1)

1 W
Vour = VDD — EﬂnCoxT(Vin - VTH)ZRL = f(Vin)

f”(vino)

f"" Vino)
2! 3!

= f(Vino) + ' (Vino) Vin = Vino) + Vin — Vino)2 + (VL - Vin0)3 + -

w
small voltage gain = f'(Vino) = —snCox 7 (Vino — Vru)RL

b.
4kT gy + 4I§—T
Vi = ——5—= (V?/Hz)
mil
C.

Vin = Vino + Vi cos wt

AVoye = f,(VinO)Vm coswt +

n V
#(Vm coswt)? + -

w w
@w = pyCox 7 Vino — Vru)R Wy, cos wt — amplitude = 4, Cox — Vino — Vru) RV #

1 w 1 w
@2w - ZunCox—RLV,ﬁ cos 2wt — amplitude = = u,,C,,, — R, V2 #

L 4 L

d.

Vm g w , L .
THD = (—) > M) —FIK > Vipo — Ve B3/)N » {#15 harmonic distortion ATk

4(Vino — Vru) L
e.
4kT
, AKkTYgmi+t R~ akTy  4kT 4kTy 4kT

Viin = gz = g g2 R = 1 W + W

mil m1 m1 L 2 j.unchTID ZMnCoxTIDRL

W
- Mlé'ﬂf@ﬁ » input — reffered noise &/\



f.
**** mosfets

subckt
element 0:ml
model 0:n_18.1

region Saturati
Lid 999.9515u] DC current
ibs -1.661le-19
ibd -559.0985a
vgs 900.0000m
[ vds 900.0436m| \Vout
vbs 9.
vth 492 .5708m
vdsat 275.8482m
vod 407 .4292m
beta 15.2471m
gam eff 507.4534m
gm 3.4755m
gds 190.7101u
gmb 502.2509u
cdtot 10.0544f
cgtot 14.5088f
cstot 20.7276f
cbtot 18.5332f
cgs 10.4989f
cgd 2.8090f

g

M1 Vout Vin VSS VSS|N 18 W=7.779u L=180n m=1 |Size

Vs — Ve = Voy = 0.9 — 0.4926 = 0.407 (V)

¥r¥Ex** ac analyslis tnom= 25.000 temp= 25.000 *****x*
gmax=  8.5207 at= 10000k
from= 1.0000k to= 100.0000g

%31"30,35’{337 gain=8.5207dB



w o X-axis:Vin
Y-axis:Vout
0.2
chrS(wmc\:o'u""u.‘z‘"‘oﬂo""ufs"“oia""i""liz‘"‘xiA""l?&““xI;

i.
ZEHEE Vout —ZKfg5T > 1B operation point=0.9V #}%2 » Rz 10%HYHi[E
P . . . . Zm?m N . . . lDFm . N . . 6ﬂ?m . . . N mpm . . . . ; . . . . llZ 14 16 llﬁ

.............

500m

X-axis : Vin
s Y-axis : dVout/dVin

2 R
VOLTS(oly Gin) D 200m 400m 600m 800m i 12 v 16 1's

Vin range=(732.33mV, 1.0127V) #
j.
Vin KK Bk
Vin KN 22 AE
k.

A triode region
A

cut-off region

2

THD = ( i )2 = ( 0025 ) =2.3535x 107*
T \4WVipo — V) \4x(09-04926))




0 |[Jodb 4820}

e

204

/XM YAO0I6m (226138) |

606}

804

XM V65134 (o

X-axis : MHz
wh - Y-axis: dB

TIME(sec) (i) ' ! ! so0k ! S : ' M- TR ! | T ! MY TR ! ! T

@1MHz:-22.613dB

@2MHz:-83.724dB

m.

THD = [-83.724 — (=22.613)] x 2 = —122.222dB

n.

Calculated:

THD = 20log2.3535 X 10™* = —72.566dB

Simulated:

THD = —122.222dB

7= RF A

1L.A]RESR 1MHz HYEHSR TR B AR T B A R T » (H CS iR =i IR L R A -
21T lo FHERS B2 ZEE T channel length modulation £ body effect ZE[K 2 » BEETEAR
FEAEIG A



Vin (V) W size Io(A) Ar(dB) Anp2 (dB) Power THD (dB)
Vin=1.319 W=3.000u Ip=1.0001m Ar=-29.362 Anp2=-79.502 -100.28
Vin=1.054 W=5.000u I0=1.0004m Ar=-25.541 Aup2=-79.363 -107.644
Vin=0.932 W=7.000u I0=1.0001m Ar=-23.284 Aup2=-81.726 -116.884
Vin=0.9 W=7.779u Ip=1.0000m Ar=-22.613 Aup2=-83.724 -122.222
Vin=0.839 W=9.779u 10=0.9995m Ar=-21.218 Aup2=-105.012 | -167.588
Vin=0.797 W=11.779u Ip=1.0009m Ar=-20.130 Aup2=-82.925 -125.59
Vin=0.765 W=13.779u 10=0.9987m Ar=-19.287 Aup2=-75.070 -111.566
Vin=0.741 W=15.779u Ip=1.0011m Ar=-18.553 Anp2=-70.948 -104.79
Vin=0.721 W=17.779u Ip=1.0001m Ar=-17.963 Anp2=-67.657 -99.388
Vin=0.705 W=19.779u I0=1.0023m Ar=-17.429 Anp2=-65.308 -95.758
Vin=0.691 W=21.779u I0=1.0017m Ar=-16.989 Anp2=-63.231 -92.484
Vin=0.679 W=23.779u Ip=1.0015m Ar=-16.600 Anp2=-61.513 -89.826
Vin=0.668 W=25.779u I0=0.9980m Ar=-16.289 Anp2=-59.915 -87.252
Vin=0.659 W=27.779u 0=0.9993m Ar=-15.966 Aup2=-58.714 -85.496
Vin=0.651 W=29.779u Ip=1.0008m Ar=-15.673 Aup2=-57.662 -83.978
Vin=0.650 W=30.000u 10=0.9998m Ar=-15.654 Aup2=-57.515 -83.722
0
-20
-40
g -60
'% -80
% -100
2 -120
-140
-160
-180
4 6 8§ 10 12 14 16 18 20 22 24 26 28 30 32

W size (u)




Power THD (p)
[ ) w N w o) ~
o o o o o o o

o

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
W size (W)

p.

|4 2 w
THD = (*) > MY —FIK » VigeB/N » {75 harmonic distortion B A
4(Vino — Vru) L

1 Vv w
(—) < R 20dB HE[E fERZ 241 - RIERIEZ BIE

Vino—vry
£ W FE 10 ¢ BUNRFEATHEAA[E] - EFZ Avox FYEEAAITEI] > FEHIHVIRAZE noise -
1B noise F22 AR EINEERE— R T ARKIVZEH] » FIHERATREHZ 1o st ERFETRNG 2
& T channel length modulation F1 body effect ZE[K 2% ; H W g/NIFE&EME 183 A triode
region - Ip 2% LM ALY triode region FYAR,

SE-18
4.8E18
xnvssen Input referred noise
MAELB
M.2E18
BE-17
X1k Y3.779E-17.
2SEA7
RE-AT .
Output referred noise
HERTZ(4) Jog) 1k 10K 100k i 10m 100M 16 106

Input referred noise = 5.313 x 10718 (VZ/Hz)
Output referred noise = 3.779 x 10™17 (V2/Hz)



3000

2000

Input referred noise \
oo Integral(noise(innoise)) N\

A

Output referred noise

rN‘lGVHJS‘JWI
oon Integral(noise(outnoise)) N

o i 7 T - - - .
HERTZHz) dog) 1k 10k 100k i 10M 100M 16 106

Total input referred noise = 5.312n (V%) = (7.288 X 10™°V},,,5)?
Total output referred noise = 37.760n (V?) = (1.943 X 107*1,,)?

r.

Vin (V) W size Io(A) Input noise (Vims) | Output noise(Vims)
Vin=1.319 W=3.000u Ip=1.0001m 128.101u 156.985u
Vin=1.054 W=5.000u I0=1.0004m 92.687u 176.325u
Vin=0.932 W=7.000u Ip=1.0001m 76.974u 189.937u
Vin=0.9 W=7.779u Ip=1.0000m 72.886u 194.319u
Vin=0.839 W=9.779u I0=0.9995m 65.113u 203.915u
Vin=0.797 W=11.779u Ip=1.0009m 59.717u 211.687u
Vin=0.765 W=13.779u I0=0.9987m 55.748u 218.208u
Vin=0.741 W=15.779u Ip=1.0011m 52.644u 223.650u
Vin=0.721 W=17.779u Ip=1.0001m 50.183u 228.353u
Vin=0.705 W=19.779u I0=1.0023m 48.139u 232.383u
Vin=0.691 W=21.779u Ip=1.0017m 46.448u 235.928u
Vin=0.679 W=23.779u Ip=1.0015m 45.008u 239.038u
Vin=0.668 W=25.779u I0=0.9980m 43.795u 241.811u
Vin=0.659 W=27.779u 0=0.9993m 42.699u 244.241u
Vin=0.651 W=29.779u Ip=1.0008m 41.730u 246.410u
Vin=0.650 W=30.000u 10=0.9998m 41.640u 246.642u




—@— total input referred noise —8— total output referred noise

300
250
200
El
w 150
£
=
100
50
0
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
W size (W)
S.
4kT
, MTYGmit R akyT  4kT 4kyT 4KT
Vi = g2 T om 9R. i W w
m " mTh g f:“ncoxTID ZﬂncoxTIDRL

, 4kTy O
Vi e = (4kTygm1 + R_L> RE = BKTYRE | unCor-Ip + 4KTR,

RILEVS oy BB W SRR » V2 oue AIETRIW SRR » BRSSO AR A3 — B
MatHERIEEE: - YA YE - SAMIENETRE A LR BE (A28 A E R
tEEHEN At 2 B R R -

t.

-20
-40
-60

-80

Power THD+N {dB)

-100

-120

W size (W)



Power THD+N (1)
= I w = u (=) ~J [9.2]
o [en] [an] (=] [an] [an] (=] =

(=]

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
W size (u)

W size TEI&ME] (11.5 ¢ ,12.5 1 )H /MY THD+N ratio » FHFY 2 4 m AY step size 45 » £
FEAERNAE KGR - (EVEAEIE @A -
2)
a.
Shunt-Shunt feedback &% » iy A ZE K &I

R>
{ Vout

Is=Vin/R1 R

A =—(Ry//R3) X gm1 X (RL//R3)
w
Im1 = IlnCoxT (Vino - VTH)

1

B = "R,
loop gain = Af

Vour _ A
Iy,  1+A4B

losed 1 in=Vout _ 4 x1
closed loop gain = V. _1+Aﬁ R,




b.

V, cos wt

R By(t)>

w
AViye = —(R1//R2) X nCox — Vino — V) X (Ry//R2) X (

Vi, cos wt

R ﬁy(t)>

1 w
_E(R1//R2) X /'lnCoxf X (RL//R3) X <
w
ay = —(R1//R2) X unCox = WVino — Vru) X (R,//R>)

1 w
a = _E(R1//R2) X /inCoxT X (R,//R)

0!1 Vm
@w=a=1770 R,

a,V? 1
@2w — b = =2

2R? (14 Bay)?

Aupy b ayVy 1 1

A a 2R, a;(1+ Ba,)?

C.

A a,V
without feedback — —22 = 2™
Ap 204

with feedback:low THD,low gain, 7., 88/, 1y, /N
d.

A 1 R,
X = =
1+48 R, R,

closed loop gain =



e.

*¥*¥** mosfets

subckt
element 0:ml
model 0:n_18.1

region Saturati

[id 999.9600u | DC current

ibs -1.661e-19

ibd -559.0920a

vgs 900.0030m

[vds 900.0330m | Vout

vbs 0.

vth 492 .5711m

vdsat 275.8491m

vod 407 .4319m

beta 15.2471m N

gam eff 507.4534m T

gm 3.4755m vres resistors R, =10 - Ry

gds 190.7127u i

gmb 502.2515u Ry +R; >10 - R,
cdtot 10.0544f subckt

cgtot 14.5088f element 0:rl 0:rl 0:r2

cstot 20.7276F r value [900.0000 900.0000 9.0000k |
cbtot 18.5332F v drop 899.9670m -3.0029u -30.0291u
cgs 10.4989f current 999.9633u -3.3366n -3.3366n
cgd 2.8090f power 899.9339u 10.0194f 100.1942f

f.

RL VDD Vout 900
R1 Vin Vinl 900
R2 Vinl Vout 9000

R1 and R2 value

M1 Vout Vinl VSS VSS|{N 18 W=7.779u L=180n m=1 |M1 size

Vyy = Vs — Ve = 04074 (V)
8.

I ik 100k M oM 106M

ACresponse

X-axis : freq(Hz)
E Y-axis : gain(dB)

HERTZ042) flog) 1k 10k 100¢ it 10M 200M

Simulated:

small — signal voltage gain = 4.998dB




Calculated:

closed loop gain = X—=—-—=-10=20dB

ERFENEEIFABNZE>>1 » 2L 1/ NATFETET BRI -
h.
Appz  axVy

without feedback — =
F 204

ith feedback =2 -
Wi eedback = T T4 T 2R, @ (1 + Bay)?

1 z 1
improvement in linearity (power) — WWEMHEEE LT - (R1 a+ ,Ba1)2) = T AL
1 1

1

ith feedback distortion £ without feedback Y ————
— with feedback distortion /& without feedbac E/ij(1+,8a1)4

i

w 1
Baiy = (Ri1//Rz) X thnCox— (Vino — Vrr) X (R,//R2) X =

R,
818.18 x 266 7779 (0.9 —0.4926) x 818.18 0.3483
= . X X 99— 0. X . X = 0.
K> 180 9000
1 ! 3.736 x 1077
= =3. X
Rf(l + Bay)*  900%(1 + 0.3483)*4
i.
enpdil o L 5 A # M
X-axis : MHz {
Y-axis : dB |

@1MHz - —26.1309dB
@2MHz — —110.98dB
j.

2

) — 2[~110.98 — (—26.131)] = —169.698dB

AHD2
THD =
&

F



k.
Calculated:

Aupz byl 1 1 0025 1 1

Ar a 2R, oy (1+pBa))? 2 3135.102 (1 + 0.3483)?

X 818.18 = —3847.695

1 7779
@, = 5 X 818.18 X 266/t X o=

App, 3847.695x0.025 1 1 B
= =9.377 x107°
Ar 2%x900  3135.102 (1 + 0.3483)2

2

”DZ) = 23535 x 10~ (without feedback)

THD—(A
“\ 4

F
2
THD = (%) = (9.377 x 107)? (with feedback) "."2)-b Z1Eif
F

(9.377 x107°)? 87928 x 10~
2.3535 x 10~% ~ 2.3535 x 10~

with feedback distortion 2 without feedback #Y 3.736 x 10~ 7%

=3.736 x 1077

Simulated:
2
THD = (%) = 2[~110.98 — (~26.131)] = —169.698dB (with feedback)
F

THD = —122.222dB (without feedback)

—169.698 — (—122.222) = —47.476dB = 4.229 x 1073

with feedback distortion % without feedback Y 4.229 x 10734

Compare:

£ THD with feedback FYELHEL - Rl ERBRHEROA - HAZ R AEH ER HIRHTE Y - 202
Io 51 B EFEIFZHE T channel length modulation f1 body effect ZE[K 2% -

£ with feedback 1 without feedback 4R MR ELLEL - BRERVAS SR SCERR S - {f
SR Aup MAHIESTREIFAIE B 7 28 - PUR BIEFTREIRY o AT S 2RISR -



