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A. Schematic

I.  Core Amplifier Circuit

Device size
MOS W(u) L(u) M
M11 1 1 200
M12 1 0.5 100
M13 1 0.5 100
M14a/ M14b 1 1 90
M15a/ M15b 1 1 140
M16a/M16b 1.2 1 90
M21a/ M21b 1.2 0.8 5
M22a/ M22b 2.5 1 50
M31a/ M31b 1.2 0.8 40
M32a/ M32b 2 1 10
M33a/ M33b 1.2 0.8 100
M34a/ M34a 2 1 100
Mcla/ Mclb 1 1 13
Mc2a/ Mc2b 1.2 0.8 20
Mc3a/ Mc3b 2.4 1 30
Cm1la/Cmilb 10.6pF
Cm2a/Cm2b 3pF




Common Mode Feedback

Device size

MOS W(u) L(u) m
M1 2 0.8 4
M2 2 0.8 4
M3 1.2 1 8
M4 2 0.8 4
M5 0.8 4
M6 1.2 1 8
M7 0.8 0.8 15
M8 1.1 0.8 15
M9 1.2 1 20
RO 10kQ

R1/R2 15kQ




Biasing Circuit

Device size

MOS W(u) L(u) m
M4 1.2 1 40
M3 1.2 1 200
M1 1.2 1 200
M2 1 1 30
MO 1 1 43




B. Simulation results
. Power < 5mW
TT: total power=2.5534mW

***¥* ypltage sources

subckt
element ©:vdd 0:vgnd 0:vinn 0:vinp 0:vocm
volts 1.4000 0. 700.0000m 700.0000m 700.0000m
current -1.7204m 1.6267m 0. 0. 17.6800u
power 2.4086m 0. 0. 0. -12.3760u
total voltage source power dissipation= 2.3962m watts

*¥*¥% current sources

subckt

element 0O:iref
volts 937.1855m
current 55.0000u
power -51.5452u

total current source power dissipation= -51.5452u watts

**** resistors

subckt xop xop xop
element 0:rloadl 0:rload2 l:rrl l:rr2 l:rr0
r value 25.0000k 25.0000k 15.0000k 15. 0000k 10.0000k
v drop 949,9824m 949.9818m -60.5469m -60.5463m 176.7998m
current 37.9993u 37.9993u -4.0365u -4.0364u 17.6800u
power 36.0987u 36.00986u 244.3952n 244.3907n 3.1258u

SS: total power=2.5220mW

**** yoltage sources

subckt
element 0:vdd 0:vgnd O:vinn 0:vinp 0:vocm
volts 1.4000 0. 700.0000m 700.0000m 700.0000m
current -1.6846m 1.5960m 0. 0. 12.4143u
power 2.3585m 0. 0. 0. -8.6900u
total voltage source power dissipation= 2.3498m watts

*¥*¥¥* current sources

subckt

element 0O:iref
volts 883.3712m
current 55.0000u
power -48.5854u

total current source power dissipation= -48.5854u watts

***¥* resistors

subckt Xap Xxop Xxop
element 0:rloadl 0:rload2 l:rrl l:rr2 l:rr0

r value 25.0000k 25.0000k 15.0000k 15.0000K 10.0000k
v drop 952 .5541m 952.5544m -21.5604m -21.5607m 124.1431m

power 36.2944u  36.2944u  30.9901n  30.9909n 1.5412u




SF: total power=2.5250mW

***% yoltage sources

subckt
element 0:vdd 0:vgnd O:vinn O:vinp 0:vocm
volts 1.4000 0. 700.0000m 700.0000m 700.0000m
current -1.7194m 1.6235m 0. 0. 18.2220u
power 2.4071m 0. 0. 0. -12.7554u
total voltage source power dissipation= 2.3943m watts

**** current sources

subckt

element 0O:iref
volts 883.3712m
current 55.0000u
power -48.5854u

total current source power dissipation= -48.5854u watts

**** resistors

subckt Xop xop xop
element O0:rloadl 0:rload2 l:rrl l:rr2 l:rro
r value 25.0000k 25.0000k 15.0000k 15.0000k 10.0000k
v drop 970.3780m 970.3784m -60.1624m -60.1628m 182.2202m
o o o o y o y o o

L) - - - el ﬂ B. el B B - °
power 37.6653u  37.6654u 241.3011n 241.3038n 3.3204u

FS: total power=2.5236mW

**** yoltage sources

subckt
element 0:vdd 0:vgnd O:vinn Q:vinp 0:vocm
volts 1.4000 0. 700.0000m 700.0000m 700.0000m
current -1.7214m 1.6267m 0. 0. 18.1047u
power 2.4100m 0. 0. 0. -12.6733u
total voltage source power dissipation= 2.3973m watts

*¥%* current sources

subckt

element O:iref
volts 917 .8063m
current 55.0000u
power -50.4793u

total current source power dissipation= -50.4793u watts

***% resistors

subckt xop xop xop
element 0:rloadl 0:rload2 l:rrl l:rr2 l:rro
r value 25.0000k 25.0000k 15.0000k 15.0000k 10.0000k
v drop 958.1349m 958.1347m -61.8277m -61.8275m 181.0474m
current 38.3254u 38.3254u -4.1218u -4.1218u 18.1047u
power 36.7209u 36.7209u 254.8444n 254.8426n 3.2778u
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FF: total power=2.4726mW

k*** yoltage sources

subckt
element 0:vdd 0:vgnd Q:vinn 0:vinp 0:vocm
volts 1.4000 0. 700.0000m 700.0000m 700.0000m
current -1.7430m 1.6466m 0. 0. 22.2806u
power 2.4402m 0. 0. 0. -15.5964u
total voltage source power dissipation= 2.4246m watts

¥*** current sources

subckt
element O:iref

volts 978.6917m

current 55.0000u

power -53.8280u

total current source power dissipation= -53.8280u watts

¥*** resistors
subckt Xop xop xXop
element 0:rloadl 0:rload2 l:rrl l:rr2 l:rro

r value 25.0000k 25.0000k 15.0000k 15.0000k 10.0000k

v drop 926.5436m 926.5437m -101.3021m -101.3023m 222.8062m

nt 37 06174 37 _AR17u _6_ 75350 _6 75350 22 _220/1
I power 34.3393u 34.3393u 684.1409n 684.1431n 4.9643u I

DC gain > 70dB, GBW (gain bandwidth) > 30MHz, P.M. (phase margin) > 60°

TT: DC gain =91.6999dB, GBW =23.7574MHz, P.M. =69.8988"

bbbk ] = 25.000 temp= 25.000Q *****x=*
dcgain _in db= 91.6999 at= 10.0000
Trom=  10.0000 to= 1.0000g
dcgain= 38.4589k at= 10.0000
to= 1.0000g

from= Q0600
|unity_frequency= 23.?5?4x|

rgﬁase=—llﬂ.lﬂlz
p

hase_margin= 69.8988




SS: DC gain =91.6549dB, GBW =21.1656MHz, P.M. =64.0213"

ittt i =_ 25.000 temp= 25.000 ******
dcgain in db= 91.6549 at= 10.0000

Trom= 10.0000 to= 1.0000g
dcgain= 38.2599k at= 10.0000

from=__10_ 0000 to= 1.0000g
unity frequency= 21.1656x

phase=-T15_
| phase margin= 64.0213 |

HERTZ(Hz) (log) fl10]

o

SF: DC gain =91.4654dB, GBW =16.1714MHz, P.M. =69.0930

krkk®x ac_analysis tnom=_ 25.000 temp= 25.000 *****x
[dcgain_in db= 91.4654 at= 10.0000

rom= 7. o000 to= 1.0000g
dcgain= 37.4341k at= 10.0000
from=__10.0000 to= 1.0000g

| unity frequency= 16.1714x |
phase=-110.90/0
| phase margin= £9.0930 |




FS: DC gain =91.4539dB, GBW =21.2827MHz, P.M. =70.9040"

kEKkFEX g gnalysis tnom=  25.000 temp= 25.000 *****x*

[dcgain_in _db= 91.4539 at= 10.0000
rom= 0. 0uoo to= 1.0000g
dcgain= 37.3848k at= 10.0000

from=__10.0000 to= 1.0000g
[unity frequency= 21.282?x|

hase=-1UY. U900
Iphase_margin= 70.9040 |

FF: DC gain =92.2916dB, GBW =24.6825MHz, P.M. =69.7514"

o ok Ak i = 25.000 temp= 25.000 #***x**
dcgain in db= 92.2916 at= 10.0000

Trom= 10.0000 to= 1.0000g
dcgain= 41.1700k at= 10.0000

from=_10.0000 to= 1.0000g

[unity frequency= 24.6825x]|
nase=-110..2460 _
rﬁwase_margin= 69.7514 |




lll. common mode rejection ration (C.M.R.R.) at 10KHz > 85db

CMRR= —2DM_

AcMm_DM

TT: 77.8+16.9=94.7dB

vdb(vop)

vdb(vop) § -11.




FS: 77.5+15.3=92.8dB

IV. power supply rejection ratio+ (P.S.R.R.+) at 10KHz > 85db

PSRR+ = Av,input,output
Av,Vdd,output

TT: 77.8+24.5=102.3dB




SS: 76.6+20.8=97.4dB

vdb(vop)

SF: 76.5+24.8=101.3dB
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FF: 78.4+40.3=118.7dB

V. power supply rejection ratio- (P.S.R.R.-) at 10KHz > 85db

Ay input_output
PSRR- = —rRuoue
Av,Vss,output

TT: 77.8+16.7=94.5dB

vdb(vop)




vdb(vop)
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VI.

slew rate+ (S.R.+) > 3.5V/us, settling time+ < 3.5us

TT: slew rate+ (S.R.+) =17.8882V/us, settling time+ =519.5763ns

***X**X* transient analysis tnom=

final= 499.9769m
hlimit= 500.4768m
1limit= 499.4769m
htime= 569.5763n

25.000 temp= 25.000 **kkk%

Ipos_settling= 519.5?63n|
= L. 2105

hlimitl= 1.2176
1limitl= 1.2152
htimel= 478.7775n
ltimel= 654.0906n

pos_settlingl= 604.0906n

final2= 716.4301m
hlimit2= 717.1465m
1limit2= 715.7136m
htime2= 504.4261n
ltime2= 683.6599n

pos_sgttling2= 633.6599n

|srp2 17.8882x

107.9979n  trig= 63.2756n

SS : slew rate+ (S.R.+) =15.7266V/us, settling time+ =787.5847ns

*¥***** transient analysis tnom=

final= 499.9610m
hlimit= 500.4609m
1limit= 499.4610m
htime= 837.5847n

25.000 temp= 25.000 ***kxk

! — TR 17ﬂ7n
|pos_sett11ng= 787.5847n |
= 1. 2250

hlimitl= 1.2247
1limitl= 1.2223
htimel= 548.9116n
ltimel= 773.3807n
pos_settlingl= 723.3807
final2= 723.5225m
hlimit2= 724.2461m
1limit2= 722.7990m
htime2= 589.8224n
ltime2= 766.0221n
pos_settling2= 716.0221

srp= 15.7266x

n

n

g= 116.7350n  trig= 65.8657n

SF: slew rate+ (S.R.+) =13.9270V/us, settling time+ =948.6617ns

*H**X** transient analysis tnom=

final= 499.9554m
hlimit= 500.4554m
1limit= 499.4555m
htime= 911.3221n

25.000 temp= 25.000 **kxkx

ime=_008 FF17n
Ipos_settling= 948.6617n
= L.Z2580/7

hlimitl= 1.2480
1limitl= 1.2455
htimel= 716.3497n
ltimel= 956.8083n

pos_settlingl= 906.8083n

final2= 746.7840m
hlimit2= 747.5308m
1limit2= 746.0372m
htime2= 1.1432u
1time2= 959.3934n
pos_settling2=

| srp= 13.9270x

1.0932u

rg= 124.2704n trig= 66.8281n
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FS: slew rate+ (S.R.+) =16.4411V/us, settling time+ =551.4796ns

kHEF*E* transient analysis tnom= 25.000 temp= 25.000 ******
final= 499.9738m

hlimit= 500.4738m

1limit= 499.4739m

htime= 601.4796n

jme=_"R32 _0074n
|pos_sett11ng= 551.4796n|
= 1. 2275

hlimitl= 1.2287
1limitl= 1.2262
htimel= 558.0455n
1timel= 745.7644n
pos_settlingl= 695.7644n
final2= 727.4812m
hlimit2= 728.2087m
1limit2= 726.7538m
htime2= 558.8180n
ltime2= 770.4531n
pos_settling2= 720.4531n

- = rg= 112.5992n trig= 63.9405n
srp= 16.4411x

FF: slew rate+ (S.R.+) =19.0604V/us, settling time+ =567.5617ns

*E**** transient analysis tnom= 25.000 temp= 25.000 *****x*
final= 499.9871m
hlimit= 500.4870m
1limit= 499.4871m
htime= 562.5949n

ime= 617 56170
pos_settling= 567.5617n|
= 1. 1al%

hlimitl= 1.1885
1limitl= 1.1862
htimel= 434.2534n
ltimel= 507.0760n

pos settlingl= 457.0760n
final2= 687.3716m
hlimit2= 688.0590m
1limit2= 686.6843m
htime2= 389.2370n
ltime2= 564.9414n

pos settling2= 514.9414n

= rg= 104.8655n trig= 62.8937n
srp= 19.0604x

Waveform with 5 corners
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VII.

slew rate- (S.R.-) > 3.5V/us, settling time- < 3.5us

TT: slew rate- (S.R.-) =17.8882V/us, settling time-
25.000 temp=

****** transient analysis tnom=
final=-499.9769m
hlimit=-500.4768m
1limit=-499.4769m

htime= 569.5763n

— RO8 aR70An
Ipos_settling= 519.5763n |
I AU

hlimitl= 717.1465m
1limitl= 715.7136m
htimel= 504.4261n
ltimel= 683.6599n
pos_settlingl= 633.6599n

final2= 1.2164
hlimit2= 1.2176
1limit2= 1.2152

htime2= 478.7775n
ltime2= 654.0906n
pos_settling2= 604.0906n
i Llpeegleslediail +"T 1067.9979n trig=

|srn§ 17.8882x

*kx*%* transient analysis tnom=
final=-499.9610m
hlimit=-500.4609m
1limit=-499.4610m

htime= 837.5847n

25.000 temp=

— TR 17ﬂ7n
Ipos_settling= 787.5847n |
= e T s ][]

hlimitl= 724.2461m
1limitl= 722.7990m
htimel= 589.8224n
ltimel= 766.0221n
pos_settlingl= 716.0221n

final2= 1.2235
hlimit2= 1.2247
1limit2= 1.2223

htime2= 548.9116n
ltime2= 773.3807n
pos_settling2= 723.3807n
ime=__ 50 86030 tara- 116.7350n
15.7266x

— trig=
srn=

— = 124.2704n
srn= 13.9270x

kkk*** transient analysis tnom=
final=-499.9554m
hlimit=-500.4554m
1limit=-499.4555m
htime= 911.3221n
ime=_008 AA17n
pos settling= 948.6617n
hlimitl= 747.5308m
1limitl= 746.0372m
htimel= 1.1432u
ltimel= 959.3934n

pos_settlingl= 1.0932u
final2= 1.2467
hlimit2= 1.2480
1limit2= 1.2455

htime2= 716.3497n

ltime2= 956.8083n

pos_settling2= 906.8083n
Lme= trig=

16

25.000 temp=

=519.5763ns
25 . QOQ FkkEEk

63.2756n

SS: slew rate- (S.R.-) =15.7266V/us, settling time- =787.5847ns

25.000 ***E*k*

65.8657n

SF: slew rate- (S.R.-) =13.9270V/us, settling time- =948.6617ns

25.000 #*EFx*k*

66.8281n



FS: slew rate- (S.R.-) =16.4411V/us, settling time- =551.4796ns

kk**** fransient analysis tnom= 25.000 temp= 25.000 ******
final=-499.9738m
hlimit=-500.4738m
1limit=-499.4739m
htime= 601.4796n

1 e o B TN N
pos settling= 551.4796n
1inall= . m
hlimitl= 728.2087m
1limitl= 726.7538m
htimel= 558.8180n
ltimel= 770.4531n
pos_settlingl= 720.4531n
final2= 1.2275
hlimit2= 1.2287
1limit2= 1.2262
htime2= 558.0455n
ltime2= 745.7644n
pos_settling2= 695.7644n

g= 112.5992n trig= 63.9405n

srn= 16.4411x

FF: slew rate- (S.R.-) =19.0604V/us, settling time- =567.5617ns

¥rREX** transient analysis tnom= 25.000 temp= 25.000 ******
final=-499.9871m
hlimit=-500.4870m
1limit=-499.4871m
htime= 562.5949n
ime=_H17 SR17n0
pos settling= 567.5617n
1hall= . m
hlimitl= 688.0590m
1limitl= 686.6843m
htimel= 389.2370n
ltimel= 564.9414n
pos_settlingl= 514.9414n
final2= 1.1874
hlimit2= 1.1885
1limit2= 1.1862
htime2= 434.2534n
ltime2= 507.0760n
pos _settling2= 457.0760n

- el 97190 farg= 104.8655n trig= 62.8937n
srn= 19.0604x

Waveform with 5 corners




VIII. specification table

Design Items Specifications 1T SS SF FS FF
Technology CIC pseudo technology
<1.8V,
Supply voltage ) 1.4 1.4 1.4 1.4 1.4
low as possible
<5mW(10%)
Power ) 2.5534m 2.5220m 2.5250m 2.5236m 2.4726m
Small as possible
Loading 80pF / 25K Q
) >70dB (10%)
DC gain ] 91.6999 91.6549 91.4654 91.4539 92.2916
Large as possible
> 30MHz (10%)
GBW ) 23.7574 21.1656 16.1714 21.2827 24.6825
Large as possible
P.M. >60°(10%) 69.8988 64.0213 69.0930 70.9040 69.7514
C.M.R.R.@10kHz >85dB (5%) 94.7 89 88 92.8 90.8
P.S.R.R.+@10kHz >85dB (7.5%) 102.3 97.4 101.3 100.8 118.7
P.S.R.R.-@10kHz >85dB (7.5%) 94.5 99.9 107.9 95.3 96.3
Unity-gain configuration
S.R.+ (10% ~ 90%) >3.5V/us (7.5%) 17.8882 15.7266 13.9270 16.4411 17.9477
S.R.= (10% ~ 90%) >3.5V/us (7.5%) 17.8882 15.7266 13.9270 16.4411 17.9477
Settling+(1Vpp,0.01) <3.5us (7.5%) 519.5763n | 787.5847n | 948.6617n | 551.4796n | 567.5617n
Settling-(1Vpp,0.01) <3.5us (7.5%) 519.5763n | 787.5847n | 948.6617n | 551.4796n | 567.5617n
Figure of Merit (FoM)
GBW(MHz)
Small signal Power(mW) 9.3042 8.3924 6.4045 8.4335 9.9824
(5%)
SR(V/us)
Large signal Power(mW) 7.0056 6.2358 5.5156 6.5149 7.2586
(5%)

C. Design procedure and consideration

A iz =0 Fully-differential OP 92 ‘f#.{%ji‘r'; B4 3 B a0"A 1.2V Fully

Differential Amplifier with Buffered Reverse Nested Miller and Feedforward

Compensations” iz % paper >

” >

F A% * ¥ Vdd = 1.4V 7 supply voltage

frz B ¥ % 5 7| 0 biasing circuit 11 T £ 44 B OP 07 o 04 01

b

wp

o
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Core Amplifier Circuit

(1)

First stage

% — %% - 1 folded cascode differential amplifier » folded ¥ 1/
§? cascode 7 £ 7 % fhigain it #rj fiu+ £ voltage output swing © —
B3t ik 8 3 & #-gain £2.% 0 #7014 #-F 3 mos i& » saturation
region " {$ E ¥ B ® o W/L &1 R F1 5 M11 7 it £_M12.M13
A B> 9712 M11 dhsize + &k € £_M12.M13 13 & > @ F 5 4t &
£7gain 5 gmizmi3z X Rowe’ ¥4 % 8 M12.M13 cigm # 11 3% % gain »
* 5] B Rout"‘ = % _}’/“\r016”gm15r015r014 o ﬁir—g Rout » # ri4% ':g
gain A A E iE A B o N A E 3 mos ?a’fi + saturation region 2.
A gain -

e &1 R - Bixogain 7 a0 = B % B ¢hgain ¢ & bandwidth
g 0 BF ¥ - Smehpoles v bt MAReni= R o B € D
compensation % F 2 {¢ dominant pole /L7 # - gain - phase ¢ * %
,TJLJH{- 4 g;@ CMRR - PSRR {+. 10kHz PFE7 D8 Rom g BiE
2d B SR ude mos R Ak 5 R RGN H B mos i~
linear & cutoff o

M14 fe M15 &7 3f — B 45 333 cPpF i (%% % 3~ linear region>
Fl e - B4 F A K vblfrvbn T 2 3 F AU 2 R TG
f& k4% _+ bias circuit & - % 33 & bias circuit smos ¥ 11 F[3E
stagel wiF f i ff T ek iy o

gm1

VGITIG

Vi M3 \/%
(M o[ M M1|;|H
th 3 th
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(2) Second stage
¥ = & §_common source > E_* k% 2 FEEE OP chigain> ¥ 5 &
- M hgain # 43 % kiE F] spec P& igain ¥ & T A
Imaz X (To22l1To21) * FI#* 2 P e grop (2= 22 W/L) K 4% B gaine

(3) Third stage

%= %E L% kB slewraterslew rate st 34 % K E A3 /Co
X %1% M33 fr M31 #_current mirror .&h?%ﬁé’ ¥ 113 currrent 2+ >
STILER L M33 A3 M31 0 F 0 $ % M34(F AR S sdigm) 0 &
# % gain o & F A (S kB M33 fr M34 ehisize PRV ILUE Ao %
Fs size 3 /| o settling time ¥ Y2 0 Ao b B IR P en slew rate
B % 3 spec e R r R ifﬁi&‘ﬁ’ tg3% -] M33 v M34 isize » B
settling time ## & spec * % X **iE slewrate -~ % - @ settling time
i+ & spec ' {¢ » phase margin = ¥ 1/ %ﬁ“ﬁ compensation £ 4 % &

spec °




(4) Compensation circuit

“f 7oA o $& T stage3 ¥ 1234 BX PM s compensation circuit » ¥ 12
P PM > F] % miller compensation ¥ 2 5 pole splitting <& > 4=
dominant pole /i@ 4& » #A {5 second poIe AtS #5034 stagel
fr stage2 2. ¥ *x ¥ compensation > ¥ * C1 v C2 % i 3| miller
compensation > §1* bandwidth fr PM ¢ tradeoff k:zd PM > » ¥
] %"gvi compensation k3 & RHP zero > &%k » ¥ 100 % K &
PM -

Omb

Common Mode Feedback

A BT /Eéi‘fr;common mode feedback & & A3 B> #7100 k4t
FhEam PR R 2 F o (T 0 BB K feedback 2 {8 0 £ A
&;E, v A ae EF 7}2 TEOP > F]pt 25 IR feedback 32 B FHE 1R E

v A fd Voecm fr Veme & i T RE 73 4pt o K Veme
a#f . Vdd/2 » i 3] common mode feedback 7 p 7 -
M1, M4, M7 iz = % pmos (<% % i& » linear region ] % T & 7pmos
e nmos 3= 7 @ Ine, B A A 5 o HEIRITZ R pmos B~ linear region ° i%
EHE M2 M5 M8 4 vb1(bias circuit) ¥ 2 & M1 M4 M7 i& » saturation °
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2R M M
e e M
yum

M M
R

Biasing circuit

biasing circuit £_#\ i* & % stagel {8 @ ¥R 4 » F] & biasing circuit
& JE 4R 7 Ie stage #7% & i1 biasing voltage k B> M F D AT E & n
T E o ¥ bR * chf 2w HW3 #7 5 e biasing circuit » F] 5 548
L ﬁé% 7 fv ¥4 48 T b biasing circuit 2. #F > B i 3 T EL 27 FF corner it
MAadFfEe > 173 §RATDOP 7 P corner 2 T ECEFHITIZE 0 i3
47 4ETOP K o

ﬂw—%%ﬁmd$%%’%ﬁmmmﬁﬁﬁ?ﬂ&ﬂ@%éﬂg

% FF nmos s(W/L)+ %% i< iref » 3K A 7 & mi 4 200uA » 2
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D. Discussion and conclusion
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