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Abstract— In this paper, we analyzed a high speed PCB channel
and silicon interposer channel considering thermal distribution.
High temperature degrades the signal integrity (SI) performances
of channel. Therefore, temperature-dependent SI analysis is
essential for channel layout design. However, the previous
temperature-dependent SI analysis is focused on constant
temperature, while it gives less attention to thermal distributions.
Hence, this research analyzed thermal distributions with various
mean temperatures and standard deviations effect to insertion loss
of channel. By using electromagnetic (EM) simulation, we
analyzed the thermal distribution effects on high speed channel SI
performances. Temperature-dependent SI analysis showed the
thermal distribution contributes to critical SI issues for high speed
channels. As a result, it showed the increasing mean temperature
of thermal distribution caused SI performance degradation.

Keywords—High speed channel; insertion loss; PCB; signal
integrity; silicon interposer; thermal distribution;

I. INTRODUCTION

Recently, demands for high performance systems are
continuously increasing due to the development of artificial
intelligence. To meet these trends, a high density, high
bandwidth, and small form factor system is required. However,
as the density and data speed increase, power density extremely
increases. Thermal issues are one of the significant design points
in high performance system design [1-2]. Especially, the
increased power density causes the high temperature, which can
directly affect electrical performance such as signal integrity
(SI). Therefore, temperature-dependent SI analysis of high
speed channels is required for high performance system.

For temperature-dependent SI analysis of high speed
channels, the thermal distribution of the channels is important
point because the heat of ICs spreads to the channel. Generally,
the loss increases as the temperature increases. High speed
channel design without considering operating temperature is
expected to be under-engineered. On the other hand, it can be
over-engineered when considering the thermal distribution as
the uniform maximum value [3-4]. Hence, SI analysis of high
speed channels considering thermal distribution is required for
the high performance system.

In this paper, we analyzed a high speed channel considering
thermal distribution. The target applications of this research are
LC dominant and RC dominant high speed channel. For
analyzing thermal distribution effects on LC dominant and RC
dominant channel, we analyzed PCB channel and silicon
interposer channel, respectively. Furthermore, we analyzed both
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Fig. 1. Designed stack-up of (a) PCB and (b) silicon interposer, and its physical
dimensions

TABLE 1
TEMPERATURE-DEPENDENT DIELECTRIC PROPERTIES
OF PCB DIELECTRIC MATERIAL

20 °C__ 40 °C 60 °C 80 °C

100 °C

Relative
permittivity (&,.)
Loss tangent (tang)

4.26 4.28 432 4.36 4.40
0.0184  0.0201  0.0234  0.0256  0.0279

microstrip line (ML) and stripline (SL) to analyzed each
temperature effect on SI. For analyzed the mean temperature and
standard deviation of thermal distribution effects on channel SI
performances, we formulated thermal distribution with using a
normal distribution equation. The temperature-dependent
insertion loss (IL) was simulated for SI analysis. The results
showed the increasing mean temperature of thermal distribution
caused SI performance degradation.

II. MODEL OF HIGH SPEED CHANNEL WITH THERMAL
DISTRIBUTION

Fig. 1 depicts the target applications, PCB and silicon
interposer’s designed stack-up, and its physical dimensions.
The length of the designed PCB and silicon interposer channel
are 100 mm and 5 mm, respectively. For temperature-
dependent SI analysis, we used the temperature-dependent
electrical properties of PCB and silicon interposer materials.
The PCB dielectric material is standard loss material which
written in [5]. Table I represents the temperature-dependent
dielectric properties of PCB dielectric material. It showed only
a few values, therefore we interpolated those values by linear
least square method to obtain the temperature-dependent
function of dielectric properties. The silicon interposer
materials’  temperature-dependent  electrical  properties,
resistivity p and relative permittivity &, are shown in equation
(1), (2), and (3) [6]; Temperature parameter 7T in Celsius.
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Fig. 2. Case of simulated thermal distributions with (a) various mean
temperature and (b) various standard deviation.
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For SI analysis considering thermal distribution, we
formulated thermal distributions along channel as follows:

(x—0.5-L)?

T(x)=A—-B-
@) o

1

oriZn exp( )[Cl @)
Where x is channel position; L is total channel length; o is
the standard deviation of thermal distribution. The constant
value A and B depend on the value of the mean temperature of
thermal distribution my. With equation (4), we set 6 cases of
thermal distributions as shown in Fig. 2. Those cases are set to
analyze SI performances affected by the thermal distribution;
Case 1, 2, and 3 are set to analyze the my effects on SI; Case
4,5, and 6 are set to analyze the ot effects on SI.

III. TEMEPRATURE-DEPENDENT SIGNAL INTEGRITY ANALYSIS

To analyze the IL of high speed channel, the formula of IL
is as follows [7]:
IL = e~ (@+)'B) (5)

R GZ,

“coat 2

= Ucona T Agier (6)
Where a is attenuation constant; B is phase constant; O.ong
is the attenuation from the conductor loss; ogje; iS the
attenuation from the dielectric loss. aconq 1S proportional to
the metal resistivity, and agje is proportional to dielectric
properties.

A. Signal Integrity Analysis considering Mean Temperature
of Thermal Distribution

Fig. 3. (a) shows the IL of high speed PCB channel
considering various mry cases. At low frequency range, due to
the PCB channel is LC dominant, the a.,,q degradation effect
is shown small. At high frequency range, due to the PCB
dielectric properties have increasing trends along with
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Fig. 3. Simulated insertion loss of high speed (a) PCB channel and (b) silicon
interposer channel considering various mean temperature cases

temperature, it showed that increasing temperature causes Qgje
increasing.

Fig. 3. (b) depicts the IL of silicon interposer channel
considering various mr cases. At low frequency range, due to
the silicon interposer channel is RC dominant, the higher copper
resistivity as increased temperature causes Oco,q Increasing.
Furthermore, at high frequency range, the higher relative
permittivity of silicon dioxide caused increasing ogje] -
Therefore, the high mr caused increasing IL of the high speed
channel.

At low frequency region, IL increase rate due to the
temperature increasing, there is no difference between ML and
SL. However, at high frequency region, SL has a larger IL
increase rate with temperature than ML. Because, as the
equation (6), 0g;e i proportional to conductance. Conductance
is proportional to capacitance, which is proportional to €. SL has
more ground area compared to ML. Therefore the conductance
increasing effects due to the increase in dielectric properties with
higher temperature is larger on SL than ML.

Fig. 4 shows the differences of high speed channel IL
between 40°C mry difference cases at broad frequency. IL
differences of both PCB and silicon interposer channel show
quite similar values over the broad frequency. In other words,
the dB scale IL tends to increase linearly with temperature.
Hence, with the equation (5), the temperature and o have a
linear function relationship.
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Fig. 4. Difference of simulated high speed channel insertion loss between 40°C
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B. Signal Integrity Analysis considering Standard Deviation
of Thermal Distribution

To analyze the IL considering thermal distribution with
various ot , we simulated numerous segment channels
considering each temperature along thermal distribution, and
cascaded them.

Acascaded = Zasegment (7)

N N
1
Z a (Tsegmenti) ~ Na (N Z Tsegmenti) (8)
i=1 i=1
Where @cgscagea i cascaded O Qgegmen: is @ of segment
channel; Tsogement is temperature of segment channel; N is
amount of segment channel. The @ g5cqqeq 18 @ form of the
summation of @gegment [8-9]. As mentioned earlier, the
temperature and o has a linear function relationship. Therefore,
as the equation (7) and (8), cascaded o considering thermal
distribution is quite similar with o considering mean
temperature of thermal distribution.

As shown in Fig. 5, IL of both PCB and silicon interposer
channels is not significantly affected by the various or. Even if
the or is different at each cases, the effective a is quite
similar with same my and infinite o case. Therefore, it is
sufficient to only consider the my for temperature-dependent
IL analysis of channel, without considering the or.

IV. CONCLUSION

In this paper, we analyzed a high speed channel considering
thermal distributions. It showed the increasing mean
temperature causes SI performance degradation. Furthermore,
even if the standard deviation is different, it showed the quite
similar insertion loss with same mean temperature case because
the temperature and insertion loss have linear function
relationship. This research showed that SI analysis considering
operating thermal distribution is required for designing high
performance system. In addition, when designing the RC
dominant channel and stripline channel, it needs more attention
to thermal distribution effects on SI performances rather than
designing the LC dominant channel and microstrip channel.
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