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Fig. 1(a) Whole circuit schematic (Device size & component value)
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List. 1 : Small signal parameters

subckt xOop Xop Xop XOop Xxop xOop
element 1:mbl 1:mh2 1:mb3 1:ml 1:m2 1:m3
model 0:n 18.1 O:n 18.1 O:p 15.1 D:p 18.1 O:p 18.1 0:n 18.1
region Saturati Saturati Saturati Saturati Saturati Saturati
id 70.3103u 744.4851u -744.4851u -63.6574u -63.6574u ©3.6574u
ibs -1.244e-20 -1.115e-19 6.873e-20 §.2531f 8.2531f -5.873e-21
ibd -300.3082a -3.6702f 9.6956f 35.4487f% 35.4487f -1.2198f
vgs 705.9723m  705.9723m -780.1290m -586.7226m -5866.7226m 476.595Tm
vds 705.9723m 1.01%% -780.12%0m -1.0323 -1.0323 454.4118m
vbs 0. 0. 0. 313.2774m  313.2774m 0.
vth 386.4914m 380.6097m -494.5475m -583.1972m -563.1972m 385.5881m
vdsat 272.9%791m 280.5251m -262.4845m -70.%223m -70.%223m 112.2055m
vod 319.480%m 325.3626m -285.5816ém -3.5255m -3.5255m §1.0076ém
beta 1.5575m 15.5999m 19.3865m 4¢.3646m 46.3646m 11.2067m
gam eff 507.4467m 507.4468m 557.0846ém 554.%654m 554.%654m 507.4460m
gm 400.0522u 4.16lém 4_6067m 1.2803m 1.2803m 528.7%41u
gds 5.9938u 52.2643u 34.5461u 3.3%10u 3.3910u 11.3127u
gmb T76.7272u 785.6866u 1.429%m 339%9.5445%u 339.544%u 189.3256u
cdtot ©6.7583f 63.0054f 315.1920f 615.7555f ©15.7555f 50.2290f
cgtot 34.4539f 343.346%6f 1.8298p 2.4192p 2.415%2p 242.6747f
cstot 38.7766f 386.2963f 2.1417p 2.4433p 2.4433p 271.2222f%
chtot 168.5052f 179.8744f 1.0140p 1.7710p 1.7710p 136.5383f
cgs 30.2944f 301.3118f 1.6138p 1.7158p 1.7158p 209.4780f
cgd 1.7908f 17.7523f 101.1553f 213.5052f 213.5052f 12.8738f
subckt ®op Xop ®op Xop ®op Xop
element 1:m4 1:m5 1:mé 1:m8 1:m7 1:m%
model O:n 18.1 O:p 18.1 O:n 18.1 O:n 18.1 O:p 18.1 O:p 18.1
region Saturati Saturati Saturati Saturati Saturati Saturati
id ©3.6574u -127.3148u 276.6036u 276.6036u -2%4.1384u -2%4.1383u
ibs -5.873e-21 1.188e-20 -4.116e-20 -4.116e-20 2.726e-20 2.726e-20
ibd -1.21%8f 562.087% -13.3607f -13.3607f 4.5252f 4.5252f
vgs 476.585Tm -7680.12%0m 454.4118m 454.4118m -780.12%0m -780.12%0m
vds 454 .4118m -313.2774m B£876.7381m B876.7382m -523.261%m -%23.2618m
vbs 0. 0. 0. 0. 0. 0.
vth 385.5881m -497.2500m 365.4641m 365.4641m -4%4.5502m -454.5502m
vdsat 112.2055m -263.8330m 109.3102m 10%.3102m -262.551%m -262.551%m
wvod §1.007ém -282.87%0m 86.9477Tm 88.9477m -285.5785m -285.578%m
beta 11.2067m 3.4771m 50.0747m 50.0747m 7.6110m 7.6110m
gam eff 507.4460m 557.0846ém 507.4460m 507.44¢60m 557.084ém 557.0846ém
gm 625.75%41u  768.1608u 4 .0855m 4 .0855m 1.8206m 1.8206m
gds 11.3127u 41.1120u 35.6%30u 39.6930u 11.5%2¢6u 11.5%26u
gqmb 189.3256u 238.0253u B827.6464u B27.6464u 565.2546u 565.2546u
cdtot 50.2290f 56.0532f 273.5125f 273.5125f 120.8197f 120.81%7f
cgtot 242.6747f 213.3931f 1.5487p 1.8487p 718.6353f 718.6353f
cstot 271.2222f 250.3837f 2.0202p 2.0202p 641.5311f 6841.5311f
chtot 136.5383f 133.4876f B89%9.7764f BO9.7764f 395.7123f 365.7123f
cgs 209.4780f 183.9531f 1.609%p 1.60%%p 633.8385f ©33.8385f
cgd 12.8738f 17.0786f 74.9312fF T74.9312fF 36.6124f 3%.¢6124f




id

ibs
ibd
vgs
vds
vbhs
vth

vod

g
gds

gmb

cgs
cgd

subckt
element
model
region

vdsat

beta
gam eff 554.9743m 554.9743m 507.

cdtot
cgtot
cstot
chtot

HOp Xop Hop

1:mf1l 1:mf2 1:mf3

O:p 18.1 O:p 18.1 O:n 18.1
Saturati Saturati Saturati

-46.0681u -70.9%65u 46.

0&81u

11.054¢6f 11.0547f -6.958e-21

45.1164f 46.9105fF -2
-586.1345m -611.3%668m 442.
-1.0456 -1.0115 442,
311.8651m 311.8651m 0.
-571.03%em -571.03%m 335.
-73.5364m -855.0865m 116
-17.05953m -40.357Zm 107.
27.8584m 27.743%m 6.

§95.4521u 1.263%m 631.
1.1196u 1.6586u q.
240.0314u 338.8393u 127.
827.0262f 830.5055f  98.
7.6025p 8.6467p 1.
7.5291p 9.0574p 1.
3.9972p 4.0335p 506.
5.9404p 7.2675p 1
287.0980f 287.1796f  23.

.2304f1F

5767m
5767m

4172m

.291%m

1595m
9834m
4460m
8135u
6706u
8271u
4380f
3660p
4335p
0617f

.2220p

9367f

Hop

1:mf4
O:n 18.1
Saturati

70

.9%65u

-1.072e-20

-2

476.
476.

.4019f
5957m
5957m

0.

335

135.
141.
6.
507.
823.
6.
le4d.
98.
1.
1.

503
1
24

.2822m
3552m
3135m
9945m
4460m
3312u
34550
§264u
1450f
3787p
4512p
.2851f
.2395p
.0462f

Xop

1:mf5
O:p 18.1
Saturati

=117

.0646u

1.092e-20

1.
-780.
-311.

1191f
1250m
8651m

0.

-484.
-263.
-295.
3.
557.
689.
31.
217.
140.
945.
1.
436.
g42.

46

9224m
9577m
2067m
0549m
0846m
4067u
78124
5127u
2201f
5096
0623p
2085%
3276f
.2861f

Il. Spice code

M1
M2
M3
M4
M5
Mé
M8
M7
M9

MF1
MF2
MF3
MF4
MFS

-En

n2
n3
n2
n3
nl
von
vop
von
vop

neé
nd
neé
nd
ns

ds

KRR AR REE
.subckt op vinp vinn vdd vss wvop von vocm
K k4Bias MOSk*+

MBl Bl Bl vss vss N 18 w=5u l=lu m=1

MB2 B2 Bl wss vss N:ls w=50u 1=1u m=1
MB3 B2 B2 wvdd vdd P_18 w=70u 1=1lu m=4

A% FAMp MOSH**

vinp nl vdd P_18 w=85u 1=0.%u m=7
vinn nl vdd P_18 w=85u 1=0.%u m=7
nd vss vss N 18 w=18u l=lu m=2
nd vss vss N_18 w=18u 1=lu m=2
B2 vdd vdd P_18 w=40u 1=0.8u m=1

n3 vss vss N 18 w=71u 1=1.31u m=3
n2 vss vss N 18 w=71u 1=1.31u m=3

B2 vdd vdd P_18 w=55u 1l=lu m=2
B2 vdd vdd P 18 w=55u 1=lu m=2

x %k Feedback MOSH**

vocm n5 vdd P_18 w=80u 1=2u m=10
n7 n5 vdd P_18 w=80u 1=2u m=10

né vss vss N 18 w=34.7u 1=3u m=2
nd vss vss N_18 w=34.7u 1=3u m=2
B2 vdd vdd P 15 w=40u 1=1.8u m=2

REZ1 wvop zcl 500
REZ2 won zc2 500
RCM1 wop n7 100k
RCM2 won n7 100k
Eb vdd Bl 15.56k

CCl zcl n2 ep
CC2 n3 zc2 ep




I1l. Simulations

3.1 Open-loop differential mode AC response
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Fig. 3.1(a) Test circuit of 3.1
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Fig. 3.1(b) AC magnitude and phase response of differential mode gain



output first 10 Poles, (total 13)
Use .option pz_num = NUM to control output number, (default:10)
poles (rad/sec) poles ( hertz)
real imag real imag
-46.5407k 0. -7.40718k 0.
-1.11873x -168.4888x -178.051k -2.94259x
-1.11873x 18.4888x -178.051k 2.94258x
-151.7%6x 0. -24.1591x 0.
-285.635x 0. -45.4602x 0.
-317.701x 0. -50.5636x 0.
-663.813x 0. -105.649x 0.
-759.983x 231.772x -120.955x 36.68877x
-759.983x -231.772x -120.955x -36.8877x
-775.835x 215.474x -123.478x 34.2937x
output first 10 Zeros, (total 20)
Use .option pz num = NUM to control output number, (default:10)
zeros (rad/sec) zeros ( hertz)
real imag real imag
-1.10475x -168.3680x -175.827k -2.9%92654x
-1.10475x 18.3880x -175.827k 2.92654x
-1.1059%x 18.3%24x -176.023k 2.92725x
-1.1059%x -168.3%924x -176.023k -2.92725x
-151.820x 0. -24.1628x 0.
-285.636x 0. -45.4605x 0.
-317.601lx 0. -50.5478x 0.
-56€6.05%4x -3.73732k -%0.05%¢66x -5%4.813
-56€6.05%4x 3.73732k -%0.05%¢66x 5%4.813
-646.85%8x 0. -103.275x 0.
IJ.D 1?0 l’k ll?k lcpk lIM 1CI!M 100M LP
vop.von) |-11.1 T —
60
40
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o
3
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-40 4
HERTZ(Hz2) (log) 10 100 1k B7.41k 100k 1M 10M E103ME106M 16

Fig. 3.1(c) Poles and zeros of differential mode

<Dis. 3.1(d)>
(i) Gain:

{it fig. 1(a) A LATSRI -

= gain = gm, * (rol Il roS) * Ims * (Tos | Too Il Tioaa)

i List. 1 sl UG EILL EAY S8 > NS AT DLETRL

— gain = 1.2803m * (68010.1) * 4.0855m * (14028.0786)
= 4990.322 = 73.96dB

EAf5E(E 72.823dB fHAEAN K -




(ii) Polel :

A R, G
—M— | Vout
R R
ImaVin C) ! ImeV1 C) ’
¥ é :: C]_ mi ¥ é :: Cz
(1041l 752) (roell|To7 | Ry,

Capz + Capa +Cyse

Cape + Cap7 +Cy,

(Figure 1)Pole analysis
1 1

PL = g ¥R *R,*C, (4.0855m) *68010.0927  14028.0786  6pF
= 42759.4369(rad) = 6.805(kHz)

w

WEANCESER MR - INILFTEEIR (E & B AR - 1T
TRy 7.4072kHz » B E{EA 22 (o) A P] P2 0l -

(iii) Pole2 :

cdb 2= 402.2627f
cdb 4= 36.0065f
cdb 6= 190.5634f
cdb 7= G§0.9634f

(Figure 2) Measured cdb values

Imse 4.0855m

“p2 = (¢ +Cy)  (628.9032f + 5.2715p)
= 692.41M(rad) = 110.2(MHz)

Simulation result - 105.649(MHz)

EIEEEEAMEE - TSR E Y pole BAIBEARIREIN > (FRTEZ
HijiY pole » R LLEETH 26 FH L S ERY zero f71F » R Fy pole B
zero HYRCRAESH - RIEEERAFISEIHY pole 24 HL zero A H1& P I
BRHY pole fI & °

(iv) Zero :
1 1

CC(g_me —R.) 6p(244.768 —500)

= 653M (rad) = 103.928(MHz)

Simulation result - 103.275(MHz)

B pole2 BFFH[E] » FAM— R E Y zero fir B B HIHY zero »
FRTE R LLEEER 5 zero EVE EL 2 HIFERY pole fF71F » RILTE
SCRARHR - M ERRSSFRIERTY zero (1 E -
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3.2 Open-loop differential mode DC sweep

vinp
dc = 0.9/+ 0.5 * sweepv

vinn

dc = 0.9 — 0.5 = sweepv = =

vdd
dc =1.8v

vinp
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1 C+> vocm

=/ dc=09v = L
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= 50kQ  5pF
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Fig. 3.2(a) Test circuit of 3.2
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Fig. 3.2(b) Open-loop differential mode DC sweep
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3.3 Open-loop common mode AC response

vdd
dc =1.8v

rload2 cload?2
vinp vop 50k  5pF
vinp vinn
dc = 0.9v
ac=105,0

i s C‘) vocm
vinn -/ dc=09v
dc = 0.9v

ac=10.5,0

rload_l c_loadl
= 50kQ}  5pF
Fig. 3.3(a) Test circuit of 3.3
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kE%k%%k% zc analysis tnom= 25.000 temp= 25.000 **&x&%
acm _in db= -31.4054
acm _in= 26.8%86m

Fig. 3.3(b) AC magnitude response of common mode gain

<C.M.R.R. @10KHz>: 68.3165-(-31.4054) = 99.7219dB



output first 10 Poles, (total 13)
Use .option pz num = NUM to control output number, (default:10)
poles (rad/sec) poles ( hertz)
real imag real imag
-4¢.5407k 0. -7.40718k 0.
-1.11873x -18.4888x -178.051k -2.94256x
-1.11873x 168.4888x -178.051k 2.94255x
-151.7%6x 0. -24.1591x 0.
-285.635x 0. -45.4602x 0.
-317.701x 0. -50.5636x 0.
-663.813x 0. -105.649x 0.
-759.983x 231.772x -120.955x 36.8877x
-759.983x -231.772x -120.955x -36.8877x
-775.835x 215.474x -123.478x 34.2937x
output first 10 Zeros, (total 20)
Use .option pz num = NUM to control output number, (default:10)
zeros (rad/sec) zeros ([ hertz)
real imag real imag
-1.10475x -168.3880x -175.827k -2.92654x
-1.10475x 18.3880x -175.827k 2.92654x
-1.1059%x 18.3924x -176.023k 2.92725x
-1.1059%x -16.3524x -176.023k -2.92725x
-151.820x 0. -24.1628x 0.
-285.636x 0. -45.4605x 0.
-317.601lx 0. -50.5478x 0.
-566.0%4x -3.73732k -%0.05%66x -5%4_813
-566.054x 3.73732k -%0.05%66x 564.813
-648.858x 0. -103.275x 0.

Fig. 3.3(c) Poles and zeros of common mode

<Dis. 3.3(d)>
Bi<Dis. 3.1(d)>fH[E - FeffTA] USE] -
(i) Polel :
1 1
Wp1 = Ime * R * Ry * C. (4.0855m) * 68010.0927 * 14028.0786 * 6pF
= 42759.4369(rad) = 6.805(kHz)

EASE(E 7.4072kHz FHZA{E AR 2 50lE -

(ii) Pole2 :
_ Ome 4.0855m
P27 C,+C, (628.8326f) + (5.2715p)
= 692.4131M (rad) = 110.2(MHz)

w

Simulation result - 105.649(MHz)

EISEEAMEE - TSR E Y pole BAIBEETIR AN » FRTEZ
HijlY pole » ] DAZEIH 46~ E A EL Y B ERY zero 174E > A Fy pole Eil
zero HRUSRHEEH - RIS EIRY pole BATEL zero AHIH 1R AT 5]
BRHY pole {1 & ©



sweepvivolt) (lin) IO‘ Y
P 1|}

(iii) Zero :
! ! 653M(rad) = 103.928(MHz)
w, = T = — = rad) = . z
Cc(ﬁ —R,) 6p(244.768 — 500)

Simulation result - 103.275(MHz)

AT pole2 BE#FH[E » IR E Y zero i1 B AECIZHEITY zero »

ERIE—RE T DAEE - 5 zero #VE B ¥HERY pole 171E » RIILAE
EEMH R > BTS2 IRSHFIERAT zero 1 E -

3.4 Open-loop common mode DC sweep

vdd
dc = 1.8v

rload?2 cload?
vinp vinp vop 50kQ)  S5pF

dc =|sweepv

vinn

- 1 CD vocm

vinn -~/ dc =09y = -
dc = 1 cl

¢ = sweepv rloadl cloadl

= 50kQ)  S5pF
.dc sweepv 0 'supplyp — supplyn’ 0.001

Fig. 3.4(a) Test circuit of 3.4

06 o8 1
.......................
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vivop) |877m 26.8m

Slope

Compare with 13
AC response: -31.4dB=26.9m

12
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0.9

Operation,

02 T s Tl Uy

Fig. 3.4(b) Open-loop common mode DC sweep
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3.5 Open-loop power supply+ AC response

rload2 cload?2
50kQ  5pF

vinp
dc =09v

vinn
dc =0.9v = =
rloadl cloadl
= 50kQ  5pF
Fig. 3.5(a) Test circuit of 3.5
10 100 1k 10k 100k M 10M 100M 16
vabivo fn) : : : : : i : : 3
O A :
DC gain (dB / \
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10 .«‘/ \
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10 \'\
/ \
-20 A
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HERTZ(Hz) (log)
o

< —

psp_in db= -34.5871

25.000 temp=

25.000 *&k&kk

Fig. 3.5(b) AC magnitude response of power supply+ gain

<P.S.R.R.+ @10KHz>: 68.3165-(-34.5671) = 102.8836dB

11




3.6 Open-loop power supply- AC response

rload?2 cload?
50kQ  5pF

vinp
dc = 09v —
VSS -1 = =
| VSS - T
= L +\ vocm +\ dc = 0v
o (Pirow OV LI
- rloadl cloadl
- — 50kQ  S5pF

Fig. 3.6(a) Test circuit of 3.6

10 190 l‘k lqk lﬂpk lIM IDIM IDPM
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j i T i ) T ¥ i T
HEK[Z(HZ)(lng) 10| 100 1k 10k 100k M 10M 100M
L I I

kkk%k%% g gnalysis tnom= 25.000 temp= 25.000 **&&%%
psn_in db= -35.9632

Fig. 3.6(b) AC magnitude response of power supply- gain

<P.S.R.R.- @10KHz>: 68.3165-(-35.9632) = 104.2797dB
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3.7 Closed-loop differential mode AC response

rtest4
W 500kQ
vdd
gi)e(;s]ié de = 1.8v rload2 cload?2
vinp vop 50kQ  5pF
. w vinn
vinp A o L
dc =0.9v rtestl
ac = 0.5 ,0 500k0. vocm
- L CLD vpem
vinn /dp =09y = 1 |
dc =09v = =
ac = 0.5.180 rloadl cloadl
= 50kQ  5pF
rtest3
W 500k

Fig. 3.7(a) Test circuit of 3.7

0 1E‘l(l
vplvop.von) %44

vdb(vop.von

100k
0

10M 100M
1 f

DC gain (dB)

100

50

-50

HERTZ(Hz) (log)
[’ ~

10k

100k

100M

i

Fig. 3.7(b) AC magnitude and phase responses of differential mode gain

*%%k%%% gperating point information tnom= 25.000 temp= 25.000 ***%%%%
kEkE%E operating point status is all simulation time is 0.
node =voltage node =voltage node =voltage
+0:testl = 900.0000m O:test2 = 800.0000m O:vdd = 1.8000
+0:wvinn = §66.2200m 0:vinp = §88.2200m 0:vocm = 500.0000m
+0:wvon = 876.4400m O:vop = 876.4400m 0:vss = 0.
+1:bl = 705.9723m 1:b2 = 1.0199 1:nl = 1.4775
+1:n2 = 454 . 4228m 1:n3 = 454 .4228m 1:n4 = 476.7865m
+1:n5 = 1.4880 1:né = 442.3344m 1:n7 = £76.4400m
+1:zcl = 876.4400m 1l:zc2 = 876.4400m

Fig. 3.7(c) Input and output node voltages
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#¢ Fig. 3.7(c) A LASE] » vinn, vinp = 0.888V » [ffjvon, vop = 0.8764V > [
MG 1 RO THAYAEE -

*k ok small-signal transfer characteristics

v (vop,von) /vinn = -999.531%m
input resistance at vinn = 669.4638k
output resistance at v(vop,von) = 11.2402

Fig. 3.7(d) .tf result of closed loop differential mode

<Dis. 3.7(e)>
(i) Gain:
2z
vinl 4 ~ vol
o3 +> ®
+
O—Ml—{1 <0
vin2 4 Zg vo2
——
(Figure 3) Closed loop circuit
Cai Zgr 500k "
b = — = — =
=z T 500k

EAfSHE(E 0.9995 fHZAAK -

(ii) Input impedance :
= Zin = ((Remy + Remz + 50Kk) 11 500k) + 500k
= ((200k + 50k) Il 500k ) + 500k = 666.667k2

EARE T 669.4638kQFHZE R A -

(iii) output impedance :
FRAFVAIETEAERY op amp &4 zero output impedance  [fij#% 4 CMFB [y
T FFTRFE S 282D 0 HY output impedance ©
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3.8 Closed-loop differential mode DC sweep

rtest4
W 500k()

gti)e;]zé rload2 cload?2
vinp vop 50kQ  S5pF
vinn
vin W von T
b rtestl
dc = 0 + sweepv 500k0Q | VoC

vinn = g)”
=/ d

dc = 1.8 — sweep

rload_l (;’.oadl
= 50kQ  SpF
.dc sweepv 0 'supplyp — supplyn’|0.001

rtest3
W 500kQ

Fig. 3.8(a) Test circuit of 3.8

T T T T St i T ST et TN S St T S S Tt S T Y T ST T SN S S S R S T S S I S T R )
{(vop.ve -108f 15 (lin) r’//,f—*

v(von) @ B876m
16
14
12
1

vivop) @ 876m 4 {lin) 1
16 T hsED

sweepu(volt) (lin) b I S - A AT ST VI I
B P-| < —{ < > :

Fig. 3.8(b) Single-ended and differential outputs for differential step inputs

F Fig. 3.8(b)F AT LAZEER > v(vop, von) YRR Ry 2 - 1111 3.7 /INEH 2]
i AC response B({H 1 A[E] A Ky 3.8 HHfT2—2K sweep EEIEEHGE -
i 3.7 & 2 H sweep B8 » HELIRAFI(E 3.8 TS EINVRER Ky 3.7 HIR

i -
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3.9 Closed-loop step+ response

rtest4
W 500k0
vdd
rtest2 dc = 1.8v rload2 cload?2
vil 500kQ vinp 50kQ  SpF
pulse (0.54 1.26 50n 51 5n 20.05u " vinn l
rtestl
500k | voqm

. - +\ vpem
2 = O
vt -/ de=09v =

pulse (1.26 0.54 50n 5n 5n 20.05u)

rload_l aoadl
= 50kQ  5pF

rtest3
W 500kQ

Fig. 3.9(a) Test circuit of 3.9

h
vivon (i
vivop)
vivop.von)

15

TIME(sec) (lin) 0 Su 10u 15u 20u
L] >

Fig. 3.9(b) Single-ended and differential outputs for +1.44V differential step inputs
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. . . 3 . . . v, . . M T . . L
vivon) | 516m & lin) O B
12 8.34u
h
H
Settling time
1
i
i
1 i
:
H
H
H
H
:
]
08 :
Slew rate (V/s):
i
i
H
H
H
0.6 4
H
:
,‘V\/\A - &
:
H
04 :
H
i
i
|
H
:
H
02 r
L ] 1
H
H
1
|
i . T . v (- T . . . . i —
TIME(sec) (lin) Eo su 10u 15u 20u
v i =
p 3 P L . . R T . . AL
vivop) |1.24 & lig) [A°
Settling time
16 1
H
Slew rate (V/s)
i
i
\
14 i
1
H
H
H
S
12 i
i
i
i
i
1
H
1 i
i
H
i
1
i
H
08 i
|
i
i
i
i
:
H
06 [
H
| H
Al T v v i T J T v 1 v T T T T T T T i
TIME(sec) (lin) Eo 5u 7.09u; 10u 15u 20u
=i I
10u 15u 20u
1 | ! " 1 L 1 s L 1 1 lu
Vivop.von) | 720m —
: :
| Settling time
H :
H
H
H
1
[
,
:
f
H
H
H
&
&
\
{
:
)
i
\
H
H
H
H
H
H
1
[
H
)
)
H
H
H
H
H
H
H
i :
osff 1
)
H
v |
TIME(sec) (lin) Eo ' ' ' ' su ‘ ' ‘ 10u ' ‘ ' ‘ 159 ' ' ' ' 20u
I i I

Fig. 3.9(c) Slew rate & settling time
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I
(Imh|

877 Sm‘
877m
876 5m
|
B76m
'\
875 5\ ‘

B75m |

TIME(sec) (lin) 0 ' ' ' ' sy

10u
i

10u

15u
1

15u

20u
T

-
20u

Fig. 3.9(d) Common mode sensing node waveform

<Dis. 3.9(e)>

FH Fig. 3.9(c)E Fig. 3.9(d)F M n] LL253H » Common mode sensing node &R
BT EVEZR]HY common mode 5% > B2 MF1 ~ MF3 fYERSRAHEL & T TR

B RSSO {E4s M3 B M4 | gate > &8 [E CMFB HYTEFE » g% A
Wt 1551 —(Ef2 £ /Y common mode voltage °

3.10 Closed-loop step- response

rload2 cload?2
50kQ  5pF

rtest4
WA 500k
vdd
rtest2 dc=18v
i2 500kQ vinp
pulse (1.26 0.54 501 5n 5n 20.05u vinn
W
rtestl
500k | vodm

vil =
pulse (0.54 1.26 50n 5n 5n 20.05u)

@

%
d

Fig. 3.10(a) Test circuit of 3.10
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ocm
c=09v 11
rloadl cloadl
50kQ)  5pF
rtest3
W 500kQ




10u 15u 20u
v(von) B
vivop)
vivop.von)
v
T T v ) v T i
TIME(sec) (lin) 0 5u 10u 15u 20u

Fig. 3.10(b) Single-ended and differential outputs for -1.44V differential step inputs

0 S0 ; - Tou T5u 20u
viven) 3] 517m ry l D &
7.05u|
{
1614 Setitling time
14
B@ Slew rate (V/s)
\/\/W\m
12
1
08
3
06
i T T = T ) i -
TIME(sec) (lin) Eol S5u B705u 10u 15u 20u
= L I I
0 Su 10u 13u 2?u
vivop) 3| 516m r lin) ' ! ! b ry
8.34u . .
12 : Settling time
H
i
H
Slew rate (V/s)i
1 !
i
H
H
i
H
H
08 !
i
H
H
i
H
06 H
H
1
P
1
H
04 i
H
i
H
H
i
H
1
02 H
[
H
H
H
14 i ! T T T \u
TIME(sec) (lin) Eo su 10u 15u 20u
[« | B |
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vivop.von) | -720m

TIME(sec) (lin)

lin)

Su 10u 15u 20u

0.5

i Settling time

v . . : - T . ' : ' y : ' : ' ;
5y o0l 10u 15y 20u

Fig. 3.10(c) Slew rate & settling time

I
op v(n7 (lin}

B877.5m

877m

876.5m

B876m

875m

TIME(sec) (lin) (]

svwl

h, \

& v ' ' 1 ™ v ' 1 ' ™ v v v T .

Fig. 3.10(d) Common mode sensing node waveform
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IV.Performance Table

Design ltems Specifications ' My work
Technology CIC pseudo 0.18um technology
Supply Voltage 1.8V, as small as possible 1.8V
Vicm, Vocm 0.9V/0.9V 0.9v/0.9V
Supply Current (Total) <4mA, as small as possible 1.6475mA
Loading 5pF/50kQ(for each output) S5pF/50kQ
Compensation R,C Open for design 5009Q/6pF

Open-loop simulations

DC gain >72dB, as large as possible 72.8230dB
Unity-GBW >1MHz, as large as possible 32.3093MHz
P.M. >45° 77.4706°
C.M.R.R @10KHz >80dB 99.7219dB
P.S.R.R+ @10KHz >80dB 102.8836dB
P.S.R.R- @10KHz >80dB 104.2797dB

Closed-loop simulation

Differential swing of 1.44V(step signal)

S.R.+ (10%~90%) >1%/us 13.3%/us
S.R.- (90%~10%) 54 Vs 13.3%/us
Settling+ (to 0.1%) <10us 9.0062us
Settling- (to 0.1%) <10us 9.0062us
FoM
Small signal GBW(MHz)*CL(pF)/Power(mW) 54.475299
Large signal + SR+ (V/us)*CL(pF)/Power(mW) 22.424549
Large signal - SR- (V/us)*CL(pF)/Power(mW) 22.424549

V. Design Concerns

iEX project HHIZHY spec BOK  (FFHEL MOS FRASHS - FEE[EIHF B A [EY
spec ELRH AT EHE °

<Bias Circuit>:

—FALATE % Bias Circuit I - FALFR, s > 2 E—(EHEERR - &
FfT MOSFET Zf#£ £ Saturation region 1% » FHi% 814 /N FURFR, BUE K H
IBIERERE R IR R PHEER, AN o T E] MOSFET (1Y saturation fARE -

<Amplifier Circuit>:

5t Amplifier Circuit » £ BEFESEHHHL size {1 gain T spec ZEKHY
72dB » Epif M1 BE M2 (19(5) ratiofd - SR M3 - M4 19(2) ratio

FEAE > AR AT LAE gain JE 10 © 555h RCM1 B RCM2 HIJFE Bkt —(EHoRHy
BEH - B REMECR Feedback AEASIHYHETT[HIF -
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<Feedback Circuit>:
1F Feedback Circuit o1 » FHFA MF1 @82 EARNENv,er, » K MF1 E2 MF5
WA T R e RS ot 2B BB saturation jfRES > BT DATESEHE 12 WA (]
MOSFET 11 size FFEEERFREE ©

<Spec concern>
TEERHIEETH > $3&8FH Phase margin Bl Settling time e St 2 21 HY WA ([
HE - B EE LTI =Y gain B > {31F phase margin 5t &lE
Z R > SRR DUF RS0 C 1Y 5 A28 T phase margin » {HZ2 &
FEFEZ Unity-gain frequency NEERYRIRE » RIFCIEEEERC IR R A/
Ly 1M Settling time ANy - FREEIRGEE —BEBEEE - Settling time FL &
HCKHVEE - H Settling time BAEEEE AFH/ NI A @ EH R % > Hla0
TEH— size [fl#T » Seflfdza R MOS 1 size » L% settling time T BE &I
Do (HANRIRAEGE T AR MY size > FEHF settling time T RERZ I & L7 -
PEEEL T 8 R RIS R E AR

VI.Discussions

752K Final project HIFH WS E A LRI MatET - —FGE RS
{[El MOSFET #V#E A saturation jJREEFEAE | FA/DIhK - MifE 2 EREHEE5E1%
B BhBER ALY .op 15 (EIRAEIEE LR T2 - ERAVERIEE =7 > 77
MTRFEEFEFEm T A0 > By TURROTITHVERS - AU BRERIEZE
RURAILL - BT DAE S8 E B KR A= K - iE IS ICHY project » FREFHTL
¥t feedback BEPSEN ERFGE » RILEDITIFE TR TEFANFEAT T
T RN 7RSI ITA - BIFFE C 2 %A 5 5 IFE % feedback Y
TEA%H -

EE2HARY AIC ERAZ - IR N L B RS VIR F AR RATE A T 20/ 7
i FEE 7 AFE - B ER B AR Hspice 120F - HAR S5
{ESEN B BLE RN B FTATRIZER A 2T MHRE - gl —LtkEl
ZSEHBE R - SRR LR S IR - SRR R B
BN BRI R IRaE AR (R M -
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