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Figure 5: Side views of the MCM-board assembly including an adaptor board.

The MCM-boards will be attached to the pad board via 4 micro-connectors of type Panasonic, which
have a lead pitch of 0.4 mm and a mated height of 2.5 mm, and transmit the signals from the pads to
the preamplifier of the SALTRO16-chip. The connectors have to be mounted with very high precision
on the pad board and on the carrier board since four such connectors have to fit simultaneously and
the MCM boards are sitting very tightly. In order to meet the areal constraints, the Carrier Boards
have to be mounted on both sides of the MCM-board. That is possible since the Panasonic connectors
are elevating the MCM-board by 2.5 mm above the pad board, which thus leaves enough space for
components on both sides of the MCM-board. In Figure 4 the rectangles with a dot-matrix of 20x13
dots are 8 sets of BGA patterns (4 on each side) for the SALTRO Carrier Boards. These boards are
placed in each corner of the MCM-board such that the analogue inputs are facing outwards towards
the long edges of the MCM-board, the bottom side of which the four 42-pin connectors for the 32
input signals (plus grounds) also are placed. The digital signals are concentrated towards the centre
of the board. In the centrally placed square on the top side of the MCM-board, the BGA footprint
of a CPLD (Complex Programmable Logic Device) is seen, which has an area of only 8x8 mm2 (for
details see Section 4.1). The total current drawn by the MCM-electronics is about 16 A per board at
8 di↵erent voltages, corresponding to a power consumption of about 22 W per board.

On the MCM-board there is also a DAC for setting the decay time in the preamplifier and reference
voltages to the SALTRO16, as well as a temperature sensor. These are controlled via an I2C bus.

On the upper surface of the MCM-board Samtec connectors are placed for distribution of the low
voltage and transmission of the signals from the SALTRO16-chip. The problem with this connector
is that the female partner does not allow edge mounting on the LV-board, which has forced us to
introduce an adaptor board, resulting in an additional pair of connectors. The MCM-board and the
adaptor board is considered as one unit in the sense that it should not be needed to disconnect the
two. The proposed layout of the adaptor board can be seen in Figure 5.

The dimensions of the MCM-board, which serves 128 channels, are 32.5x25 mm2. This corresponds to
a space occupancy per channel of about 6.4 mm2. However, also some space is needed for HV-supply
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Figure 4: The MCM-board top surface (left, green) and bottom surface (right, red)

as well as di↵erent application procedures and modifications of the moulding frame. The pins connect
from the solder balls to the Test Socket Board, which has a matching BGA-grid and provides an in-
terface between the Test Socket and pin grid array (PGA) socket on the CERN SALTRO test board,
which was used to characterize the first packaged SALTRO16-chips. The functionality of the CERN
SALTRO test board has been verified using a packaged SALTRO-chip.

4 The MCM-Board

The Carrier Boards will be mounted onto the MCM-boards by soldering of the small tin balls on the
back side of the carrier board, organized in a so called BGA foot-print. Figure 4 shows the layout of
the two sides of an MCM-board.

The advantages in placing the electronics components on separate boards, compared to soldering them
directly onto the pad board, are listed below.

• Trace routing from the pads to the SALTRO chip becomes simpler since translational routing
will essentially only be necessary at the edges of the pad module;

• With fewer or no active electronics components on the pad board it will be easier to design;

• Changes during the electronics prototyping will be cheaper and easier to implement and test;

• The interface between the SALTRO-part and the controller/readout-part is well defined;

• The trace routing on the plug-in board will be easier compared to the trace routing in the case
all the electronics components are placed directly on the pad board. The pad board will need
less layers;

• It moves heat away from the TPC endplate;

• It facilitates service. A malfunction in the readout chain can be fixed by replacing the electronics
board instead of dismounting the whole pad board.
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Readout electronics based on S-ALTRO16 chips
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Module layout

25 MCMs 
= 3200 channels

Space needed for high voltage
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DAQ�architecture�of�the�SALTRO16�system

LVͲboards�attached
to�one�pad�modue

MCMͲmodules�on�a�pad�module
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Final MCM Bd design by Lund Univ. carrier board

S-ALTRO

Figures from “Front-end electronics for the TPC in ILD; a status report April 2014,” etc. by the Lund group

3 CBs were 
fabricated and
ready for test
( 38mW/ch @ 20MS/s , 16chs/chip)

2



The MCM-boards will be attached to the pad board via 4 micro-connectors of type Panasonic P4S,
which have a lead pitch of 0.4 mm and a mated height of 3 mm, and transmit the signals from
the pads to the preamplifier of the SALTRO16-chip. The connectors have to be mounted with very
high precision on the pad board and on the carrier board since four such connectors have to fit
simultaneously and the space between the MCM boards is very small.

In order to meet the area constraints, the Carrier Boards have to be mounted on both sides of the
MCM-board. That is possible since the Panasonic connectors are elevating the MCM-board by 3 mm
above the pad board, which thus leaves enough space for components on both sides of the MCM-
board. In Figure 4 the rectangles with a dot-matrix of 20x13 dots are 8 sets of BGA patterns (4 on
each side) for the SALTRO Carrier Boards. These boards are placed in each corner of the MCM-board
such that the analogue inputs are facing outwards towards the long edges of the MCM-board. On
the bottom surface the four 42-pin connectors for the 32 input signals (plus grounds) also are placed
along the long edges of the board. The digital signals are concentrated towards the centre of the
board. In the centrally placed square on the top side of the MCM-board, the BGA footprint of a
CPLD (Complex Programmable Logic Device) is seen, which has an area of only 8x8 mm2 (for details
see Section 4.1). Also on the top surface of the MCM-board a connector for distribution of the low
voltage and transmission of the signals from the MCM-board has to be placed. The available space
is, however, very limited and the connector needs to have a minimum of 26 pins. The total current
drawn by the MCM-electronics is about 16 A per MCM at 8 di↵erent voltages, corresponding to a
power consumption of about 10 W per board, and it might be that some voltage needs more than
one pair of pins (voltage and ground). Samtec o↵ers connectors that have two rows of 30 pins per
row, one for edge mounting and one for surface mounting. Each pin can take a current of 1 A. The
connector has a length of 31.2 mm, which corresponds to almost the total length of the MCM-board,
and it has a width of 6.7 mm. Possible solutions to mount these connectors are shown in Figure 5.
E↵orts continue to find the best possible solution.
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Figure 5: Side views of the MCM-board showing two versions of the Samtec connector mounted on a
vertical board glued to the top surface of the MCM-board. To the left a connector for edge
mounting is used and to the right a connector for surface mounting.

On the MCM-board there is also a DAC for setting the decay time in the preamplifier and references
voltages to the SALTRO16, as well as a temperature sensor. These are controlled via an I2C bus.

The dimensions of the MCM-board, which serves 128 channels, are 32.5x25 mm2. This corresponds to
a space occupancy per channel of about 6.4 mm2. However, also some space is needed for HV-supply
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thermal conductive plate
for lower S-ALTRO16 chips

and to keep pad-plane temperature

Proposed Cooling for S-ALTRO16-based electronics

CO2 cooling pipe

CO2 cooling pipe
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for upper S-ALTRO16 chips
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Simulation 3mm gap:

● Preliminary simulation with 6 chips

● Heat transfer between cooling plate and pad 
plane increased

=> Temperature gradient ~9degrees :(

Chips

cooling pipe

cooling pipe

Pad plane

Simulation showed that
Middle pipe is necessary

The MCM-boards will be attached to the pad board via 4 micro-connectors of type Panasonic P4S,
which have a lead pitch of 0.4 mm and a mated height of 3 mm, and transmit the signals from
the pads to the preamplifier of the SALTRO16-chip. The connectors have to be mounted with very
high precision on the pad board and on the carrier board since four such connectors have to fit
simultaneously and the space between the MCM boards is very small.

In order to meet the area constraints, the Carrier Boards have to be mounted on both sides of the
MCM-board. That is possible since the Panasonic connectors are elevating the MCM-board by 3 mm
above the pad board, which thus leaves enough space for components on both sides of the MCM-
board. In Figure 4 the rectangles with a dot-matrix of 20x13 dots are 8 sets of BGA patterns (4 on
each side) for the SALTRO Carrier Boards. These boards are placed in each corner of the MCM-board
such that the analogue inputs are facing outwards towards the long edges of the MCM-board. On
the bottom surface the four 42-pin connectors for the 32 input signals (plus grounds) also are placed
along the long edges of the board. The digital signals are concentrated towards the centre of the
board. In the centrally placed square on the top side of the MCM-board, the BGA footprint of a
CPLD (Complex Programmable Logic Device) is seen, which has an area of only 8x8 mm2 (for details
see Section 4.1). Also on the top surface of the MCM-board a connector for distribution of the low
voltage and transmission of the signals from the MCM-board has to be placed. The available space
is, however, very limited and the connector needs to have a minimum of 26 pins. The total current
drawn by the MCM-electronics is about 16 A per MCM at 8 di↵erent voltages, corresponding to a
power consumption of about 10 W per board, and it might be that some voltage needs more than
one pair of pins (voltage and ground). Samtec o↵ers connectors that have two rows of 30 pins per
row, one for edge mounting and one for surface mounting. Each pin can take a current of 1 A. The
connector has a length of 31.2 mm, which corresponds to almost the total length of the MCM-board,
and it has a width of 6.7 mm. Possible solutions to mount these connectors are shown in Figure 5.
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voltage and transmission of the signals from the MCM-board has to be placed. The available space
is, however, very limited and the connector needs to have a minimum of 26 pins. The total current
drawn by the MCM-electronics is about 16 A per MCM at 8 di↵erent voltages, corresponding to a
power consumption of about 10 W per board, and it might be that some voltage needs more than
one pair of pins (voltage and ground). Samtec o↵ers connectors that have two rows of 30 pins per
row, one for edge mounting and one for surface mounting. Each pin can take a current of 1 A. The
connector has a length of 31.2 mm, which corresponds to almost the total length of the MCM-board,
and it has a width of 6.7 mm. Possible solutions to mount these connectors are shown in Figure 5.
E↵orts continue to find the best possible solution.
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10.40
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1.20

25.0

32.5

1.20

1.45

1.60

3.00

Figure 5: Side views of the MCM-board showing two versions of the Samtec connector mounted on a
vertical board glued to the top surface of the MCM-board. To the left a connector for edge
mounting is used and to the right a connector for surface mounting.

On the MCM-board there is also a DAC for setting the decay time in the preamplifier and references
voltages to the SALTRO16, as well as a temperature sensor. These are controlled via an I2C bus.

The dimensions of the MCM-board, which serves 128 channels, are 32.5x25 mm2. This corresponds to
a space occupancy per channel of about 6.4 mm2. However, also some space is needed for HV-supply
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Another possible option
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Module layout

25 MCMs 
= 3200 channels

Space needed for high voltage

Space needed for high voltage
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Mockup Test Plan

transparent acrylic plate

thermal conductive structure under test

thermal conductive structure under test

mockup board (1.6mm)

transparent acrylic plate

Mockup Test

•ここではコネクタの制約は課さずに、種々の熱伝導構造を試せるようにし、
テストにより熱設計の観点から、必要な構造条件を導出する。
•ただしコネクタ類による熱伝導は考慮していないので、それは次の課題。

was used to characterize the first packaged SALTRO16-chips. The CERN SALTRO test board is read
out with the EUDET readout system.

The Test Socket itself is a commercially available, high tech product o↵ered by Ironwood Electronics,
USA. The socket has to be modified to fit our BGA pattern and chip dimensions. The Test Socket
has been delivered and drawing of the Test Socket together with a photo of it are shown in Figure 3
(note the small size). The design of the Test Socket Board is completed and will be ordered, after som
final inspection, within a few weeks.

4 The MCM-Board

The Carrier Boards are mounted onto the MCM-boards by soldering of small tin balls on the back
side of the carrier board, organized in a so called BGA foot-print. Figure 4 shows the layout of the
two sides of an MCM-board.

Figure 4: The MCM-board top surface (left, green) and bottom surface (right, red)

The advantages in placing the electronics components on separate boards, compared to soldering them
directly onto the pad board, are listed below.

• Trace routing from the pads to the SALTRO chip becomes simpler since translational routing
will essentially only be necessary at the edges of the pad module.

• With fewer or no active electronics components on the pad board it will be easier to design.

• Changes during the electronics prototyping will be cheaper and easier to implement and test.

• The interface between the SALTRO-part and the controller/readout-part is well defined.

• The trace routing on the plug-in board will be easier compared to the trace routing in the case
all the electronics components are placed directly on the pad board. The pad board will need
less layers.

• It moves heat away from the TPC endplate.

• It facilitates service. A malfunction in the readout chain can be fixed by replacing the electronics
board instead of dismounting the whole pad board.
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copper tape
universal board

16V

16V
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Combination of various thermal conductor/insulator will be tried
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Solution 1: 3mm connectors
extra CO2 pipes

U-turn piece
(horizontal)

U-turn bends
(vertical)

5 MCMs

mockup

TPG plate (by Momentive)
~1500W/m・K

sandwiched by Al plate

設計･仕様について予告なく変更する場合があります。　ご購入及びご使用前に当社の技術仕様書などをお求め願い，それらに基づいて購入及び使用していただきますようお願いします。
なお，本製品の安全性について疑義が生じたときは，速やかに当社へご通知をいただき，必ず技術検討をしてください。

1 2 3 4 5 6 7 8 9 10

形態
PGSグラファイトシート

品目記号
S PGS単体 100 µm

70 µm
50 µm
40 µm
25 µm

PGS厚み
10
07
05
04
03

90 mm  115 mm
115 mm  180 mm
180 mm  230 mm

形状寸法
0912
1218
1823

1 2 3 4 5 6 7 8 9 10

形態
PGSグラファイトシート

品目記号
A テープ加工 100 µm

70 µm
50 µm
40 µm
25 µm
17 µm
10 µm

PGS厚み
10
07
05
04
03
02
01

90 mm  115 mm
115 mm  180 mm

形状寸法
0912
1218

11 12
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 加工タイプ 
 構成例参照

A
M
F

PA
PM
DM
DF
V

PV
KV

“PGS®”グラファイトシート

! 品番構成
" PGS単体品 (EYGS@@@@@@)

! 特　長
" 非常に高い熱伝導率：700～1950 W/(m・K)
 （銅の2～5倍，アルミの3～8倍の高い熱伝導率）
" 軽量：密度0.85～2.13 g/cm3

 （銅の1/10～1/4，アルミの1/3～1/1.3の軽さ）
" 柔軟なシートで，加工が容易
 (繰り返しによる折り曲げが可能)
" 低熱抵抗
" RoHS指令対応

! 主な用途
" スマートフォン，携帯電話，ＤＳＣ，ＤＶＣ，
タブレット型ＰＣ，ＰＣ周辺機器，ＬＥＤデバイス

" 半導体製造装置（スパッタリング，ドライエッチング，
ステッパ）

" 光通信，基地局

“PGS”グラファイトシートは，高分子フィルムを熱分解
によりグラファイト化するという従来にない方法で作られ
た単結晶に近い構造を持つ「高配向性」グラファイトで，
高い熱伝導性とフレキシブル性などの特長を持った熱伝導
シートです。

“PGS®”グラファイトシート
Type: EYG

## 形状は上記寸法以外も可能ですのでご相談ください｡

" テープ加工品 (EYGA@@@@@@@@)

# 厚み 17 µm, 10 µmは単品でのご対応は実施しておりません。

Dec. 201305

16

PGS graphite sheet
(by Panasonic)
~1500W/m・K

heat insulating sheet
(by Polymatech)
~0.02W/m・K
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2.5mmの限られたスペースに詰め込む

断熱シート 0.02W/m・K (0.5mm)

熱伝導ゴム (0.5mm x 圧縮率80%)

Carrier Board

SALTRO16

PGS (0.1mm) x3

PGS (0.1mm) x1

設計･仕様について予告なく変更する場合があります。　ご購入及びご使用前に当社の技術仕様書などをお求め願い，それらに基づいて購入及び使用していただきますようお願いします。
なお，本製品の安全性について疑義が生じたときは，速やかに当社へご通知をいただき，必ず技術検討をしてください。
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http://industrial.panasonic.com/www-ctlg/ctlgj/qAYA0000_JP.html

connector (2.5mm)

MCM board (1.6mm)
1.2mm

1.3mm

TC1050 (TPG laminated) 2mm

2.5mmの限られたスペースに何を入れられるか

断熱シート 0.02W/m・K (0.5mm)

熱伝導ゴム (1mm x 圧縮率70%)

Carrier Board
SALTRO16

PGS (0.1mm) x3

PGS (0.1mm) x1

設計･仕様について予告なく変更する場合があります。　ご購入及びご使用前に当社の技術仕様書などをお求め願い，それらに基づいて購入及び使用していただきますようお願いします。
なお，本製品の安全性について疑義が生じたときは，速やかに当社へご通知をいただき，必ず技術検討をしてください。
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http://
industrial.panasonic.
com/www-ctlg/ctlgj/
qAYA0000_JP.html

connector (2.5mm)

MCM board (1.6mm)
1.2mm
1.3mm

•アルミ付きTPGは入らない。裸のTPGは強度に不安。
•PGSシート (Panasonic) を検討してみた。厚さは100um迄。
•温度勾配は10℃を超えるだろうから、断熱シートを挿入。
これでパッド基板への熱流入を防げるか？
•MCM上側はスペースがあるので、現有TPG (Al 0.5 + TPG 0.5 + 
Al 0.5mm) より厚いものを使い、少しでも多く熱を吸い上げる。

断熱シート
カプトンの 1/10、
空気以下の熱伝導率
http://www.polymatech.co.jp/
c-6.html

bonding

TC1050 (2mm)

TC1050 (1mm)

2.5mm space limited by the connector height

TC1050 (1mm)
(Aluminum-laminated TPG)

heat conductive elastic sheet
(1mm x 60%)

Carrier Board (0.5mm??)
SALTRO16 (0.3mm??)

connector (2.5mm)

MCM board (1.6mm)
1.2mm
1.3mm

Taking into account the epoxy layer (0.8mm) for bonding 
protection, insertion of 1mm-thick TC1050 will be 
difficult. → This structure will not go well.

bonding
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TC1050 (2mm)

Idea: BGA board can increase the height

2mm x 65%

TC1050 (2mm)

connector (2.5mm)

MCM board (1.6mm)
1.2mm
1.3mm

BGA board (1.6mm)
(BGA=ball grid array)

Make it higher so that 2mm-thick TC1050 can be inserted.
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TC1050 (2mm)

Idea: BGA board can increase the height

2mm x 65%

TC1050 (2mm)

connector (2.5mm)

MCM board (1.6mm)
1.2mm
1.3mm

BGA board (1.6mm)
(BGA=ball grid array)

Even with this setup, temperature gradient will be a few ℃.

ΔT > a few ℃
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TC1050 (1.5mm)

Idea: combination of conductor and insulator

1.5mm x 73%

TC1050 (2mm)

connector (2.5mm)

MCM board (1.6mm)
1.2mm
1.3mm

BGA board (1.6mm)
(BGA=ball grid array)

設計･仕様について予告なく変更する場合があります。　ご購入及びご使用前に当社の技術仕様書などをお求め願い，それらに基づいて購入及び使用していただきますようお願いします。
なお，本製品の安全性について疑義が生じたときは，速やかに当社へご通知をいただき，必ず技術検討をしてください。
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 （銅の1/10～1/4，アルミの1/3～1/1.3の軽さ）
" 柔軟なシートで，加工が容易
 (繰り返しによる折り曲げが可能)
" 低熱抵抗
" RoHS指令対応

! 主な用途
" スマートフォン，携帯電話，ＤＳＣ，ＤＶＣ，
タブレット型ＰＣ，ＰＣ周辺機器，ＬＥＤデバイス

" 半導体製造装置（スパッタリング，ドライエッチング，
ステッパ）

" 光通信，基地局

“PGS”グラファイトシートは，高分子フィルムを熱分解
によりグラファイト化するという従来にない方法で作られ
た単結晶に近い構造を持つ「高配向性」グラファイトで，
高い熱伝導性とフレキシブル性などの特長を持った熱伝導
シートです。

“PGS®”グラファイトシート
Type: EYG

## 形状は上記寸法以外も可能ですのでご相談ください｡

" テープ加工品 (EYGA@@@@@@@@)

# 厚み 17 µm, 10 µmは単品でのご対応は実施しておりません。
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TC1050 (1.5mm)

Idea: combination of conductor and insulator

1.5mm x 73%

TC1050 (2mm)

connector (2.5mm)

MCM board (1.6mm)
1.2mm
1.3mm

BGA board (1.6mm)
(BGA=ball grid array)

設計･仕様について予告なく変更する場合があります。　ご購入及びご使用前に当社の技術仕様書などをお求め願い，それらに基づいて購入及び使用していただきますようお願いします。
なお，本製品の安全性について疑義が生じたときは，速やかに当社へご通知をいただき，必ず技術検討をしてください。

1 2 3 4 5 6 7 8 9 10

形態
PGSグラファイトシート

品目記号
S PGS単体 100 µm

70 µm
50 µm
40 µm
25 µm

PGS厚み
10
07
05
04
03

90 mm  115 mm
115 mm  180 mm
180 mm  230 mm

形状寸法
0912
1218
1823

1 2 3 4 5 6 7 8 9 10

形態
PGSグラファイトシート

品目記号
A テープ加工 100 µm

70 µm
50 µm
40 µm
25 µm
17 µm
10 µm

PGS厚み
10
07
05
04
03
02
01

90 mm  115 mm
115 mm  180 mm

形状寸法
0912
1218

11 12

追番

 加工タイプ 
 構成例参照

A
M
F

PA
PM
DM
DF
V

PV
KV

“PGS®”グラファイトシート

! 品番構成
" PGS単体品 (EYGS@@@@@@)

! 特　長
" 非常に高い熱伝導率：700～1950 W/(m・K)
 （銅の2～5倍，アルミの3～8倍の高い熱伝導率）
" 軽量：密度0.85～2.13 g/cm3

 （銅の1/10～1/4，アルミの1/3～1/1.3の軽さ）
" 柔軟なシートで，加工が容易
 (繰り返しによる折り曲げが可能)
" 低熱抵抗
" RoHS指令対応

! 主な用途
" スマートフォン，携帯電話，ＤＳＣ，ＤＶＣ，
タブレット型ＰＣ，ＰＣ周辺機器，ＬＥＤデバイス

" 半導体製造装置（スパッタリング，ドライエッチング，
ステッパ）

" 光通信，基地局

“PGS”グラファイトシートは，高分子フィルムを熱分解
によりグラファイト化するという従来にない方法で作られ
た単結晶に近い構造を持つ「高配向性」グラファイトで，
高い熱伝導性とフレキシブル性などの特長を持った熱伝導
シートです。

“PGS®”グラファイトシート
Type: EYG

## 形状は上記寸法以外も可能ですのでご相談ください｡

" テープ加工品 (EYGA@@@@@@@@)

# 厚み 17 µm, 10 µmは単品でのご対応は実施しておりません。
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http://
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conductance 1/10 of
kapton and less than air.
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c-6.html

700W/m・K

graphite sheet

ΔT is blocked

heat via connector
can be absorbed by
thin heat conductor 
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Issues on the next module cooling
•How to route the cooling pipes. At the middle and edges of 
the module, or on every MCMs. (-> mockup heat test)

• Depending on the piping, there may be conflicts between LV 
electronics, HV connectors, and cooling pipes. So we need to 
design them as a whole system.

• Mechanical / Electronic stability of the complicated structure 
should be tested. 
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