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1. Introduction

Higher speed and higher performance of electronic equipment
are promoted by higher integration and higher performance of LS,
and as the portability of electronic devices becomes an important
factor along with the advancement of software, portable electronic
devices such as digital cameras with memory cards, pagers, and
notebook computers have appeared on the market. Miniature
packaging of semiconductor devices is also playing an increasing
role in miniaturizingequipment.

For applications such as portable devices such as smart cards
and PCMCIA memory cards, the use of thin packages has become
essential.

In line with these market demands, TSOP, TSSOP, and TQFP
are provided as thin packages for electronic components, and Ultra-
Thin TCP, Dual in Line TCP to which the TAB process has been
applied has been developed to meet the requirements for ultra-thin
packages.

In addition, Direct Chip Attach (DCA) using wire bonding
technology that meets the requirement for a small cross-sectional
area, which is an important factor in the development of card-type
portable equipment, has been developed.

These thin and ultra-thin package methods require new
investment in production equipment when manufacturing TCP or
TAB packages.

Also, in order to make it thinner due to the limitation on
thickness, amethod of grinding the siliconwafer or die thinly is also
adopted, but considering the influence on the active surface of the
electric circuit in the grinding process, itis necessary to consider the
damage, etc. In addition, the adoption of ultra-thin Flip Chip
packages requires new production equipment, and there is a
problem of fragility of thin dies that mustbe resolved.

In order to solve these problems that CSP have, a CSP of
ShellCase Type ultra-thin package has been developed based on a
new concept package technology.

2. ShellCase-Type CSP Development Concept and its structure

In promoting the CSP Development of ShellCase Type, the
following five items were set as development goals, and the
developmentwas performed.

1) Aim foraCSP shapethatis the same size as the chip size.

2) Aim for a CSP thickness of less than 500-600 um, which is
the thickness of a typical wafer.

3) Apply the protective plates to the top and bottom ofthe active
surface of the electric circuit as a countermeasure against
physical damage from the outside.

4) Employ side lead and BGA type as the type of package,
making it possible to use conventional SMT technology.

5) Aim to reduce the manufacturing lead time, by linking the
CSP manufacturing process and the semiconductor process.

In order to achieve the development goal of a thin CSP, |

considered and developed a new method of forming electrical leads
(input/output terminals) described below. This method focuses on
pad placementand scribe line area in the silicon wafer or die layout,
wherein consideringthe use of the die pad as an electrical lead, after
formingan additional pad extended to the scribe line area on the pad
arranged on the die, a die-sized CSP is made by cutting the
additional pad within the scribe line area, and forming electrical
leads usingthe cutsurface of the additional pad

In addition, arranging glass as a protective shell above and
below the die can remove the manufacturing obstacles that arise due
to thinning, improve processing, and protect the active surface of
the electric circuit from being exposed to the outside of the silicon
wafer.

Based on this concept, | was able to develop a CSP with a size
within 100 um in length and width and a thickness 0f 0.3 to 0.5 mm
compared to conventional dies.

Figures 1 and 2 show schematic diagrams of electrical lead
formation and lead formation connections.

The package's electrical leads are formed by utilizing two upper
and lower glass sheets arranged for the protection plate to form
electrical leads, developing a ShellCase ShellPACKBGA-type
ShellBGA of ultra-thin, ultra-compact multi-pin type solder lead
terminal with a pitch width of 0.3to 0.5 mm.

Furthermore, it is assumed that mounting is possible using
conventional surface-mount technology (SMT) production
equipment.

The schematic structure of this ShellCase-type CSP is shown in
Figure 3.
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Because the production process of this Shell Case-type CSP can
be manufactured at the silicon wafer level, it is possible to reduce
the manufacturing lead time by linking it with the semiconductor
process.

3. Thickness comparison of various thin packages and
Shell Case-type method

Figure 4 shows a comparison of the thickness of various thin
packages and ShellCase-type method.

Comparing this figure, it can be said that this ShellCase Type
method is one of the thinnestamong the thin packages with external
protection.

Due to the thickness of each thin package, the ShellCase Type
scheme can enable higher density packaging for applications where
space and vacantroom are notavailable.
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Figure 4. Thin Package Comparison

For example, if a PCMCIA standard IC card specifies a
thickness limit of 3.3 mm, then if TSOP is used, one single-sided
board must be used, or if a special processing process is required
when using a double-sided board. However, when using this Shell
Case method, it becomes possible to use adouble-sided board, and
the mountingdensity can be doubled atonce, and two double-sided
boards can be used due to the extra space.

4. Shell Case manufacturing method

Next, an outline of the manufacturing process of the ShellCase
method will be explained (Figure 5).

Process A: Prepare a silicon wafer (thickness 500-600 pum) that
has been pre-applied with the additional pad described above and
cleaned, and bond it to glass 1 (thickness 100-200 um) using an
epoxy adhesive.

In this case, it is important to control the thickness of the
adhesive to 20 pm or less, and to ensure that the adhesive is uniform
and spreads to the edge of the adhesive.

Process B: Grindingthe silicon wafer down to 100 um.

Process C: Specially processed the silicon wafer into a CSP
shape and then etched it to form a CSP shape.

Step D: Bond the glass 2 to the side of the silicon wafer with an
adhesive.
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Figure 5. ShellCase CSP manufacturing process

Process E: Using aslicer machine, make deep grooves until the
edges of the additional pad are exposed. This processis a grooving
process for three different types of materials, and the key points are
the selection of the grade to be used and the selection of processing
conditions.

Process F: Coat the aluminum film on the upper surface of the
glass 1 of the silicon wafer on which deep grooves are formed using
a sputtering machine. In order to stabilize the contact between the
end face of the additional pad and the aluminum film, it is necessary
to devise the activation treatment of the grooved portion of the deep-
grooved silicon wafer.
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Figure 6. Comparison of electrical characteristics of

various packages

Process G: Expose the applied resist through a mask for forming
electric leads, and form electric leads by photo-etching. For SMT
compatibility, the aluminum film is plated with nickel or gold or
solder.

Process H: Complete individually packaged CSPs by separating
CSPs with a slicer.

5. Electricalcharacteristics

Because the ShellPACK package utilizes silicon wafer pads,
short electrical leads can be made, resulting in very low parasitic
inductance and capacitance, with lead-to-lead capacitance of up o
0.07 pF. The lead inductance is InH at the upper limit. Low
inductance and low capacitance improve the usage characteristics in
the high frequency band, resulting in high speed characteristics.
Figure 6 shows a comparison of electrical characteristics with
various packages.

6. Experiment to study soldering mounting

The goal of the ShellCase-type CSP is to enable solder
mounting on the PCB using the typical SMT (surface-mount
technology); to be able to solder without special measures, and | am
currently conducting experiments to study soldering mounting
Soldered samples are also currently in the stage of reliability
evaluation. The outline is shown below.

"Experimental conditions"

* ShellCase-type CSP

(BGA type)

* Solder mask: 316L stainless steel

(Wet etching process)

Thickness: 5 mil (125 pum)
Groove Width: 150 um
* Experimental PC board: FR4 type
* Solder paste: Multicore 63/37
noclean LR725 (Alloy 89-91%)
* Reflow oven used
Made of OK Industries, Inc.

7. Reliability

I am currently conductingareliability test on the manufactured
samples.
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Table 1. ShellCase-type

ShellCase CSP Reliability Test Interim Results

Test item Test Conditions Interim Test Results

. -45°C to 85°C, air to air MIL STD.883D | 1000cycles- passed
Temp Cycling Method 1017.7

T 5 Watt with heat sink & 5 Wattwithout | Tj<125°C

Heat Dissipation heat sink
THB 85°C;85%RH;5V Bias 1000H- passed
Life test 15mA, 125°C 1000H- passed
Popcorn JEDECAI112 3 Reflow cycles- passed
Shear MIL STD.883 Method 2019.5 passed
Break ASTM method f 394-78 passed

Table 1 shows the test items and interim test results. So far, there
have been no major problems, but I will proceed with further
evaluation.

8. Conclusion

So far, | have described the development of an ultra-thin
package ShellCase-type CSP based on a new concept package
technology. | would greatly appreciate if this article could serve as
a reference for future development of CSP.

(Accepted on 3.15.1997-re-accepted on 4.8.1997)

Glossary
PCMCIA: Personal Computer Memory Card International
Association

A memory card interface standard established by the US IC
memory card industry group.
TSSOP: Thin Shrink Small Outline Package
An SOP type package with gullwing leads arranged on two
sides of the package with a reduced lead pitch and a thin and
compact SOP package.
TQFP: Thin Quad Flat Package
A thin QFP package that is thinner than the QFP type with
leads arranged on the four sides of the package.

Vol. 12 No. 3 (1997)

Ultra-Thin TCP: Ultra-Thin Tape Carrier Package
Athin tape type package of 0.8 mm or less, in which wiring
is performed by wire bonding using tape instead of a lead frame
to supportthinning of multiple pins.

Dual in Line TCP: Dual in Line Tape Carrier Package

A tape-type package in which leads are arranged on two
sides.

Flip Chip: A packaging method in which a bare chip is directly
mounted on a circuit board, which is effective in improving
circuit characteristics by reducing the mounting area and
height, reducing the wiring length, and shorteningthe wiring
length.

Wet etching process: A type of method for forming shapes on
metal materials, etc., usingchemical corrosion that occurs in a
liquid phase using chemicals.

Hisayuki Sakai

Born in 1944. In 1967, graduated from the
Department of Mechanical Engineering,
Faculty of Engineering, Meiji University.
Currently engaged in quick delivery gate
array LPGA (Laser Programmable Gate
Array) business at Intex Corporation Custom
Device Division.

TSMC EX. 1010 Pag274 of 9

w
Ee]
@
=
=
m
o
=
S
S




BGA/CSPOREHH

ShellCase 1 ZCSP D Bi7E
WH AZ*

CSP Development of ShellCase Type

Hisayuki SAKAT*

R A VT 92 R =R =Y a Y AR F LTIV, AHER (T213  #0ZR) & ERX HF3-2-1)
*Custom Device Div., Intex Corporation (3-2-1 Sakado, Takatsu-ku, Kawasaki-shi, Kanagawa 213)

1. 2t®Ic

BIREOERL, BMERLALSIO BERL, St
ftickoTiRtEEh, VI v 70#ELADECET
BEOEEMESEELBERICESIZONT, XEYH—F
HEFOINLHIAT, R=Dy, /=Y AVEVST
HWHERABTEEISTHRICER L TE L, /2, FEETN
AZADI=F 2 T7/8y o = IAbh, BEHEROPNULIZR 2§
BELHLTETND,

27— b H— FRPCMCIAX £ ) 1 — F o iEHH
BHESORRICE, By r—V%FS5 228 5<TR
EoEWVWEDIZE>TETNS,

ZD &S EHBOERICH - T, BFHHmOEK Sy r
— U 13TSOP, TSSOP, TQFPA it h Tk, X 51T
E Sy r— VDOERIZH L TTABD 7o+ 2 % J5H L
7=Ultra Thin TCP, Dual in Line TCP2RE I h T 5%,

7, H—F A4 TOHEFARSHR TERLERTD
3, NFEEANOBERISHB L2274 YKV T4 v 7l
% fif 5 7-Direct Chip Attach (DCA) 2K Eh T3,

ZhbonHEE, BEE Sy r—YARIE, TCPE X
TAB Sy 7 — ¥ %#55E 4 2B mE T, FAIEEREND
BREXRAAREE S,

7, BEANDOHKL S LDHEL TEHBIC, YYay
yIXN, 72384 2HSHIAFBEERAIA TS,
I TR TOBREIBRBESHANOHELE L 5 LFEL L
ANDERNMNEIZL S, 7=, Flip ChipD##H/ Sy r—
COFRAICIE, RRBOE-EEEMENBDETHD, £
WL A PEAR TV EOREABRL AT LS %
WV

INSDCSPARK OREAWE TS0, FrLnay
T DSy = VERICESO-BEE Sy -
ShellCase S RCSP#FF L 7=,

2. ShellCase 5 CSPOPRFE >+ 7" b & Z D&

ShellCase i RCSPOFAR £ W 512 H 72, TED 5
HHERREARE LR THRICIRDMA L,

144

1) CSPOERDBF v THA XLEFDORE S HHS,

2) CSPDJE & n—fii 2 T/ \DJE X 500600 « mEL T
#HS,

3) EXEIKBEEEADIERH, & OYIEMFEERE L
TIRF#EWE L TICHET,

) ISy r—vorREEIEZYS FY—-FLBGA¥ {1 7%
FER L, PERH 6 DOSMTHA 4 FHHTREL T 5,

5) CSPRIE otz LYEETu I 42EEL TITS
ZrT, B - F 24 20HIEEX S,

W CSPOBAR HIE A ER T 5 72012, KIS H L
WER ) - F (AHJIRT) OBRF%EEELRREEIT-
7o ZOFER, YVavoIntzZ3 L4 DLA T b
THSy FORBEZAI 54 T34 VEEBICERLT, &
A8y FEBRV - FELTRIHTAZLEEZELT, 41
ICEB XN TWA/Sy FERIZAY 54754 Vi THE
£ L 7zAdditional Pad%#:BIMEEL 7=t&, 22 74T 541
v fHIE A TAdditional Pad% Yl L, % ?DAdditional Pad®
U AR L CEBRY) — FEER TSI I LICXD LAY
4 ZDCSP%EHES,

¥, FADLTIRBBY 2L LTHI ZAERET S
ZEizky, RO LDICRET S EELOBELRD
R MIekEE YTy yINnPBASPICBHIEEWE
BB REBN I N\ D IREBE & R -2 7=,

ZDaAvEFMZkoT, CSPOKRE XIIREKRD L A1
B U THE - B5100umBIAD K % X ¢, B X $0.3-0.5mm
DCSPERRET & 7=,

X1, 21CHSES ) — FEREER L ) — PR
HAERT,

Ny r—VDBKY — PG, RERAICEEL - L
T2HROHSZAEFEHLTESRY) — FEFEEL, 03~
0.5mmY v FIEDIZAZ ) — FETOEHER, &MY
v &2 4 7DShellCase SR Y1 FY—=F &4 7D
ShellPACK& , BGA# 4 7D Shell BGAZ B L 7=,

X5, PEROFREFERSM (SMT) DOAEEREEH
WCEENTARETHEEDE L,

Z D ShellCase 5 R CSPO MBS HEE 12X 3 127K,

TSMC EX. 1010 Page 5 of 9
ElESTE

B



I ARSAE=B

41
\ Additional Pad
y4
B a8 BEEBE %ff/{& 5]
B 2] Yo, D
L i %
B & %
i @ % %,
BE A BB PxA a
e
Ny K
_— A-B<100 «um

2754771 CHEE=A
E1. U-—FERSER
Additional Pad

&
W///////////////%

U — KRR RS
2. ) — NS

Ny R

AR A I~
)AL FyT

ShellBGA
X3. /Ny —TER

Z DShellCase S ACSPOAE T u 21k, YYavy
INVNRLTEENT X 3728, F¥k oL 2 LEEL
TS ZETHREY - FE24 DY BEXSZNnTXE
50

3. BEEHEIE/ Yy & — T & ShellCase i K DJE & [

% DHEE/Sy r — ¥ L ShellCase S R D EA LK % |
X 4 1287,

ZORH» 6 BT 5 L, SEREIESEEh TS
Kol r — P DH T, ShellCase SR ITER & H VS & —
PDO—DOLELbB,

BE Sy r—VDEXIZED, 2AR— 2 L 22 HHER

Vol.12 No.3 (1997)

Nylr—3 /'7{*'
N 4
U—K
7
Ea
TSOP-1.2mm
ISy =3
g <\ y— K
AN
7
a4
DTCP-0.5mm
Ny — y— K

Z1 Uitra Thin TCP-0.4mm

y— K

0.3-0.5mm ﬂ
517 T

Az
ShellPACK-0.3mm
4. WNyF—-TOHR

TEEWED EHRDBAIZ, ShellCase 5T & D EE
BLhERETBICTAILNTE S,

21X, PCMCIABRMEDICH — FT, 3.3mm& VS EAR
DHIRBEE XN TV SHA, TSOPEEHL =4 I3H
MR 1 AR 5, £ 7= 30 Eh s P B 2 I3 Rk
EMIITESBEL 555, ShellCase 5 4T 5158
BRHHEEREME D Z EBNARRIC R D, —HICEREE L
BT, XHICAX-Z2MRKH & MEER % 2
TH5ZLEAEEL LD,

4. ShellCase 5 2D B 77 2%

RiZShellCase F RO MBS BLE TFE A FHHA+5 (X 5),

ATHE : &5 » UBAiAR L 7z Additional Pad % fii L T %
#Lv)aryoxon (JEA500600um) %L, # 5
21 (JEA100-200um) & THEF S ROBEH% FHWTH
HY 5,

ZDHBE, BEFIMY—T, WEE TORNRD LEX20
pumPlFIZay bo—$3ZL0, ROTEADEE
TEELRA Y M k5,

BT BTy ) 2y 2 4100umE THID & &
T

CIF:¥)aryyx/\ZCSPHROBHML 45 L ,
Ty F v FIZTCCSPIERE KT 5,

DIM:vVavwIng A FICHT R 2 2BER+H
WTHEET 5,

ETF¥: 254 % —v v EH\WT, Additional Pad®

TSMC EX. 1010 Page 6 (zf9
145




Additional Pad

P20 R= Py WA

HF A1
AT AR EE

N
Epoxy Adhesive

-BI#:> U HE
500 «m—100 um

RN

cCI:YUILIyFUIRW
100 m—50 pm

cDIR:HTR2%EH

7
Az zx1
« EX#E . U — FEBRRT/HAEE

H7x2

Al metal layer

CHIR:9INNSCSPEINBEL
X5. ShellCase CSPRETFZ

WELABHT 5 THRELANS, ZOTRII3IEEHDE
PR OEIEY TRTHD, FHTS 7L — FORREM
T&EOBENEA VKD,

FIR BEERLEZV)IVIINDH T A1 D LHE
12, PLIZO LA RISy B—2 VI Ca—1+$ 5,
Additional PadD¥E & 7L I v ANV 22 b &R
EXXBEDIC, BEER LY )2y hOERTD
EHEALEIZ TR 5,

GIR BHLAZVYZEEX) — FEERHADOY XY
FBLTCEBXL, 74 b Ty F U ZICTESY — FERT

146

M Capacitance(pF)
Oinductance (nH)

1nH

0.07pF
|

ShellCase
X6. HE/\vi—JBREELER

5, SMTRIGE LT, =9 FLE—EE 3B ALY -
XhETILIZY ARBICHET,

HIM : A7 4% —ICCCSPEYIDMEL T4 12/ 5y &
— Y I N7=CSPHREKT %,

5. TExCHIRFHE

ShellPACK Sy r =iy ) avy o xmssy FEFIH
LTWB 720, BOWEXRY) - FE2fEsZenTE, F44
VEOIEVALF ISV BV ANKEREL B, V- FH
DF ¥V 2V ZIIRETO0pFE kb, V—FDA V&
28 23 FRTInHTH 5, B A v 4280 2, K+
YISV A Y ANERREES TOMAREA8E L, Bk
HiZk->Tnb, &/ Sy r— Y L OEKFHED KR AKX
615,

6. 1ZA 71 EEERHN OB

ShellCase 5 R CSPIZ , WHDSMT (FmFEEHH) T
PCBLICIZAZEET 5 Z LN TE KA RIS %8312,
BAPMITTESZEABETH D, BE, BAZTITE
PR OERAHED T 5, BAERTY Y THIZDNT
b, B, EEME2ED TWIEBRETH 5, ZOBE
IZDOWTFERISRT,
£ 3cd

% ShellCase 5 R.CSP

(BGA# 1 )
*3AEYAY (316LAT v L AL
(vxy bxyFvsmI)
JEX : 5mil(125 2 m)
HEOWE © 150 xm
* EEHPCA— F (FR44 4 7
*|3A7ZX—Z b | Multicore 63/37
noclean LR725(7 & 4 89-91%)
* Y 7 —4F
OK Industries Inc.%{

7. 1Bt

BAE, BYEL =% v IOV TIERKT X b 21T-

TSMC EX. 1010 Page 7 of 9
BiEELE

PQFP  PGA TBG BGA



1. ShellCase CSPOEMEM T 2 b IR

Test#i H Test Conditions i Tesths R
Tpoieg | eCeETan | o el
HeatDisspain | (3t wthout hea ik e
THB 85°C; 85%RH; 5 V Bias 1000H- passed
Life test 15mA, 125°C 1000H- passed
Popcorn JEDEC A112 3 Reflow cycles- passed
Shear MIL STD.883 Method 2019.5 passed
Break ASTM method f 394-78 passed
TW5, TEEL L, MEQFP/Sy 7 — o,
F1LICTAMHEB DB T X MERETRT, BEDOL Z Ultra Thin TCP : Ultra Thin Tape Carrier Package
5, KELMEE L <EBLTHEH, X 6125l % 8D BEVHBAMIBISENT, V-F7L—-a0fRbDIC
T, T—TEHOWTIAYRY F 4 v 2 ICTRBERL -,
R 0.8mmLL FDEE T —F 44 TFrsy r—v,
8. KU Dual in Line TCP : Dual in Line Tape Carrier Package
L, FLnwarye 7 oty r—OHEfficE0ne, T=TEAT Ny —=VIiZB0T, 232 — F 4B
M3y r — ¥ ShellCase § RCSPO B R IZ D W Tk R Ulz, =T 84 TI)89r—9,
2o GHRDCSPORBIZHLTEEREIZENIENTH Flip Chip : X7 F v 7% BHUICEBERET 5 KL T, EXE
%, M- B0 - DL, BRENEL T, BRR#HED
(1997.3.15-5 3 1997.4.8-FF %) E_LIZZRY B B8y r —VHR,
FARERRRY VIVMIVvFIMI AL¥EREMAOTHETCRE 2
PCMCIA : Personal Computer Memory Card International LB RAFAL, SBMPRSE~NERERS 2 FRDO—
Association T,

KEICA Y # — FEREESHRELZ, 2T H—F
DA V8T x— A,
TSSOP : Thin Shrink Small Outline Package
Wor=UD2HNy 4+ 7RO —FA2KREL -
SOPZ A FIZTY — F¥ v FE&/NL, @ - /NMUHLL 72
SOP 8w dr=¥;
TQFP : Thin Quad Flat Package
Ny —=UD42) — F#EEB L 7=QFP4Z 1 TIZTE

BH A2 (87w vswx)

- BRIOFA Fh, BBRIM2F, BHBKRF T
| SR e R, B, RS VT
| 92 23—-RL—Y a3V HRELFINL R
BERICBVT, BRWHNIEY - b7 L4
LPGA (Laser Programable Gate Array) ¢
U R R,

TSMC EX. 1010 Page 8 of 9
Vol.12 No.3 (1997) 147



0|

TRANSPERFECT

1, Natalia Lehmann, declare as follows:

1. | am over eighteen years of age and fully competent to make this affidavit. | have
personal knowledge of the information contained in this affidavit. and it is true and
accurate to the best of my knowledge.

2. lam atranslator fluent in the Japanese and English languages. | provide this
affidavit on behalf of TransPerfect.

3. |translated “Sakai - Development of ShellCase CSP” from Japanese to English and
attest that it is a true and accurate translation.

| hereby declare that all statements made herein of my own knowledge are true and that
all statements made on the information and belief are believed to be true; | declare under
penalty of perjury that the foregoing is true and correct, and understand that willful false
statements and the like are punishable by fine or imprisonment, or both pursuant to 18
U.S.C. 1001.

Executed on Wednesday, December 14, 2022, in Lindale, TX.

1) A~ Lf’%'\ ™~

Natalia L.ehmann
Wednesday, December 14, 2022

LANGUAGE AND TECHNOLOGY SOLUTIONS FOR GLOBAL BUSINESS
1250 BROADWAY, 32ND FLOOR, NEW YORK, NY 10001 | T 212.689.5555 | F 212.689.1059 | WWW.TRANSPERFECT.COM
OFFICES IN 90 CITIES WORLDWIDE

TSMC EX. 1010 Page 9 of 9





