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Abstract

This paper presents a method for the efficient simulation and analysis of connector designs. Connectors used in a high-frequency
system comprise various materials. Matching the impedance of the discontinuous part of the internal lines is difficult, owing to their
complex structures. Therefore, it is essential to predict and modify the impedance discontinuity at the design stage. Moreover, the process
of predicting the characteristics through electromagnetic (EM) simulations is essential to detect the deterioration in the performance of
the connector installed in the system and the electromagnetic coupling between the boards. Therefore, the accuracy and time required
for the simulations are important factors to be considered at the design stage of the connector. This paper proposes an assembled EM
simulation method, which observes the scattering (S) parameter and time domain reflectometer impedance by performing transient
analysis. To reduce the difference from the full EM simulation, the number of parts to be analyzed should be minimized. Thus, the
full model is divided into connectors and peripheral systems to extract 8x8, 16x16, and 2x2 S-parameters of the Sub-Miniature version
A connector, which is used for measurement. By comparing the results of the full EM simulation, the assembled EM simulation, and
the measurement, the assembled EM simulation method proposed in this paper is validated.
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Table 1. Main operating frequency for each system.

PCl Express 401 g, ran SATA3 USB 3.1
(1 Lane)
1.969 Gbps 3.0 Gbps 6.0 Gbps 10.0 Gbps

258

}Aﬁa

o ¥
[
e

Y e
Py

= 2
@)
[aN
=
(@)
o
e
&
Q
=
g
<
o
j

oz
%
W i

)
i
X
i
ol
pE
o L
L
rlo
>,
O
>
\1
o
o
alt

fo, ofo T, o T
pee)
o
2 8
i&
_\,L
olr
o
(o
Hﬂ
s3]
<
> it
o e
v}
o
o 2 o

T 9 o O kI v 2 & &
(0
é] 2
=2
ofy P

0 o kot
ko i >

ko

B
O

z‘l_‘,

X

ol

A

oX, -
2

-
ol
f
>
2 fol
0]:0 (3
o
- o
OE mlo
AN > g

Y
_‘

32
o
_\1
i
2
i

2
o

AL > B ol I

;Y

(board to board, board to wire, wire to wire)
718 A el BT & dom, u
3% olstz A Astrt ek & stk
of AYE7F 239 AA AlaHe] Mo A
= "otstr] 9+ F et P A<l EM
gojd Edo] dastty T3y 3D a4 Al
AE o] &sl AA A" EHM sk7]ell= A
HEoHA AL %7 wFel, # =EdMe &
o A E(single-ended connector)e ggez
< Xdsi, 2QAIZF AE flal i A 2
F d(assembled EM simulation)©] 2}
A AYE AlEd ol WES Xﬂo}aﬂ' e
ql-/\].ﬁ:/\l TDR o];r;,]\ﬂ/\ = AYE 9 A7)
< o= skl 7oA HA AYH Al
AlEdolde Fdsta, MgdAe 71 i
g 2dS B AEEHoASs Fadth NAgellA
= AA AdEH ] EAE FA st HA EM AlE
<% E‘%.J%-J AH}E B,

d
o L

E

o
> —

[-UO
i
ord o O O mo ox Mo ro

rSL
o (
gf?o

ot o T

Jzi

l>

] ©

x oy 10 ox [

ﬁ

. T HYE AL HX|E off A (Ful EM
Simulation)

d T AYHEY d714 54
< ©A37] S8l PCB 713 Aol & AAst7] f1gh
Board to Board AYE FF % 4HEl(Samtec)At2]
ERMS & ERFS AYEE AA4sch A= ot
&3t FEH S PCB v W A&Hs ddsFe



ol
N

171 Yal A 180%=, 905, T oFwHo]
}o 2 AzEnt td A E & PCBY &
FrEE 349 AYEEA AA A A
#H3te] PCBE Al&atdth AddE e 34
13 2% 20 & ] QT EM Al & ©]
off A& A Fo 92 H 16 GHzolH,
Fb 92 Fof] #4138 TDR AT
7F A% 9] A} A Al ZHrising time)$! 35
gk Fukpolth oA B
& o] Z3d dule SHA

o Mo
>
(o]

O:

T o [
R =

orle o B L8
[
o

ERM5

7mm

ERF5

J8 1. AYHY AA g4 AR (ERMS (male), ERF5
(female))

Fig. 1. Picture of the actual shape of the connector
(ERMS (male), ERF5 (female)).

J8 2. AYY A9 A4 34
Fig. 2. Pin mating in connector.
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Table 2. Material of connector and plating.

Housing LCP CEL il
Pin C2680
Plating 0.1 1m gold over 127 pm nickel

259



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 32, no. 3, March. 2021.

2 #4517 TDR Y92 B4 98] B2 A%

Bl WollA 3= de(transient) AlEZH ]S 2
E

o2 &,
ol o
- =
2

4 EM AlEd o] do] 7153t
e AAE S ==
= AdE e 471715 A
F71H4 2l g F o] 27t 2 g st
79 E 2] ¢, PCB HES} HEE o]o]F =

B Ele] F7HAQ] test fixtureE

oﬁg‘:',&%:,[‘..‘i_\&
R
RN
ol

<
)
2

ofo I
ol
o
8
CE
¢
°
o

N R

2] ANEE ALt U
o] Mu]= 50 Qo2 FTEo] 9JoEF PCB AR
A}

A 50 Qo B4 dYEAE e A

o > N &omy {2

£
fru
rir
B[t
IS
w
s
N
i
i)
-z
a

713 A5 =4 % wole &
30l el dld RE9 AYEHE d43to
AZg AP A] SMA AYEHE AHE-sto] Z47)

71¢} DUTE 943t= 2s dLEste] PCBe FH
= FE7} obd HAzEE o] FEE A
A R Az Tty AGE e 7ZF S
107056 7571721 9] A& E3ste] A zhE 4= )
o, ¥ =FdA AMEE Ut AYEE 3 SHo
10709 #, & S5 F 20709 AZHRE
th o] ASE HAEE A 7L AEE A
E730] FASHAl FAd = ofof giot. oo gk # 7t
E 93l F ] ARE Agsidien, 11 3(d)
of AelE HEE YeERHATE HA A" 7k A
2ol sl 2719 ZE7} wAlste] & g7 X E
7HAH, AR 1(lane 1) EE [9A ZE 5 A=
2= XE 39X XE 7, A=Z 32 XE 20| XE
6, NE 4= LE 404 ZE g0 a3ttt o|w 1
3l WMo s FAE AR 13 A= 3, 9
Ao g FAE AR 29 AE 45 7|38I8H2 02 A
2 FdstH, FHdA AlE#E ol A vty
Yol ERlFT)

e

260

60 mm

’- 60 mm —I

(a) ERF5

Port7

47.4 mm

Port 8

70 mm

(b) ERMS

—

Connector
between PCB

)

) 7AdE et F 718 A¢=
(c) 3-D full EM model of PCB and connector

(d) AA A2"He] 4] A5 HAZ BALE
(d) 4 signal lanes on PCB
J8 3. Test fixture 713 2 AE ] A I
Fig. 3. Test fixture PCBs’, connector, and assembled structure
of them.
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Table 3. Information of PCB lamination.

Material of layer Height of layer

1" Layer (signal) 0.018 mm
FR4 0.18 mm

2™ Layer (ground) 0.018 mm
FR4 0.6 mm

39 Layer (ground) 0.018 mm
FR4 0.18 mm

4™ Layer (ground) 0.018 mm
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Fig. 4. Schematic of assembled EM simulation.
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Fig. 5. 3D modeling of SMA connector.
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(b)
8 6. F& a4 AF 29 test fixture PCB
Fig. 6. Test fixture PCB of assembled EM simulation.
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Fig. 8. Insertion loss for each part in assembled EM
simulation.

PN A 242 ogd AYH T2H A4 Y

Ag A5 e o, 6~10 GHzoll 2] F319]
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Fig. 9. Assemble diagram for assembled EM simulation.

B 4. AEdeld By ¥ 287
Table 4. Time required for each simulation method.

Full EM simulation over 170 hour

PCB EM simulation 08:14:28
Connector EM simulation 34:09:38

SMA EM simulation 00:07:04
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