105060012 RE#:

W4
1.

(a)

hw4_1a

.protect

lib 'cicO18.I' TT

.unprotect

.temp 25

.option post

MO Vout Vb Vdd Vdd P_18 W=2u L=4u m=1
M1 Vout Vin gnd gnd N_18 W=0.7u L=14u m=1
\Vdd Vdd gnd DC=1.8

Vb Vb gnd DC=1.239743

Vin Vin GND DC=0.5 AC=1

.op

*.dcVb01.80.01

.noise V(Vout) Vin 10000

.tf V(Vout) Vin

.ac dec 100 10 10G

.end

subckt
element 0:m0O 0:ml
model O:p_18.1 0:n_18.1

region Saturati Saturati

id -190.4922n 190.4918n s ‘ L

ibs 2 .603e-23 -6.915e-23 small-signal transfer characteristics

ibd 105.0938a -122.1942a Lv(vout)/vin = -248.8710 |
VgS _5602570"-' 5000000"1 inpu re51stance at vin = 1. 000e+20
vds .799 .7521m 1.0002 output resistance at v(vout) = 125.9989x
vbs 0. 0.

vth -472.0084m 332.5823m

vdsat -111.7565m 152.7538m

vod -88.2486m  167.4177m +0:vb = 1.2307_ 0:vdd = 1.8000 0:vin = 500.0000m
beta 35.1905u 14.6485u 0 :VOUT = 000

gam eff 557.0847m 507.4459m

gm 2.7155u 1.9752u

gds 2.3660n 5.5667n

gmb 835.9004n 385.7082n

cdtot 2.37787 1.0028f

cgtot 48 .6526°F 63.8668f

cstot 54.3516°f 65.9235°f

cbtot 20.8013°f 18.6462f

cgs 42.9754°% 58.06087T

cagd 721.9569a 197.5977a

Result :

Vout = 1.0002V(~ 1V) ; |gain| = 248.8710(> 120)
PMOS ~ NMOS = cdtot, cgtot, cdtot, cbtot & <80fF
PMOS ~ NMOS % & saturation region
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Comment :
P T - B AeA R B NMOS - PMOS e W~ L 1 g5 Vb #%_0~1. 8V 45 4

= mgain>120 4= NMOS ~ PMOS 9% % cgtot ~ cstot ~ cdtot ~ cbtot iX 3 :t’é
i 801F 4 - 4 mp’% Vb i ¥ Vout 5 DC voltage i i 1V *iT -

10 L, 100k ol ... L., 10
(dB20)
1600

HERTZ(Hz) (log}

Comment :
output noise % ™MH#F 1 & F 4% flicker noise #2585 > LB AP L & 4L

thermal noise 8% -
corner frequency &_flicker noise g R thermal noise #riT A eI

2L > @ thermal noise pole PI & A F A prd e eng ( -3dB ) -

(b)

hw3_1b

.protect

lib 'cic018.1' TT

.unprotect

.temp 25

.option post

MO Vdd Vin Vout gnd N_18 W=5u L=1u m=1
M1 Vout Vb gnd gnd N_18 W=5u L=1u m=1
Vdd Vdd gnd DC=1.8

Vb Vb gnd DC=0.42

Vin Vin gnd DC=1 AC=1

.op

*.dcVin 01.80.001

.noise V(Vout) Vin 10000

.ac dec 100 10 10G

.end
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subckt

element 0:m0 0:ml
model O:n 158.1 O:n 18.1

region Saturati  Saturati #%% total output noise voltage = 293.3893a sq v/hz
id 3.2488u 3.2488u = 17.1286n v/rt hz
ibs -212.7605a -5.74%e-22 transfer function wvalue:

ibd -765.71%4a -212.75%4a EGoo/vin = 545.9671mj

vgs 499.8590m 420.0000m equivalent input noise at vin

vds 1.2999  500.1410m = 20.1758n /Tt hz
vbs -500.1410m 0.

vth 472.7113m 388.0421m

vdsat 78'5413Hl 7?'3394Kl **%%%% gperating point information tnom= 25.000 temp= 25.000 **%%%*
vod 27.1478m 31.957%m Tkt % gperating point status is all simulation time is 0.
beta 1.5665m 1.5516m node =voltage node =voltage node =voltage
gam eff 519.5037Tm 507.4460m

gm 63.6509u 62.3685u +0:wb = 420.0000m 0:wvdd = 1.8000 O:wvin = 1.0000
gds 792.2613n 699.5570n Li0:vout = 500.1410m]

gmb 9.8318u 12.8926u

cdtot 5.8360f 6.9729f

cgtot 27.7923f 29.1474F

cstot 28.8383f 31.5855fF

chtot 15.4524°F 19.0719F

cgs 22.4608f 23.4572fF

cgd 1.7730f 1.8124fF

Result :

Vout = 500.1410mV(= 0.5V) ; |gain| = 848.9761m(> 0.8)
7 % NMOS =7 cdtot, cgtot, cdtot, cbtot ¥ <80fF
= % NMOS 3% iz saturation region
Comment :
Pz L - BAae A A EEA MO f- Ml oW~ Lo @ 1% cgtot ~ cstot ~ cdtot -
cbtot i 7 42i% 80fF - £ %33 B Vb ixié MO f= M1 3%:& » saturation

region > wim# Vb i ¥ Vout e DC voltage 7% & 0.5V *fiT -

L1k

I

“v X:14.6k Y:0.4f (-308db)
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(c)

10ise(c e)
noise(outnoise) -

Result :
st B e g IR CS(Common source) F v # = output flicker
noise * SF(Source follower)3 ‘* # = 53 thermal noise’ s pole °
Comment :
1. CS(Common source)? ‘' # = cioutput flicker noise :
¥ 1k f¢ flicker noise sha 8 k5 vE = Of =X Av? > WLk A%
* > flicker noise4%-] » A BK A F FCox folf F Fidp b o Flpt - 4
CS WL 3 4% (MO + M1) = 1/(2u X 4u) + 1/(0.7u X 14u) = 2.27 x 10
SF ¢ WL % 4 (MO + M1) = 1/(5u x 1u) + 1/(5u X 1u) = 4 x 102
- (input refered flicker noise)sg > (input referred flicker noise)cg » 2 @
(gain)gp << (gain)cg > F] 2 (output flicker noise)gr > (output flicker noise)¢g °
2. SF(Source follower)73 *“ $i+ < thermal noise’ s pole :
¥ 2% _output pole 'g It thermal noise’ s pole 3= /]
CS #houtput pole % 7 & Woutcs = 1/Rout(Caotot + Cdrtot)
> Caotot + Caitor = 2.3778f + 1.0028f = 3.3806f ; Routcs = Ion||Top
SF e output pole % 7 & Woutcs = 1/Rout(Csotot + Cdrtot)
> Cootor + Cantor = 28.8383f+ 6.9729 = 35.8112f ; Rout,g = $ lIon

gim & r,=>(thermal noise’s pole)gr > (thermal noise’s pole)cg
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(d) total output noise power of CS and SF

Spedification Result

File Equation [ 1 + Pass/Fail
Min Max Value Mean
DO:hwd_la.ac0 integ(0|noise(outnoise)’,0,25.3M) 603u Common source
D1:hw4_1b.acO integClinoise(outnoise)’.0.22900M) 152n Source follower

Result :
Common source =7 total output noise power = 603ulW
Source follower =7 total output noise power = 152nW
—>Common source 7 total output noise power #ix =
Comment :
¥ output noise spectrum f€_frequency=0 # 4 3| frequency = ¥ %+ 100
iz e thermal noise’ s pole frequency ¥ 3| total output noise power *
Fl % st PFeinoise AR AR T E () o
R
Output noise power 12 5% : Py oy = fflz VZ oue df
CS ehoutput noise ¥ 14 B # vi e = 4KTY(gmo + 8m1) (Fool[T01)?
SF E’T/”OUJEDUJE noise ¥ I ?E’ = Vr21,0ut = 4kTY(gm0 + gml)(rollll/gmo )2

1

—;;“\ — E] ~

d 3ty > 5 7 < Toocs ™ Tots > Totgp
m

. 1 2
> Vlzl,out_CS ~ 4’kTY(gm0 + gml)(ro/z)z ’ Vr21,out_SF ~ 4kTY(gm0 + gml) (;)

2 2
9 Vn,out_CS > Vn,out_SF
- CSHYoutput noise spectrum &—EAF SF #Y output noise spectrum |75
- CS #Y total noise power HZK °

(e) total input referred noise power of CS and SF
Result -
input referred noise power 32 3% Py, = %
CS input referred noise power = 603u/(—248.8710)? = 9,7357nW
SF input referred noise power = 152n/(848.9671m)? = 210.8928nW
- source follower 3 #& = ¢ input referred noise power
Comment :
A
AR M ';'F"?:‘f»ﬂ Pn,outx$ " (gain)z,-]“\%g' Pn,in;f;’é‘ :
d **(gain)cs » (gain)gp > F]2* Prout se'f (gain)gg” # | 5Py iy sp g
Phin_cs Kehix o
£ kAT 2 _input referred noise # 3 :
CS e input referred noise # /2 & é»‘m = 4KTY(8mo + 8m1)/(€mo)?
SF e input referred noise # /2 & é»‘m = 4KTY(8mo + Em1)/ (€mo )?

d T 8mo F gmlevﬁ,m_SF ~ 4kTY(2/gm0)
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8mo SF — 63650911, 8mo cs = 2175511, gmics = 1.9752u

SvZ | s = 4KkTy x 877007 : v2 oo = 4KTy x 31421
fa
Pn,in zf Vrzl,in df
fy

- ource follower 7 # + &7 input referred noise power

(f) CS + SF

v(vout)/vin
input resistance at

node =voltage node

+0:netld
+0:vdd

1.0002 ©:vbl
1.8000 0O:vin

100k X oM 100M

20)
1661b

1801ib

-~ X:73k Y501p (-186db)

Specification Result

ok small-signal transfer characteristics

vin

output resistance at v(vout)

=voltage node

1.2397 0:vb2
500.0000m 0:vout

File Equation - Pass/Fail
Min Max Value Mean
DO:hwd_1f.ac0 integ(Olnoise(outnoise)’,0,7300k)/(-211,286042) 2.75n
Result :

gain = —211.2860 ~ —211.2832(—228.8710 x 848.9671m)
Vout = 500.3514mV ~ 0.5V
Py = 2.75uW

-211.2860

1.000e+20
13.3379k

=voltage

420.0000m
500.3514m
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Comment :

=

A L _output noise e[4S ¥] thermal noise’ s pole frequency @ I ¥
output noise spectrum #¥_frequency=0 # 4 3| frequency = ¥ %t 100
e thermal noise’ s pole frequency ¥ ¥] total output noise power ° £

&S E;hl:)n,outl!’/f’ 11 (gain)? 1 ¥ Pojin ©

(g) CS + SF

Hook ook small-signal transfer characteristics
v(vout)/vin

input resistance at vin
output resistance at v(vout)

node =voltage node =voltage node

+0:netd3 = 500.1416m 0:vbl = 420.0000m ©:vb2
+0:vdd = 1.8000 O:vin = 1.0000 ©:vout

100M

v X:217k Y:794p (-182db)

i ; Spedification Result ;
File Equation - Pass/Fail
Min Max Value Mean
D1:hwd_1g.ac0 integ(1|noise(outnoise)',0,7300k)/(-211,607242) 13.5n
Result :

gain = —212.6072 ~ 211.2832(—228.8710 x 848.9671m)
Vout = 965.0567mV =~ 1V
IﬁLin = ]Jg.SI]‘A,

-212.6072

1.000e+20
126.7744x

voltage

1.2397
965.0567m
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Comment :
A L _output noise e[4S ¥] thermal noise’ s pole frequency @ I ¥
output noise spectrum #¥_frequency=0 # 4 3| frequency = ¥ %t 100
e thermal noise’ s pole frequency ¥ ¥] total output noise power ° £
AR 0P o7 11 (gain)? 17 2Py iy ©

(h) difference between (f)(SF+CS) and (g)(CS+SF)

Result :
SF + CS 3 * #& =~ ¢ input referred noise power
Comment :
¥ & input referred noise = ;¢ kg
2 _ Vi outo Vi out1 . As PR P s gy oo .
Vi, = AZ Body)? Ayg: % - Begain @ Aqr % = % grgain

N . . 2 2
4 **(gain)sp < (gain)cs * F1 Vi, sprcs > Vin cs+sF

(a)

small-signal transfer characteristics

|vivout)/vin+ = zzz.l2321 |

input resistance at vint = 1.000e+20

output resistance at v(wvout) = 8.9305x
Result :

5 %g MOS 9% ‘FK{W = 10um,L = 12um ; Vb = 0.5V
Vin+:DC = 0.9V, AC = 0.5V Vin—:DC = 0.9V,AC = —0.5V
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Comment :

T3

>ReMOS 9% < default = W=10um, L=lum > % 7 3 3 gain > 3% i 3

4e MOS ek B i 3] L=12um > gain i 3 222. 1521 -
(201log|gain| = 46.93 > 40dB)

(b)

subckt

element 0O:m0 0:ml 0:m2 0:m3 0:m4
model O:n 18.1 O:n 18.1 O:n 18.1 O:p 18.1 O:p 18.1

region Saturati Saturati Saturati Saturati Saturati

id 3.7530u 1.85%65u 1.85%65u -1.8565u -1.8965u

ibs -6.138e-22 -304.8433a -304.8433a 1.89%s-22 1.8%9%e-22

ibd -304.6424a -829.2956a -829.25%56a 353.4442a 353.4442a

vgs 500.0000m 508.1710m 508.1710m -734.0665m -734.066%m

vds 391.8250m 674.1040m ©74.1040m -734.0605m -734.0665%m

vhbs 0. -391.82%0m -391.8290m 0. 0.

vth 316.2203m 391.2768m 391.2766m -461.1448m -461.1448m

vdsat 164.69%968m 124.475Tm 124.4757m -240.8060m -240.8060m

vod 183.779Tm  116.8%41m 116.8%41m -272.9221m -272.9%221m

beta 249.1578u 250.9764u 250.9764u 57.7247u 57.7247u

gam eff 507.445%m 517.4270m 517.4270m 557.0847m 557.0847m

gm 36.5785u 24.987% 24.987%u 12.5077u 12.5077u

gds 173.0278n 101.6442n 101.6442n 10.781én 10.781én

gmb 7.1970u 4.1550u 4_.1550u 3.9420u 3.5420u

cdtot 18.7717£ 12.9431fF 12.9431fF 12.4626f 12.4626f

cgtot 785.9233f 764.7032f 7Te4.7032f 7e€5.1800f 765.1800f

cstot 808.6181f 773.8813f 773.8813f B8e6l.4278f B8el.4278fF

cbhtot 229.4602f 196.1299f 196.1299f 274.5269f 274.5269f

cgs 715.4331f ©97.9644f €97.9c44f 7T03.1946f 703.1%4ef

cgd 4.7792F 2.37465f 2.3745f 4.0704fF 4.07041£

2 A 22 4 2 L= . L=
DP e 7 A iERR T slow path: 5 M3, M4 ; fast path: 5 M2
S
gam = Aslow path + Afast path — S S +1 = S S
1+3\1+> 1+ +D)
P1 P2 P1 P2

P1 {iﬂ
p3Aldp

output pole ; p,&4p mirrored pole(M3 ~ M4 = 7 2 E) ;
pseudo ground pole (pg pole)

d it gain ¥ 12 aedfirst zero(z,) = 2p, » wg = wpy = 1/RECg
1 1 1
Rg = %”rm = T2so77u | Toreaamn — 79306.26559 (2
Cg = Cgstot + Cg,tot + Cd;tot + Cd, = 1.5562462pF
wp1 = 1/(ron|lrop)Cr, = 37475.5 rad/s = 5964.4Hz
wpz = 1/RgCg = 8.1024 x 10° rad/s = 1.2895MHz
®p, = 1/RpgCpg = 37.146901 x 10 rad/s = 5.912112MHz
w = 16.2048 x 10° rad/s = 2.579MHz
poles (rad/sec) poles ( hertz)
real imaca real imag
—37.0372k 0. —-5.85%465k 0.
-8.115%30x 0. -1.25223x 0.
—-37.46d6x 0. -5.596268x 0.
zercs (rad/sec) zeros ( hertz)
real imac real imac
|—16.486?X 0. —2.62385x 0.
-35.7263x 0. -5.668601x 0.
2.75827g 0. 438.674x 0.
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(22w 2w 5 520,55 R1EDw,q)

p1
Comment :
k2 E e mant s L7 3



