Electronics (3) Homework?2

Use level-1 SPICE model for MOSFET in 0.5um CMOS process (sedra_lib.lib)
(1) Please design a two-stage CMOS OPAMP by hand calculation.
The circuit schematic is shown below. All process parameters are listed on
p. B-9 of Appendix B in Sedra’s CD. The specifications are listed below:
¢ DCgain=72dB
Unity-gain bandwidth = (90-Y) MHz
Phase margin ¢,,: 60° < ¢, < 66°
Slew rate (rise and fall) = (60+X) V/us
Power supply voltage V= 3.3V
Load capacitance C, = 2.0pF

® ¢ 6 0 o

<Note> X = & 5.5 {5 - 5
Y=10-X

<Example> E24036254

2> X=4andY =6

- Unity-Gain Bandwidth = 84 MHz

- Slew Rate = 64 V/us
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Electronics (3) Homework?2 (Cont.)
(2) Use PSpice to verify your design in (1)

(3) Please calculate . 5
a. The total MOSFETs area : A, = Z +Z b ><LbI

i=1 i=1

b. The total power consumption : P, = Vpp ¥ (IB +1g+ 1y + IW)

V
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GND=O.V
P.S: Smaller “A, ., XP..,/ designs will get better grades if they are verified to
meet all the specifications
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Notes

® Design examples for reference
¢ Bias circuit on pp. 627 — 629 in the textbook (6th edition)

¢ Example 10.1 on pp. 888 — 891 in the textbook (6th edition)
¢ Example PS. 12.1 on pp. B-55 — B-60 of Appendix B in Sedra’s CD

® Your report should include
¢ Hand-calculation progress
¢ PSpice circuit schematics
¢ PSpice verification results with all specifications clearly marked
¢ Verification results of BOTH positive and negative slew rates should meet the
specification

® Upload your report to MOODLE in Word format
¢ Deadline: 23:59:59 on 2023/10/02 (Mon.) ;
(2023/10/06 (Fri.) = & 2 — % R B} 3v54)
¢ Filename example: HW2_#in % f2_E2408XXXX_vl.doc (4 { #73* v2, V3, ...)
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Notes (Cont.)

® When verifying your hand calculation by PSpice
& HRE K2R ¥ P 4% Homeworkl1:PSpice Tutorial
¢ Correct the value of LAMBDA for NMOSOP5 to 0.1
¢ Use 4-terminal MOSFET models (NMOSOP5 BODY and PMOSOP5 _BODY)
® Others
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Slew Rate Analysis of Two-Stage OPAMPSs in General Cases

® Positive slew rate ® Negative slew rate
¢ If I, is large enough : or- < lus
SR* ~ s C.

C

c

¢ Ifl,,; is NOT large enough :
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PSpice Verification Example of Slew Rate
® Schematic

Mb5 Mb6
L, N M5 M7
ZN | ZN _.-I ; I
ZN
M1 M2
v, Mb3 | Mb4 ¢ L¢
|_‘_._’-| ZN ZN |
Rc Cc
VDD Vout
=L WV—|
— [
3.3vdc T M6
Mb1 Mb2 N
v M3 VZ. I
Le N V1=3.3
[~ 1 V2=0 Vstep
T| D=0
4 | TR=1ps = CL
RB TF = 1ps 2p
PW = 250n
PER =500n
-0

Prof. Tai-Haur Kuo, EE, NCKU, Tainan City, Taiwan 6 Electronics(3), 2023



PSpice Verification Example of Slew Rate (Cont.)

® Waveforms
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