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Abstract

In this thesis, we implement severa radio frequency circuitsin three
subjects. First, tunable dual-band 1Q down-converter/SSB up-converter
are designed by using the new architecture of dua-band quadrature
generator in this thesis. Second, we.implement the dual-band LNA for
WLAN'’s applications and take lower noise figure by using transformer.
Third, we combine the micro-strip and the coplanar strip in the circuits to
implement 60GHz driving amplifier.

In this thesis, we implement several RF circuits for 802.11a/b/g
WLAN’s applications by using TSMC 0.35um SiGe BiCOM S technol ogy
process, TSMC 0.18um CMOS technology process and TSMC 0.13um
CMOS technology process. High frequency circuits are designed and
implemented by using WIN 0.15um PHEMT technology process . In
TSMC 0.35um SiGe BiCOMS technology process, the circuits include
the tunable dual-band 1/Q down-converter, the tunable dual-band SSB
up-converter and the inter-stage matching differential dual-band LNA.
We implement the differential dual-band LNA utilizing transformer by
using TSMC 0.18um CMOS technology process and implement the
11GHz low noise amplifier by using TSMC 0.13um CMOS technol ogy
process. Finally, we implement the high frequency circuits include the
guadrature RF signal sub-harmonic down-converter and the 60GHz
flip-chip driver amplifier by using WIN 0.15um PHEMT technology
process.
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BI(235)5 & *F (v Y » & Fehs ) 21X 11mm* > B
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ST oDCpad ¥ Flcn? % > % A% kK DCAER 2 *
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244 %5 23t

RF#7 % % ¥ 4 24GHz> 7] 2 activebalun 5 &4 > 4 §](2.20)
TR IRE A R L 5 -5dBm 3 4 3 12dBm pF o 33 F
FhadF 25dB F16dB = - 0 B EEA - R R-3dBm > {7 T ]
(2.22) ~ FI(2.26) » # 44 £ % IEH M Je4t RF Power i+ > o )
¥ 3% 4 IP1dB=-10.5dBm £2 {IP3=-2dBm » [§](2.24)+ 14 #F' 41 1F 3dB
bandwidth ~ ¥ 900MHz » i 42 i % vl & o 5 > B(2.31) % @ &
% = |F 3% Noise Figure %) 5 19dB -

ot eh Y - RE#E4 E % 452GHz d B(22D)7 N3 mE A K &
F gt 5 £ 0dBm H 4 3 120Bm pF > 45 F 3raaE 21dB = 1

R E A PR T R0.1ABmM s B 3 R(2.23) ~ BI(2.27) 0 #iEH E
IF%J“"ﬁ Z ¥ RF Power it/ > d B]¥ 3% ) [P1dB=-9.5dBm £
11P3=-0.5dBm - [§](2.25)F 1 #F‘ 41 IF 3dB bandwidth = $900MHz » %
BATHE AT B aE R 0 B(2.32) R F & M IF # NoiseFigure 4 4
21dB -

#1(2.33) RF 242 IF 34 Return Loss 4% &-10dBm 14 & » 1 & £ 5]

% RFz32_micromixer $+4]> redq_F 48 7 fie > @ |F 23 2_emitter follow
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i rs ] > A AR(23)F 0 F R LO R R4 4]L 8 8123
ST G iy ~ AT T e o

Bl(2.28)7 11 5 1) B & 2.4GHZz ¥2 5.2GHz 11 Q-channel # 3% 3 &
2T @ B)(2.29) B)(2.30)F B IiE % Lmﬂi%l d e AF -3 3 22
Q- g a5 > & LO=24GHz > IFF60MHz F= > 2t §L4p = 4p £
90.2% » phase mismatch % 0.2& - » gain mismatch % A=0.1085mV
(0.204%) > ¥ — #g # LO=5.2GHz’ IF=70MHz p¥ > 21 55 4p = 4p £ 270.68
& » phase mismatch % 0.68% : gain mismatch % A=0.2355mV
(0.944%) » p* I L MELETE € (AR 0 RET - BREKR T AN
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# 2.2 Tunable dual-band I/Q down-converter

ERREE

Tunable dual-band 1/Q down-converter
(TSMC 0.35um 3P3M SiGe BiCMOS)

Frequency 2.4GHz 5.2GHz

Conversion Gain 5.2dB 1.2dB

IP1dB/I1P3 -10.5dBm/-2dBm -9.5dBm/-0.5dBm

|F bandwidth 900MHz 900MHz

RF Input Return loss -21.65dB -17.13dB

LO Input Return loss -12.45dB -11.78dB

IF Input Return loss -9.71dB -10.28dB

Gain mismatch 0.204% 0.944%

Phase mismatch 0.2° 0.68°

Noise Figure 19dB 21dB

Power Dissipation 37.9mW 33.3mW

Supply Voltage 3.3V

Chip Size Imm x 1.1mm
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B 3dBm H 4e P|180BMIEE S 4 ¥ 3% 3% -250B =
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#. 2.3 Tunable dua -band SSB up-converter

ERREE

Tunable dual-band SSB up-converter
(TSMC 0.35um 3P3M SiGe BiCMOS)

Frequency 2.4GHz 57GHz

Conversion Gain 0.5dB -2.2dB

OP1dB -7dBm -6.5dBm

OIP3 4dBm 4dBm

SRR bandwidth (-30dB) 200MHz 720MHz

LO Input Return loss -12.4dB -13.4dB

IF Input Return loss -10.8dB -13.3dB

Power Dissipation 38mwW 36mw

Supply Voltage

Chip Size

a7
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264 &% 234H

RF 45 % if % 2.34GHz » o BI(2.56)7 M3 A M R T M & 2
L 7|15Bm 3 ¥ 4 st £ 7145dB - i & R ¥4 %t LO 0 quadrature
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59



FoF FiCRAEE |Q FAEIH ARG EL AP 60

TR RAATE & e ] Qq””fi’ A B RAR AR < 0 Flt g = LO
#» F 2 & 7]iF15dBm ﬁ%l > o d B(257)RF 13% 2 IP1dB=-8.5dBm -

4 [1(2.58)F r 2§ &t IF 3dB bandwidth % 550MHz ¢ 542i8 2 & &
IF# % > & B1(2.59)% i RF bandwidth B §434GHz 5 ¥ < #f % >
bandwidth % 4GHz » & 2 U BLF 72 & L P04/ L R 48 & e 7
4] o

RE i » s e dn ™ e ® 1 R(2.60)® 5 2| € B4k % 4007 5 34GHzZ
$,=-10.75dB » £ 3|7 gy » FEFRT e iE 0 des R G AR R TER G
14 £ > @ BI(261) I 15 N IF 5200MHz B > 3 21 ¢ 4 1 i
22 Q-id 3f ehsZ AL 2 ELAP (- 4p £ 89.84 % > phase mismatch % 0.16
B > gain mismatch = A=0.5mV(1.29%):

MR R BT LR (2.62) 11 & %}(263)—?1 ' LO 7 # 3 IF 8
=g & RF ﬁ-ﬂ » T 4R B8 .50dB Lt o ife B F)(2.64)4r 3 s RF 24

I IF = enfp gt R i3 4 Ak £ 55 LO = poly-phase 2 # ¢

quadrature signal ZAp =12 & G B 4] B - RO b B ER AT B
- A PR URES S Ki[ 9: SRN :Dah U n_ﬁzﬁ%l@ﬂé_i 1 quadrature
sgnal feAp i 2 G € <o) b o fﬁ:iﬁl*ﬁ PRI g 0 TR LR AR FHR
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# 2.4 Quadrature RF Signal Sub-harmonic Down-converter

ERREE

Quadrature RF Signal Sub-harmonic Down-converter
(WIN 0.15um PHEMT)

Frequency 34GHz

Conversion Gain 4.5dB

|P1dB -8.5dBm

| F bandwidth 550MHz

RF Input Return loss -10.75dB

LO-to-IF isolation -51.48dB

2L O-to-IF isolation -54.3dB

LO-to-RF isolation -63.2dB

2L O-to-RF isolation -59dB

RF-to-IF isolation -25.6dB

Gain mismatch/Phase mismatch 1.29%/0.16°

Supply Voltage/current 9V/37mA

Chip Size 2.5mm x 2mm
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FP B e FFIaRA TR X NS OH F RS2
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%
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n,min
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Gl GleZ
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CSNR,, I EGE T T R

WEEE SR B N
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T > 39 4R ST R (24GHZE 5.2GHZ) k #a- B IR o

E M, By A F F8cE T M B 4o noise figure
gain ~ linearity ~ impedance matching » 2 2 power disspation ¢ f &.:%
B AEALG - BB RF Lh® 0T 48 classical noise
matching (CNM) technique ~ ssmultaneous noise and input matching
(SNIM) technique ~ power-constrained noise optimization (PCNO)

technique » ™ %2 power-constrained simultaneous noise and input
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33 ¢ ft— » 11GHZ K%+ B

(TSMC 0.13um CMOS)
331 =3 B4

FleBARRULGHE 2 R EFRIGLE (g LB L e
oo HAL AN S MR M FE R AR Ry FEH A F]A
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G, circle > Noise circle# % 0.1dB#|- F] > @ G, circle® *4 0.5dB%] -

Fl - d B¥ P oy fiNoisecircle® G, circle? fle - 2> ]t &
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e /BR DC> m T > 284 DC pad 5 ground pad - DC pad % Rl
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# 3.1 11GHz Low Noise Amplifier

s e £ RS %

11GHz Low Noise Amplifier
(TSMC 0.13um CMOS)

ltem Simulation

Frequency 11GHz

S21 (dB) 19.688

NF (dB) 1.841

S11 (dB) -19.507

S22 (dB) -45.2

IP1dB (dBm) N/A

11P3 (dBm) N/A

Supply Voltage 1.2V

Supply Current 17.68 mA
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34 iz o BREE2 L6 EHEFE LNA
(TSMC 0.18um CMOS)

34.1 =3 B

WFE ks F A AR S A (Multi Band Multi Mode)id 3 % st
B h- TR AR AR F YT RSB D
EREA G FEDH - o - R BIL > @ FE o
MAEM AL B TR JTA B A ML Uit E kG 2 b
BEARE ~ SAFE Mgeaie s B oo (e & Fha A B (switch) % +» 3%

P EAE MM, B o AT

i BRI B R
A e T n £ B A MRS A B B A e A S ehiM fRin ik
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Kk ¥ HE o ¥ ¥ = BEHARDEEREE ,u—J};—];V{giﬁi[a;

£ b SR TR ST 0 4p g W eiksingleended TR 0 Fl SR )

B R A X ERATRHQE - ey 5147 noisefigure -
342 TEK

(1) TR

P T RF T B2 * TSMC CMOS0.18m & #2 % F 1 - T 3%

i fe P EIR 2.4GHZr 5.2GHZ S A & e B T H L b0~ ih
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#. 3.2 Differential dual-band LNA utilizing transformer

s e £ RS %
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Simulation M easurement
2.2GHz 4.6GHz
(2.4GHz) (5.2GHz)
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-8.27 -14.93
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_10;/..-'.///‘ _-
-20 _
_30-_ i
_40-_ i
_50-_ i
_50-_ i
L IP1dB=-14 dBm
-70 | IIP3=-4 dBm —
_30-....|....|....|....|...|....|...|....-
-35 -30 -25 -20 -15 -10 -5 0 5

Input Power (dBm)

@(360) 2 F!;’F“‘@‘crh }ﬁa?\ iﬁé%'}fﬁlﬁLNA

-Low Band S+ &, £ % %

30 P e L e T
o0 | —™— Output Power(fy)
10 [~ Output Power(2f -f.)

I Frequency @ 5 GHz

0
_10-_
_20-_
_30-_
40 -
_50-_
_60-_

H IP1dB=-10 dBm E
or IP3=0 dBm ]
7o) AP BRI EPRPI RPN RN SR B S R

3 30 25 20 -15 -10 5 0 5 10

Input Power (dBm)

BI(3.61) * B~ fez L6 B4 iE LNA

-HighBand #1452 £ pl% %
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F=F 2 e Bt —

Lﬁ:‘g‘aﬁ,HBB*gﬁjDC’ = {,.érﬁDpr %ﬁT#VCcE‘ﬁDC’ T ‘\I."

Wehpad 5 4 - DCpad ¥ Blehd 7 0 % 4% K DCARERZ * -
355 B%x itk

BI(3.58) 5 3% R B S, BRI % > d W T UF RS, G A B
peak > ¥ 1 fp PEATA S BARE IR > R BB ITAE I B PR T B

200MHz > F]t > MAFE P S HE K K 24AGHZ % T B4 F]2.2GHz » #
# HHF 5 1217dB T R £ 5 22.3dBe % 4F B in® 4 & 5.2GHZ
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¥=3 AT M ge 44 Bzt T08

T A FI5GHz 0 H ¥ 8 ¥ 4 11.46dB > TR ¥ 5 23.64dB -
PR A TR A MR 24GHZ PF o B 7 S ¥ 5 12.420B
TR F 520740 o B 4FE5.2GHz pF o H ¢ F o ¥ 4 10.34dB >
TR E 51911dB - KB RIEET FR > FHA L FHE ;);’K;L
3503 & A F ST S R A AT G e R F E R
o TR AR TR D Q EAFHERE > ERAZMEF TR
Voo FHE 0 RRE AR 0 oA A Q BERAL 0 THE R
WHEERE > A H FHERTHEIREHEHRL S -

N

BI(3.57) 5 % T B NS, > S, BRI % 0 d BT UF RS, &
Soee & F @ I NOtCh o fofids » HIFIFIFF Y o T B o 3HT R 1L

A E-2.2GHZ ¥ > £ i ~ F B 4e6i720B > i 1 5 SR A< 5 -9.7dB -
B R B 5GHZ pr o B AR 85 -7.13dB > 6 4 F B4
#-102dB - F 7 4R AR SRS HL R B IOF R 24GHZ BF o 2 g
FOSAR AL 5 -7.820B » iy R SEAERE R -7.83dB o 2% A FL5.2GHZ pF
B diy » F S AL 5 -7.07dB - B 1 F S 4L 5 -6.960B -

BI(3.59) 5 sz T R afedn e Rl % - d SR F g R
#c B B notch - 3% T B & MO FL2.2GHZ pF 0 B s dy #c 5 2.780B
BB AFEEGHZ pF > Hiedn#c i 352dB - 4 ¥ RS BA 0 2T
BB MO B2 4GHZ pF 0 H jeindn B 2.88dB 0 o 4 £.5.2GHzZ P
H 3 A 3p B 3.50B -

d F1(3.60)£ Bl(3.61)F M E ] T B MAR AR Y B R M
RAFHZLI > d 3 (one -tone)# F & B 0 7 MF IR T B MO P

1 1P1dB % -14dBm > & #F FLpF e IP1dB 5 -10dBm - d g2 (two-tone)
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HE RGBT BRI T B B 1 IP3 5 -4dBm» B 47 B pE e 11P3

34

200Bme #303%a iem 3 0 Fli B RFO E R T E R

MR ehE IR AR R o TR MRS AR B3 2

% 3.3 Inter-stage matching differential dual-band LNA

s e £ RS %

Inter-Sage matching differential dual-band L NA
(TSMC 0.35pm SiGe BiCMOS)

Item Simulation M easurement

2.2GHz 5GHz
(2.4GHz) (5.2GHz)
12.17 11.46
(12.42) (10.34)
22.3 23.64
(20.74) (19.11)
2.78 3.52
(2.88) (3.5)
-6.72 -7.13
(-7.82) (-7.07)
9.7 -10.2
(-7.83) (-6.96)

|P1dB (dBm) N/A N/A -14 -10

Frequency 24GHz 5.2GHz

S21 (dB) 12.734 11.686

Av (dB) N/A N/A

NF (dB) 1.789 2.249

S11 (dB) -8.97 -10.014

S22 (dB) -6.247 -5.124

11P3 (dBm) N/A N/A -4 0

Supply Voltage

Supply Current
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SRR R AR BT RE MRS R AT AN M A
FREOFE FASIITLERETE P ELERRERTHL
MA 2R BN BlAoR R g PRI % S (LMDS : Locd
Multipoint Distribution Service) - p =0 & * FAFEE F A A E ek Sl
5 4ot & |EEE 802.16 (1 E4p & AP~ 4 %u (BWA @ Broad band
WirelessAccess) ~ 23~28 GHz 2_ 3 i# & & M 7 #icdp 18 (Radio
Modem) » 35~44 GHz z_4g /] 3| v j& € 2 =k (USAT )~ 60 GHz 2. 3 :#
FERATHRRERE 35-TICHZ Z AP REE2 FEE B A% o
PR & TR R AR A F BV band (60GHZ) ik 3 4

Farx B d 2 60GHzOBRIK A FR IR TS K ~ 27
% % (National Nano Device'l aboratories)NDL 4 #ipl:# > @ NDL ¥ 7
# = 110GHz < S-parameter ™ % # F |+ o 25 60GHz - Load Pull
ERIRE  Flt o &Y %?'J?SZﬁﬁdéfi’?iJ A HAE] o T A
-V Curve 3 ' ehd E T e m A w ) B R F P A & @] B3 T
2> kP~i% Load Pull £ 7] -

g % bonding wire ¥+ — 4L MHE T B e R & > (e _AAp
B60GHz <% i » bonding wire © Az 4 nil gL & » FI 6 4 <
FRB TR T AT T I M Ay CEERIAFERR

g

fo 3 (flip-chip)® ;¢4 > @ TR A B4 ™ X 72 € 15 bonding wire

D
N
Tt
e
o
H\
M-
W
_S‘"‘-\;
-l
=
)

AR A BE G ABEL Yo P AL RS BT
AT R T RO TR IF T VA BT R FARTE
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%»amﬁwmm{>zﬁ’&<m%»ﬁ BiEf s AR
e SR L WA CA TS = | P24
4.2.1 & ¥ * & T (unconditionally stable)
WwR(A1)77 0 RERER-ET MR TRE PR T RS
85,112 8, x- > RLBFPEFLRYT - FI KT TRF - F

—\

R B AT E AR 0 T & T, 7 e 7] smith chard iz fn -

BB EH A AT R

I's L L
5002 T <_! . L Output
é Matching > Device - Matching EE5OQ
| Network | Network
I, Lo

FE1) & & il &

S.ZSZJ. L
s,

T S ARl £ 5t L, =[S SRR R R R

Faol =[S 22002 P 2 i L BT 5 L
l

|r0ut|_1mﬂ y TR |rout|_1mmlp 1_.1"5??53(-‘1' oLk s E‘IJX ?gﬁl x T ﬁ—TE»
fresmithchard viip =8 > RERT g8 2 RT > PRI AT
?)Eﬁ;:'l ot % i |rin|:]'ﬁj]?‘4] R |Fm|:1é’f’1]ﬁ‘]f§’,§r_l"l_;§§$(—‘l w1k

h

RIZ g T i smithchad viig =3 > TEGET 8 2 R

Foou R BAET R ST BB RSN T L EIE g a

112



yr i 60GHz Zg i 4 + Bz 3+ 113

¥ K:1—|§1|2|_S.|S§j||+|A| S |A|<l (A S_LlSzz %2821)&&); Jeend =

1_|S‘1|2 >1°r

. 1 B®
S osalefsg) R

S LT LRIy SR LYY TR

R - i (4.2)577 > v B

=il
=3
i
E:D
N
a1
b
N
IRy
P

(@) %
—K

(©) (d)

B(42) =/t 4T BRTAE S DN

Bl@5s? m- B PR Bb)sTm- BT a7 MR
i

Vb S BAFH SR B TS E IR ARG

“Il

Kféf@%]ﬂzﬁw%* Bl(c)s 2 B— B e~ B(d) s T 8- B+ 7
FE o e fd S PV P ED PG S B3
#

T 1t~ S 6 e AR
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423 [T fe

G, - P, power delivered totheload
P, power available fromthe source
— 1_|FS|2 2 1_|FL|2 1_|FS|2 2 1_|FL|2
= 7Sl z Of 7Sl 2
|1_ §1FS| |1_ FoutrL| |1_ 1—‘inl—‘s| |1_ Szer|
G P _ power delivered totheload _ 1 Sf 1-r. [
a P,  power input to the network - |r |2 g |1_ szer|2
Puwn _ Ppower available fromthe network ~ 1- |1"S| 1
GA - - 2 |821|

Pavs power available fromthe source |1 S.I S| |2

| out
3 B0GHZ Shfe e = P> — R4l =g R g~ AL B E e
T fe > i F] & 4 o transducer power gain L T fiE B (G, =G, =G;)

ALEREFL AKS1 G P*K# —)f2d

437 iF- > B fhitE2 60GHz Bpd-x+~ B

43.1 ﬁ&%#ﬁi

A% B E 2 WIN 0.15um PHEMT # 72 & & Bpdsct ® > 5%
B Ao BARGUER AR F g s T B Y B)
1 WA BT LRy 5 2Xx50um > f@ﬁ%%ﬂ“‘ﬁaﬁi@?}%‘:ﬁ,&ﬁ%ﬂz%
$i4x * co-planar waveguide (CPW) i ¥ flip-chip bonding i = % #
FHEC P TR BT fp £ * microstripline(MS) ki |a
W TR gL iFE -6 CPWmode & * { ] 1 IC G A 0 AR 2
HAcB(4.3) 7

@;ﬁ%]ﬁﬁ%] %:f#ri’ﬁ%4;%%$?+ CPW mode » £ %] % ¢ CPW - &
% &» 1 2 millimeter-wave monolithic microwave integrated circuits
(MMIC)® » €5 & IC 2 fhir 2 eni@ i § B > 7 ¥ P s B0

T Fedk * MSmode s & F] At d > MSmode 7 H4 A & A
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substrate 4G > Tl g, BT HFAF LT F P B o0 o7

},:%T: ZjliC: 2n ’ ?y}\»;)}:mp‘;;};ﬁg:—r » e AR B R K ARTE 0 T
w W~/ UE

LA AT MY ik b7 fepF o dpdet i@ * CPW mode - MS mode
% m@ﬁ%ﬁ{ BT F NEE m@fiuéﬁ%ﬁ% B substrate loss
2 FOL[4] o deBI(44) ST

8] (4.3) CPW-MS-CPW- & % 5% 3 ~ B 7E 1&#

Bl (4.4)(@QMS 7 54 i (b)CPW 7 34 #
m CPW &2 MSeig 3P| 8 A% - 37 fHf 3 F e Viahole #-p 5 &
i (T 2 0 eBl(4.5)#71 0 CPW & i ground 5% 7 & %8 Viaholes
#2155 ground 3/ backsideground » F]pt g %7 CPW 22 MS i# ﬁ%lﬁ

WA -
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432 s EREH

(dB)

21

S

11’

S

25 b S S
20 —u—S, with FCB -
—e—S_ with FCB
15 | o0%, 21
Ofc e, —o—S_ without FCB
10 ; :
- %l O S, without FCB
T .Oﬁ. ...0200 -
ol Cod 'S ;
n
=sznunsasze -
5 %51 R
10 - i o %
L = mnunS! - 2y
15 T ™ % ]
=¥xf %
N o
20 el
25 | i
-30 S B S S |
40 50 60 70
Frequency(GHz)

BI(4.6) FCB # 155, ~ S, 1" 2
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(dB)

22

S

SlZ !

—u—S , with FCB
y . —e—S_withFCB -
—o— S, without FCB ]
—o—S§,, without FCB

_80 ! | ! | ! | ! | ! | !
10 20 30 40 50 60 70
Frequency (GHz)
_“’ ;l ~ L >
BI(47)FCB # {4 S, ~ S, #&
A R L s o e o B B e
—u— Output Power(f)) A ]
o oo Output Power(2f -f,) T
10| Frequency@53.5GHz N
= 000 1
E 20 | ° -
E 4
g 30 7
o] 4
o
5 40 | -
o
= _
O 50tk i
IP1dB=-24dBm 1
-60 - [IP3=-12dBm 7
-70 PR SS [ST  T T TN SR TR S A S W N | PRI NS S S R R P R R
-45 -40 -35 -30 -25 -20 -15 -10 -5

Input Power (dBm)

B(4.8) IP1dB #* [IP3 € ]t % (LO:53.5GHz)
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®(4.9) & & 3t 2520060GHz Zrd- 2 < &

i

B1(4.10) % & 4122 60GHz s5ds 3c < B

R * NDL = on-wafer 347 € p|3k 5 » ¢ 2-Port 110GHz

PREAFREE S SHco H P hs ] 22X 1mmT BI(4.8) 5 & B iF
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5o g]‘:l ® U E'J ’ E"T%E?v%%fu%i)‘iﬁ-itaaa 5 f‘h?_’.l% ’ @%ﬂﬁiﬁ‘é—aﬂa 5

_JF’T
1 DCpad idy # 1+ % 5 T2 0T 2 A #DCpad S A

T ¢o § Gate:DC bias> + = & #f «hDC pad = #% i=V,, :7DC> DC pad
¥ EOR F o A kK DCAERZ * > BI(49)R] A 5 3E flip-chip
JolJ (S R o

433 B¥ aidwm

Bl(4.6))2 2 B(AT)R] 5 & & % flipchip % (4 £ plhs % > d BF
YL R e L O E S, e peak B K i 1 60GHZ 81, 1 53.5GHz >
5 14.81dB-#; » F 4745 S, 5 -13.30B 1530-10B 5 &1 & S3FAL S,
5-27dB > rRdp R S, | »-300B 0 @, 7 B 58 flip-chip i@ (s - 7
. matching ~ £ #&# ] 53GHZz » # &3 #°s, & 5 14.520B - ﬁi%l K
BAF A5 S, 5 -18.1dB 130 -10Ba g 11 £ S 44 S, 5 -23dB IR AR S, /)
*-30dB - flip-chip i {6 R B F LS M F =8 &2 <] Eil g P4 1%

o Ttk flip-chip 2 = # 58 matching » 12 2 L_%])‘\%a Rhell

* CPWmode i¢ 7 &% 5 & A T HBEPF - € 5 O 420p eho
d 3R E AT ADS 2 5 #& i CPW mode f@ﬁﬁé@ﬁ%ﬁfg] ’

Flot B GHPE BRAOIN IR & EM 0RO P B 40
TREFOAFEE > ¥ 2T &4 CPW mode #& MS mode s
mode # CPW mode s1E 34 % » &30z s L F PHE Wdp 5 Bz
3o Tt BRI P Y o & 53GHZ 7 § Bk 3+ e 60GHZ - £ A iEe
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#. 4.1 60GHz Flip-Chip Driving Amplifier

Bl %

60GHz Flip-Chip Driving Amplifier
(WIN 0.15um PHEMT)

Item Before (FCB) After (FCB)

Frequency 53.5GHz 53 GHz

S21 (dB) 14.81 14.52

SLL (dB) -13.3 -18.1

S22 (dB)

S12 (dB)

IP1B(dBm)

11P3(dBm)

Diesize 2:0mm x:1.0mm
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A48 5= » 60GHZ Sgpfe3c+ B

A7 B )% WIN 0.15um PHEMT # (7§ 5 & Spds 2 <

B oo ¥ H &ﬁi%lﬂ'.;w#%s'iwﬁ r;"ﬁﬁ;f]:",:r% F oo F| R - BT IS AR

-

(2X50um) % & 48 > % = X Ew 3E(2X50um) T S A 0 Bk W F A %

R T ;;:%fgﬁl:lué F o RRFHACT BE1)Hr o

®8(4.11) 60GHz 55 & *x ~ % 2 *#

FOT S ARED LW F e S RAERT R R
B 4V SRR AR AR e o BN R MOBTROR A7 Y R RGRE 0 R
P AAETRIV BETER-02V(E L g H/ERE) ¥ A k/&RE(DC
pad) ¥ M T % Tt d % DC A & & enfest o ok DC sty # T #:

= -

442 5 *ERES
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T T —
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© 821 By 1
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-20 o]
| T RS
50 55 60 e o
Frequency (GHz)

B](4.12) 60GHz 55 #- %+~ ®B-S, ~ S, ¥ Pl

° ve 0o, I I —T——T—T—
Peeees (2 1Y eo®® 000000000 1
o, .o
L \.‘. 0 ]
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- ® / ]
L1 /.
20 L \. o ;
. 4

g L - Szz
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\_7;‘. 30 C . 512 :
5 |
m i <4
0 40 ;
r o000, ]
-50 }E(D‘D'DD D'D’D\D/D Yopopo ] /D\D,D_[
- OO D/ hS| D’D :
EgatE D\ oo WU\D o ]
60 [ = g ;

L L L " 1 L - |
50 55 60 e o
Frequency (GHz)
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S Eplm s > d 2-Port 110GHz

£ * NDL :h:ond
FEAFRED S SR B
G5 N LR SR

et i 6PINDCpad s ¥ 1 &2 T Aul SRS KT

e
=

2mm® > B(4.14) 5 & 5 B
ﬁﬁa&%ﬁié’ﬁmﬁ&&

o ¥8

Ty

Gate <7 DC bias 17 2 $#%& =T BV, > DC pad % Flehg 7 0 % A%

% DCAER2 * o

443 %% P13t
B(4.12)77 2 B(413) 5 & * S & E RIS » o BT 1P A P

R FH S, 1 60GHZ 5 5.77dB > ) » £ S 45 S, 4 -13.760B i
3+-10B » ] 91 F SHE42 S, 5 -14.620B > 1R 4L S, | >+-4508 © T B

60GHZ #F 5 7 fie b e dbgg » 3¢ 2 Kend s FHE S, 4 59~ o
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#. 4.2 60GHz Driving Amplifier

60GHz Driving Amplifier
(WIN 0.15um PHEMT)

Frequency 60 GHz

S21 (dB) 5.77

SL1 (dB) -13.76

S22 (dB) -14.62

S12 (dB) < .50

Diesize 3.0mm x 2.0mm

459 1= » MHEMT #l#2.2. 60GHZz B¢ 3« %

451 TRFH

ATRFF&R- > JIFFEY ¢ T BT S W(2X50 um) Bt B s
5 60GHZ 5p 2%+ B » 7 e 8 5 * MHEMT @Az > # ¥ it B 7 {
B E 0 TR AT B(419) 4 o

1l

1(4.15) MHEMT #l 722 60GHzZ 55+ F % 4
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Spfeick BRI RAMT LWHS S B TB A 0k
d AR AL § BT 60GHZ ehT L S Sl Flet e F Rk
B o 1 AR BT S 4oB(4.16) 77 0 AR RS
¥ W s pEE Een® 4F 110GHZ i 47 th 4 2T Epl A 2 2 ) 2B

BT AR TR 4 A T AT BRSO T S

BoA] o ] BT % Hide T W(A.17) 5 -

' S15HQO2S0050C02M || |
| O
| B ey

F1(4.16) MHEMT 41423 5 % (250 um)

FI(A17) 135 S R hehi % 4
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parameter_1..MaxGail
MaxGain1

deb_fit CPW s

freq, GHz

120

BI(4.18) /| 2L BB & BRI AL

g .

uf -10 '- i

o ‘q_

- SZl .
20 | o-s \.\ ]
[ e, |
ol | I | IR | IR 1
40 50 60 70 80

Frequency (GHz)
®(4.19) MHEMT % 47 2. 60GHz Zg#>*x + -5 ~ S, F B %
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0 P S S S
L m] J
210 i
20k ]
a —*—S,
= 30| o ]
U)_ﬁ o Szz A
W 4| L / 4
et NI RNV e
N ° )
I | s"\/'“‘?
50 |- L L4
L Y 1
LI
C '\
) I Lo L v L @
40 50 60 70 80

Frequency (GHz)

B1(4.20) MHEMT % #2.2. 60GHz g+ 2c+ B-S, ~ S, $ Pl %

B1(4.21) MHEMT %422 60GHz 5g#~ 2z + %

|2 * NDL = on-wafer 347 € p|3k 5 » ¢ 2-Port 110GHz
PR REE Stk & ¥ et ) 15X LImm? BI(4.2D) 5 & B
FiERY > BY T LE T Ei*ﬁ%ﬁiﬁi%] s Bz i ’ﬁﬁﬂ‘*ﬁ"’l

5t et DCpad ted #5272 > T3 A DCpad L&
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= 5% 58 Gate 7 DChias> + = & i «h DCpad 3 # #V,, 7 DC >

DCpad ¥ Bl % » & A% & DCAR2 * -

453 &% 2t

Bl(4.19)1 2 B(4.20) = & * S SHERIE % > d BT P P
A FHE S, @b 60GHZ & 1L15B- #i » & S#4F 4 S, 5 -9.17dB - 5
N EEHES, 5 -8.44dB > RHLR S, ] *v-30dB - T B & 60GHZ #7 5
TRt R bR AT UBLECAl bR > £ 0 3 A e SO

FS,%F v PHEMT 3 » S & ch TBH 5 3 A4 i -

% 4.3 MHEM T 60GHz Driving Amplifier

MHEMT 60GHz Driving Amplifier
(WIN 0.15um MHEMT)

Frequency 60 GHz

S21 (dB) 11.15

S11 (dB) 917

S22 (dB) .8.44

S12 (dB) <-30

Diesize 1.5mm x 1.1mm
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Frd g 130

rH2 FZ F41* 7 TSMCO0.35um SiGe BiCOMS @ 5 » ¢ iF &2
BT A QUM E R TR %ﬁpﬁiﬁwﬂw
A E” I 2a AF T g 3] CR-LR P~ ¢ poly-phase i g
SRR T AN IQ"HP/»JJ»E?””‘ v dd ARt g &

Tl B QA Jish IF BT 0 B R BT AR LB
% Ag & 2.4GHz p# > gain mismatch 0.204% > phase mismatch 0.2 & > @

l

¥ — #f & 5.2GHz p# » gain mismatch 0.944% > phase mismatch 0.68 & -
e - X F %= 0" VAN E AR BRI
sideband rejection 4 g AUt B S A e BB R Bt I 2.4GHZ
¥ > sideband rejection -30dB 4 7% 200MHz » &4 & 5.7GHz B+ »
sideband rejection -30dB <74 § 5 740MHz> d 1+ if s 55 d1 w35
BARsE & AR 8T P 80241ablg AE T 0 © o A dEih R
R, T2 d SShdce W RO R T2 A A B EET
oo ¥ 5% ¢ PAREIWING.IS . um PHEMT # 42 3 i< -
TR I BEARE L D APENES F AR TRETE Ap it
IR R > A @%]‘s\?{}i 4 it R %*ﬁiaq] gain mismatch
1.29% > phase mismatch 0.16 & i& 57 # 45 % R o

W % =% F1* SNIM technique F L7 = g Mg c+ B o &
ZFF%-f1* TSMCO0.183um CMOS @Az = 7 - B £ 5 9.4GHz
HAFE Mt B FHR ST BA L2V (T
FF o P 13.41dB s S F 5 3.34dB e 4p ¥ 5 -5.05dB mﬁ%l »
F SHAE4S 5 -8.000B £ &) F S AL 5 -14dBm 2 IPLAB 3 & B4
-4.50Bm 2 11P3; & 22.2mW (18.5mA@L.2V) s i 4= » d St dy
WV R RIIAREF R ZFF %=l TSMCO0.18um CMOS
ez d i - BEF 22GHZ~ 4.6GHz thit * SR B4 ji2 £ 6 B4

130



¥IF B# 131

FHgem e B FHRLE R MM, BA L8V TR 2
7 10.1-6.08dB & 3 5 517.05~10.19dB 7 R H# 5 ;3.23-4.37dB
3t 4 e 5 -8.27 ~ -14.93dB hify » £ B4 1 -8.89~ -0.1dB mﬂzgl ik
F R4S 5 -4~ 0dBm 2 IP1dB 3 £ & 45 5 5.5~ 9.5dBm 2 11P3;
36mW (20MmA@2.5V) st F i 42 % = £ 9 %= > F1* TSMC 0.35un
SiGeBICMOS @42 % & 7 - 2 § 22GHz ~ 5GHz v B ™ fe 2.
L MRS B S BT MRS B A 25V
TP $3 1217~ 11.460B e FH 5 5 22.3~23.64dB 17 BH K
2.783.52dB 3230 4 #c;-6.72:-7.13B iy » & #tdp4£3-9.7--10.2dB
ey ) F S4E 45 1 -14~-10dBm 2 IP1dB # £ B 455 -4~0dBm 2 11P3;
2 50mW (20mA@2.5V) et 5 i 42

B~ 5w R *WIN,OIS UMPHEMT % #2 $ ek 3+
60GHz fic 47 £ T g LB Al dede < B > % § J 3K eni
e g2 g R Flipchip# g B md FREET UFRLE TG
A e S8Rk AR S e x BSHFlipchip sk €t e AN el

B 4F 5 Wi Aot rgﬂlp ) f‘g. j’ i AR E T (T

131



140 g

¥-%

[1] K. R. Rao, J. Wilson, and M. Ismail, “A CMOS RF front-end for a multistandard
WLAN receiver,” IEEE Microw.Wireless Compon. Lett., vol. 15, no. 5, pp.
321-323, May 2005.

[2] L. Sheng, J.C. Jensen and L.E. Larson, “A wide-bandwidth Si/SiGe HBT direct
conversion sub-harmonic mixer/downconverter,” |EEE J. Solid-Sate Circuits, vol.
35, no. 9, pp.1329-1337, Sept. 2000.

[3] K. Hettak, G. A. Morin, and M. G. Stubbs, “A novel miniature multilayer MMIC
CPW single side band CPW mixer for up conversion at 44.5 GHz,” |EEE Microw.
Wireless Compon. Lett., vol. 15, no: 9, pp..606-608, Sep. 2005.

[4] J. C. Rundéll, J.-J. Ou, T. B..€ho, G._ Chien, E. Brianti, J. A. Weldon, and P. R.
Gray, “A 1.9 GHz wide-band I F double:-conversion CMOS integrated receiver for
cordless telephone applications,” IEEE J. Solid-Sate Circuits, vol. 32, no. 12, pp.
2071-1088, Dec. 1997.

[5] B. Razavi, RF Microelectronics. Upper Saddle River, NJ: Prentice-Hall, 1998, pp.
133-136.

[6] B. Razavi, “Design considerations for direct-conversion receivers,” |[EEE Trans.
Circuits Syst. 11, vol. 44, no. 6, pp. 428-435, June 1997.

[7] F. Gruson, G. Gaborit, P. Abele, and H. Schumacher, “A broadband SiGe mixer
for 5-GHz WLAN applications with X-band quadrature generation and high
image-rgection,” in IEEE Radio Freq. Integrated Circuits Symp., Fort Worth, TX,
Jun. 2004, pp. 523-526.

[8] P. Andreani and X.Wang, “On the phase-noise and phase-error performances of
multiphase LC CMOS VCQOs,” |IEEE J. Solid-Sate Circuits, vol. 39, no. 11, pp.
1883-1893, Nov. 2004.

[9] P. Andreani, A. Bonfanti, L. Ramano, and C. Samori, “Analysis and design of a
1.8-GHz CMOS LC quadrature VCO,” IEEE J. Solid-Sate Circuits, vol. 37, no.
12, pp. 173711747, Dec. 2002.

[10] S. L. J. Giekink, S. Levantino, R. C. Frye, C. Samori, and V. Boccuzzi, “A
low-phase-noise 5-GHz CMOS quadrature VCO using superharmonic coupling,”
|EEE J. Solid-Sate Circuits, vol. 38, no. 7, pp. 1148-1154, Jul. 2003.

132



[11] C.-Y. Chi, and G. M. Rebeiz, “Design of Lange-couplers and single-sideband
mixers using micromachining techniques,” 1EEE Trans. Microw. Theory Tech.,
vol. 45, no. 2, pp. 291-294, Feb. 1997.

[12] R. C. Frye, S. Kapur, and R. C. Melville, “A 2-GHz quadrature hybrid
implemented in CMOS technology,” |IEEE J. Solid-Sate Circuits, vol. 38, no.
3, pp. 550-555, Mar. 2003.

[13] H.-C. Chen, T. Wang, S.-S. Lu, and G.-W. Huang, “A monolithic 5.9-GHz
CMOS [I/Q direct-down converter utilizing a quadrature coupler and
transformer-coupled subharmonic mixers,” IEEE Microw. Wireless Compon. Lett.,
vol. 16, no. 4, pp. 197-199, Apr. 2006.

[14] J. D. van der Tang, D. Kasperkovitz, and A. van Roermund, “A 9.8-11.5-GHz
guadrature ring oscillator for optical receivers,” |IEEE J. Solid-Sate Circuits, vol.
37, no. 3, pp. 438-442, Mar. 2002.

[15] Z. Zhang, Z. Chen, L. Tsui and J. Lau, “A 930 MHz CMOS DC-offset-free
direct-conversion 4-FSK receiver,” in |IEEE Int. Solid-Sage Circuits Conf. Dig.
Tech. Papers, Feb. 2001, pp.290-291.

[16] A. A. Abidi, “Phase Noise andsditterin CMOS Ring Oscillators,” IEEE J.
Solid-Sate Circuits, vol. 41, no. 8, pp..1803-1816, Aug. 2006.

[17] F. Behbahani, Y. Kishigami, J. Leete, and A: A. Abidi, “CMOS mixers and
polyphase filters for largezimage regection,” |IEEE J. Solid-Sate Circuits, vol.
36, no. 6, pp. 873-887, Jun. 2001.

[18] D. I. Sanderson, R. M. Svitek; and S. Raman, “A 5-6-GHz polyphase filter with
tunable 1/Q phase balance,” |IEEE Microw. Wireless Compon. Lett., vol. 14, no. 7,
pp. 364—366, Jul. 2004.

[19] Y. Itoh, M. Nii, Y. Kohno, M. Mochizuki, and T. Takagi, “A 4to 25 GHz 0.5 W
monolithic lossy match amplifier,” in IEEE MTT-SInt. Microw Symp. Dig., San
Diego, CA, May 1994, pp. 257-260.

[20] B. Gilbert, “The MICROMIXER: A highly linear variant of the Gilbert mixer
using a bisymmetric class-AB input stage,” IEEE J. Solid-Sate Circuits, vol. 32,
no. 9, pp. 1412-1423, Sep. 1997.

[21] S. C. Tsneg, C. C. Meng, C. H. Chang, C. K. Wu, and G. W. Huang, “Monalithic
broadband Gilbert micromixer with an integrated Marchand balun using standard
silicon IC process,” |IEEE Trans. Microwave Theory Tech., vol. 54, no. 12, pp.
4362-4371, Dec. 2006.

[22] J. Janssens and M. Steyaert, CMOS Cellular Receiver Front-Ends. Boston:
Kluwer Academic Publishers, 2002, ch. 3, sec. 3.5.5, pp. 44.

[23] David Pozar , Microwave Engineering. 3rd Edition , N.Y.: John Wiley & Sons,
1998,pp.337-345

133



[24] K. S. Ang, S. B. Economides, S. Nam, and |. D. Robertson, "A compact MMIC
balun using spiral transformers,” Asia Pacific Microwave Conference, vol. 3, pp.
655-658, Nov. 1999.

[25] J. R. Long , “Monalithic transformers for Silicon RF IC design,” IEEE J.
Solid-State Circuits, vol. 35, pp. 1368-1382, Sept. 2000.

CEE S

m

[1] T. K. Nguyen, C. H. Kim, G. J. Ihm, M. S. Yang, and S. G. Lee, “CMOS
Low-Noise Amplifier Design Optimization Techniques,” |IEEE Trans. Microwave
Theory Tech, vol. 52, no. 5, pp. 1433-1442, May. 2004.

[2] H. Hashemi and A. Hajimiri, “Concurrent multiband low-noise amplifiers-theory,
design, and application,” IEEE Trans. Microwave Theory Tech, vol. 50, no. 1, pp.
288-301, Jan. 2002.

[3]G. Gonzaez, Microwave Transistor Amplifiers Analysis and Design. Upper Saddle
River, NJ: Prentice-Hall, 1997, pp. 485-492.

[4] D. K. Shaeffer and T. H. Leg; “A 1.5.V,.1.5:GHz CMOS low noise amplifier,”
|EEE J. Solid-Sate Circuits;vol. 32, no: 5, pp. 745759, May 1997.

[5] J. R. Long, “Monolithic :Transformers for Silicon RF IC Design,” IEEE J.
Solid-Sate Circuits, vol. 35,:n0. 9; pp:1368-1382, Sept. 2000.

[6] M. Danesh, J. R. Long, “Differentially Driven Symmetric Microstrip Inductors,”
|EEE Trans. Microwave Theory Tech, val. 50, no. 1, pp. 332-341, Jan. 2002.

[7] A. Niknged and R. Mayer , “Analysis, Design , and Optimization of Spiral
Inductors and Transformersfor S RF IC’'s,” IEEE J. Solid-State Circuits, vol. 33,
no.10, pp. 1470-1481, Oct. 1998.

[8] Y.C. Shih, C.K. Pao, and T. Itoh , “A Broadband Parameter extraction technique
for the equivalent circuit of planar inductors,” MTT-S Int. Dig. , vol. 3, Jun. 1992,
pp 1345-1348.

wm ~ ,2006

e R
[1] David Pozar,Microwave Engineering,2' nd Edition,John Wiley& Sons,N.Y 1998.

[2] Guillermo Gonzalez,Microwave transistor amplifiers analysis and design,2'nd
Edition,Prentice Hall.

134



[3] Reinhold Ludwig and Pavel Bretchko, RF Circuit Design Theory and Application,
International Edition, Prentice Hall

(4] B 7 Z T L G A B2 AR B2 L2 f itk 4 o
2 R E R el < L ¢ 2006

135



