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Study of SI Characteristic of Multilayer PCB with
a Through-Hole Via
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Abstract

In this paper, SI(Signal Integrity) characteristic of the 4-layer PCB(Printed Circuit Boards) with a through-hole via
was analyzed by impedance mismatching between the through-hole via and the transmission line, and deterioration of
clock pulse response characteristic due to the P/G plane resonances which are generated between the power and the
ground plane. The minimized impedance mismatching between the through-hole via and the transmission line for the
improving of SI characteristic is confirmed by the TDR(Time Domain Reflector) simulation and lumped element mo-
deling of the through-hole via. And the cancellation method of P/G plane resonances for improvement of the SI charac-
teristic is represented by simulation result.
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Fig. 1. PCB with a through-hole via.
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Table 1. Modes and frequencies of the P/G plane re-
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Fig. 2. Modes and frequencies of P/G plane resonan-
ce due to the via-hole position.
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Fig. 2. m-model of the through-hole via.

190

2
o
o
£
]
>
& .04 ]
;9.. o —— 0.1 mm
g —— 0.2 mm
& 0.6 —— 0.3 mm
0.69 ns I—"* °-]4 “"“I
-0.8 T T
0.0 0.5 1.0 1.5 2.0
Time [ns]
(@) (T T,)=(50, 50)
(@) (T T)=(50, 50)
0.2
0.0
)
>
g 0.2
o
>
c
_g 0.4 —— 0.1 mm
4 —o 0.2 mm
E -0.6 g — 0.3 mm
0.42 n|s —— 04 mm
08 ]
0.0 0.5 1.0 1.5 2.0
Time [ns]

(b) (T T,)=(30, 30)
(b) (T., T,)=(30, 30)
J8 3. ujot FF W7 WS ¥ TDR S4(r,~
0.5 mm)
Fig. 3. TDR characteristic due to the variation of the
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Table 3. Lus, Cyiay Zyis, and reflection voltage(rq,=0.5

mm).
ty Luig Cyia Zvia Vi
[mm] {nH] [pF] (< (V]
0.1 1.28 0.24 52.09 0.02
0.2 1.12 0.63 29.75 —-0.25
03 1.02 1.42 18.94 -045
0.4 0.95 3.78 11.20 —0.63
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Table 4. Reflection voltage by simulation(r,=0.5
mm).
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0.2 —0.24 —0.27
0.3 —0.47 —0.52
04 —0.65 -0.7

#EY vlolrl 9lE v PCBY SI A5 AT

TDR AlE# oA B o] &3 AL 247}
wj - Zol wiAL A} Fhell= A FE3h7) g
ojth, B3 119 49 7t Hlo} Ao A WAL 2
e A ZHbefrecion)y= A ()3 7ol A3 &5 (propa-
gation velocity)E ©]43] & & Stk

8eﬁ
; _2xl
reflection vp
-3
(30, 30) = B£=2><30><108
Vp 1.43x10
=0.42x107[s]
= -3
(50, 50) = ﬂ=2x50x108
Vp 1.43x10
=0.69x107"[s]

et B £5ol, ¢4 7]
J8X AgAe] dold 28 F3
A-A Y AHOR Fol Qo+

)
lo
o
wl
o
2
o
2
vl

& FE@ Roln, A Agdolde A3
SEES
o] AN & 5 o] Hlohel 14 Ao o

# AIRA BASE B FS oh(margin) %

Al Ed o ME BEA] ZEHojof & ApgolH,

e

0.0

I
01 —o— calculation
—o— simulation

-0.2

wl | N

04 ~

06 ™
N
07

010 015 020 025 030 0.35 0.:10

Reflection Voltage [V]

r [mm]

J8 4. AR Algdolde] vt A A Hu
(T, T)=(50, 50))

Fig. 4. Compare the calculation with simulation results
of reflection voltage(T., T,)=(50, 50)).

191



SEBRABERIEE B2 8 B2% 2010525

1.0
0.9 4

Y

1.14 ns

3
!
2!
g, i
!
!
;
i

o
[~
D—HHHH“‘"D*D*(L—:_C
Q
<
N
pu

:
]
:

> 0.3}{ —— input
—— ouput

!
:
]
:
114
J RN

(a) (I, T,)=(30, 30) & ¢ #d
(a) Clock waveform of (T, T,)=(30, 30)

g:: ?—o.@lm | ;
o ¥
o 3
8,0 B!
]

3

4

{

input
0.2 42| —— ouput

:
J

:
g
!
!
;

]
;

L

0.0 0.5 1.0 1.5 2.0

Time [ns]
© (T, T)=(50, 50) 22 <& 34
(c) Clock waveform of (Ty, T,)=(50, 50)

0
- -1 n.4ej@ 071 GHz
% 20 4 -25.79 @ 1.43 GHz
o
2 :
-3
E
< _g0
E
Z
S 80
g —— input pulse spectrum l"l 4
n —o— output pulse spectrum

-100 f 1 I ——F f
6 1 2 3 4 5 6 7 8 9 10
Frequency [GHz]
(b) (T,, T,)=(30, 30) 2HEY
(b) Spectrum of (T, T,)=(30, 30)

0
=
5,20
@
°
£ -0
=
£
< _go
£
= |
D -80 L bl
2 —— input pulse spectrum lél I
» 100 —o— output pulse spectrum

o

1 2 3 4 5 6 7 8 9 10
Frequency [GHz]

(d) (T, T)=(50, 50) 2~ EH
(d) Spectrum of (Ty, T,)=(50, 50)

J8 5. 14 ns 5 4 ©E SE =¥
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