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ABSTRACT

Noise is an important issue for the WLAN front-end applications,
especially in the direct-conversion system. This thesis focuses on the two
topics of PHEMT LNAs and low flicker-noise mixer. The first is to design
a single biasing PHEMT LNAs by our proposed self-bias technique. Under
a single supply of 3 V, the 2.4 GHz LNA achieves the noise figure of 1.43
dB and the gain of 15.7 dB. The other LNA operating at the dual band of
2.4 GHz/5 GHz has noise figure about 3.4dB at these two bands. The
current consumption of them are 10 mA and 12.6 mA, respectively.

The next studies the flicker noise of mixer, which is closely related to
the biasing current of the switch core, and the circuit parasitic capacitance.
We approach this issue in the three different methods, including the static
curent bleeding, dynamic current bleeding and static curent bleeding with
two series resonant inductors. Moreover, the technique of low-frequency
noise measurement will be discussed in detail. It is because the
surrounding noise will degrade the measurement quality seriously. How to
make a clean environment is another challenge in the flicker-noise research.
From the measured results, the dynamic current bleeding mixer
implemented in 0.13um CMOQOS process achieves 12.8 dB noise figure

and 4 MHz corner frequency, and the 0.15um PHEMT mixer with

static-current injection has an obvious improvement in lowering the corner
frequency (from 80 MHz to 40 MHz).
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VDD 3V
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S11 -12dB -7.5dB
S22 <-22dB <-25dB
Gain 19. 4dB 15. 7dB
[P1dB -25dBm -22dBm
[TP3 ~18dBm -17dB
Noise Figure 1. 28dB 1.43dB
Power 25. 4mW 30mW
Chip Size 1 x 1 mm
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Process WIN 0.15um PHEMT
VDD 3V
Simulation Measurement
Pover 33. 6l 37. 8l
Consumption
5.1-5.7 5.3-5.7
F GH 2.4-2.5 2.4-2.5
requency (GHz) (min/max) (min/max)
Gain (dB) 22.8 17.9/18.9 18.5 13/13.5
Noise Figure
2.6 2.3/2.9 3.7 2.6/3.3
(dB)
S11 (dB) -14.9 -19/-9. 3 -18 -15.6/-10.5
S22 (dB) <-10 <-10 -8.6 -9.4/-8.7
[P1dB (dBm) -25.5 -22/-18 — -
0IP3 (dBm) 8 10/11 2 6/8
Chip Size 1x1 mm?

# 5.

EAEF LNA e £l 8 % 0%
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\\\Xy

s220 (input referred noise) > T &is— B d T )

EARSEE L r R SERIE NS R B S S R E
#ho o VLR SRR AR M DT AR T BAREY & EF
ii%lﬂ'.;«;gﬁﬂﬁpg—g Flzedadp (noise folding ) 3R % o

VAR = mﬁ%}
P:FQ
=

U S epEk ok (2R 0 URAE BisfEd WAL LO R EL et
SR T EGGE & MM R % si(linear periodic time-varying
system) % 343 o #2113 3L (0 S8 ~ 5 Bx(o) 2 B e 5

y(t) :Ih(t,u)x(u)du t=7r+u (3-1)
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B b+ TP g bt v Pl § 87 LO BB 7

Wt w) = 3, h7() exp(j —t) (3-2)

1=—0

A (0) B_% n B3k ik Ao 5 B Gl o

SRR AL P

V@ = S H@) - X@ - 2”—”) (3-3)

n=—x
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Low Frequency Noise
4,®_, Output
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Input Signals

—kfio _fLO 0 fLo kao

Convolution
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5@ = 3 1@ 5@ - 20 (3-4)
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A gl R S BET) kg Rl

in(2z - A )
P = 2|22 ’TAt/é/ ’ (3-10)
| or. A.fM
2z - AL, = sin” (%j (3-11)

s ke SO R A

Si@) = S PU@f S -0, o (312)
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dV.,, = — A — t)dt
» 7 cos(T )
_ A\/I ~sin’PZ par (3-18)
T A
2
_ 2—”14 1 - Ty dt
T A
1 Wops + Vi) 1
O = E—Aj 6, (V) ———=dV,, (3-19)

ot T, A
2 14 7 i
R EMET RMERFL TRV <A E'J]/ 1_(VLO/A) =l
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A FAEMET PR TR AR L BEEFA 0

BURIAMY By = FHRF L0
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ar,®) 2 , )
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dV Vi
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LO RELeniRiF A > = A0 > & T HEHEHF MR A LO o
g P10 % BAZR G RE fo RS MM A S 2 iR S
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|,

PEFE

a8
A
=)
e

kg o mfit LOJRIGHTE + hB B sfei 2 B BE > iR
T e LRI

flo.=¢, gmzlﬁcgmz =&, fT,12’ £,=0.2 (3-35)
p

PEEEF LT FREDRL  RE AR AT HM2 - 5 OFF &
BRIk T RHsEg :;t)gk;ﬁa;%‘.gﬁi%]»! Mo AL TR
F e . 2}% N }g&m*iﬁ&ﬁﬁ S fLolﬁ‘“ 1:|_oz FHE DB f|_02

B x2 88 B Fﬁ?&?‘}%{;@?] UE TR RS - EAE

flo, BT — BRI PT & o040k 20 BET HH AL D%

AU EM AR A Al )] ()

Vo= ZLAF, AF ~ 1
C WLf

Cp ~ Cgs,lz (3_36)
2

Cos gWLC for long channel

T\

N
4~

C Hi#vemdg RV b i R &5 > & s f BM &~
oA PR OBARR LGS T RRE MR g R
3.2 A ~iamuiea e i)

FinE ARABRIEBRTGER- &

F
FREo kR de 0 @ T AR P ehgEd B LR B A R L

%§§$i§£ﬁND%EWS@emﬂm#9%?%%??@%%
’;HL 57/7]‘ l’er_ y — ﬂ,’l—}’?ﬁp K‘J‘_E:*T";L.fi 4 ——j b'%;}-ﬁ: ,1;;4 mﬂﬁ /)é‘ T'ﬁ;‘-‘ {4 2
Wi RS ERTER N H S E kAR s TS
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PP
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N

WAREHm AT - BERAHNER AT R HRIEET

B R s %,

Tos AP FNEIL AL PR ARERA A R

LN~

R

¢ #cp st $ (carrier number fluctuation )

o F & 588 FLE (bulk mobility fluctuation )

A —Z F PP EG PR By 3

T BT LR TARNEY AT - B id G g Y s

R e L
S xR R RT I NRES
WA o S 0 L F R R Ve B R F e

RO BRI BB F R

_L)J_I_

/LJ

R R R S PN R A AL
?k’fﬁﬁ,)me#Ef“ °

A 34 e CMOS 7 1 el g2t 4 57 5
K, 1
V2= L 3-377
" C WL f ( )

| {fﬁl‘jﬁ/;\‘ T A Hb T\' 7T lﬁl’]@ﬂuﬂl“

PR R ek SO

— #-74] (unified model ) » & w2 -V $23] 8- i 3

Kadawd ¥8 - T2ER d""’kﬁé‘%sﬁ
BEd > A IO W s LS e

RER LRSS SRR LR RS SRt E S
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@HEFEATF CHDRF NZFFI S s R
Ppeab belic P o PR ARl et P B R K RIFE,, ST

B e BHAIET T - LHFEE K

o HFHEGEBHAE GG REDIBIRAE > 4ot ~ i
ig e PMOS ~ SiGe PMOS ~ SOl PMOS -

o FiFhmTRR FHAE > 2 %A NMOS B PMOS > v i 3w
TRV TR RFRE ) nP RN E o PGB RK
ﬁﬁﬁ?i%aﬁw’%*w$4ﬁﬁa%mﬁﬁ§{§4
el s gl B

T A e R R Rl S A 2 iU e
ML ST T L ARTREBLFST LR 20 AT
oo 3 3E € e Biw i (pocket implantation ) 2 £ e > 3 4o i i
Vg K2 B endha i hhe IE R g o o # TR RO B
TS DA RAQ R % flatband £ RQ,/C,, ¥ %

,

I MEe B0 - BRATR > HC /FF > xR EC %0 &
7T PG AR R RIFH eNITR o

3.3 CMOS 322§ SH®eh STI >z ¥ 3 I 8 2 21, ﬁ—,gg,_zgg

Tig EFRE B CMOS 7 L8 U &I age g s
LG Awleh Eig R~ - fiREP (finger number) > e it F gr
KNI EC] o R T g e fEA s o JaRly FALL L R
£ 0 B4 G YA R R
STI) 7 B -

J;nkt

# &4t (Shallow Trench Isolation,

STI * KFri|n T S~ E2 B3 ;’fL%;Z’ﬁET‘J TILILE L Een
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P4y s (latch-up) » v 4pde FOX 7 = R4 @ o] ik % 7 5 Rl &
w oG ff (7R TR A i %E‘.) it e TR AR O
Wi B 4 WA STI AR 45 «HCMOS IC fAz® = % B vz
- > 0.25um 2T enCMOS @ A2 R £3 i * F| STI Hjiw o

Oxide Gate

n+

P-substrate

B(3.10) CMOS ~ i & 77 =,

» ........ H ........

| | OD2:thick oxide === Poly Gate

|:| OD: thin oxide « 3

Qtrace

B(3.11) CMOS = i* 3+ 7. B

(3.10)%_fj ¥ 5 MOSFET 7 %% &+ & Bl > B(3.11)i0m &

oo T EAL STI TR % R Z PP ESTIE T LM Fendia
hERA ;jai}%](&ll)i S N AR SR -
HOEA TR R AR REERPEEGFOREET o d St REES
R )% B STI A cdfBm x R i d & Ko ol 44 10 iE
W RGVEEE Op d R P 5 PR N B2 - o Lo

ma; e—ni« =

7

-

3

Fedp W e p 5 ena 2B g B R e B 0L gL e
BRI Bpg > T AR PTRAFTEY RN EMEAE g
E R REcp k) B e e g
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3.4 BhHFTFEBFT LM (PHEMT) ~ & @i

B 32 Fanthe BT A E R BRA S E ERE SR

G0 G K M TR P A kT fB- T PHEMT sz ko 2

PR HHERARNPILER i L ¥ e - BB

PR A AL R W BeApiT o KA ATy AR
AR ELETERREA FRTALEBER Bk SRS
§ RRAF DRt ) KPS S AP R (strain) PR G
FAESEERM Y A IR EURT AL AFRY O H IR

ek iy 0 A2 4 £ # (dislocation ) o

B(3.12) & 1% #F 7 fe oA

PR HET - HRF LI HEF 0 bt InGay AsP
GaAs » FIZ# ¥ & Lol shjoaffd ~ Lt Hkds { <
AEC ; 413 BHF cha it i3 ik > v § 51des Gahs AAdr 2
e ¥ T e 910 B B e B R B )Y F B TRl B R B gt
T A4 AR & eh(pseudomorphic) INGaAs i i & o

CIC % = d # Z % 12 e PHEMT ®l 42 > id 1;1&] A b3
B 2 B 5 B WG R 32DEGE o %A kB A

}'4 ;':?\\' o
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GaAs cap

n AlGaAs barrier
AlGaAs spacer /Channei' 2DEG
ICEAShERREI  (n Ga, As, 0.15<x<0.25 _—

4
|

AlGaAs spacer

thickness=10"15nm

n AlGaAs barrier

GaAs buffer E

m
O

GaAs substrate

FI(3.13)  # % * PHEMT 45315 Fl

d BI(BA3) T N B L hiEG #HAkEES A PR RFES
PHEMT * 47 % e e su 3 » i 6 & 45 7 QL% fe s}
Bkt BRIGE TG A I A AL sk 0 T % 3.1 E e

T 2/

-

o

,:r,
v

¥ w

3.5 & RIRn #,3 FeengE XK
TRIBRBNFEX FARARA #F
e HEBRIERAFMERATAEAPDER o
2
o WRARLTRB T hgen-k-T (noise floor) o
28V = ][]
.|:| (][] DC block
E@ 100kHz~6GHz
o

Noise
source
NFiss | _ _ Callibration path L\
1 LNA
| 100kHz=1GHz
. NF~1.5dB
Balun [:‘ DUT ‘ G>20dB
\
500hm 1 (‘)?)kCHElggﬁz% 500hm
\V4 \VY4

LO

FI(3.14) Y 8 B iplzend ik & X
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i E ol enY S8z o d - B ENR (Excess Noise Ratio)
FEI IR GE O A T R R B pRe i An e o ek~ hiE LNA S
247 %1 2 DC block s 548 & it jd F 7 & £ Jp] PP je s ch g
Foo B AR RATF 0~ UELA T 1GHZ » AP AR A Y T hig B

B

FUR A A SR T (Rl B ok SAangeiok T o @ A K

—

0 MRRAOER ) F kS LR ORAIR R ERIN TR
EEE SN

F A E N RBEFG PRk T 5 -80~-90dB = w0 @ A
£ LNA 2+ ~ B33 A 45 k% 4FoniE & 5 -60dB
fe SRR R0 G H e kem TR A LBI(3.15) 0 &

SN o) U = - e e

Marker

B
Hkrl_ 3;.?536&42?12 Select Hﬁrk‘er

Ref -25 dBm sHtten 10 dB

100.000000 MHz

;:Z;’" \ 0 1 2 3 4
B/ |= =
AS
|// .ihu.{ﬁﬂ" | “MJ - \\_'
\ [arker I u%“ﬂ%ﬁwmw M

Lsfv | ~32.76 dBm * v
Start 10 kHz Stop 168.5 MHz
sRes BH 16 kHz sUBH 4.3 kHz Sweep 1,905 5 (6B pes)
Marker  Trace Type ¥ Axis finplitude [
i 4] Frag 188.8 MHz -32.76 dBw
2 1 Frag 19.3 MHz =57.37 dBm
3 (13 Frag 59.9 MHz -82.11 dBm

File Operation Status. A:\SCREN132.GIF file saved

Mark 1: IF signal
Mark 2: interference
Mark 3: interference

B(3.15) T B chfiy DATHATT § 0 ks R Rl
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FOSAE - B F| 100MHz e % P 405 &% 0 % desn o fom 2 el
£ 2:RipiT-60dB - § HH BRI BN FFTERAT T € BREE
Bl o T gt FRT E Plenilf fe i € 4o ] (3.16) ¢

50 T T T T

N

0k @)
8 1
= ~\ -10dB/dec %?
= 20F NN ~Q oo 1
S \@:)
S O
10 RN R
LO=5.2GHz,vVc=1.8V,PLO=0dBm >
—0—150
0 1 1 1 1
0.1 1 10 100 1000

IF Frequency(MHz)

BI(3.16) F h k3 ehT B MO R4 i

t IMHZ~100MHz 30 45 gt o k 3+ 4 #Ta > 3% 2] 87T B 3%

F el S o

B R R L Bk Fen s (e LRI R P H O A 47 R F 0 PSRR
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iw‘?ﬁa«i PHAT R RS PR EREE 2 AR B AT X
5OMOE s > Bt E prd (ground bounce) I % > @ T
PSRR 1 % -

SAE P R BAEIT F R4 0 7 6 OP dh S B LT R 0.1uF
TR - TE T BB S RF o Ei#’ﬁ330yFe’TJ?{j§= E
= T - et B4 FE o AR O E R R A

0.1uF ~3300uF » G & TR RAE dptc s 3 EARE - B 5 E
PIR B o rnk fodd | T F fAsp{od p A > Wi
PHREL R OTHRERRAF o oML RBAOB 2RI LHT
F o A R e TR

* RAFT F ~100kHz ## &

o T F~IMHz #® &

e HMZET % ~10MHz~1GHz # £
LRARITRTLF B F BERT T § TR -

MEINL =+ %8+ T F OBV - 5 g =44 FR4-
ZkFOF e EPLIEE > FE0AMM > £ 51 £ 0 2 SMA K5
N HLA MG KT FeRI50Q > A B F S WITRF AR &

' R b T ~ PR e
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Bypass Capacitor

*Multilayer ceramic capacitors
*Electrolytic capacitors

SMA

0~18GHz
Matched to 500hm

B(3.17) XE3RTFOREKF

29 Mov 16, 1999 Peak Search
Mkrl 2227 MHz

% Agilent B3

Ref B dBm Atten 16 dB -88.77 dBm Next Peak
Narm

Log

1@ .
dB/ Coupled: unspecified below 20 MHz Next Pk Right

Next Pk Left

Lofiv Hin Search

gé EE Pk-Pk Search
AR

£t

FTun Mkr 5 CF

Swp gt Rt d bl bt i }

More
1of2

Start 16.00 MHz Stop 50,88 MHz
#Res BH 1508 kHz #YBH 9.1 kHz Sweep 22.92 ms (601 pts)

File Operation $tatus, A:\SCRENO14.GIF file saved

FI(3.18) £ 1T B B s 1473

(3.18)F I 2 B % F duEs fed 1 Bn T RIR e 0 AP R
IR A TR XA AREA TR T A H Ry~ S
¥R B(3.19)e0 58
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)
[e3]
=

=[]

—mN

= LN
()

.

Noise
source
Calibration path
3
Balun DUT -
50ohm OP (BJT)
v LO BW>corner frequency

FI(3.19) 4 808 5 sy 21 015 g0 e 0 3%

T T4 IF balun & 3 2z < B3] 5L ADB29> 2N ik v (R £
éimsﬁﬁﬂﬁi”wﬁ’mvﬁﬁ”é*ai e
it 2 W(3.20)

AV

R

R1

| | R=430 Ohm

pi

DC_Block o -

" DC_Blocks8 _out

\ .
7 Term .

I I AMP1 C=0.1 uF
' DC_ Block o Gain=100 dB VCC=15V
DC_Block? e =
° - Rout=2 mOhm
Rz g RDiff=13 kOhm
R=430 Ohm CDiff=5 pF
RCom=1 MOhm
CCom=1.5 pF
SlewRate=150e+6
10S=500 nA
VOS=0.2 mV
BW=750 MHz
Pole1=10 kHz
Inoise=1.5e-12
Vnoise=1.7e-9
VEE=-15V

Z=50 Ohm

T3
o L = C S s | Tem2
nl OpAmp c1 S Num=2

B(3.20) A # IFbalun chg BRBlE T RFR Y

xﬁ,&—%%},ﬁ—i v (de-embed) =R* %2> £ iplE % ¢ 2 % A balun
e B (A E ) RIQGL)hEXZY » APk L HTERF S
B BHEparc A B (L7 F gk ) weRIG2D)F R
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Record at this plane DUT
—>
Gy,F1 ! AF

V‘O Feasc
V

o—A 0

? 2. 180° é
1 1

B (3.21) B%’](314)—2L Ll et R B

F=F, —F (dB), F,=-G,(dB) (3-39)

casc

 FI(3.19) 0% 2K 2 o & L gt

DUT
Gy, F1 AF Gz, F2
o—A O > 0 A Feasc
Y 180 180" ¥

l L

F1(3.22) MI(3.19)4 41 chm 4 M

1 1F-1 1F -2
e =3P 3G T IR0 (%) (3-40)
G =4x G, x AXG, (%) (3-41)

;}.%'%‘;\; i ﬁ—'ﬁf’l}j G ff'F o ‘E_/?'J I"’,Gcasc Fcasc A 1‘fr'|: k)
A=1-~F=1 (7% DUT = t@@%‘sﬁu“) W*\(340)’|5'E'—i§,%
Ll 0 8 R el R R R Gt R
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Rf=4300hm

—o— Simulation by ADS

50 —m=—Measurement (raw data)

60 —A— Measurement (de-embedded)

Small Signal Gain (dB)
d

-70 L L
1 10 100 1000

Input Frequency (MHz)

F(3.23) OP #fsr £l &

30

Rf=4300hm V
—o— Simulation by ADS /
25F  —m—Measurement (raw data) !
—A— Measurement (de-embedded) /
m 20
=)
et
S 15
2
2 /
8 10
S} AR L 00 o \Lm‘:’
z i-m.g :::::__—I e
5
0 1 1
1 10 100 1000

Input Frequency (MHz)

F1(3.24)  OP ficgge £ iplchse it 45 e
Y

OP eh#f 7 % 23dB - jeitip # 7.1dB > 7 B F1 5 Y S i 3
+1dB - 7.1dB # w 3¢ (3-40) HE X2 ET RV D
43 10( T +1dB o B At T A P T RE A F EH R(3.19)

30 B R 1

49



¥ 4 F e FET 5 65 78 A7 g fe i 2 77 7 50

S 4;‘%‘»:
FIJ FET = "(‘ g’fﬁgm

ﬁﬁv—?ﬁ 2 g
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2

3 4 F 2L FET & #5 5V 5 HF At g2 2 7 7" ol

S

4.1 52GHz ¥ f a3\ "% 4F B(CG)
B LOBMBABERIAHEA A AN BMELETR
(TSMC 0.18um CMOQOS)

4117 % # 18
ATRETFLTIANEE FRERTE > I RFIFAE
ERETHEBMRNDA D B FRBRR BT AR i d PR

WA 2 BNk oo 507 g AT A B R R RTEGE

411.(1) #ERBRET A LR
Output 1

1
Ed @ - TSR BOgEE ML T ¥ LT 23] LO ¢
@%&gﬁﬁﬁﬁﬁﬁﬁﬂ’S%ﬂmm%;,%uﬂ%%@ﬁmg
ﬁﬁﬁzé%%*éﬁiﬁﬂﬁé%’ﬁﬂ4t“-PMOSaﬂn@’F £
:%,*;ﬁiﬁ»@t%&m T R IR R M R R T o F]S?
%ﬁ*ﬁ’ii4E%ﬁ%§ﬂ%mm’aﬁﬂn?mz»%ﬁ,m
Fo o el fRTT S Bl R R RS ET
H

~
7~ o
=

“Bgl o he @Rl KR €8 LOB K

:;i N
<
N
T
F_&
|
[

ol



Bohy REEENE A TRR A OHTRE BRI TR EE A2

BEEERAPARSL > 2w e 2o

41.1.2) TR &&=

K- Fanddmo B M EE i LoE 4 7
AR T FF L o ARAFERY > BH I BB AR
X FEERMe %&Kgl? ’ f'—f",\g @J{EE%’?HEB'EE
B S BERB MR EE R o BB
W A %*i%’%U%i?@#%ﬁ%;iﬁ’éﬁgﬁ%ﬂﬁ
fhde ~ B4R TR R

e A BHEREILZFILME- BRIETR

Vrr Ls/2 I C,

B(4.3) Bl(4.2) % LO#E & th 3= 7 &, B
VR R SR IR > AR M e 58 b LO M 5 5 Bl
4**4%5%»m1pwaﬁaﬁaﬂmﬁJmeRwﬁ,h
TRLEXALOMMIMEEL T 324k L fEs \,75\:,},# =
VEALERBRRT A INAE
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444—'?-ﬂ5>2‘f,1FET ?;7,;7 " ,E’—ngﬂ’_’”;:_;‘%ifgf 53

AR AR AR BRICRABEMENG TSN

e BHMAOE EZLEM T AL FEE- BEiRT R

; Current
Vb'acf.I lBIeeding

Bl(4.4) #HiLdsnt+em- BEiEep
ET - R AR S SRR L iR e L22 BT
B RF 45§ LU0 8 aBR@3)0E 27750 Lo L2$
» g UBLT R kG 223t A B ac choke R EdE v iiE 0 &
B g AL AR R 0 T IIRE A E G A
»KE mﬁ’i}‘%ﬁ'{‘ﬁ% SRS S IR e N a4 oF: - ﬁ‘;}“,% . % e

kIR R

Bl (4.5)

93



¥ 4 F 20 f FET i 85 7\ 05 47 B orff i e 2 2 7 5 o4

VH[)Z
4 y,
3% 8 I I 3x8 _QD buff
0.18pmM8 | II:JM7O.18,UIH
0
Vﬂ}jr ][)3
14O 8 x 32 8 x 32

QOO Q()() 0.18um | 0.18um
A)5 % M,

314Q

c EZ ",
271‘(;;2% 3_%@' 3.1821#1 22709 |‘|1[: I:

280Q2

15 IF +
1 8um
M "— o —
8x8 8x8 8x8
0.35um 0. 35um 0. 35um
| = |
. 1 X 2 /l/ M
8 x 20 IQ 018 0. 18z 13 14
0. 18um = =5 S Loum ' = = =

PF + RF —
Bl(4.6) 5.2GHz CG * #7 = 48 7 3 )
AL3BIRE R RIES
© EHHIHLON I

10 1 1 1 1 1
n—N o—0—~0___
~—~ 5 - a -
5 TN
< e \
® / / \.
O o} o o i
c " / L]
° / .
o / / without current injection
2 5L a RF=5.21GHz, IF=10MHz, | ]
8 / D/ RF Power= -27.5dBm
o / —o— Pre-simulation
) —m— Measured on-board
_10 1 1 1 1 1
-25 -20 -15 -10 -5 0 5

LO Power (dBm)

Bl(4.7)  5.2GHz CG "4 B H4 st £ bl chidk 34 £ 41 LO # 5

o4
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A F IR S

15 L] L] LENLIL

- RF=5.2GHz, PLO=-3dBm, PRF=-23dBm
— B —0— Pre-simulation
m - RF=5.2GHz, PLO=-8.3dBm, PRF=-27.5dBm
S 0F —m— Measures on-board
§= [ ]
© . 0 O—O— 4
O 5 1'_ O0—0—0 D—ﬂ—ﬂ-&:‘:g.—g*i]\u\u ]
c [ N ]
(@) o Saa®o -
2 I \ ]
2 o .| -
) - " -
> - LR .
c B (] -
S s[ \ b

L - ]

_lo [ 1 L1 IIIIII 1 Ll IIIIII 1 1 IIIIII I\ ]
1 10 100 1000

IF Frequency (MHz)

B1(4.8) 5.2GHz CG "#4f B 2 & pl e 3k 3 & 4 IF 47 5

Fipl i3 5 ¥ 5 5.60B -

° %ﬂlri)i
10 L J N BN N BN N BN NN NN BN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN A A I LI B B
B RF=5.2GHz, IF=10MHz, PLO=-3dBm i
—0— Pre-simulation
8 B RF=5.2GHz, IF=10MHz, PLO=-8.3dBm b
o i —=— Measured on-board i
c
= e i
3 ] _W |
c Cn
o B X i
5 RN
() B \é_ 7
>
5 - \é_ -
o | \ 1
0 Ll 1 1 I Ll 1 1 I Ll 1 1 I Ll 1L 1 I Ll 1L 1 I Ll 1l 1 I Ll 1 1
-35 -30 -25 -20 -15 -10 -5 0

RF Power (dBm)

Bl(4.9) 5.2GHz CG *# 4 ¥ ## 47 ¥ p|<n P1dB 2
£ /|7 IP1dB=-14.5dBm -

20
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°
Sy
\'rq‘\
B:10%
=
-

i i
)
q..
%
5

.L
—
.___\)
It
End

(“
T

|
&
N>

40 .
Measured on-PCB
35 (PLO=-5.3dBm, LO=5.2GHz) H
—m=—post-sim by SpectreRF

o 30k (PLO=-3dBm, LO=5.2GHz)
=
o
> 25 ]
()]
2
S 20f ]
©
z

15 F ]

4.‘#.‘.!,4!4
10 1 1
01 1 10 100 1000

IF Frequency (MHz)

F1(4.10) 5.2GHz CG " 47 % H 3 £ ipl e sn 7 dic

fedp st IFAR S (L& @i g 5d OP 4 5 ¥ 44

LO=5.2GHz, with OP as output balun

40
! W|thout ‘cdrrentinjection =
measured on-PCB
| —0— PLO=-4.3dBm
30 |- —1— PLO=-2.3dBm
—~ - —=— PLO=-0.3dBm
% [ post-sim by SpectreRF
o L PLO=-3dBm
5 2 | PLO=-1dBm
o I PLO=1dBm i
LL L o
() o s
R4 5 J
S 10 | =
0 [ L L IIIIIII L L IIIIIII L L IIIIIII L L IIIIII-
0.1 1 10 100 1000

IF Frequency (MHz)

BI(4.11) 5.2GHz CG *##f % £ & & jplehe it n fic
7224 > ~ LO pumping power 3 B4t

;;\
g
)
N +§

a)
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DC

M
=
S

I .

[ = 100-pitch
LO |
il
100-pitch [

i

e ﬁ" !ﬂ:ﬂ;ﬁ - *]4 =

RF 100-pitch

Bl(4.12) 5.2GHz CG *# #g % die photo

]

414 v g1t
2 7 B on-wafer ®pIpF S IRIFPIL G T B X ERT E KF
BT RART TS RRAT S § RIS TR S W 1)

il 43 5 22 1dB B SEEEAHE LS S 0 HOR AL BT

®(4.10) & 100MHz~1GHz 2. FF 4= X » 2B £ 7] 5 T EF £ 22
T 4T0uF 402700uF & B % B 6 v 7 & % D Soch s B A &
pERTRAEGRRM G RER ERW TR TREFR KR

MR FE S 1T o

Fobngi g bosfe - g OPEH femienig % » b f e
G RN EEZRNRFINPRPT R EEEREL - T
F-IF feed-through 7 R* 3% - 2.1 & @ i F %l 5 ?E/,?%Fl“ 22 5|

@?]:':;v% » ¥ R FRE g;ﬁeﬂig?]:':ﬁwr%m%fw}ﬁﬁm M oA BIEZ - Dk

of



i Sy DC & i o FM g s aniig 2e
AR T 0 BEZR AN R A PIErRen E 0 R S
FL WA TROET > BREELEG TR
RF-IF feed-through " 4% -
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Pre-simulation by ADS Pre-simulation by ADS
T T T T T T 20 \ T T
10 |
APTTETITRE, AN LO=5.2GHz, PLO=-5dBm
e D\ \ | X
. A/ NS sl \ output combined by OP | |
g /) = g IC=5.5mA
=t S SN AN —m—IC=3mA
T o / o u \o _
8 S g ot S\ |zozte=0
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o 2 u]
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B(4.14) HE* kAT inT a0 % 61 L0 power ¥ 323 4 IR

Process sue 0-18um- cyyos
VDD 1.8V
RF/LO/IF 5.2/5.19/0.01 GHz
Pre-sim Measurement
Pozvzr(;‘;zi‘gi;o“ 16.9/15. 5mW 15.5/14. 8ml
Conversion Gain 5. 8dB 5. 6dB
[P1dB -14dBm ~14. 5dBm
[TP3 -0. 5dBm -
White Noise 10. 5dB 11. 3dB
NF @ 10MHz 10. 6dB 15dB
Chip Size 0.8mm x 0.85 mm
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o_Pre-simulation by ADS,
\\X‘LO =2.4GHz, PLO=5dBm
° " Tail-current=1.53mA | 1
30 Injection: -
) N \‘\ —A—|C=0uA
Z e —e— |C=165UA B
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B(4.22) WO Ho
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Process TSMC 0. 13um CMOS
VDD 1.2V
RF/LO/IF (GHz) 2.4/2.39/0.01 1.01/1/0.01 2.4/2.39/0. 01
. . Measurement Measurement
Pre-simulation
on-wafer on-board
Conversion Gain
3.8 5 6
(dB)
[P1dB (dBm) -12 -16dBm -
[IP3 (dBm) 2 - -
White Noise (dB) 13.8 12 12.8
Noise Figure @
15.3 - 13.4
10MHz (dB)
Power Consumption 17,4 14.4 14.4
(mW)
Chip Size 0.85 x 0.89 mm2
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C P H on; BA3M)E R T IT AL B4 LO X

P P ge e 2 g g ;ﬁ”ﬁ FROT A B AEEITT gk
L e
Process WIN 0.154m PHEMT
VDD 6V
RF/LO/IF (GHz) 5.2/5.19/0. 01
P15-97A without current P15-98A with current
bleeding bleeding
Pre-simulation | on-board | Pre-simulation | on-board
Input Return
-17.2 - -18.5 -
Loss (dB)
Conversion
6 6.9 6.9 11.7
Gain (dB)
[P1dB (dBm) -7 -7.5 -5 -11
[1P3 (dBm) 2 - 7 -
White Noise
6.2 11.3 13.7 11.4
(dB)
Noise Figure @ ~ 90,7 ~ 24 9
10MHz (dB)
Power
Consumption 25. 7 33 22.2 25.2
(mW)
Chip Size 1 x2
#8.  5.2GHz MR 4 B ertikRe BRI S RS
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p (5)
+ ]l)1 _'_1 ]‘)2 (Vz'nl + Eﬂ - Erz - ]32[171)
TF)’L?‘;}: A— o0 (5);\'\? ] ﬁé Lo
v, = (1 + %} (sz’ +E,+E,+RI, - Enl)
1 (6)
]Pz
- F (le + Etl) 4 Erz - [P2[n1
1

IS (6) A kB TR e g g
# R =50=R, > A=100dB - E,=1.7nV - | =15pA > & p|feit csif

F1Hz > # 5 @ E,=E, /J2=1.202nV =E,, 5 | =1 - & %3+

R,=430=R, » 1 T B H 5 5 R,/R =86(V/V) » 11 % AL B i1

B o

Noise Noise Value \oltage Contribute  Contribute

Source Gain Output Input
Multiplier Noise Noise

R, 0.894nV 8.6 7.688nV 0.894nV
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R, 2.623nV 1 2.623nV 0.305nV
R, 0.847nV 9.6 8.131nV 0.945nV
E. 1.202nV 9.6 11.539nV 1.342nV
E., 1.202nV 9.6 11.539nV 1.342nV
I 1.5pA 4300hm 0.645nV 0.075nV
., 1.5pA 430.1ohm 0.645nV 0.075nV
Total Noise Contributions 19.981nV 2.323nV
Voltage Gain Multiplier £_3% 3 (6) ¥ % 322 /g #r3k F enthdic -
SALERE
N 2
NF =10lo SN - =10lo
T =
& kBRI Pl e TR H o g o TRIR T ik

50 ®m¥# ki o £

J4k-290-50 =0.894(nV) » s34 e

NF =20log

R e

2 ADS i Pl eniEes & o

Beet 3l i e e
W o Ag B 1Hz o

19.981

0.894x8.6

ARSIV L mﬁi%lx\ R e

~8.3(dB)
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