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ABSTRACT

With the rapid development of superconducting quantum computing technology, the
scaling of qubit numbers poses severe challenges to readout interface circuits. To
overcome the signal attenuation and thermal load issues caused by connecting traditional
room-temperature electronics to the cryogenic chamber via massive long cables,
integrating RF front-end circuits into the 4 K cryogenic environment using Cryo-CMOS
technology has become a key solution. This thesis aims to design and implement
broadband low-noise amplifiers (LNAs) suitable for the 4 K environment, covering a
bandwidth of 4 — 10 GHz, to meet the requirements of frequency-division multiplexing
(FDM) quantum readout systems.

This study utilizes the TSMC 28 nm CMOS process to design and implement two
different LNA architectures: Source Inductive Degeneration and Cross-Coupled
Capacitor Common-Gate (CCC-CG). The source degeneration architecture utilizes
inductive feedback to achieve low noise and good input matching, while the CCC-CG
architecture enhances effective transconductance through cross-coupled capacitors,
achieving broadband matching and gain flatness with low power consumption. The circuit
design process considered the characteristics of carrier mobility enhancement and
threshold voltage shift of MOS transistors at cryogenic temperatures. Furthermore,
rigorous electromagnetic simulation and optimization were conducted to address the
wire-bonding parasitic effects introduced by Chip-on-Board (COB) packaging.

Measurement results show that both chips function normally at room temperature.
Through fitting simulations incorporating wire bond inductance and PCB parasitic
models, the physical causes of the measured frequency shift were successfully verified.
In 4 K cryogenic measurements, benefiting from the reduced resistance of metal
interconnects and the increased transistor transconductance, the circuits demonstrated
excellent gain and noise performance. This research successfully verifies the feasibility
of applying the 28 nm CMOS process to high-performance quantum readout interfaces
and establishes a complete development flow—from device modeling and circuit design
to cryogenic packaging measurement—providing an important reference for the design
of control chips for future large-scale quantum computers.

Keywords — Low Noise Amplifier (LNA), Cryo-CMOS, Qubit Readout, Source

Inductive Degeneration, Cross-Coupled Capacitor Common-Gate (CCC-CQG).
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f- MOSFET &4 - MiBF it § & ir2 M) 3470 F eniif « 44l
T A SRR LT AEREY CAT I BEIN B ALER
A PR AR T AR 0 doB] 214 S0m o TR A PO R RN BB 0 R AR
A F o ] LA ST S RPN o TR Y 0 ¢ 5 AT MRt B
K 27 Lok e kiR

qu

l/ — . \ln

o’c 66 & 7
f .“'--\n'. Channel

B 2.1.4 MOSFET * &g s B & T in 23 [19]
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2.1.7 ﬁe?‘l » 7 fe gk HEt i (Matching topology comparison )
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(a) #® ¥ =47 Ae(Resistive termination)
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(c) w7~ ﬁa‘f‘rﬁ#(Shunt—series feedback)
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HE LI d e =y~ R4 R SO SO T s o e B it
BEAH B DA o A BRI RN R A F ST
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Ho B e AP TR RRTR -

VDD G D
g Vin o——o0 V.
RD V + out
out
Vgs I'g Rp
GmVgs

(a) (b)
Bl 22.1 ()% mirc+ BA AT EE (D)2 | % s j
3R I L] 4o 2.2.1(b) o Bk AR § 5 Rp o o) gw,{@?] MR E 1,0 B
¥ fii‘a AV ;I,—g'%'ﬁ' *

=H

Ay = =gm(Rp I 75) (2.2.1)

29 g, » MOSFET e & Rp Ity %77 § 7 122 MOSFET % & 5 5-RiE 7
AR B % 2% o FRp K1 o R E I

A, ~ —gmRp (2.2.2)

222 RiET R ¥ (Inductive Source Degeneration )
BAAALRBSHEL T BME RERR Y F A6 TR~ T A AR R

FEMEAF SR NENA A BRACENE Y € ARE - BTR

L 2= #73) iR T g 12 1 (Inductive Source Degeneration ) 7 EHE 0 Aol 2.2.2 47

TF o
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—“; o T ImVgs

\Jill fo! _ o)
S
LS
(a) (b)
Bl 222 @Q@)kET R s (D)2 -] ELE 2T

TRE e T HERES 2 TG Cgy P URLE R R R~ e dendi

M AT Rt R 5

1
Vgs = Ix(@) (2.2.3)
RIET 5
Ly = 9mVys (2.2.4)
RETR L TR
V, = (I + Ip)sLy = (I + I, %)SLS (2.2.5)
B REG
Ve =V, + Vs (2.2.6)
f}fﬂuﬂﬁl PR
— & gmLs
Zin =7 chs + sk + 50 (2.2.7)

$R N g 2 R e A BT T G DR T IR R

T R DRRTIE ggngs~5()gom4trgg\.%reRD TR FRER AR
.y

mﬁa%@ ’

TR
Vin = Vgs + (I + I)sLs = Vys(1 + gpmsLy) (2.2.8)

TR

F}

_?i;

Vour = _nggsRD (2.2.9)
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T RHE

V, —9mVgsRp - R - R
Av — out — mvgs — Im~KD — .gm D (22.10)
Vin Vgs(1+gm5Ls) 1+gmsLs 1+jwgmlLs

¥ WGmLls K1 HETH 5 —guRp @ G d M RBTR A S 1 w2
LA E L AR L

223 jagFM L4
EiRte eI A B & 303 kR # 35 MOSFET i if ¢ et e o g i

PR AR R RS IR R0 T 1 % o~ e

MR LB ANl Fl2 - oA B ERIET A RRA EE R TN

e 5l BT F C e 2 51%‘:% D A BAET RS H AT o

BRSO RIET R A S BT S IR SRS UL 44 IR

»ABLSERET R SRS R

RS g B R A TR S UF BT RS AL 2 B 945 R [9)] ¢

\

% F oeh) - SRR L R R

B~ EOTRNTRBARAALG

VZin = 4KTy (= + jwLs)?Af 2.2.11)

Nhud
Ao

Y & MOSFET sgean tafic (R 5 2/3)  w 5 &5 0 Af S H o JE
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23 H WAL F(Common-gate LNA)FE # 4 45

2.3.1 #ﬁ-/ﬁ'l‘i
£ R 4232+ B (Common-gate LNA ) £.5 — f&# L3t 4 * enit et

A BHHE B AR TEAN 5 MOSFET sl B FI LA - s (s 5 ~ 54

Pt TS B A o Ao R 231 41T

VDD G D
RD + C Vout
Vout
p—-=_O0

YmVgs
—. = :
S Vin
;E’\' Vin —_
(a)

(b)
Bl 23.1(a) = AfEcx BAATEER  O)HRE2Z | R |
S S RS TR
=L
Zin = (2.3.1)

F_‘-
‘ﬁ\

R T R AOERT > T A1 RS S 50 ok R e

“?s?ﬁ’l“* o d %,\Fﬂ’fé—m = ] ém‘gffu#&?’ ’
ST AR ré”@ﬁ?] (S121) T4 -
BT REE S

Fiep TR TR E B R M IS R p

Ay, = —gmRp (2.3.2)
Hoe RD Z é ;\. FB o

£ X /i #& (Cross-Coupled Capacitor Common-gate )
K ’f#i"]%]232§?—rjzl_\j\+mﬁ&_%;;ﬂsg T#_ ﬁt“f’#_@;é

i

R

* BFIL g, —boosting » § sk kg EE A pzfﬁﬂ»ﬁ fie o b7 %
WHOEM T D ERMRN ST G R RR A Zhuo FAE DL
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& & MR i ( Cross-Coupled Capacitor Common-Gate, CCC-CGLNA ) [27] » &# i
B e 233 9 o

B 2.3.2 A & HCGLNA % H > £ & g, 3 5 e $23x % E[27]

B 23332 EF4mE £ AR LNA[2T]

PR L BB~ 03 B MOSFET B e » 22 % Coo 450150805 48 & v 4
IR AR > A5 2 RN e W o p f v PG sde 2 MOSFET eh% sl 3

Imerr = Gm(1 + A4) (2.3.3)
P AR e A ApH g TN iR R BT SR a2t Co
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=
@3
o}
(@)
]
2]
3
=

Ce
A= e (2.3.4)
PTG SRR TR T %R S O g
1
Zin=T"Th (2.3.5)
B AFERRLFEALHMAA TV il T REHE A RFWT
Fei oAbt (TR RpPTRHET R 5

A, = g (1+ AR, (2.3.6)
PR R BT RE S L R B3I AT RT kS
T fP#:IJ;f’E_’éIL ?‘}EJ; °

233 A FHEL 4T

AR R R MR T TR ETRER EHRRNAREY A ok
A 2E f# FolE A MO o X R+ Beagen kk ¢ 45 MOSFET i i
MM R EMIBT A E BiRe BRI 22 T FME L Wi
A EAERY TSR WEf rRES fff‘;iﬁ%gm,eff’ﬁﬁ’\iﬁi%@ﬂ?@ﬂ

MR e HE xS vaTind T 50

NF =1 =1+—r— 2.3.
+ Im, effRs + I9m(1+A)Rs ( 3 7)

By Al Rg 3 RIRIFL (- 45 50 %8 ) o d ¥ g RS 0 2

WFFF LA MABHBLTINT TE o RS ERIFER G
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24 AT p?a (noise matching)

(L%

%
—n\-
/L

Bkt e oM™ fe | £ i@ 35%1 MIEFLZg 30 B i Fe o R o
WA e i AR
m B ARk edp Bty B stk o Belostotski A 2016 & & A s 45 ¢ s ﬁi?]

\\-\-

Zope > ME T B FERUF)F Fpy el (F05 1 o 2@ 0 2 X
NV GERIRp S B e gl - SR p MEL R Sk § - 53k
BROA D CEIAE S el o e h Bl Bl ~ S Bk RAp 2GR F i
Bt R AN FSH S R A o o] 240 #1280 WY o &
R IR SUE RN PR TR T SRR VR A E T RN E L E N |

St e R e w5

Bl 2.4.1 3 B Stk fefiy » spenp =+ & = 7 5 [28]

Wi

RO C UL A S TS

|Fs_ropt|2
NF = NF, .. + 4R 2.4.1
mn ™ (1-ITs12) (1= |Tope|*) 4.1

N I Mﬁl r bl T ARIT I B e R ST, 0 % - 9 € ARIT
0 RENF > NFpp > @ Fpip 573%2 BARET T a0 T & $

PR FRRRUL SRR R 2 S I R o BRI WA Ll <
ﬁﬁ%@%“%@oﬁﬁﬁ%ﬁ%ﬂ%rﬁﬂmmjﬁﬁﬁﬁﬁiﬂ*?%ﬁﬂﬁ

Wk AR BT > RE L B E ] o TR P T g

1‘3

mez_amﬁ&%’wfsﬁwﬂk(*M—RWHJ’WNF”?ﬁﬁﬁ+
E' o l'{—‘]l.b 4 ﬁ-.ﬂ;?)@'}} P l{;}& L_Fﬁgﬁgﬁ-ﬁk rr,}_é:rcr ]ﬁo ”'"t! 1o H:FI,E,\g‘ﬁﬂr;/!»tlﬁv

#% e
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P AT A BT O § a s BendRjeaad kAP o H e

fo enE B MV U E i Frilsf2in o 38 #5332 i 22 4 12 f2 8 - 42 % Friis equation >

NF,-1  NF3—1 . NF,—1

NF, = NF; +
cascade 1 Gy G1Gy G1GGs

(2.4.2)

He F S5 isct BLuFT 0 G b bnd FRF o d 07 05 ¥ - &k

A=
E)E%

SRR FT Fy SR G S RS o B ST et AT g &
Gy Gy #TFP]e Tt o f kMY W F R HE - st B (T
F) BRI T R SR Fy L T LR R

iﬁﬁ:o g B F LR BRTFENHE CRBRA AL BRH
N A L

PEEL RPN SRR MR BERFINER SEd 3 WARE
TS o B A B BLARSE I R LR A o Tt 5 MRt h Bk g

-—rm
FE e Sl B RS I P e e K 3

LAY SRS
WS LTI E RS § LR
Ampl Amp?2 Amp3 Amp4
NF, NF, NF; NF,
Gy Gy G3 Gy

B 242 8 FicX E kAT R R
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AFE G AR R ACREACE £ F =~ (superconducting qubit )3E B~ 28 e F K
W E R R B E > MR s M E e B e R B
Sirkay T 'E fa“%ﬁ%&f@ﬁiﬁ%%ﬁ diea R e B - AT R R AR
H o FURA R F RRER - S AL b FDM #8410 e B
B H 955 e 4—10GHz » Fut 4% 3+ % LNA ch3dB# 3% #.5 4-10GHz > &
FEAAR A AKER T L 0.6dB 0 B E (Sy) 80 30dB o #4274 10

mW 127 e gt eh s 5 zfrp_e_%]%%]ﬂ::%mrﬂ T I B o £ S RSy, &
S;2 397 M —10dB; % = % 5 TR ﬁf#éi’lfﬂﬁﬁp s AREETA A F D
LNA ZFHie it et it o 5 - 55 54 FHRIET T L RiE LNA - B F 5
- BT X IRRER AR BT R 0 RS %] TP E R R fe (SR P
o LR BEFAH RS > DWERMEER Y L atERHE (common drain)
f%é@?—]ﬂ:ﬁ%f@?o FoOBEARTFMEEAIE LNA 1% 2 {BE T 5 ik d
HERA S KA Eon L O e ST AL 0 BRI~ F R
B TROLBEEIRDTFFRFAPES LB BRRE P L AT BE L AR

ﬁﬁﬂzﬁéﬂﬁ*ﬁ’%iﬁéﬁ?rﬁﬁ“ Fe s % =% 5199 MOS ~ 2 H°3] » ¥ £ B+ §
oz | B SBc T E AT N A LS mA ) S M JLR 2R R o HEREN

it ADS 7 B ~ S S SACERE S A T S T
HoFeh LAREREFFEAADERLE B> BHUTHBIFE T hBR
i o £ 1% HFSS & ADS Momentum 3£ {7 ¥ B2 fft > it & HAMmF kg 4

Boo TARBIRSFEEHA R S - KR AR S Y pad R B BRI R
BRI PCB Rl > &% Lo (CPWG) #Fiifl 28 Hgu5m > ¥
EonRRELIS A ~ bypass TOF i g Wit Al R ASITREFT TR
A ER e F S FEEEIATIAAR o BE T F L BEP S R R

SR =TS s TIPS
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302 DRI AR EEGK R
KPR 2 DB RvE 7 o0 PUhH T E T 0 R A LR R

Fetz & Ko F MO T E o d N HE RS B ATHERN FFER
ERRPHEE TR R L I ARRITRIZFHE PR AT
PR Y Far B2 p R RR o ad R MR T
/F*J%,]‘s KT R 2 ARRME > n BB BFETTRE RRE 5 ¥ ;ai\ﬁﬁﬂzéiﬁ
B ;gu Bt s T e S RGBSR TR R o S S len
MWK ALRBTRDEF A MR RS A FH L R EF RS
1o BEREREF S iiﬁn T T AR BRI o L FT RE TIE > BF
R EOF TR REF LR PEAET ML ETRE LR EFETR AR
& F AL enle PR R BT g F e o b R AT L E Y RIRNE
8 % (SourceFollower) 74> 1 & ¥ 2 H 2 & BB chfe gl i 4 - 2% i #
P g PR S e R EHAE A 50 Bt g T fie o AR RO AL B

7 1% 7 gz > Source Follower # @it fa e T crlf S X F &4 G ho ff> { £ & 0

‘“1

AHRET VF s F IRtk o i s f%é%%ég@ﬁ,&fg;f_ Ly R vy
FEPIEFEE P E T o

3.2 ARt K+ B (Inductively Degenerated LNA)
3.2.1 ﬁsa] Feel s AR &

TR 2 ﬁ;?] » B EE T iR Y £ & (common-source with source degeneration )
P 4% cascode 2 E 2 LT el » T fe AR L HA AL K*Q}*k[ZQ] R
At BHE 2 RER B - RR Lo WERE AR F Cu 2 RT3 Cx 2 R
R R ERTF
Cotar = Cgs + Cex (3.2.1)
FEL AL KR ﬁ”ﬁ‘lﬁiﬁ * IR IR 0 # ARG AN 21T 50 FoaE o
RS <-10dB e fe & fo H ﬁia?] NPEFLF T A T A

Im SLg
ngS 1+52LsCey

Igéﬁﬁﬁgﬁiﬁﬁ’iﬁﬁﬂiﬁ%%»whﬁm,v Crotar 75 % 4 # th1#

Zin
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1

f‘;‘es ~ 2n,/LgCrotal
o P Lg 7§ et T Bk 0 i 6 NF B8t T s A EN T

(3.2.3)

- SURRIR =0 - I G E i % bandwidth-constrained noise optimization o 7. ¥ 2§ f#&rﬁ?]

VDD

Bl 321 Migid it fseque s By~ B

BRER R f#f#%lf—lmim" feeh > B AR kB MM I F ik o FT
Badfii Riifd kg ik Fo2au G FRAEREL PR ®
‘E*'ﬁ?] BB FRAE SR AR TR A VRPN WA T R 2

5 W/L=14um/0.03um > HEPIK TLEVGS =048 Vo F i3t {e® 1§ R
BHEE(gm)E Mg o phoh > Ba A ZlE 2 P R-HEFERLEE
)% & Al dhcascode i o A& PG <R EAE R E o 2 ok
FlA Bt R DFAEH F 4 14 o Cascode S HE7 it jF 0 0 B A LR A
FOR MR E N AT TT B L e BB A R f e R 3 IC
d R A AR R AR éﬁﬁgﬂmsmzwﬁéﬁﬁ

Vo e EE A BT R R
DR TER T YR AT FAE R R G BT R RO B R AR

B 7F 2~ VDD R AT R (2%3+F 13
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e b BB L ADS & (7 HoBU 4 BB 1 8 P42 2 TR £ (Voltage Gain)
R E PN 2 4B 322 2 B 323 HR S R R F S & 6.3-8GHz
Bl —10dB » # ¥ 394 % 14 18dB -

S-parameter

-25

Frequency (GHz)
Bl 3.2.2 5 » ek ST OB RO S &

Voltage Gain

-
w

Voltage Gain (dB)
& = o 9 I @&

-
p]
T

iy
—

4 5 6 7 8 9 10
Frequency (GHz)
B 3.2.3 ﬁi;f] BT R E RS S
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3202 ¢ Rk A 4

¥ = kfi’:—:—&ﬁig‘@?}%&mi— iRl > AR P hA R EHT R F
HEIBN S oA mt BN HE T g e R AR S R R
R R R PR o F sk BYHHY Ry P LA UG R

SRR S R R S BB RSN T LA
:

Baplfigmt e ma Fer R P LRSHEL SR LKL TG f
BEAN P BanT BREETd TR AT
Ay = —gm *Rp (3.2.4)

B9 g bR R RE > ZONF R BHF ARSI ER A gg, 1Y

EEBBRE T G BB ET R (VG2) ATk TR Rk AT el
HEAFNT R SRAFHEEN A > KPP EFR DA Ry hEAE M 4
MR F R AR o B 324 59 Bk mhA A TREHE B 3250 B 5 ¥ -
B 25 4 - 10GHZ AT R ZHRG S - T ST RN ET

atFT}r e ,’ﬁ* s I‘?{?{W g_;}a‘;# 8§ — 95dBrf’J%FflP\ » B ,% ﬁﬁ*mﬁgﬁ-,l@:r ]Fﬁ%]
553%:5@§%&19@iﬁ7r%ﬁ3‘mw 2
VDD
Rq
VG2 I;
My
M3L_>
VG1

Bl 324 ¢ Foasihimict B2 TEEHER
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Voltage Gain (dB)

Voltage Gain

10 T

9.5 -

751
stage 2
stage 3
7 1 1 1 1 1
4 5 6 7 8 9

Frequency (GHz)

10

Bl 325 %2 sy = s B2 R RAFHELES
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323 ﬁiﬁﬂ:&;{ el

MR ﬂlh] diBgr * £ a4k (common-drain) S > 3 & P 5 M ) e
Fuo g v s B BRI A 4 T @;ﬁ@] DshenT Fefg Ao hB A RAE RN K
B o K RSO ®E f TR P B NAG K Ll T i

TL%'{@ﬁ;i“I R BP0 M K AR R ‘ifﬁmﬁ”/‘ s ,‘\]ﬂ”f_«ﬁl? g T 5\

PZFm X
[ER

Zout =i (3.2.5)

P R AR E R D S AR T R e foR o T B S D

SR A F R R FURT S0 Bk - Y R AR LA T

FHERORGF EHDT LM A W/L=12um/0.03 um> 11iE & iy 3 T
TR R R o gt T R RIRA R * T IR R 45 e MOSFET 47 i
AT R A R BB TR T 4 TG Y R A TR A
SR o Ao 3.2.6 40T 0 FAREG D BN R 0 £ o BT A2 RRLY e

VDD

R

Mg

VGS—"_:

My

o RF out

Bl 3.2.6 i & e A AE PR B AR U RRG
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S-parameter

-13 :
-135 1
14 |
o
©
= 145}
Q
n
15 +
-15.5
-16 L L L L I
4 5 6 7 8 9 10
Frequency (GHz)
Bl 327 8 11 R SHEAS A PR RS &
o Voltage Gain
-10.5 |

'
-y
—_

Voltage Gain (dB)

-125 |

_13 L Il Il Il T
4 5 6 7 8 9 10

Frequency (GHz)
Bl 3.2.8 ﬁi%l DT RME RS

Bl 3.2.7 5 8 1 Sy SUHR S % 0 BT B 01 R SPATAS AR (B ) M A
“15dB E 4 0 AT e T AR 4 o Bl 3.2.8 5B AT RN E RS %
FRET 4- 0GHZ 3 (T4 F P 345 —115dBo - f R F &P E K p
£ia AR TR A L L AL > ¢ § MOS T S A AT L S RET R
SRR U B PR or oS c B AR ER R G s
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LT fe o B e T AR R v 0 I RRRH K TR M e
324 mETEBRERE AT
ff@ﬁﬁl;éﬁk%ﬁ?’-%@lﬁﬁfﬁf‘ﬁ%@ﬂ%i* ELREB TR E] i
329 %57 o & 321 Bl E & AP B E o B HHELS % AT 2
32100 #3 ~ % Sy & 7GHz Ay b i8> 55 —20dB > 7 &0 a7 R BT §
-4 dB > %Efﬁﬁie?l%"‘ﬁafﬁ”ﬁ L 2B ¥ - 2 e Ay disanS,, BF 4 —14 dB ™
ToREER N T e I BT B (Ao ER ADC) B4 0 H F Sy 4
20dB - 3dB4F R ¥ 4 -8 GHz» 2 2225 p 514 — 10 GHz >4 T4p
SRR SEE A e e R S RS oy o
TERERRF LG R ME A AT R Mo B 3.2.11 Ao e
ip ¥ (Noise Figure, NF) #7456 6 — 8 GHz P& v £ 4.8dB > ** 4 - 10

<

Wi

GHz 2#FH R § 5-9.5dB et £ 0 o AR 22 6 0 4oB] 3.2.12 977 >
e TAR BN 3E O fﬁ IP1dB 5 -40.7dBm - @ 1335 B 3.2.13 i % % - :Elﬁ%l »
Z B AR (1IP3) 5-31.7dBm > % £3% 2% ﬁéJZOdB7141*igh,_ » H IIP3
#cm e (-Gain) 2 BN 5 11.9dB - pL B £ LD B £ 9250 5 7 B ik L seo g
MR * AT IR R RIEE o gt AR R E R PR T o MBI R PRI
B+ 0 X A3 Source Follower % R ey BAAILE T i Skdoa 4 0 @ H % 2~

m%&ufiﬂﬁ&‘ —l:tk{(y;l\r’}% E s KM A "lfé"}gﬁ”lpldB%’?HP?) IR

VDD
Ry

VG2 VG2

M, My
Lg ——oRF out
RF in
o Y\ |
Ml M
R, 1 R, 3
Ces -
VG1 bs VG1 VG1

39

doi:10.6342/NTU202600338



Cex 82.84 {F
Ly 4.5nH
Lg 0.4 nH
R, 48k ohm
R, 12k ohm
R4 259 ohm
M;_¢ (W/L) 14 ym / 0.03 um
M, _g (W/L) 12 ym / 0.03 um
" S-parameters
20F \

1071

=]

-
o

S-parameters (dB)
8 8 ¢

L
o

:\

— S
—S;
i —S,
/_ —Sy
5 6 ; . . 10
Frequency (GHz)

B 3.2.10 2 TR TF A S HEHE2 S Slic %
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Noise Figure (dB)

Gain (dB)

NF

10
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Bl 3.2.11 > 7 B 1% B {8 k2 %‘&;M% %
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25 T II
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IIP3

0r .
lIP3 =-31.7 dBm -
- ﬁ’
20 S s
1‘,
T 40f
m
S
5 601
3
L 80
=
=3
=
O -100 Fundamental 1
- = = -Fundamental 2
o0 | —— Third-Order 1
Third-Order 2
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-140 ; ; '
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Input Power (dBm)

B 3.2.13 2 T A 5 g2 TIP3 B %

FH T RS R & R - 3F3E 0 #20 K % Source Follower 2. 7 4 128
T ERAPER T EA B AFLE- ARG BE R e BRI & TR
WEY o RRG R AEE GRS o Do TR R FED TR R
0 e T A DSUE R AL o B 3.2.14 ) 3.2.15 A BIEET A 0f i e
&meMBﬁﬂmﬁﬁﬁ%o%%@W’&Kuﬁ&gk@ﬁ%ﬂ“ﬁm%ﬁ
T .2 IP1dB ¥ d -40.7dBm #% = 1 -35.0dBm > L gk K 5.7dB; @ 1IP3 B
d-31.7dBm # = 3 -212dBm > L tgARE 10.5dB - L HIR S FEF oo
Bk B LR RO USRS TR 2 UL R LA R P e O e
B2 TRARA UGl G g BF FIrn R R G LT RFIR R P50
e ﬁ‘ﬂ:ﬁﬁ;ﬁ] MR E w iR 2 & o % Source Follower @ 5 A 3LfF &4 £
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Qutput Power (dBm)
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33 2R EEFWLELAEAIEA I B(CCC-CG LNA)

330 fr B A
ARFHR R FME L MRS BB RS o

R S R ﬁ%&ﬁk%%m%%qﬁM  EBERR L DT

FHEHA I E B LM A RN AR[27] AT EMIEREF X AT F
CrBRFERANTRMWOFLMBRET CeF > F o Z AV A7 5 ¢
Cc
A=t (3.3.1)

&Zﬁ“ﬁ$ﬂ%%ﬁﬁ1’ﬁ%¥ﬁﬂiﬁﬁ%ﬁﬁé’k%%%ﬁ»mﬁ’
4*“5@&%&;@1%" fedt ec d BEREAR A TR o ptoh s LaE- HEANHF Fen
#o

ARGy P R I RO E AR e R R -

ROEARTMEHE TR PFE > 272 ¢ aFURF ALk o FERL b~

L
T o M %17‘ %1% i § 7 cascode . PT# Hrgeait 32,1 &4pin
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