ECE4902 Lecture 11
2-Stage Op-Amp
Finish Design Example
Simulation results

Improving Performance
Cascode

Handout:
Design Example

ECE4902 B2015 Lec 11



Specifying Op-Amp Design:

MOSFET
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DC Bias Size (1) Remarks
ID [uA] | Vgs -V | W [um] | L [pm]
M1 10
M2 10
M3 10
M4 10
M5 | SOOMA 1 =04V @72,@@ 10
M6 ¢ 2 OMV 1D
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M7 { ( ” 0.4V o)
P [}
1 - \/ X 17
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Parameter N-channel P-channel Units
Vs +1.90 -1.60 |V
B Ce 2.6E-5 9.1E-6 | AV M [[ ™
=1 6 T
A (L=10um) 0.05 0.028 % l

b YouT




O MNIMize AREA (CD4007 PARAMETERS) AL L=10um
(CouLD CHANCE LATER ; HAVE TO START SOMEWHERE

@ CHooSE C,=30pF [SEE ECESZ9C ; NOISE CONSIDERATIONS |

() Mg MUST ALWAYS CONDUCLT MAX CURRENT
450 mA = SOOMA = 1pg
@ OoUTPUT SWINGS DETERMINED RY TRIODE CRASH

Mg —4SY %UT(H,N) . SAME €6R Ms
. Vos = Ves -V =08V ean PMOS 1 —0.4V
—5V  TRIODE CRASH “EDGE”
B) Wg FRGM SQUARE LAW We

sooup= 252 2 (o 4v)” = 2400um sooua = 2% 2 (04\/) = 7200um
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Op-Amp Design
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Open Loop Test Simulation vdd

vdd _DD
vdc=5
gnd!
CL
c=10p
gnd! _SS
vdc=5

gnd!
gnd

vss

VSs

Open Loop DC response

— /vout

1 / 0(-153uV, 3.538mV)
S 0] M1(1.32mV, 8.014V)
N

=

-3 -2 -1 0 1 2 3

dc (mV)
Systematic Offset Voltage -153 pV Average DC gain = 8.014V / 1.32mV = 6070
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Open Loop AC response

100+ dB20(VF("/vout™))!

75.04

MO0(992.4kHz, 256.5m

dB)

25.0- phaseDegUnwrapped(VF("/vout™))1

M1(992,4kHz, -99.11d

eg)
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Closed Loop Simulations

vdd

vdd TV_DD
vdc=5
gnd! vin TVIN vout
= ®
gnd! E
vout T CL
c=10p
gnd! TV_SS
vdc=5 gnd!
gnd
vss
VSS
Closed Loop DC Sweep
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Closed Loop Transfer Function (Unity Gain)

— dB20(v("/vout" ?result "ac-ac"))

5.0

MO(1.163MHz, -3.054dB)

G
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Closed Loop Step Response (Large Signal)
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Rising slew rate 4V /3.31uys =1.21V /s
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Op-Amp Design
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How to Increase Open Loop Gain?
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Cascode Current Source Development

IRgr dD IREF Gb IRep
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Current source comparison: Simulation

idc=100u

vds

gnd!

vds
- vdd
vdd§ 1 vdd
idc=100u
net@115
vdd [vV_DD N4 Tnetd115
vde=5 l net@115
gnd! I=1.6u gnd!
gnd

SIMPLE MIRROR
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SOURCE DEGENERATED

CASCODE

V_DS
vdc=5
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ID vs. V_DS SWEEP COMPARISON: SIMPLE MIRROR — SOURCE DEGENERATED — CASCODE
DC Response _

-1 /MN2/D 0o /MN3/D
a1 /MN1/D
SIMPLE MIRRO
SIMPLE MIRROR CRASH @ V_DS ~ 2.5V
SOURCE_DEGENERATED

CASCODE CRASH @ V_DS ~ 1.3V CASCODE
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