United States Patent

US007427809B2

(12) 10) Patent No.: US 7,427,809 B2
Salmon (45) Date of Patent: Sep. 23, 2008
(54) REPAIRABLE THREE-DIMENSIONAL 5,281,151 A /1994 Arimaetal. ...ccccenneee. 439/68
SEMICONDUCTOR SUBSYSTEM 5,290,970 A 3/1994 CUITIE .ovveveereevernne 174/250
5,291,064 A 3/1994 Kurokawa ................... 257/714
(75) Inventor: Peter C. Salmon, Mountain View, CA 5,300,810 A 4/1994 Eden ... 257/686
(US) 5305184 A 4/1994 Andresenetal. ............ 361/699
(73) Assignee: Salmon Technologies, LL.C, Mountain
View, CA (US) (Continued)
(*) Notice: Subject to any disclaimer, the term of this FOREIGN PATENT DOCUMENTS
patent is extended or adjusted under 35
U.S.C. 154(b) by 31 days. P 07169873 A 7/1995
(21) Appl. No.: 11/015,213
OTHER PUBLICATIONS
(22) Filed: Dec. 16, 2004
Chow, Fugene M. et al., “Process Compatible Polysilicon-Based
(65) Prior Publication Data Electrica.l Through-Wafer Ipterconnects in Silicon Substrates”, Jour-
nal of Microelectromechanical Systems,Vo. 11, No. 6, Dec. 2002, pp.
US 2006/0131728 Al Jun. 22, 2006 631-640.
(51) Int.CL (Continued)
HOIL 29/40 (2006.01) Primary Examiner—Evan Pert
HOIL 23/34 (2006.01) (74) Attorney, Agent, or Firm—Dorsey & Whitney LLP
(52) US.CL ..o 257/773, 257/719; 257/778;
257/E23.003; 257/E23.078; 257/E23.083 (57) ABSTRACT
(58) Field of Classification Search ................. 257/719,
257/773,778, E23.003, E23.078, E23.083
See application file for complete search history. A tightly packed three-dimensional electronic system or sub-
. system comprising multiple stacks of semiconductor ele-
(56) References Cited ments is described. The system is repairable because the
U.S. PATENT DOCUMENTS elements connect togf:ther using re-workgble flip chip con-
nectors; each flip chip connector comprises a conductive
4,455,654 A 6/1984 Bhaskaretal. ........... 714/28 spring element on one side and a corresponding well filled
4,748,495 A 5/1988 Kucharek ................... 257/713 with solder on the other side. The spring elements relieve
4,862,322 A 8/1989 Bickford et al. ............ 361/718 stresses at the interfaces and allow the component stacks to
4,912,844 A 4/1990 Parker e .. 29/848 remain flat; they also provide vertical compliance for easing
4,997,791 A 3/1991 Ohuchietal. ..ocoovvevee. 437/209 assembly of elements that have been imperfectly thinned or
5,001,548 A 3/1991 IVersen ........coocomn... 257714 Llanarized. Semiconductor integration platforms may be
2 ’?zg’gg; i ié; izz ; Ewon etal. e g?l‘; ;; g used to integrate active and passive devices, multi-layer inter-
5,162’974 A 111992 Ci);fizen e 361/702 connections, through wafer connections, /O plugs, and ter-
5214250 A 5/1993 Cayson ot al. oo, 3%/73 mlbnlals for attachment of other semiconductor elements or
5239200 A 8/1993 Messina etal. ............. 257/714  CADIeS:
5,239,448 A 8/1993 Perkinsetal. .............. 361/764
5,267,867 A 12/1993 Agahdel etal. ............... 439/73 16 Claims, 17 Drawing Sheets
76
e
50 80
37 /
38 —» 39\ / ELE 3| % /1. 7 82
NS NZE Do va 2 cu bl 77777 B W

56

57

E

58

Z

SN

S

S

52

39
28

38a—m [/

37¢

71



US 7,427,809 B2

Page 2
U.S. PATENT DOCUMENTS 6,845,477 B2 1/2005 Hidaka .......cccocvvvnvnnnens 714/729
6,880,350 B2 4/2005 Tilton .... . 62/171
5,334,279 A 8/1994 Gregoire .......c.cocooeennn 216/20 6,881,609 B2 4/2005 Salmon ............c....... 438/107
g,ggg,ﬁg ﬁ léﬁgg;‘ éebby_etak ;g%ﬁg 6,891,732 B2 5/2005 Takanoetal. ............... 361/783
:390, Tegoire ... - 6,927,471 B2 82005 Salmon ......... . 257/499
5451,722 A 9/1995 Gregoire ..... - 174261 6,938,678 Bl 9/2005 Bortolini et al. 165/80.4
2451?(1)%; ﬁ 1%332 ?h}bata etlal ggggig 6,942,493 B2 9/2005 Matsunaga et al 439/66
510, ujitaetal. ....... - 6,955,063 B2  10/2005 Adigaetal. .... 62/259.2
5,579,574 A 12/1996 Colleran et al. ... 29/840 6,956,284 B2  10/2005 Cadyetal. ... 257/685
5,627,406 A 5/1997 Pace .............. . 257/700 6,956,285 B2 10/2005 Raduetal. ... 257/697
5,635,767 A 6/1997 Wenzel et al. .. ... 257/778 6,973,717 B2 12/2005 Hacke etal. . .. 29/840
5,640,051 A 6/1997 Tomuraetal. .... ... 257/778 6,990,176 B2 1/2006 Sherman et al. . 378/98.8
?;gé,ggg i liﬁgg; Eerlwen etal. .. ""3542/?/5883} 7,009,412 B2 3/2006 Chongetal. . 324/754
,736, egal .o : 7,018917 B2 3/2006 Elers ........ ... 438/622
5,774,475 A 6/1998 Qureshi ......... ... 714/726 7,040,383 B2 5/2006 Oyamada .. .. 165/104.33
2’;2?’25? ﬁ ;ﬁggg (B}reg_rgan etal. ... Zgég}g 7,078,926 B2 7/2006 Khandros et al. ... 324/765
797, arside ... 7,163,830 B2 1/2007 Salmonetal. .. .. 438/18
S847936 A 121998 Poretund etal werr 3611754 TS by or Misbory et .. 297 686
847, e 7,224,856 B2 5/2007 Kathman et al. .. 385/14
5,900,738 A * 5/1999 Khandros etal. ........... 324/761 7,254,024 B2 82007 Salmon .... . 361/699
5,959,462 A 9/1999 Lum ............. ... 324/765 2002/0030975 Al 3/2002 Moon ... . 361/749
5,972,152 A 10/1999 Lakeetal. ..... ... 1561247 2002/0121689 Al 9/2002 Honda ... . 257/700
5,986,887 A 11/1999 Smith etal. . - 3617704 2003/0035473 Al 2/2003 Takinosawa . . 375/224
5,998,738 A 12/1999 Lietal. ... ... 1747250 2003/0106004 Al 6/2003 Richetti et al. .. 714/733
6,005,198 A 12/1999 Gregoire .. - 174/262 2003/0167144 A1 9/2003 Wangetal. .. 702/119
6,103,554 A 8/2000 Sonetal. . 438/126 2003/0168725 Al 9/2003 Warner et al. ... 257/686
6,121,676 A 9/2000 Solberg ...... . 257/686 2004/0012383 Al 1/2004 Kimura ... . 324/158.1
6,138,348 A 10/2000 Kulesza etal. . 29/840 2004/0148121 Al 7/2004 deObaldi et al. o 702/117
2,}%%}‘ §1 1%88(1) gard etal. ... 4;;‘/72/22 2004/0176924 A1 9/2004 Salmon ... . 702/125
174, LU 2005/0040513 Al 2/2005 Salmon . . 257/734
6,208,511 Bl 3/2001 Bortolini etal. ............ 361/698 2005/0168231 Al 82005 Kim ...... . 324/754
6,210,229 Bl 4/2001 Lz.n ............... ... 439/610 2005/0184376 Al 8/2005 Salmon . . 257/686
g’ﬁié’gfﬁ E} 2@88} ?lm etal. . %%ggg 2005/0255722 A1 11/2005 Salmon . .. 439/67
,246, enner et al. ... 2006/0077638 Al*  4/2006 Salmon . . 361/704
6,304,447 B1  10/2001 Bortolini et al. ............ 361/699 2006/0145715 Al 7/2006 Salmon .... . 324/754
6,310,484 B1* 10/2001 Akrametal. .. ... 324/754 2006/0209512 Al 9/2006 Taniguchi et al. 361/699
6,372,540 B2 4/2002 Urushima ... - 438/118 2007/0007983 Al 1/2007 Salmon ... . 325/754
6,392,301 Bl 5/2002 Waizman et al. . 257/774 2007/0023889 Al 2/2007 Salmon . . 257/690
6,416,171 Bl 7/2002 Schmidlin .........cceeeeeeet 347/55 2007/0023904 Al 2/2007 Salmon . .. 385/49
6,441,476 Bl 8/2002 Emoto_ ........................ 257/686 2007/0023923 Al 2/2007 Salmon . . 257/296
6,460,247 Bl 10/2002 Gregoire .. .. 29/848 2007/0025079 Al 2/2007 Salmon .................... 361/699
6,462,532 B1  10/2002 Smith ....cocoveveveeenn. 324/158.1
6,476,885 Bl  11/2002 Murray etal. ................ 349/60 OTHER PUBLICATIONS
2’2?2’;2(5) g} 1;;;88% Isili)ilrnliler ctal ’ 361/300 Gutmann, R. J. et al., “Wafer-Level Three-Dimensional ICs: A Better
Tene . T Solution Than SoCs and SiPs?”, 6 pgs.
6,528,891 B2 3/2003 Linetal ...cocccovrnnnnn.. 257/778 ! 5 ane st o . .
6.531.022 Bl 3/2003 T Davis & Arledge, “Thin Film Metallization of Three Dimensional
,531, sukahara .. ... 156/256 " .
6,587,345 B2 7/2003 Chuetal. .oooooomeeeee. 361/719  Substrates” Electronic Components Technology Conference, Pro-
6,611,057 B2 82003 Mikubo ctal. .............. 257/714  ceedings 44th, pp. 359-361, May 1-4, 1994. _
Holden, Happy, “A Design Technology Innovation—The Power
6,631,344 Bl  10/2003 Kapuretal. ... 703/22 é . !
6,677,776 B2 1/2004 Akrametal. ............... 324/765 g’IgSh Architecture for PCBs”, The Board Authority, Dec. 2000, pp.
6,683,377 Bl 1/2004 Shim etal. ...ccooovvvrrn. 257/723 Kreider, Kenneth G. et al., “High Temperature Materials For Thin-
6,690,845 Bl 2/2004 Yoshimura et al. 385/14 . .. . .
6’717,812 Bl 4/2004 Pinjala et al 361/699 Film Thermocouples On Silicon Wafers”, Chemical Science and
6,722,893 B2* 42004 Lietal coooooooooooroeeeeeenne, 439/66 Eﬁgﬂ$§gy Laboratory, NIST, Gaithersburg, Maryland, USA., date
2’;22’32; E% ggggj lgiﬁllerty - ’ 16 60;4//8105411 Sensu, Yoshihisa etal., “Study on Improved Resolution of Thick Film
6’784,554 B2 /2004 Kazlwaraetal """"""" 257/77'8 Resist (Verification by Simulation)”, SPIE, 2001.
6,829,574 Bl 12/2004 Tto etal. ..cocoovererenne.nn. 703/28 * cited by examiner



U.S. Patent Sep. 23, 2008 Sheet 1 of 17 US 7,427,809 B2

6
. 4 -t X ’i
Y
/+ ,,,,,,,,,,,,,,,,,,,,,,,,,,, AT 7T T g \7
2 FIG. 1A 3 T=260 degrees C
W [T>5
S S S S L L L L
i, 9
327 3b—
A A AT A AT J‘ _*‘Zij
FI G 1B T=20degrees C ij«
w \8
0
FIG.1C '
~ L,
—~ =17
yavayd L L /L yavde i A A AAvA

7z 000000

10a—_ 10b
Vo777 A A A 2
F |G 1 D T=20 degrees C _.l




U.S. Patent Sep. 23, 2008 Sheet 2 of 17 US 7,427,809 B2

FIG. 2A
17

................
........
////////////

,,,,,,,

;::;:;}////////// 7 //////2// FIG. 2C

26

.......
........
........
.........
////////

. .
......

//////////////

...................
...................
;;;;;;;;;;;;;;;;;;;
...................
...................
------

W/ : ///////2/// FIG. 2D




U.S. Patent Sep. 23, 2008 Sheet 3 of 17 US 7,427,809 B2

14b 16b~  13b~

\/ IIIIIIIIIIII S




U.S. Patent Sep. 23, 2008 Sheet 4 of 17 US 7,427,809 B2

56

k r1rI1Yy

¥ 27 )
N KR K //’/’/ % /’/
Y Y

;

>2 FIG. 4C




US 7,427,809 B2

Sheet 5 0f 17

Sep. 23, 2008

U.S. Patent

51b

51c

.I
O

:::::::::::::::::::::::::::::::::::::::::

/%%%%%%%%%%%%%%%7*

///WV////M/,////,/'// ................ v !
S &ﬂllllu m
N m N
OOOO 0

61

/

VBNV

FIG. 5D |




U.S. Patent Sep. 23, 2008 Sheet 6 of 17 US 7,427,809 B2

70

- /

B/\ [[74 [72 1/60

B A e s R R B P L. N A I e o)

D s

N—/ 45

58
ool oee
N NNINZN N N NN N

e FIG. 6B



U.S. Patent Sep. 23, 2008 Sheet 7 of 17 US 7,427,809 B2

]

,,,,,,,,,,
39
28
38— [/,
71

FIG. 6C

83




U.S. Patent Sep. 23, 2008 Sheet 8 of 17 US 7,427,809 B2

90

[Grcsitiscz // e // /,’/; 2

93*

52 FIG. 7A

95

(<’<<<<*’( SRRLL <(<

100

72¢

777, 777777777,

VAR RO LRy DAY \\\*\ W
&K ( ( X < R < KLLK (« e < < < (x((( QLKL <\<\<\<<(<<<<<<<&<<«<<«(«\ §§§§§§

( <((<< XS ( ( ««( (LU ((((((((<((<(((('<(( éé LKL ((( R

0000

725 FIG. 7c 2 Ny




US 7,427,809 B2

Sheet 9 of 17

Sep. 23, 2008

U.S. Patent

110

1138\

111\ [112

po <.
P

116J

FIG.§ -

60e

55























































