Signal
degradation
through module
pins in VLSI
packaging

by Ching-Chao Huang
Leon L. Wu

This paper investigates chip-to-chip
communication through the modules and board
in VLSI packaging. Transmission line models
and frequency-dependent transmission line
parameters are used in finding the frequency
response. The time-domain solution is then
obtained through the inverse Fast Fourier
Transform. The results show that uncoated
module pins, even of relatively short length, can
cause severe signal degradation because of
their magnetic property. The signal behavior is
improved dramatically, however, when the
modaule pins are coated with nonmagnetic
conductive material.

Iintroduction

The thermal stress caused by the heat dissipation of bipolar
integrated circuit chips makes it necessary to match the
thermal coefficients of pins attached to the substrate. Many
nickel-iron alloys (e.g., Kovar and Invar) have low
expansion coeficients and are good candidates for use as
module pins. However, with relative permeability ranging up
to several thousands [1], the magnetic property of such
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alloys can have an adverse effect on signal propagation. The
following study shows that the magnetic module pins, even
though of relatively short length, can cause severe signal
degradation in chip-to-chip communication. Dramatic
improvements are obtained, however, when the pins are
coated with even a very thin layer of good nonmagnetic
conductor.

Analysis

& Model
Figure 1 shows an example of a VLSI package in which the
integrated circuit chips are mounted on the modules, and
the modules are, in turn, mounted on the board. The
signal path from one chip to another through the
module(1)-pin(2)-board(3)-pin(4)-module(5) connection is
now modeled by five sections of transmission lines, as shown
in Figure 2. The driver in Chip A is represented by an ideal
voltage source in series with a resistor R (= 10 ohms). A
terminator R, (= 50 ohms) is placed in front of a receiver in
Chip B to reduce the signal reflection from a receiver (note
that the receiver has a high input impedance). To single out
the effect of the pins, it is assumed that ideal 50-ohm lines
are achieved in both the modules and the board. The
propagation constants are different, however, in that
different materials, ceramic (with dielectric constant ¢, = 9.5)
and epoxy glass (¢, = 4.5), are used for the modules and the
board, respectively.

The voltage at the receiver, V, is now solved in the
frequency domain first. The voltage V, and current
I, (i = 1-5) in each transmission line can be represented by

the following [2]: 489
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(a) R, (b) L, and (¢) R, and @L,, of coated and uncoated circular cylinders: 1—solid Invar (a
coating (a, — a, = 0.05 mil); 3—Invar (a, = 6.75 mils) + Pd coating (a, — a, = 0.20 mil); 4—Invar (a, = 6.75 mils) + Pd coating (¢, —a, = 1
mil); 5—solid Pd (@ = 7.75 mils). p/p, = 1000 is assumed for Invar.
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Signal (S)—power (P) pin pattern.

retain only one signal pin and try to include as many power
pins as possible for the ground reference. Thus, the pin array
for studying the signal degradation is now reduced to that of
Figure 6(b). Figure 7 shows the circuit equivalent (without
capacitance) of Figure 6(b), where the power pins are shorted
together at both ends. For a two-port system, as in Figure 7,
the following equation can be derived:

(2)0) = [V,), (172)
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Partial circuit representation (without capacitance) of module pins.

R+ jol  joMy, — joMg - oM,
joMg, R+ joL  joM,, JoM,y,
joMg,  joM,, R+ joL JoM,, | (17b)

JoMgy,  joM,,  joM,, R+ joL |
and
1= I Ly -y Ly (17¢)
Vol = Vs 7, Vs -, Pl (17d)

In turn, Equations (17a-d) can be reduced to the following
(see Appendix B):

le ZlZ iS V.
N = . . 1
ZlZ ZZZ 21 In V ( 8)

Note that I; = =Y I The effective impedance,
Zg (= R g+ jwL ), of the pin region is then given by

Zo=2Z, + 2, - 2Z,,. (19)

Assuming a TEM mode propagation in the air medium, Ca
is then given by

Hofo
Comtie| (20)

eff | oo
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(a) Frequency and (b) time response of ¥, where solid Invar and Kovar pins (a
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Note thatasw —» o, L, — 0, L= L_,and R << »L.
Also, the air medium is assumed to be lossless, and thus
Gqe=0.

Table 1 shows an example of the calculated L g as a func-
tion of frequency and the number of power pins included.
The power pins are chosen to be located symmetrically
around the signal pin in a square pattern. The signal to
power current ratios are also shown for comparison. Appar-
ently, the lower the frequency, the more power pins must be
included to get high accuracy. Here, L ; at f= 5 MHz is of
interest because it is the lowest harmonic that we used in the
inverse FFT (the frequency response is sampled every 5
MHz). Besides the harmonics, a dc value is required in the
inverse FFT. Note that at dc an infinite number of power
pins (or, more realistically, all power pins in a module)
should be included because the ground return current will
flow uniformly through all power pins. Fortunately, the
above procedures need not be followed at dc because as
w—0, Ry— Rand wL ;< R, and V_ is simply given by

Ry
Vie=0)=7, @1

C—————— .
* R+ R + 2R

Except at dc, all the results shown in the following section
were calculated with 16 power pins included.

Results
Figure 8 shows the frequency and time response of ¥, when
solid Invar (¢ = 1.215 mho/um) and Kovar (¢ = 2.041
mho/um), respectively [1}, are used for the module pins
(a = 6.75 mils). The frequency response, sampled at 5 MHz,
was converted to the time response using a 16 384-point
inverse FFT algorithm. Generally speaking, more
attenuation and slower rise time are observed as u is
increased. In a high-speed computer package environment,
false switching and excessive delay have to be avoided [5].
The seemingly extra dc voltage drop for larger u in Figure 8,
actually caused by the RC delay, can make the receiver more
susceptible to noise. The voltage dip, caused by the reflection
from the impedance mismatch between the pins and the
modules/board, in conjunction with the coupled noise
and delta-/ noise [5], if large enough, may penetrate the
receiver’s threshold band and make it false-switch. One
observes that the signal degradation in Figure 8 is less
dependent on u when the more conductive material is used.
Thus, when uncoated, the more conductive Kovar will be
better than Invar electrically. In fact, if a perfect conductor
(o — =) were used, x would have no effect on the signal
response at all. [One may note in Equation (8) that, as
o—w Z=jwl,.]

Figure 9 shows the signal behavior when the Invar module
pins are coated with 0.2 mil of Pd (¢ = 9.259 mho/um). One

NO. 4 JULY 1987
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Table 1 L vs. number of power pins (solid Invar pins are
assumed, with 2 = 6.75 mils, /= 85 mils, and p/p, = 1).

No. of  Frequency Current ratio* L

power pins (MHz) (;Lh/drTn)
4 5 1:0.25:0.25 0.452
% 1:0.25:0.25 0.390
16 5 1:0.1275:0.03940 0.4286
@ 1:0.1538:0.02665 0.369
36 5 1:0.1199:0.01296 0.42773
o 1:0.1466:0.00842 0.3674
64 5 1:0.1189:0.00563 0.42771
0 1:0.1452:0.00341 0.36703
100 5 1:0.1186:0.00273 0.427726
o 1:0.1447:0.00157 0.366895

SCurrent ratio = signal current: maximum power current: minimum power current.

observes that the signal response is improved dramatically
when the pins are coated with even a thin layer of
nonmagnetic conductor (u = g ). The difference in the
resultant signal response becomes negligible when both
Kovar and Invar pins are suitably coated. Thus, one may
choose freely between coated Kovar and coated Invar pins,
so far as the electrical design is concerned. Figure 10 shows
the result with 0.01 mil of Pd plating, just to illustrate that
an extremely thin layer of coating, which is not common,
may not be good enough.

Conclusions

This paper has studied signal behavior in chip-to-chip
communication due to the discontinuity of the module pins.
The module pins, made of nickel-iron alloy (either Kovar or
Invar), are of concern because of their magnetic property. In
this analysis, the frequency-dependent transmission line
parameters in the pin regions are calculated analytically for
both uncoated and coated cases. The effect of the number of
power pins to be included as the ground reference was also
demonstrated. The signal response was illustrated in both the
frequency and time domains. It was shown that the severe
signal degradation due to the magnetic module pins can be
eliminated by even a thin coating of good nonmagnetic
conductor. That the signal response becomes relatively
insensitive to the inner conductor’s magnetic property (x)
can be understood, because at low frequency, R is
independent of u, and R > wL, while at high frequency, R is
mostly due to the outer layer, and L = L, which is also
independent of u. Finally, it is noted that x4 has been
assumed to be a frequency-independent constant in the
foregoing analysis. A worst-case scenario was attempted in
that p was chosen deliberately large in the calculation. The
complex permeability as a function of frequency and
magnetic field strength can be easily included in the analysis

when such information is available. 495
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Appendix B: Reduction of Equation (17)
Equation (17) can be reduced to Equation (18) through the
following. Let [¥] = [Z]"; then

[i] = [Y](NH)X(NH) [VQ] (Bl)
Adding the columns and rows of [¥] (= [¥,]), one has

N+1
I Y, Xy, Vs
= 2 . (B2)
N N+1 N+1 N+1 - N
21, Y, XXy (v
n=| i=2 =2 j=2
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