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A Study on Automation Process Based on WEB for Circuit and PCB EM Analysis
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Abstract - In this paper, a study on automation method for the circuit/EM (Electro-Magnetic) simulation is carried out
to analyze effectively the SI/PI (Signal Integrity/Power Integrity) issues which occur on circuits and/or PCBs (Printed
Circuit Boards). For the automation of the circuit/EM simulation, algorithms performing each process of the SI/PI
analysis automatically (such as ports setup, circuit definition and SI/PI evaluation) are developed; thereby automation
system for the SI/PI analysis is constructed with the algorithms. The automation of the circuit/EM simulation is
accomplished in the environment of the C/S (Client/Server) architecture in order to reduce resources such as high cost
computers demanded for the SI/PI analysis. The automation method for the SI/PI analyses proposed in this paper reduces
effort, time, and cost spent on the environment setup for simulation and the SI/PI analysis process. In addition, the
proposed method includes automation of the documenting process, which organizes, records and displays the SI/PI

analysis results automatically for users.

Key Words

.M 8

71 SER Q3] PCBol &8s 253 A%
7} Z7}sta, USB, DDR, HDMI 5¢] tx¥

A Ame 271 Frtsta e &

Aloltt. o2 <13 PCB uWlel 2135 wkAbe} 7Hg Sol ok
A AT R FeE EASRL, TTAYES FolE FAR
el el AsksA Fn FE 2

(Signal Integrity/Power Integrity) #2419 = QA& H7hA
ZITH 1]

SI/PL 42 PCB /I A4 & A, AX + 7FA &
Aol A gt A dAdA FaEE SUPL 242 A
EHolHdg 7Hlto g Fl= M ow SI/PI EA47F &
ZAg v oFsh=d HHo] vk HAF GAlA R
SI/PL 42 A&d AFe S 7|We=R g 42
Al xﬂ SI/PI A=l xﬂ 7} u]—/xg 3]_: =

=74 7]dte] SI/PI # = S
 MEAl AHok e GAIR =de] ofx|7h gl whd,

* Huwin Co., Ltd.
¥ Corresponding Author : Dept. of Electrical Engineering,
Daelim University College, Korea.

E-mail : sylee@daelim.ac kr

Received : August 23, 2014; Accepted : October 31, 2014

1716

. Circuit/PCB EM Analysis, Automation Process for SI/PI Analysis, Web-based CAE

AlE# ol 71Hke] SI/PI 42 Wt=A] Fgsjor & 34
& ofYth o= E s, Aol 7vte] SI/PI &
e ©=48ta Qe olfe AA dAlA SI/PI #A19 o
= ZRA| 27 7PEshy] wEotH2l o] & Qldl AZn &S
29 & dxm mE FAHS I AL NS G5
o Agrt, Ao EAEE AEYAd EEL A}
ul§- Zola]l FAX|ete] ot wlg- ] wiio] Al Ert
= Wolt), ol F olHELS CAE 4%l w$ 2 Ay
s 7hA- 2.

gy AEFelA 7)Hke] SI/PI BA4E Fal gl lojA
g 7tA e o2 Algo] EAjeth A WHAE AlEHNM B
Soll tig AMEA d8Ao] vl wrh o3 B2 dut
o7 SI/PI BAld #HE Ze o250 HEHo 917
o] #EE AE A He] glow A AMEE 7L S
At F WAL s AlFel sl SYPL B4 98
N 7hA B AlZbo]l e WUk I olfrE B4 tido] v
¢ BE B ooll 7o B4 Aol Hxtaln E A
o]7] w&Eolth Al WAL P zEol i T ALY
PC7t "otk SIPlol H&=+ AlEolde ¢ B
AxtEnt g WEert a3tk U HAE dolE 9
#E 7k oAFT Aol Fadk golEEe 42 ulg Wy
a17] wito] %



Trans. KIEE. Vol. 63, No. 12, DEC, 2014

C/S(Client/Server) T3¢ SI/PI &4 A-53} A|~"s F E =RgAE XE dAo A%3E ) 19 13} o)
=3tk SIPI 4 WW HHE Zp9jo] W HFE AA Ade AsHdoem JE XEE AAs= #AFS AdsA
3}" AlEG ol A FHEE AAE] e FH th o] HAAd = A4 AE el A A9, ANAEHS} 2

2 EATY BN ol Y% AHE FEI] HEAE 2 FEaAVE AAEA S BT, ol¢ dFEE gE NS
FTAe dolEHE A&dol gvh 1B R EFFEtal W AE Asoz Foprte 7lEe] XEFEHoOl Tk E e
= AYES 41 wEA AT F e s AL A ey ST 22 553 27t AdE A9E A
‘o2 uAYe PC A%S TE3stHA HoHES FF o] AEHES Ak 4A4s T AsoR XEE
YT F A= C/S T2 A~ SIPL +4 #4e] of AR & 7] witel o] #AHS A &3Skl ofES] dHolH
2 AEES 251 vl A ge of FE B4 9 JE EM 24 & 9 A XE A 7V

T st st
2.2 B

2.1.2 EM Al E80o|d AS5t

2.1 Al ZelolM Z[gtel SI/PI 24 ™3} XS =
XE dAe] ghmnd F A" Aol i EM AE

s-sehi e 57}

A% 9 Jlwel $4e F2 CAD #4 me AA de  CIOMEE TAET Afdeld A
H e el s bl AFHR gov, & e H2 2d% @f §4 d3ded 9@ 4714 =42 5
oA Aetei Alzsde @ slwe] PCB EM ¥4 Apse = oo POB HE A2 md 58 % 48 EM A
2o SUPI BA7 B4 22 455 24 =1 o ol 5& ANSYSAFS] Slwaves AM&319Th H& &
< AREgel 9lo] w9 dlA Fug, AA 21, FEE
211 ZE MXN =3} 5 8o 2AEC UE dHo] Mg ojor FfEE E Alx
gojx] A& EM (Electro-Magnetic) ¥4 SdlA A& 5=
SI/PI 2A o)A 744 WA Faslolof aF 2o Bal Al 239y Aol E o] &3] AlEdoelAe Tasdt MYS AF
agel B mde YAse otk Bag gg my TR uov, wHd waw T ve % 2
& AgskE Ee NS Ha9 Txe PR A% Ag  CPTIHEE A= o Aol met viel A4 A
Me wAAs EM ¥Ao] Afd 44 EM ¥4 38 of ) JEPIEIF AEHES TG ol EM A#e
g8 A Bl Mol EAelW of u mFs gole Fau Aol 92 $ud X“ﬁ"’] ‘31% AT A A S
B mu 2Zo] 230 2] EM AlE#HolAS 317 93l Qo Abgxto] Al QFo 9% A= AlAHECH
A w4 AsHel e TES Addor 9Tk wE s
o NEAE FARS FARIE EAS] G A 27 213 82 Algaold XS5
ojdel XE dAel dAasith ELES A= 25l A9
929} AX3l=d, PCB o}lEY dHolHoE 2259 1 g 32 BN A5 AF A4S T 98 ANzl
A AR7F EAgY. aelnE Ao YA omIE A HAE wet 28 A5 E dFstr] fla FR AT o] A=
Dol A TES HAsE B34S AEse 5= g EM AlEdoldS Fd 42 2ad 57 Bde 98 A%
of A9 = R To ¥ IJRES AdZFIT T ARG
I = (Transient) 14 B3 &2 A& I3 A|EH A
ANEg dE=r4] 29 2@ AEHNAS AT 14 3=
—— %9 o melEth of dold, S-stetvlEE AEA 5}
7 2do &33}lal, Driver, Receiver 1, Receiver 2= FWH3
ﬁ Find te F% 2o Agat n& 45 A0dY sEsAel g
v ‘ Get Net ‘ E2E ANSYS*}«] Designer-SI¢} SynopsysAte] HSPICE
‘ Get Component ‘ F 7} gtk o] EELS a9 2(h)ollA E 4 5ol HAE V]
‘ Find Component ‘ wke] 37 YE Z2EZS A3t d2E Jwte] 3=

wRn 24 2 4% 2 BUe® wasol gl W
ol sizel AE 440l Bolshu, BAEs v Bl
AEsh BRI A R LF7h AT o] How,

| sowrorsm | Mo mzoagloly Bol WadAl el wiel wgAol
=

Iz &ll Data
Checked?
Yes

oorle o

Of

_l

A5 w3 A =
a3 1 X5 ZE MAS 9F 1t g A" A v gHE AESA Ho 94 79
Fig. 1 Flow chart for port auto-setup. 4 AgEE AT F UAES FFEHA

| 2siA 2 PCB MAE 248 2t

o

o 7|8k ApEst T2 M A0 2EE AT 1717



HM7|&s=2X 63 125 20144 12¥

Netl_dry Net! _revl

VPRES _drv

e
1 S_Channel Netl _dry Met! _rcwt Net! _rev? mname=Channel
[}

b Drvnd? nddZ file=¢<BIS File Name> model=<BIS Model Name> power=off bufier=output

VR_Drvnd3 Net! _dry 0.5

1L Drvnd2 nd3 1e-9 i
C_Dre Netl drv 0 7-12 Driver |

_Rcwl Net! _rcv! ndd 0.5

R |
C_Royl Netl_rcvl 0 le-12 |
b !

Fig. 2 Example of analyzed signal line and peripheral
circuits. (a)Analyzed circuit. (b)Net list.

214 =4 M52 Pass/Fail 2 AtS3t

e 7}: USB/DDR/HDMI 59| 37}
2748 WHESFEXNE £3589 Pass/Fails
o= Asggcqo]: sto), o] A2 ¥ 34 B
iagram¥ Eye MaskZ o]&3] 35 3ith u
Ao 43t Eye Mask 2 A7+ 34 4
3o FANS #H3A ¥, Eye MaskE
e Diagram A#ZE5 E3 459 AH, F& ‘3}7\1‘,
Am 71€7], L¥FE $9 "AE A=
= gesto]of gtH56] o] W B
} H7t el g 4
e} 3 wlZ (margin)o] R ¥ =
FEOoR oA HW B2 A7
X}%i} Al =" Al A 74
2} 3} *L?LH] T3t

AN
ol
|
ol

) e X

o rr
o
<
@
rz

o >
:(‘)L_r‘

ofy oot
£

L—1

\
ol
ol

N

)

ot

ofN ~
o

it

= O
=

|
-

BL‘-WUO?'«F’_X:

o)

=
=

o
oo
&

)

1o

A3

HU

[oh

ol
Mr
o

e o
o Hi
JIN'

1
m
HU
E = rﬁ o §L o2

- -‘—‘(
)
2 1o g o rlo

=
A&
7
]
=

0, o 2

T

Sof O kKl o2 o ox M2 Ip 2
N

ol 2

1718

Setup Time Jitter Hold Time

Sttt

Setup Margin Held Margin

a2 3 oto] Mx ¥ oto| OtAF
Fig. 3 Eye Diagram and Eye Mask.

215 &3 =AM

e XS5

dutgom, HHe Ao s e AAs] sl
Az Fx IBIS W¥ Y 54 &% § g 24E
S WAskAA o] We] SIPI w40 It o 3
A FAEE B2 e B4 ddse #4E AT o
ol 71 Ak aFeth aHug B4 Z4LS 2E3E
A d4F &g "M g adA oI EA A3t
e Weto e vlolA R EAL A Al F = A Ad
2 AY(OLE) 715 AH83 5 gtk o] 75 4 ==
o wol AEHI 9= MS-Office AES Aojg 7t
Sl ok wEbM 2 =welMe AA 9F 3 A 7
Te T vEFe] F4 Aasd Wit FAME ARSAE
s FAom Abs AAsks Ao Thestes ot

22 SI/PI 24 XSt 8 HA

AW HA& ATsgel gloA, AR T3 ]l el
Bowl tE 94FE BT 5 Ue ATse] ool At
AaL, AbgARe] Fzho] How i A WS £ e
afo] goldnt

P19 AR 28 sl 24) {20 syPT MRS D

[11] Artwork 9122 ‘ [21] ey |
[12] Net 442 | [22] HEd AEq0a |
[13] s3u% Component 28 | [23 [ tzaaspametr 2 2 |
[14] IS %2 | [24]  Newsmmszas |
[15] Mo 29 23 | [25 ] YR |
[16]  wiazssey | [2:6 ] tye Diagram Factor At ‘
(7] wemoszasy | [27 Mk ag g sauae | |

\

‘ 28 ‘ PR

et =¥ Az

a3 4 SI/PI 24 X SEE
Fig. 4 Flow chart for SI/Pl analysis automation.



)
o,
o
o2
i)
2
rlr
>~
Rl
ra,
o,

1
©RRT ¢ AL 9 dns 41
[eX e

2
fo
ol
R
R
An)

N, Ho
o,
M
to
N
&
rl

o
J8 g
2 o
ot
fo
R
o ox

o

=

o=l U
ox O ox & o N o =

o qr g
>
il

q
- O
o
et AT ot
o
fru
¥

fo to 4y
2

-
3

B o
b L2
o 1IF
—?Lr_@
X
i
X

P
9

o

e
=

]
N
)
N

1

ol

ok,
ooy =
o o
o I —

of

ol
N -
jin)
5 o

)
o
k)

N
N
2

=
9
i)

of

/ng‘

£ o 2 5o
N
N
o
£
o
~
2
o
o

o M W oob X off Y o

m

f
e |
=
5]

i)
to
il ZIFU =
T O
i)
_>|J_v‘

)
it
o,
rr

o
fru

>
oo}ﬂ
ot
N

o foorlr b b o af KT fT 2

Y

T
=

@ fo,
rot
&”mm{
> T
%mﬂ I
2~ o U
Ui & Froob o b
o
Oi}l'mhij“:‘ﬂm
ME 26 N ol 30 P ol
ol

?.:
N
R
offt
fob T
o
N
N
olr
o,
X
o
AL
ot
r 2
o

ﬂ]*o“%‘ T »,\74] %E}.

23 C/s =9 SI/PI =4 XSt AM2” 75

S/PT #4 FAoM EM Algeeldst = AleolA
We oko] LS "R 3] wiEo 3|4 A|glo] mj9-
o 2HA iR AEdeld Es2 fAsHol R
& WA PC A%E aTdTh 2y old@ PC:
§ a7kelA tere] PCE WA olele Bk obye
d, 29 59 PC #HA #BIw WS AdEch ATt o}
=, IBIS & Al 2ad HolHsE 4xh vlE,
E

e AEES TRSRR Qed, 1 FFE] WS o

QA3 Holy Mﬂ ol
ol B4 Astel gi}—% e O L
olelst BASS 7 Wetoz 19 59 o] /S TEI
SUPL 34 A58 A2ue Adan. of

PR
e a9 494 nelE fu AAF ez TAHAL.
Feloldet SIPI ¥4 Bad Ausi 445e A

F UES UIE A¥ste 98 we dolHsg SV
= I

4 A8 S Ak S
AeE=Z

rxr Mronot

Trans. KIEE. Vol. 63, No. 12, DEC, 2014

42 AFoR FAW EM Al A F2 A
AGLRE AR B Azl v POE 2K

ALgslo kAT, ol dle] FeloldE PCE mAMY
of PCE A& Mash geh diael, Aul ABeolAe
aqgonn IAde] PCE ST BN AL F vk
AtH7h DB(Data Base)7t Aol F%so] 9l7] wpio]

M
2
:i

HE ol delHEe #es sol elsth ejnw
of /s FxE wAge] PCE AgEE A% LS BAE
& F 98 B ohfe, Aol el A a7

Client

File Link UI
Artwork File

Artwork IBIS File Setup File Generator
IBIS File /| File Parser Parser
Netlist Fil -
Artwork Data, SUL T | Netlist File Generator
IBIS Data

Circuit Data Setup Data

Setup File

Controller

Artwork Data, Setup Ul
File Archive IBIS Data _— P
roduct Circuit Data
Objects

Specification
Data

Analysis
Results

FTP
Component

TCPAP
Component

Report Reporter

Setup File,
Analysis Netlist File,
Results Artwork File,
IBIS File

Acknowledgement Request

——
FTP TCPAP
Component Component
Artwork Data,
IBIS Data
File Server Artwork File, IBIS File, Setup File Main Server

File Archive Request Job DB

Scheduler || Controller

Artwork File | Artwork

Format
Analyeic Netiist File, Converter
18IS File Artwork IBIS File
Circuit S-parameter EM File Parser Parser
Simulator Simulator

1 )

Commend Server

a2 5 C/S 7|8te| SI/PI B4 XtsSsh AlAE
Fig. 5 SI/PI analysis automation system based on C/S
structure.

24 SI/PI 24 At=3t =203 9 ¥

I

2

Akgk SI/PL 4 253t Alxgls A83te] USB2/3,
DDR2/3, HDMIl djg+ SI/PI ¥4 Ag3st 22a8s +5
st4th. 19 6(a)®= DDR2/39] SI/PI #A%F #41& 9
Ul(User Interface)s =Rt olE A DDRel| st
Nets /3t Ul Aol WA At AFeAE 7 E Net
oA aAe Pt Nete AEd & vk BIS Hale
904 AgE 1Col St vv =Y ARE ga
=, Ul Al o] IBIS #dS A43te] ICY 548 A
o] Ho| HldE 4 QEE Ftgr}, LI 2 }\]/\Eﬂoﬂ A
E9 CAD #de ¥ AR} ICHARE #4352 /\J
o]_g— =

}o.-“;g
Pn
(o
o rﬁrlr@
1o ol ok M & £ ¥o O

i
o

1719



HM7|&s=2X 63 125 20144 12¥

@ Huwin Madia Board Compliance Test Wizard
File  About
usnzs COR |romt | sara |pce |

- PaBFe
Fle Nt : - Woouble_TWh.vwin,_Comphance_Jct2 Wiard_samcle,_fles WODR2_tran_board Cpen..
Man Fle | HEPICE >3

[ Driver Recetver
o Gt o et
00F_pa_F
CORDEULERS £0RTD1 R LI G2
i OoR Dz R L1 47
00 B3 Ul 28 0ORTDI R HE
DOR_D4 Ul 31 DDR D4R _UTIHL
COR_DS T3 DOR_05_R_Ui1_ WY
COR_D6_Ui_T DOR_Dé_R_Uti_Fi
ooR_D7 WL _T28 DOR_D7_R_U11 P9
Dos Gat oS et
|. COR_DOs0_U1_P30 DOR_DOSO_R_ULL_EB
BOR_DOS0_U1_F3L bR _BaSo_R_UiL_FT
ad Gat i Get:
I. UE_U_VOCIVE Groug_UE_GND_Granp |
Driver [BIS [~ Risceiver IBIS
[ Wb T Cord IIII‘ Wookie_TWrim_Comg e
[psszn_ooes x| ko Wiktn Hode [reeacoece oo )
VRM
o v
B 3] — - o
T — LEC] ST |
isTristate? hesi08
| Driver IBIS(005) Recerver IBIS(OQ5)
F:m_lm_cwol E Whoutle_TWHwn_Comph .o
frempes =] o freane o =] _nfo
IG «| rio 'ﬁ «| nfo
WNSJXI - F; } RONEH_CDT_CFF -I
baTristatel L]
1= T
EyeTest | ‘
(a)

(@ DDR Option =] E3
rlosd Termination | [ SowceSetep |

[¥ fidd Load Termination (Shunt)

DORZ 400Mbps Single Strobe

% Wit +R it = [0.9 [ [~ Set Clack Speed
 RC term R= |[z5 ohm Clock Speed & Mbps:

" Rterm C= [40 PF 2.5 ns/hit

DQData: (% Normal (PRES)

[~ Specification
" Even (Warsk SSM)

Setup Time : |25 ps

Hald Time : |25 ps DQS Jitker ¢ [100 ps
d¥i_DC e 0,125 W
dii_AC: 0,25 W

[~ Consider Slew Rate

[T Consider Slew Rate:

wdd : |1.6 W
Doy 5lew Rate IZ.D x| vins
[~ Transient Setup ————————— 2 /
QS Slew Rate I4.U | vins:
Shep time : 0.1 ns 2 /
Stop time © |ED ns
Close

a8 6 SIPI 24 X=3 ==233 (a)DDR2/32| SI/PI 24
2 ¢t Ul (bJEDEC =EZ=(JESD79E,JESD79-3)=
7|dtst DDR2/3 M

Fig. 6 SI/Pl analysis automation program. (a)DDR2/3 Ul for SI/PI
analysis, (b)JJEDEC standard(JESD79E, JESD79-3)-
based DDR2/3 option.

% a&

Z238]4S 7212 Ansys A9 SI-wave®t Designer-SIS Al-&
ste] Ao, F5E A Z2 AP A AFsE VB
ZAYE V]S AHESte] AlEHolAde] AsoR FidE
ES

a s B3 AEHIAS s &M
37 9 A g EAF Aser AP a9 TS
DDR2/3¢] SI/PI #4 ZAFel dlste] s AAAH A9
d& RAFY. o] A= MS-WordE o]&3d As AAY
A1, A AFRE FAgEt 22 JEpdo=A AgEFAR]
B7L7F 7bsstal yAE A& #HUle] 83 Eye-Diagram
gz E HEste] Slof uigh A Brh g heehA
stttk o] A= AMEATE ke FAHoE AE Ao

Maa-a=s

1720

4.Result =

(1) Summary

b Margin[ps) | HoldM. i lps)

1£503_A_DOD] 300 222

1£503_A_0(1] 204 225

1C502_A_DO(2] 307 223

1C503_A_DOE] 285 247

16503_A_DOf] 275 257

1C503_A_DO[S] 286 265
L Teel

(2)Write Mode

——

—

L

- Setup Margin :300[ps]/ Hold Margin : 222[ps]

1% 7 DDR2/32| SI/PI 240l st 2M Xt MM Z1|
Fig. 7 Result of automatic documentation for SI/PI
analysis of DDR2/3.

DDR WXz Ade A%
A7l o 3 U FA47% FAsE #ye ODT
(On-Die-Termination) 3419l

oft
w
(@)}
N
=
s
o
o
)
O
N
—
17
)
~
o
-
2
s

AN S

AzRe AgEA oW Zzte BA ARE FEee

Ao R 2~3%9 B4 A% JEE F4o] £a
o:} =

o} ool el & AEs Az
i '

O

i
R/t

[¢)
2AE3s ZRAAE 5
lr-go]% g w9 349 urHds

of EAMoR AEsE F
PCB o] SIPIe] #it &
2 3toj= SI/PI 3

=

=

g
N
ne
x
0,
X
i
=
o
fru
{u
X
N
=
. i
T
w HE oo rr
N
ot rufy
Y
FebomiN ot 0 o wE x 2 opo 2 2



ZAtel 2
B EEe F27190d4 Adshs 0I3AE s
AG 7] &ML (No.CO123824)e] AFFdoz <1
@ Asede vy

References

[1] Stephen H Hall, et al., High-Speed Digital System
Design, John Wiley & Sons, Inc., 2000.

[2] Eric Bogatin, Signal and Power Integrity Simplified,
Prentice Hall, 2nd edition, 2009.

[3] Gangadhar Konduri, “A Collaborative Environment
for Distributed Web-based CAD”, Indian Institute of
Technology, Kharagpur, 1997.

[4] Madhavan Swaminathan, A. Ege Engin, Power
Integrity Modeling and Design for Semiconductors
and Systems, Prentice Hall, 2007.

[5] Tom Granberg, Digital Techniques for High-Speed
Design, Prentice Hall, 2004.

[6] JEDEC  Standard JESD79-2, DDR2 SDRAM
Specification, Sep. 2003.

Trans. KIEE. Vol. 63, No. 12, DEC, 2014

H M A(Seung-Il Jeung)
1994 A=ofsha o)t} £ (o] sh).
1996 A=osha ety AxEet =

- (AP, 2002d E ekl At
A0 | B =@, 199992010  ANSYS

o| & E(Jang-Hoon Lee)
20094 At A REANAR}FTEE =
. 20129 = tiety FakA Al 20149 =
ogte WARR. 20129~ B4 (F)FY
AdAT4.

el © (031) 719-5020

x @ (031) 719-5021
E-mail : jhlee@huwin.co.kr

2003Lﬂ dFdiga [AaEsty 9. 2005
4 azgetn dxeets &,
d wpo]la B gl 2, 20128 ~
A (F)FY AdAT
el © (031) 719-5020
x * (031) 719-5021
E-mail : shjang@huwin.co.kr

o
e
N
3
Ral
ol
Ior
I H

| 2siA 2 PCB MAE 248 2t

Z 2 M 2ol 2E AT

LAl Korea, 20109 ~ 84 (F)F9 O AL
el © (031) 719-5020
x @ (031) 719-5021
E-mail : sijeung@huwin.co.kr

0| & 2(Seung-Yo Lee)
A=) Fd A7)Fey £, 199

d & digd d7e kst 29 (4Ah. 2000
d & digd d71ssha £ (FHh. 2000

d o 109 ~2003d  9¢€ W AYolF
(Virginia Tech) BFAFE 191, 2003 10

~2004d 10¢¥ Intronics, Inc.(U.S.A))
Research Engineer. 200413 12€ ~2007d 39 A A=)
DMZF# 974 vz=Zo] AR g el 2007d
39~2008929 o] o] Al 2 o] A} 200813¢ ~ @A T
ghal A7) Fag,

el © (031) 467-4862

x : (031) 467-4861
E-mail : sylee@daelim.ac.kr

1721





