2017 Analog IC Design Homework 4
103061119 F# i |5

1. (a) common source

operating point information tnom= 25.008 temp= 25.080 °
operating point status 1s all simulation time 1s
ode =voltage node =voltage node =voltage

+0:vh [

168287 B:vdd = 1.5088 B:vin = GOO.0006m
+@; vout 1.205

small-signal transfer characteristics

vivout) /vin -105.5680
1nput resistance at 1.080e+20
output resistance at v(vout) = 233 4544y

subckt
element @:mml 8 :mma Specification:
model 5:n 18.1 B:p 18.1
region Saturati p_Eutcff MO: pmos, W=2u, L=2u, m=1

id 74.6621n  -74.6639n M1: nmos. W=0.25u. L=40u, m=1
ibs -5.617e-23 020e-23 ’ ’ ’
ibd -168.9729a 38.7584a Vb =1.020675V
vigs GOO.0008m -& :
vds .2051
vbs

vth
vdsat
vod
beta
gam eff
qm

gds

amhb
cdtot
cgtot
cstot
cbhtot
cgs

cqd

Results:

Vout (DC) = 1.2051V (=1.2V)
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small-signal gain = 105.568 ( >90 )

_B=247m cdtot, cgtot, cstot, cbtot ( <70pf)

.53191u

3.8191n

?.5158n nmos { saturation region » iz §_
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al o i0of20%

output noise 7 M #4E ¥ 4t flicker noise dominate » 7§ #7 '] 4 thermal noise
dominate > corner frequency 4_flicker noise ;#7317 42 f= thermal noise j#7iT 4% e
2 # > @ thermal noise pole R & 7 #7 pF o Sz gk (-3dB) > d B¥ 5

* operating point information tnom= 25.600 temp= 25.000 *
* gperating point status 1s all simulation time 1s
node =voltage node =voltage node =voltage

+0:vbh = 508 .0088m 8:vdd = 1.50088 B8:vin = 1.2008

+0 | vout 599.6913m




small-signal transfer characteristics

vi{vout) /vin
1nput resilstance at
output resistance at v(vout)

subckt

element 0:mm@ B :mml Specification:

model @:n_18.1 0:n_18.1 pecitication:

region Saturati Saturati MO: nmos, W=5u, L=1.8u, m=1
1d i 17410 9. 1Z4a10

ibs 255.1103a -1.615e-21 M1: nmos, W=5u, L=1.8u, m=1
1bd § 0934a -255.1071a Vb = 0.5V

vgs OO, 3087 500 .0000m

vds 9@a . 308 5gg, Results:

vbs : 313

vth 20s. 713 332 400 Vout (DC) = 559.6913mV (5600mV)
vdsat 46 . : 42 . 7738

vod 37.535 .5 . )

beta 256 .135 347 . 5848 small-signal gain = 0.854 ( >0.8 )
gam eff 522.0960m 507.446€ cdtot, cgtot, cstot, cbtot ( <70pf)
gm A6 . 2009 a3 :

gds .2023u

gub 081570 7 % mos R { saturation region &
cdtot 5.0284f . 8803 "R P g
cgtot 59.2147f  60.459 NP &igfﬁiiﬁggig o
cstot 61.3663T  F

chtot 208.7000f
cgs 53.22297




d b B ‘F‘ 41 common source 7 # = 71 output flicker noise » @ source
X

follower 3 $i+ 3 thermal noise’s pole » &_%] % j&_flicker noise 72> 3¢ j“Fl
— K 1
V= ——
CoxWLf

WL g3k fif 4%~ > flicker noise 4%/ » BXAF F4p & > Fp 3+ 5

common source 7 WL 3k & (M0+M1):1/(2u X 2u) + 1/ (0.25u X 40u) = 350G
source follower (7 WL 3k ## (MO+M1):1/(5uX 1.8u) +1/(5u X 1.8u) = 222G
V) ‘F‘ 27 common source 77 flicker noise ¢ ‘" &+ o

=

¥ ¢F ¥ 12§ _output pole g 41 thermal noise’s pole 7= |- » common
source = output pole ¥ 11 % 77 &
1

To1(Catoto + Catot1)

v

@ source follower 7 output pole ¥ 12 % 7+ %

1

Woyt =

Woyt = 1
g_ (Cdtoto + Cdtotl)
mo
FE lis A ¢ ¥ 12 Frig common source e73C;,0¢0 + Cyrorr = 0.430f + 2.646f =

3.076f > @ source follower 573C 4010 + Caror1 = 6-0284f + 6.8803f =
12.9087f » e x F] & gL K 1,1 * #714 source follower 7 $ = £ output pole >
mo

F]#* source follower 7 $+ 3 thermal noise’s pole -
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(d) &% #8 ¥ > output noise £_d thermal noise dominate » F]* d B ¥

e 'IB\“\

common source 7 thermal noise '* source follower k7% » @ pt %5 71U
st g 0o F1 G B4 A thermal noise dominate » #7143 output noise #i

+ B ¥ 4L % output thermal noise fiz + >

common source &7 output noise :

Vr%,out = 4KkT 7 (gmo + gm1)(roo||7”o1)2

@ source follower =7 output noise :

Vr%,out = 4KkT Y gm1(7‘oo||7’o1||gm0)2

A5 A

F1 % Gmo K Too = Tpp * #7714 common source £77 output noise ¥ =+ ) & 37

4KT v (Gmo + 9m1) (Too/2)? » @ source follower =7 output noise + ¥ & %
4KT v gm1(Gmo)? > F1#* common source £ output noise € +* source follower
ke > 4 F]g common source €7 output thermal noise ¢ +* source follower

)
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(e)input referred noise {= output noise P 2 LV, = AZV,2, > #7117

Wi

output noise ",ﬁ% 1 gain e > % {8 F] input referred noise s CS £ gain £

S

106 » @ SF thgain 4 5 0.85° % #] 5log(V2;,) = log(Vi2,,.) — 40log A, » &




small-signal transfer characteristics

v(vout) /vin _ -00.1648
1nput resistance at vin 1.0808e+20
output resistance at v(vout) 8.0323k

operating point information tnom= 25.000 temp= 25.000 **
* gperating point status 1s all simulation time 1s
node =voltage node =voltage node =voltage

+3:vbl 1.8207 B:vi S5668.00686m B:vcs 1.26851
+8:vdd 1.5088 B:vin GO0 .0008m @ vout GO4.0063m

E 2 - Xichab | 3EAR
gain = 90.1648 (= 105.568X0.854=90.155)
Vout (DC) = 0.604V (=0.6V)




(b)

small-signal transfer characteristics

-96.1531
1.000e+20
233.4658x%

vivout) /vin
1nput resistance at
output resistance at v(vout)

25.000Q *=

operating point status 1s all simulation time 1s
=voltage node =voltage node =voltage

operating point information tnom= 25.880 temp=

node
+0:vbl 499 .6286m B:vb2 1.0287 0:vdd 1.50686
gee o6 vout 1.268508] B8:vsf GO0 .0081m

_ .6
+0:vin 1.2

iy - Kchab ] AEAPRF 0 2 Vb1l F vE
gain = 90.1531 (= 105.568X0.854=90.155)
Vout (DC) = 1.2050V (=1.2V)

(dB20)




) llill‘IJM
Ve g BT B IR CSHSF g vt SF+CS 5 { /] 77 input referred thermal noise »
T BAORED oAb

%] > F] 5 BAE Fehigain € RRIF 5 o 32V M input
referred nois 2> 3% Kk 2 2

2 2
VZ _ Vn,outl Vn,outz
nin — 2 2
Au1 (AUIAUZ)

5] 5 CS+SF {o SF+CS (A1 Ayp) 27 % > #7147  dhinput referred noise <

FoWMALA S L K¥ - B CSegain it 42 SF A 3F 5 5 F]pt CS+SF €t
SF+CS 1 input referred noise /| 3 5 » i+ &_source follower 7 st & A% - &
R ¥ o (B ££31 % input referred noise @ 2% input referred thermal noise
] E_CS o flicker noise F ¢ SF < — 2 (£ B3 <))



small-signal transfer characteristics

v{vout) /vin+

INput resistance . VinF
output resistance at v(vout)

L. oude+sd
1.7380x

2 3 mos ‘¥ = W=1u, L=0.5u, m=1
Iss=3u

Vin+:DC=0.7V, AC=0.5V
Vin-:DC=0.7V, AC=- 0.5V

gain = 48.4223 = 33.7dB (>20dB)
(b)

subckt
element 8:mml B :mm2 2 :mm3 2 :mmd
model B:n_18.1 B:n_18.1 B:p_18.1 B:p_18.1
region Saturati  Saturati Saturati  Saturata
1d 1.5000 1.5080u -1.50080u -1.50008u
ibs - - - 8453 2.735e-22
1bd 20. i 28 a 57.5768 57.5760a
vgs 518.6989m 518. ) i 9832m
vds 661.7957m 661.795 656. i 9632m
vbs 81.3011m :

. 3087m

.1138m

.1962m

2.
28.73
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JUDP & @ BER S
slow path: % M3,M4
fast path: %538 M2
F|t iz cgain € A
| 4, 1 Ao (2 + %)
gain = Agow path T Afast path = 1+ s | = S

S - S
1+— 1+— 1+—)(1+
P1 D2 ( P1)( P2

(p1#.4p output pole > p, £ 45 mirror pole)

’

d gt g ) first zero = 2p, 0 wp, =

RgCEg
1 1 1 1 1 .
R =— |11 = — = || =566800Q
Im3 Imsll gas1 17.2016u ' 441.3142n

Ce = Cgrotz + Cgtota + Cators T Carot1
= 3.3678f + 3.3678f + 1.288f + 1.401f = 9.4246f

rad _ rad
Wpy = 1'87ZT = first zero = 3.744T = 595.88MHz

(c)
input = B@:vin+ output = v{vout) ¥] % zero {é—wpzi & drIp,
poles (rad/sec) poles ( hertz) 11l zero M IR (S AL F € frop,
real imag real imag . . o v
-184.960x% 0. -31.0288x e. x4 > E. 5 20dB/dec > ¢
-2.208972g 8. 351.688x 0. B Y
-9.08916g 0. 44659 0. Be g d o Ry PFank
e ~= g Y SR ogy L a4l
zeros (rad/sec) zeros ( hertz) AR ) F e B G
ima ¥ E] Ly , e ..
T 567 .749% o IR TN B UE R

e. vop Y
8. + A 0




