©
L

N T A A M N 1 O
US005804004A

United States Patent [ (1] Patent Number: 5,804,004
Tuckerman et al. [45] Date of Patent: Sep. 8, 1998
[54] STACKED DEVICES FOR MULTICHIP 5,434,745 7/1995 Shokrgozar et al. ...c.c.ccccunecn. 361/735
MODULES FOREIGN PATENT DOCUMENTS
[75] Inventors: David B. Tuckerman, Dublin; Nicholas 011627 2/1984 Furopean Pat. Off. .
E. Brathwaite, Hayward; Paul 0128799 12/1984 FEuropean Pat. Off. .
Marella, Palo Alto; Kirk Flatow, San 57-31166  2/1982 Japan .
Jose, all of Calif. 61-7658  1/1986 Japan .
61-59862  3/1986 Japan .
[73] Assignee: nChip, Inc., San Jose, Calif. 3-219664  9/1991  Japan .
4-56262  3/1992  Japan .
5-75014  3/1993 I .
[21] Appl. No.: 655,338 / apan
OTHER PUBLICATIONS
[22] Filed: May 24, 1996
L A. Barfknecht et al., “Multichip Packaging Technology With
Related U.S. Application Data Laser—Patterned Interconnects”, IEEE Trans. Components,
Hybrids, and Manufacturing Technology, vol. 12, No. 4,
[62] Division of Ser. No. 300,575, Sep. 2, 1994, which is a (1989)., pp. 646—649.
continuation of Ser. No. 881,452, May 11, 1992, abandoned. A.G. Bernhardt et al., “Multichip Packaging for Very—High-
[51] Int. CLS .o HO5K 3/32 —Speed Digital Systems”, Applied Surface Science, vol. 46,
[52] US.Cl oo 156/60; 29/831; 29/850;  pp. 121-130, (1990).
156300 (List continued on next page.)
[58] Field of Sarch ... 156/150, 151, page.
156/182, 288, 295, 300, 313, 299, 60; 29/829, Primary Examiner—¥rancis J. Lorin
830, 831, 842, 844, 850, 876, 877 Attorney, Agent, or Firm—ITownsend and Townsend and
Crew LLP
[56] References Cited
[57] ABSTRACT
U.S. PATENT DOCUMENTS
N s A method for fabricating a multichip module includes
3,748,479  7/1973 Le OVEC wovevermsisnnninsssnnneeness 2507208 attaching a first integrated circuit to a silicon circuit board.
4,320,438 3/1982 Ibrahim et al. .. 361/401 Bondi d he first i d circui re-bonded
4,567,643 2/1986 Droguet et al. .. 20/575 onding pads on the first integrate: .CII‘C}llt are wire-bonde
4761681 8/1988 Reid woorvoovee. 357/68 to a first set of contacts on the circuit board. A second
4,053,005 8/1990 Carlson et al. .. 357/80 integrated circuit is adhesively attached onto the top of the
4983533 1/1991 GO .coovvererennen . 437/7 first integrated circuit. The second integrated circuit includes
4,996,583  2/1991 Hatada ......cccovuvvvenvcnvrinennnnnns 357/70 a recessed bottom surface to provide an overhang over the
5,019,943 5/1991 Fassbender et al. ... 361/396 first integrated circuit which exposes the bonding pads on
5,019,946 5/1991 Eichelberger et al. .. 361/414 the top surface of the first integrated circuit. Then bonding
27;‘1‘2’;1‘42‘ 2; iggg ]Ic/imWHtl """""" 33/7447‘8 pads on the second integrated circuit are wire-bonded to a
,214, cWilliams et al. ....occeveruennenne s
5,230,447  8/1993 Cotues et al. ....... 361/744  Second set of contacts on the circuit board.
5,201,061 3/1994 Ball eo..... ... 257/686
5,323,060 6/1994 Fogal et al. ....cooovvvrvimvcniinnnns 257/777 18 Claims, 8 Drawing Sheets
150C 1
188 ~ e
150B
788\u-mmnm]|1mmmmmm|mmnn
1504
170 LI e,
182 —_|
] 160
Y AL
183 { : E———

CKE

A R

1865
T
M

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

5,804,004
Page 2

OTHER PUBLICATIONS

J. Drumm, “Bump and Lead Plating for High Density
Interconnect Technology Development”, Texas Instruments,
Dallas, TX, pp. 670-682.

Hagge, “Ultra—Reliable Packaging for Silicon—on-Silicon
WSI”, IEEE Transactions on Components, Hybrids and
Manufacturing, vol. 12, No. 2, pp. 170-179, (Jun. 1989).
K. Hatada et al, “Vertically Interconnected T-BTAB
Devices for High Density Modules”, Proc. of IEPS, pp.
645-650.

Maliniak, “Low—Cost Multichip Modules Push Limits of
Packaging”, Electronic Design International, (Jul. 1990).
J. Salzer, “Evaluating the Economic Factors of Automated
Chip Bonding”, Microelectronic Methods, pp. 29-31, (Feb.
1975).

S. Shanken et al., “Very High Density 3-D Packaging of
Integrated Circuits”, ISHM 89 Proceedings, Baltimore, MD,
pp. 131-137, (1989).

Spielberger et al., “Silicon—on-Silicon Packaging”, IEFEE
Transactions on Components Hybrids and Manufacturing
Technology, vol. CHMT-7, No. 2, pp. 193-196, (Jun. 1984).
S. Stephansen et al., “Low Cost High Performance Sili-
con—on—Silicon Multichip Modules”, Proc. Wescon, pp.
728732, (Nov. 1990).

DOC KET

_ ARM

M. Suer, “A Prospective on 3-D IC Packaging”, pp. 36.

D. Tuckerman, “Ultrahigh Thermal Conductance Micro-
structures for Cooling Integrated Circuits”, 32nd Electronic
Components Conf., pp. 145-149, (May 1982).

C. Val, “The 3D Interconnection Applications for Mass
Memories and Microprocessors”, Thomson CSF/DOI,
France, pp. 851-860.

Val et al., “3-D Interconnection for Ultra—Dense Multichip
Modules”, IEEFE Transactions on Components, Hybrids and
Manufacturing Technology, vol. 13, No. 4, pp. 814-821,
(Dec. 1990).

A. Weinberg, “High Density Electronic Packaging Utilizing
Vertical Integration and Low Temperature Cofired Ceram-
ics”, ISHM ’90 Proceedings, pp. 618-625, (1990).

Whitworth, “A Complex Tab for Space Hybrids”, ISHM
1989 Proceedings, Baltimore, MD., pp. 612-619, (1989).

Wolfe, “Electronic Packaging Issue in the 1990s”, Flec-
tronic Packaging and Production, (Oct. 1990).

“Insulation Coated Bonding Wire”,
(1990).

Tanaka Information,

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent Sep. 8, 1998 Sheet 1 of 8 5,804,004

98
CHIP )f90
— 77
-~ A/ @f
= —— ﬁgﬁil
( SI0, X 76
A~
\zz 7 T 4R
20< vz 77 ‘ ZITT jl
44
SILICON

(PRIOR ART)
FIG. 1.

DOCKET
A L M

A R

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent Sep. 8, 1998 Sheet 2 of 8 5,804,004

1024
LLLLltll LLLLLLL]
= cacHE | 4 cacHE |
3 sram E - SraM |
(
TTTTT] IOZBJ EERERR
100
IIIIIIIIIIIIIIIII[(
- MICROPROCESSOR |
= CPU —
EEEEEEERERERRERER
102C
LLLLtlLd LLLLLLL]
] /._ p— S
- cAcHE | = cAcHE E
- SRAM | 4 sraMm
T TTTTT]
TTTTT T 7020j m T

g
(PRIOR ART)

FIG. 2.

DOC KET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent Sep. 8, 1998 Sheet 3 of 8 5,804,004

128
N

126
L] | /OJ | ] l. .‘/

L s R

f AT, UMY 122

T WAL 122

V / £/ / /ﬁg\wjgz

128

724'(
(PRIOR ART)

FIG. 3.

DOCKET
ALARM

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




