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Homework No. 5 - Solutions
Problem 1 - (10 points) (Problem 6.2-8 of A& H)

A two-stage, Miller-compensated CMOS op amp has a RHP zero at 20GB, a dominant
pole due to the Miller compensation, a second pole at p, and amirror pole at -3GB. (@) If
GB is IMHz, find the location of p, corresponding to a45° phase margin. (b) Assume
that in part (a) that |p,| = 2GB and anulling resistor is used to cancel p,. What isthe new

phase margin assuming that GB = 1IMHz? (c) Using the conditions of (b), what isthe
phase marginif C, isincreased by afactor of 4?

Solution
a.) Since the magnitude of the op amp is unity at GB, then let w = GB to evaluate the

phase.

oo 1388Bs . a@Bg 18Bo 1386
Phase margin = PM = 180° - tan g 1. - tar T 1 - tam gy - tam ez T,
But, p1 = GB/Aq, p3 =-3GB and z; = -20GB which gives

B o
PM = 45° = 180° - tan1(Ao) - tar 1% 9 - tar’(0.33)- tan-1(0.05)

elr2lg
B..
o o _ 1& _ 1 _ -1 - o _ _1&0 _ o _ o
45° » 90° - tar I - tar(0.39)- tan}(0.05) = 90° - tan 155 - 18.26° - 2.86
\ 6‘5-:‘—0—4° 18.26° - 2.86° =23.48° ® S8 _ 23.84°) = 0.442
E|p2lﬂ 5°- 18. - 2. =23 o2l =tan(23.84°) = 0.

P2 = - 2.26-GB = -14.2x106 rads/sec

b.) Theonly roots now are p1 and p3. Thus,

PM = 180° - 90° - tan"}(0.33) = 90° - 18.3° = 71.7°

c.) Inthiscase, z1 isat -2GB and pp movesto -0.5GB. Thus the phase margin is now,

PM = 90° - tan-1(2) + tan-1(0.5) - tan-1(0.33) = 90°-63.43°+26.57°-18.3° = 34.4°
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Problem 2 — (Problem 6.2-10 of A&H)

For the two-stage op amp of Fig. 6.2-8, find W;/L1, Wg/Lg, and C.if GB = 1 MHz, |py| =
5GB, z=3GB and C| = C, = 20 pF. Use the parameter values of Table 3.1-2 and
consider only the two-pole model of the op amp. The bias current in M5is40 uA andin
M7is320 uA.

Solution | s
Given
GB=1 MHz. :II——||: —||:M5
0, =5GB M3 M4 E;IG
z=3GB Loy T 7 Vouz
C, =C,=20 pF o Lm | omz e == |
e Vin — }_‘ 1 £
Now, p, —FZ + o |— = , I
or, ‘.?B+ias II_" M3 'l—_l‘” -
g, =628.3uS ) Veg
or, Figure £.2-3 A two-stage op amp with variows parssitic and
» 2 circuit capacitances show.
Z%Vge =%ﬁm @2.33 d

RHP zero is given by

Z:gmﬁ

C.

or, C.= % =33.3pF

Finally, Gain-bandwidth is given by

_ On
GB=2n
C.

or, g,=2094 uS

WG _ G
ELﬂl 2KNIDl

@uo

or,
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Problem 3 - (10 points) (Problem 6.2-11 of A&H)

In the figure shown, assume that R, = 150 kW, R} = 100 kW, gyy; =500 uS, C; = 1 pF,

Cy=5pF, and C.= 30 pF. Find the value of R, and the locations of all roots for (a) the
case where the zero is moved to infinity and (b) the case where the zero cancels the highest

pole.
£ H
ldvirnd BT
--- High-Ciud —
o i
(o)
. Lo
o— i H o
+ o AT J +
L ] v = -C: -C: = -C: i -r
f”ﬁ.ﬁ-ﬁ’iﬁ* Lo fr- -'?f-::r "?f"::r_ . _.-'E‘_Ef:r >0 ] o
0 0
(h.) = 202HAP3
Soluiton
(&) Zeroat infinity.
__1t _ 1

Rz= "9 = 5001S

R, = 2kW
Check pole dueto R,.

-1 -1
==-rPr-~ = =-=- 6

P4a=RG 2KWpF 500x10° rps or 79.58 MHz

Thepoleat py is
-Omi Ce -Omii -500pS

po » C|C|| T CCC| T CCC” » C|| = 5pF = 100X106 rps or 15.9 MHz
Therefore, p, isthe next highest pole.

(b.) Zeroat po.
a;c_c *+ Cug a80+55 1
R,= &5 Wami) = T30 550008 = 2.33k_

R,= 2.33kW




ECE 6412 - Spring 2004 Page 4

Problem 4 — (10 points)

The poles and zeros of a Miller compensated, two-stage op amp are shown below.

(&) If theinfluence of pz and z; areignored, what isthe GB in MHz of this op amp for
60° phase margin?

(b.) What isthevalueof A,(0)? What isthe value of C. if gy1=0m2>=500uS?

(c.) If ppismoved topsz, what isthe new GB in MHz for 60° phase margin? What isthe
new C. if the input transconductances are the same asin (b.)?

Jw £
5 S WV B L W
Da=-200MT  po=-20Mmt bpo=-2En | LU gy=zinmMn
HO1EZF2 A

Solution
(&) The phase margin, PM, can be written as

B B.. B. B.
PM = 180 - tar 12200 118250 tarT@gZ;—o » 90~ tar 12200 g
elP2lg elPslg el g elP2lg

B .
\ tar1%-—0=30° ®  GB =0.5774|p,| = 5.774AMHz

(o}
elp2lg

GB 5.774MHz
(b.) A,(0) =T = kAz  “ 5774V IV

9m1 _ _9m1 __ S00uS
Cc -CB ® C=TB T 2p-5.774x106 3. 78pF

(c) The phase margin, PM, can be written as

GB GB GB GB
PM = 180 - tar 18579 - tarr 18579 - tar 13505 90°- 3tan1$-+79=60°
elP2lg elpslg eZi g elP2lg

B..
\ tar1%5=0=10° ®  GB =0.1763:p,| = 0.01763-100MHz = 17.63MHz

elP2lg
_Om1__ 500uS
C.=GB ~ 2p-17.63x106 = 4.514pF



