ECE 6412 - Spring 2003

EXAMINATION NO. 2 - SOLUTIONS

(Average Score = 70/100)
Problem 1 - (25 points)

A CMOS op amp is shown. All AVDD
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W/L values of all transistors are
10um/1um. Assume that Ky’ = M3 M4 M5
| 150uA

|
110uA/V2, Kp* = 50uA/VZ, Viy 1

M

Ve

= 07V, VTP = -0.7V, )\,N =

0.04V-! and Ap = 0.05V-!. Find
the low frequency differential

voltage gain, v,,,/v;,, the +o— Ml M2 }_‘

gainbandwidth, GB, the slew rate,

v
SR, and the power dissipation, "

M6:| F>Vap2

+0

M7 Vi

PdiSS lf VDD = 2V -0
Solution 100uA

150“Al Va1

The small-signal voltage gain can T

be expressed as, All transistor W/Ls —
are 10um/1um

Vout %

Vip © 8m1Rour = 8maRous
where Ry, = (8177 as7(dsall 7as)M8me7 as6(Tasall 7dss)]
Evaluating the small signal parameters,

Fig. SO3E1P1

81 = 8o = V2 110-10-50 = 331.7uS, 1451 = 50 = (25/50)MQ = 0.5MQ

2m6 = V2-50-10-100 = 316.2uS, 7456 = (20/100)MQ = 0.2MQ
rg55 = (20/150)MQ = 0.133MQ, r 54 = (20/50)MQ = 0.4MQ
g7 = \2-110-10-100 = 469uS, 7 = (25/100)MQ = 0.25MQ
rys8 = (25/150)MQ = 0.167MQ
R, ~ [469-0.25(0.4110.167)]I[316.2-0.2(0.5110.133)IMQ

= (13.796116.644)MQ = 4.484MQ

Vout
—— =331.7-4.484 = 1487 VIV
n —_—
gm1  331.7x10°
— — — +6 _
GB=T7, = 1012 = 66.33x10 10.56MHz

100uA  100x10°°

P jiss = 2(50uA+50uA+150uA) = 500uW

* This expression ignores the fact that about half the signal is lost due to the input
resistances at the sources of M6 and M7 are at an rq level.
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Problem 2 - (25 points)

A two-stage, Miller compensated op amp has the following values: g,,; = 100uS, g,,;7 =
1000uS, C. = 2pF, and C; = 10pF.

a.) What value of nulling resistor, R,, will cancel the output pole?

b.) If the output capacitance of the first stage is C; = 1pF, what is the phase margin in part
a.) if R, is 5kQ.

c.) If Cy is increased to 20pF and R, = 5kQ, what is the new phase margin?

Solution

1 Emll

a.) The zero is given as z = 1 and the output pole is pp = - C, - Equating

Cc(gmll - R Z)
these two roots gives,
1 /CL+CC) 1 /12)

R, = gmi\ C. ) =1000uS\2) = 6kQ
b.) The pole due to R, is
1

- - - 8
P4=-R.C; SkQ-1pF 2x10° rads/sec.

Also, the GB is

B = C. = ZPT = 50x10° rads/sec.

The phase margin is,
o o -1 G_B o -1 5_0 ) o o
PM = 180° - 90° - ! (T5.7) = 90° - tan (300) =90° - 14° = 76°

(You were intended to assume that z; still cancels p,. If you did assume this, the answer
is 71.2° and you were given full credit.)

c.) The new phase margin is,

. . 1 GB 1 2GB q GB
PM =180° - 90° + tan (_|p2|) - tan <—|p2|) - tan (_|p4|)
Emil 1000uS
71 =- gL =- IOplg = -100x10° rads/sec.

Emll 1000uS
Py =- énL =- 20pl% = -50x100 rads/sec.

— 9(° —1@_ —1@ _ —1&: o o_ o0 _14° — o
PM =90° + tan 350 tan 50 tan 200 90° + 43°-63.43°-14 57.52

(Again, you were intended to assume that z; is at the old value of p,. If you did assume
this, the answer is 52.8° and you were given full credit.)



ECE 6412 - Spring 2003 Page 3

Problem 3 - (25 points)

For the CMOS op amp shown,
assume the model parameters for

the transistors are Ky @ =
110UAVS, Kp' = SOAN2, Vi v) MM —[vs
= 0.7V, Vyp = 0.7V, Ay = 10uA I(
0.04V-1, and Ap = 0.05V-1.  Let Cc=2pF
all transistor lengths be lum and o—| M1 M2_|o
design the widths of every l Cr =
transistor and the dc currents Ij M8 M5 LO6F
and Iy to satisfy the following 10Qum—, I|—l | :l: P
specifications: lum :I | | M7=
Slew rate = 10V/us ;
+ICMR = 0.8V -1V SO03E2P2
-ICMR =0V
GB = 10MHz

Phase margin = 60° (g,,,;7 = 10g,,,; and Vg54=Vs56)
Solution

Slew rate — I5 = SR-C;, = 10Vps-10pF = 20uA — W5 =20um (check -ICMR later)

+ICMR — 08=1 - VSG3 +0.7 — VSG3 =09 — VSD3(sat) =0.2V
Wi Wy 2 210

L3y = Ly TKp(Vgpa(sat))> — 50(0.2)2

=10 — W3:W4: OLJI’II

Eml
GB — = =GB — gy = GB-C. = 20mx1092x10712 = 40 S
Wy 41 Wi gm®  (40m)?
— — 2 _ 21 71 3 B
E8ml = 2KNL1 Il =gl = ZKNLI Il — Ll _2KN11 =3110.10 = 7.17
Wi =W;=717um

21
-ICMR — 0= VGS] + VDss(Sat) -1 — VDss(Sat) =1- VGS] =1- KN(WI/LI) - VTN

/ 20
Vpss(sat) =1 -\|T107.17 + 0.7 =1-0.859 = 0.141V

Ws  2s 210
Ls “Kn\(Vpgs(sat)? — 110(0.141)2

= 1829 — Ws=1829um — Ws = 20um

60° phase margin — g,,c =10 g,,,; =400z uS
4007

Als0, g4 =V250-10-10 = 100uS ~ — W =Tgg 10 = 407 = 125.66 um
86’ (400m)2
I6 = 3K p(WelLg) = 100-125.66 = 125.66pA
Is 125.66

W7 = Wjs Is = 2030 =125.66um
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Problem 4 - (25 points)
a) Rl=V,in(l./I)

1s=(20V-1.4V)/50k€2=0.372mA
ICy=20uA > R=3.8kQ

b) Gml = gm4
1+g,.7.,

= 8ms _0.1923x107° é note that: r ! !

2= T T
gm2 gm4

VA
R =1, lr,(+g,,%xr1,)=r, 125, =5.65MQ Ty, = A 13MQ and 1, =35I

7

because :

G, =—S8m_ _023x10° 2
1+ gml4R2 V

note that : gm14 = \/2tuch (%)14 IM 14 = 0424 X 10_3 é

Ry = 1yga (14 g,y X R 175, (14 g5 X Ry) = 1.848MQIT.13MQ = 0.7 MQ

A, =G,,R,G,,R, =175,000

o) GBW =G C, =G

3 GBW

=153pF

d @, = 90° - tan" CMHZ) _ -1 2MHZ

)

P>

G, 023x107

- ¢ rad
P, T sxa0™ = 4010 sec

G,, 023x107

T, T153x10"

=15.03x10° rad
SeC

= @, =9O°—tan‘1(2X2ﬂ)—tan'l(%)=90°—15.27°—39.89°= 34.83°




