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

Improving Performance
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Design Example

ECE4802 B2015 Lec 11



Specifying Op-Amp Design:

MOSFET

DC Bias

Size (1)

Remarks
ID [uA] | Vos- Vg | W[um] | L [um]

M1 21 62.5uA | 0.25V /.‘\380 [o]

w2 6254 [oasv 1380 | 1o

M3 f; 62.5pA ,,@—Oflv +00 | 10

M4 ‘IA 62.5uA h —O4V 9'900 10

M5 ¢ | 500mA ‘P -0 = 7760 | 10

M6 *(D|25)4A » o4V +600 1D CHOOSE SAME W AS M7: SAME Ip
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@ 1., MUST SPLIT BY SYMMETRY N DIfe PAIR (Mi, M2) AND MIRRIR (M3,M,)
Mg , Ma SAME

Ms My FROM DC BIAS MATZHING

Yoo SIZE Ms, My
BALANCE : Ms, My FOR. SAME Vs
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Op-Amp Design

20 uA 20 uA 160 uA

vdd @ ©

yinm

r=256K
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Open Loop Test Simulation vdd

vdd TV_DD

vdc=5
gndl DC sweer ,i»
vout T CL
c=10p
gnd! TV_SS
vde=5

gnd!
gnd

vss

Open Loop DC response

— /vout

E
to)

/) ;

/ \ O(—153u\5, 3.538mV)

\S)
\

S o] M1(1.32mV,.8.014V) =

- [—%2 1 Vps INPYT REFERRED
. /1 « OFFSET VOLTAGE: Vid INFUT
=i : { FOR_ V’dd': =0
_4E j', : :
L o ——— ———— —_— e —-a\/,‘o(

-3 2 -1 N (?n " : 1 2 3
Systematic Offset Voltage -153 pV Average DC gain = 8.014V / 1.32mV = 6070

ECE4202 B2015 Lec 11

Oy



Open Loop AC response

v 2000V
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vdd

Closed Loop Simulations

vdd TvV_DD

b UNITY GAIN
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Closed Loop DC Sweep - I 2200 mV
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Closed Loop Transfer Function (Unity Gain)
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Closed Loop Step Response (Large Signal) TRANS [ENT ANALYSIS

— /vout
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1 INPUT
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Rising slew rate 4V /3.31us =1.21V/us
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How to Increase Open Loop Gain?

ECE4802 B2015 Lec 11

J

e L
&)l

Gmr Ror GOmr Roxm
oA~ ﬂ —r
fr, outr  CAV'T ConTRaL
SR CURRENT WHAT 1S AT
RE&GNT OUTPUT




