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Homework Assignment No. 8 - Solutions

Probiem 1 - (10 points)

This problem deals +3V

with the op amp M3 Ma
sf%o;vnsin Fig. M14|:|l |l 'I-—J
P6.5-15. All ' ‘

device lengths are —I 11'51 l L5
lpm, the slew rate MI15 :l

is £10V/ps, the GB }—|
is 10MHz, the

maximum output I <l> v, 0_||: %,?iﬂ lO.SI l I lI .

voltage is +2V, the
minimum output I Voo—p—o | M2 %l 4

voltage is -2V, and l 2 '__||__. 10pF
the input common lI

mode range is from M13 lg/[ =
1V to +2V. M12 i 5 M10 |——||ﬁM11

<
(=8
Tt
<
~J

Design all W values

of all transistors in 3V

this op amp. Your _

design must meet or Figure P6.5-15

exceed the specifications. When calculating the maximum or minimum output voltages,
divide the voltage drop across series transistors equally. Ignore bulk effects in this
problem. When you have completed your design, find the value of the small signal
differential voltage gain, Ayq = vour/Vid, Where vig = vi-vo and the small signal output
resistance, Rqyt.

Solution
1.) The slew rate will specify 7. o I1=CSR=1011.107 = 104 = 100pA.
2.) Use GB to define Wy and W,.
GB = g%l = gm1 =GB-C=2nx10710"11 = 6288
8m1 (628)?

s W= 2KA(03]) =2-110:50 = 35.85 = i@ = Wy =36um

3.) Design W5 to give Vi+2Vyy bias for M6 and M7. Vo = 0.5V will meet the desired
maximum output voltage specification. Therefore,

/ 21
VSGIS = VON]S + IVT' = Z(OSV) + |VT| -5 VON'lﬁ =1V= KPWIS
21 2:100
- WIS 2 24].11'1'1 = 12=4Em

 KpVons® 501
4.) Design W3, Wy Wg and Wy to have a saturation voltage of 0.5V with 1.51 current,

203 210, Wa =Wa=We =W- = 24
= s = = = = =
KpVop? 50052 ~ < HM = Z3=H4 =06 =072 o

Wi =Wy =W¢=W; =
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Problem 6.5-15 — Continued

5.} Next design Wy, Wy W gand Wy to meet the minimum output voltage specification.
Note that we have not taken advantage of smallest minimum output voltage because a
normal cascode current mirror is used which has a minimum voltage across it of Vp +
2Vgn- Therefore, setting Vi +2Voy =1V gives Vi = 0.15V. Using worst case
current, we choose 1.5/, Therefore,

2150 2:150
Wg=Wo=Wyp=W1, = KyVon?  110:0.152

=121ym = We=Wo =W, =W, =

12 1ym
6.) Check the maximum ICM voltage.
Vie(max} = Vpp + Vspa(sat) + Vo = 3V - 0.5 + 0.7 = 3.2V which exceeds spec.

7.) Use the minimum ICM voltage to design Ws.

2-50
Viglmin) = Vgs + Vpgs(sat) + Vi) = -3 + Vpgs(sat) + (‘\’mw.?} =-1V
I
VDSS(sat) =1.141 — W5 =

= 1.39um = 1 .4um
KN VDS5(sat)2 H H

Also, let Wi =Wi3=Ws =  W;=W;3=Ws=14um

8.) Wiy 1s designed as
Iy4

{
W14=W3T =24um 7357 = 16um = 21:‘_1: 16pm

Now, calculate the op amp small-signal performance.
Rour = ds118m97dsol8m77 as1(rds2lV 4ya)

25V
gm9 = \IZKN-I-Wg = 1632uS, ryg=rgq = TOOpA = 0.25MQ,

20V 25V
8m7 = \/2KP-I-W7 =490uS, rye = m =02MQ, rp = SOuA = 0.5MQ
20V
Tds4 = TS0pA. = 0.1333MQ .. Ry = 102MQ]10.31MQ = 9.3682MQ

2+k 102MG
A = (m) EmiRou, K= G Ty Dgmrar = 888, 8m1 =Ky I Wy = 62998

Ayg = (0.5459)(629puS)(9.3682MQ) = 3.217V/V. = Ay =321TVIV
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6.10 (C.28 4+hed)

Tf the bias current level of 4|
thput stoge is dowbled , then from
(6.52) G = -2_—,"?:,_

From (€. 56)

Qﬂ = RNTIG“_“ QWTIQ‘
= 2V || v (14§, x 1K 2)

uSU'I% nhm=2xld+’qu=§x|a4
and |1¢| =19UA , we have
Yoq __.__'__ = 10% 26 =2rqmie

Mim* 5 1o

Yoo s 10% 26, oam
°% ="z 9no3

e XKL =0.73

‘o Roy =(.48|l6.3a%1.713) M
= 3.5 MSL

41 equivalent

I35MR 3nsMa B.EMSL gRka q.IM

JUEITT:

ez
2K 1407

315|5.5 =2.23 M

= 2232 83 =§26X
A‘r 2.1 xo.qul g se4

= 466,000

6.4 (628 At ed)

Tj the W0 emitter resistor of
Q,q is Yﬂ-mov‘.eo\,‘l'hm\. in (€.60an)

we have 24
L = akp x =% =18

R‘}l 2Yrin = §. *55 ko
Riz =Vxu +(I-1'P.)(r1)q [l $ok=)
=40bkR 4+ 24 x G485k
=2, ML
From (5.‘!)

T2 2
Qma X g = 26 4730

Page 3

From (¢.62)

)
Vgm § @55
=_L _ gt 26 _ o
) "Z‘}M_%:— 236 k
“Rez= 62.5 k2

6.3ML 2.3ML B1.5ka 9.IMn2

Vid S V2 - Vo
vig i ]

Viz
5.4k +13.

_ 6.9112.8 =|.98M 52
Av= 1980 x 67:5

£.4 ooqy
= 526,000

6.12 (.30 4hed)
For positive inpul , the Common -
mode voltage limit {s veoched

when R, omd Ry Saturate
Ond the Cnywr bias Current

Increases gweatly, This occurs
for & CM inpwt of

\/‘+ =Vee - VcECSﬂ?-)
(Mote that becanse of R3,+he

bias wlfng,o. at the collectors °f
Ryand &; (g Vee — Vagcon) ,‘“‘A

+
V = \/Cc - VSE‘(GN) - \/cel(m_)

+ VBEt(ouj
- VCC —VCE cw.) )

For nagative cpg input voltage
the Cireuit ceases to funclion
Covrectly when @y and Gq
satuvoted . This sccurs for o
CM input of

V= “Vee +Ygg,, Veeq +Wee Cm‘.)'*v"&!
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G2 /680 - Comk'dl

741 AS A VOLTAGE FOLLOWER
*** INPUT STAGE
VCC 1015V
VEE 2 0-15V
Q1233 1 PNP |
RS 3 4 38K
Q11442 NPN
1064 5NPN
R4 52 5K
QU671 PNP
Qa771PNP
Q178 10 NPN
Q27911 NPN
Q3126 10PNP
Q4166 11 PNP
Q512 13 14 NPN
G5 16 13 15 NPN
A1 14 21K
A2152 1K
Q7 11213 NPN
R3 132 50K
*** DARLINGTON GAIN STAGE
Q16116 17 NPN
R9 17 2 50K
Q17 19 17 1B NPN
R8 182 100
Q13B 193 1 PNPB
*** QUTPUT STAGE
Q13A 20 3 1 PNPA
Q1920 20 21 NPN
Q18 20 21 22 NPN
R10 21 22 40K
Q23219 22 PNP
Q2022223 PNP 3
R723922
R6 259 27
Q14 1 20 258 NPN 3
-MODEL NPN NPN BF=250 IS=5E-15 VAF=130
MODEL PNP PNP BF=50 IS=2E-15 VAF=52
-MODEL PNPA PNP BF =50 15=0.5E-15 VAF=52
.MODEL PNPB PNP BF=50 IS=1.5E-15 VAF=52
viteoov
.DCVH 15151
PLOT DC V(9)
OPTIONS NOPAGE NOMOD
WIDTH OUT=80
OP
.END
o****  DC TRANSFER CURVES
VH V{9}

-20D+01 -1.0D+01 0.0D+00  1.0D401 2.0D+01

-1.5000+01 -1.312D+01 . b
-1.4000+01 -1.312D+01 . '
-1.300D+01 -1.300D+01 . '
-1.200D+01 -1.200D+01 . ..
-1.100D+01 -1.100D+01 . *
-1.000D+01 -1.000D+01 *
-8.000D+00 -9.000D+00 . ,
-8.000D+00 -8.000D+00 . Lt
-7.00004+00 -7.0000+00 . Lt
-6.0000+00 -6.000D+00 . Lt
-5.000D+00 -5.000D+00 . Lt
-4.0000+00 -4.000D+00 . . .
-3.000D+00 -3.000D+00 . '
-2.000D+00 -2.000D+00 . . t.
-1.000D+00 -9.997D-01 | . .
0.000D+00 2.686D-04 . . *
1.0000400 1.000D+00 . . .
2.0000+00 2.0000+00 . . .t
3.000D+00 3.000D+00, . Lt
4.000D+00 4.000D+00 . . Lot
5.000D+00 5.000D+00 . . .o
6.000D+00 6.000D4+00 . . ot

7.000D+00 7.000D+00 . . L.
8.000D+00 8.000D+00 . A

9.000D0+00 9.000D+00 .
1.0000+01 1.000D+01 .

Pagc 4
1.100D+01 1.100D+01 . . . N
1.20004+01 1.2000+01 . . . Lt
1.3000+01 1.300D+01 . . . St
1.400D401 1.400D+01 . . . .t
1.5000+01 1.4690+01 . . . Lot

0""**  SMALL SIGNAL BIAS SOLUTION

NODE VOLTAGE

(1) 150000 (2)-150000 ( 3) 143123 ( 4) -14.3351

{ 5) -148034 (6) -1.1086 ( 7) 14.4125 ( B) -0.0000
(9) 00003 (10) -0.5441 (11) -0.5439 (12) 13.8948
(13) -14.4462 (14) -14.0925 (15) -14.9925 ( 16) -13.7069
(17) -14.2695 (18) 149306 (19) -12605 (20) 0.5902
{21) 00232 (22) -0.6088 (23) -0.0023 (25} 0.0035

0**** BIPOLAR JUNCTION TRANSISTORS
0 Qt2 Qi Qo Q9 Q8 *]] Q2

PNP NPN NPN PNP PNP NPN NPN
1B -1.41E-05 2.93E-06 6.99E-08 -2.03E-07 -2 93E-07 2.74E-08 275E-08
iC -7.06E-04 7.32E-04 1.93E-05 -1.90E-05 -1 46E-05 7.60E-06 7.63E-06
VBE 0688 0865 0568 -0.587 -D587 0544 0,544
VBC 0000 0000 -13.226 15521 0000 -14.413 -14.412
VCE 0688 0685 13.705 -16.109 -0.587 14057 14.956

0 Q3 Q4 Q5 Q6 Q7 Q16 Qt7

PNP PNP NPN NPN NPN NPN NPN
1B -1.21E-07 -1.21E-07 2.98E-08 29BE-08 3.63E-0B 5.59E-08 2.52E-06
IG -7.51E-06 -7.54E-06 7.47E-06 7.48E-06 1.11E-05 1.71E-05 6.92E-04
VBE 0565 0565 0546 0546 0551 0563 0661
VBC 12786 12568 0551 -0.739 -28.895 -28.707 -13.009
VCE -13.351 -13.163 1098 1.286 20446 29270 13670

0 Q138 Q13A Q19 Q18 Q23 Q20 Q14
PNPB  PNPA NPN NPN PNP PNP NPN

IB -1.06E-05 -3.53E-06 6.62E-08 8.21E-07 -3,50E-06 -1.83E-06 4.26E-07

IC -6.89E-04 -2,23E-04 1.68E-05 2.06E-04 -2,21E-04 -1.17E-04 1.18E-04

VBE 0683 0688 0567 0632 -0652 -0606 0587

VBC 15573 13722 0000 -0587 13740 14.391 -14.410

VCE -168.260 -14.410 0567 1.199 -14391 -14.998 14997
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Problem 5 -- (10 points)

A two-stage, BICMOS op amp is shown.
For the PMOS transistors, the model

parameters arc Kp'=50pA/V2, Vrp = -0.7V

|

and Ap = 0.05V-1. For the NPN BJTs, the 1071 MSI_ =
mode! parameters are g = 100, Veg(sat) = souA 100y Al
0.2V, V4 =25V, V,=26mV, I, = 10fA and C= Vour
n=1. (a.) Identify which input is positive Y1 ‘_‘2 = 0
and which input is negative. (b.) Find the - + SpF
numerical values of differential voltage gain - ——) l——
magnitude, 1A, (0)l, GB (in Hertz), the slew W/L rati %
rate, SR, and the location of the RHP zero. . " 108 '\Qﬁ
(c.) Find the numerical value of the ' MICIons

maximum and minimum input common Q3 Q4
mode voltages.

Solution SOEZP1 -1.5V

(a.) The plus and minus signs on the schematic show which input is positive and negative.
(b.) The differential voltage gain, A (0), is given as

Eml Eme \J__—
A0 = e 86 BadsTHEo6 1 = &m2 = V2:50:25-10 = 158.1pS
1 20 Vi 25V Ic 100pA

rdﬂzl—ﬂ;: T3pA = 0.8ML, 74 =Tc = 250A = IMQ, g6 =V, = 26mV_ = 3846pS

Pr 120 Va 25V
Y = 8t = 26kQ2, Yas1 = ),PID = ]OO[J.A =0.2M£€) and To6 = IC = —-—-100”A =0.25MQ
A, (0)] = [158.1(0.8I11110.026)][3846(0.2110.25)]= 3.888-427.36 = 1,659.6V/V

Bm1  158.1pS _
GB="¢_ ="35pF = 31.62x100 rads/sec — GB = 5.0325MHz
c P e

50pA
SR ="5bF = 10Vius
gme  3.846mS

RHP zero="¢ = =~ 5pp = 769.24x100 rads/sec. (122MHz})

(¢.) The maximum input common mode voltage is given as

2-50 225
ViemT = VCC—VDS5(sat) - VSGI =1.5- W -0.7- m =0.8-0447-0316 =

Viemt = 0.0367V

25pA
Vigy= = 1.5+ Vggz - Vg1 =-1.5+ V, 1n(“1%g) - 0.7 = 2.2 + 0.5626 = -1.6374V




