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Homework Assignment No. 12
Problem 1 - (10 points)

Find the GB of a two-stage op amp using Miller compensation using a nulling resistor that
has 60° phase margin where the second pole is -10x10° rads/sec and two higher poles both

at -100x100 rads/sec. Assume that the RHP zero is used to cancel the second pole and that
the load capacitance stays constant. If the input transconductance is S00uA/V, what is the
value of C,.?

Solution

The resulting higher-order poles are two at -100x100 radians/sec. The resulting phase
margin expression is,

GB GB
PM = 180° - tan-!(4,(0)) - 2tan‘1<_) = 90° - 2tan‘1(—) = 60°

107 107
. 30° = 2tan (2 GBy _ an(15°) = 02679
. = 2tan (107) (107)—tan( )=0.
GB = 2.679x107 = 2221 C —M—IS%F
= £0EFXIUT=1C, ¢=26.79x107 ~ =222PE

Problem 2 — P7.2-4

Use the technique of Ex. 7.2-2 to extend the GB of the cascode op amp of Ex. 6.5-2 as
much as possible that will maintain 60° phase margin. What is the minimum value of C;,

for the maximum GB?

Solution

Assuming all channel lengths to be 1 4" | the total capacitance at the source of M7 is
C7 =Cgs7 + Cpa7 + Cgys + Cpas

or, C7=T75+51+9+51=186 R
7 =707 S

Thus, the pole at the source of M7 is
ps7=- %i= —605 MHz.

The total capacitance at the source of M12 is

Cio =Cgs12 +Cpg12 + Cgar1 + Cpar1

Cip =34+29+4+29=96

or,
gmi2 =707 WS
Thus, the pole at the source of M12 is
Eml2
p =— =-1170

The total capacitance at the drain of M4 is ,
Cg=Cg5q4+Cg6+Cpag +Cgyr +Cpg2

Cy=43+75+21+3+19 =161 F
Sm4 = 283 W

or,
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Problem 2 - Continued

Thus, the pole at the drain of M4 is

Ppa = —gCL“= 280 MHz

4

The total capacitance at the drain of M8 is
Cg = Cgug + Cpag + Cgs10 + Cgs12

or,

R2+

1
Eml0

Cg=9+51+34+34=128 fF

=34 KQ

Thus, the pole at the drain of M8 is

Pps =

1

(R2 + IJCS
8mio

For a phase margin of 60° , we have

PM =180°-190° - {tan"l(@) + tan‘l(
Ps7

Solving the above equation

GB =65 MHz.
A, = 6925 vy

And,

=-366 MHz.

+tan | — [+ tan
Ppa

Psio

Thus, 71 =939 KHz, and C, =1.54 pF
Problem 3 - Problem 7.3-1

o

Page 2

Compare the differential output op amps of Fig. 7.3-3, 7.3-5, 7.3-6, 7.3-7, 7.3-8 and 7.3-
10 from the viewpoint of (a.) noise, (b.) PSRR, (c.) ICMR [V,.(max) and V;.(min)], (d.)

OCMR [V,)max) and V,(min)], (e.) SR assuming all input differential currents are
identical, and (f.) power dissipation if all current of the input differential amplifiers are

identical and power supplies are equal.

Solution
Fig. 7.3-3 | Fig. 7.3-5 Fig. 7.3-6 | Fig. 7.3-7 | Fig. 7.3-8 Fig. 7.3-10
Noise | Good Poor Good Poor Okay Poor
PSRR Poor Good Poor Good Good Good
ICMR
Viemax) | Vpp-Von | VpptV7r Vop-Von | VoptV7r | Vop-Von | Vbp-Von
Vss+ Vss+ Vss+ Vss+ Vss+ Vss+
Vic(min) 2V0N+ VT 2V0N+ VT 2V0N+ VT 2V0N+ VT 2V0N+ VT 3V0N+2VT
OCMR
Vomax) | Vpp-Von | Vop-2Von | Vop-Von | Vop-Von | Vpp-2Von | Vpp-2Von
Vo(mll’l) Vss+ VON VSS+2V0N Vss+ VON Vss+ VON VSS+2V0N VSS+2V0N
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Problem 4 - Problem 7.3-7

(a.) If all transistors in Fig. 7.3-12 have a dc current of 50puA and a W/L of 10um/1um,
find the gain of the common mode feedback loop. (b.) If the output of this amplifier is
cascoded, then repeat part (a.).

Solution

Vbp

+
"lf MI0 A Vep X M11j|—

MO— O e
(ch R, M3 M4 R, C, Vo

Vil O—II__> M1 M2:I|—0Vi2

M9:|I . IK M> Il:MS

Vss
Figure 7.3-12 Two-stage, Miller, differential-in, differential-out op amp
with common-mode stabilization.

The loop gain of the common-mode feedback loop is,

) Em10 gmi1
CMFB Loop gain =~ = = -gn107ds9 O ~Tg 0 = -8mi1"ds8
2Kp Wi,
With I = 50uA and W/L = 10pm/lpm,  g,10 = \|— T — = V2-50-10:50) =
223.6u8,
1 25 1 20

TN =5 =50pA = 0ME - and - rgp =3 = SuA = 04MQ

CMFB Loop gain = -g,,1074s9 = -223.6(0.5) = -111.8V/V

If the output is cascoded, the gain becomes,

. . . 8m10
CMFB Loop gain with cascoding = —m
A)

=-gmiol[7 459 gm(cascode)r y(cascode)lll[g,, 77457 (Fasi0llras101}

gm(cascode)r i(cascode)
2KN'WIp

—— =4/2-110-10-50) = 331.67puS

= -(223.6)[(0.5-331.67-0.5)11(223.6)(0.4)(0.2)] = 223.6(14.7) = -3,290 V/V
CMFB Loop gain with cascoding = -3.290V/V

EmpP =
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Problem 5 — Problem 7.4-1

Calculate the gain, GB, SR and P j;, for the folded cascode op amp of Fig. 6.5-7b if Vpp
=-Vg¢= 1.5V, the current in the differential amplifier pair is 50nA each and the current in

the sources, M4 and M5, is 150nA. Assume the transistors are all 10um/1um, the load
capacitor is 2pF and that ny is 2.5 for NMOS and 1.5 for PMOS.

Cascode

Current
Mirror

\% \%
& SS (b)

Figure 6.5-7 (a) Simplified version of an N-channel input, folded cascode op amp.
(b) Practical version (a).

Solution
Ip 50nA 1

gml = ng = nl(kT/q) = 2.5-25.91’1’1V = 0.772}15 and rdsl = rdsz = ID)\.N = SOOMQ
Ip 150nA 1

Smd = &mS = (kT7g) = T525.9mV = 3861uS  and rgyy = rges =7 55 = 133MQ
Ip 100nA 1

§m6 = 8m7 = n(kT/g) = T525.9mV = 2574KS  and rage = rys =7 5 = = 200M&

Ip 100nA

8m8=8m9 = 8m10= 8m11 = n (kI/q) = 2.5-25.0mV = 1-544uS
1
and rysg = 1459 = ras10 = ras11 = ;5 — = 250ME
_ DAN
Gain: A,0) = g,,1Rour
Ryt = 7 45118m97 asoMN 87t as7(rasslr as2)1 = 96.5GRI134.23GQ = 25.269GE2

A,(0) = 0.772uS-25.269GQ = 19,508 VIV
GB = g,,1/C, = 386krads/sec = 61.43kHz (this assumes all other poles are greater than

GB which is the case if C; makes Rp approximately the same as Ry at w = GB.)

SR = 100nA/2pF = 0.05V/us Piss = 3V-(3-150nA) =1.354W



