Analog Integrated Circuit Design _ Final Project

Design Items

Specifications

105061101 &

Open-loop simulation

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 -224.22u
Loading 5pF / 50KQ (for each output) 5pF / 50KQ
Compensation R, C Open for design 35KQ / 1pF

DC gain > 72dB, as large a possible 74.32 dB
Unity-GBW > 1MHz, as large as possible 18.81 MHz
P.M. > 45° 55.5493
C.M.R.R. @10KHz > 80dB 112.1 dB
P.S.R.R.+ @10KHz > 80dB 112.5 dB
P.S.R.R.- @10KHz > 80dB 116.8 dB

Closed-loop simulation

Differential swing of 1.44V (step signal)

S.R.+ (10% ~ 90%)

> 1 Vlus 3.8 V/us
S.R.- (10% ~ 90%) >1V/us 3.8 V/us
Settling+ (to 0.1%) <10us 9.41u
Settling- (to 0.1%) <10 us 9.41u
FoM
Small signal GBW (MHz) * CL (pF) / Power( mW ) 233.03
Large signal + SR+(Vlus) * CL (pF) / Power(mW ) 47.08

Large signal -

SR-(V/us) * CL (pF) / Power( mW )

47.08




1. Schematic
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Fig. 1(b) Each node voltage and branch current
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subckt
element
model
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id
ibs
ibd
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vds
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vth
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vod
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gam eff
gm
gds
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cdtot
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cqd

xop xop xop xop xop xop
1:ml 1:m2 1:m3 1:mé 1:m5 1:mb
0:p_18.1 @:p_18.1 0:n_18.1 6:n_18.1 0:p_18.1 0:n_18.1
Saturati Saturati Saturati Saturati Saturati  Saturati
2.7234u 2.7234u 2.7234u 2.7234u 5.4468u  64.8149u
3.2776F 3.2776T -4.312e-22 -4.312e-22 608.84523 -1.049e-20
597.6495a 597.6495a - 1.6350F -1.6358F 5.455e-22 -7.2551f
486.9431m  486.9431lm 347.6733m 347.6733m -390.0284m 413.0565m
1. 1340 1.13406  413.0569m 413.0569m 252.9017/m 932.5362m
1. 3869 1.3869 Q. a8. 252.,96017m a8.
-534.5825m -534.5825m 317.1202m 317.1202m -462.1852m 382.8485m
-126.0448m -126.0448m  69.8080m  659.8080m -171.2001lm  76.7574m
-112.5158m -112.5158m  30.5531m  30.5531m -180.7450m  30.2084m
368.69%94u 368.6994u 1.5431m 1.5431m 355.1377u  31.0478m
355,3506m 555.3506m 507.4459m 507.4459m 557.0847m 507.4460m
35.1338u  35.133Bu 53.985lu  53.9851u  50.9218u 1.2474m
11. 4444n 11.4444n 180.5556n 1B0.55536n B818.5108n 13. 1562u
9.7030u 9.7030u 11.1786u 11.1786u 15.8173u 255.8184u
3.59E1p 3.5981p ?H.?G44f 74.7044F 3.5642p 128.1937f
3.2803p 3.2803p 2.7983p 2.7983p 3.2319p 576.9051f
54.9342f  54.93427 2.6841p 2.6841p 164 88267 622.6395T
1.1e074p 1.16074p 1.0245p 1.0245p 1.1821p 369.1207f
19, 1527T 19.1527f 2.3381p 2.338lp 64.1233f 460.9226T
2.9919p 2.9919p  16.8903f 16.8903f 2.9249p  36.2352f
List. 1-1 small signal parameters in .lis file (part1)
xop xop xop xop xop xop
1:m7 1:m8 1:m9 1:mbl 1:mb2 1:mb3
G:p_18.1 @:n_18.1 ©@:p 18.1 0:n 18.1 @:n 18.1 0O:p 18.1
Saturati Saturati Saturati [aturati Saturati Saturati
83.4656uU 64.8149u 83.4656u 23.5170u 25.1204u 25.1204u
5.6951f -1.049e-20 5.6951f -3.746e-21 -4.002e-21 3.6583f
8.141e-21  -7.2551f 8.14le-21 -3.5749f -10.6339T 2.478e-21
224.5336m 413.0569m 224.5336m 388.9793m 388.9793m 0.
867.4638m 932.5362m 867.4638m 388.9793m 1.1571 642.9302m
867.4638m 0. 867.4638m a. 0. 642.9302m
-488.3153m 382.8485m -488.3153m 325.6876m 323.3081lm -468.2571m
-158.0686m  76.7574m -158.0686m  87.4768Bm  88.8165m - 167.7474m
-154.6149m  30.2084m -154.6145m 63.2917m 65.671lm -174.6731m
6.6147m  31.0478m 6.6147m 7.1737m 7.1723m 1.7041m
557.0846m 507.4460m 557.0846m 507.4459m 507.4459m 557.0847m
878.4099u 1.2474m 878.4099u 401.9397u 423.4070u 243.2761u
2.4072u 13. 1562u 2.4072u 2.1712u 2.1058u  310.2243n
269.2899u 255.8184u 269.289%u  82.4058u  85.5970u  75.4036u
1.5511p 128.1937f 1.5511p 173.9879F7 149.0597f 4.3135p
1.3506p 576.3051f 1.3506p 3.7122p 3.7263p 3.8339p
156.0117f 622.6395T 156.0L117f 3.7782p 3.8010p 142.5848f
B61.1329f 369.1207f 661.1329f 1.3061p 1.2850p 1.4882p
50.3778F 460.9226T  50.3778f 3.2707p 3.2821p  44.7227f
1.2018p  36.2352f 1.2018p  40.3776f  38.4621f 3.4908p

List. 1-2 small signal parameters in .lis file (part2)



subckt  xop
element L1:mfl
model 0:p_18.1
region Saturati
id 2.2463u
ibs B14.7000a
ibd 135.4383a
Vs 531.7905m
vds 1.1938
vbs 1.4318
vth -544.1698m
vdsat  -132.4385m
vod -117.8053m
beta 273.9905u
gam eff 555.4471m
gm 28.0976u
gds 28.5847n
gmb 7.8146u
cdtot 248.8767T
cgtot 225.1971f
cstot 12.4212f
chtot 86.1989f
cgs 4.3124f
cgd 203, 7942f

xop

1:mf2

0:p 18.1
Saturati

962.
372,
93,
384,

1

1
-544,
-116.
-85.
133,
535,
14.
12.
3.
159.
145,
8.
a7,
2.
129.

4363n
1702a
7743a
8630m
2143

4523

2165m
7203m
2224m
1022u
447 1m
0259u
8750n
8888u
32367
5780f
2995f
5405fF
B732f
9254f

xop

1:mf3

G:n_18.1
Saturati

2.

2463u

-3.578e-22

-338.
368,
368.

0.
336.
72.
31.
1
507.
44,
302.
9.
L7,
198.
1396,
87.
165.
4.

3989a
2095m
2095m

7759m
1517m
4336m
2022m
4459m
B542u
6780n
1298u
18457
9607f
ggoof
9g76T
2078f
2079f

xop
1:mf4
0:n_18.1
Saturati
962.4383n
-1.594e-22
-221.4538a
347.6733m
347.6733m
a.
337.6572m
62.6320m
10.0161m
800, 3696u
507.4459m
20.4779u
139.0773n
4, 2679u
11.5168fF
113. 2476f
104,9343f
58, 5429f
86.3007f
2.8684f

xop

1:mf5
0:p 18.1
Saturati

3
114

.2087u
.BbB58a

3.213e-22

-404
238
238

-475

-164.
-167.
235.
557.

i B
649.

9.
216.
194,

18
81
3]
174

List. 1-3 small signal parameters in .lis file (part3)
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.0249m
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. 7465m
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81063u
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6943F
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2. Spice Code

.param vdd=1.8V
.param vss=0V
.param vocm=0.9V

£Your positive supply wvoltage
t£Your negative supply voltage

t£Your output common mode voltage (for CMFB)

.subckt op vinp vinn vdd vss vop von

¥** First stage *#+*

ML ML M2 M5 vinp ML M3 vdd p_18
M2 ML M2_M5 vinn M2_M4 vdd p_18
M3 M1 M3 M3 M4 feed vss vss n_18
M4 M2 M4 M3 M4 feed wss vss n_18
M5 wdd cross ML M2 M5 vdd p_18
**+* Second stage *++

M&6 von M2 M4 wss vss n_18
M7 wdd cross von vdd p_18
M8 vop ML M3 vss vss n_18
M3 vdd cross vop vdd p_18
**+* Compensation *%#

RZ1 vop RZ1_CCl 35k

RZ2 von RZ2Z_CC2Z 35k

CCl ML M3 RZl CCLl 1p

CC2 M2_M4 RZ2 CC2 1p

*+% Bias Circult **#

Rb ME1_MB2 vdd 60k

ME1 MEL MB2 MBL MB2Z vsS VSS n_18

MB2 cross MBL MB2 vss vss n_18

MBE3 vdd cross cross vdd
¥4+ Feedback Cilrcult #+#%

RCM1 RCM1_RCM2 vop 120k
RCM2 RCM1_RCM2 von 120k

p_18

MF1 MF1_MF2_MF5 vocm MFl MF3 vdd

MF2 MFL MF2_MF5 RCML RCMZ M3 M4 feed
MF3 MF1 MF3 MFL_MF3 wss wss

MF4 M3 _M4 feed M3_M4 feed vss vss
MF5 wvdd cross MFL MF2 MF5 vdd

.ends

Vocm

w=53u
w=53U
w=13u
w=13u
w=10u

w=10u
w=14u
w=10u
w=14u

1=10u m=1
1=10u m=1
1=10u m=4
1=10u m=4
1=10u m=5
1=1u m=10
1=1.5u m=18
1=1u m=10
1=1.5u m=10

w=1Zu 1=5u m=10
w=12u 1l=5u m=10
w=12u 1=5u m=10

vdd

Fig. 2 Spice code (op.sp)
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3. Simulations

3.1 Open-loop differential mode AC response
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¥k nplefzero analysis

input = 0:vinn output = v(vop, von)

Output first 10 Poles, (total 13)
Use .option pz_num = NUM to control output number, (default:l10)

poles (rad/sec) poles ( hertz)
real imag real imag
-6. 15619k 0. -979.787 0.
-2.56440x% -8.88054x -408. 137k -1.41338x
-2.56440x% 8.8B054x -408. 137k 1.41338x
-12.1461x 0. -1.93312x% 0.
-23.9576x% 0. -3.81297x% 0.
-47.2717x% 90.B0L16x -7.52352x% 14.4515x
-47. 2717 -90.8016x -7.52352x% -14.4515x%
-48.0077x -88.4583x -7.64066x -14.0786x
-48.0077x 88.4583x -7.64066x 14.0786x
-56.3974x 0. -8.97593x 0.

Output first 10 Zeros, (total 13)
Use .option pz_num = NUM to control output number, (default:lo)

zeros (rad/sec) zeros ( hertz)
real imag real imag
-2.625338x 8.96222x -417.843k 1. 42638x
-2.62538x -8.96222x -417.843k -1.42638x%
-12.3477x 0. -1.96520x 0.
-24.2303x 0. -3.85637x 0.
-28. 7640x 0. -4, 57793x 0.
-48, 1891« -88.3511x -7.66954x -14.0615x%
-48. 1891« 88,3511« -7.66954x% 14.0615x
-56. 3956x 0. -8.97565x 0.
-115. 426x% 0. -18.3707x 0.
-167.845x 0] -26.7133x 0

¥+¥+* cgnstant factor = 286.872m

Fig. 3.1(c)

Dis. 3.1(d) :
gain = gm3(rol//ro3) = gm8(ro8//ro9//Rem2//rioad) = 7990
gain(dB) = 20 * log 7950 = 78.1
polel = =21 = 1,08k

2nAvCec
_ gm8 = * A
pole 2 el TCeD) 9.93 * 10*7
= + =
zero IO Rz 930776.04
; — 78.1-74 _ 0
gain error = === 8.12%
— 1080979 _ 0
pole1 error = =5== = 9.35%
pole2 error = 122093 = 16.23%
— 1486321-930776.04 _— 0
zero error = === = 59.7%

zero FPEMEHERE KHIRE, —‘rtu...\?ia_l %li%’ﬁ Eeparasitic capacitance
BHELRE, FASE zk Eﬁﬂtbiﬁi . BEMARRRLARKEUNTS
BIERZE, MNEITEA




3.2 Open-loop differential mode DC sweep
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3.3 Open-loop differential mode AC response
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¥+¥k%  pole/zero analysis

input = 0O:vinp output = vivop)

Output first 10 Poles, (total 13}
Use .option pz_num = NUM to control output number, (default:l0)

poles (rad/sec) poles ( hertz)

real imag real imag

-6. 15619k 0. -979.787 0.
-2.56440x 8.88054x -408. 137k 1.41338x
-2.56440x -8.88054x -408. 137k -1.41338x
-12. 1461x 0. -1.93312x 0.
-23.9576X 0. -3.81297x 0.
-47.2717x 90.8016x 7.52352x 14.4515x
-47.2717x -90.8016x 7.52352x% -14.4515x%
-48.0077x 88.4583x -7.64066x 14.0786xX
-48.0077x -88.4583x 7.64066x -14.0786x
-56.3974x% 0. 8.97593x 0.

Output first 10 Zeros,
Use .option pz_num = NUM to control output number,

zeros (rad/sec)

(total 13)

(default: 10)

zeros ( hertz)

real imag real imag
-2.50717x 8.80170x -399.028k 1.40083x
-2.50717x -8.80170x -399.028k -1.40083x
-11.9610x 0. -1.90366x 0.
-23.7546x% 0. -3.78066x 0.
-29.6238x 0. -4, 71477x 0.
-47.8578x -88.5681x -7.61680x -14.0961x
-47.8578x 88.5681x 7.61680x 14.0961x
-56.3990x 0. -8.97618x 0.
-115.630x% 0. -18.4032x 0.
-167.832x% 0. -26.7113x% 0.

*++** constant factor =

304.689m

Fig. 3.3(c)



polel = 5 =-1.08 k

pole2 = 5 Z— =9.93* 1017
zero = ————— =930776.04

2nCc($—RZl)

ole1 error = 18212 = 9 35%
1080

ole2 error = 128323 = 16239
99.3

— 1341930-930776.04 _— 0
Zero error = == 44.2%

EEEMpole B zero fEZ 2B HA3-1— 1M, ERAF—ERE AR
AR R AR R
Fig. 3.3(d)



3.4 Open-loop common mode DC sweep
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3.5 Open-loop power supply+ AC response
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3.6 Open-loop power supply- AC response
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3.7 Closed-loop differential mode AC response
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3.8 Closed-loop differential mode DC sweep
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3.9 Closed-loop step+ response
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3.10 Closed-loop step- response
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4. Performance Table

Design ltems

Specifications

My Work

Open-loop simulation

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 224.22u
Loading 5pF / 50KQ (for each output) 5pF / 50KQ
Compensation R, C Open for design 35KQ / 1pF

DC gain > 72dB, as large a possible 74.32 dB
Unity-GBW > 1MHz, as large as possible 18.81 MHz
P.M. > 45° 55.5493
C.M.R.R. @10KHz > 80dB 112.1 dB
P.S.R.R+ @10KHz > 80dB 112.5 dB
P.S.R.R.- @10KHz > 80dB 116.8 dB

Closed-loop simulation

Differential swing of 1.44V (step signal)

S.R.+ (10% ~ 90%) > 1 Vlus 3.8 Vlus
S.R.- (10% ~ 90%) > 1 Vlus 3.8 Vlus
Settling+ (to 0.1%) <10us 9.41u
Settling- (to 0.1%) <10us 9.41u
FoM
Small signal GBW (MHz) * CL (pF) / Power( mW ) 233.26
Large signal + SR+(Vlus) * CL (pF) / Power(mW ) 47.12
Large signal - SR-(Vlus) * CL (pF) / Power(mW ) 47.12

Table1. summary table




5. Design Concerns
—BAtAF & 1¥Bias Circuitthbr, #E—EERIE, FIRFATRTHER2E
., IE&RFEBiasHcircuitdll B ki LM ERRIRAIE, ZZERFTA Kspecilli 72—
A#WEE REFFgaindiE>72dB 2%k, EREMspecEBFA AN ERS, RHHEEE
15 BB B 1L FOMAIER 7,

FoM:

FoM1IE b #ABandwidth,CL, Kitipower, EACLZHRTEME, HFEFIZ
HEA RZEBandwidthiZg & it iBpowerf& K, &%, FHEEiEpowerfFE, Rk,
EEEEREMBIMsize, UEMMNERTEREKR, BERXEBERFEEgaini=E|
72dBLLTT, FRLARAZEEZRAZMFHH, BK RAZEEZEInERE, FIUEEHWME
B h0First stageBbtesize, EMIArol@i—LE, EHELITFZERgain, F£=, HMATIU
iZBandwidthiz#, ZEiZEBandwidthizF, HEENEEMEFEH/NCciifE, BHIEH
TREEB R EF/NCchIE, FAGRAK/NMEHiEcompensate, FrLATEERHER)
Rt EFE—T,

ERFoM2EEFoM3#IEE, powerfIER 7 BRFOM1BIER R ZEAR %, slew rateBIEEAI
AT, EMKslew rateiREZMFZRERIECe, EEMEFOMIEEZEZ NIMBERE
=M,

6. Discussions

Experience and problem:

HHEERE LB EXMNE REZEME—HEspechigain, BEMARAFTE
—LERERATA AT LUERL, HEERRIERIMh S BTENREBILHEMFOM, EAERMERTER
BERN, FaILlnt et ERTAMspec, (E2AEBIEFOMAMBIEE PR B TH
ZHIFIE, FABRSMAKTFoM, {EESRHsettling time, EZE Zgain#EHEZE Y
iLimEspectifE, REBNEI—HEETENWE RAEEZEREBHBRE, U
BREBEBERATET, MEEFELHRHMEAGEE, FEZTTLIERE|E iF#performance, 5&
FEEHEUREZEEITN,

What | get and suggest:

EEEMREBRH N MosHIEMR R B BMMIRERER T EE—DHRH, EE
SFRUAMERRAAETFRREE, RATERH#MN, thREERRGHELERZEENUZE
S8y, <HIME—EREZTH BEIBTEMRZR FTHEHELBHROMERZE—FMRER
BmEM, ENAEER-EER ENSFTEREEMER FRfMEEIEintihrys
THESMRRA B EFTBRIMME SEERMBERXEREREANKEREITEERN.

BEEUREREERMATENERS L, FEAREBERFEETMEZIMNE
A, MEERBR—EBRFET EEAEERBBREE,



.param vdd=1.8V $Your positive supply voltage
.param vss=0V $Your negative supply voltage
.param vocm=0.9V  $Your output common mode voltage (for CMFB)

.subckt op vinp vinn vdd vss vop von vocm

*** First stage ***

M1 M1_M2_M5 vinp M1_M3 vdd p_18 w=53u [=10u m=1
M2 M1_M2_M5 vinn M2_M4 vdd p_18 w=53u I=10u m=1
M3 M1_M3 M3_M4 _feed vss vss n_18 w=13u I=10u m=4
M4 M2_M4 M3_M4_feed vss vss n_18 w=13u [=10u m=4
M5 vdd cross M1_M2_M5 vdd p_18 w=10u I=10u m=5

*** Second stage ***

M6 von M2_M4 vss vss n_18 w=10u I=1u m=10
M7 vdd cross von vdd p_18 w=14u I=1.5u m=10
M8 vop M1_M3 vss vss n_18 w=10u I=1u m=10
M9 vdd cross vop vdd p_18 w=14u 1=1.5u m=10

*** Compensation ***

RZ1 vop RZ1_CC1 35k
RZ2 von RZ2_CC2 35k
CC1M1_M3 Rz1_CC11p
CC2M2_M4 RZ2_CC21p

*** Bias Circuit ***

Rb MB1_MB2 vdd 60k

MB1 MB1_MB2 MB1_MB2 vss vss n_18 w=12u I=5u m=10
MB2 cross MB1_MB2 vss vss n_18 w=12u I=5u m=10
MB3 vdd cross cross vdd p_18 w=12u I=5u m=10

*** Feedback Circuit ***

RCM1 RCM1_RCM2 vop 120k
RCM2 RCM1_RCM2 von 120k

MF1 MF1_MF2_MF5 vocm MF1_MF3 vdd p_18 w=12u |=3u m=1
MF2 MF1_MF2_MF5 RCM1_RCM2 M3_M4 feed vdd p_18 w=8u [=3u m=1
MF3 MF1_MF3 MF1_MF3 vss vss n_18 w=12u |=3u m=1
MF4 M3_M4 feed M3 M4 _feed vss vss n_18 w=8u I=3u m=1
MF5 vdd cross MF1_MF2_MF5 vdd p_18 w=10u I=3u m=1

.ends



