ECE 6412 - Spring 2006

EXAMINATION NO. 2 SOLUTIONS

Problem 1 - (35 points)

Prof. Ayazi

The op amps below have identical DC currents and W/L values for transistors with the same
number. Find parametric expressions for entries in the table in terms of bias currents Isand I+,
Ko, Ko’y ANy Ap, VT, [VTe|, SSWIL ratios, Vpp, Vss, Ce, Ci, and identify which is larger in
magnitude for the two circuits. Assume K’y >K’p, V1n=-V1p, An<Ap, (W/L) 1= (W/L)2, Vpp=-
Vss. The threshold voltage is larger than the ON (saturation) voltage. Ignore body effect.

USE THE LAST SHEET TO DO YOUR WORK AND THEN WRITE YOUR FINAL
ANSWER/EXPRESSION IN THE TABLE. NO PARTIAL CREDIT.
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P-channel Input Op Amp

Characteristic N-channel Input Op Amp <,=> P-channel Input Op Amp
Small-signal (1 (s +4)) = (1 (s +4))
output
resistance
Sn}?ll-sign_al JBKKLS,S, = JBK | K}S,S,
voltage gain
sl (B + 4) (s + /) NARCEYRCRYS
Gair!- /K&Sﬂs > JK&S, I
bandwidth — —
CC CC
Upper input I, > 21, I,
common VDD_IVTP|+VTN - K'S VDD_|VTP|_ K'S - K'S
mode voltage PT3 PTs Pt
Slew rate(due Iy = I
to Cc) C_c C_c
Positive (Vpp) no expression needed < no expression needed

PSRR




Negative no expression needed > no expression needed
(Vss) PSRR

Phase K [K'S1. < KZS,1, e

M H 90°—tan’1(ﬂg)—tan’l(ﬂ) 90°_tan‘1( K S ) KPSIIS )

argin 2K.S, I, C. 2K.S, 1, \/W 2K,'\,SGI7
(EXTRA
CREDIT)




Problem 2 - (35 points)

The device parameters for the operational amplifier shown below are given in the table.
Ignore the body effect of the MOS transistor and the internal capacitances of all the
transistors.

:

a. What resistance R in the emitter of Q9 is required to set the first stage bias currents in
the emitters of Q3 and Q4 at 104A each?

b. Calculate the overall voltage gain of the amplifier, by calculating the effective
transconductances of the differential input stage and the 2" gain stage, and their
effective output resistances.

c. Calculate the value of the miller capacitance Cc required to obtain a gain-bandwidth
of 2MHz for this op-amp.

d. Calculate the phase margin of this op-amp.

Vee=10V
Parameter NPN PNP 328Q
Beta 200 50
Early voltage 130V 50V Q10 S
VBE(on) 0.7V 0.7V Q13
Vit 25mV c
MOS 'L
lambda 0.01v* R, %50 ke I
uCox 100pA/V?
VTO 0.7V Qs |
a) Rlcgzvtln(lcgllcg) Q8 Q9 Q6 Q7
lcs=(20V-1.4V)/50k2=0.372mA . R
|Cg=20/1A - R=3.65k02 Vep =- 10¥
b) G = Om___Sm _500410% 2 notethat: s .1
1+ gmlre3 \% gm3 Om1
Ry =To7 || Tog 1+ Gma X Te2) = To7 [ 214 =5.65M Q
\Y, V
because: Iy =—2=13MQ and ry, =—2® —5MQ
Cc7 C4

> A, =G, xR, =1130

|
C13

Omm1
G =
mil 1 g

mml’ 2

Ry = oy 1+ 0y X Ry) | a1+ 9,5 X R,) = 2.13M Q|| 1.16M Q = 0.749M Q

A\/u = Gmll Ru =497
A\, = AII X A,” ~561,610

Vout

M1
WiL=100

=5
CL=5pp

8009

=0.663x107 VA note that : g,m = \/ 2uCoy (WT)mml Iy =1.414x1073 VA



-6
c) GBW = G = C. =M10_6=15.9 pF
C. 27 x2x10

MH 2MH
—Z)—tan_l(TZ)

2
d) @, =90 —tan'(
2

Gy, 0.663x10° o rad/
Py = =g g~ 12X10 0foc =211 MHz
i 0.663x10°

C. 15.9x10™%

G

_ 6 rad _
— 41.69x10 éec—6.64 MHz

— @, =90 —tan(-2) —tan " (—2—) = 90" —5.41' —16.76" = 67.82
21 6.64



Problem 3 - (30 points)

In this problem, you are not asked to provide any numerical calculations. You are only
required to provide expressions. Make sure that your final expression for each section is
clearly identified and legible. For the cascoded two-stage CMOS Op-Amp shown below:
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a. Show an expression for the overall voltage gain of this amplifier as a function of
transistor transconductances and output resistances.

A\/ = gml(rds4 ” rdsz)>< gm6 [(ngrds6rd57) ” (gm8rd58rds9)]

I:\)II

b. Show the expressions for the poles associated with the two capacitors Cc and Cy,
as a function of the two capacitance values, transistor transconductances and
output resistances. Assume that Cc and C_ include the transistor internal
capacitances at their respective nodes.

1 1

= and p, =
(rds4 ” Irdsz)Cc RIICL

Py

c. If C >>C¢, provide an expression for the unity gain frequency (GB) of the
amplifier.

GBW = OmaIme (Tgsa [l Tas2)
C,




d. Show an expression for the pole associated with node 3, in terms of transistors
internal capacitances, transconductances and output resistances. Identify all the
components of the internal capacitances.

1
(rd56 I R3)C3
C3 =C +Csb7 +ng6 +Cdb6

P; =

gs7

R _ r-ds7 + gm8rds8rd59 ~ l + gm8rd58rd59
3 - —
1+ gm7rds7 gm? gm7rds7

e. Is there a right half plane zero in this amplifier that would affect the phase
margin? If there is, provide an expression for the position of this zero.

No, because a miller configuration is not used—> there is no RHZ that would affect the
phase margin

f. (EXTRA CREDIT) Show expressions for any pole or zero associated with node
4. ldentify all the components of the internal capacitances.

_gm
P, = Cx :
Cx = Cgss + Cgs4 + Cdb3 + Cdbl + ngl
_ngS
7, =—m
C
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