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‘WO 02/055431 PCT/US01/50411

WAFER LEVEL INTERCONNECTION

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to RF MEMS (MicroElectroMechanical
Systems) technology and more particularly to MEMS with wafer
level interconnection to electronics on low-resistivity
substrate material.

2. Background of Invention

RF MEMS technology has been targeted for insertion in a
wide range of military applications from multi-band multi-mode
communication systems to inertial navigation systems to
sensors. In fact, RF MEMS technology insertion plays a major
role in numerous current DARPA funded programs such as Ultra
Comm and the Airborne Communications Node (ACN).

This technology could be applied to these programs plus
new military insertion opportunities such as targeting
systems, satellite communications, high speed tactical data
link systems, electronic warfare and countermeasure systems,
signal intelligence systems, and antenna systems.

This technology could also be applied to consumer
electronics applications such as telecommunications {(cellular
telephone, back-haul, etc.) commercial aircraft, commercial
radar, etc. where the distinct performance advantages and
small form factor provided by the combination of RF MEMS and
silicon germanium (SiGe) or other electronic circuits are
desired.

This technology could alsc be applied to consumer
electronics applications such as telecommunications (cellular
telephone, back-haul, etc.) commercial aircraft, commercial
radar, etc. where the distinct performance advantages and

small form factor provided by the combination of RF MEMS and

JP 2004-517741 A 2004.6.17
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silicon germanium (SiGe) or other electronic circuits are
desired.

Many hetero-junction technologies, epitaxial methods, and
substrate materials have been considered incompatible.
Specifically, RF  MEMS fabrication technology has been
considered incompatible with silicon germanium (sice)
fabrication technology. RF MEMS technology requires a high
resistivity substrate material to maximize the circuit RF
performance. Typically SiGe circuits are processed on low
resistivity material.

Raytheon has investigated the integration of RF MEMS
circuitry on a low resistivity SiGe substrate using a “direct
integration” (DI) approach. The primary technical challenge
associated with direct integration RF MEMS circuitry with
sophisticated electronics is overcoming the influence of the
low-resistivity substrate material, typically used by SiGe
manufacturers, on the insertion loss of the RF MEMS circuit.

Direct integration (DI) was investigated by Raytheon for
overcoming the detrimental affects of the low-resistivity
substrate on microwave circuitry. DI involves building a
second dielectric layer on top of the substrate to serve
exclusively as the microwave substrate. DI, however, has a
number of technical challenges.

RF MEMS circuits produced by Raytheon require a smooth
substrate. This 1is necessary due to the geometry of the
structures being produced. The flatness of the dielectric
material for the DI approach is currently unknown. Secondly,
the RF performance of the circuit can be limited by the thin

microwave dielectric layer.

SUMMARY OF THE INVENTION

In accordance with one embodiment of the present

invention wafer level interconnect removes the requirements

JP 2004-517741 A 2004.6.17
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for substrate material as an issue. Each technology processes
their circuitry on the required base material and minimizes
the need for additional process development. Following
initial processing, the two wafers are electrically
interconnected with vertical electrical interconnections.

The wafer level interconnect invention will enable the
integration of these two (and other) technologies where
previously integration through wafer fabrication has been
limited by a requirement for differing base substrate
materials. This invention may alsc provide benefits for wafer
level packaging of integrated circuits on silicon substrates
where the

electrical signal must be isolated from the substrate.

DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross sectional sketch illustrating the

subject invention according to one embodiment.

DESCRIPTION OF PREFERRED EMBODIMENTS

According to one embodiment of the present invention
illustrated in Figure 1 vertical electrical interconnection
between the electronics circuitry 11 on one low-resisitvity
SiGe substrate 13 and RF MEMS circuitry 15 on a separate high
resistivity silicon (HR) substrate 17. The low-resistivity
substrate material 13 may also be ,silicon CMOS or gallium
arsenide (GaAS) substrate. This is accomplished by using

wafer fabrication techniques to construct a conductive

metallization layer on either the primary (i.e., RF MEMS)
substrate 17 or the secondary (i.e., other electronics)
substrate 13. A dielectric 1lid 19 is spaced between the

electronics circuitry 11 on the substrate 13 and the high
resistivity substrate 17 and provides a canopy or lid over the

RF MEMS circuitry 15 leaving a gap 21 over the RF MEMS

JP 2004-517741 A 2004.6.17
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circuitry 15. The gap 21 is filled with an inert environment
such as a gas such as nitrogen or a vacuum. The 1lid 19 may be
made of Pyrex,quatrz or glass and is made of a material with
the same coefficient of thermal expansion as the HR substrate
material 17.

The interconnection 23 includes an input /output pin
terminal 27 (such as a solder ball) and a first conductive via
25 through the HR silicon substrate 17 to a conductive pad 29
on the HR substrate 17 and a second conductive via 31 through
the dielectric 1lid 19 to a conductive pad 33 of the electronic
circuitry 11 on the low resistivity substrate 13. Solder or
other conductive connecting means 30 may be used to connect
the opposite ends of wvia 31. The conductive wvia 25 1is
insulated from the HR silicon 17 by an insulating oxide.
Another conductive wvia 35 extends from the electronic
circuitry 11 down through 1id 19 and conductive connecting
means 30 to the RF MEMs circuitry 15 at conductor 45. There
may be a connection back up to the electronics 11 through a
conductive via 37 and connecting means such as solder 30 from
the RF MEMs circuitry 15 back up to the electronics circuitry
11 through the dielectric 1lid 19. A dielectric 1lid (not
showh) may also be over the circuitry 11 between the circuitry
15 and circuitry 11 leaving a gap 22. The dielectric lid 19
may provide both gaps.

Further, as shown, there are conductive vias 39 and 41
that extend through dielectric 1lid 19 and HR silicon 17 to
input/output pin terminal 43. The conductive wvia 41 is also
insulated from the HR silicon 17 by an insulating oxide. This
interconnection is like that of vias 25 and 31 with solder or
other connecting means 30 on either end of via 39. There may
also be a connection not shown from the circuitry 15 directly
to the output terminal through via 41. The terminals 27 and

43 may be surface mounted and connected to a printed circuit

JP 2004-517741 A 2004.6.17
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board. Using wafer level backaging techniques the secondary
and primary substrates would then be bonded together to form
both RF and DC electrical interconnections at the desire
locations.

The RF MEMS c¢ircuitry 15 may be, for example, many
switches like that as illustrated in the drawing for switching
capacitance wvalues. Switches A and B are illustrated. The
switches A and B include a metal membrane 1l5a between supports
15b and 15¢ and a dielectric pad 15d under the membrane
between the supports. When a control signal is applied, the
membrane 15a contacts the dielectric pad 15d changing the
capacitance wvalue. For example, the wvalue changes from 30
femtofarads (E£) with the unbent membrane to 3 picofarads (pf)
with the membrane touches the dielectric pad 15d. The controls
signals and RF from the electronics circuitry 11 are applied
through the interconnecting via 35 and along connector 45 of
circuitry 15 to switch A, along conductor 47 of circuitry 15
to switch B and from switch B along connector 49 of circuitry
15 to an output. In one embodiment by a connection (not
shown) to via 41 to terminal 43. In another embodiment via 37
and connecting means 30 back to circuitry 11 and output from
circuitry 11 or to terminal pin 43 through connector via 41
and connecting means 30. There may be a hermetic seal between
the substrate 13 and the dielectric 1id 19.

In the operation of the system RF and DC are applied at
terminal 27. The RF and DC are applied to the electronics
circuitry 11 through vias 25 and 31. The control signal for
the RF MEMS switches A and B are applied through via 35 to
cause the appropriate MEMs to switch capacitance. The RF
signal from the electronic circuitry 11 is applied through via
35 to connector 45 and propogated through the switches A and B
to the input/output pin 43 or other outputs (not shown) as

discussed above.. The electronics circuitry 11 may include an
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amplifier and the input to or output from the amplifier is
filtered according to the capacitance values determined by the
MEMS switches such as switches A and B.

Based upon past reviews of literature relating to wafer
fabrication and RF MEMS, RF MEMS technology has never before
been integrated with integrated circuits fabricated on a
separate wafer. Furthermore, no article: have been observed
relating to vertical electrical interconnection of two wafers

using wafer fabrication techniques.
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CLAIMS
What is claimed is:

1. In combination: a first substrate  of high
resistivity material having first circuitry thereon; a second
substrate of low resistivity material having second circuitry
thereon overlappingly spaced over said first substrate and
facing said first circuitry; and interconnecting conductors
extending perpendicular to said substrates between said first
circuitry on said first substrate and second circuitry on said

second substrate.

2. The combination of Claim 1 wherein said low
resistivity material is silicon germanium (SiGe) ,silicon or

gallium arsenide (GaAS).

3. The combination of Claim 2 wherein said high

resistivity material is high resistivity silicon.

4. The combination of Claim 1 wherein said high

resisitivity material is high resisitivity silicon.

5. The combination of claim 1 wherein said circuitry on

said high resistivity material includes a MEMS structure.

6. The combination of Claim 1 wherein a dielectric 1lid
is spaced between said first circuitry and said second

circuitry and separating said first and second substrates.

7. The combination of Claim 6 wherein said dielectric

1id is a glass, Pyrex or gquartz lid.

8. The combination of Claim 6 wherein said

interconnections extend through said 1lid.

JP 2004-517741 A 2004.6.17



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

(14)

‘WO 02/055431 PCT/US01/50411

9. The combination of Claim 8 wherein said 1id is a
dielectric 1lid presenting a gap over said first circuitry.
10. The combination of Claim 9 wherein said gap contains

an inert environment.

11. The combination o Claim 10 wherein said inert

invirconment is nitrogen gas.

12. The combination of <Claim 10 wherein said inert

environment is a vacuum.

13. The combination  of Claim 8 including said
interconnecting conductors through said high resistivity

material.
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14. A method of interconnecting a first circuit on a
high resistivity substrate to a second circuit on a low
resistivity substrate comprising the steps of: placing a
dielectric 1lid structure over said first circuit on said high
resisitivity substrate leaving a gap over said first circuit
,overlapping said dielectric 1lid with said second circuit and
said low resisitivity second substrate with said first circuit
facing said second circuit and connecting said first circuit
to said second «circuit using interconnecting conductors
extending perpendicular to said substrates and through said

dielectric lid.

15. The method of Claim 13 wherein said low resistivity

substrate is SiGe, silicon or GaAs.

16. The method of Claim 13 wherein said first circuitry

includes MEMS circuitry.

17. The method of <c¢laim 15 wherein said said gap

contains an inert gas.

18. The method of Claim 16 wherein said lid is of Pyrex

material.

12. The method of Claim 16 wherein said 1lid is of glass

material.

20. The methed of Claim 16 wherein said lid is of quartz

material.

21. The method of Claim 13 wherein said substrate is of

SiGe material.
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22. The combination of Claim 8 wherein said 1lid is a

dielectric 1lid presenting a gap over said seccnd circuitry.

23. The combination of Claim 8 wherein said 1lid is a
dielectric 1lid presenting a gap over said first and second

circuitry

JP 2004-517741 A 2004.6.17



JP 2004-517741 A 2004.6.17

an

3 oh J4
g 1 [ ]
4
-1y G~ T
omf_ Bf_ nmf, u\f _wﬁ % s
I T T T T . ] _
Folke=rax 7 N [ )| o Q) |
) GI 6F 0G| AN Sy T
0¢ § Y 0¢
b A
< s sl
) YA mNL
561 T~z¢ _ mm,L, LS
&l 61 o | oy
(@4 O O oee
g mu\__ , _ — Ol
e e
0"

‘WO 02/055431

L T T T T S N T T T (|



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

(18)

uboobooboboobdooboooboooboaoadao

0 02/055431 A3

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intelleetual Property Organization
International Burcau

(43) International Publication Date
18 July 2002 (18.07.2002)

PCT

(10) International Publication Number

WO 02/055431 A3

(51) Tnternational Patent Classification™ BS1B 7/00,

TI01L 23/538
{21) Taternational Application Number: PCT/ATS01/50411
{22) International Filing Date:
20 December 2001 (20.12.2001)

{25) Filing Language: Linglish

{26) Publication Language: Iinglish

{30) Priority Data:
09/756,801 10 January 2001 (10.01.2001)  US

{71) Applicant: RAYTHEON COMPANY [US/US]; 141
Spring Street, Lexington, MA 02421 (US).

{72) Inventors: CHEEVER, James, A.; 3602 Fairlands Drive,
Richardson, TX 75082 (US). GOLDSMITH, Charles, L.;
1813 Knob Hill Drive, Plano, 'TX 75023 (US). EHMKE,
John, C.: 1701 Hill Creek Drive, Garland, TX 75043-7573
(US). ABLES, Billy, D.; 623 Twilight Trail, Richardson,
TX 75080-5123 (US).

(74) Agent: MILLS, Jerry, W.; Baker Botts LLP, Suite 600,
2001 Ross Avenue, Dallas, TX 752012980 (US).

(81) Designated States (rationaf): AB, AG, AL, AM, Al (utl-
ity model), AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA,
CH, CN, CO, CR, CU, C/ (uility model). CZ, DI (uil-
ity modely, DR, DK (utility model), DK, DM, D7, EC, FR
(utility mode1), EE, ES, FI (utility model), FI, GB, GD, GE,
GIL, GM, 1IR, 11U, ID, 1L, [N, IS, JP, KE, KG, KP, KR, KZ,
1.C, LK, LR, LS, LT, LU, LV, MA, MDD, MG, MK, MN,
MW, MX, M7, NO, N7, OM, PH, PL, PT, RO, RU, 8D.
SE, SG, ST, SK (uiility model), SK, SL, TJ, TM, TN, TR,
TT, TZ, UA, UG, UZ, VN, YU, ZA, ZW.

(84) Designated States (regional): ARTPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, 8Z, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
Liuropean patent (AL, BL, CH, CY, DL, DK, LS, Il I'R,
GB, GR, 114, [, LU, MC, NL, P'I, SE, TR), OAPI patent
(BF. BI, CF, CG. CI. CM, GA, GN. GQ, GW, ML, MR,
NE, SN, TD, TG).

Declarations under Rule 4.17:
as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.171ii}) for all designations

[Continued on next page]

{54) Title: WAFER T.EVEL INTERCONNECTION

(57) Abstract: RI'MicrolllectroMechanical Systems (MTMS) circuitry (15) on a first high resistivily substrate (17) is combined with
circuitry (11) on second low-resistivity subsirate (13) by overlapping the first high resistivity substrate (17) and MEMs circuitry (15)
with the low resistivity substrate (13) and circuitry (11) with the MEMS circuitry (15) facing the second circuitry (11). A diclectric
1id (19) is placed aver the MIMs circuitry (15) and between the first substrate (17) and second substrate (13) with an inert gas in a
gap (21) over the MIMs circnitry (15). Interconnecting conductors (25, 31, 35, 37, 39, 41) extend perpendicular and throngh the
high resistivily substrate (17) and through the dielectric lid (19) 1o make electrical connection with the low resistivily subsirate (13).

JP

2004-517741 A 2004.6.17



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(19)

WO 02/055431 A3 MU0 00N OO DO

as fo the applicant's entitlement (o claim the priority of the
earlier application (Rule 4.17(iii}) for all designations

Published:
—  with infernational search report

(88) Date of publication of the international search report:
30 January 2003

For two-letter codes and orher abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

JP 2004-517741 A 2004.6.17



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

gbooogbodaoan

INTERNATIONAL SEARCH REPORT

(20)

Int@Phtional Application No

PCT/US 01/50411

A, CLASSIFICATION OF SUBJECT MATTER

IPC 7 B81B7/00 HO1L23/538

According to International Patent Gl ion {IPC) or 1o both national classili

and IPC

B. FIELDS SEARCHED

B81B

Minimum documentation searched (classification system followed by dlassification Symbols)
PC 7 HO1

Documentation searched other than minimum documentation to the exient that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data, PAJ, INSPEC, COMPENDEX

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category © | Citalion of document, wilh indication, where appropriate, of the relevant passages Relevant te claim No.
X US 4 825 284 A (SOGA TASAO ET AL) 1,2,6,8,
25 April 1989 (1989-04-25) 9,13-15,
22,23
figures 2,3B,5F,9A
column 5, Tine 60 —column 6, Tline 58
A 3-5,7,
10-12,
16-21
X US 5 164 328 A (DUNN WILLIAM C ET AL) 1,2,5
17 November 1992 (1992-11-17)
figures 1,2
column I, Tine 56 ~column 3, line 12
A 3,4,6-23

m Further documents are fisted in the continualion of box C.

Palent famlly members are fisted in annex.

© Special categorles of clted documents ;

*A" document defining the general state of the art which is not
considered to be of particular relevance

*E" earlier documsnt but published on or after the International
filing date

*L* documnent which may throw doubts on priotity laim(s) or
which is ciled fo establish the publication date of ancther
citation o other special reason (as specified)

*0" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the interational flling date but
later than the priorily date claimed

e

later document published after the international filing date
of priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is laken alone

dooument of particular relevance; ihe claimad invention
caniiol ba considred to Involve an inventive step when the
document is combined with one or more other stch doct~
ments, such combination being obvious to a person skilled
inthe art.

document member of the same patent family

Date of the actual completion of the international search

21 August 2002

Dale of mailing of the international search report

28/08/2002

Name and mailing address of Ihe ISA
European Patent Gffice, P.B. 5618 Patentlaan 2
NL — 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 apo nl,
Fex: (+31-70) 340-3016

Authorized officer

Polesello, P

Fom PGT/ISA/210 (second shest) (July 1262)

page 1 of 2

JP 2004-517741 A 2004.6.17



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(21) JP 2004-517741 A 2004.6.17

Inte tional Application No
EARCH REPORT
INTERNATIONAL S PCT/US 01/50411
C.{Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT
Category ® | Cilation of document, with indication where appropriate, of Ihe relevant passages Relavant 1o claim No.
X DE 100 27 234 A (AUSTRIA MIKROSYSTEME INT) 1,2,5
7 December 2000 (2000-12-07)
figure 1
column 3, Tine 23 - Tine 51
A 3,4,6-23
X FR 2 780 200 A (COMMISSARIAT ENERGIE 1,2
ATOMIQUE) 24 December 1999 (1999-12-24)
figure 9
page 14, line 10 - Tine 22
A 3-23
A WO 97 12397 A (TEXAS INSTRUMENTS INC) 1,6,8,14

3 April 1997 (1997-04-03)

figures 2-8,10
page 4, line 6 —page 5, Tine 6
page 16, line 16 -page 19, line 6
page 19, 1ine 25 - Tine 30

Form POT/ISA210 {ocninuation of sacond sheat) (July 1992)

page 2 of 2



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

INTERNATIONAL SEARCH REPORT

(22)

Int™Wftional Apptication No

PCT/US 01/50411

Patent document Publication Patent family ‘ Publication

cited in search report date member{s) date

Us 4825284 A 25-04-1989  JP 62136865 A 19-06-1987

Us 5164328 A 17-11-1992  JP 6013426 A 21—61—1994

DE 10027234 A 07-12-2000 AT 3609 Ul 25-05-2000
DE 10027234 Al 07-12-2000

FR 2780200 A 24-12-1999 FR 2780200 Al 24~12-1999
EP 1090419 Al 11-04-2001
Wo 9967818 Al 29-12-1999

WO 9712397 A 03-04-1997 AU 703591 B2 25-03-1999
AU 7393296 A 17-04-1997
BR 9606658 A 04-11-1997
CA 2205810 Al 03-04~1997
CN 1165584 A 19-11-1997
EP 0811245 Al 10-12-1997
JP 10513611 T 22-12-1998
Wo 9712397 Al 03-04-1997

Fonm PGTASA/21D (patent family annex) (July 1952)

JP 2004-517741 A 2004.6.17



(23) JP 2004-517741 A 2004.6.17

goboogoooon

@énHoooooono  AP(GH,GM,KE,LS,Mw,Mz,SD,SL,SZ,TZ,UG,ZM, ZW) ,EA(AM,AZ ,BY ,KG,KZ, ,MD,RU, TJ, TM) ,EP(AT,
BE,CH,CY,DE,DK,ES,FI,FR,GB,GR, IE,IT,LU,MC,NL,PT,SE, TR) ,0A(BF,BJ,CF,CG,CI,CM,GA,GN,GQ, GW,ML ,MR,,NE, SN,
TD,TG),AE,AG,AL,AM,AT,AU,AZ,BA,BB,BG,BR,BY,BZ,CA,CH,CN, CO,CR,CU,CZ,DE,DK,DM,DZ,,EC, EE,ES,FI,GB,GD,GE,
GH,GM,HR,HU, ID, IL, IN, IS, JP,KE,KG,KP,KR,KZ,LC,LK,LR,LS,LT,LU,LV,MA,MD, MG, MK, MN ,MW ,MX ,MZ ,NO,NZ,OM, PH, P
L,PT,RO,RU,SD,SE,SG,SI,SK,SL,TI, TM, TN, TR, TT, TZ,UA,UG,UZ, VN, YU, ZA,ZW

(72000 OOoODOOOoOooooOoOoOogo
gooooooooooobooobooooooooooooooobooooboooooooooooo

(2000 0OO00oooOooOOoObObOOoOoOoOooo
vbbouboouoboobobouobooboboobooobooboboooboaobba

(72)0D00 OOoODOOOoOoooobDo
gbobooboooobooobooboooboooobooooboooboooboooboooboa
oood

(2)000 OO0OooDoDoOoOOoOObOoOoo
gboboobobooobooobooboooboooboooboooboooboooboooboa
good

O0O0O0O (@ O) 5E344 AADL AA22 BBO2 BBO6 BBO7 CC15



	bibliographic-data
	abstract
	claims
	description
	international-document-image-group
	search-report
	overflow

