02 2.3500K+D2 5.000K+01 4.999E+01 2.5008403

THGH=  27.000 TEMR= 27.000
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Problem 4 — Continued

0:Q11
0:07%
1.5368-09
31.8%08-07
4.6998-01
4.699%-01
0.
1.4538+01
1.8263-07
2.500R+02
1.504E-05
1.6620407
0.
5.171E+12
1.500K+02

9:012

LB,
-1.2118-07
-1.961K-05
~3.350K-01
-1.065%+00
4.6%93-01
1.4332+91
2.1128-05
£.0008+81
T.501E=-04
§.585E404

1.
2.243%+14
5.000X+01

TRNM=  17.000 THEMP  17.000

SURCKT
FLEMEWT 0:08 0:07 0sgi0
WKL 000K (B 0:uvR
e ) 3.403) 3.094x-10  1.556E-0%
Ic 9.708K-08 T.TASE-00 3.8902-07
s 5.7328-01 4.282E-01 4.693R-01
wx 1.6000400 2.944R+81 1.263F+0D
vBC =1 045400 ~2.901K+01 -7 934E-0L
Vi 1.,3402401 -1.300K401 1.373K401
POMER 1.5558-05 2.270R-06 4.%47X-07
AETAD 2.500R+02 2.500We02 1.300K+02
o™ 3.783%-04 2.991%-DF 1,504E-03
XPI E.GEOR+05 9.359R+0T 1.682B407
m 0. 0. 0.
] 1.093Be 4 5.B0IEA15  1,599K414
EETAM  2.500E+01 2.500R+02 2.500%+02
ARARSS mmuu

mEQ  INM I PEASE

wor your

1.0000R+00 1.0778-04 4.174x-23
1.00008+01 1.072-04 4.174E-22
741 INFUT BIAS ECHEME (B)
LIl Ll
veo we 9 18
k< 200 0 -15
Ir 100 ¢ 10.30
Ql 100 1 10 Wm
Gz 100 9 11 o
"5 13 L 10 =
o 15 § 11 me
a3 12 13 00 w
Q6 16 13 200 wEN
Q7 100 12 13 | o
[ U [ 00w
it 4 4 00 WM

* REEVE Q12 FROM THR CTRCUIT.
¢ TP wAS OWLY NEKDED FOR FART (1).

Q12 200 200
o1 ] &
Q14 [ L]

* WITE VIC = -12.4 V,

200
10
11

54§

* VCEID = VIC - VARL - |[VEE3] - {-VEX)
= «12.6 - 0.6 - 0.6 + 15 ~1.2YV
* TEIA I4 BOOGE TO OFIRATR Q10 IN THK POKNAND-ACTIVE REFICN.

¥IL 1 a
Vi L] 0

=12.5

«13.6 M2 1

JNDDEL PN MFR BMP-230 IS=5B-15
NODEL MY I BF=30 19=33-13
-OPTIONS NOPAGE FONCD

-WIDTE OCT=10
.op

* VOUT 15 USED T0 MEASURX THI AC CNORT CIMCVIT OUTFUT

* CURKENT 10 FIND M.

* THE DC VALUR OF YOUT WAS GIVEN IN THE PROBLEM STATEMENT.

VoUT 16 200

ADDED 1110

1.8

-FPRINT A IM[VOOT} IR(VOUT)

¥ THE TAAKNSCOMDUCTANCE CAN ALSO RE MEANURED XY RLINTAATING
* THE VOLTAGE DOURCK CORNECTED AT THE OUTFUT AND THE
* AC AEMLTSIS ABVE, FIKDING THX VOLTAGE GAIN AND OUTPUT
* RESISTANCE WITR A .TF STATEMENT AS SEOWN BELOW,
* AMD CALCULATING QM = (VOLTAGE GAIN}/{OUTFUT RESISTANCE)
* THR RESULT 15 GM = 1.942%4/2.063K8 = 342-§ WV
" THE TRAMSCONDOCTANCK 1§ REDUCED EENE COMPARED

> 4 s w

ST? V(16) vI2
ERD

TO TED TRANSCOMDUCTANCEK IN PART (A} BECAUSE
HE COLLECTOR CURREWT OF Q13 ARD Q14 HERE FLOWa
IN QL0 AND DOX9 NOT CONTEISUTE TO THE STAGK OUTPUT.
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hanw

OPERATDN POLNT DIFURNATION THON= 27,000 TEMP= 27.000

NDE  =VOLTAGR - “VOLTAGE g «<WLTAGE
+0:3 = 0. LT ] =1 444B40F 0:6 =-1.371K201
0r8 u-1.260K+81 0:5 w-1.260%+01 0:10 w-1,315K+0%
*0:11 =-1.3158+01 0:12 ==1.4058+01 0:13 =1 446E+01
+0:1¢ =-1,340%+01 0:100 = 1.500K+01 B:200 w-1,500R301
*ee2 RTPOLAR JUNCTION TRANSISTONS
BURCET
ELENENT ¢:Q1 0:02 (.42 gk 0:98
MOIEL  0:MM 0 YR o: o:me
- | 3.954R-08  3.954R-0F -3.729K-08 -9.765E-00 1.946R-00

e V. BR4E-05 S.BM4E-06 ~4.8655-06 -4.854K-06 4.0655-06
L $.5362-01 5.536F-01 -5.530%-01 -5.%305-01 5.353E-01
v 2.01SE+01  2.5133+01 ~3.004R-01 -2.464X-01 9,.498R-01
e -2.T60R+0L -2.TS0E+0L  3.418R-01 -3.126R-01 -4.1035-01
A ) -1.500E+01 ~1.S00R+DL 1.371B+01 1.371R+01 1,405B401
FOWER 2.7HIE-04 T.7HIR-04 &.437TE-06 1.2%3K-06 4.610K-06
EBAD  2.300R+02 2.500B+02 5.0008+01 4.981R+01 Z.500B402
o™ 3.8228-04 3.8238-04 1.001E-04 1.8K1E-04 1.802X-04
RPI §.5A1R+05  B.541R405 2.630X¢05 2.458E+05 1.329R406
x o 0. 0. a. 0.
- RO S.520K+15 5.520R+13 1.709R+14  7.2903407 0.20%R+13
BETAM:  2.300E+02 2.300R+02 5.000E+01 4.999E+01 2.500%+02
SUBCKT
ELRwENT O:06 1341 4 a:Q1¢ 9:011 0012
NODEL 0: 000 CrFn LH ] [H L5,
b ] 1.946%-08 1.550K-10 4.04R-00 4.048K-08 0.
Ic 4.UE¥E-05  3.076E-08 1.012E-05  1.0128-05 0.
VEE %$.353F-01 4.103X-01 5.54IE-01 5.342%-01 0.
wE 1.600E+00 2.%46X+01 1.207E+00 5.542R-01 6.
e =1.064%+00 -2.905X+01 -7.332E-01 9. o.
va 1.3408+01 -1.5002+01 I.371He01 1.4d4R+01 1. 500N401
POMER  T7.7ME-06 1.162E-06 1.305E-05 S.¢3ix-06 0.
* BETAD 1.500R+02 2.500E+02 2.500E+02 2.500K+02 0.
- ] 1.801K-04 1. 499B-0F J.%12E-04  3.913E-04 0.
RPI 1.3298+06 1.GESE+DR  6.390F+05 §.390F+05 6.466T+L4
x 0. 0. 0. 4. 0.
b <] 2.1298+14  5.0L0K+15 1.46EReld4  5.172%+12 1.293K+10
AETAMC  2.500m402 2.500R+02 2.500E+02 2.500E+02 0.
SUBCKT
ELRMENT O:{111 0:014
MOURL,  D:IMP o:rmer
b ] =3.7198-05 -9.7303-04
e ~4.0E5E-08 ~4.B865K-06
ER -5.5%02-01 ~-5.5308-01
wE -5.5902-01 -5.5%0R-D1
B 0. o.
v3 1.371K401  1.371K+01
POMER 2.7THE-08  2.TME-DE
BFIAD 5.000E+0L S5.000E+D1
o Loptin-04  1.K31K-04
rri 2.658E+05 2.558E+05
X Q. 0.
b -] 1.2938+13 1.21325413
X BETAAC  5.000E+01 5.000E+01
raeses A ANALYRIS THOM=  27.000 TRMP= 27.000
4] I 0: 1 pHANE
wotre YouT
1.0000R+00 9.405z-03% §.1TIE=-23
1.00008+01 9.405K-0% [ W FE) 24 ]
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Problem 5 -- (10 points)

Vee= 10V
21 I S50 uA , I« 107%4 L, » 2004A
2 acoua 219 Bias™ 20 4A 5 Is » ey 2004
‘* Ra _
Q(5%) s 2= 077
R Ry
2
| IS From (D, If we choose%-i
R, y
(-3 {+ Ra
TSI then Tpipg= 5(Taft!" )
i = 1000 MA = | mA
: and IBH\S Is indzpendzn'l- OF
~Vgg=-i0y - temperatyre . In general, f.F-_R_;__#j_
R,

Neglect current flow through  Lon Igips is dependent
R and R, from 200 ua source, on temperature becavse Is

oo Ty = 200MA, Vg, =V, In ez depends on temperature.

Vee, + Vee, =

= "VL (RH'RJ.)'U’I IC:.

Ry

Vv n I‘J|I¢4l)
I$4.

i

Areas of Q,,Q, are 5 times
of &, and @, , Therefore,
v, (’.n Taips’ s) G (i E’-)Ln I,
251'- ( )
. _ 4 H- Rr
<o Tias = "—I*S(i‘l =" 2)
b (14 R: 1(-%)
5(Ta)* " mi(L)
—®

B i (E)

R, ” (:?)

i

-1
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Problem 5 — Continued

741 DUTIUT-STAIE SIAS BCEEME

* JFeLARGE TO CHECK NAND CALOULATIONS
et

wee 1w 0 10

= w0 -10

Imxr 100 3 aom

g2 3 4 5 X

] 100 3 1] R 5
o 200 ] § = 3
n L] 3 100K

a2 3 4 7%

i 5 e 9.404

JKDEL I0H P ar=10000 Ia=ix-15
JOOEL PNP PP RFs1Q000 IgslR-15
.OFTIONE NDPAGE NOWOD

-WIITH OUT=00

OF

KD

k4t OPREATIG POINT INFPORMATION THON= 37.000 TEMPs 27.000

[ -+ ] sYOLTA me =VOLTME e =VOLTAE
+0:2 = 5.9%2%-01 Q:4 = 7.614E~02 0:5 -5.960R-01
08 =-4.124K-04 0:100 = 1.000R+01 0:200 =-1,000K+01
#otd EIPOLAR JUNCTION TRANSISTORS
FOCET
ILOMENT 0:Q2 01Q3 O:ge
KERL 0: e LB} - L5,

I 1.933R-08  5.008R-0% -5.008E-0%
b (o 1.923K-04 5.008K-05 -5.003%-05
VR §.7212-01 5.956X-01 -8.9562-01
vk 1.1915+00 1.000K+01 ~9.959K+00
BETAD 1.000Z+Q4 1.000E+04 1.000F+04

¥ee 00 0 10

VI3 Mo 0 =10

T 100 3 000

o 3 + L] o ]
Q3 100 k] § wE S5
[+ aon H 6 ne s
= + 5 100K

| 3 4 TR

I 5 Fi 4.404

DKL NPN NPN AF=2S)  ISalE-15
MODEL FEF  FEP AFeS0 IB=1R-15
JOPTIORS NOPAGK NONOD

JWIDTE OOT=0

Or

JIENF -85 -35 -15 5§ 25 4% 65 85 108 125
.XND

noR= 17,000 TEMP= -55.000

o =VOLTAGE noE =VOLTAGE i =VCLTAGZE
+0:3 = §.9578-01 0:4 = 2,135E-01 0158 =-5_960K-01
+0: 6 = 1.4978-01 Drio0 = 1,0008+01 01200 ®-]1.300K40]
aett BIPOLAR JUNCTION TRAMSISTORS
SUBCKT
ELEWENT 0:Q2 0:Q3 0:04
WOLEL 0:%rn 0:NFN [ 13 )+

I T.6408-07 1.301X-07 -6.403E-27
b (4 1.5108-04 3.253X-0% -3.203E-05
VAR B.05R-0L  7.460E-01 -T.457R-01
ycx 14518400 $.050B+00 -1.01%5E+01
RETAD 2.5%00K+07 2.500%+02 5.000E+D1

(121}

OFERATING POINT INTOMMATION THOM=  17.000 TEMP= -35.000

oIk =VOLTACK e =VOLTAZE: L= =VOLTACE
023 = §.3758-01 0:4 = 1.6060-01 0:5 =-5,340K-01
+0:6 = 1.2062-01 D:100 = 1.000E+01 0:300 ==1,0008+01
s+4s RIFOLAR JUSCTION TRANUISTORS
BUBCKT
KLDENT $:92 0:Q3 o:gd
MODEL 0:APN 0N 0 e
e} T.6508-07 2.086%-07 -1.027E-08
ic 1.913x-04 5.2152-05 -5.134E-05
VE 7.7668-01 7.169K-01 -7.166x-01
ez 1. 433E:00 50738400 -1.012E401
BETAD 2.5008+02 3.300E+02 5.000Z+01
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(1T

OFERATING TOINT INPORMATION THOM=  17.000 TEMI= «15.000

o “VOLTAGE nE =YOLTMR mnix =VOLTAGE
+0:3 = 7.786K-01 Cid & 1.4T)E-01 0:§ u=i, 360%-01
+0:8 = 9.1108-02 0:100 w 1.000R+01 0:200 =~}.000K+01

FhEt BTPOLAR JUNCTION TRAKBLSTORE

UBCK?

ELDGNT §:Q2 0:93 oipd

MODKT, 0: 0:NPR o:ne

IB 7.660R-017 1.116F=-97 -1.533K-06

b o 1.9152-04 7.790%-03 -1.867R-05

ViR 7.433T-01 6.475R-01 -§.RTIR-01

s $.374X+00  9.308X+00 ~1.D09R401

BETAD 4,500K+02 2.5003+02 5.000R+01

it OPXPAATING FOINT INFORMATION THOM=  17.000 THMFe 5.000

e aVOLTAGE e =VOLTAGR e “VOLTAGE

+0:3 = 7.1692-01 034 = 1_135§-01 9:5 =-%,960%~01
+0:6 = §.1253-02 0100 = L.000K+01 D:300 »-1.000R+01
diré BIPOLAR JUNCTION TRANEISTORS

HIACKT
‘ELEMENT 0102 4:03 0

WL LB 0: e 0 PP

B 7.468K-07 4.401R-07 -2.166X-08

I¢ 1.8172-04 1.100K-04 -1.083E-04

viE 7.095E-01 6.5TEE-QL -6.573E-01

yCcx L.14E+00  3.938E+00 -1.006B+01

BXTAD 1.500R+02 2.500B+02 5.000E+01

t44r OPERATING POINT DOURMATION THCNs 27.00¢ THOOPs  35.000

e =VOLTAGE RODE =VOLTAGE s =VOLTMGE
+013 = §.5858-01 0:4 = 7.9198-01 0:5 =-3.3508-01
*0:6 = 3,107%«402 0:100 w 1.000E+01 ¢:200 u-1.00084+01

4kt BINGLAR JUNCTION TRANSISTORA

FBCKT

ELEMENT 0:02 0:03 LH
MOIXL 0:NPN KM e

I 7.6750-0T7 5.9%442-07 -21.91%K-06
e 1.9192-04 1. 406R-04 -1.4638-04
VAR 6.7545-01 6.273R-01 -6.2T1R-01
wx 1.2542400 9.7682+00 -1.003E+01
BETAD 3.500%402 2.500+02 3.000R+01

*tev  OPERATING POINT INFURMATION THOM= 27.000 YEMP= 45.000
o aVOLTAIE e =VOLTAGE L] =VOLTAGE
+0:3 ® 5.9768-01 0:d = {.4812-02 015 =-5.960E-01
+0:6 = 3.7238-04 0:100 = 1.000B+01 0:200 =-1.000401

WTRCKT

DLOENT 0:02 G:Q3 0:Q4
MOIEL 9N 00N 0:Par

m 7.6028-07 7.7412-07 -3.810%-0¢
Ic 1.920R-04 1.925B-04 -1.9032-04
e E.409E-01 5.970K-01 -5.966X-01
R~ 1.193E400  9.999E+00 -1.000X01
RETAD 2,300K+02 2.300K+02 3.000Z+D1

144t OFERATING POINT INFORORTICN THOM=  27.000 TEMP= £3.000

oo =VOLTAGE NoDE aAVOLTAGE Moo aVOLTAGE
+0:1 = %.350E-01 §:4 = 1.0128-02 x5 »=5.9602=01
+0:6 ®=3,021K02 0:100 = 1,0008+01 0:200 w=1.000%+01

stee BYPCLAN JUNCTION TRARSISTORS

BUBCKT

FLOENT 0:Q2 0:0] L-H- )
HODEL 0:3PN O:sirw o1 P

m T.GRE-0T7 9.783E-07 ~4.014K-04&
Ic 1.922K-04  2.446R-04 -2.407Z-04
L1 6.061E-02 5.642R-01 ~5.658K-01
VCE 1.132B+00 1.003K+01 ~3.969E+00
BETAD 2.500K+D2 Z.500F+02 5.000R+01
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Problem 5 — Continued

esve  QFERATING FOINT IMFORMATION THGMe 27.000 THOP= §5.000
| -t ] =VOLTME o =YOLTAGE e aVOLTAGE

+0:3 = §.739%-01 0:4 =-2,4988-02 013 »=5.960E-01
+0:6 =-§,1278-03 0:100 = 1.0008+0L 0:200 ®-1.000E+81
#42t BTPOLAR JUNCTION TRAMEISTORS

EUBCKT

ELDENT §:Q2 0:q3 0:gé

MorEL LB 0: 5 0:PRP

h: 4 7.6932-07 1.205K-05 -5.933E-04

Ic 1,923%-04 3.0142-04 -2.9662-04

VR §.7108-01 5,3522-01 -5.3472-01
x 1.069%+00 1.00ER+01 -9.530R+00
BETAD 2.5008+02 2.500%+02 5.000K+01

44k OFERATING POINT INPFORMATICH ool 27.000 TEMP= 105.000

WX *VOLTAE WOIE =VOLTAGE e =YOUTAGR
+0:3 = §.113K-01 0:4 a-6.037E-02 0:5 ~-5.3602-01
+0:6 =<9 259R-01 0:100 = 1.000K+01 0:300 w-1.0008+01
4#+¢ BIPOLAK JONCTION TRANSISTURE
ST
ELEMENT ©:03 ['1]-}] 0: {4
oreL D:EW Q:rn 1D .

b1 7.657K-07 1.4542-06 -T7.150K-06
Ic 1.924E-04 1.636x-04 -3.579E-04
t 5.356K-91 5.039E-D1 -5.004E-0%
R 1.00TE«DG 1.009K+01 -3.907R+0D

BETAD 2.500K+02 2.500K+01 5.0005+01

e OPERATING POINT INFOMEATION THOMa  27.004 TENP= 135.000

IR =VOLTME woE sWILTAE WE = WLTAGE
+0:3 w 3.432x-01 O:4 w=3.§045-07 015 =-5,9608-01
016 »-1.242%-01 0:100 = 1.0008+01 D:300 =-1.000K+01
sas¢ BTPOLAR JUNCTION TRANAISTORS
FORCET
LLDIENT ©:02 0:03 0
WML ¢ L5 O:INP

s ] 7.6992-07 1.723R-05 =B.4B0E-0%
ic 1,9258-04 4.308E-04 -4.260B-04
VB 5,000K-01 4.724E-01 -4.7T102-01
V3 9.441R-01 1.012E+D1 -5.37SE+0D
METAD 2.%00R+02 2.500E+02 5.000E+01
™ME (D8G ¢ IC3 = IBIAS (X) T 03 = INIAS (A)

-35 3.153%-05% 45 1.935x-04

=35 5. 2198-05 &5 2. 445R-04

-1% 7.730E-05 5 3.0L4X-04

] 1.100K-04 108 3.6ICE-04

FH 1.4BEE-04 125 4.308E-04
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