(a)

v Schematic:

|

+ b wdo =588

v'  Specification:

AIC HW4 FAEEE 102061219

M1 W=2um ; L=4um ; m=1
M2 W=2um ; L=4um ; m=1
Vb DC=0.96126V

Vin DC=0.5V; AC=1V

v"  Comment:

FIF.tf 2KE small signal gain » B DI{E.lis #2152 NE > gain =-132.1207 » KHY 120 »

e H 20K -

small-signal transfer characteristics

v{vout) /vin

1nput resistance at
output resistance at v(vout)

-132.12087
1l.0008e+20
6.5049x



FIF.OP » B[ DLEZFIFTA MOS EP4EF4F saturation » H. cgtot ~ cstot ~ cdtot - cbtot &}
 FFEEEENK -

mosfets

/INFA 100fF

subckt
element
model
region
1d
1bs
1bd
vgs
vds
vbhs
vth
vdsat
vod
beta
gam eff
gm
gds
gmb
cdtot
cgtot
cstot
chtot

@:ml
B:n 18.
Saturati

1.95406u

-4.34Re-22

-213.9632a

580.00080m
1.8006

QO BJ WD
0L
w2 LA

O

L =

-

81
426

@:m2
B:p 18.1

Saturati
-1.8540u
.B70e-22
A5.053082a
38.7400m
).4226m

':Eﬁgam
A.5807m
G.7310m

e -

L
"
'
'
'
'
'
'
'
'
T
'
'
'
'
'

100

I.  Find corner frequency :
Output noise {F{EAE=#Y Flicker noise dominate » 1£ S HERIE# Thermal noise

dominate > corner frequency 12 flicker noise JifZT45 1 thermal noise JifE4RAYAZEL »
IHEFSEHF flicker noise FYETHTAR » B DLFE output noise spectrum #E% 5 10 {1 100 HY

Corner frequency

Il
v
Thermal noise pole




(b)

v

BEAFR E AT AR By
_ (=197) — (—178)
" = Tog 100 —log 10/

Where n; is the noise measured in dB, and f; is the frequency(log scale), and Kis a

+ K

constant.
HRAEL (logl00,-197) TJLUEHK = —159 » FArLA Flicker noise HHAT4R 0] LA L& K
ng = —19f; — 159
P (RETZ ATLAB H Thermal noise AT 4R/ — /K FE4R » FTDAEAK
ns = —215
Where n; isthe noise measured in dB.
et o PRI RETAT SRV ACEE > w] LIS E]
corner frequency = 2.947(log scale) =~ 885.87Hz
II.  Find pole of thermal noise :
TEEE 0 LB 2L B S 4RI > Thermal noise R &4} -215dB FYEH » IME G
—BER % s N FARFILEL -215dB /) 3dB [YEEE {E Thermal noise pole » 5t 2
BB 2.67MHz I » ] US|
Thermal noise pole = 2.67MHz X 2n = 16.776Mrad/s

Schematic:

Specification:

M1 W=5um ; L=2um ; m=1
M2 W=5um ; L=2um ; m=1
Vb DC=0.42V

Vin DC=1V; AC=1V




v Comment:
FII A .tf 2 small signal gain » B LA{E.lis #2152 N & » gain = 0.8504188 » K}~ 0.8 »
e HEK o

small-signal transfer characteristics

v(vout)/vin 7 850.4183m

input resistance at vin 1.000e+20

output resistance at v(vout) 17.6638k
FIF.OP » B[ DLEFIFTA MOS E4EF4F saturation » H. cgtot ~ cstot ~ cdtot - cbtot &}
/INJA 100fF » FFEREHZEK -

mosfets

subckt
element @8: g:m2
model 18.1 @:n 18.1
region Saturati
id 2.8338u
1bs -5.81 2
1bd 211.88206
20.0000m
98.0751m

.6716m

L8341f
55.7064f
7412f

Corner frequency Thermal noise pole




(c)

. Find corner frequency :
Output noise {F{EAEE#E Flicker noise dominate » £ = FEBILE# Thermal noise
dominate » corner frequency &= flicker noise #1454 thermal noise i E4RHYRC B »
¥R F] flicker noise HYHTAT4R > ] LA output noise spectrum JE% £ 10 F1 100 [
BEAR B AT 4R R
(—284) — (—265)
" = Tog100 —log10 7 T X

Where ng is the noise measured in dB, and f; is the frequency(log scale), and K'is a

constant.
AL (log100, -284) R LUEEHIK = —246 - FftLA Flicker noise HYTAT 4% AT LA{LfE K
ng = —19f; — 246
P {EEY ATLAE ! Thermal noise AT &2 —FR/KE4R - ATDUESRK
n, = —308
Where n; isthe noise measuredin dB.
et o PRI RETAT SRV ACEE > w] LIS E]
corner frequency = 3.26(log scale) ~ 1832.98Hz
II.  Find pole of thermal noise :
(e ] LB EIE B =450 > Thermal noise & 4ERF -311dB HYEE » & B 5
—BER % S N FARFIEL -311dB /) 3dB YEEE {E Thermal noise pole » 5t 2
PR 241MHz Il - A DUESE
Thermal noise pole = 75.9MHz X 2t = 476.89Mrad/s

Comment:

() Al1(b)fY output noise spectrum E/F—#L » 41 ~NE -

10 100 1k 10k
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Flicker noise :
Output noise {F{EFEZEH#E Flicker noise dominate » £ =58 RI;E&#% Thermal noise
dominate » {ERETEEILLEH, » common source H# =Y flicker noise » & 1] DAE
flicker noise HY/\ZUARfEFE © The flicker noise is modeled as a voltage source series
with the gate:

W=y

CoxWLf

ERE AL [FEIFHZRES > noise FYAV/INEE W T L HYSRFEARE - & WL SRR - i
flicker noise /)N - [NEEFETE 1 (a)A1(b)/NE MOS HY WL SfehE » 40°F -

‘Common source‘ :

(WL)p1 = 2u X 4u = 8p
(WL)p2 = 2u X 4u = 8p

‘Sou rce foIIower‘ :

(WL)p1 = 5ux 2u=10p

(WL)p2 = 5u X 2u = 10p
By T a1 E4EIERY flicker noise » T u] DT M1 F1 M2 Y flicker noise fHf111 » Y[R B
common source HYRAFE MOS B WL FEf&E[#L source follower /)N » [RIH:ARIE model
HIAT > F o] DL common source Y flicker noise #5A: ©
Thermal noise’s pole :
REF I LIEH » source follower HH#Z AHY thermal noise’s pole » & &K &
thermal noise’s pole 7&#% gain AT A ERY » Fe B LLfE output pole ZE H thermal
noise’s pole fY /)N © Common source fY output pole 7] PAFE L

1

T02(Catorr + Cator2)
Source follower {Y output pole B] DLFE K

1

Woyt =

Woyt = 1
g (Cstotl + Cdtotz)
ml

f1e.lis 2 0] DL2EER common source HYCai0t1 + Catorz = 2.6354f + 2.4576f = 5.093f
» source follower BYCstor1 + Carorz = 67.2347f + 5.8374f = 73.0721f » {H X X

gL K 1,, * FITLA source follower iKY output pole » [Kit source follower 5
mi

#3 K thermal noise’s pole ©



(d)

v’ Comment:
B T #F| total output noise power » F¥f output noise spectrum ¢ frequency = 0 547
Fl| frequency KZYZEFY 100 {ZHY thermal noise’s pole frequency @ 45541 N [E]

87 Mixed-Signal Equation Builder@wsdd x|

Input : | El

1 | > | = | " | ( | Py |—Built—in Functions ~ Result —
4 | 5 | 5 | _ | ) | 0 | math |ma><(vl,v2) j Renamel
- | 5 | g | y | , | -~ | RF |c:|:|mple><(v1,v2) | Deletel
0 | ) | E | y | o |:lear| logic | AND B | Clear |
m | M | n | . :'T‘iﬂtl Llndal S |der“ivative(5) j Save |
Macro | measurelslnpe(s,x) j Load |
MHame Equation I© Reverse
integl O[nolseloutnolse) ,0,267/M) = 0.0001259155 cormmaorrsqurce

integ('llnoiseloutnoise) ' ,0,75990M) = 1.12752e-07 Sourcé follower

»» drag/drop or right-click from Output Yiew to add signal

Plot/Close | ’; Helpl X Elasel
o

e EYETEF ] LIA1E common source [Y total output noise power= 1.29159 x
10~* W > source follower Y total output noise power= 1.12752 x 10~7 W » f72A
common source 17 total output noise power Bk > 5t E] DL E B (c)/ NE B 22
Hi7k » KBy CS noise spectrum | AN EIFE#L SF K » FrLL CS Y total noise power K ©
L2401 5 CS HY output noise T LLET Y

Vr%,out = 4kTY(gm1 + gmz)(rol ” TOZ)Z
SF [ output noise T PLETEL

Vr%,out = 4kTng2(T'01 " To2 " gml)z

R Fsgm1 K To1 = Top > Hror 12 HHRA > FTLA CS output noise FY-F 5 TH AT DAZYZE A

("£)* » 1fii SF output noise 2 J5H T LIV gma® » BRI CS Y output noise 7LE

SF K » CS Y output noise spectrum & —E {F SF Y output noise spectrum 75 > CS HY

total noise power Bk ©




(e)

Common source

Source follower

Comment:
Input referred noise Fl output noise FYBEHFsV,2 e = AsVidin ° FITLAFREF total output
noise power [ LA gain HYSE 1 2RS¥ ERY total input referred noise power > total
output noise power T DIFRRAK
£2
Pn,out = J Vr%,out df

f1
Total input referred noise power B DLFRIRAK

f2 f2y2 1 £2 p

,out out

Pan=| Wdf = | gtar = | Vi =g
v v b

f1 f1 f1
S E
i Mixed-Signal Equation Builder@ws44 A
Input : | = | |1.55905e-07
1 > 3 o ( ~ —Built-in Functions ——— — Fesult ——
P 5 g _ ) m math |max(v1,v2) :J Rename
= & 5 y , - | RF |complex(vl,vz)  ~| Delete
0 ) E y 3 :195”1 logic I AMHD B j Clear
0 u - 5 jpinq Undul Wawe |der1vat1ve(5) :J Save
| 1 -
— measurels opels,x] _J Load
Hame Equation IC Reverse

integl 'Olnoiseloutnolse) ' ,0,267M) (137, 12074132 ,1207) = 7, 2089152-0Y

integ('1|noisefoutnoise) ' ,0,7590M) (0.8504188x0 _ 8504188) = 1 BEGG5a- 07

[+

FlotsClose | “ Help | 4 Elu:usel

Z

e BT DLFEH 3R » source follower A# A HY input referred noise power @ g2 A
common source [y gain EL source follower A{EZ% » [ total output noise power [ A
gain S 514145 B - common source & /)N o source follower &8 A > {£32 source
follower HHZ A HY input referred noise power = 524 » ¢ input referred noise HY/\T R
% > common source [y input referred noise T DLk

2 = 4KTy Im1 ‘: Im>2

ml

Source follower Y input referred noise B AR R




(f)

- 2
Vi = 4kTy ——

ml
e lis & 7] LASE] CS BV gm1 = 20.3114u ~ gy = 9.6569u > SF 1Y gmy =
46.8222u > XA _EFI=F- 0] LAEE CS HY input referred noise

9mi + Gm2

2
ml

V2, = 4kTy = 4kTy X 72641.09625

SF HY input referred noise

. 2
V2, = 4kTy —— = 4kTy x 912276240.7

ml

R AT AR SF BYV2 & EE CS V2, K » A Ky input referred noise %f frequency F&
45 0] DLEE total input referred noise power » At LAFT] LLA1E source follower f total
input referred noise power & A~ common source [ °

Schematic:

v Specification:

M1 W=2um ; L=4um ; m=1
M2 W=2um ; L=4um ; m=1
Vbl DC=0.96126V

M3 W=5um ; L=2um ; m=1
M4 W=5um ; L=2um ; m=1
Vb2 DC=0.42V

Vin DC=0.5V; AC=1V




v" Comment:

16
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Hz

S1€ output noise spectrum . El thermal noise’s pole = 717kHz -

small-signal transfer characteristics

v(vout)/vin 7 -112.3607
1nput resistance at vin l.0pRe+20

output resistance at v(vout) 17.6632k

7% lis #& 0] DL FE Fgain = —112.3607 ©

26" Mixed-Signal Equation Builder@wsdd x

Input : fise(outnoise) ,0,71700k)/(11Z.3607%11Z.3607) [:]|1.851219—09

1 | 2 | 3 | o | ( | = | ~Built-in Functions — - Result —
4 | 5 | 6 | _ | ) | | math [max (vl ,wz) =] Rename|
7 | 3 | 5 | 5 | , | x [| *F [complexivi,vz)  +] Deletel
o .| | /| x|:ieaf| to&'C | AnND I Clear |
m | u | n | o jpinq Undal wave [derivativels) | Save |
Macro | measure |[integ(s,xL,x2) | Load |
Mame Equation I Reverse

integl Zlnolseloutnoise) 0, 71/00k )/ (112, 560 7/%112, 3607 ) = 1,.85121e-09:

-

o
|~

Plot/Close | s Helpl b4 Elosel
A

Input referred noise F1 output noise FNEA{GFV,2 o = AGVian » FITLAFRIRF total output
noise power [ gain (Y- 75 515 EI ¥ ERY
total input referred noise power = 1.85121 x 107° W




(8)

v Schematic:

v'  Specification:

M1 W=5um ; L=2um ; m=1
M2 W=5um ; L=2um ; m=1
Vbl DC=0.4177V

M3 W=2um ; L=4um ; m=1
M4 W=2um ; L=4um ; m=1
Vb2 DC=0.96126V

Vin DC=1V; AC=1V

v" Comment:

______

----------------------------------------------------------------------

1k 10} 100 1

Hz (log) Ok 0 r s
hermal noise’s pole = 2.63MHz -

54 output noise spectrum FXF1 t

10




small-signal transfer characteristics

v({vout)/vin 7 -112.2777
1nput resistance at vin 1.000e+20
output resistance at v(vout) 6.4999x
. lis FEE LAE Fgain = —112.2777 -
B Mixed-Signal Equation Builder@wsdd X

Input : InDisE‘(DutnDisE‘) CL0,263M (112 . 27712 . 2777 E |1.353269—08

0| ) | El y m |;1E.a,1 logic [ AND P Elear
| n | p :‘r*inti Undol wave [derivativels) =l Save

rr— | measure Iiﬁteg(s,xi,xZ) j Load

Name Equation [~ Reverse

m | u

1 | P | 3 | ;I ( | ~ | ~Built-in Functions ~Result —

4l | 5 | =] | = i | " | math Imax(vi yW2) j Rename

7 | 3 | g | % , | = | RF [complexivi,vz) -] Delete
=
[E== ]
=1

integl ' Zlnoiseloutnoise) ' ,0,263M) /(112 . 27774112 .2777) = 1.353262-08

. I»]

Plot/Close | v Helpl X Elnsel
A

Input referred noise Fl output noise FYBEHFV,2 ue = AsVidin ° FTLAFREF total output
noise power [{x LA gain HYSF 52K 1S I IERY
total input referred noise power = 1.35326 X 1078 W

(h)

v"  Comment:

"Ji Vout Uin Vout

Fig. 1. (c) Fig. 1. (d)

TE(FF(g)/ NEEAVAEEE » FOT DASIE CS+SF w7 HE SF+CS 75 5 /N total input referred
noise power » iz B] DI{E input referred noise FY/NTUARIEFRE » (EEE —4RHY noise 1&

VZ gurr * 8ain TBAy1 > 55 4R noise [2V,Z ¢, ~ gain 24y, » FIIEE total input referred

noise ZEFRLAETERY gain I AAGE] » FrLA] B
VZ — Vr%,outl + Vr%,outz

T At (Apdy)?
R By CS+SF F1 SF+CS 1 (Ap1 Avz) A% » FTLLRIE Y total input referred noise 135 —
THARNS » FAIRELI A B A —4R Y gain 2252 » 0] DLEEIR R B4t CS HYEE—4K gain
FELSLE SF Y gain K 0 495 155 £ » SF 71 & AHZ 24025 % - Ll CS HERY S —
4k input referred noise =i SF ZKAY/)N » 35 5¢ CS+SF Y total input referred noise power
Eb SF+CS /)N » 1B H1 2 source follower REEFEIEE—LRHYEEA -




(a)
v" Schematic:

—E% 1—3% J_

WwW=5U W=5Eu

v'  Specification:

MO W=5um ; L=4um ; m=1

M1 W=5um ; L=4um ; m=1

M2 W=5um ; L=4um ; m=1

M3 W=5um ; L=4um ; m=1

M4 W=5um ; L=4um ; m=1

Mc W=5um ; L=4um ; m=1

Iref DC=5uA

Vin+ DC=0.9V ; AC=0.5V, phase=0
Vin- DC=0.9V ; AC=0.5V, phase=180

v"  Comment:
IR Vin+ Rl Vin-43R1J44 AC=0.5 F1 AC=-0.5 > FTLLE 5B waveview EH Vout 11y
frequency response it A] LAE Y gain @ A1 FEFTR @ fEdlE i (log scale) » 4t# &
gain(dB)



(b)

'MlﬁtlTU\{—f@J gain =41.5dB -

Calculation:

- mosfets

subckt
element 0:m@ B:ml 0:m2 3:m3 31 mé 0:

model B:n_18.1 B:n_18.1 B:n_18.1 g:p_18.1 J:p_18. B:n 1n 1
region Saturati baturatl Saturati Saturati Saturati
1d 4.9591u 2.4 2.4796u 2 6 g 5.0060u
lb'E! 5 2 5 .7852a . . d .—'_'_ -8.848a-22
1bd .9927a )0 . B2 36: .-’5’: 212.5622a
vgs 3.2850m 23 2 20m
vds 6.9026m Som
vbs : 389.7156m -389.7150m

vth 46

vdsat
vod
beta
gam eff
gm

2

[ IO W O (R |

"-J
T
o m
o
P

W
a0 o e

9.67
67

.B730m
.3055m
LB831m
.lblbu

L

.6320m -228.6820m
313 3013 .9215m -251.9215m
6.1679u 375.8069 378.8069 B903u 6903u
LAAGEm 517,32 517.1 55 .Dn4bm 557 .0846m
.B220u 34.5693 34.56932 .53302u .53302u
gds 1.3039n 255.698C 255.¢F 3 34 lb4éﬂ 34.1642n
gmb 3.08945u 5.52440 5.52440
cdtot .7603f J.QETDf 5.0378f
cgtot 2.6195F 57
cstot .16a99f
chtot .laa3f
cgs .9576f
cqd .a728f

@ LN D

L W

n
D W@ e O
LA L

L
=D LA @ =] Cn ALY

L

o hon
o hon

[ S, A

F
fod

= I
0 R ol D fa ] O

=
==
=

=R =¥

- -r1£Jb-F o
5.8027f 5.8027f
.861sf .861sf

= P
= o

'_l.
= O
o LD

(=]
o L L
=LA
(=]
oo




O vﬂut

v':'_”: Mo -

Fr =
-

Output pole :
Output capacitance 7] DLET R
Cout = Cp + Cators + Carora = 2p + 6.3806f + 5.937f ~ 2.012pF
Output resistance B DLE
1 1 1

R = _ = ~ 3.45M()
out = 1oz Il Toa Jas I Jasa 255.698n : 34.1642n

Output pole &
1 1
Wout = o= " 3.45MQ x 2.012pF
Mirrored pole(E %E) :
Mirrored point capacitance 7] DLE %

~ 1.44 x 10°rad/s

Cg = Cytor3 + Cgtora + Cators + Catorr

= 128.057f + 128.057f + 6.3806f + 5.937f ~ 268.4316fF
Mirrored point resistance 1] DLE [

1 1 1 1 1
Rp = — = = ~ 56224.318840,
T Gms o1 Im3 I Jas1  17.5302u I 555 698n
Mirrored pole &2
1 1

| _ _ ~ 6.626 x 107rad
@mirrored ='p = 56224.318840 x 268.4316fF rad/s

Pseudo ground pole(P %E) :
Pseudo ground point capacitance T DLES [k

Cp = Corort + Cstorz + Carore = 131.2176f + 131.2176f + 7.7603f

~ 270.1955fF
Pseudo ground point resistance T DLE Y
1 1 1 1 1 1 1 1

Rp=—Il— 1, = I Il = I Il

Imi 9m2 Imi 9mz YGaso 34.5693u  34.5693u  399.3039n

~ 14380.646294




Pseudo ground pole &ZEHA

1 1
RPCb::1438064629Q><2701955fF
IV. Mirrored pole of current mirror(Vb %) :

Wpseudo_ground = ~ 2.57 X 1087‘ad/s

Mirrored point capacitance of current mirror T DLES %
Cvb = Cytotc + Catotc + Cgroro = 132.4216f + 7.2323f + 132.6195f

~ 272.2734fF
Mirrored point resistance of current mirror 1] L&

Ryp = gjnc = cT3oge; ~ 19470.973650
Mirrored pole of current mirror €12
1 1
@mirrored_current.mirror =g "'e = 19470.973650 x 272.2734fF

~ 1.886 X 10%rad/s
v" Check by using .pz:

vin+ v(vout)

input = @:

output =

poles (rad/sec)
real imag real imag
-143.818k 0. -22.7607k 0.
-66.8306x 0. 3.6364x 0.
-198.613x a. 36 th a.
-385.673x Q. A8 . 6502 Q.

poles ( hertz)

Output pole

Mirrored pole

Mirrored pole of current mirror
Pseudo ground pole

( hertz)
real imag
-20.2319x 0.
-31.3450x 0.
-23.6477x 0.
52.4268g a.

zeros (rad/sec) Zeros
real imag
-127.121x 0.
-196.947x 0.
-337.0738x 0.
329.407g 0.
8655u

. constant factor = -23.

T EAIA. pz ST HHZRREY pole FITE T RAELLEL -

Output pole | Mirrored pole | Pseudo ground Mirrored pole of
(rad/s) (rad/s) pole (rad/s) current mirror(rad/s)
Calculation | 1.44 x 10° | 6.626 x 107 2.57 x 108 1.886 x 108
.pz analysis | 1.43 x 10> | 6.683 x 107 3.06 x 108 1.906 x 108
|Error]| 0.7% 0.85% 16.01% 1.05%
PR LASEER - HLEERE 2R 4 i pole - FLEEM].lis 151y parameter STEEL ERE(E ] .pz

I HAYEE SR

HEZIEAR  AFRROVETEZEEDY - HRETEEEAR—BE
BGEL » FrbAg A —£k error » [RIFL(E . pz 2R3 T8 M Ry EHE o S59ME pole HYR
/Nt E] DB AR 0 output pole &2 HEEEE&HY dominant pole °




v'  Bode plot:
Output pole frequency : 22.76Hz
Mirrored pole frequency : 10.63MHz
Pseudo ground pole frequency : 48.65MHz

Mirrored pole frequency of current mirror : 30.33MHz

1 4 1 100
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_____________

,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,
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,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

______________________________________________________________________________

Mirrored pole of current mirror Pseudo ground pole

i bode plot B]LLZEH » output pole HEE & dominant pole » magnitude £ output pole
BIBE4E N % » 122 A 5 output Y capacitance 751 CL Y loading » Jt CL HYEEZ
F 2p 0 HERERZIRARY - Bt Output BEHVEEFHIRA » K pole &{R/)\ » RCHY
FeFEIR A » & dominate ©




