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1S-95-A CDMA °l& ¥4 w274 950 MHz 95 $471% 0.8 um CMOS E&F vixjd Ao
T8kl CMOS # VCO (Voltage Controlled Oscillator)& CDMA ®F] o]% Bl SpAl7lel A}
£3)7] 28} F=14 M8 vk (Quasi-Direct Conversion) 471 7328 AHsigict 7dd F9l g
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Abstract

A CMOS 950 MHz frequency synthesizer is designed and fabricated in a 0.8 um standard CMOS
process for 1S-95-A CDMA mobile communication transceivers. To utilize a CMOS ring VCO in a

CDMA wireless communication receiver, we employed a QDC (quasi-direct conversion) receiver

architecture for CDMA applications. Realized RF frequency synthesizer used as the RF local oscillator
for a QDC receiver exhibits a phase noise of -92 dBc/Hz at 835 kHz offset from the 950.4 MHz carrier,
which complies with [S-95-A CDMA specification. It has a rms jitter of 23.7 ps, and draws 30 mA
from a 5 V supply. Measured 1/Q phase error of the 950.4 MHz output signals is 0.7 degree.
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Fig. 1. Architecture of a superheterodyne recei-
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e A" A Al Lo1e Fart 2b)
uFof] LOLollA HhAkE]ed olelu=z v} gl sEe At
+ Azl 23 Ase AT o7, AMHseE
Z Aol 23t o] So] EAldel z23l4 FSK (Fre-
quency Shift Keying) W& 38 ol4sl= 4l
4 Al2d oje] AjxElel] AMEE7|oE ofeigo] W
t}h =3 s Rl Wale vl RE iy
Al Ad Adde] o]Reix|nz LO19] ¢4 A4S &
Aol ol Folof 37| wiiel MOS 3==2 o2t
T 7S AR dl ofEige] Yt

NN

R [ ] Baseband
bﬁ‘ ® b_ ADC |  signal

\/\ I Q Processor
'n

LO1

1 lenhage

5 P

variahle freq.

a3 2. A W 4] 72
Fig. 2. Architecture of a direct conversion recei-
ver.

olzdt e B 4 gl T3t 2 39 F
A4 W¥KQuasi-Direct Conversion, QDC) 4]
sal7) 2ot QDC 2% RF dieal LO19)
FoE TAATIZ LO29A Ad S fioh
LO1S Fo<7t mAselsl7] wgel PLLe F=
& A3 =24 HAR 4 Qo olel w=h A
Aoz & MOS VCOY 4 38-& PLLe] Eol=
£ 3l3 PLLWY $4 v)27](phase detector, PD)
A vla=EE FuE =24 ¥ 4 9ol spurious

(454)

E¥CR 5

toneo] Aojzict A LO2E IFdeld F2tein )
d ForE AdUd 5 xS 2209 71’ PLL
2 A% LO2+ AMElE e &) @) o
ol VCO2 $14; aho] Aok 2l oA o]%
FAlA e7she A AS RS IEAIII7E 1)
oA fok =3 o] FxE A WA gxfdld I (in
phase), Q (quadrature phase) A& x2]& 3l T+
WA Dol o]ulA] MAE & 5 gl7] odFe] H
WA wx] ok ool SAW e Al AlelEeg A
AHspr| 418 LPFE diAlg 5 9l Aol slut &
LNA, 9A, Fa ¥47], LPF 5& MOS 3z=2
Tz dd A A8 7 5 gk

a2y o] 2= olvlA] AAE 8 HUME Wol
HeE 3hy Fug P7F F oW desiag A
A w3 uAo) vl A¥awst o & o] gl

2% 3. 2 W 4] FE
Fig. 3. Architecture of a quasi-direct conversion
receiver.

>
}

Power Spectral Density, dB

A
S
—

0
Offset Frequency from Carrier, Hz

13 4. QPSK ¥E WAle] A 2dEy g
Fig. 4. Power spectral density of QPSK mo-
dulated signal.

2. CDMAS F41 4l7]9] AA

IS-95-A CDMA 54 B4l 322 ol 2idv|9
4 Falrg 86904 - 89397 MHzE, $4le
824.04 - 84897 MHz & AMgstw glch W=z



197 7TH BFIREHGE £34 8 O BT8R

Bhe. QPSK (Quadrature Phase-Shift Keying)
E A3l glen o Y ~4EY UX(Power
Spectral Density)7} FSK WHZ2] 799} 4 13
4 et glepl?l

1 Aol grgiRe] & 3§ A7IE M= 7
YRRl FE2= weld 5 glos A4 wHEk 7
Z = T3 W F2E Aldsieol gl =l
CDMA ¢4+ QPSK HE uhAle AREsla gled
7 4ell4] X ule} o] QPSK AlE+= FSK A%
o= de] o=l eyt 09 o] s el &
495 7 Sick a#EE AFele dg, Apdst
22 A6l 23 ofz] Feol WY 75 odlzle) As
THE] o] wifel A wHE 52 ASH
YE o) k. F IS-95-A CDMA °l%F E4l
2FdM e @l A PAE HEix B3 wE
T27F ¥ aEEcta B 4 qlok ofel £ =&
A FAA W F2E AV FEE Aol

IS-95-A CDMA-o} At #23 Wk pily]
25 AR 72t 859 Fob digg 2¥ 3ol v
epfiglet. al" 74 dlelele 9504 MHzell <14
FAR 101 93l 5643 - 81.36 MHz¢] IF o
o W#asy 359 JE-& LPFE AAR os A
el al2} 5148 - 7641 MHze F3& AlFshe=
LO2el| 23 4.95 MHz 7[MdjHez W) 713
oz ey A3 oA LPFE #A22 ADCel
ola] AMejEle) Z|AH Z2ARX A HdEe] Bz
=

te e

A

2 N

m =23 9

950

LA COMA 4718
Hz RF PLL

= 2
M

o

K

A4 W w278 RF 9§72
AH2E7] 993 PLLS BE%y ¥ 59 7l RF
PLL2 $4-Fa 8]a7] (Phase-Frequency De-
tector, PFD), As} = F= ¥ VCO, 2|2
o2 (Prescaler), 18]1 &% w3y o8 FAFT)
PLL T3¢ A7E 132 MHzS 715 Falee] ¢
A 7A3% 9504 MHz 2135 HAdsihdct

I 504 PFDE A9t =& PLL 32+ 32
-] Hellr] ASHE FFEE(common mode) #
Soll 7Bl=s Aw 22 dAECE B3] spu-
rious A% 71 =A WA T 72 EF T

(455)

21

deis AFE==2ZA(current mode logic, CML).L
2 A5l PLLY % 9t

[« 3~
T a

= til=]

¥

1% 5. 950 MHz RF PLL
Fig. 5. 9%0 MHz RF PLL.

1. NCO

VCOst 1 3328 19 6ol vehigich Add
A2 A-ZF AEHsource-coupled differ—
stage) & AMEEHI(a®™ 6 (a)) PSRR
(Power Supply Rejection Ratio)& &ol7] $1s 7}
2FE(cascode) e AF nwlolojA(M7, MS)E
ARE3lITE. M5 VCO7ZF Z2714teela] Entg wkal
SR w|A AELE TEE gl AR 3}l
M6 2lAle] glelAan i e M5l olgt vlAg
ezl 9% ool(dummy) 2$1xle)c} M3 M4&=
Aadeddellr] FABIEE nlololx Ho 1 Ay A3}
ol 9 x| 7|4 AHARE B A WA F
Aeg ZARL N o 8 379 Fueel 2 o
2] o] 52 o3} - Ao I & vk
T fm=ﬂ—k;3—j"c'p‘ .

A o5 G=gnRug .

ential

4R F

(1
(2

& ke wEds, N Adazke] § G =CatCa,
Ragi= M39] Al3x3)gh

Ca © Mg APlE Cu & M39 =dHql k=9
ZVAAAR L, g & M19] EdlaAdG®ls ghl.
ulojoix AF7E AR replica Blololx Aloizla
(23 6 (el &3] swing Hgro] Pelx]& o] oo
ulelojx Aol whlHEl Ryy7t ARtk £
Rysoll BRSIEE ulolojx HFel ulelsld F7}
g} o]A7 replica vlolelx 3 Ei= HF wlolojx
Zhell AGle] bRl Aste] =77} UAHSEE swing
ke ARt kg wxle 9EiM A
At o] 52 18} Ags] ZA| dAlsleRich




22 CDMA °]%
swing
(a)
+ Ot viC VB2 Replica | 5%ing
Bias
ST
e rd r
Prescaler
(b)
a8 6.4 AF 3B VCO (@ AA4, (b)) VCOo%
FHI| 2
Fig. 6. Four-stage differential ring VCO: (a) delay

cell, (b) VCO and its peripherals.

a9 6 (el F= Hel2ye glHbE AF A
LF= AHsH-A7F 33| 2(Voltage-Current Con-
verter, VIC)el| & 52 #H3E 7 replica ®lo]o]
2 3527} o] A7 Foll He3h= swing HUE @
o] AdiA}e Adsle] w3l Faleg Aofghch

olF FAlS PLLel| o= VCOY AdAll gl
7 83 AL ke etk VCO SA
Ae-e A amel whle A ol = g4
A So(f))& VCO A Iveo)8t VCOY 29
( Vgs— V)2 Foll ublesle IAlel glct

Solfm) < (fo/fm)? (3

1
TvcoX (Vgs— V)

&, L AR Fube e iR gl
PLLY A 385 Zo|7] s8] VCOL A4 &A}
shto] B2 AEE o 2 mAR A VCO

A @74 950 MHz CMOS RF 34 $§47]

(456)

ERR S

p

= 0.8 pm CMOS A 2HA A= dA4 2
#} Hspice 2o | 1.3 GHz7HA] 22138
& 5 slslth

% 364 HgERe] QDC F-E= o]miAl AAE
e A 90° $AAelE zis= I (In—phase), Q
(Quadradure phase) A1FE 482 )} zEAA
22k Bl Adgeng wizle] rPssly| di¥
o 471e] A ARE A I Q AZE dE 4 9l
ZAAo] gtk & AT 4749 A X|dxte]
I8 6 ()9} Ze] AZAEe] I Q AEE A =Hrh
o] o sl ol 9t I, Q AlZe] e AE ¢l
ofl7] 8 VCOS g &3 huo #E B35 o
Asledo} g} BB E AR A3 F shies =il
dfollA] dd=le} PLL 25 PJAsln [, Q A&
= 50 2 FEIR o) H o¥-2 EHEr) oY
A AAGLEA I, Q Az $4F 2 =37] 3= A
ol A7 A FAIF & xR 2| E &
st

2. s A7 HE)

PLLel VCO® &3t Fab5 A oo AAHA gt
A F2sl] felad VCOo9] o150 F=t Fu
A A s dAsledor gt} Yukzel LC 34l
wA1718] A5 vjlE]e] BA] wiEel o]5e] Alel A
Qhell @} Aolrt o] viw o] Al 5 e
7897t th-Rolrk o]5e] W3l PLL =& 94
il gle] EeH Rt BoBdsiAAG A
(settling time)o] ZHeiAd 4= qlch

£ ATolrs o A¥A]l 2E AH-AHF wE
7(Differential ~ Voltage-to-Current
VIC)& Aleksle] VCOS o)15e] A Ao
A AY A3 BAE QurKad 7). MIA,
MIB& F3x ejdl4 sl¥se Asks A/e H
AFe g 3 ola] H-AHF HE o]S5E o
Holz FAE MGA, MGBYl & ZA=ch o=
Aol 3 v]EL] gxE 2E2 A F 9z oA

-

L

= o
=3

Converter,
dofell 2

£ Hl2 VCO9 o]5-% Aleisle Aolck M2A,
M3Ae] & BARd AF Iyt M2B, M3B,

M4B, M4Ael] &8l BAME AF Iyt Akl 2
IR Lo =Imia —Iwws EHITE M129] AF
Ivcot= VCOS 57t Fo5ell Aldshs AF e
4 Iia® el Hz o] AR MI3~MI194 s



19974 7H EFIEAFH S

B VCO AdAdel AFz dhEo o] o
Ivco® T Zho] wehd & glch

(VLF+ -VLF-')
Rume

4

IVCO = Icenter + Ioffset =] center +

@, Rue® MGA == MGB2 #& 48 A3kl
M5-M11& RGC A%FAS{regulated cascode
current mirror)& T3tk o]e} A2 ZF upol
2 7[9E AHoBA VICY A¥edge] o F ye

MGA

4W 2W 1W

Mio

Icenter M1

l[crnler

—

l quflet

Lvco

J8 7. 3F AR W)

Fig. 7. Differential VIC.

3. AF A3l Hxze} AbE Fx FE

AF A5l B PFDESE] 9A-Falk x)o)d
o3t UP, DN #h5 AlZE ol Al £ e o
AFE T3 2otk A 4se TF 2= A
S (Virs +Viro)/2)2 VICHE oHdstA Fapgt 4

F$UE CR B8 23

sl HHHAR vpp/2)02 pAE oo} slmg F
2 2= A% common mode feedback, CMFB) 3]
27} daslch O 8ol B =wollx Algkyt Ast g
2 3|27} CMFB 329} @7 Jeht} gich

MCI1-MC5% LF+, LF- X =9 ¥ mre =zg}o]
Vb H5E M7, M8& Aojgch M3, M4= PLL
o] $14 3AHNAE el & UPY DN A&7} w
A3 948 o= CMFB 3271 = Fele] 2%
Agtell ¢S PIHA] gmE FrplE 29t
MI1-Md= 371& 24 AASk] ®-22 9 go] A
3l }E{charge sharing) &Atel] 2§ A% &2 A
ofe] WskE Fofof girk

\ Loop Filter /

O3 8. AbF A3l H=
Fig. 8. Differential charge pump.

4. ZejxAldz 9} PFD

ZejaAde S dbE]l gxY 24
g 7 oAE 296l s whgske
o] A, AelE 71gg Eil obdEa 3= A
ol Bt 29Ael e F 4 gtk olxH
PLLA 7 & 38%q ZE|2AdeE B8 &
s 719 A s 5X4E d8 AF 2e 24
(Current Mode Logic, CML) 322 AAsteich!
I CML Bzt 9#3 AFE AZsd 2] o
of dubHal CMOS ZAoA Yehp= AYder &
dEE 2903 Age] F43] Soj=e Aol QUch

PLL2| AE1E £o]7] 3] PFD+= dubdal PFD
2] dead zoneol|x2] BAL #AA17) delayed reset
PFDE AMgslgdet

55 Q2 Y 7% 3=

3z A7
2903 A

VCOY #4& oY Yoy} 50 29 ~HE"
A7 AES 23z dAsle w3e Bk

(457)



24 CDMA °]% %4 27|14 950 MHz CMOS RF F3ls 3447 EFCR At

18 YRs wjy F=g sk o 3z
¥ 500 Q& A2 A} AF A MOSE
50 Qo= wlolelx dl] dnua WAL sk 3z
o]k,

6. PLL Al2e] welalgy]

Hspice simulator® PLL # A|2A8& Alg#HolA
e AL Alleke] vy wol PLLe] A4 wrlA| '!'-%IL %
o) & Wr7h A3 o1517] WEel Matlabg ©] e L
48] PLL Alagle mojAgsidel 23] 9ol
Matlab 2y Asts viepfigich 2deld fr3t
fve #idmAe]l | F] PFD 3139 7|& Fob a3 10. Al ICe] drlA AR
g8 VCO Z3o] =zalaAdels AaA e Fig. 10. Microphotograph of the fabricated IC.

& veplial Vi F2 89} Agfe|r}. AdAR a3 10 AR ICe] @vlA Alzleldh #=k=l
PLLZ ©F 8 usec 24N 1Y A= 20& ¥ ge of 14 mu’e) 94E Ax2ck
ek A Fae YA71E GHz Feld Bakslnz

AYY dell= ¥ Fo7t dasich 2% ASAE

IR — ,
- - — e 2 25 50 2 YIUAE 2 T5 Aoy o
Siipipaisa i it i} T 0 VANAE 2B Bl 93
| ' N - sl A AR opdEa oAHES Relstn ke
9 9.1 9.2 93 94 95 9.6 97 9.8 99)(1010 7 i%_ > 8“ 0:13_1 7]—7(] 37]‘0’] ?JSZHA]E‘]% ijxéﬁl- _?/1
2 ‘ S Al sk
(RN ARy R T B
n T R 1020 T Y T . r r
! o1 9z ~93 84 95 95 7 58 85 1o 1
x 10 1000 | ﬁ/v—'—‘){__‘
1045 T - . I wl. f//f
§1oz% I m E 7
s L] S wl - ]
16 or ez Tos o T|mgv(ssec) e o 0“87“‘69#)(;;4 g *or //f/ VOO = 1625 M2V 1
) L o} Yl i
38 9. Matlab 244 PLLY| iz 23 wl 7
Fig. 9. Phase-locked waveforms by Matlab Et—//
880 1L L )

simulation. R
Differential Control Voltage (V)
a8 11, 4% ¥ VCOS ASH-Fue B4 2Al
Fig. 11. Voltage-to-frequency characteristic of
4-stage ring VCO.

VA= o 5y dn

AA%E 32+ 08 pm CMOS single poly,

double metal FA-& olgsle] FH= ULt AE Al 5V =l A4l slelld EA" VOO B4 FAde
= Holokg & o di¥e] HA FF 7Rtk 3 113 3ok AN dakEglRe] AME Hgk-A
ohdR e} tixg AU 2% EgjAzien tx| T W3)e] Adge] adz Ayges Zwsgich
o BE5 opdE o BED EHEE 9] ¢xAA o -35 Veld +35 V7R 7 V AF Zsdel dls
AW gl 719e sla opdEnaE AdElE S VCOY o5 1625 MHzEA Ale] At A
ZHolgk A} 4 & 3 VCOE 1 A& Q A AA 79 dA’ BAE ®ych

39 feaE ZFol7] 938 common centroid 3 At T 44719 4 AR BAe 2] ¢
B2 Hololpslrk 3 xdled] BM7)E VOO &8 A3E E4siy

(458)



197% 7 BFIREHE R UL CR £78

ok ¥ 12+ 9504 MHzolA 4 7A® Fus
$4719) 2H9E]] EAolck TIA/EIA/IS-95-Adl
2IAg CDMA ol% B4 441719 9Ak 2k B4
F4%ke 2=y 4719 Esils(resolution band-

width)& 30 kHz= ¥71 233l9S o g Fake
25€ 885 kHz #hellM+ -42 dBc, 1.98 MHz 9

e -54 dBcE L73c} Ak ol A=
¥ 1204 B 4 3l%e] 885 kHz Whollx -47
dBc, 1.98 MHz ¥l -54 dBce S48 ¥
CDMA EF4] 94 A5 40l ¥33e & 5 9
ok dRbd e Ak AR 3 dBo/HzE Foixng
245 74 dBc/Hz= a4 ks g

—47 dBe—10log (30 kHz)> ~92 dBc/Hz (at 835
kHz offset)
o] Hr}

oA PR R -

MARKER o B : :
800 kMz P PO T - L
-47.56 a8 : :

\:EN'H:! sss 49 MN:
BW 38 Kiz

SPAK 19.99 HN

VBW 30 kH2 SHP

3 12, 9504 MHzellA |4t
=3 54

12. Spectrum of the phase-locked 950.4 MHz
output signal.

TAY e 25

Fig.

£El4 ¥ERe] QDCE RF F4 7] o
uIA] Fe AAE fe S 22 He L Q A%
7b Besiek a8 134 I Q SEe AT AHE
Bairk 950.4 MHzell $iA}ag= [ Al%e) Q Al
A o2l 077 2 SR F A5 =) 23}
© 11 dBE SAsrk = 4159 a7]d Ao)7} of
7 ghe AL AN E A" ANY A R
o 50 2 &% FE71 SR wtiAe] o7 o
g3t A ool F ARe) DC A AWAEE AA
AEE AT o A AR Ale] HEq A
o2 Az

a9 144 71% F9 132 MHz 9% 333} )
4 7A€ 9504 MHz &% s1¥g vpepisich 23

5 &4 A9 AHE 34 Aelck CML Z#
Jﬂ%ai% AHgst PFDE Aoyt 28 413% 7

(459)

25

T A=g] 237 psecrms)d] A& AEge A&
= ARt

118018 DIGITAL SAMPLING OSCILLOSCOPE
date: 15-APR-97 time: 4:25:19

E2 IR mmEE s

Tak

241V

F 4 s
[ L) A U
trig'd 5
R S
r3
7
/ .

1 22.822ne  tl72
2 23.892ns t2/2
At  270.9dps  At/2
178t 3.7837GHz

a3 13,9504 MHzell 914 249 1, Q 93
Fig. 13.1 and Q waveforms locked at 9504

2A.2400: na. 3 A00.53 421340

Ch. 1
Ch. 2
Timebage =

= 40.00 mvolts/div
= 40.00 mVolts/div
2.00 ns/div

Offaet
Offaet
Delay

» -750.0 uvolts
= 41.87 mvolts
= 27.2400 ns

Trigger on External at Pos. Edge at 435.0 mvolts

J8 14,132 MHz 71¥ 9% s+83 9504 MHz
4 =3 (0¥ 2 ns/div, 53 40
mV/div.)

A 9H04 MHz signal waveform with a
132 MHz reference clock signal (Horiz.
2 ns/div., Vert. 40 mV/div.).

Fig. 14.

AAE FuE 471 5 V Bl "1 sl 30
mA AFE 2RI 2 F VCO 4718 A dsiA}
7F ¢F 10 mAE 50 Q 29 1577 <F 14 mAS



26

awshe ®H 29 e AR AEE 2Azes
2 FAsl) sl AARE Rolm=E AA| o] FHel
LNA, olulA A4 =4 53} 7o) AAsA == 9
oz FHolgtm ¥ 4 9tk X 14 3 RF o
o Fulr $A719] 54 sokslnch

I S e I

st RN S ¥ A5 -T2 BN S

= -38.62 mvolts
= 16.2370 ns

offaet
Delay

Ch. 1
Timebase =
Delta Windo=
window 1 =
Delta ¢ = 6£8.40 ¥
Upper - 84.25 %
Delta T = 47.4

Start = 16.5073 ns
# Samples = 2000

= 16.4836 ns

= 20.00 mvolts/div
50.0 ps/div
0.0000 Volts
-1.2500 mvelts

Window 2 & -1.2500 mvolts

Lower - 15.84¢ ¥
Stop = 16.4599 ns

Mean Sigma ~ 23.7  ps

Trigger on External at Pos. Edge at 785.0 mVolts

13 15, 9504 MHz ¥4 4159 & §4
Fig. 15. Jitter characteristic of 9504 MHz output
signal.

B 1. RF W9 Fg 4719 24
Table 1. RF frequency synthesizer characteri-
stics.
Technology 08 pm Standard Digital CMOS Process
Active Die Area 14 mm*
Frequency Range 892 MHz ~ 1002 MHz
VCO gain 16.25 MHz/V
(Constant for input voltage from -35 V to
35 V)
Phase Noise -92 dBc/Hz at 885 kHz offset from 950.4
MHz carrier

(-47 dBc/30 kHz at 880 kHz offset)
(-54 dBc/30 kHz at 1.98 MHz offset)

[/Q phase error 0.7
[/Q amplitude 1.1 dB
error
Jitter 23.7 psec (rms)
Current 30 mA @ 5 V single supply (including 50
£ driver)
V.2 8

2 =R [S-95-A CDMA %5 84l <]
4 950 MHz F3}+ §471€ 08 um CMOS 3F
UAg THeE Fasidch wlmd i A 54

CDMA °|% ¥4 ©%7]4 950 MHz CMOS RF F3b+ 347]

(460)

ERR 7

o] £x| ¢& CMOS # VCOE CDMA 4l7]dl

AMsl7] S8 o) TER] $Al7] TRel B B
3 o] % CDMA °l& A #Hdl AL &4
WE WA A7) RS sl FE Fug
A7 £ WE 94 4719 RF Y Ay
A2 AME7] Sl AdAEAck 2% F3st A
A8, oAl AAE 9% I Q AZE $18) VCOx

AE Ad AAHE o8 T W FEE AU
71 & 3edal Eﬂiﬂ]%at e e 23 3

22 FA%a PFDE A3 & 32§ 25 Als
Ae] 322 dAsl A A BAE IS 5 sl
o} AR ICE 9504 MHzolA 914 34592
885 kHz 2.3 Al ZFalpolla] ~92 dBc/Hz2 ¢4+ %
¢ HBa [S-95-A CDMA X3l H3=E A%
Hodok

B R4 Agksln A2HE CDMA ol% FAl
74 CMOS RF Fu 47| RF 94,
LNASH 3 AA-sled CMOS =l 3 $41718
HE 5 9l 7FsAE Ak

=

i

=

P. R. Gray and R. G. Meyer,
Directions in Silicon ICs for RF Personal

ful

[==]
(L

“Future

Communications”, in Proc. IEEE Custom
Integrated Circuits Conf,, 1995, pp. 83-90.
TIA/EIA/IS-95-A, Mobile Station-Base
Station Compatibility Standard for Dual-
Mode Wideband Spread Spectrum Cellu-
lar System, 1994.

J. Min, A. Rofougaran, H. Samueli, and A.
A. Abidi, “An AI-CMOS Architecture for
a Low-Power Frequency-Hopped 900
MHz Spread Spectrum Transceiver,” in
Proc. IEEE Custom Integrat Circuits
Conf., 1994, pp. 379-382.

[4] Ferrel G. Stremler, Introduction to Com-
munication Systems, Addison Wesley,
1990, 3rd ed.

J. Sevenhans, A. Vanwelsenaers, ].
Wenin, and J. Baro, “An Integrated Si
Bipolar RF Transceiver for a Zero IF 900
MHz GSM Digital Mobile Radio Frontend
of a Hand Portable Phone,” in Proc. IEEE

(5]



(6]

(7]

(8]

1997% 7R EFLREWLEH

Custom Integrat. Circuits Conf, 1991, pp.
7.7.1-7.7.4.

J. Crols and M. Steyaert, “A Fully
Integrated 900 MHz CMOS Double Quad-
rature Downconverter,” in ISSCC Dig.
Tech. Papers, 1995, pp. 136-137.

Jogn G. Proakis, Digital Communications,
McGraw-Hill, 1995, 3rd ed.

I. A. Young, J. K. Greason, and K. L.
Wong, “A PLL Clock Generator with 5 to
110 MHz of Lock Range for Micro-
processors,” IEEE J. Solid-State Circuits,
vol. 27, no. 11, pp. 1599-1607, Nov., 1992.
T. C. Weigandt, B. Kim, and P. R. Gray,
“Analysis of Timing Jitter in CMOS Ring

HREFAET AT A7 FRAHEeks CMOS
opdE 1 32 AA|, o584 IC A4, 2~°tE IC, &

A Az AA F4

£ W EOEER)

1969 1% 1244 1991 24 319
et Adalgeta 24 19939 24
et hEhd Al Rt
AAB. 19939 3Y9 ~ &) seioyet
ST =111 £ B3 Pl e R 6 e ae
19959 3¢ ~ @A waidista ¥4

(461)

X XA

£34UE CR B8 27

74

Oscillators,” in Proc 1994 IEEE Int
Symp. Circuits Syst., 1994, pp. 202-205.
D. J. Allstot, S. Chee, S. Kiaei, and M.
Shrivastawa, “Folded Source-~Coupled Lo-
gic vs. CMOS Static Logic for Low-Noise
Mixed-Signal ICs,” IEEE Trans. Circuits
Syst.—I, vol. 40, no. 9, pp. 553-563, Sep.,
1993.

D. Mijuskovic, M. Bayer, T. Chomicz, N.
Garg, F. James, P. McEntarfer, and ].
Porter, “Cell-Based Fully Integrated
CMOS Frequency Synthesizers,” IEEE J.
Solid-State Circuits, vol. 29, no. 3, pp.
271-279, Mar., 1994.

& % &(E&B) % 33% % 8k 3R

W) eAoiskE B 2e



