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Equivalent Circuit Model for Four Port Connector System

W E-eER RS
(Min-Kyu Shim - Jong-Min Kim - Wansoo Nah)

Abstract — This paper describes an equivalent circuit modeling of 4-port connector system. A coupled transmission line
was designed and fabricated, mimicking a 4-port connector system, and then S-parameters were measured using 4 port
VNA (Vector Network Analyzer). The S-parameters from measurement and from Full-wave simulator coincided quite
nice. By using these S parameters, an equivalent circuit parameters for a 4-port system was obtained. The time domain
response from the equivalent circuit model matched to the signals, which was measured using TDR(Time Domain
Reflectometry) meter. We were also convinced that there should be enough bandwidth to get a meaningful time domain
result from Fourier inverse transformation of the S parameters. In addition, we applied the conversion algorithm to the
4-port connector system, which calculates the S-parameters of a 4 port system using the data from a 2-port VNA with
the other ports open. Comparison of the two data, one from measurement and the other one from the conversion
algorithm, was made in this manuscript.
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Fig. 2 HFSS Simulation model for 4 port microstrip transmission
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Fig. 10 TDT characteristic of 4 port microstrip transmission
line (From port 1 to port 2). Blue line: Measured,
Red line: IFFT of S parameters (~6GHz), Gray
line: Incident Signal

[=]
N
)

02
5, ~TOS 8306

15, rralent Gircuit(S P ~6GHz)
) -=IFFT(S parameters:~20GHz)
8
e o4 I Incident signal
>

0.05)

0

07 o3 03 04 05 06 07 08 08

Time{ns) x10°

O3 11 42 E olo|2RAEY MESM=2e TDT MY 4
(ZEolM EE229] MB), HMM: EXx|, AN
MM So1E2 29, §2 M: S m2lolgfe] IFFT
(~20GHz), &4: M T

Fig. 11 TDT characteristic of 4 port microstrip transmission
line (From port 1 to port 2). Blue line: Measured,
Black line: From equivalent circuit, Red line: IFFT of
S parameters (~20GHz), Gray line : Incident Signal

a8 108 95 d9dq 1~6GHzAA £33 S e
U g E IFFT AZt9 8 TDT#L=Z H@e Aoy a9
off 4 B & gl%o] o 5y e AHAuwxoz ZAX9 I/
tt2n, 53] N3 @0 4sg o &3 JAX5 2A
TS ¢ 5 Utk dwbH oz FH4 HoHE ALY

o2 WY o (E oz ¥EFE 1) Nyquist
theorem o} 9J3jA 2 (2) o 2L AL EE mFof Fr}

fo=T=2Xf .. (2)

_lu-l‘_,

714 f,& rising time& F72 e Falgo
Sfmin & Nyquist theorem$ w&Esle HiLFa47 2

%, 25ps®} A5 A Hrising time)S Zi= Ho]HE gulz A

1108

s A3t7) 4 (2)ex AF e vk} o] HAF 20GHz 7HA
o] F#4 dlojest a7EE ¢ 4 Atk 2Y 119 E2
AL HFSSE ol&3ld 20GHz7HA Adg S stedeg s
IFFT o] &3l Aztgd Ass wgs Aot} o Az
¥& TDT & EAT A &, 71320 & g &
dA&T Y& & = Ak

A dxg Bl ¢ F 9%°] [FFTS °l%§_ g
A3 w2deE FHel v WHd FRyEgde] ZAEe
b Nztg Qo9 A45A7Hrising time)S THE }“ 3o
o] ofd Aol AF/F A5 Hyo] YIFHI)o} ALE
&7lel AFgsA 5S4 F AAY }AY FrhE 2
48 ZAFae W9 dolegtes® FP3) Akg g7
A #Ae] g SAsHL

o rlo

24 2¢X VNA 532 ol
u2iolg] of &

8 40X} AJlARe S

B A E 292 VNA & o]43l9 HE TE
9] S-parameter & Y & J& GRIUFE 4XE AY
B Alxglo] HEsg) o] dnFL HEIXEZAHAA
2 MY EFAGAE AT X dRES 50Q @A gle]

2 E(open)d AEHAA FAT 7 F, s ¥E dug
zs 3o HEHoz 50Q wHo @ S FaAuH upp
' Wonl o wae zg vz amuze 2t ¥e
o ¢} Scattering Matrix § & Z,% 71 d9dxz 7
+ Scattering Matrix S, 2 v}%7 =1 718 2e tey
o] g™

5= 17 +2)+5772)| (17 Z)+51Z+ 7)) (3)

o714 T‘dwg[\/—] R, =Re(Z), R,=Re(Z,),

R.R,
Z=diaglZ,), Z=diag(Z,] )t}
dutz o g ‘&} HWENZ BA7E o)&3td WA X
Ed WA RFEZ 24, SAdolHE i% JH“"“ X
Eo) giaiqgt 271 50Q o I5 U miHe] ¢+ A FE

|

52 19 12, 4 49 o] Fiu(eo) TS 7IE duva
2 ZtA "
Sty =50, i 250,21 Zon) 4

WA BE EZE oA 500 wiAF  Scattering
Matrix & €7] 98lME 50Q 7IZ 22 dola ijAa] dlo)
HE Filtg(co) WL 7oz wiy, ARHon »
E XEJ faA 3y dHdL J)Eo uexu B
T XZEE 04 50Q 71FEe 2 WEsA g

850,50 5 (z1= 0.2, = o0) ()

lo

ol BF, 2EL H6)F 2o AAHoZ I¥ 137
A& 2A Atk



1

T VIOX Ry -._[50 0
- 0 1 p“loso
,/50><R2

82,2 2y 24, Fursyo By By Biyon o)

olA AAHOE 5 7)FE

L 2 Scattering Matrix&

[ i

(6)
"N

wpp

W 29 14, 4@ Zol HEHQ 50QuiAF Scattering

Matrix& 7 4 3uth

S(ZLZb--wZi—n Zi1 Zigprens

2y Z ZyayenZa)

5(50,50,50,......

,50,50,50) 3

G Z1 3
:

—tZat

G Z0

2N-Port
Interconnection

ol Z g2 o]
—Zar—g| L1500

- Za 3 E

%

ad

12 i ZECF 50Q #“S

£2g 98 HdE

Fig.

12 Schematic representation

ez

foi]

Zsm S-Matrix

for obtaining the S-Matrix

referenced to their reference impedance except for
port ij are connected to the 502

B{Z1 3~
—{Zz

)
2

oy W
Free T e

G

2N-Port
intetrconnection

ad

Fig.

13 ZEDOict 22t Z,~2Zn
S-Matrix &8
13 Schematic representation for obtaining the S-Matrix

(=]
we

ZlER

ez =2

SR )=

referenced to the impedance Z;,~Zz

Imw
2 e—
i =t
N-1

N —

2N-Port

Interconnection

— N+i
— N2
sl

— ON-1
e N

g 14 St
& HMedn

Fig.

of AP 4ZE VNA E™ZAIIel g

ilgniCl

14 Schematic representation of the S-Matrix referenced

to the impedance value 50%,... 502

Ao dnelFES AEdo AAE 2AGAE
S Z3 Aeold 2ZE YNAZ dle]g S

5l HolE & Wasta] 4XE VNA® Ax ZAgx vl
2 159 JeEhith 1y 1598 wE gn

MA ZEE

@ Ase

Ao g

;‘a;(é

4ZE F{HE| A2l SI132 o) s o3

Trans. KIEE. Vol. 56, No. 6, JUNE, 2007

AF AEA WEEY FH5 dHoM 4XE VNAR &3
g sHztulE 3 F dAFE BolA Y, 54 FHH
ol A3zt HaA g E B F Ao o] S -‘H‘d
= 437 A8 SMA AYEHE M 49w

A 2yt o] PHP2E 2vlx JFEAA E;ﬁ;‘_
a9 169 YeRAch 29 16904 & 5 QIR°] SMA
YEE Y (Open) & ZHdA o dudas T
S4& YA 41 &34 Fule 54 vads ¢
T A SMA AYE < gd dAVt §BFHL Fe
54& dede AL SMA AVEHZ 72Xz §F A
olE Y& JHAZ Uk RAMPE 2 ofE Y
T o A w4 (3) F 2 ¥E dudFe
ARA AHB37] Al e AAZ ARdaE 2 9

>§. mlm

Mot e

S@x 5402 wolj s ol F24tkn ¥ F YA
g ditAoz AR BE, 2 JFoA oz EA
< BUgelA FES7IZE 4A gohe AdeA 4 3)& &
Axoz g3l @A Aok A
1 - [ w—— 4 Part WNA measurement
T H ' Py T ] ©  From convsrsion algotithm
i
W 25 :; 35 s 556 e
{Hz) x10°
a8 15811 o B 4ZE UNA SH el wg ¢ag|

& Hgd3
15 S11 data from 4 port VNA measurement and from
the conversion algorithm

Fig.

AGHz

6GMz

ew

a3 16 SMA 4 E{e] s B5tel Smith chart

Fig. 16 Smith chart for SMA connector with the port open
g 178 F@di(eo) AR AE ADS A E2olEiA

100KQ o2 F#ste 2] (3) & Bgo|2L 448 Ao

o &, UeA T 9xe) A dm€a gel 100KQel e

g2 dASTG 1Sz ADSEAA S FAetvgE 7

T oohgel WY £48 olgsld 50Q o2 wHY S

1109



BRASFHE 56% 64 2007F 68

stetole] @S AN @ Aoith. 2 F3 a9 159 ol A

g% d9d2 S 4 NEgS FYT e S ¢

gulE g FFA A5E 5 &S #YE & AN
3.8 &

2 =FdAMe dgAdYY B4 F58 9% rndF=E
4XE ZAY A$ANEE ZdIPE s S HFGunE AE
ol &L B3l F&&dh 28)x ADSE o &3y
sz deugE Faa o8 S/gE2 FAsigr 74
B 57329 AZL S g olel TDRUIEE o]
£3a Mg oMY ANzAGEHeRE FAHgPey,
Z42Ax% /132 Ry dojx w3 ofs AXY
< gQssich o2 S FHenlE HolHE IFFTs Al
99 oz 97 e ASde 28T Wl a4 23
dolgl7} 9esitks AddS FUAstgd)

nlzlgte 2 50Q i3 gle} 2¥XE VNAE o] &3lo &
g S detnE doleE AA S HergE ¥ass ¢

F& 4XE #Adg Aladd AL3gd. o A3 dF
FoHFd oA AT EUA Pl JEIGLY ol ¥
Ao AAF AY duuze o] HdAzE I
(0)7} obd &3A HFelM 719TE FUsN. o] &
o e FF Brt A5 YE 77 o|Fo Aok &
RoZ Alzdr)

Ao 2
2 A7 AAEY A1SHAARIRTIN-03-04)
Aol esto} o]FoW ATFEA, A FHe| BA
=34t i

g2z

{11 H H. Stephen , W. H. Garrett and A. M. James
"High-speed digital system desigri’, A Wiely-Interscience
Publication, pp. 102-127, 276-288, 2000.

[2] Myung-Hee Sung, Woong-Hwan Ryu, Hyung-Soo
Kim, Jong-Hoon Kim, Joung-Ho Kim, "An efficient
crosstalk parameter extraction method for high-speed
interconnection lines”, IEEE transaction on Advanced
Packaging, vol. 23, no. 2, pp 148-155, May 2000.

[31 J. C. Tippet, R. A. Speciale, “A Rigorous Technique
for Measuring the Scattering Matrix of a Multiport
Device with a 2-port Network Analyzer”, IEEE
Trans. Microwave Theory Tech, vol.30, no.5, p6t61—~
p666, 1982.

1110

[4] T.Granberg

"Handbook of digital techniques for

high-speed design”, Prentice Hall PTR, pp. 519-553,

2004.

[51 S. Sercu,
Packages

L. Martens, "Characterizing N-port

and Interconnections with a 2-port

Network Analyzer”, Electrical Performance of
Electronic Packaging, pp 163-166, Oct 1997.

6] Luc Martens "High-Frequency Characterization of
Electronic Packaging’, Kluwer Academic Publishers,
pp. 89-95, 2001.

A

Mol 7 Gt B#)
197813 9€¥ 16¥4. 20013 AT A
VNAAAFEHTEE 9. 20068~ @A
T g "zxA7IsE qapny
Tel : 031-290-7172
Fax : 031-299-4622
E-mail : minkyu0916@skku.edu

21

Z o (& & R)
1980 79 24¢¥ 4. 2005d ZHoldh AR
A 4. 20063 ~dA AFHdg
u AR g A=A
Tel : 031-290-7172
Fax : 031-299-4622
E-mail : bell2you@skku.edu

op¥

L 2t 5 (8 ®x %)
19629 649 14¥48. 19849 A E&d A7|
&5ty £4. 1986 § gy A7
I EGAA]). 19919 5 gt ArE
gaEA (AN, 199198 ~1993d  SSCL
Guest Collaborator. 1993'd ~1995'd ¥+
AZIATY ALATE. 19959 ~@A A
TG JHLEANFTER Al
Tel : 031-290-7136
Fax : 031-299-4622
E-mail : wsnah@yurim.skku.ac.kr



