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A 5.8 GHz SiGe Up-Conversion Mixer with On-Chip Active
Baluns for DSRC Transmitter

Sang heung Lee*, Ja yol Lee*, Sang hoon Kim*, Hyun cheol Bae*

Jin yeong Kang*, Bo woo Kim** Regular Member

22 ¥4 %A (Dedicated Short Range Communication, DSRC)S A 582 EA| 28] Aulx Al5-S $13 &
Al foro@ S wlejola] Sl mlelel A e] od9de] wMAX|(Road Side Equipment, RSE)®} *lekeia|#x]
(On-Board Equipment, OBE)9}9] oJl3F w4548 ashe SAIA Aotk & =FollX+= SiGe HBT 34
ol-g3te] ZARFAAEAl $41714 5.8 GHz IS AA 2 ARtk AAR A= waze] 329}
HEo] IFLORF &4 A3 3=, IFLO ¥ F 3|22} RF &3 U 327t dd3len 7=} A%
¥ A= 27 mm X 1.6 mme] 715 71A|H, 3.5 dBY AHwsle]|5a} -12.5 dBme] OIP3, 42 dB2] LO
to IF isolation, 38 dB2] LO to RF isolation, 3.0 V2| FFA slellA] 29 mAL] AFAarzE A=)

Key Words : SiGe, HBT, Mixer, Balun, ITS, DSRC
ABSTRACT

DSRC provides high speed radio link between Road Side Equipment and On-Board Equipment within the
narrow communication area. In this paper, a 5.8 GHz up-conversion mixer for DSRC communication system was
designed and fabricated using 0.8 um SiGe HBT process technology and IF/LO/RF matching circuits, IF/LO
input balun circuits, and RF output balun circuit were all integrated on chip. The chip size of fabricated mixer
was 2.7 mm X 1.6 mm and the measured performance was 3.5 dB conversion gain, -12.5 dBm output IP3, 42

dB LO to IF isolation, 38 dB LO to RF isolation, current consumption of 29 mA for 3.0 V supply voltage.
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9] o] 8-H &S TSt AAIE ZEAAEM, 2 HoR AN 37te 8 & Q=S dlerh &
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=4 /DSRC FA71 5 $1%F 5 5iE WAs 5.8 GHz SiGe AFakiA A 2 A=t

Ae]5-41%5X](Dedicated Short Range Communica-
tion, DSRC)S Al 5HAEA| 8] Au|~E A|Fs}
7] f18l =qdEl A2 Al e, 5 e o4
s wEll 27 49 7RAF A WA
#](Road Side Equipment, RSE)¢} o] EAl9dS
E35h= 23zl A*] (On-Board Equipment, OBE)
o}e] HdH (point-to-point) HE HePE (point-to-
multipoint) FYF NEHFAE PPz FAIA=H]
ot} o] TARFAIFAl A~ AAAH SR s
Fo] gkow] FHTol= AR QFAF(electric toll
collection)ol] 8% 1 glom tiRie] X%
Alzvll My AR AEAl o] Al A
o= HAtHl]. AFHAFAzE An|2rt 27
AAE 2, Al AAEE FHsl| &= 2t
A A A3, £93E $AHeE HE
dlofsln, olF $lelix= AR Wi 32
ol thate] MMICE} B 23lcH2].

SiGe ©]FA3 nlolEe} Edix| el 7]Ee] A

=
22 (S WAl SiGe ol¥FoE AR Alelch
npn¥ SiGe ©]FAHF wlolEe} EMA|~E ] ¢,
SiGe b2 o] Foizl Ho] oyt AlejEow o]Foixl
owie] 2 el nlsl v 2 ol WM=A
(energy bandgap)2 7HA|EZ ofu|g]elx] Hlo] g
9] HzMFEE foldx]= HbHel| wo]zoflA ofu]
Hze] Ay e Ak o2 s SiGe ©]
AT vlolEet AR BRI 2B ARE vlolE
2t A3 B 2Ee vls) vl £ ovlE W
E-8(emitter injection efficiency)¥} HFo]5S
ehiel, mebd 8] 2 ARSS flshAE
o]~ 28] BEvE 5 E 583 SVHIA wlolx
s A ZIc) R o) ‘punch through’ ol
ek A o] M} gke wlo]xe] ARS-S 7}
&5 el =3 Ge wwell gk Ak 71271
= ol o] el AIAE sk o]~
5 ks AAES He wiEA A 5 9l
=, ol2l’k ofg] 7pA] 2<lE= I8l SiGe ]
TAT nlolEet EdAaEE 7]Ee] AlRlE i
2} A3 EdA 2 vlE] €53 w2 AT
g g FHd BT ks Vepdoh3).
A}eFa) X (up-conversion mixer)+ IF(Intermediate
Frequency) 415 RF(Radio Frequency) A3 =
Hgtels A=A ] Alxdld] wlg- Fagk
we) efolu, ole] H4o] A Asde] At
e 1Y 550 Agol % Frh 39, RF
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AAs e AEY ZF A= A e
(Gilbert cell mixer)®} 35> 253 7327} wWol 2
olH, o|& IB2EL 7|EHoE hAFZE (balanced
structure)©|tH4,5,6]. WA 22} vt 22| <l
Elollo]~E fsted, WA Alsel viA] Als7te]
A% WS =38k "k (balance+unbalance, Balun)
o] g3t = RS HUA AlsE SR
Walkeiru, 52 2 widje] A5 it e
= A 5 R 5 R vRrelA, &
3] MMIC(Monolithic Microwave Integrated Circuits)
o| A= A5A(transmission line)S ©]83 Et
SEAAE o4 MRS AU WAL A s
2 £33l AUER A4ahv], RE-SoCs}e] 4]
o whe} 5 WES] Bede] ZojH ¥ UE
o A%, ¥7HQ Bz Wl @ FeAs
(Noise Figure, NF)} A#4w7} 7|5} RF-SoC
o W% AR BE AANA o5E s 5
slel & 3|zs}e] Age] glelA] o5 Tzl gol
S}

2 wrdile dsHAbealdTlels A A
I SiGe HBT AA}E ARE3sle], IF/LO/RF Q&
g 3=, IFLO §i¥e] LT 3= 2 RF
9] TEE 325 Wdsle] 5.8 GHz DSRC
718 s A 2 ARk =
|4 A 2 ARRE s A= 2.7 mm X 1.6 mm
o] =7)1E 7HIH, 3.5dBY] AHWRte|53} -12.5
dBm®] OIP3, 42 dB2] LO to IF isolation, 38 dB
2] LO to RF isolation, 3.0 V2| FFXst 3lelA]
29 mA®] Afarg A=
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R s R P K R e 0 e o |
el SiGe o]FA 3 wlolEet EmR|2E|e} FA 3
2 FAAA FEAlel A R eEaAE
ARgEte] 3|25 Ak

A Z2oll4] olFgl uke}l 7o), SiGe o|FAHE vle]
%2} EgIX|2E|(Heterojunction Bipolar Transistor,
HBT)= Afeols AYsn, Adaulg(f, cut-
off frequency) ¥ Zt| WAIFI(fry, maximum
oscillation frequency)®} 2 #7174 AdAe] A=|&
vlo] e} A3 EMA|~E Mol 3] wetel,
AlelE nlo]Ee} A3 Ezix|2~¥ Mo} RF A3
2ol o] AR Aow 2T ek a9 18
el AREl SEAAll SiGe o] FAE wielEet
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EX e whikolw, EmlX|~E] A|FA] Ho] Frol5o] 296017, BVCEO+= 3.5 Volar, Zee A
2 o|¥ = AJARS- ¢]8l RPCVD (Reduced-Pressure F 1.84 mA°lAe] 19} fu?} 2 41 GHzS} 42
Chemical Vaper Deposition)S A8k} =3k Ge GHzoltl 5%4xle] =mdlgle= SPICE Gummel-
9 k%o Wit 7]87)= 17%N4 0%2 AR 7 Poon (SGP) ®ulo] Alg-Eglowm] AC &Al5e] 7
2A1A AZEH, CMOS9F] FA] AlEE aefstar © 500 MHz~10 GHzellM mdgslsic) SE44}
227F AlE $]8] LOCOS A (isolation)E A o] ®wr} AR DC 2 AC EAL 18 23} F1
g}, Ao ARSE SiGe oA nlolEe E of, 5544 DCRYUH A= 13 2@)°l, i
WA ~E]= of|n]E] WAo] 0.5x 6.0 um’e] DC A Hog Ade AF ImAdA e AC AAlE meElE

Ak 728 360 27k vehgle

E 1. SiGe HBT®] DC ¥ AC EA
2l W =227k
o] WA [um’] 0.5 x 6.0
P+ Extrinsic Base P Bl P Sub DC X‘i‘”—o]‘:f 296
BVEBO[V] 0.95
J% 1. AIRME SiGe HBT W BVCBO[V] 10.7
BVCEO[V] 3.5
55 9 RC[Ohm] 61
h RE[Ohm] 30
fr[GHz] 41
fmax[GHZ] 42

o. Lw o
16:21:52 104G
aanfasil VGE (7 )

B fexn

freq (500.0MHz to 10.00GHz) freq (500.0MHz to 10.00GHz)
(a) (b)
45
—m—YCE=] ’
—a—tCE=2| 440 f
—a—VCE=]
—y—VCE=Z
43 -0.15 -0.10 -0.05 0,00 0.05 0.10 0.15
LA
g ¥ 4 ang
s K
-, 5 freq (500.0MHz to 10.00GHz) freq (500.0MHz to 10.00GHz)
(c) (d
.\0 0
— a2l 3. IC=1mA¢l|#4¢] SiGe HBTS| AC =& Z3}.
154 s (a) S11, (b) S21, (c) S22, (d) S12.
05 0 5 2 25 0 25
ctmay R AR SEAARE )Y 352
| o ® , e w metal layers)= AR83lo] Alx= =], 2 EA4S £
%l 2. SiGe HBTS| DC ¥ AC 5A4. (a) DC 54 2 = .
93 dsk ) AC BAH. . 29} 2k ASAEE p-¥ A2 7|9l Si0,F
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1 /DSRC %

A7 5 913 S EE WA 58 GHz SiGe A4 AA 2 A=t

FAstel sixoy AT ZAste] AlAd MM
A A olch. ANAIE] 571 Bl 27 49} 3ro]
71 (Si)H Si0, s 27 A AdAE A
Fo2 wesle] Efﬂz‘%}‘}iiu%, wH o Afslet
AAA 2] Zhe 0.84 fFum’o|t}h. el &3
" (AD) w5 3 aUE A8 WHERo)y
23to]d (spiral) A EI[7]0], %7} Bde 3
59} o] embdog odwzl muls AMSSIlS
71343 (Cox, Csi, Rsi 5)3} °JE4E% A e] 31
A¥ (Cf, L, Rs) 5% FA=Ic) w3k A3k 7]
Aoz A3} F=A3 o uAF] A E=FE T
QEm B bar-3oloh AAEE G Ao
TIN/TiTIN v 2hehe 13 34 $19] 4 41g)
Tof| FAAA wE AR, AEAF ZhE 930
olch. FAEHe] ellvle] 82 SiGe ©]FA7E Blol
et A3 EdA|~E] ovlE A SA|=
(oxide) $loll FAlell FHE= ZoZ AEAG 3}k
- 505/ oolu, ixfgke] wlo]~ A SiGe ©|F
A3 vlelEet A EMAzEQ] Ho]~ 344
SA1]= (oxide) #lol] FAll FEEE AR A
EXE} 7kE 80087 oot

2. FEaAe] BAL
%ﬁj ' gt 54
S
= wpat ik HA3H%]
A8k TiN/Ti/TiN | 9%/ 0 <3
%3} -
=235} onE] Zg] 502/ O <5
A |dle]x el | 8008/ O <9
QH®lAnH] | Q#@2~6GHz |3-*53{GHz]
QIEE] 1.5 > 11 > 25
2.7 > 8 > 14
43 > 7 8.6
upu SiOxNy | | A4k | HA
AN A [nm] [fF] [%]
Al/SixNy/Al 75 0.84 3
[} L Rs

a2 4. A ST
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L Rs
P1 P2
Cox1 Cox2 ~
Rsi1 Csi1 Rsi2 Csi2

284 MHz

Saw filter “eesescfoccs H

(284MHZ) Filter

5.466~5.546 GHz

Up-conversion Mixer

H
=" IF balun W RF balun [+
H
H
H

....................

II. DSRC &47|18 5.8 GHz MMM &4
2 =7¢] DSRC RF front-end $A17]-4 A
725 29 6o vehisdeh S5 (In-
termediate Frequency Amplifier, IFA)2} =zl
7](Local Oscillator, LO)] ©td Al& &3-S o}
o EelA Abs AlsE wdlslel ZHE A
Hrjol|A  AbskEalH SHup-conversion) S 5=3J3F
3 E9 dkpo]| T AlEE wsksle] %ﬁf\‘}r/}. =
] A A FAA AlsAE WY o
3} 2} w4, (1) IF 2 Lo i8S HPO} 7 A
3|2 H ESRE sl Abs AlsE wgh
3 %, (2) degeneration QIHE7} Q)= HHE Ao
A Al Wgs eEsl] $E3E F (3) &
% RF Al3+E RF &% &5} 24UL§IE—E— |
Tdils s #HE F¥=ch &, DC £57) (block-
ing)& #I8te] 7+ wmic) 0.1 pFe] ﬂ"ﬂ/‘]‘ﬂ/\e z
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= MIM AIAEE AME3ldck ol IF 4159
7,#“’%47— 284 MHZOLL LO Al5e] FAlFas
= 5.506 GHzo|" RF 333l 5.790 GHzO|
A " Y 2Tl A8 UES 5%
o2 A3z U AWEA wxel A dedzle
2 7Edrk o R AR-e® <lgE AR
o} AHaRe] ZoP) ARt E AAClA o]
55 FRE 5 gle] HxFo] 3]2efe] Al 9l
o]x] o]5 Frr} folsl FolWrlE RF E£59]
233}l A gtsick
I3 72 IF T LO i ol A%l 253
HEE 3224, w8l ASE ol tjAe] A
Az 2 Mgkl AHE Al 9o 2k AleE F
3ok =l Als gie] Ef li% Q 4 H|o] 2~
[e)

£

(

[o5

ol 7}sli#|a, DC A$17F 2
Q22] AHE Afolel = _10 _|z
2ol Lo AR gt %
mode) °]S5el 3| 7%@3'—3] d-rr*l(current
source)d] &3 YIH U} ES4E LO AE o
S AR AL, o AEY HE WL o5
F EdAZ~E] Q13 Q29 EMAZIYR]A(trans-
conductance), degeneration oldg] L1, L2 B =2
e} R17 R29) 9Js] AA4=c) Degeneration 19
B L1, L2 319 9 Slzel A ke Sl
AHE 9l em, AFAE €12 HA|(ground)®} DC
wlololzs ¥el% slsle] ALasloick

% 8[8]< degeneration A&o] Qe FE-olv]
B} FE-AdEe 7l AT E(cascode)E AR
F4)-E (push-pul)d 22 H2A, AwE A 1)
Aol &4 el ¢ @ﬂ‘ﬂ 25 AlEE el Al
M), T o5 ALE path o}59] ol
v, degeneration *|3} R3+& F5-ol|"|E] pathe] ©]

52 z4dsta Lo 7R FHW AMsl(cancellation)
£ F=3bH, Réw= &4 ¥ WAA] 23H=ch
5 e 52 AYAE A 5ol
w3l Fdst nlolol~ AHFe) AYRAE L= A
Y 3= njE] Aol gt AR UdeA]
ATHI]. o1& % s £ A (isolation) &

e Agshed, £ =elde olE 5% e
= oEUA Bzt A AAIE L AH3 =ik

]
a3 9% o7 & Azl HE AFH T2
double-balanced WA 24 RFEH|A] IFe} LO 2
27t 3, 2 AEE AR doH, F o
o 5 2E e HES e E i) o] B
o] 7% siHe] 1809 A5 AlEE 7HAaL T
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a2 7. vlelolx 3822 ¥ IFLO Y IE 3
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VIBKE

J8l 8. mlelolx 3|25 X3 RF 53 UE 3=
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VLO é
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=1 /DSRC $AI715 $13 T5uE WA 58 GHz SiGe AFakdA AA 2 Azt

59 o], FHel LOS} IF FAo] Al Elrh wgt
o5& Ezix|~E Q63 Q7] EsiZE ] (trans-
conductance), degeneration I=JE] L3, 1.4 ¥ A=
olde] L53} L6l 98] =-¢-=lv} =3k Degenera-
tion I9E] L3, L= oS st A8 7Y
e 913 Allsision], QEE 159} Le: At
headroomS- 37] $13te] AAE FahzA] A=
ol ok dFE UE 325 =AM RS DC B}
ool Qb AR TR I3l AF v
o 522 olgsigion, Y 2 FHEe wE 504

e stol Ak

V. 5.8 GHz SiGe A2HM H& & £F

o] AollA= A AFH SiGe 552A}) %
22FE o]gsle] AdAIEI Zﬂ teE SAAAE 54
o7 Auilcl 13 102 1369 DSRC 4174
5.8 GHz 34 Fx25 :Lal 7, 29 8 ¥ I
9] 3R FHE Fo| AR, H A= 27
mm X 1.6 mme|e}. I3 1004 §] 3719 ==
Al FFEolH, AF opE " 2EH =
Z17F LO i, IF 913 2 RF 8ol & do]
F(on wafer) 4 913 GSG Hel= wi=]3}sick.

i i s e bl

a2l 10. A==l 5.8 GHz SiGe A3k e] FARL

Tl ~FER =4S $]3l¢d, RF power source
9] RF Synthesized Sweeper HP83650B, HP83752B
»HEZ 247] HP8S63E7} AM&Eglem, A
2he Al IS 3.0 VERE wlelel s A
o} VA=30V % VB=25V Xl ZA=ich
I311S IF ¥l -25 dBm, LO $1&Hel| 5.0 dBm
< Ql7}sla, RE &3 EEo|4 100 MHz~7.0 GHz
Atololla] SAE Fulg ~dER]S ehd Zlojok

49
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a9 11°] okl 282 RF 459 5.790 GHz
& Y 50 MH: 7} e Hojsel 243
sdEy =AAIEA HAYH WHEE o]5L sfo)E
e %HIEJ <A 2 dBE HAEtd 3.5 dBE itk

w3 LO to IF isolation> 42 dB, LO to RF
isolation< 38 dBE =A=o] xEZF Azl EAlo]
e #lFE 4 odsick 29 12+ Lo o

5.0 dBmS wAA|7] Aefel|A] IF two-tone &S
-25 dBmeoll4] 3 dBm 7}A| sweepdle] IP3E =4
g A324 OIP3+= -12.5 dBmo]t) °]& Z;‘— 4747}
55 T8l & 39 Soksigich HaE, o
oA A3} 3|2 14 (specification)= A]2~ Eﬁ: A&
ol F3ld WFAH R TEE Floln 483}
H AFe 7] Had =we] dyEdes =
Zo] tf2u g ulwdite R 4] gl

ATTEN 10dB MKR -24. 00dBm

RL QdB8m 10d8/ S. 781GCGH=z
MKR
S.7B1 GH=z
-241 00 (cdB8m
4

STOP 7. O0O0GH=zZ
VBW 1. OMHz SWP 140mms

START 100MHz
RBW 1. OMHz

MKR -23. SOdBm
5. 79025GHz

ATTEN 10d8
RL OdBm 10a8/

MKR
S. 7029 CH=

—-231 S0 dBm

SPAN 50. DOMH=z
SWP 50. Oms

CENTER S. 79000GH=z
RBW 300kH=z vB8W 300kHz

T8 11. RF &9 XEoX FA% Fujg ~9Ez]
(4 100 MHz~7.0 GHz range, 3}: 50 MHz span)
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25

. e
.)r"'/./
e

-304 o 4
el

Pout[dBm]

-35 4

40 —=— fundamental |
—e— M3

-45 4

T T T T
-25 -20 -15 -10 -5

Pin[dBm]
32l 12. LO=5 dBmell*] IF ¥ sweepell w2 IP3 =4
s},

o4
o

F 3. AlXE 5.8 GHz A3xle] 2443 Qok

parameters simulated measured
IF frequency [MHZ] 284 284
LO frequency [GHZ] 5.506 5.506
conversion gain [dB] 5.0 35
LO to IF isolation [dB] 62 42
LO to RF isolation [dB] 67 38
OIP3 [dBm] -7.0 -12.5
IC [mA] 27 29
V.8 2

A= 54154 (Dedicated Short Range Commu-
nication, DSRC) 72| <d¥e] x¥=AFx|(Road
Side Equipment, RSE)¢} *}2fstzll#=] (On-Board
Equipment, OBE)®}2] 245418 F8)3k= §41Al
2glolw, gkow tRie] XT3 wFA|HE A
2= TARAEAl ols AlgE ZleR Heiql
o} 2 =EellxE SiGe olFAHT EMAAEHE AL
43le] 5.8 GHz <A T84l 4718 Ak A
s AA 2 AEEle] mojrh AA 2 Ak 5.8
GHz “}3lA= wlA] Fo]3| 29} tj&o] IF/LO/RF
g 32, RFLO o1F st IF 29 I 3=
7b ©dijern 7o, RF SoC FAlelx A
sl wokrh A2kl 5.8 GHz A4 2.7 mm
X 1.6 mm®] Z7|& 79, 3.5 dBS] A=uizto]
57} -12.5dBm®] OIP3, 42dB9| LO to IF iso-
lation, 38 dB2] LO to RF isolation, 3.0 V] 3+
At 3lellA] 29 mAS] AFARE ZAEHH, &
5 Lo A2l 4o $sisie.

[rt

356

Copyright (C) 2005 NuriMedia Co., Ltd.

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

2k
gl
rok

il

H. Oh, C. Yae, D. Ahn, and H. Cho, “5.8
GHz DSRC packet communication system
for ITS Services,” IEEE Vehicular Technol-
ogy Conference, pp. 2223-227, 1999.

E.C. Low, K. Yan, H. Nakamura, H.
Fujishiro, “A plastic package GaAs MESFET
5.8-GHz receiver front-end with on-chip
matching for ETC system,” IEEE Tran. on
Microwave Theory and Techniques, 48(2),
pp. 209-213, Feb. 2000.

S.-Y. Lee, H.-S. Kim, S.-H. Lee, K.-H
Shim, J.-Y. Kang, M.-K. Song, “The behav-
ior of Ti silicidation on Si/SiGe/Si base and
its effect on base resistance and fmax in
SiGe hetero-junction bipolar transistors,”
Journal of Materials Science: Materials in
Electronics, 12(8), pp. 467-472, August 2001.
B. Razavi, RF Microelectronics, Prentice
Hall, Inc., pp. 166-204, 1998.

B. Gilbert, “The multi-tanh Principle: A tu-
torial overview,” IEEE Journal of Solid-
State Circuits, 33(1), pp. 2-17, Jan. 1998.
S.-H. Lee, J.-Y. Lee, S.-Y. Lee, C.W. Park,
S.H. Kim, H.-C. Bae, J.-Y. Kang, K.l
Cho, “A 5.8 GHz Mixer using SiGe HBT
Process,” Conference Proceedings of 33rd
European Microwave Conference, vol. 1, pp.
403-406, Oct. 2003.

D.W. Suh, BK. Mheen, J.Y. Kang, and
M.C. Paek, “Enhancement of Q factor in
parallel-branch spiral inductors,”
of Electrical and
Electronic Material Engineers, 16(1), pp.
83-87, Jan. 2003.

D.-Y. Kim, S.-G. Lee, J.-H. Lee, “Up-con-
version mixer for PCS application using Si
BIT,” IEEE 2nd International Conference on
Microwave and Millimeter Wave Technology
Proceedings, pp. 424-427, 2000.

K.L. Fong and R.G. Meyer, “High-frequency

Journal of

the Korean Institute

nonlinearity analysis of common-emitter and
differential-pair transconductance stages,” IEEE
Journal of Solid-State Circuits, 33(4), pp.
548-555, April 1998.

www.dbpia.co.kr



=5 /DSRC $Al7]&

S8 S5E WA 5.8GHz SiGe AF3eA AA Y Azt

0| & = (Sang heung Lee) A3

1988 2 oSt zz}
5 24 (F=Hh

19921 29 FdEga %=}
F3t &4 (FEAAD

1998'd 29 FddiEtal AA
T3 =4 (D

19981 49~19994 6 F=-
HAAEAIATY 2 ed A W A9
1 -%(Post Doc.)

1999 79 ~&A]  F=rFEAlA T 7R ledd
T 2SR ZATFE SiGeaAd AT

<A Hol> RF A3 2 A, 75 A" %23
2 AA, vkmA Al wdlE g W

-

0| At & (Ja yol Lee) 3]
20051 29 FdiEka Az}
Fals} 29 2k

1998 294 ZAFdistw zx}
a Fah) 25 (FH)
= 20004 249 st Az}
=
“ 2001 3¥Y~&A gAALE
Ald7d el SR s =l
SiGezAHd AledTA

T3 =4 (ZFEArD
<ZAlBol> VCO, PLL, OEIC 3% A7

Z A Z(Sang hoon Kim) A3l
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