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Synopsis
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Electromagnetic analysis is inevitably required for packages which are used in high frequency range such as GHz. In
this report, described are transmission characteristics required for high frequency use packages, design technology, basic
problems in package design and its solutions. By using technologies described above, transmission characteristics can be
simulated at the design stage of a package as far as frequency range is less than 20 GHz.
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Fig. 2 ~Operating frequency trend for light communication
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Optical module package for transmission
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Electromagnetic phenomena can be described by using Maxwell’s equation
(However, numerical treatment is complicated)
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Frequency range : Line length ¢ <<Wave length / E

Frequency range : Line length ¢ =Wave length / E

v

Problem can be solved by using
lumped constant such as
inductance L, capacitance C, and
resistance 2.

L,C,and K.

Problem can be solved by treating
as distributed transmission line of

to Maxwell’s equation.
(Use of simulator HFSS)

I If impossible

Problem has to be solved according I
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Voltage V :Between outer conductor
and inner conductor

— Electrical field £
~—> Magnetic field 7

= Current [/ 3vs . —
N4 . : <

Current / : Direction is the one that Z increases

z=0 V8

Voltage V™
Current 7 -~

(a) Low frequency (Line length<< Wave length A1) (b) High frequency (Line length=Wave length 1)
In the low frequency range, phases of voltage V In the high frequency range, phases of V and /

and current / do not change. (Independent on change depending on position of transmission line.
position of transmission line)
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Fig. 4  Distribution of electrical field £, magnetic field /+, voltage V/, and electric current / in a coaxial transmission line
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Determination of package structure L -
(Size, layer stack-up, mounting method, etc.)
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Table 1 Reflection originated from characteristic impedance mismatch
. ; 2 ; Coumermensures ;
Reﬂectlon occurs if dlscontmumes of line ® Matching of characteristic
impedance exist in the transmission line, impedance
resulting in increase of insertion loss. (Loss less transmission line)
Za = Zow = Zoc
= 50Q
Output
. High
Characteristic requency
. — ./ R+i2wfL ~ L
impedance Zp =/ Gianfc c
L :Inductance per length
C :Capacitance per length
R :Resistance per length
G :Conductance per length
f :Frequency
0
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- 40,
// = = = (a) Before improvement
~50 / e=== (b) After improvement
—600 1 2 3 4 5 6§ 7 8
Frequency [GHz]
Z=50Q 20=50Q  Z=35Q Zo=50Q Zo=50Q  Zo=50Q
Po}t 1 Port 2 Port 1 Port 2
Wire bonding pad Lead pad Wire bonding pad Lead pad

(a) Before improvement
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(b) After improvement
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Table 2 Reduction of cross talk
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Contents

Countermeasures

Cross talk is a result of mutual capacitances and
inductances between neighboring lines.

L : Mutual inductance

Input —» — Qutput
Chrzzgz: L)
; i
e - GND
Near end Far end
cross talk Cyv : Mutual capacitance cross talk

® Lines should be kept away each other as
much as possible,

@ Lines should be electrically isolated by
GND pattern laid between lines.
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Table 3 Example of cross talk reduction

Before improvement

Alter improvement

Signal line 1 W/B pad  Signal line 2

Signal pattern
GND

Lead pad Leak region

Signal line1  W/B pad  Signal line 2

GND

Lead pad Added pattern

between two lead pads of signal line.

Lead pad Leaking region Lead pad_
i of signal line | ~y of signal line 1
DlSU‘]bLli‘.IOI‘l Lead pad Lead pad_
of electrical of signal line 2 of signal line 2
field W/B pad W/B pad
intensity of signal line 1 of signal line 1
W/B pad W/B pad
of signal line 2 of signal line 2
Frequency
17.5GHz

Electromagnetic energy leak occurs at the region

Energy leak is reduced by adding a pattern
to the gap between two pads.
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Table 4 Resonance of floating line

Contents

Countermeasures

If floating lines or lines incompletely connected exist in PKG, they have possibilities of

becoming resonators with 4 /2 or A4 /4, resulting in resonance.

Resonance frequency £=C/A4 (C :Light velocity)

® Floating lines or lines
incompletely connected should
be eliminated, resulting in no
resonance.

® [f floating lines or lines

Input

incompletely connected are
inevitable, resonance frequency
should be shifted by shortening
their length to higher frequency
range than the use range.

® GND pattern should be laid

=

around the floating lines to

GND ///
\\\\\\\

Floating lines

shield them, resulting in
prevention of energy penetration
(Cross talk).

Port 1 Signal line B

Signal line A

Port 2

(a) Package outline

Signal line B

Signal line A

(b) Distribution of electrical field intensity

at frequency 1.7 GHz
Signal line B is resonating.
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Fig. 8 Example of resonating floating line
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Table 5 Resonance of GND pattern

Contents Countermeasures

In GND plane, resonators are formed between vias (Via pitch is around A/2), and between | ® Resenance frequency should be

outer edge and vias (Distance is around A /4), resulting in resonance. shifted to higher frequency
range than the utilization range

Resonance frequency /=€ /A (C :Light velocity) by decreasing via pitch or
distance between edge of GND

GND plane and vias.
Input <. = // > Output
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.

>

~1/i 3 5
(=] (=] (=]
U U LJ U L
GND
3 Via
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Fig. 9 Internal pattern of laminated package GHz BLEAE 37 422 1ok bl L=,

Box i (F—VHIROWES

Table 6 Improvement example for resonating GND pattern

Before improvement After improvement
: Via pitch 1. Omm : Via pitch 0. 5mm

W/B layer
pattern

Distribution
of electrical
field

intensity

Frequency Port 2
25.5GHz GND pattern is resonating. GND pattern is not resonating.
0 ‘ — _ S 2 0 I I I
[ —— Via pitch 1.0mm /ﬂ I
- I \ ~10(...- Via pitch 0.5mm pEA
g e @~
Results of ‘3; :'; —30 4]
S parameters “ 10 T /v—"1L..-...._,/;
simulation — Via pitch 1, 0mm —40 pd n
e~ Rl phedh Do 7 :
- 150 5 10 1l5 20 25 30 - 500 5 10 15 20 25 30
Frequency[GHz] Frequency [GHz]

Transmission Sy Reflection Siv
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