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SUMMARY

I. Title
A Study of the Next-Generation RF CMOS Transceiver 1C Technology

for Mobile Communications

I1. Research Goals and Needs

A. Goals
¢ Final Goals

The final goal of this research is integrated circuit technology
for mobile communication focusing on next generation multi-functional

transceiver architecture and IC technologies.

0 Research Goal of The First Phase
New transceiver architecture
- Transceiver architecture design
. Transceiver architecture analysis and design
(Direct Conversion, Low-IF, Quasi-IF etc.)
- Transceiver design
Image rejection mixer design @ > 30 dB

. I/Q channel balancing : < 3°

Algorithm for transceiver development

. Performance estimation

. Optimal architecture design

~ Multi-band transceiver architecture design
. High linearity circuit

(Rx IC : TIP3 > -10dBm, Tx IC @ OIP3 > +15dBm)



- Multi-band design technologies
. Programmable RF IC
. Dual PLL design technology
(Phase noise < -105 dBm, Frequency :@ 1~2GHz)
- Multi-band transceiver implementation and test
B. Needs

Scaling downed CMOS technology makes its performance adequate for GHz
frequency, showing ft of 70GHz 0.18um technology. Using this
characteristics and passive inductor capacitance, RF CMOS is an optimal
choice for system on chip transceiver technology for the future demands.

This research began early in the 1990s from the universities in the US.
After that, research institutes and semiconductor companies around the
world started its beginning research which in mainly focus on simple RF
devices such as LNA, Mixer, and VCOs. Today well developed CMOS technology
has produced prototype single chip transceiver operating at 5GHz.

Domestically, ETRI took its first step toward RF CMOS technology
in 1997.

Now days many companies, academic laboratories are focusing on
developing technology of RF CMOS.
Considering potential market of this field, we need to set up

basement technology for RF CMOS through this research.

ITI. Research Contends and Scope

A. Transceiver Architecture Design
- Integration circuit technology for transceiver
. Analysis of given architecture
:DC offset, Power consumption, New EH-DCR Architecture

- Architecture design through system simulation
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. Transceiver parameters; linearity, NF, Gain

B. Transceiver Design Base Technology

- Optimum architecture derived from Hartley, Weaver,

rejection mixer
. Overcoming 1/Q channel mismatch problem
. Accurate phase shifter circuit
- Circuit design and fabrication
. Core circuit design for RF CMOS transceiver
:LNA, Mixer, VCO(Dual-band), PLL
C. Algorithm for Transceiver
- Block specification from transceiver performance
. Block performance from standard test document
- Transceiver design using simulation S/W design DB
. ADS, Cadence, SPW, Matlab, C-language IPs
D. Transceiver Fabrication and Test

- Test bed using commercially available block

IV. Research Results

A. Transceiver Design Technologies
- New image rejection mixer design
. IRR : 30 dB - 51 dB
. 1/Q phase mismatch @ 3° = 1°
. LO leakage : 20 dBc = 40 dBc
- RF block design
. Dual-band LNA
. Up/Down Mixer
. Dual-band VCO

. Wideband frequency synthesizer
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. Rx(receiver), Tx(transmitter) IC
B. Transceiver Architecture Development
-~ Simulation environment for transceiver design
. Evaluation of heterodyne receiver
. External filter characteristic analysis
. Sensitivity, selectivity test
C. Transceiver Top—down Design methodology
- Transceiver spec. generation
. Noise figure from sensitivity
. P1dB as linearity index
. Intermodulation test for transceiver linearity performance
D. Transceiver Test
- PCB board test
E. Transceiver core IC and new architecture
- New image rejection mixer (I/Q mismatch)
~ New architecture and block design
- Mixer for DCR

- Harmonic type DCR architecture

V. Plan for Application of Research Results

The Research results are as follows; core cell library, core RF
ICs and new transceiver. Followings are the plan for application.

First of all, core cell IP can be shared for the purpose of
domestic RF IC technology development.

Core RF IC technologies are transferred to foundry company and
the company produces commercial products. Using this technology
transfer program, RF CMOS ICs are replaced in mobile handset featured

by multi-band frequency synthesizer.
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New transceiver architecture test beds are developed through co-
work. This technology is also available to domestic company which

plan for developing new transceiver architecture.
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c -~ 10000
3
2‘ 2e+5
Z
— 5000
1e+5
0 A - 0
1996 1997 1998 1989 2000 2001 2002 2003 2004

Year

29 2.2.1 488 2 PCS A=A #H WA AlF

3E AEE RF JH = 2A7s
1. RF CMOS 2A7] &

CMOS &t A doAdo 2 HE3] Scaling Hol oo 1
A3 @A 29 AdFHFE 50~150GHz 7+x] F7bstn Aok, 7HE 3
AHEqAN g 7led vad o 453 5322 RF IC o9 &
7beAdE&  om  dAd w doy, FHOE  CMOS  7)ig
Digital/Analog IP & U2 & & 4 o] RF System IC 7}A F& ol
bestthe EWoA 2o ZEAA Ao Ak, =W A Z3s
B @A CMOS 71& € 5GHz ¥ 7tA FE3 &80 7hsdd. (RF
IC & &A funax 9 oF 1/10 ) 28U Aol AFH Ae o554
DL 4 RF ICH §8387d e 8% 2 7HA EAHE /X1 Ao,

-10 -



[!uﬁasﬂuﬂ

AR, Bipolar (& FFELA) ¥& G (FL Gm/lIds)o] o}
TYe o5 EAL AV s AaHdoz gL HAFJ ZastA
gk, AL CMOS 27 4v Y SHdAE oldr EBFsite A
£k, a3y 0.14um ©J3tE  scaling HE &9 m FA o]
A= HA Bipolar ¢ vlxZE w CMOS &x7F 238 HAFHs o] #
sttt Aol Rug v Aok, (0.1luym o8+ A9, SiGe HBT Erh
L) A, G719 Sensitivity © FHSZEA(NF: Noise Figure)odl
ARHoR &P, FADT FEY dEELS AZTFTEZ7(LNA Low
Noise Amplifier)el ¢Js] AlH4G ZAFEH LNA 9o FIFAFE F017
AsME BA 239 FEEAHol o ok, CMOS 2#9 A9,
7} F823 Noise Source & AoJEQ HY AJA Lo}y, B

AYH YA NF 7F 1dB o]5k9] AAY Qe A& FdsY] &
Feloltt. (FA 1-2GHz tHHelA 1.5~3dB &) ©d3] AES
A Aol Polysilicon, WSi, TiSi, CoSi  WAFHA 209 /Sq B EA
2~3Q /Sq.2 AA FAd3m FAY A2Ae Gm = F718r]) wE NF
4= @4 FdHm A FA. AA, CMOS £A7F AHgst Y=
AEE 78S NEHoR FFEVEAV|H HE RF AF9 &Aoo
Ak, RF CMOS 9] A ¢ 53] Layout 9 #HAH3 K77+ 2z H5&
A #Fesd#ok. AA, CMOS A9 Scaling & RF EA L R E
FAN7 L ok, Aol Asetel grebdA ESD (Electro Static
Discharge) &A= 238 ¢S AHAZAd. 2  £F9  Bypass
Capacitance ¥ Y& RF U3 2=A % (Inpedance Matching)S o] A
&7 W& AFFA F7F A7IE dd= A ATk, RF CMOS o 319
ESD & Rt} &4 ddo] Hag Fofojrt,

po

[

O

2. SiGe &R 7] &
SiGe &2re] 75L& 1957 do]l Hx=2 AAHADG 2T F AL SiGe
el #F ATV FES AAEH LWA 1980 A FWHEE IBM oA
BAAA AFAde] AP R, 1996 A F&3 A AEc),

S11 -



SiGe HBT &AtE o|FHFTXRE o] &3t oA l=7go] gJoja x4
e Fo Hox2g ASFLEN w2 FH FTHFAM T o5 e
Turn-on A%e EAE 7HAA Ho zaFHggeMe] AHAHY
A2RELE ZA "ok, oy olfE FuidLrzle RF ¥ F TES
A AR 712 F5 ¥ Yo, 29 2.3.1 & 7€ HAEE BT ¢
SiGe HBT ¢] 8 54 & Uetd AHo|rt.

W =28 H 3 (Homo Junction)2 W o EF & (Hetero Junction)2|
uio| &2} &%t dloj Jet A%

"
c H
ag |
onols | ejola | mee oot
N*-8i | P-SI | N-SI N*-Si
&y %3 :
H ol ol &k ol ach HAolK o] Act (@eol xich

HYRYol Lchpolx 557t Heh poiolS €2 M MA0] FCl oqol2 DsEals ofale ARFX| HE)
RO §3 012, TR0, H0 Foi2R0l Ach  pam §H7He A TR, 201K (012 A5 2 & 42 1)

Hzjo| Zhetict (Humw es AnyE) A& D5 7@ U (IEBUIEE/S WO AT D)

¥ 2.3.1 Si BIT 9} SiGe HBT &) FZ 3ol ufE& EA 9] wim

thekta FHE ASIC Library & RF3t3 e CMOS 22 ubgell SiGe

E& 7€l SiGe BiCMOS 71&olt},
SiGe BiCMOS 71&ellAe] A & WFHANA Fow
ol@A 3t SiGe HBT &%t A& FA & 5 A& 71 8 Ao,
CMOS ZFAAF<9 A3 #4L SiGe HBT 9 A% HHFE A 424 A3
HAo] FFE F7] WEoT. dWrH oz (MOS AlFHAAM AlLsHE
1L FAol B F SiGe HBT o Wloj& om& A A|Pozy wolx
=3 d8e J43 dx v, ¥ 2.3.1 & IBM 0.18u m SiGe BiCMOS

2z F9 %ol

-12 -



¥ 2.3.1 Design=0.18u m, SiGe BiCMOS A =}2] F+8 A%

Bipolar [npn] CMOS
Emitter | T fMAX |Bvceo | NFmin | Vdd [V] P¥R Gate
Width @2GHz [uW/MHz/gt] | Delaylps]
0.18u m | 120GHz | 100GHz | 2.1V | 0.4dB | 1.8/3.3 0.03 33

3. 2 %

B AFAdd A AEaa 9l RF CMOS 714 A&d ukel go] ol w
Ao & we FAN gol QA 7, Bluetooth, WLAN, CT T3 o]
$AL FFol AdAzE gFdd Heofr HEo Fad Ao,
Fudoz A0 AT oF dEy] AFLE AZFEY FAANFA
ZE T84z A FEIF AL Yoz qFEr. dAAXY
ATZAFE "Bz EMIHEE AE AHFol 5T RF 274 (FFE
27, SiGe HBT)ZF AAAS v @274 wt=A Aol RF CMOS IC 7+
olFFA ey HEFSEZ UAHIAANE ofFAE G Ao
L7 H. Core Cell 9 H5FAL B ALHo2 APHAANTD, 7&E9
RF A&ZAE 2 3F2E WMIANPozR ®Hog ZEHA H5AME
FTaE el Fasdith. o
AFo gyl EEANF] RF CMOS IC 7} AAHL 713 + 9 By
94 Ao @ Aor BoEy] wEo|g.

SiGe BiCMOS 9 ¢, SiGe HBT 9 53 %ol wgo]xx, SoC &
A% BAAFE 237 HAAE FET 49 (M0S 7€ FEA FuAt
FAF7h 2 Aolg. IBM Q9 FEF =Ho= A 0.18um SiGe
BiCMOS ~1&o] A HRQow Mask 71 38 F& H3F st 5 7149
Fdg& 2 AT, RF front-end F-EF-E %S W) RF ¥ 29 Y H3&
9 fEd wol doy, ojAle 56Hz HY/x IR EoloE RF
CMOS &) 71&8o] =zt & =0 @ Roz WA,

i)
ol

e, Brlses wAsm g

-13 -




4 A Transceiver T+F 7| 33}

1. &0 e

AARY YoM E uf RF CMOS 9 FH L <4AA FHE 7vtez &
LR Ag Aok, wEA @A dEFEY 9dvlel A@=n e Super-
heterodyne T&& AdE HAEgHo] ¢ FHo UFdx EFIn
gAY FasuEs oo mE UE F Y FEY Lavt gn
AHgo] o Fo] MEEZ A71Ase uyHsets RF CMOS IC 9o &
53 AdzE 43 & 5 QUrh. o9 FE #H|A Multi-band, Multi-
standard 2 @AHY st FUFA Jle9d ZEL ¥ RES
it JAg A fedd 2L ddr] 72 AEE 2Fsn Uy,
Direct conversion 2l RF A%z & F1F9F Hg HA Qo AA
baseband & W&l Wy oz FAHgd 7HF oigZHA Fxo|th. Pager
o 4F #8H1 QU= A, 1995 d UCLA 9 Abidi 2§l
Digital Cellular & & RF IC & %X & old MFA F5& ¥¢x
QA% [1]. DDFS & 248, F35 =% WAL Aagd o8& g
TF&7F 1A Y+ DC offset, 1/f noise T2 Ao vy 9lzsx
B2 FSK WA E ARt Quasi-IF & Fa4 WgdA SAse
image AZTE BA4 AE A (Hilbert transform)ol o& AsjA 7]
Ao L0 § ZAE FH5E TFFOCEZMN image rejection filter B
Fsh4 @47 84 $ee Za A7 FRolYh (2], Double-quadrature
W2 RFE L0ASE ZZ 1/Q AEE ut¥ 1 [-phase 9 Q-phase &
7zt #38te] image & T4 Al FZolth. Quasi-IF #W4el wlal 1/Q
mismatch o 2§ @gFo] Fo] =& FHo] AT, passive-RC network ol
% chip 719 F719F A E9 mismatch ol 93 A% As:s oA
EAZ gFETh [3-4]. UCLA 9 B. Razavi ILFE Weaver T2 E o] &3t
900MHz GSM (Global System for Mobile communication) ¥} 1.8GHz th< <]
DCS1800 (Digital Communication System at 1800)2] Dual-band Rx ¥ Tx
IC 728 ¥X3% v Ao, 0.6pm CMOS AL o) &3 B ANEx= 101 2

|

- 14 -



L02 & zt7h 1350MHz 9 450MHz & A A3t 3 2z} band A2 e e 2¢L
T3l Q3= IF % RF 238 ERH o2 AL & & HHov[5]. A
7~8 WY AT/ ZHI, RF CMOS 7)1&L o)Al AFaANA AEANG
AR A4E7] ARG, 2 F d2M 2000 9 3 Y FF9 (SR AME
BlueCore0l ©l8t= ©]E 22 Bluetooth € 2.4GHz WY RF CMOS IC
prototype & ¥ 3 tt. RF 8 block € E2 A Y bhlock 747 &
oz Fd9 47 AL 0.35um CMOS FAH& &&3 Aojtk. RF CMOS
7Ned Aed ute Zo] ofAx Aok & B EAS Fol AR,
Bluetooth, WLAN, CT T3 Zo] £XM& wWZHol Aoz ¢33y Rofz
Hgol FgE Ao, FuFHom FFo dAHG olF vEI AFLS
NGRS FAAFZAAN e FaHoE Ad F2F AL gyo=
JAET. FAAZAAY AFAFE wBoR FENIYREW AE A %ol
5% RF 24 (3FE 2, SiGe HBT)7F AtAs] Qs dErj4 wixs)
A 7ol RF CMOS IC 7} olE9 REEFLE YAHZARNE oFE %7he
AlZkol B R 3dtth. Core Cell 9 4L B8 ALEHoz AYH AR
71&9 RF A3 AY 2 FF2& W3 AgozA B 223 A5AME
FT3te ol A, ole UFWME, trivoez #HAsg:m YE
Sy BEEAAC  RF CMOS IC 7} AAEYL 718 & 9 Bt}
G MEAHo] & Ao #dsr] wFEo|t,

x
all
L

2. FA7) FREH
7b. 7% 8 Bl 272 (Superheterodyne) T+ &
3 dE AHE FA7Y F2RE HYE(Selectivity) s FAE
(Sensitivity)7h % &3] Ak, 28y 29 24.1 4 Be RAAY
RoAg Agdok e By gy fEd FHsgE fYsA £
o.ogdd AVE TESS A7tH nygHsteE THsEE RF NS 9
FAole A G FRoY BB FF FA v 4y W
AAM st dAAA 7Hg ol AHEEHE TR,

-

-15 -



=D

5 ©

a9 2.4.1 I HEGYU FA7)

AR A7) (Direct conversion) T3

HE Fa7e 29 2.4.2 & 2o, JHHEEFAIE 2F9A%
€ AAA & vE ARG J5zz W@dsd A%
FoasdAE ATgstd FAFId dagt FEA gL
gt A o] ARG Fxoln. 2YHY AN FHEd
AAAE gl 9. ARG HFoe2 FArnzaitF(Even
harmonics), FHEA/F a5 T4, HAEA, 1/{ o2& FT
FHTE AHEse FEREY AZAHAY. JH & o] Fxo FAUIE
TAs7 AT 4719 dAdE dFso ok g,

—:@I@:zi
b
== e

I 2.4.2 AFAETA 7]

e

i

o Ay FAFHWide-IF) A7 2
i3

FoFAFHF 475 19 2.4.3 3 2oh. st 25 FAUY

- 16 -



ol z} AALAE HLIgPorzE FHIHH2TY FHo HEg3F

& nAAA BE} glo] AL & 5 Ao, wepA FAFs JtF
sdts FHEe AT, FTFIAFE PR 7] gE 1A wG A 9
Feol AAVBLARY Fd FHo] gtk WA FHFugoA o
ojue olFAE AAM e FAe IR FAEA HE2 FHAAL
F o ALG{ATY 93T EAg A FA7] AAle AEx
(Selectivity)7} &4 5= d3o] AUrt.

BB-
Frf b

@i b
LNA
= -6

RF Band Base Band

I 2.4.4 3G F3AFHE

-17 -



. He FRFA5(Low-1F) A7) &

FRFRFEA7)E 2% 2,45 9 2T, Fe FRFRE FANE
7% 598 T2E 71 4 A, ARWE F47)99 Hol
Fy g FREIAI Y Far g2, gy F3F9
2 AEIANHEY &S /AT, we Ay D R waAsE I
e ERHA ANE € 5+ A, 9w e FRFHAFNA AY
N3E 2798 ohgza B L ol gste] ouAE AARTY 4
A, AZ9EY A7 BAsE FA79 HDAEs} dojxE ©wH
ol Ak, REL F& FRFuS FAJE A/D BHNE AA UG
02 oHAE AAGE BN AL @)

RF i Low IF

i .
L o) —

7 3

3.3 ALds
7F. DCR 7 |3

DR &+ 23 ARH ¢HA fou, F&AFo Yor AZgE AL
29 otk MR FR FBL WE oFE o Fz F477
A& o] A sl zolt. dA A& AFWIAFANIY gRrEL
A FA Loy, FHZo Eo]x 3G mobile €9 DCR #2712 Qualcom A}2
RadioOne, Analog Deviece A}9] Othello 59 21717t 2xd 8 A},
DCR(Direct Conversion Receiver)7l&¢ Z&AMFL 2000 Qo] HolA



gAxes Agol
271 A &5°

5871

ANFE o, FUFA,
FEolt. FUPAY JleFE
e dAlE 2000 9 2EE AFEe FE GSM £O0E ALY $ Qe

A#e ATARL
el SFo Fa

DCR AEE AFel ¥zl AFFRow, 2000 @ 12 4 FAAA
WCDMA €-¢} DCR & A F& ot L EsA.
¥ 2.4.1 2% DCRA NIFTF
Vendor | 9% | Application Chip Spec. Architecture |Release
Analog |Othello {Multi-band Not N.P. 1999.
Device GSM Published(N.P) 12
Maxim Max2700 |WLL 1.8GHz~2. 1GHz LNA,
ISM2.4GHz 2.1GHz~2.5GHz quadrature
downconverter
VGA
Qualcom |RadioOne |cdma2000 Not Published N.P. Dec.
1x/1xEV/GPS 18,
CDMA 2000
(WCDMA)/GPS
products
TDK 5503DCR | VSAT 950~1450MHz VCo,
Digital synthesizer
Satellite AGC
UAA3535 |GSM/DCS/PCS  |Multi-band LNA
Phillips |HA transceiver |GSM/DCS/PCS VCO
PLL

- 19 -




TDA Satellite Direct
8680AT |ZERO-IF QPSK |[conversion QPSK
down- downconversiono
converter 920 to 2200 MHz
On-chip phase
shifter
Localoscillator
output to PLL
TUA6100 [QPSK IF to 0~30MHz IF to]2001.1
Satellite Baseband DCR
Receiver PLL,
Infineon CxOscillator
SMARTi |GSM Not Published Not Published
PMB6256 |GPRS
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A3F AFALS,Y UE 2 A3
14 As

B o] 2 M= Transceiver TF AAo) g FHES] PP L A&
g 3 A FF479 F4& =T A e HE&ES HF2 U
THAHEAAAEE 54719 FHE FDHd A W& 3ty 7j&3t
i, AF s AT T2 Low-IF F2 DR FZo] & AEZ AL,
o] +ZZYXH Even Harmonic & AA%Y] A& F+x2E A" APDP(Anti
Parallel Diode Pair)TZE& ol & FA79 A<t SHAARE E2A5HA
k. Low-IF 7&¢ o|mx A W29 A8 FAE AT FA7]
e HEE AN, 3 AodME FH2E o] &3 Transceiver F T
Adte A& AAZ & Transceiver A A 7[¥k71€ F RF CMOS &9 &
g7z e AFEAHAE Jle d0Y. FELA R $FLA ] AE
2dg AAsE ZEF SR g JFEE B350,

olgl gt W7l E G oE AA AA, AFHE oW X A YA Fu
T RV oB8AHAU HES AA AANH AF¥E R Fx94 HA
ZE olmA JA FHFEFVNE SAT AIAAE AAEFUAD. o &
o] &% [/Q EEHCIEH Y HEEHIH AA G o] ohsio 48l
on AAAZE Jo SAFAF Ao 7Ptk AAged oF
o $8% F e WX FAFd ol H ol 7@ Foy Fo
7o) dA Aol sty EHERT. Fog FFAvel H&F
A& PLL o 7& 9 =2 dAZAFAE AAMSAT.

2

f‘::é

B
=
R
=

¥ ok
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2 A Transceiver 7% A4

1. Transceiver 74 AA &

=2

Transceiver =

AAS7] Y98t A Transceiver 7} F3stodop &=

FARAEE Transceiver 7} 7FAoF 3t AAFQ A5 A S (Transceiver

Parameter )&
TR E
Ay Q)
H NEE

A

T
=

=

=&y,

o8 =&d MAFATES
W 708 Block oA 9 Asdetde g A€, & 3.2.1
A71e] FHANEAMAMNEH H5ATE FEI}L
9 F4E& frite AA S =AU,

¥ 3.2.1 Transceiver A" #3 %

3G UE Test 7
-TS 34.121

3G UE Transceiver
Parameter

Transceiver Architecture
Block T+

Reference Sensitivity level

Maximum input level

Adjacent Channel Selectivity —+—

Blocking Test

-In band
~Qut of band

‘Intermodulation Test

— i 5 Noise Figure [dB] —

N

\

7

., Dynamic Range [dB]—

Selectivity [dB]

T~ Linearity

-IIP2 [dBm]
~1IP3 [dBm]

el

—s LNA, Component Gain

AGC Range

—

Ch. Selection Filter

LNA, Block Linearity

Telecommunication System
Dependant (3G IMT200)

7b. 71% WA E #d¥(Reference Sensitivity Level) A3
NeE Uax dEeE FANY

o},

A= FA719 45&

A

(¥}

9
AHQ Bl

O:

At

Transceiver Architecture

53

Transceiver Architecture

independent

A

A

)

7] AA

-26 -

& e

e
TN+

dependant (Block Allocation)

ZA

1o

Hre) 4

[+]
hwy

of Aldzx

7B Transceiver

A
ne

2

=
o
L

o gkoll 4 %

AAHS H93
Z Mobile 3o A FA7171 7|AZo2 R g da Holxd de &7
BAHFE AY 2o,

%X 4 (Transceiver Parameter)

A7

X 4= (Noise Parameter)st 3

2]

)\O

AA s

]

A %t



¥ FEGoEE ARE FE7 Y A #-o dv. JE 9f= #4E

& =58 4 U

2
2
4
o
&
=9
)
o,
ofr
)
N
rO
4
o
N
n
a3

¥ 3.2.2 7120 2= (Reference Sensitivity Leve )AIEZA R

Parameter Unit Level
DPCH_Ec dBm/3.84 MHz -117
T o dBm/3.84 MHz -106.7

FEdtE Ao wal xFo)sb A wE IMT-2000 ¥4 2 A% 7.6 ~ 9dB A=
o #E JHAY. @9 Aol7l dAEFE 9UdL d4Y FSL driy Bl
a8 st F Tk wet el WA

. H0dy =4

AQAFEAL FA7 g F e U9 ¥ Vg AEY. %
3.2.3 9 & A AF3}RES 9 BER 0.001 & wtF3 ookt 7| &
Az =dds HYggzdels $£4719 doluy HAA dAo €.
ol dulHAA o] gt FA7)9 JtHolE FE7)9 HUAY AFE 2
Lia= 8

¥3.2.3 AUYdg ANEd=xA

Parameter Unit Level

E
PR dB -19
I o dBm/3.84 MHz -25

ok, AAAYE A E (Adjacent Channel Selectivity)
ARAY AE=: Ag4Ad F A9 HEtE FA3 73

Ao A717F FdiFer & FRNA FAVY FAETE 2B Al
dzAolth. APdRAL ¥ 3.2.4 9 2oy, oF TAEH 1Y

rr
et

227 -



Zoh. INT2000 o 77249 A¢ 33dB 9 o4& @& TEFdtodof g, UH
AHdo A9 g ZAASE TV BEEL A3dd dyo|h. #4179
TZounet oI Rriel FA A E P LA FAEGAHF(SANLH &
AbEEte Alde HExE SRy, AFAEENY T2 AH3 F47)9
AY JAHYER AT Ao o8 HEEE FrI).

X324 9F3AQGAEE AldZ=A

Power Class Unit ACS
3 dB 33
4 dB 33
Parameter Unit Level
DPCH_Ec dBm/3.84 MHz -103
o dBm/3.84 MHz -92.7
Toac (modulated) dBm/3.84 MHz -52
Fuy (offset) MHz 5 foor

A i i ~52 dBm

-85 dBm — Y Acceptable noise level

-103 dBm [ ]

5 MHz

33 dB

input referred power [dBm]

v

33 3.2.1 AAY AEx 29y

-28 -



Ak
e
Jfu
oY
oX,
olf

Al

9

it

i
S
4

A

[} o A

ol
flo

sad

FA719 HAYPE AAse AEFI vttt
a

AEEAL ¥ 3.2.5 ¢ #Zx olg odoez JVehd 29 3.2.2 9 o},
FAAGAA WA= #HART 3dB 2 Az FAHI YdE I A
LEAFIFAA BEET ES 489 A9 He5E& AFen.

¥3.25 EE7 AFTANIR
Parameter Unit Offset Offset
DPCH_Ec dBm/3.84 MHz -114 -114
- dBm/3.84 MHz -103.7 -103.7
Iblocking
dBm/3.84 MHz -56 -44
(modulated)
Fu (offset) MHz +10 or - 10 | +15 or - 15
N
......’
Tx/Rx separation
Min 134.8 MHz
x|~ Max 2452 MHz
Band |
I 1820 1980 2110-2170 MHz
LO
18 3.2.2 EE7 AsAY

o, FE X% A8 (Intermodulation)
OZEASAEY NBRAL X 3.2.6 ¢ 2}, TUFE ASATL 10MHz
20MHz 9] QT AA CF & EEYoAE ES d#HFY FA79 A&

-20.



3.2.6 3% 2 xANME £ 32 AP Aol

%
g3 daA e FHE JHAA Hed o dAAds 8ol 4PNz

¥3.2.6 4FE HAFANEE

Parameter Unit Level
DPCH_Ec dBm/3.84 MHz -114
I o dBm/3.84 MHz -103.7
Touw1 (CW) dBm -46
Towz (modulated) dBm/3.84 MHz -46
Fui (offset) MHz 10 -10
Fuwe (offset) MHz 20 -20

2. Even Harmonic DCR F+Z4 7

7}. DCR +&

dwrEd DR TFxE ¥ 3.2.3() # Zo. 94¥9 nF ANz
FERLAN7Y A5 FoFrt 2ok dYAFAATE 90° 9 HA4zatolzt
Ue Az 93 ZANYY FAAGNIZTYg ARG NER R,
FEgass ADREZNE AX 299 ¢ggA37t do.

—Xr—= %—»

4]
—=— —[pu ]

==

(a) €5 tolo] o

vy

v

v
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(b) &8 DCR F& o] &F JFNE FA7] BE
16-Nov-DB1 MEASURE
15:48:89
eErog T
| | Std Time
; “ 1| Custom
} e R + Yoiob pbobeb ftobr i | PGS
Fail /
.............. e, Prwr sy —
OFF
—on trace—
1750 sweeps: average low  high sigms Fram-
pkpk (1) 271my 28 575 133 | 0.0 mdiv
mean(’) - -5.8m¢ -87.8 1855  17.1 |Treck [ On
sdav( ) 67.1mV 4.3 154.1 38.2 to
rms( ) 69. ImV 4.8 154.9 38.8 | 10.0000 div
tps  BWL empl() & 213m¢ 28 522 111 | gogen pts
18 mv OC K
220 MV DOC 8 BS/s
358 mV AC - OC -16mv
4 50 mV AC - NORMAL
(¢) AFWE FA7E o] & 36 A5 7[AHY A3 FHZAH
29 3.2.3 AREI 7]
u}. DCR T&¢ EAF
(1) DC offset ool & R 7AA
AZABPNE 048 FANE $4 DEHFUBE o Az e
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S5 2719 AEZE o)&doq ZAWYY Az FEg. @A DO
offset 9 &AL DCR Al=HANAM 5o AU A& 7tALA HE2
DCR FEfe] FAZIE TAE W WEA 2 dojof & Atgoln,

(2) &4 31Z 3 (Even harmonic distortion)

FA1719 #2+ ¥l A F A (Even order nonlinearity)e 2 UHA 37}
Fo] A& W YPAs e A Fe NI E Y@, o]F 1Yo
UEtd 2% 3.2.49 Zoh. 2% HAFAHA g 282 443
Fopg aep o] ST, FaF Ao A HHdY £Y¥L YHANI

=3
Fy4 Aol FL& AL JIAYEezr 9237 MAHO e
ANEZE H&EANA @, WA DR FRE FAZNE FEE 9 2
HI Ao FRAHAOE AASA FASIGoE s}, o8& T3 Wyoz
A8 £27)7F Even harmonic Aoz &8 08 T4 3298 A1
ArnzadgdeE & AdAGE 7139,
Undesired
anted
BB(Frf—I:p) LO
: 4
o Undesired
Frf 1] M2 Yy RF
LowQ RF BB- BB- fa-Fb
YLNA BPF  Mixer LPF  VGA
Fa Fb Fo VFrf
Fe

Y 3.2.4 F¢ 1Z9Fd o Feuy
(3) B394, 343 v A F(Mismatch)
T E AFHYYAZE Yo} R dHAZoZ FAYANIZ Y

429458 FEd o] FUBTAE 90° 9 A4t Atk FANE
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FAG W 2Ze ARAH F49

2ol WA, %9 Aol

CENERETRT

2l B2

91437}
00° o TEA B, o]k FRWAJE Assk F¥I 00° HFojE T

gd FAAN, Az 8e Az

o159 Folo] & A77 e, ARV AV A DFTA

A7 ZAdGez WE ANZeEz FAAAY,
az1gatel7t A & AxE steAol

o] g ZHekstelof @i,

(4) LO 4, WALEA

LlowQ RF BB- BB-
LNA Bpr Mixer  LPF VGA

s
Nt |—> —
"

&

47 AYge=
drh 2T wEd 2Rl
A FREAI ) As 9 AR D
18 THE W TRz FTEBA
e ASAAY FREASY FaL

Qzkg el 94l
EAREE FA718 FEY o

7ol

RN

BB(Frf“Fp)
3

Sklf detected
O Inoise (Fp~Fp)

LO]

LO
nois

\k RF

29 3.2.5 L0OAE T3 A& LA

t}. Even harmonic 2 ©] &3k 4417

AR Fx 2z o Asd oI wdFA

GG FEol HE ARG G

TEHeR #4357 A YR

Fp Fif

A, o]

BERS

=

=

277 Aok



e M
clt
u
o
o
>
ot
B
X
re

diode & Al-&3HAth.

EHMIX(l)

Diplexer

DCR transceiver Mixer using APDP

1% 3.2.6 Even Harmonic & o] &3 4719 o

2. APDP(Anti Parallel Diode Pair)E& ©]€% Even harmonic
Receiver 7+&
@ APDP 9] 53

RF ’L__

LO/2
i =1e” ~1) - g =ale”

ft— iy=—I(e™ -1) g, =ale®™

! av -aV
JV_( : 8 +g =al(e"” +e™)=2al;coshaV
g=2ai coshaV
TL* V=V, cosw, ,t+V;cosm
v & ) -
| i= Y A cos(mw, tnwg

nim=odd
Note : n + m = odd

% 3.2.7 APDP 9] 72 2 FFYY
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o9 3.3.7 # L Thol
Pair A& &5 F& F
R FFAEol "ET{1]. & F4
Y BAFazdgge £¥o AYHEE=R Even harmonic o] &3
1A &S FE F A dF dd. o FLe 4¥YE T8
FA7 e FE7F AGHEAG[2].

oxg AMzugutgorm B T2 Diode
I

@ APDP 2.9 A ¥

7% 3.2.8, 1Y 3.2.9 = APDP ¢ RJAYPy o A o|t}, FH3
o] E5% ¢ W FAHAAN £¥o Ho. dA HolE=E
o] g3 THNE W AA #ol YFAUE7F -10 dBm o] &Y # 50dB BT}

2 e fA%Y.

vdioou

;
X VoultVeut | . #rgha

I I I 1.1 I ) | _Probet
=l 1 | _N€hads
Twehtem L 9%, &) ark | .Prpbe2
Db mor DRk, 852975 e
Loaal=0, 48 R
Lossl=0.dB
VSW R1=1 VSW R1=l. ] ‘:‘;isoom
Teoht=100. dB T30XR6=100. dB SO F s 3
%1=50 Ohn 21=50 Ohm DC_Foedl
22250 Ohm 22250 Ohm
oniane
PORT3 e
Num=1 PORT4
Z=50 Dhm Nurm=1

Freq{1]=1855 MHz
=1 P[1}-poiar(dbmtow(RF _pwr),

Freg[1}=9820 MHz -
P[1]=paiar{dbmtow(LO_pwr),D}

= I HARMONIC BALANCE l I PARAMETER SWEEP l

on N
VA:R\ burnoni ol ones Pay wrGensg
LO_pwr=~3 Hail Sweep!
RF _pwr=-30 MaxOrder=7 SwenpVar="RF _pwr
Froalt]-1855 MHz SiminstonceNomef1]-"HB1"
Freg{2]=920 MHz SiminstanceNoma[2]=
0rdnrl1]=3 Simlnu(un:nNm[Jl:
Orderi2}=3 SiminstonceNamel 4}~
SiminatonceNome[5]=
SiminstonceName(6]=

Start=~100
Stop=10
Step=2

1% 3.2.8 APDP A8 9] schematic diagram
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Q 27N, a
r —p- —s0~]
3
— -10p - ~100-
1 ] -
So ] ;g -180 =
O -1 o
> -2 > -200+4 -~ -
L3 4 \E'::
E ] o5 -2s0-]
Tm -y o
v -3§0-{ 300~ - - s - .
] b Even suppression
-330 - Bt - - - P
; ; : T .
—40 T T 1 T
1.2 1.5 1.8 2.1 2.4 2.7 3.0 870 DBEC 890 000 910 $20 930 940 930 %00 €70
freq. GHz freq. MHz
odd even odd even odd
7 4 1 2 5
a H
i
i I BN S M o g Harmonic frequency table
100 e b . R -
—~ ' RF freq LO freq
T8 150 nd - 7
22 | freq - Mix . ]
>v -z00 B S - ; MIix{1} wix{2y |
2 0.0000 Hz 0 [
L R A B s et Ty PR S 15.00MHz 1 -2
hd | : 30.00MHz 2 -4
RPN S T O SOV SR SO SV SV U ggg.gmz -2 g
H . 0 . z -1
_ssad - Even suppression| 820 . OMH2 0 1
E | 835 .0MHz 1 -1
-40 3 §50.0MHz 2 -3
|
10 20 30 40 50 80 70 aa 0 100
{rea., MHz

even odd even

0

3 6

@APDP & A 4 1}
39 3.2.10(a)L TIo]QEE o] &3 APDP o|jt}. 7)o o]FESL ¢ Y5l

Ay aZue] 28L& At 29 3.2.10b)(c)E
JHF95E 1800MHz HY o2 1 offset
3R Y 3

Y ¥ 8o

A9

1% 3.2.9 APDP 2 A AT

ol 28]
SRAA7) e A5 A7l) BE 2P 78 SHHAT
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(a)APDP diode B4 &AL 9

e
e
Ir

—e— Suppressfon |- -4
— P2 - 65

- 60

LEIM] UvDdTRIIY

RF power [dBm]

(b)o] & AH e &7

RF_pwr

(c)LO 34 wWglo] Wit &9 2o 4F 43

39 3.2.10 APDP REE o] 83 43 9 =HAT
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-10

20} —e— LO-10dBm : o
------ LO -5dBm ' WY

—v~- LO0dBm - / "
30| - |- LO5dBm S T e

AF: 1810 MHz,LO: Q00 MHz  ° /

40 - - e

S0k

60 |
Q
S
R
o
% B0 b — i t gt r
5 -60 -50 -40 -30 -20 -10 0 10 20
1]
3 RF Power [dBm]

a9 3.2.11 FEYA7|Y AZ A7 g ¢

3. Low-Weaver 7% 4 A

AEAA A% de A F2o $A7E wHAH2G 470l
o] Fze SAVE dRix WEE ALHEE FARAE AGHA
Fe Fzolth, wd FASW FA/E TR AWHE 9 Re
278 AEEA FE TR FAVTFZr "adt. 9Raxed AHE
A B T2 F47F WEAHA Ao ERFUFE ALEEA
Fn wz JAdge Fd4z sFuBst JAWE U7 oo
AHAWE 47 FYE FAd ABRBHIN FPFER5 WYL
4% HYomz, FpERidA Ade HUEs golt IBax
A e Ag8x Fed: Holo, ok FArY FRAMI 3 H sl
gostn ¥ 4 U, wHd AYARFAs vyE FIFEnS
UAE ANA @owz JAAgde Fgd AHos s Hon
AANA ] Fedo] B & Q= GAZE FA7e) SAHE BHE nETH
Fe, A2 B4R Rol slAsE MY BA, el
NE7  SAA2E  we Addges  FAHeAS, A%
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FEdol Ao olYFT JANRFY
BA719 AHErt gold FHE A=
FZ7F Y FUHFRF F£A7 (Wide-IF Receiver), W& FHFI
_)':_

A7) (Low-1F Receiver)o]Tt}.

7}. Low-1IF transceiver 7+%

== Ap

—» —~e >
== 0) Ao

s
L

1Y 3.2.12 LOW-IF Transceiver +3%&

29 3,2,13 LOW-IF & AZFR T
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CHL 521 lag MAG 10 dB/ REF @ db 16.969 48
: : : : : i 109817085 Gz

1Y 3.2.16 LNA 3243
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16~Nov-B1 MEASURE
165:44:30

istroy T
:: i Std Voltage
. — et | Std Time
T Custom
R A Pass
I Fail '
+ —statistics—
T orr &
*
- ——on trace—
. i i From——
78 sweeps: average low high sigma A
pkpk €.} 367mY 356 378 4| 0.0 mdiv
mean(; ) -8.2my -18.8 -6.2 0.8 [Track On
sdev( ) 121.7mv  119.7  123.5 0.7 to
rms( ) 121.9my  118.9  123.7 8.8 | 19.0000 div
l ps BIWL ampl( ) 330my 3156 336 4 800006 ptS
fl1omv 0OC3
2 20 my OC 8 GS/s
350 my AC i DC -16mY »
4 50 mV AC 3 auTo

2% 3.2.17 ERQANH JIANGAEY] SHEH

16-Nov-81 MEASURE
15:45:28
: LaCroy 3
+ Dtd Waltage
T Std Time
T Custom
s e ddg et by b bt b e T et e} e 1 Pass
T Fail i
+ —statistics—
P aFF
:: —on trace—
515 sweeps: average low  high sigme From——
pkpk ) 18BmY 28 384 162 | 8.0 mdiv
maan (" ) 8.1y -17.8 1055  18.4 |Track [ On
sdev( ) 56.9mV 4.3 127.2 56.7 to
rms(:) 59 Im¥ 4.9 128.0 57.5 | 18.8006 div
1 s BIL ampl(‘?J 13 168my 28 354 144 80000 pts
fliomv oCH
220 mv 0OC 8 BS/s
3508 mv AC _ OC -16m¥
4 58 mv AC 2 auTo

19 3.2.18 EAAY DC offset & A A3}
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MS8608A 2001/11/12 15:20:49 Hodulation
<< Modulation Analysis (W-CDMA) >>  Measure : Continuous fralysis
Storage : Normal t
Trace : Constellation
Trace
Format
x
Storage
Mode
b 3
Q RMS BV ¢ Scale
26.36 7 (rms) Hode
Peak EVM : -
78.44 «
Origin Offset :
_ Analysis
18.00 B Hode
Marker :
934.9 chip
(n 0.2468
@ : -0.7750
1 -+
Back
Screen
23
19 3.2.19 36 22 Y A9 Constellation
MS8608A 2001/11/12 14:48:01 todulation
<< Modulation Analysis (W-CDMA) >> Measure : Continuous Analysis
Storage : Normal 4
Trace : Code Domain
Page(1/4) SF:256 Trace
[aB] Tx Power: -31.29 dBm| Format
*x
Peak Cﬁo?gnad;n Err: Storage
»*
Scale
Mode
Marker *
Code Number 1
¢ Domain Analysis
Power : -11.41 &B lode
Error -25.98 B
p 0.67227
3 -+
Back
Screen
23
19 3.2.20 3G &2 YA Y I=EEYA A A
. A (Weaver) +X
AW (Weaver) 2= P AE AAE7] 43 FA5:EH79 3 Yoz
ol ¥ 3.2.21 # ., BELASTHB 95 olujz] dYgd A=



AEE FYAA o] 180° Aot WAl A2 FAHE FRoluh,
494 4404 AFAL A A WA Yol &8
HA e,

5%
el aadn
'*ng——*—*ég%*———-

19 3.2.21 Weaver 739 A7

t}. Low-IF & 9™ (Weaver)T+ZE 83 FA7]9 F+&%

Low-IF 9 FZx+ 21F%9 3&E AEI7|Z=9 F79g &
TAFHRFE HFe TR, AWTFEE oWAE JAdde Ao,
o] F/AE AFF FAU7 2¥ 3.2.22 o|t}, o] TR EEd uT
THAS ¥ 3.2.7 & &t o9} L Fa7]9 HBdF S 98 Lg4dd S
A% BE2x9 ARE Zz 19 3.2.237 1Y 3.2.24 9 EA 3},

RF | : ! Base band
. g e R
| i
-»@—'I}—» . @-» =i a/D
LNA

» % —_—l +—>

19 3.2.22 LOW-IF 7Z 9} Weaver 72 & A3 el A7)

2
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1% 3.2.23 LOW-IF 7+ % Weaver 72 &

] ENVELOPE

£nv)
EmqlRFaiiz
FRIRRLOI_EqRIT
PmIDFLOI_feaHH?
oram K1

odesgrl

odathhl

S0peL00 rikuc
swpel naec

AGE_ 135G _vay
[
ADC Levaki0
C_Sumalih_G a2 Ky G doas
Lossa

Rev den nont
Q@ Aw=ADC LevelRSSHA Sun

Hum 1

1WA
320 EposdHA_4.0)
Silrpolreo)
§224pobrp 180}
812:0

HFr25dn

1087

e
2863,
Kaghay
Ry

20mi

San @y ok s,

EISEIRREE Y
S72epoIT AT
et

Faged]_tegNHE

Valdatmg DPCH_F¢ for-117 dim

Spur_F 5 ue

cun Epoc

Ro_Rey s
T mnr sage A28 38
SiiipsRe0 ) s
saige w40

Sise

-r €aXTON sanhuabs Bnv_h FeakPovar-Eav_h M eanP ow ed

[l ees ok exnouvare g v ourenrroner

e T
[

faponEEAtY L
Fapiol myEL:

ST LI

anes

o

=Y _Osth emFow

FaakTH mon ]

I
BEL] l

. n
’ [ 14 R
o L % sk i ke We bz N
faq, M Hz o5 ¢ oo - N - -
o b
g bl
Il n=vnwd v nespec_povertibnm Bpec_Hodn O &
£X vead E ]
-nw-bd_nx_ouu-p-:_ponmn-apnc_r_oum “ -
.mnuu;_anh-mgq--q_nx_oumwm.a_nx_n
. wad o D
[(meqezdFyrn | regpe Forou | Tomlrects
0326 2838 4513} -
T T T 1]
e A H 1 10 A |4 i T 1
B g el wSgakave
tr7 0t S grakange
[ [
-nranc--p-cJo--m-ap-c_xcvuc-auux:nnuunn:m -
3
DECH Ec o
nTor o

<Im{Spec.Not}

Praa v

LI M) M MY At 04 00 HANIN

2% 3.2.24 LOW-IF 72 ¢} Weaver 7+ E A3 P9 27
Zodg A
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X 3.2.7 A7 +49 4

Gain [dB] N.F,[dB] IIP2 [dBm] IIP3 [dBm]
LNA
> 13 < 2.5
RF band > 30 > 13
or variable )
) Gain [dB] N.F,[dB] [IP2 [dBm] IIP3 [dBm]
Mixer s
RF->Low IF <10 > 20 > 2
Dynamic Range {dB] IIP2 [dBm] IIP3 [dBm]
ACG Amp
~-B0 < Gain Control < 50
@Low IF > 25 > 2
(Trade off between gain block)
Order Cutoff freq [MHz] ACS [dB]
LPF
) 5 >33
ZaEd

[1] M. Cohn, J. E. Degenford” Harmonic Mixing with an anti-parallel

diode pair” 1975
[2] Mitsuhiro Shimozawa “ A Novel Sub-harmonic pumping Direct

Conversion Receiver with High Instantaneous Dynamic Range” 1996, IEEE

MTTs, PP 819-821

-45 -



3 A Transceiver A A 7|97 <&

1. RF CMOS 227l R B2y

A ™ transceiver IC & CMOS 72 FdE 98 ZFolok & 7&
2, CMOS &AFe] RF EA9) H#3t® 554 library, Quality factor
7t ¢4 e FF5 A& (inductor, capacitor, varactor %) library &
o), dolr} olgdg F/4F 2A9 FFe 2dd sled BH3
Ao MAG IC ¢ RF EANE9 AEE d2o] 7l5s) Aok, &z =99
g 559 RF/Analog IC & $% foundry A= AAldl ag 5/5%44
library < empirical EYEEEL AFdz UAY, AFdHo|o oyg
layout o W& S & library Al¥ S E7l5 & Aeojth. =& CMOS 4=
o RF B2 AAAARZ AT 5 2oF2A 1-2 GHz Q] RF IC A A
= ¥ EA7 oy Fagr goldSE ARde 159 2Y¥ g
S7ET. EIRFIC 9 F8 54 F 159 FSEAHLE dA4 AFHE=
numerical 2L o™, &% AT A A2 RY 329 &
A& A58t e AA o,

19 3.3.12 0.35u m nMOSFET &749] A0 E layout o] W& £, 54 %
FE EX(Fi)2E muiti-finger FEQ) 422} layout o Wat £, 7} 11GHz
o4 40 GHz 2 WY FSFAFE UASA Wt o} gy FLFEAHL A
olE ARt otYgt L2 2/=d< AF, substrate AFY, pad A Fol
T A4S B, o9 o] RF 2 AFYol5H FLEAo] Azte
layout o W#AsA W3ste g, 23 layout A3 71&0 Fosdy 7R
o] H& Zlgoltk. EFI L oleld HAH3E simulation & FE7] B
AE4Y HuzA FYPsed, 2 oREE FFH uFy EARY P
FEED o] oYy WEo|Tt.

g

A

-46 -



14
80 —#— Wuz5 ym, Comb NMOS
—a— Wu=10pm, * 12} f=2GHz
NMos —0— Wu=15gm, * ’ Vds=25V
wl L=0.35 um —— Wu=20um, * Vgs=1.0V
—t— Wu=5 um, Meander 10F
— —4— Wu=10pm, " —
(] —o— Wus15 pm, * Q o8t
€ s} W e
3 £ 06}
N-E w
04 —8— W=5 pm x 20, Comb
20 F * —&— W=5 um x 20, Meander
—o— W=10 ym x 10, Comb
— 02 —0— W=10 um x 10, Meander
10 i L R A | L ' O W 0.0 i ' i
1 10 100 0.5 1.0 15 2.0
Finger Number Vgs (Volt)

(a) (b)
1™ 3.3.1 0.351 m nMOSFET £2}2] Aol E layout o] W& £ EA8()F F
L EA(F)MB). WuigdAEdE, AoE layout FE: comb, meander & H
[11.

Y332 % & 478 B89 AFE layout 7l&d HAEH 2AF
Ze 0.35um £2A7|E€2E BHEH AAEF H
BAEFE g

1.2

@ [}E Morltujl et al., ‘99 VLSI sym.
© [2]J.0u et al., '99 IEDM
1.0 | & [8]X Jin etal, ‘98 IEDM
5‘: © [4]D.Pehlke etal, 'sacicc  [3]10pmxte
G @ [8]H. Momose et al,, '96 IEDM {4]20um x20
0.8 v This Work [
(4]
® [2]10pm x24
& 061  [Blosumxto (135 w0 320, meander
]
) 0um x10, comb, shield pad
% 04}
€ m x40, comb, shield pad
W 5um x60, comb, shield ped
02F
Spm x16 Vgs=08-1.2V
0.0 ) . ) ) .

0.1 0.2 0.3 04 05 06
Gate Length of NMOSFET (um)

29 3.3.2 Al°]E layout ¥ pad layout 7|&& A&

o

a2 & 5A41]

22 Ase HAZS F, HH3d 249 1F BEARHE FIP&of
gk, 2 o= A AMEF <9 HSPICE && BSIM3 ¢ =d 2 X &= CMOS &
249 sFv EAd S0 @A 7] HEojtk. CMOS A9 RF RE& 1
% 3.3.3 3 Zo] 7]Eo] AL&%F<Q BSIM3v3 Edo] S;; & Y3l gate A3 Rg

o3
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£ 238, Sy & BF7] A3 substrate AY Rsub & I
parasitic capacitance 1 Cgs, Cgd, Cdb & 33 3} macro-modeling &
3L H2]. PMOS & 7+ parasitic capacitance A &ol ol Rg ¢
Rsub ¥H& nelslx Ed¥ o] 7HssAtt.

2% 3.3.4 & nMOS &x+9] AHdFo] 200k ( F=40, Wu = 5 0Om, L =
0.35p m) o]x Vsb=1.4, Vgs=1V, Vds=1.5V 9| bias F£ZolA s-parameter
24 92 29 dx2A4, 500 Mz ~12.5 GHz ¢ F3$ @M =271 &
phase 7} 10%o| 2 242y & 5 &S BoET.

s(a,4)
s8{z.7)})

...{200.0NHZ to 12.D300Hz)} ...(3200.0NHZ to 12.300M%)}
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o
R
5(
8¢

...(300.0NHE to 32.3%0BHz} ...(DOD.ONNZ to 12.DOGHI}

2% 3.3.4 NMOS W= 200u m ( F=40, Wu = 5pm, L = 0.35p m @ Vsb=1.4,
Vgs=1V, Vds=1.5V) & A}¢] S-parameter (Si;, Sz, Soi, S12)=3 2 2d ZA
3

ARdd LA RF RS AdFHo] met APHog EdFo] 7153
o Z713 8 RUWSF scalibility & 2 wEsteg AARI} 99
AEEE AEsld AlE 758t ¥ 3.3.1 & 2% AdFd we FF
? We FF 298 3.3.55 2 FEY scability & RAFEY. &4 Ad
Zo we F58 Wsgol A¥gFHozr @ ndYPo YL RAZr. wg
A AAAE Dol AEdEFd s AE macro model & WY dZo] 7}
Soteh. ole} o] A& layout FEIY EPE dBAAE JHA kM,
layout 7} @&td AS ¥ A7 282 4 o, i A
layout A8 & A Fde A7 dFEoltt.

¥ 3.3.1 NMOS (Ljrawn = 0.35u m) RF w32 = d o] External ¥e}olg F

W F Lg Rg Rb Cdb Cgs=Cgd
fum] | Wusbu m [nH] [Q ] [Q ] [fF] [fF]
200 40 0.2 ) 60 50 10
100 20 0.1 10 120 25 5

40 8 0.1 20 240 10 2




730.7X+1.92

Rg
B

Ab
§§ 5 @
\

T T T T T T T T T T
0.005 0.010 0.015 0.020 0.025 0.005 0010 0015 000 oo2s

1w W
e
50 e
0 /
e
0.05X+8.86-16 w0 0.25X
8
£ £ 5
B e -3
S 3
&
44 201
2] 10-/
T T T T A ) T T ¥ T 1 A ¥ T T ¥ T T T T T 1]
20 40 60 80 100 120 140 180 180 200 220 20 40 60 80 100 120 140 180 10 200 20
Wium| Wium]

23 3.3.5 NMOS (Lirawn = 0.35p m) RF w32 2o External I2}n] g
9l scalability. Rg, Rb, Cgs=Cgd, Cdb

CMOS 719 RF IC & H3MA FF4x ZleL E e Fag 44
718k Zlgoltt. ¥4 7le T I AHF inductor 7S L5 E/HA G
I o2 ZFHA inductor ¥ A9 dune FIHEZ ALY AFF 4
A7 971 W&oy, EE &dge d¥d2x WE, balun, feedback,
transformer & inductor ¢ A& & X7} wj thFslr] wW&Eojth.
CMOS 712 FAH3Y inductor & AZEH, HAaZ 7]|FE&EA 3 parasitic
A EE0] GaAs (insulator) Z]®ol] H]l&|A AA, quality factor(Q)7} &
o 2SS IA AsAUT. T EAHL sHAsy] Hd&A, @
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9 loss & ZF9]= ground shield, F£AF S S0l WY, layout 9 F
A3 5, & A7 Agso] ki3]

B A o] AL&3 spiral inductor & 138 3.3.6 3} Zo] A3 I
2 Alg3gEd, o AY, 27, 93 inductor 9 quality factor ¥ X
& A3 943 inductor ¢ Q 7} AbZFF o) HlElA Q 7} 30% BE 5317
) & o] o}

U

| = B
7 gins

s

p—i Frei5 B2 ¥ Chrajle_¢
B FreiGHI w5 Rechnpia 0
i FreiGiHzs w5 0 clagonal @

3
&

3

QUALITY FACTOR
-9

111

1
FREQUENCY (GHz)

2% 3.3.6 Spiral inductor pattern @ A}z, 27, 93 inductor ¢

quality factor B

-
[~

-

L]

4 drebti0_0 E
| <= dreb®B Q | ... .
.| —9~ drebtS Q [

e a4 0
| dretbiz_0

QUALITY FACTOR
E -

QUALITY FACTOR
F-S

0‘ 1‘ ”;‘ 3l 4 15 “é 7 8 OA
FREQUENCY {GHz) FREQUENCY (GHz)

a9 3.3.7 Metal =2 M2,M3,M4 & A}§3 H -9 M3, M4 T& ALES F$

o] 4% inductor ¢ turn Fo) wWE Quality factor HlZ. (Inner

diameter 100p m, line 10p m, space 2u m)

Y 3.3.7<2 inductor 9 metal =& M2,M3,M4 & A}&3 799 M3, M4
g AFEE A4 938 inductor 9 turn Foll WE Quality factor ¥ i

-51-



22X metal FFE Bo] A8t AFo] £ Q & FUEY, 7€}
parasitic A%< AAMA resonance FIHF7 AT S AR, oy F

0.251 m, 0.18u m CMOS 7€ =2 scale-down Hol we}
metal ¢ F471 5% 2 6 o2 F/3 B2 parasitic A¥EL Fa @A
5, H4%9 metal & FAN 2un AEE FAL Jled AT Y
olERE ¥ Q7 JidEH.

29 3.3.8% 1¥3.3.9, 3.3.2% AAd 28 2dYL FY&
A3E RoAFY, 29 3.3.8 I L SIS EE AFESIH, 10GHz 7HA
fitting 3 ZAFE ¥ 3.3.9 o HAFn, v F&d TR
parameter ZFE& ¥ 3.3.29] RAEG,

inductor & EA &

31

[N

Cs

| e -
Cb1 — L R

N

1 3.3. 8 inductor X4

| AHEE U8 2

f . . R S
frea (900,0MHz fo 10.00CKr) free (700.0MMz {0 10.006HTY frea {300.0WM7 o 10.00047) frea (900.0MMy 10 10.00CHr)

1Y 3.3.9 0.5GHz ) A 10GHz 7} A S-parameter & fitting & 2=}

¥ 3.3.2 Inductor R H-& 33 Ao T3 =2 Wt

Turn Ls Rs Cs Rbl Cbl Rb2 Ch2
- [nH] [Q ] [fF] Q1] [fF] 2] [fF]

2.5
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4.5

6.5

8.5

Capacitor ¢ resistor + analog j2 AAHY Al&3lo oy, RF
IC & A<= inductor & EEH T L WPOR AFe iy 22
¥ &3, parasitic AEY IFE AZ3A zysol k. 0.35nm
CMOS 7] &9l A & poly-poly capacitor & poly A @& F2 AF&3ATHA4].

- [N 19 OONGEY

719 3.3.10 Poly-poly capacitor ¢ S-parameter ¢ fitting 43}

¥ 3.3.3 Capacitor 229 & $33 A3 57138 W4t

Dimension Area Cs Rs Rb2
Cb2 [fF]
[um?] [um?] [fF] Q1 @1
7.2%x12 51.84
7.2%3? 466 .56

7.2%x7? 2540.16

A uhnmu:mm SIzim e

o V0000 | DY Cren [VLIXOH (o Y ‘ree rn.nm-v e m\ fee fO500E (w Wi

1% 3.3.11 Polyresistor ¢ S-parameter ¢ fitting 23
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¥ 3.3.4 Resistor 24 ¥ & Y3 AH9 F713=2 ¥
L W Rs Ls Rb Cb
[u m] [u m] Q1] [nH] [Q ] [fF]
11.1 10
44 4
FaEH
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2. 900MHz CMOS Image Rejection Mixer(IRM) A A 7)<
7. ) &
ENA LA RF A ZoA g AZE BEY37] Qe e FH35-93

| B5HAd deges fa(Mixer)® o843 Fus BB

O
>

17171

HEe RE SFEJHES FA FIhF HEBAINA A9, wHAH F9
TS QoA 4 FE oA E] FE AR FoF WNBHA &

=E o AAE AAV Hadi},

AFNA dF A (eg., SAW filter)E AL43IA &3 olp|AAHEE Al
Ast7l A& Y2727 go] AFHo gtorw WEAQA FXE WEAVER ¢
HARTLEY Image Reject Mixer(IRM)E & & Slowr o] FXEL J|EFo =
A 9% 39E (LPF, Low Pass Filter)& Al-&3t1 t}.

B HuMAE oJuAPE AA A%l MAHL LPF7F 98 & IRM
£ Ao FHAHE LFEUT. T o] oA E AA d4¥
E S 839 900MHz I/Q Mod/Demodulator & 0.35u m 2P4M CMOS 712 A
A, AZsRer SHAAE JE@rt.

. ojulA] AlA 92 (Image Reject Mixer) T+Z QT
(1) HARTLEY 2 IRM

¥ 3.3.12 & Hartley 7&9 oJu|AHEAA Yol o] F2E 1F
3% AZE dYF7] A4 A9FHLH 2oF B9 ofy 2t Quadrature
Signal Generator & Fd AAd 1/Q A3 A4 AZoN FAL £
RE 227 HAH 7] P Fo] Image Rejection Ratio(IRR)7} 30~40dB A%
o] t}.
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90 Phase

r————— Shifter

— 0— N\ |—— | ¢ _J

LO[| LPFR :
i

BE vl Lle I @

! }
!
I

LPF

2% 3.3.12 Hartley IRM B2 %

o] Hartley %9 IRR(Image Rejection Ratio)t Th& A3} &t}

RF=A;cos(@,; 1+ A, cos(w,, 1)

LOQ = Alo Sin((l)lot)

IRR = (Alo + 8)2 - 2Alo (Ala + E)COSB + Ali
Hatley (A, +€) +24,(A, +€)cosb + A

Aq71A A, E RF A5 AE A, = LO(Local Oscillator) A&z o] AE,
28 3 Quadrature LO A &= LO; ¢ LOgolt}.

99 HolA BA, Hartley IRM 9] IRR B4 L& QU7HE L0 A5 Zo] &
FE AZo e g @ NTAAY A A 9% AF=E e AG
A 248 ¢ & U

(2) WEAVER % IRM

E UE IRM 725 29 3.3.13 9} &2 Weaver 7Z7} Ak, o] —TL}.—E
I/Q A5 WS 9% 90 = Phase Shift Network & AAFozH YA
AEZoAE 29 & doy Hartley #29 vt/ 2 LPF & ¢33 3l
7] W&o 2 2F2 olu|AAE FAJ FASA Dot. Weaver IRM Tx9
IRR 2 th& 23 2o,
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IRRWeaver =

(A £ )? (A +€, )? - 2(Ay +E Ay, +E2)A Ay c0s(0; —6,) + Azalemzz
(At +80)7 Ay +8,)% + 24, + €, XAy +85) A A4y, cOSO; ~6,) + A1012A1022

—*®—r' N ®m

* Lo LPF

.:o,o|
B S

19 3.3.13 Weaver T3] IRM

(3) A€ IRM &
ol 4 ;&3 uke} o] Hartley U Weaver 729 IRM £ W2 IRR I} LPF
2 932 3 gdo vt 28y 2¥ 3.3.14 9 Zo] AGsnA FHE
FZE LPF 7} 98 {129 Polyphase Filter & A &3] 437 AZ o=}
BEE ¢ UEF Ho Ao, E3 HAMITAFY FHolA In-Band 2
ol d & %+ AFAHES ZHANA 2 IR & €& F A FHS
3 Q. 28 Fo] A= IRME 4 /9 Mixer Cell 3 AF doj 2
o Polyphase Filter 2 FA 5o 3¢},

2 i

>1,.
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JYLT IEYF-AFOF
t
Q
S
<>

Oy 3.3.14

A + B
——— —
+
B y
Q
¥
y
§ —
9 :
D F
—_— —_

A er" IRM 7+ &

Twalnan al

MLUl_..® 5

% LoQ :
g —~®an

"@E 4‘__,

i

SN WY - Apo]
®
l
=

l
X

- & JH
< A

29 3.3.15 AgE IRMY o AAHE AAAY A
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29 3.3.15 ¥ AUgP FZ9 IRM A onAAHE AAHARE HAFH
2389 7 YA ANEFEE ol 43} B},

A =%[A,f Ay, cos(@,; =y, )t + Ay, Ay, COS(W), — @, )t +
AsA, cos(@,; + @y, )t + A, A, cos(w,, + Wy, )t ]
B =-;—[—A,f Ay, sin(@,, — @y, )t + A, Ay, sin(@, —,,)t +
Ay Ay, sin(@, +@,)t + A, A, sin(@), +@;,)t]
C =%[A,f Ay, cos(@, — 0y, )t + Ay, Ay COS(O), — 0y, )t ~
Az A, cos(a),f +w, )t — A, A, cos(@,, +@,,)t]
D =%[A,f A, sin(@,; —,,)t — Ay, Ay, Sin(@y, — @, )t +

Ay A, sin(@, + @)t + Ay, Ay sin(@y, + 0, )t ]

-B+D= %[A,f A, sin(w,, — @y, )t — Ay Ay, sin(@y, — @y, )t +

A A, sin(@,; —wy, )t — A, Ay, Sin(@y, — 0, )t]

HZFHo2 F(99 oA A+C)F} 2H(-B+D)AIZ 7} Polyphase Filter & &
#8tH F(AB)A T o] 9 &A= In-Phase 2137} "FEo] A3 2H(-B+D) A
%] 98X+ Quadrature-phase AEE WA "o, z28gixn HHE F
A8 AZE BOoZA o & AAAT.

w3 90 X Phase Shift Network & Polyphase Filter & 2™ Polyphase
Filter ¢ SARAFEA 95 3 IRR & 4& & A& BT olg
Mixer Cell A% ©o] ¥ QlE Polyphase Filter 7} ol %% 32 ¥ (BPF,
Band Pass Filter)e] 4&& 37] W&o AAHY IRR & Fole FHol
ATk, 22 Polyphase Filter & o & ©& ALE3A HH A g & o3
o 5HAY FFEA YmA= g3l Ut

(4) 24y 23
Aol A2 SpectreRF 8& AM83td 29 3.3.16 & Zo] Agd Fx2 IRM
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€ 2o AHsr. IRR 54E ¢otr7] AF RF d8AIE Fose
2.4GHz 9} 2.401GHz & 3} 2-Tone Y HA & 9 Offset & 10MHz 2 A A3}
Roew, HF IF 28235 F95E Korean PCS Fa-tf g 230MHz & A
A},

PolyPhase
b Filter

1Y 3.3.16 AGE IRM EE

a9 3.3.17 & At IRM ¢ R4 Y A IRR B E BAET. IRM
EX9 E, F AY AZA7E 47 - 27dBv & Yoy HF 23zl
ANA Y olH A EL o - 57dBv, B3 Y3 MZ A= - 6dBv o|t}.
et oluAAHE AAE - 51dBc B $48 EAH4L Bt
O¥ 3.3.17 M4 A = HAF &Y DdolAM9 d3e NEZAE(-6dBm)S
BUle 299 A% FEVE AAEA A FFH AL ¢ F U9,
Hol C = HF &8 DoAY AA Y= AIZHESE JEl U (-57dBm) &
4 A5 FEZU|E AXNEA A #FAHAS ¢ £ UAY. FnZ B E
Az9 a7} wrEe] A7l A ANEZAZ(IRM FZENAM E, F g4A)o|t},

£

&2

4
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vk 3
=

B.eo

A R

e i B, 5

(B )

— 6@,

—5@.0

o
xoina
o e d
T
s AR 4
9 "
Sasidy

— 180

IEEERRESENERRASE B SIS SRR RPN EREREEEE SN }’-55|F|F§| 'itllilfgl
s { }
kol
o

- 120

ng g B 1@5
freq ( Hz )

N
8

29 3.3.17 A" IRM 9 IRR EA

T}. 900MHz CMOS I/Q Modulator 47

(1) 1/Q Modulator ¥3+g 3

1/Q Modulator & Vector &< Quadrature Modulator &1 % E8 ¢ 1F
3 carrier & o|&3lA AF dHolHE HaF WAooz WMEAIH, AM
ol\v} FM 3} Z& analog modulation scheme ¥} BPSK, QAM, QPSK 9} #&
Digital Modulation Scheme & 2% AFdT & U&= FHEL Z2 U,

1/Q Modulator ¢ 7]&F&E 219 3.3.18 I g 2™ 7)Ao 9 (Baseband) &
2 HE Y3 EHE In-Phase Signal(I)¥} Quadrature-Signal(Q)E 90 %= 9

48 ZE F L0 XSG EFAA AF RF ATE BET,
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In-Phase Signat o———’@——l’

Quadeature Signat G

L O RF Oulput Signal

3

LO Signal O———¥

2% 3.3.18 7] &9 Modulator +&

FH d88E [/Q 7JIANGAN T E ot 43 Fo] BF

L
_‘Vl

Vi(t)=Acosw,
Vq(t)=Asinw,

A9 1/Q 714G Azl LO 4

58 Fotd 4AYFE A85Y o8 4
3 ge A%E 9g & A

Vi(t) =—-24cos(a)w +W, ) +%cos(ww -0 )t

-Vq(@) =—§cos(ww +@ )t +§cos(a)w - Nt

a8 %

A 1/Q NS F8E AF Nodulator 2FAE7 Hu o}
N7 B,

Vout(t)=Acos(w,, +w,, )t

I/Q Modulator oA F2%3 FFL Carrier Suppression, Image

Suppression, Harmonic Distortion ¥ Phase and Amplitude Error & %

F g o FEEL

Le]

=

SSB(SSBSC, Single Sideband Suppressed Carrier)
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Modulation & &3 #HZF3},

Upper
Lower Sideband
Sideband
Harmonic Carrier
Dostortion
Freq.

¥ 3.3.19 UwukA el SSB Modulation Spectrum

g uk2a 9l SSB Modulation Qutput Spectrum & 28 3.3.19 7 Zon

7} 93 A Z = Upper-Sideband Signal ¥ola 2 Uux HAEELS 9

g

o

L
f
——

&= AZEo|TF. Carrier Suppression < Upper-Sideband <} Carrier

Signal 2] Power & 7}&) 7)™ 1/Q Input ¢ DC Matching o] & HIUL 7
Lol Carrier Suppression 4 0] $434 Yeldtl, o] AL 1/Q Input 2
DC Matching ©] %‘r/"‘i"% ol 1/Q Mixer ol 2% DC Current 7} A2
A 8}7) W&ol tt,

Sideband Suppression < Upper—-Sideband 2} Lower-Sideband Signal & A%
A 7] ZFo]lE T3 1/Q Signal ¢ Phase 2 Amplitude Error 7} @dw}d 7}
£ UehllE JE7 HE .

ANz NAYEANSE RAF= Harmonic Distortion & 18 3.3.19 oA
4% € gl F /MY 29EY HEoE HAS=d BE A3 A7
o & 4% JEvtez g, ,
Phase Y} Amplitude Error 7} Sideband Suppression 3 oj® A7 U=7})
E dolry] 93 JAdIgEFLE BH dEHE 1/Q AEE ofd HF
o 3tAt,

i
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Vi(t)=Gcos(wt+¢)+ D
Vq(t) =sin wt

o] 71 A G=amplitude error, ¢=phase error, D=DC offset between | and Q
channel o|t}. o] Al&e] LO AEZE F3 S F AZE A &3dH HF
AT E ot A3 Zo] A,

Vout(t) =G cos(@t +@)cosw, ,t + Dcosw, ,t —sin wt sinw, ;¢

9ol AL HW L0 AZ9 Direct Feedthrough A¥ & 1/Q ¥¢HolA DC
Offset o] =AY Agolet YHAGE AL ¢ + A, |
A 1/Q dE AT A DC Offset o] ltk= 7FA A A9 A& Al 2
W ol Aoz mdd & Ao

Vout(t)=—;—G[cos(wt + 0, t + )+ cos(@, ,t —wt —9)]

- %[cos(wt+wwt)-—cos(a)wt—-wt)]

o] Al o] 4] & Upper Sideband ¢ Lower Sideband 2 Yo EA&HA &
23} Zo] Hr}.

USB(1) =%G cos(axt +wppt +¢) — -;—cos(wt +@ o)

LSB(t)= %Gcos(wwt—wt—tp) + %cos(a)wt—wt)

a7lo] tiA] A4 E 48359 Phase Error Term & E@3ld HFHo
2 ol A3 e ZAHE & F A
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USB(t) =—;—G cos(et +@; ot )cosg —% Gsin(wt + 0y ot )sing— %cos(wt +w;pt)

LSB(t)= —;—G cos( ot ~wt)Ccos ¢ + %Gsin(wwt —ot)sing + %cos(wwt —t)

Sideband Suppression < =¥ A& o)A Upper Sideband 9} Lower Sideband
AE9 A7 ¥E AHYgHEER Y9 FAL& A HAE7]H(Envelope-
phase Form) & Ul v} 3 23} Zro] Hr},

x(t)=xg(t)coswt —x; (¢)sin wt
=r(t)cos(wt + (1))

rO)=x2(O)+x2 ()

x(2)
t)=atan| 2
#(t)=a an[xR(t)]

w}2} A, Upper Sideband ¢ Lower Sideband ¢ Envelope £ of}#} 23 Z o]

g,

1 17 1 ?
USB,,, = [EGcosq)——z—:' +[—5Gsin¢]

1 1T [t 2
LSB,,, = [EGcos¢+E} +[—2—Gsin¢]

Jle —-I—G cos¢+—!-
4 2 4

J1G2+1Gcos¢+l
4 2 4

)¢l ¥ Sideband 9 ¥IE EAHE Sideband Suppression & T& 43}
Zo] €},

2 2
SBS (dBe)=20log |, —2C00 L 4, G ~2Ccosfl
G +2Gcos¢ +1 G +2Gcos¢ +1
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(2) Core block 47
(7}) IRM E5 =
900MHz CMOS 1/Q Modulator ¢ EFXE+ 1% 3.3.20 % o] Operational
Transconductor Amplifiers(OTA), IRM Zg]l3 AFA3ZE single-ended *l
T2 WEAI= D2S EEo 2 FAFH r}.

Lor

i

BB I+o

BBI-o0—d

EBQ+° 4‘@_—'
5. o PTA = T |

1Y 3.3.20 IRM EE X

}S/

(1) OTA

a9 3.3.21 & OTA 3 2%olv] 0TA 948 Dol pMOS 4xE Ab&3dd DC
Blocking Capacitor §19] Mixer Cell ¢ RF 98 "3} AAH AAdo 71535}
=5 3o,
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1Y 3.3.210TA 2%

#9] OTA Cell oA ¥4 Z7F §1oHA(Vin=0), M3 &} M4 & Deep Triode %
Aol A FZEL M6 o ACEAQRT M5 & AJEAUO] F78HA HH
HAAE M3 &= Saturation Region 2.2 A Y3IA H},

AY o] v & AZ7F AV HE M3 9 M4 o] 93 U E Degeneration
T3 M7 I} M8 & Current Mirror & 523l Mixer 48 dosg AFFQA
Az Ago] 7HE st

(th)Mixer Cell

1% 3.3.22 & A8E Mixer Cell 2 =olt}, 289 Mixer Cell oA M1
3} M2 = RF Transconductance 2.2 AY P2 JdHFHE RF AZE AF
Z HEAAG,

T2 3 RF 48 @& A% A2 Gilbert-cell 3} th27 class AB 2 F &3}
ES g9 A¥EAE A AAANFHD. MM & L0 2HFTORE RF
transconductance TolA HFE WP RF AIZE F3to] LAE =2

E Z EAA2HE on/off AT},
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a9 3.3.22 Mixer Cell 2%

F-3r3 oAl ALG-E PMOS 9 AlolEWAte] R13F} R2E AAANHOZH F
TEE AT daliAE 1/gn B F37F ol AFEE A3 gaiyE
A ol RolEE 3l FFEE=E AAANZD F Ao,

T3 Mixer Cell & ©& @9 Polyphase Filter & +%3t7] 98 IF &
71de TE3T Aok, EF Mixer Cell 9 IF FE7)0] 129 32 237}
MNE ZE 948 ZEE 3E Distortion TAZE F7leo AA HNYS
AE MAARAT.

(2})Polyphase Filter

Quadrature Signal Generator © 94 &= AFAEE o} 90 & A
& Z+ In-Phase 9} Quadrature Phase A& AAAN. »pdA g 1/Q
A5 BAZE Fdgel 24 IE7} 949 R (Amplitude-Phase Matching)
5A4& 7tAoF @},

ad 3.2.23 = [/Q A3 A A&HE RC-CR YEH AT, o] F29
YL Fo5Y T2 ZEHY) GE FOGEHNS NARA Q. '
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G,
- out, .
R1 C2 R é Rz

In—¢ el In o:lhut
—— C1T R, % — G,
—VV\—s—=out, - .
Ry
a) b)

1% 3.3.23 RC-CR Y EY A

ol#l 9] AojA & & %o 1Y 3.3.23a)9 RC-CR *+xoA &8 Out; I
Out, 9 YPARE 23 R 7 C 9 Matching A% FAFH AT Out; I Outy 9
AEA7) 2e 3R G F ool golr] i FoHFAA A&
& Qe vdo .

out,
out,

=> phase =90°, magnitude =R ,C, -27-f;

Agu—Agz =Ap [AR1 IRy +AC, /C; + Afy, /fin]

a3 2% 3.3.23b)9 RC-CR FRAME [/Q AEE In I Out @Al A
A=F Ho Adoh. weks 1/Q A5 FAEL FAFHSe FHEy] B &
o FRIEALE 7L oy F A5 FAE otd A H} Fo] &
Foge grolng Fuldola Algsts] o FT),

M o phase= 2tan™ (R,C, -27- ;) , magnitude =1
in

0,06

in~ Y out

=m/2-[AR, /R, + AC, /C, + Af,, /£, ]
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A ¢tE IRM 9] Quadrature Signal & Polyphase Filter & o] &3t A4 &t
& 5o ¢r}. Polyphase Filter © RC Network 7} Quadrature Signal 9]
A4 AZe] d3] Y FHFIHEAE Role 23 2 Fdyg F
3R EYE HAZ gtk EG 39 Polyphase Filter £ Bandwidth
o 10% HEA AA A dA} FoF-o]FEAHE Ko7l wWE
Polyphase Filter & 48 © #AX2Ao|Y(Cascading)A 7] W3t F3F
dogola AdaHoz FIAANF F A& FHol Ath. 2y o8 d§ A}
458 AFAgR 4 o)5FAet FEFEAH YwAE dHE AR
At

A tE IRM ol 4] & 2-Stage Differential %9 Polyphase Filter & €
g9k, oY 3.3.24 & AM8¥® Polyphase Filter 9 32 xoln 1Y
3.3.19 & Fugo] Wi A3H JAFeA F4& HAgFr.

R R

+ +
Iin N j vV I N ‘: V'V | luut
C

Qin+ ‘-@——— Qout+

C =
Iin- *@_ Igut-
Qi M Q,ut

%Y 3.3.24 Polyphase Filter 3 2%
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108 \\’* -z ] T 3
V\\‘\\\
\\“
[T ] -3 /
\‘-.
PN
\\
}-m b \\ g
— \.\ heo
'\\\N \ m
—z00 et -0
i N
~308 \\ -5a m
4 T G ™ T 16 ]
"rea (e ) " 'ruq (1)

1% 3.3.25 Polyphase Filter o] F3 o] & 43 AZ ez EA

(vul)Differential-to-Single Ended Signal Buffer 47

7% 3.3.26 £ Differential 415 & Single-ended A3 2 WHA 7] & D2S
Hyoltk, Ml & 1/gm, ¥3&E ZE common source FE7|2 F &3t M2
£ source follower FZ7|2 F &3},

AAR D2S buffer & o2& Active Matching FFo|22 ¢ ¢
JAdArt 50 Ohmo] HEE T2 AFE el sii] ML M2 9 EWAX 2F
Atol 2 A AsA Aol got.

I+ o—-II_:“%
- o_ll:;m

2% 3.3.26 Differential-to-Single Ended Signal Buffer
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(3) 1/Q Modulator Chip AFR!
29 3.3.27 & AZE 900MHz CMOS 1/Q Modulator ¢ Chip Atold
0.25p m CMOS 1P5M 7]« & A 2Hs Ach.

23 3.3.27 A% € 1/Q Modulator H AFA

(4) 54 42 A4
29 3.3.28 & AFE chip o AEEHE A FHEoH, 1¥ 3.3.29
2 AFRY AL B-= Aol

vDD GND
Q o
AT0F
J1
W
22pF
1L
UL
LO IN 1 U,
7] 0T -0
o T H
1IN @ e ETRI 1
5]  gooMHz  [BH
1A
Transtormer HE [ 15 | J| MOD QUT
QIN 7] Modulator SiH 100pF
L8 (13—
: L 10k
t—{10 ] i
e

1% 3.3.285% FAHAL
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¥ 3.3.295A % B-= AR

HMEGEA7 o 2AEFEN7E ALEstd AZE 1/Q Modulator ¢ 4%
€ 533U, AFE 900MHz 1/Q modulator & A%< ®E 3.3.5 o A&
Hol k. £A HE4E 7ANY A5 DL 1Vppe20MHz & FH L3P o
o HF £¥AZ FIFE 900MHz ojtk. ¥ 3.3.30 & RF, L0 ¥
Harmonic A#¥E¢ Feedthrough FEE YelE SAZAIFo|n, Y
3.3.31 & Sideband Signal Suppression o] W3 &=HA7A=ZH 55.8d8 ¢
Sideband Signal Suppression %<& 4},
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¥ 3.3.5 900MHz 1/Q Modulator 734

Specifications
Parameters Unit | Condition
Min. Typical | Max.
Carrier Input T=25" C, Vce=3.0V
Frequency Range 400~1000 MHz
Power Level -10~5 dBm
Modulation Input
Frequency Range DC~80 MHz
Maximum Modulation 200 mV Single
Amplitude Error < 0.5 dB 400M~1GHz
Phase Error <0.5 ° 400M~1GHz
Input Impedance 20 kQ
RF OQutput
Output Power -10 dBm | Single 200mV
Output Impedance 50 Q input
Output Matching -21 -48 dB fif = 20 MHz, flo
Sideband Suppression -57~-45 dB = 880MHz -5dBm
Carrier Suppression -40 -50 dB
IM3 Suppression -30 -36 -47 dB
Power Supply Voltage 3.0 v Single
Total Current 25 mA
Consumption
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DLT:-40. OMHz —Harker
-57.804dE REB 100kH=# AT 10dB
RLY: §.00dBm VB 100kHz ST 150ms Normal
1 0dB} r=Al Marker

zohe Cempter |=
| =4O OO0 | BO0HHT
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1
r
¥
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»
Il
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]
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Zone Width

*ﬂwﬁrw*_\___}_t_

Marker -»

CF:880. 0MH=

1% 3.3.30 RF 2 L0 A3

DLT:~40. OMH=

Span: 300MH= |1] |

Feedthrough =4 4 3}

Marker

~-55.82dB RE 100kH=z# AT 10dB
RELY: Q. 00dBm VB 100kHz ST &dms Normal
10dBy : Tr—A] Marker
i h
[Tempry Tard [Sav v
Complete ;
: Marker
' off
----------------------- r-----:,pn---- CREEEREE EEREEEE-TEELIEL Ty
| 3
! Zone Width
v Marker -»
CF:880. 0MH= Span: 200MHz 1] |

1% 3.3.31 Sideband Signal
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2}. 900MHz CMOS 1/Q Demodulator “d 7]

(D) 72 2 =44

ol A mFF AMRE Fx9 IRM & o835 900MHz CMOS 1/Q
Demodulator & AA, A Z3Uct. AAE Demodulator + ¥ 3.3.32 3
Zro] Single-to-Differential Signal Buffer, Mixer Cells, Output
Amplifiers 18] il Quadrature Signal Generator 22 TAHo oy

RFE AEE [/Q 7I1AdGANER HE8A 7= 98E 3.

Lor
L]
>
»
\ BBI-
3
Single-10- Differential EBQ+
%= Diffevential Anp. -
Diferentia 2
T T BRQ-
LogQ

13 3.3.32 900MHz 1/Q Demodulator +X %

FHIFEI s 29 3.3.33 9 2oy HYEAEL /N7 A8 Pre-
distortion & E WX 2E (M3, M4)E F7}3514 ).

n+o

1% 3.3.33 £ FE7]
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(2) 1/Q Demodulator Chip A}zl 7
23 3.3.34 & AFAF 900MHz CMOS 1/Q Modulator ¢ Chip A}z ol
0.251 m CMOS 1P5M 71&=2 A ZF o).

1% 3.3.34 A&" 1/Q Demodulator 3 AFA

(3) 53 2 5343
a9 3.3.35 v AAHE chip9 AL 9% FAHAEoH, 19 3.3.36 % F
4§ B-= AT,

VDD GND
47nF ?
JL
LI
22pF
IL
1
L S BN
L S N It @Lom
nim, B I
S L =t
=]  900MH:z :‘—6_-1——1;1,' I
5] | y OUT
RF IN "t Demodulator - @ .
@ {—-H] (T —
2pF 3 | 3 @\ Q
1omi 15 RFE 1000pF @ , OuT

10 11
o

Y 3.3.355% FAHAE
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19 3.3.365AE B AR
YESENY| ~HEYENIE ALE39 AlZ"E 1/Q Demodulator o Al

TS SASAC. AFE 900MHz 1/Q Demodulator ¢ F&8L& ® 3.3.6 %
Zod, 1Y 3.3.37& AYPEANE AT Ao,
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X 3.3.6 900MHz 1/Q Demodulator I3

Specifications
Parameters Unit Condition
Min. | Typical | Max.

RF input

Frequency range 400  ~| 1000 | MHz T=25° C, Vp=3.0V

900

Carrier input (LO) LO  input 70mV @
Frequency range 400  ~]1000 | MHz 880MHz

Input level 30 ]900 180 | mVy,

LO to RF Isolation 70 dB

LO to IF Isolation 42 dB

36

1/Q output

Phase error 0 0.4 2 degree | 400M~900MHz
Amplitude error 0.2 dB 400M~900MHz

I/Q frequency range DC ~ 50 MHz

Saturated Output | 400 1900 | mV,, Balanced, LO input
level 32 40 dB 70mV

3 Order IM[15 |30 40 |dB
Distortion 20 mV

Conversion Gain

DC offset
Power Supply Voltage 3.0 A Single
Total Current 37 mA
Consumpt ion
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DLT:-4.98MHz —Marker
-39, 38dB RB 10kHz# AT 10dB Band auto
YB 10kHz ST 900ms

10dB~ Tr-A

CF:20.00MH=z Span: 30.0MHz

29 3.3.37 1/Q Demodulator Linearity =22 3}(IM3)

o, 2 8

Image Rejection & 913 HARTLEY Y WEAVER FZolA &= LPF & 7|E & o2
AR3EI Qlo] 2 A ojmAHE B FE B A RFARE ¢ A
E g RC-CR T& 9] Phase Shift Network © F 3o met §4o] dA=

dol Ao, oA AA MHFol ¢33 LPF7F ages /AME IRM T+
ZE AUt 7€ IRM FF9 vz MUY, EF AL IRM &

Polyphase Filter & & &3t A ¥ Quadrature Signal & A FIJ=E F
dEol o,

Al IRM & 71 E 22 900MHz 1/Q Mod/Demodulator & 0.35u m CMOS 2P4M
71E& o83t A#sUTt.

A Z+E 900MHz 1/Q Modulator €] IRR EAl& -55.8dB, IM3 Suppression -
36dB 2 958 =FAHE 499, Demodulator & AFEA (3 Order
IM Distortion)< 32dB, 400M~1GHz o ZH A 2.0degree@l/Q Phase Error $}
0.5dB@I/Q Amplitude H54 & AU},
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3. NG Mixer A4
0.35p m FARZIEE o 83d FUIEL S /M= 4 Mixer & A A
ol AAg FRG Mixer & FIENE = 900 Mz Y 428 2 1.8
GHz WY PCS 744 Fgoz AL&37] Aoy, ol& s A2 HANA
FRGEA S HFAS7] A8 TAHZE AL A ¥, AF 2 F5LA
E o83 MAE FYdPY. 53 ¥IHE F5 d¥tFoRE JYH
2 HAHE ol &3t A o5& A, 50 @ AWFEXE WAS A
A, AAHDA = Mixer £ $FLAE ol &3H, RN A A
HE o] &3 WAL Foz2N FRY 5 $41 nixer & HASA.
the ¥ 3.3.38 of AL £A Mixer o EEXE Ygudo. AA 4
Mo BEFox FAHA, MFHoR distd WA wojzwl= 2o IQ
AZE J|AYY olgd=a AFIRI} 1Q HRE & ARAF(130 MHz)E
AASDA e F$4 mixer 7} Yol mixer IEE FH37] HF3 4
32 SEF F nixer 329 o R Y, HEdA AYPHE FF
LANSTE ¥ E & s g2 A9 &z 2930 7t IF
o8 FZT L0 W] AEe YA EH 2HEY, 4 mixer o T
T%5 W39 g8 ar|o] @A RF A58 FEZ3E RF buffer 8 F+AHT}.

I

AANHoz APYL AASY Ad J=274 L Y E4L I 5=
g AASAY. B3 2 429 98 INdat 2650 & AN, &9
£ 509 o2 WS oo} @},

IF Buffer Mixer RF Buffer
AFM A S
3 | &'
él{:;ﬂ}(ﬁ:)ﬁ &2 (RF)
LO Buffer
PP NS
2= (Lo)

2% 3.3.38 $418 Mixer BFrtioloj 1y
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7.3 Mixer 3 2474
1) IF buffer A A

IF buffer & E97 71AdY HAZZA £8HE D2 2650

o g FHATE AFHES LI} FHIE 0TA 728 dAGHA

o},

Bias

Bins

2% 3.3.39 IF By 3 =2%

2) Mixer core A A

FHY mixer & core | 2F oldio] YA oy, Y|EHoz AWH
Balz2E Fd9y
ALgEIR on, = APA FHE st PMOS 2A IF 94899 AHE

HE WA mixer 2 AA 33T

MM R

RF+

LO1+ o—r—'[;l_

< b3
b <
i N T
k 4

H

IF1+

Lo1-

-

% 3.3.40 Mixer core I 2%
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LO HEL mixer 9 o5 BE IFE vXA HY, ot ZWH
mixer ¢ L0 Y@L /154 24AFHE AAFE o5& d&
AE ZHol HI WEolw, oF I 2 & TFEE AMEEIT. UA 1
AAGE o FoA JEHE ANEE JH JIZE HAsE dddHd o
3 AREYIZ oY, 2MATLE L0 4E T 29 FIHE AAFY A
NE 29ANEE Y3t IRoltk. 53 EATE FRAFZII
80 = AR € FYT XA A5 E Yt oF 3™, mixer core 9
£FA Hatol e Zfle] TFE & AE TE27F HojoF .

rid

p—t

iy

Bias Bias

LO+ LO-
LO o i{j

Blas o—-‘
Bias o—Il

(a) Al 1< LO 2& (b) Al 22 AWY L E
1%y 3.3.41 L0 & &

LO+ ©

4) RF ® 3 44

RF WM = nmixer o &8olA nmos & direct coupling 3t4 high
impedance & A ¥t Al=® AAY gain & ¥ FF FAl source
follower +Z& A8 224 output matching & & F YA A, &

tr.9) =7)E matching ¥ gain 282 APAHL 13ty AR
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1% 3.3.42 RF ¥y Iz

Y. F Y mixer F A2
CMOS 0.35u m double poly 4 metal AL o] €3 Fud $4 mixer
2 AAsYG. AA #4L 1100p m x 1300p m o)t

¥ 3.3.43 AFAA FAE 54 mixer die
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. Fod Mixer 53 € AE

AZE FANY 424 mixer & wafer AHle] &4 2 8 3 SOIC package
assembly R HAFEHEE o] &89 package HHY FAHE FIPsAt. S
A3 2R E FEA THE YHE FAReH, ofF YEAT,

2 A3 474 9= HE FAPY EA F 900MHz holA 1.5dB <
o]5 % 8 dBm ¢ 0IP3 & ¥& 4 AN, 1800Miz A= -3dB ¢
o] 53} +3.5dBm ¢] 0IP3 & €& + AN, BT FIFAFE o 16dB ZA
SAH F4 mixer o FE&AHE B F Aen, 949 € &9 JdHgd~
A & -10dB ©] &2 A FH Y},

THd HAE A9 98 Fu<7 DC olA 200MHz A& S R 500MHz ~
1700MHz ¢ LO JEHAZE 1 E o) FHY mixer 29 o] &o] FAHL A
o2 AARA,

i

—~ FEATURES
e 0.35n 2P4M CMOS Technology

Wide-band Characteristic

Internally Matched Inputs and Qutputs

High Isolation

Single Wide Supply Voltage Range

Internal LO Active Balun

SOIC 8pin Package

No On Chip Inductor
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- CHARACTERISTICS

Specifications

Parameters Unit Condition
Min. Typical Max.
VDD 3.0 3.3 3.6 v T=25°C
Supply Current 25 26 27 mA
RF OUTPUT
Frequency Range 500 900 1900 MHz Min. for 500MHz
Output VSWR 1.2:1 1.2:1 1.5:1 Typ. for 900MHz
1800 MHz Max. for 1.8GHz
Conversion Gain -4.5 -3 -1.5 dB
Noise Figure - 15.5 - dB Min. for 3V, Typ.
Output IP3 1.5 3.5 1.5 dBm for 3.3V, Max. for
Output Pigs -6.5 -5 -3.5 dBm 3.6V Operation,
900 MHz respectively.
Conversion Gain 0.7 1.5 2.7 dB LO=1.65GHz € -5dBm.
Noise Figure - 15.8 - dB [F=130MHz
Output IP; 8 8 4.7 dBm @ -20dBm
Qutput P -1.3 0.5 1.7 dBm Min. for 3V, Typ.
for 3.3V, Max. for
3.6V
LO=1GHz @ -5dBm.
[F=130MHz@ -20dBm
IF INPUT
Frequency Range DC to 200 MHz
Diff.In impedance 265 Q
IF to RF Isolation 40 dB
LO INPUT
Frequency Range 500 to MHz
LO Level 1700 dBm
LO to RF Leakage -8 to 0 dBm
RF to LO -33 dB
Isolation 33
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Pin Function Description

level present. The Qutput impedance is 50

Q.

Equivalent
Pin | Function Description
Schematic

Balanced IF input Pin. This pin should be

DC blocked if connected to a device with
1 IF+ DC level present. The balanced, as well

as single-ended, input impedance is 265

Q.

Same as pin 1, except complementary
2 IF-

Input .
3 GND Ground Connection.

Balanced ILO input Pin. This pin should
4 LO+ be DC blocked if connected to a device

with DC level present.

Same as pin 1, except complementary
5 LO-

‘ Input.

6 GND Ground Connection.

Supply Voltage Pin. External bypassing is
7 VDD

required.

RF OQutput Pin. This pin should be DC

blocked if connected to a device with DC
8 RF OUT
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Span: 10, 0MHz [1] |

MKR: 1, 78126GHz directory | pv.1.24
—-22.%4dBm RB 3kHz# AT 10dB  Band auto 142_2223 RB 3kHzs AT 148 -aa%
RLY: -20. 00dBm VB 3kHz ST 3.4s RLV:-20.00dBm VB 3kHz ST 3.4s
10dB/] ' ] Tr-f 10d6-] T Tr-A
I ] " ]
1 1 ' |
I 1 i ]
! ' [ Zone] Centqr = ! T
y I
i 1
B -
! 101 U SR ISR [ I WS ASSUUURE DU SUSIUNS SN T30 5. S0 NN S
.......................... |, et ; ‘
1 i
1 ! ¥ [
\ ! i :
Aas .....ﬂl.‘ ! Mok s A ‘ALA'IT 2 vy v A )
o -
' 1 : :
1 ' |
CF3 1. 78000GHz Span:10.0MHz | CFi1.78000GHz Spans 10, 0fHz,
Measured 2 Tone Output Measured IIP3
LO 1.65GHz @ ~5dBm LO 1.65GHz @ -5dBm
130MHz &
130MHz & 131.25MHz @ -
IF 20dBm 0 IF 131.25MHz @ -
20dBm
1.78GHz @ -22.94dBm
. . . -46 dB @ 1.25MHz
RE without estimation of Delta )
of fset
cable losses
VDD 3.6V VDD 3.6V
MKR: 1.78126GHz —FPeake | nrii.26mH
-24,46dBn RB 3kHz# AT 10dB !-53.0458 RB 3kHzs AT 10d8 ?%%t?
RLV: ~20.0DdBm VB 3kHz 5T 3.4s Peak RLV1 =20. 00dBm VB 3kHz ST 3.4%
10dB} T Tr-A] Search 1 0dB] P : rA
1 i g
; : Next Peak : :
Zong Cemter [= N T [ done| Cent¢r = T T
_L_Zkl 260 OOORH 1 : | R40. S00IHY !
Tl Next Right ' !
T : Peak 1
' ' ’
.......................... FEN 31 TR FEPPRE SETRE: ST COTERVEY SYORYRYS LESETIT SYPYRRY SEFERTR [EPSTRRI N FEVUR PEPYPES SERIPRIY AR
! ) Next Left ;
: + Peak :
1 : 1
T | ]
ol Py Rl rasi " ‘ay 2 Y, vk YR .} ! v PP \
L v |4 E r': X * " :
T Delta ' ;
oo Marker :
CF:1.78000GHz CF311.78000GHz Spant 10, Otz

Measured 2 Tone Output

Measured TIP3

LO 1.65GHz @ -5dBm LO 1.65GHz @ -5dBm
_ 130MHz &
IF 130MHz &Eii§§25MHz @ IF 131.25MHz @ -
m 20dBm
1.78GHz @ -24.46dBm _
RF without estimation of Delta 53 dB @ 1.25Mitz
of fset
cable losses
VDD 3.3V VDD 3.3V
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DLT:1.26MH=

arker]

. Peak
e adn RE Shzs AT 1008 Berd a0t -51.96dB RO 3kHzs AT 10dB  Band ay
- Vi~20.00dBm VB 3kHz ST 3.4s
RLY:1 ~20. 00dBn VB 3kHz ST 3.4s RLV:~20. ,
10dE/] Ty o Tr-A | [t9dB g ! ™
i T
1 ! ) |
one| Center = i T Zone| Centgr = ' |
000GHs ' : SA0. HOOKH . .
¥
: | : )
| ' ] T
.......................... (3 O S RSN I [SUUUUROY SRR NS PO SN RO | ORI SN SN N
: : 1 11:
1 1
i L
| N T T
MESHPRET. N FAYN AN ! m.lim‘ IO YO PO PPN PTTS APRTIR "J\..Jhn.. L !
o 1 HE
! N
il B
CF: 1, 78000GH=z Spanz 10, OMHz CF: L. 78000GH= Spans 10. 0M

Measured 2 Tone Output

Measured TIP3

LO 1.65GHz @ -5dBm LO 1.65GHz @ -5dBm
130MHz &
IF 1300z & 1ol 250z € IF 131.25MHz @ -
m 20dBm
1.78GHz @ -26.1dBm _
RF without estimation of Delta 1 2533 dBf% ¢
cable losses ) Z otlse
YDD 3.0V VDD 3.0V
HKR: 868, 76MHz Harm Up —Peak
-18, 84dBm RB 3kHzt AT 10dB Band auto DLT=:‘1“-‘2223; RB aHEs AT 10dB B::: ::to
FlpioiB. oo 0 SHiE_ BT J.ds o RLV: -15. 00dBm VB 3kHz __ ST 3.4s
: L [FodB~ -1-; ' Tr-A
zohe| Center = E E - one | Centér E, E
| 868, Pe0 ndoMHe| ! : -a00| o00k | 5
N ;. ; 1§ P T A SRPYY R rry. e "MM{‘J ! W'D LR TR
: : CF:878.00MHz l I Span: 10, OMHz

CF:870. 00MHz

Span: 10.0MH=

Measured 2 Tone Output

Measured IIP3

LO 1.00GHz @ -5dBm LO 1.00GHz @ -5dBm
_ . 130MHz &
20dBm
870MHz @ -18.84dBm _
RF without estimation of Delta 44.2 dB @
1.25MHz offset
cable losses
VDD 3.6V VDD 3.6V
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MKR: 868. 76MHz Warm Up Peak
b R mm Tem A e WD
10dB/ Er , |: Tr-Al ng;;fo.ooqgm vB 3:kHz “STE i.4s: A
Zoheflenter = : ; Tone| Centér = E
RAR PO OHOMHE | | . | 960 hoouu ! :
i i AL olAd OV ..j;. |' o Ty
AT At ».J:OM‘ 1 A v VUYE ST YN PGV R :L E
: : CF11.78000CHz ' lSpmz 10, OtHx
CF:870.00MHz Span: 10. 0MHa
Measured 2 Tone Output Measured IIP3
LO 1.00GHz @ -5dBm LO 1.00GHz @ -5dBm
130MHz &
IF 130iz & 131.25MHz € IF 131.25MHz @ -
20dBm
870MHz @ -19.76dBm B
RF without estimation of Delta 1 ZSgﬁdef? et
cable losses ) oL1s
YDD 3.3V VDD 3.3V
MKR+ 868. 76tH — K = DLTi-1, 261 lacker |
RLYs 15, 0com 0 Stz ST ks | gy S, B der iy o
L0dB/ E ' Tr-Al| [iods~ N "o A
one|Lentér = E : Zone|Cen w:- :
- B68.] Miiz L, L | =960 000LNz, :
o f'h: wapy [l SV PO i {;;gﬂqu PR MY YT
[ I I L K f
CF1870. 00fHz Span: 10, OMHa| COF1870.00MHz Span: 10. Oz
Measured 2 Tone QOutput Measured [IP3 ,
LO 1.00GHz @ -5dBm LO 1.00GHz @ -5dBm
~ 130MHz &
20dBm
870MHz @ -20.08dBm 4 E
RF without estimation of Delta 1 Zgﬁﬁz d?[@ ¢
cable losses ) ollse
VDD 3.0V VDD 3.0V
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Peak

MKR: 1. 6504GHa . RBU
-33. 38dBm RB 30kHzs AT 10d8  Band auto| " 130 oean RB 30kHz# AT 10dB Band auto
RLV: O.?OdBm \UB 30kH= ST 1.4s RLV: O.00dBm VB 30kHz ST 1.4s
LodB/| ! : Tr-Rll  [[odB/] : N
' ! i :
| ! ' 1
Zone| Benter] = %ﬂﬂr T T
1. 680 1408 | 60GH= | 20itb ! !
e I
v ! \ T
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Measured LO leakage

Measured LO leakage

LO

1.65GHz @ ~5dBm

LO

1.00GHz @ -5dBm

LO leakage

-33 dBm

LO leakage

-30 dBm

VDD

3.6V

VDD

3.6V

CHL S22 log MAG

19 dB/ REF @ dB

-14,018 d8

£2

18 BHz

ExtRef .

B kY,
(G

el

POLER B dba

e

SPACE

SBhEE
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TITLE

DOKE

S8R

CANCEL

Measured Output Matching Log Scale

cH S22 SUR 1/ REF L 1.4833
R ! i 1. 787750125 GHz
c2 ’
. I
lex
M :
GRIK N “FOER 5 a8 GNP
TART 100 Khz ToF "SR

Measured

-9] -

QOutput

DONE

Matching VSWR




DORE

DI
it

CANCEL

Measured Output Matching Smith
Chart

- Evaluation Board Schematic

IFin 1:5 22pF 10pF  50Qstrip line  RF out

%? I— 1] “3_}——4}——4:::::3——452
22pF
=y D
LOin  soosirip line
{7 Bt

22pF 22pF

-0
vDD

- Evaluation Board Photo
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4. Multi-band A A 7% &

7} Dual-band &3 A ¥ LNA A7

HE|M =Y o}y 58 F£&5E AAY transceiver IC & 2 EFZEE
ZNtETd LR S Aotk ol & Ay dAAE o9 Fd2oE
Aoy}, HEWMEES F83E J2yje9 MEE 22 Fo. o}
EEIRE HEESL NS 712 AAgdHojoktt 1 stsA o] FolAT},

HHY LNA HAE HAsiA e del & AFgoz2es FEEAT. &
5] CMOS &7kl A%, FFEA 0 T RF 2284 HEA dosiez 7
=549 AAG AAYN a7HH, o}y LN o FHSEAHLE FH$s=
input inductor o & HFEAH AsE HAs doksts xgo| Yo
Oh. 3% 3.3.44 & CMOS LNA A Al F2 AM&HE 232 D7HA o o
A4, FHE 229 FEAFE oL3d FLEHSE 4= Aoz,
common source T3¢ inductive degeneration F+Z7} 713 FEd &S

.

Vi =38V Circuit Type

- =19 GHz vy OB

& Cascode
« CMOS
n C.8

«
=]

[]
BT T
DC Current (mA)

NF of One Stage LNA {(dB)
- o
o o

—[

2% 3.3.44 Circuit type ol W& single stage LNA 9 ZFSEA 9
Simulation 23 (FAHHE 22 FE&AFAE, source degeneration

inductor AF-8, S11 9 Sy <-15 dB, Idc=10mA)

-93-



35
Ld ~
30 L L)io
) o—ir|
T 25| s Lg(6.7nH)
~ Ls o Ls(1.9nH)
<zt 20 s Ld@SnH) |
:_' ' f=1.9 GHz
)
w 151
4 \gﬁ
1.0 g
VO match with Ideal inductor NF=0.93 dB
0.5 L 1 1 L 1

¥ 3.3.45

T

| -

2% 3.3.45
o2 AYPAHF{E
A4y JHEHE

o5 FEEH S

A AT VR 1A 7

73% 1.9 GHz 8 LNA °l
AET.

.
14 16

o

2 4 6 8 10 12
Q of Spiral Inductor

C-S single stage LNA 2] inductor Qo W& FE&EA

C-S single stage LNA 9] inductor Q o] W& FSE4A
A% Lg 9 quality 7} &5 A4 g & oAy,
AR A&

[o}

geel Q 7t HAE 7 o4kl sojok 2dB

AL F USE BAgFEY. o] inductor & 7198
S AgEFFe, 3pm 9 metal & HELE

Ned QLT 9¢ F ASL 1% 3.3.460A4 B

16
Thick metal hductors
14+ o 196k
49 | =% @000 Mk
5 Thin metal Inductors
18’ 10 } —@— at 18 GHz
e
2 8
5 o
o 4t
2t hner Dia.=100 pm
Sub.>2K0.om
0 1 ra. n i A2 L i s il A e T W Y
1 10 100
Inductance (nH)

1% 3.3.46 Thick

metal (3p m)2 HEL S inductor 9 quality
factor[1].
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Voo T

%Y 3.3.48 94A F A3 900MHz/1.9GHz € LNA. Chip size of 900 MHz LNA
1.1 x 1.2 mm?, 1.9 GHz LNA : 0.93 x 0.93 mm?[2].

o2 AAE uFoF 900MHz & % 1.9GHz & LNA & A8 9oy
1Y 3.3.47 9] JREE RAFT, JEI2E Zon, /28 HAFL ¢
L 2 Carol 900 MHz B9} 1.9GHz ¢ A 97} th=ch. 19 3.3.48 &
A FH ¥ 900MHz/1.9GHz & LNA 9] FHAA o2 wHAe 900MHZ73’?‘7]‘ 1.1
x 1.2 mm® o]Q2, 1.9GHz %7} 0.93 x 0.93 mm® ©] A T}.
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12 18 70
Linear Simulation
" s w & Measured Data 1s¢ a
[}
& ¥ B 4
T 8 m 14F 450 @
> F°£8 F)
o 2 o [
L L &
[ [ o 12k 40 )
7] r]
| : :
. @
20 4 10 o o o . 30
-30 L L 1 i L " I i 2 8 A A L b 20
600 800 1000 1200 1400 1.4 1.6 1.8 20 22 24
Frequency (MHz2) Frequency (GHz)

2% 3.3.49 A A 900MHz/1.9GHz | LNA ¢ A HolE & AZEAH,
Thin metal A8 A9} thick metal Z&Ae] A Fv n[3-4].

29 3.3.49 2 ¢d FAY 900MHz/1.9GHz & LNA o] APol5 ¢ &
E4 olth. 900MHz LNA ¢] 7% thick metal ZH&A|9 AFPo|5L -4dB, F
SEAJL 2dB 9 MALE B 20dB 9 o] 57 3.3dB 9 FEEAHE UL
o, 1.9 GHz LNA ¢} 2% 15dB 9| o]53 2.8dB 9 FLEE5EAE dAGH(2].
1% 3.3.50 & T A3 900MHz/1.9GHz & LNA 9] A8 E A (two-tone test)2
2 1IP3 & 900MHz 9} 7§ 1.0dBm o], 1.9GHz ¢ 7% 5.0dBm °J A},
£3.3.700 SAYAY LNAS A5L LFHAT.

¥3.3.7 2AAHY LNAY HFE 8%

VDD Pwr. Gain Su Szz NF IIP3
(V) (mW) (dB) (dB) (dB) (dB) (dBm)
0.9
3.6 53 19 -14 -5.4 3.3 1.0
GHz
LNA
1.9GHz
3.6 54 15 -16 -6.7 2.8 5.0
LNA
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20

—_ L o 900 MHz LNA

E = 1.9GHzLNA

m of

O

A

f. L

2

o 20 F

-8

- b

3

Q.

5 -40 r Two Tone Test

(o] 1£1.9, £21.91 GHz
i 1900, £2910 MHz

_60 1 1 ] A L I i

-60 -50 -40 -30 -20 -10 0 10
Input Power (dBm)

2% 3.3.50 ¥ 33 900MHz/1.9GHz & LNA 9 A EA (two-tone test)

U Fag §47]

Fractional-N %4 #A471E Integer-N 35 T4/ Hl&fA FL F
B AFEE QoUARE I A&V 948 FaFE Y F A =
2 Loop Bandwidth & 738 4 U2 Fu4 24HAL mM=2A & F 9o
o webaA] V00 ¢ & In-band Noise & #A2A4 £ 9. Ta 44 F

BeE A JEFLEHN VOO Fo5949 Urr] v E FA JtAZ F U
©] VCO ¢ In-band Phase Noise Floor & %A AAZ &7 dvt. 28t
Fractional-N 34 @A 7]+ Fractional spur 7} @ A3 EAHL 7HA
i 9lo] o]& AABY] A DAC & ol &AM EAAsE B, AN Ad
Dol 94 Interpolation & o] &3 W, dE Alavt EEgHoHE
o] &3te WHEl AAFHATG. PEt Alavt Fue FAVIE dEF ARt
EEHolE 7t Noise & Shaping 3te EAE o] &3t VO o &8 29 &
aRgeg 4 #a AF F Ao,

29 3.3.51 & AAE AF 79 PEF A9 Fractional-N F35 ¢4
71¢] AA EF=E|H.

>
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FREE _ buffer
Fosc —[/R}-+ e NN

PFD ]
- Pulse 4

—QJ A mash Swallow FVCO

modulator — divider K——

Fractional Div;[[X ‘{ﬁ integer Div.

ntegrated block | Interface |

Chanhel%election

a2¥ 3.3.51 AAE A% F+%F YEe A9} Fractional-N 34 A7)

A4dd F94 FA7|=  Reference Divider(/R) Phase Frequency
Detector (PFD), Charge Pump(CP), Voltage Controlled Oscillator(VCO),
Buffer, Pulse Swallow Divider, Delta-Sigma Modulator, 283
Interface Logic 22 T4 5ol it the B39 4L s 3
4 43719 PFD, CP, LP, VCO, Buffer, 8 i Prescaler & 25 %
TEE AASRYPT. V0 & ¥ 3.3.52 9 o] NMOS ¢} PMOS 7} Cross-
Couple @ FZ=E 39 HAY AR s & Oscillation Amplitude &
AEE 83 F35F FI& 93] NMOS Varactor & A&,

T
——
Hiﬁi% o
B
)

1% 3.3.52 A% LC-VCO
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VCO ¢ ¥ 29 & AAGY] H dE Aavt ZEHJHE A& YF
71 g2 FEEE ¥ 3.3.53 o YEHUHAT. ¥ F2E V1S9
Dual Modulus Prescaler, Swallow Counter, Main Counter, 3 2 @E} AL
n gy, 283 F/19 Signed Adder(SAYE FAo] Holgltl. SAl
2 B &3" Fractional Division 48 ¢ AW SA2 & Swallow
Counter 9] 48 @& EEdodsr] A% ZAow. <t HdA" 19
3.3.53 9 U7 J2xe 12 F2E /HAEA €L BA Ux7] WE
THE  3er Swallow Counter 9 @< Egdlo]ldd o=y ofefq
3} e vUF7) v E et

F,
Frr = (I);C
Q" =k)[(P+1)-S+P-(M-S)]+k-[(P+1)-(S+1)+P-(M —(S +1))]
Fyep =1 o YX frr
k
=[PXM+S§ +2—m]foEF
Program
Prescaler Counter
f
VvCO °
P ap+1yp %M Y
AN
Swallow
Modulus Counter
Control %S < Reset
f aiv — ‘Swaué\fv l;ia_d!é‘te’r' ‘

) Prografﬁ Register

jil

Swallow 'Adder

S ) (i
Channel Selection

1% 3.3.53 Swallow Control AX Modulation divider
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1% 3.3.54 o A HAAH Y7l 329 Timing Diagram & et AT
Swallow Counter ¢ %< Timing Diagram o] YEtW A=) fpve o F7)o}
% MEA Load Ho FasE Eadold AW, 23HEZ=Z Swallow
Counter ©] W= AL8-€ Mash 729 det Azt 238 HA7t - 3402
2 - 348 ~ 4457} ©o}.

voo  AINVENMUIINANENEL - .

P+1  P+1  P+i P+1  P+1 P+
Modwws — [ elJ Pl P - AU
oiv | ﬂ I-L J * ﬂ ﬂ ﬂ ﬂ
Swallow
register 7(S+1) /(S=1) /(S) - “/(S+2) /(S=2) /(S+1)
Output

1% 3.3.54 Timing Diagram of the Swallow Control AZ Modulation

divider

19 3.3.55 & AAY DE A9t Noise Shaping E4E 27 3 5§
dolg &8-S FFT & As}olr}.

:L?f} 3.3.55 Mash @E} A 1w} E%aﬂow{éa él FFT
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AAED YF7] 2 REJolgol Offset Value & F9] 1/(2"offset) *

frr o F3F HAEZE AAH BLEE Y3 K 9o 48 HYgE -
0.5/(2"~offset) ~ +0.5/(2"™offset)”} HT}.
0¥ 3.3.56 VOO FE AAE Qe Alan F35 FA47Y E=dHon.

Buffer &
LC+-VCO Prescaler PFD/CP

Counter &
Logic

1% 3.3.56 9 AV 44 =9

3

AAE FIF FAZE 4mie AY AR, Fu$y HAEE  5kiz,
M*«P+St+k/(2"-80)9] Y37y, WAL 2.4 x 1.2mm?, -120dBc/HzQ@1MHzSY 4+

wolz, 12 1.85-2.4GHz9 F3¢ {4 HHAE /AT,
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A 43 2E

1~2GHz o9 RF IC A& 7H3 Aol 2 e 7ie AAo axd
AdstA AANFR Uvk. WA oFU= RF J A$, Z AH
(Band) vttt HA3E A% RF IC 7E& 7|W9eg 2Ho] 230
glow OF RFIC o FAAol Aste dvk. Ed FAHQA S&EoF
b 238 AF, R FAC g8 dAde AAY e A AFe] o
Fojzof stz ZEFHQ JledE B sEo] oF},

2 drde A7 ERE=Y JHI2Ie/ME Aol e @A
& SHL B} ddFY Jes 137 948 Ad 23 B¢ FAAA
AT4E 1 24 AHge I s, 7€ AEwyde g8 8@ W A
Zle® FHR3HI QE RFCMOS JAASNE HAVI&€E HIPoE RF
transceiver ¢ top - down A7 HAE =YEFAY. WA transceiver F
ZAAE AT mixed mode TF ANEHNA FAE 75, 2745 L 98
Bglon FAAAL HAge #A A4 £ MA/ASHAZE I A
E & transceiver TEE A% /g Fr & 5 I,

o 2%, Fo9g, gFd= £8E& AT MEL EH-DCR, Low-Weaver
TZ7F AA, AFRHANLH #YW 5= 29 &5 Y. =3 AHEY
o 75t 14T RF FH =2 HAE $P5 At 400MHz~1.0GHz o) & of
A ¢F 55dB o]} el oluA] AATHE /I E AAY oluA AAL FuF
7], "HHU=E $E&& 93 500MHz~1.9GHz ¢ FHY  Up/Down
Converter, Dual-band & & VCO WA¥ fractional FIHFFA7] 5ol
A7 458 9 Jed dFE A AFol 1Y Folut.

gH B d7Eol MESE QE RF CMOS 71e dFHEL ERoxE
M8t (http://rfcmos.etri.re.kr) 9332 Aov, RF CMOS 7] & Eo}
o Akgtd ¥E AFOoEAY 5= YA & k. 2000 9 5 ¥
“ A 13 RFCMOS I M3 E 7% Workshop” & WA &R 2001 & 7 Aol
T 2 HMHAE EY gustqd “ A 2 3 AYE RF AFIE e
Workshop” & 7R&sted 4,8k, A 30 71 oF 190 § o] F7tste] St

1 &
A

}:1

- 105 -



AYZ RF 7le 23S 43 U3t 7EEEL 293

a4 B¢ HE A% oFEY =75 H&d ue go] M
Transceiver F&7/1Eoly E3 & FUHY RF IC 9 =¢2=2 APHn ¢
o 2y olgd MY HEgEE BF 5 S&Eok FFH AHA. A
ZH A gl EHol Q& v, AFAUY b Mulx wde B
FastA dEdte de ZEAQA A Ao, oo i B Axd
2 1249 A4 232 F13A @ FHY RF transceiver 72 2 A
EY4A Jed 7o, 2 24 Aol b A5 RFIC 94 &
5 72 % 244, 7+ Block €9 MEZE Transceiver +F A A ¢
N2 719 S =Yg oZH RF CMOS IC 2 Transceiver 72 W3 Hr}
AHAHY 7ed dud vz Aol
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