] FEB 2005 Hi gh Perfornmance Sub-System Design and Assenbly Background of

“ the Invention Field of the Invention This inventi on relates to structures
and methods of assenbly of 5 integrated circuit chips into |nterconneé:t§]g
mul tiple chip circuits. Morre particularly, this invention relate$BtfdEb 2

" chi p-on-chi p" structures connected physically and electrically.
Description of the Related Art 10 The manufacture of enbedded Dynam c
Random Access Menory (DRAM requires that process paraneters that enhance

t he perfor manceHj } %LM i r I on

sem cF:)onduct or g'r'ﬁ%g,':%gd'?gﬁg?gmsyé% en_%ﬁ%@ﬁeﬁgﬁﬁéghﬂsg’ an array of
logic gates on the sane sem conductor chip. This conprom se has |imted
the application of 15 enbedded DRAM |If there is no conpromise in t he
process paraneters to enhBaskgreund 6btherleveritibagi c or the DRAM
enbedded DRAM the manufacture process becones very conplicated and
costly. Moreover, because of the structure of the enbedded DRAM and t he

| ogic, burn-in d DRAM is not possible and enbeddi ng of DRAM
Wi ?h | ogi c ZOF%dr?E)fBﬁqugﬁq@‘gﬁ‘e design solution. 1 J, 8 FEB 2005 A

“chip-on-chip" structure is a viable alternative to enbedded DRAM Wth
mul ti pl e chi ps connébisdaventidinmelates éo stuctands andmetiicizesasseaibyefer s t hat
maxi m ze the performance of the DRAM chip and the

5 integrated circuit chips into interconnected multipie chip circuits. More

particularly, this invention relates to “chip-on-chip” structures connected

_physically and electrically.

| Description of the Related Art

10 The manufacture of embedded Dynamic Random Access Memory
(DRAM) requires that process parameters that enhance the performance
of the logic or the DRAM, if separately formed on semiconductor chips, be
compromised when DRAM is embedded into an array of logic gates on the
same semiconductor chip. This compromise has limited the application of

15 embedded DRAM. If there is no compromise in the process parameters to
enhance the performance of logic or the DRAM embedded DRAM, the
manufacture process becomes very complicated and costly. Moreover,
because of the structure of the embedded DRAM and the logic, burn-in of

the embedded DRAM is not possible and embedding of DRAM with logic

20 is not a reliable design solution.



| ogi c gates can be applied during nmanufacture. Refer t9 Fig. 1for a 5
description of a "chip-on-chip" structure 100. Such a "chi p-on-chip
structure is described in U S. Patent 5,534,465 (Frye et al.). A first ‘_
integrated circuit chip 105 is attached physically and el ectrical} § REB &05
second integrated circuit chip 110 by neans of an area array of -sol der
bunps 115. The process of form ng an area array of solder bunps 115 is 10

] 100 11,0 e S, el 1.

110 is then secured physi cal to a subsftr 1e Lol o 2??25:??;
o t clrcui I.p.. and exter
(ot shoany ar o vz th SBlchbs driidtedie' Bimaie, Srtach e Bocgghas. The
id arr 130 to secure the structure to a
noxt Tevel of  BARRAGERS e Atahia b Geranaar! tha BIRAM phircendine |y an
encasing materjal 135 is placed over the "chip-on-chip" structure 100 to

provi de enviro Q%espﬁa@tt&@ﬁ)@i?df@fiftm@anufacmren—l?&femb HigO1 fok &. Patent
5,481,205 (Frye et al.) teaches a structure for making 20 tenporary

. connections todesaridiontaf@ ‘chipeanchipisfrachas 100. "SuhdefcHiplapschig  connect i on

structures such as ball grid arrays. The tenporary connections allow

. X iy : . . . . he
tenmporary contstedtare isfdestebedireUrSit Patart884 465 iRryedid| JIAlfeL | ng of t
[ n{rggrat gd circuit chip. 2 1 16FEB2005 The handl i r(lg of vva?]ers rom whi ch

the integrat edintdgratéd cifduitRip 105 id %&@%@ﬂ%&fh@ly%@@?gb {ogaebgnt egrat ed

circuit chip thensel ves causes the Integrat’e

subj ected 10 edIriddftedfraeddiRbRTHEF110 by means of an area array of solder

bumps 115. The process of forming an area array of solder bumps 115 is

10 well known in the art and is discussed in Frye et al. 465. The second chip
110 is then secured physically to a substrate 120. Electrical connections
125 between the second integrated' cireuit chip 110 and external circuitry
(not shown) are created as either wire bonds or tape automated bonds.
The module further has a ball grid array 130 to secure the structure to a

15 next level of packaging containing the external circuitry. Generally, an
encasing material 135 is placed over the “chip-on-chip” structure 100 to

provide environmental protection for the “chip-on-chip” 100.

U.S. Patent 5,481,205 (Frye et al.) teaches a structure for making
20 temporary connections to integrated circuit chips having “solder bumps” or
connection structures such as ball grid arrays. The temporary
connections allow temporary contacting of the integrated circuit chip

during testing of the integrated circuit chip.



5 (ESD), voltages. Even though connections between the first integrated
circuit chip 105 and the second integrated circuit chip 110 are relatively
short and under normal operation would not be subjected to ESD Vo ta%es,
require ESD protection circuitry to be formed within the interchilp FEB 2005
interface circuit to provide protection or necessary driving capacity for
the 10 first integrated circuit chip 105 and the second integrated circuit
chip 110 during burn-in and ot her nmanufacturing nonitoring processes. U S
Patent 5,731,945 and U. S. Patent 5,807,791 (Bertin et al.) teach a nethod

for fabricating pro : lon.circuits fqr.i5 multichip

sem conduct or str uc?ﬁré(raﬂs%mfﬁh%gfﬁtagérgk%ﬁ f"ﬁ’t’%}%dg{e@i@t@aiqm%%g%@re

i ntegrated cirgyj | pai s fored with an ESD protection circuit and a
switch to sel e%i*ﬁ?gf %*@t&wﬁmﬁmﬂ@fﬁwm@&q FiFptitcGhip themselves causas / out put
pad. This allo mul tiple identical chips to be interconnected and
redundant ESD ﬁ%o'f’ rateR GichiE\ekips tadbersbiected fpedecttostatic gischagery of
integrated circuit chips generally are specialized to neet the

requi renent s stEplhveltagas. Jper thoughiconseciitradestwiennthe érstdntagiated y hi gh
current and voltage drivers and receivers for 3 1 6 F E B 2005 :

communi cat i ng circuiiethip i106land thegecbad SimtegRited clrbmechiBdi 1@ ard r'é%rti‘l)@{ge| y, as
shown in U S. Patent 5,461,333 (Condon et al.) the interface may be

di fferential tshat auunavehoNRhlaasiaT Wbl SdARSSISLER b tp medi @ Thi's
requires two input/output pads for transfer of sign s.,g
voltages, require ESD protection circuitry to be formed within the interchip
interface circuit to provide protection or necessary driving capacity for the
10 first integrated circuit chip 105 and the second integrated circuit chip 110

-

during burn-in and other manufacturing monitoring processes.

U.S. Patent 5,731,945 and U.S. Patent 5,807,791 (Bertin et al.)
teach a method for fabricating programmable ESD protection circuits for
15 multichip semiconductor structures. The interchip interface circuit on each
integrated circuit chip is formed with an ESD protection circuit and a
switch to selectively connect the ESD protection circuit to an input/output
pad. This allows multiple identical chips to be interconnected and
redundant ESD protection removed.
20
The circuits at the periphery of integrated circuit chips generally are
specialized to meet the requirements standardized specifications. These

include relatively high current and voltage drivers and receivers for



U S. Patent 5,818,748 (Bertin et al.) illustrates a separation of chip
function onto separate integrated circuits chips. This allows the

optim zation of the circuits. In this case, EEPROMis on one inté@ REBQIS
circuits chip and drivers and decoders are on another. The chips are 10
pl aced face to face and secured with force responsive self-interlocking
m cro-connectors. Figs. 2a and 2b show nultiple "chip-on-chip" structures

100 const ruct esmAriurdcadgesn rdi9dv b £ onm -t rg,% t
integrated 15 circuit chip on a sﬁﬁr%nt %ﬁ?g{;%@b%@% ﬁit?& té@easci rcuit
chip is testedggvnt Welal i ps.are identified. The
waf er is separat ed rlhﬁt%afﬁ%nﬁﬁgﬁﬁ%%w&%&s&%ﬁg}'%)m%’ffi‘(@nﬁnﬁé rst

i ntegrated cir g i 5..then.are "fljp-chip” munted on the second
integrated ci r@lﬂ‘lbter@%ﬁ ?i’@vwertWéta%?é’Ptbgér_a“? Sien bne pwglia.s Thisen
separated into the "chip-on-chip" 20 structures 100. The "chi p-on-chip"
structures 100reg|luge§ﬁ\gﬂ 'Wﬁfﬂwt&?d&fﬁéfrﬁﬁﬁcﬁr@ésﬁﬁabbove described. 4 18
FEB 2005 Sunmary of the Invention An object of this invention is to provide
a multiple integrated circuit chip structure where the interchip

communi cati on between integrated circuit chips of the structure have no

ESD protection circliS.Patedt 5818748t (Bavtirpet algiigstidtsy a sERarationWrehidli P
conmuni cation is between internal circuits with a mninmal electrical | oad.

Anot her obj ectfunttiorhbato segeiaiedhtdgrated dicals GRipd. STHISHiidws these! ectivel y

connect internal circuits of the integrated circuits to test interface

circuits havi réptir§iBation of the circuits. In this case, EEPROM is on one integrated
circuits chip and drivers and decoders are on another. The chips are

10 placed face to face and secured with force responsive self-interlocking

micro-connectors.

Figs. 2a and 2b show multiple “chip-on-chip” structures 100

constructed on a wafer. Not shown is the forming of the first integrated

15 cjrcuit chip on a silicon wafer. The first integrated circuit chip is tested on
the wafer and nonfunctioning chips are identified. The wafer is separated
into the individual chips. The functioning first integrated circuit chips 105
then are “flip-chip” mounted on the second integrated circuit chip 110 on
the wafer 200. The wafer 200 is then separated into the “chip-on-chip”

20 structures 100. The "chip-on-chip” structures 100 are then mounted on

the modules as above described.



10 protection circuits and input/output circuitry designed to comunicate
with test - systems during assenbly and test. To acconplish these and ot her
objects, a multiple interconnected integrated circuit chip structure has a
first integrated circuit chip nounted a 15 second integrated ci rcu!iBt FEEi 5
to physically and electrically connect the first integrated circuit C izgﬂ
to the second integrated circuit chip. The first integrated circuit chip

may be nounted to the secon%éﬁﬁ?wt@ptﬁégﬁ%}g i.p by nmeans of an area

array of sol der bunps. The nt egr a chip has interchip
interface circuits connected to the second integrated circuit chip to

communi cat e 20APeabie@wfithis dnvenitioniis taprovidd arhetiplenistegriéd eRe@penipnt egrat ed
circuit chips and test «circuits. The test circuits are connected to the

i nternal sruatuie whefe thiesinfareisip confr@aicaties beividat itsdthedt igleapt i mul us
and response to the internal circuits during tesltié\r% %Po@%oglf}%y. 18 FEB

2005 The tecarubtinelIRUeHSESE prteeicH iR e RO ML LRLGRT 208

circuitry to conmmunicate with external cirrcuitry'conn

i nt egrat ' i { P t he second integrated circuit chip
from efe??%rg?%ﬁ%mlgﬁg E?%gragzs E%et%dggeénéllﬁWﬁﬁlw,' %B"'%‘E@iﬁﬁiqﬂﬂﬁ%gr at ed
circuit h@gdi nterchip interface circuits connected to the first integrated
circuit chrp ' to comuni cate between the internal <circuits of the first and
second integrated circuit chips, and with test circuits. The test circuits
are connected to the internal circuits of the second integrated circuit
‘chip to provide stinulus to and response fromthe internal circuits during
testing 10 ardn@fiehobiechebibésvinvestiomisdoiproeidet girduittte sbetivelydomnbey has
an internal interface circuit for

Internal circuits of the integrated circuits to test interface circuits having ESD

10 protection circuits and input/output circuitry designed to communicate with test

systems during assembly and test.

To accomplish these and other objects, a multiple interconnected

integrated circuit chip structure has a first integrated circuit chip mounted a

15 second integrated circuit chip to physically and electrically connect the first
integrated circuit chip to the second integrated circuit chip. The first integrated
circuit chip may be mounted to the second integrated circuit chip by means of an
area array of solder bumps. The first integrated circuit chip has interchip
interface circuits connected to the second integrated circuit chip to communicate

20 between internal circuits of the first and second integrated circuit chips and test
circuits. The test circuits are connected to the internal circuits of the first
integrated circuit chip to provide stimulus and response to the internal circuits

during testing procedures.



transferring electrical signals between the internal circuits of the second
integrated circuit chip to the first integrated circuit chip. The interchip
interface 15 circuitry further has a node select switch to sel ectinjé% .
connect between the internal circuits of the first integrated circu® t&B 2005
chip and the second integrated circuits chip or to the test interface
circuits. The node switch has three termnals and a control termnal. The
first termnal is connected to an output of the internal interface
circuit, a second term nal connected to the internal circuitry, and-the 20
third term nal RS SOk Cd ; ] ector I.s connected to
the control t(ﬂEI %1 nal be‘?'?]tteeagét%?tg"g?ﬁ? ﬁ'g ":%?dﬁbg@@ﬁ@f‘? C&r%cHgQ’tPhe
connectio mli’ﬁiﬁ / j Leri nal__an h t he output of the internal
i nt erfaceecc)l r cuﬁl(}?jﬁ)[gt\wew e;s(tlee(%rgérlléﬁr?éﬂt%q?&lne E‘?ﬂ}tpﬁﬁg S?ﬁ%n‘? e9'Riad eirguityi try,
and the third termnal ,and thus, the 6 16 FEB 2005 test interface. During
nor mal opgbiigt"’f'})(ﬁ{o Qrﬁgecfti & fesndhintegrated eipicdir fropvelerisostatic dis¢hargan nal
such that the internal circuits of the first and second integrated

circuils ¥PtAgesnleuther the srepndintaorated girsuitihas interchim ifteifatescifadiss. Dur i ng
test and burn-in, the internal circuits are connected to the test

ci rcui t s. conngried & thesfinst integratedecifauinehdp ¢d comhasticate beniese ths mtrhal and an
ESD protection device. The test interface circuit connected to conmunicate

test = si goiaduitsfofdhe dixdtemmidedomsltinfigratetitointult @hlgaeahd With t@&ﬁciﬁ,%ﬁtﬁr'@fpe
integrated circuit chips. The ESD protection device protects the first and

second i nteegEREIEEE Sie’ sdhrectdd ibSthEQnifeFﬁelﬂ‘cﬁjgﬁf’?% h%%a%écgngiilﬁggga[tgcg ic?f'gﬁljii ages.

The test interface circuit is connect e external rtry

through aghihng E)Sé\ﬂ&‘é t@HFn tﬁ)ﬁ%ﬁq) ﬁé_sﬂ)i‘ngé’ oA R s CoirdullE d%)r(:tng rtgsatlngt est

circuitry duri test an
10 and burn-in procedures.

The interchip interface circuitry has an internal interface circuit for
transferring electrical signals between the internal circuits of the second
integrated circuit chip to the first integrated circuit chip. The interchip interface

15 circuitry further has a mode select switch to selectively connect between the
internal circuits of the first integrated circuits chip and the second integrated
circuits chip or to the test interface circuits. The mode switch has three terminals
and a control terminal. The first terminal is connected to an output of the internal
interface circuit, a second terminal connected to the internal circuitry, and the

20 third terminal connected to test circuits. A mode selector is connected to the
control terminal. The state of the mode selector determines the connection
between the first terminal and thus the output of the internal interface circuit, the

second terminal and thus the internal circuitry, and the third terminal and thus the



The first integrated circuit chip could be fabricated using a first type of
15" semi conduct or process and the second integrated circuit chip woul d be
fabricated with a second type of sem conductor process that is not
conpatible with the first type of sem conductor process. As an ex3fpFER 2505
the first integrated circuit chip could be an array of nmenory cells and
the second integrated circuit chip would contain electronic circuitry

formed wi tdstnterfacss Bufial nﬁ@ﬁﬁ%b&h‘ﬁow i tﬁgt Brfilriat Esc?bn‘?mf c[el?ﬁi;ﬁér ay of

menory cells. Alternatively, the second In Ci rch t|s an
er (rag%/r?;“ c ci r%ﬁﬁ@aﬁ g?ﬂédéﬁh% |ﬁt§¥nd nggigsa%ﬁﬂe%% i I ’P%%gatgbgiess

F t the first integrated circuit chip
sing. 1 {4 Wﬁ%@ghwqﬂ%ﬁr&%ﬁ#%‘%wm&eaﬁénmtsereggs Pubngdesti ng t he
second i ntegrated ? using its optinum sem conductor process,
and t hen ?%‘?hf’mj'%ﬁ% ?'érla SFeitseas fenneatesfodbe desticircuits. chi ps by this

invention creates a nultiple chip integrated circuit structure having
maxi mMn per f or mance with m ni mum cost. 5 Bri ef Description of the Draw ngs
Fig. | shows a cross-sectional view of a "chip-on-chip" structure of the

prior art. 10 Fhgdestzircaitslakbfoamedrafspiest iniarfacel Gyt 0 ANESD
cross-sectional view of a "chip-on-chip" structure forned on a

semi condygriotectival davied. The tedtiinterfass Cll’EUIgC rhectedtd EQRMUR view of a
"chi p-on-chi p" structure, schematically ?1e circulrtry con a| n on each

chip of tdign&l8ifmRxtdthal 8t trduithPtPhe! M Sand YEWHPRtegtted circuit chips.
The ESD protection device protects the first and second integrated circuit chips
10 from electrostatic discharge voltages. The test interface circuit is connected to
the external test circuitry through an input/output pad temporarily connected to

- the external test circuitry during test and burn-in.

The first integrated circuit chip could be fabricated using a first type of

15 semiconductor process and the second integrated circuit chip would be
fabricated with a second type of semiconductor process that is not compatible
with the first type of semiconductor process. As an example, the first integrated
circuit chip could be an array of memory cells and the second integrated circuit
chip would contain electronic circuitry formed with a process not compatible with

20  aprocess of the array of memory cells. Alternatively, the second integrated
circuit chip is an array of memory celis and the first integrated circuit chip
contains electronic circuitry formed with a process not compatible with a process

of the array of memory cells. Fabricating the first integrated circuit chip using its



Figs. 4 a-d are schematics of the interchip interface circuits of this
invention. Figs. 5a and 5b are schematic drawi ngs of an enbodi nent of the
interchip 20 interface of this invention. 8 1 8 F E B 2005 Figs. 6a and 6b
are top surface views of the first and second integrated circuit chBgSE®RIS
Fig. 3 show ng test pads and interchip input/output pads of this

invention. 5 Detailed Description of the Invention A "chip-on-chip"

st ruct ur eoBfifuhssSMmUAdUBtOF pfoceds, fébfricéﬁ@%}:ﬂr}i g%ﬁ{cﬁiﬂte b diroy iUl 30° 18

attached to a second integrated circuit a array

of sol der I The, second. inteqrated circuit chip
310 is segﬁiﬁg’g@pﬁﬁ@glﬁ%ﬁﬁgéﬁmoﬁg‘@ég%s’%.f?'?ﬂéo'mr@c%?% |and,3#RAAG; ons 325
10 are ei i ngds. o AB.bonds. The nodul e, 320 has a ball grid array
330 10 o MR SR TS hy 1B iR o ieS & mHtile sib doiearatod sirduibox:

| evel of glectronic package. The first integrated circuit chip 305 has

i nt er nal %\W@Hﬁ aving Mapntm pedomancewith migimwn gosk| ect roni ¢ conponent s
of the first integrated circuit chip 305. The internal circuits 335 may be
DRAM 9 o0gic, or other integrated circuits. Likewi se, the second integrated
circuit chip 310 has the internal circuits 365_ The internal -circuits 365
are the functional electronic conponents of the second integrated circuit

chi ps 310. These i nt er ndBriefrDestsiption oPthé DERRihgsogi ¢, or other 20
integrated circuits. To transfer signals between the“internal circuits 335

of the first |i_..nt (,?gsrat ed circuit chip 305 and the internal circuits 365 of
the second chilpd- hows a cross-sectional view of a chip-on-chip” structure of the

prior art.

10 Figs. 2a and 2b are respectively top view and a cross-sectional view of a

“chip-on-chip” structure formed on a semiconductor wafer of the prior art.

Fig. 3 is a cross-sectional view of a “chip-on-chip” structure, schematically
the circuitry contained on each chip of the chip-on-chip structure of this invention.

15

Figs. 4 a-d are schematics of the interchip interface circuits of this

‘invention.

Figs. 5a and 5b are schematic drawings of an embodiment of the interchip

20 interface of this invention.



310 or to an external test system the internal circuits 335 are connected
to'the "interchip interface circuits 340. The interchip interface circuits
340 are connected 9 16 FEE 2005 through the input/output pads 34% bt PEB g
area array of solder bunps 315 and thus to the second chip 310. This
connection is functional during normal operation, when the first
integrated circuit chip 305 is nounted to the second integrated circuit
chip 310. 5 ThEigsnBarsai gb f AL Bl iGMi 0, i C o the
test interface g350. a'QI']ﬁeﬁbt g?t@lrpnt erfc%c\felé}gﬁ%ﬁfétﬁrggéﬁq é%‘%ﬁ*@&%gpetdg t he
test i npug; : interface circui 50 is functionally
active duéif’%ﬁ?gé? Pﬁg%%ﬁ'@%ﬂ@g?&%%ﬁéﬁmege@yet'%PH Pagsoffhisught in
cont act V\fnR/Fnﬁ&? test input/output pads 10 355. The test system probes
provi de test stinuli and receive response fromthe internal circuits 335.
The node select 390 for the first integrated circuit chip 305 is
acconpl i shed by placing an appropriate logic | evel on the node select 15

i nput/out put pads 391 and 392. Wen the first integrated circuit chip 305
isin contact with a test systemduring wafer testing or die testing
during burn-in, the noddetaited Descriptiopuof phe IB¥eritfohr ought to a first
‘logic level (0) to cause the interchip interface circuit 340 to transfer

- signal s betweep . [nternal circyits 335 and the test interface 350. The
test signals a)rs‘le&{ﬁﬁ_‘e '?I?'Bn?l”é? P%g@éf 2 HeFige 3t Abirst integmirdcipmat and t he
test input /.0%§8ut. ad 3,'3]5 as described above. Wien the first integrated
circuit cHI'}-304saga fa-q sesondh intearatericireuit eyp M6dbyoneans of ahiape810, t he
node select line 390 is brought to a second |ogic
array of solder bumps 315 as described above. The second integrated circuit

chip 310 is secured physically to the modute 320. The electrical connections 325
10 are either wire bonds or TAB bonds. The module 320 has a ball grid array 330 to

attach the “chip-on-chip” structure within the module to a next level of electronic

package.

The first integrated circuit chip 305 has internal circuits 335, which are the

15 functional electronic components of the first integrated circuit chip 305. The
internal circuits 335 may be DRAM, logic, or other integrated circuits. Likewise,
the second integrated circuit chip 310 has the internal circuits 365. The internal
circuits 365 are the functional electronic components of the second integrated
circuit chips 310. These internal circuits also may be DRAM, logic, or other

20  integrated circuits. To transfer signals between the internal circuits 335 of the
first integrated circuit chip 305 and the internal circuits 365 of the second chip
310 or to an external test system, the internal circuits 335 are connected to the

interchip interface circuits 340. The interchip interface circuits 340 are connected

9



10 1 6 FEB 2005 level (1) through the node sel ect input/output pad 392. The
second logic level (1) is a voltage equal to the power supply voltage
source Vcn and is achieved by connecting the node sel ect input ougufFEBRaMds
392 to the node sel ect input/output pad 393 on the second integrated
circuit chip 310 through the solder ball 394. The node sel ect input/output
pad 393 is connected directly to the power supply voltage source VDD to

achi eve t throsgte thedinbagbatpuepals G_ﬁb-toWBréé‘&rré’P?Psﬁ&%%ﬁTPJs i3qf9»ea?1§io |s at

the second logic level (1), the interchip interface ans signal s
of the infreisnalthe seesthd enid3P1d. OTHIERof Lehls o nbgnie second
integrated circuit chip 310 as d’?alscPrﬁggﬁdarg%\fg&tf%%?‘ﬁ%ﬁﬁ'ipémﬁl circuits
365 of th ™ i i pt. chip .3 l.i kewi se, . are connected to
the i nt er aheanonywheh 858 B<E huBbiehly ircll Ehip s s it b5 Haceecasi oui t s 360
are conn e i nput/out put pads 370 and thus to the first

i nt egrat :@E@?te§¢'&gﬁi%ﬁ%%68t hrough the area array of sol der bunps 315. The
15 interchip interface circuits 360 are connected to the test interface
circuits 375. The internal circuits 365 of the second integrated circuit
chip 310 are connected to the input/output interface 385. The input/output

interface is Eimitderchip nterfane dirquitt3I4ualpatis parhad®&d torhiedtbsi intsrpieect ed to
t he nodul e 320 20 through the bondw re 325. The input/output interface '

provi des 35t The testimterface clreait 3601s SoRIMSHLS] REIHAAEE! mhﬁuﬁmbﬁf(ﬁé&s gkhCuUI LS
365 and the external circuits attached through the next packaging level to
the bal | The testirteiacs Biralif3s@ isSiuhBtiondly 3ti&RRAg esting'drocedures,

when test system probes are brought in contact with the test input/output pads

10 358. The test system probes provide test stimuli and receive response from the

internal circuits 335.

The mode select 390 for the first integrated circuit chip 305 is
accomplished by placing an appropriate logic level on the mode select
15 input/output pads 391 and 392. When the first integrated circuit chip 305 is in
contact with a test system during wafer testing or die testing during burn-in, the
mode select input/output pad 391 is brought to a first logic level (0) to cause the
interchip interface circuit 340 to transfer signals between the intemal circuits 335
and the test interface 350. The test signals are then transferred between the test

20  interface 350 and the test input/output pad 355 as described above.

When the first integrated circuit chip 305 is mbunted to the second

integrated circuit chip 310, the mode select line 390 is brought to a second logic

10



18 FE B, 2005 The second integrated circuit chip 310 is tested prior to
sebaration of a wafer containing the second integrated circuit chaﬁiﬁéo,
by bringing test probes or needles of the test systemin contact B 12605
i nput/out put pads 395 and the test 5 input/output pads 377. Subsequent to
dicing of the wafer into individual second integrated circuit chips 310,
the individual second integrated circuit chips 310 are nounted in a

burn-in afpas {1 UthroddretHeumnbde RerRRP HpUOEIAIPLA 392, %8‘&%@5@@@[@%%‘\}8?&% W th

the input/output pads 395 and the test |nput/(r)]ut put epa tsed Fro prod ge

t I NQ jssi f

310. 30 Then Chpde EAuare tf'?t%‘%%é’?&%@@?’?%&”%écﬂﬁg@gf Tl%hfﬁﬁfiﬂ;ggnt 0 the
second i i j oper . - on-
o AR A Bl
ball grid r. . Sl gnal.s ro Jtes

bgt vvegn tﬁga&gﬁc?ﬁﬁ?%?&t e'“tla%?f@@'%fﬁ%-chmﬁﬂﬂtmoumﬂ@mlsieebwl BM.ou]gh t[}ﬁ
bond wires, 325 to t{él% i nput / out put pads 395. 15 The node sel ect 380 for e
second® i ni@@rrﬁ? Seiect nPuteHinyt pad 393 is sonoeget siredtipio thequowney supply o
appropriate logic level on the node select input/output pads 381 and 382.

Wien the Yeikagrisowncedfmitodiabievelihe selcbpd Jdic lesel (1)c AWhes thevriddedsdigst
system during wafer testing or die testing during burn-in, the 20 node

sel ect i nfine BOQtpat thessbcdBll logichewighy, theimelchipSihidrRifeB4ishsity) O cause

the interchip interface circuit 360 to transfer signals between the

internal sighals 6fehdGftermn Girbiies 885 to tHY ﬁ?%@@&gﬁgéadg 5{:2%‘5&% ?ééi’;ﬁ@ts are

then transferred between the test 1nter and S t/ out put

pad 377 amtélfratdd SRLICEAY 310%% JolrbER £308

10
The internal circuits 365 of the second integrated circuit chip 310 likewise
are connected to the interchip interface circuits 360. The interchip interface
circuits 360 are connected to the input/output pads 370 and thus to the first
integrated circuit chip 310 through the area array of solder bumps 315. The

15 interchip interface circuits 360 are connected to the test interface circuits 375.

The internal circuits 365 of the second integratea circuit chip 310 are
connected to the input/output interface 385. The input/output interface is
connected to the input/output pad 395, which is connected to the module 320

20 through the bondwire 325. The input/output interface provides the circuitry to
transfer signais between the internal circuits 365 and the external circuits
attached through the next packaging level to the ball grid array 330 and thus to

the wirebond 325.

11



When the first integrated circuit chip 305 is nounted to the second
integrated circuit chip 310, the node select line 380 is brought to a

second logic level (1) through the node sel ect input/output pad 38%. ghe
second logic level (1) 5 is achieved by connecting the node sel ect iﬁb kB 2005
out put pad 382 to the node select input/output pad 383 on the second
integrated circuit chip 310 through the solder ball 384. The node sel ect

i nput /out put pad 383 is connected directly to the power supply voltage
source VDD to achieve the second logic level (1). Wen the node sel ect

line 380 is at q | : ; Lpterchip interface 10 360
transfers si gngrg%gﬁsﬁﬁgqﬁgﬁgéﬁgir&%%@éi]'l%lso I%E%t?@p{'ﬁépq %rﬂﬁr?ﬁ?ﬂ BE"E‘ pads 370
to the fj ' t ircuit. chip,305 .as described above. The

i nput / out ‘If)"fti'féri dr‘#t?‘té@ﬁg‘@etﬁgis 885‘? injgdraied Cﬁ?P'ﬁﬁﬂagﬂ@quf ingingrtest probes or
connect ed ég t he '#hnt rnal circuits 365, The input/output buffer 389 is

ei ther a MeSHPPPEING;IESE SXsPUUR Gontact yath thednputipiput pads 395 an #ie testel s of
the internal circuits 365 to the signal levels of the external circuits
and tHe sBHHPUING) pads 3771 Rubsequeniial dicihg ofitheswatertitte indigidaial sesmids of t he
internal circuit 365. The input/output buffer is connected to-the

i nput / outiptRgrptad Gediitaoiips 310 Hbe ERlviduat ssyondinkigratdttcircd® Ghipsel (ESR
protection circuit 387 clanps excess ESD voltages to prevent 20 danage to

t he i nputrounted inbubiier-in3gharadist e lﬁﬁrﬂfiﬁﬁppﬁ?étﬁé'hggin%ggréﬁ ifFoD
3 romthe external

vol tages brought in contact w th the input/output p _
Comnbcry i RIEETRSORRE Pice o030 A P AIAAR S as0 o
e’ o oA 0L B3R O e Sand Ebed Bl 4 b °
10 Then, when the first integrated circuit chip 305 is mounted to the second
integrated circuit chip 310, operation of the whole “chip-on-~chip” asserhbly 300 is
verified by attaching testing probes or contacts to the ball grid array 330. Signals
from the testing probes are transferred between the circuits of the whole “chip-
on-chip” assembly 300 through the bond wires 325 to the input/output pads 395.
15
The mode select 380 for the second integrated circuit chip 310 is
accomplished by placing an appropriate logic level on the mode select
input/output pads 381 and 382. When the second integrated circuit chip 310 is in
contact with a test system during wafer testing or die testing during burn-in, the
20 mode select input/output pad 381 is brought to a first logic level (0) to cause the
interchip interface circuit 360 to transfer signals between the internal circuits 365
and the test interface 375. The test signals are then transferred between the test

interface 375 and the test input/output pad 377 as described above.

12



f the first integrated circuit chip and Fig. 4d illustrates a path of
:Ogigna} 5 originatedgexternally and received by the internal circuits 462
of the first integrated circuit chip. Referring nowto Fig. 4a, the
interchip interface 340 is conprised of a node switch 402 and a nﬁ@ﬁF%@Z%S
sel ector 404. The signal 400 originating fromthe 10 internal circuit
the first integrated circuit chip is connected to a first termnal of the
node switch 402. The second terminal of the node switch 402 is connected
directly to an input/output pad of the first integrated circuit chip and

doseri bed above. ha (o PRI ollh i 308 i MBI Eiinbob b cnnoe: o

descri bed above. The third Term na connected to

; . ; 1 i nterf.ac i.rcuit 0 is conposed of

the tost HoaedEcbonP Ao, the fRie' iiiRecHoLE ﬁr?quﬁ?efmgppfmz e
i A Lt i nected to a_test input/output pa

ChiPts CHEREC SR GHbde RGP RASH: i B Snesbvont bl i
operates 20_gs the ESD protection circuit 387 of Fig. 3 and clanps
excessi ve! '%Yﬁ‘f'ab809'880%96{166?0%éelﬁébmpuhoetpuhpad 8BRdaithe Bl r om
damage during handling of the wafer containing the first int egr at ed
circuit chPISCt Bputawpthpad 383pn thessavony integrhtet eirtiit ghip 13 0lthPolfRH005 The

control terminal of the node switch 402 is connected to a node sel ector

404 to coseldet bahd8autei mode Seldetirput/elgi patirsss'is 26Anadad dieeflytde rmode
selector 404 is at-a first logic state, the internal circuits 4 of the

. . . . : . q
first 5 itheqgmaeespply osltdges SbicaVen38HRRVEdhE QebBSd IdHRL I aHERY %%3 an
thus to the i nternpgvci rcgui ts of-l\ﬁ?e secgér‘l% I nt egra(gedgﬁm rcu{B é’Nﬁ . Wen
the node el ReHE Select line 380 is at the second logic level (1), the interchip interface

10 360 transfers signals of the internal circuits 365 to the inputfoutput pads 370 to

the first integrated circuit chip 305 as described above.

The input/output interface circuit 385 has an input/output buffer 389
connected to the internal circuits 365. The input/output buffer 389 is either a
15 driver or receiver necessary to transiate the signal levels of the internal circuits

365 to the signal levels of the external circuits and the signal levels of the
external circuits to the signal levels of the internal circuit 365. The input/output
buffer is connected to the input/output pad 395 and to the ESD protection circuit
387. The ESD protection circuit 387 clamps excess ESD voltages to prevent

20 damage to the input/output buffer 389 and the internal circuits 365 from ESD

voltages brought in contact with the input/output pad 395 from the external

environment.

13



404 is at a second logic state, the internal circuits 400 of the first
integrated circuit chip are connected to the test interface circuit 350.
The node selector 404 is set to the second state during the testilFgp 2005
procedures of the wafer io containing the first integrated circuit chip.
Conversely, when the node selector 404 is set to the first logic state
during the normal operation of the "chip-on-chip" structure. Referring to

uring the norm ;
9. 4, Lhe. sFmata ohid 4 s BSnbmatib MeioiRbeflics haifbrdlis, 9, secon

integrated circuit chip are transferred’to first

|t eQr at cht6iTAGR840 ARt MR iRBFad 45 S HANRRE RS e B8 [ hSt peri nal of

the node - switch 456. The test rrace ci t he
second t egji Rale; of htch 456. The third term nal of the node

o h 4060 37 Fi e GRS Bibh A a0 Qideated sty ing ndaveat sircts
integrate ' [ hip. The control termnal_of 20 the node switch 456 is
connect edquc:)b{ﬁ'é ft%ﬁ@%@?@ffgwu LHIR and &ig-r4d lusieates acnatb of efsigmal i nt er chi p
interface 340. If the control termnal of the node switch 458 is at the
first 3 offoRgiedextennally and roeeivad by dhe interrfal ciscuiisdaRjofthedirst r cui t chi p
and thus internal circuits of the second integrated circuit chip are
connect edMegraedigrepitBhAD05 the internal circuits of the first integrated
circuit chip. Conversely, if the control term nal of the nbde switch 458

is at the second logic state, the test interface circuit 350 is connected
to the internal circuit of the first integrated circuit chip. 5 As

descri bed abO\R:efe'gﬂn@ ﬁgﬂqoq:qé_q‘at,qﬁe ﬂ.gé(/\c/igﬁ)er &drid ém'ﬁ;‘:%?ﬁ‘grgﬁe:d?@; c state

during the testing. procedures of t _ contai ni _ _ai nt egr at ed
Guri ng' « AECAE P 403 RS S0 Rl B, TRt ol A’
10 internal circuit of the first integrated ci-rcuit chip is connected to a first terminal of
the mode switch 402, The second terminal of the mode switch 402 is connected
directly to an input/output pad of the first integrafed circuit chip and thus to the
internal circuits of the second integrated circuit chip, as described above. The

third terminal of the mode switch 402 is connected to the test interface 350. The

15 testinterface circuit 350 is composed of the test circuit 406 connected to an input

of a driver circuit 410.

The output of the driver circuit is connected to a test input/output pad 412
and to the ESD protection circuit 414. The ESD protection circuit 414 operates
20 asthe ESD protection circuit 387 of Fig. 3 and clamps excessive ESD voltage to
protect the test interface circuit 350 from damage during handling of the wafer

containing the first integrated circuit chip for manufacturing, assembly, and

testing.

14



10 Figs, 4b and 4c show schematically the connections of the interchip
interface 360 and the test interface 375 of the second integrated circuit
chip 310 of Fig. 3. Fig. 4b illustrates a path of a signal originated
within the internal circuits 430 of the second integrated circuitl8HES 2008
Fig. 4c illustrates a path of a signal originated externally and received
by the internal circuits 432 of the 15 second integrated circuit chip. Fig.
4b shows the instance where the signals originate on the first integrated
circuit chip and are transferred through to the input/output pad 422 of

the second | nt qyaiohrofldrititdl ot @ mobREiliHAG L ARtk (822 spCOnnect ed

to the 20 first termnal of the node swtc ace circuit

375 is co { . kpal. of the npde | t 424. The third
Corm nal - oreels 1048 ool BROYEHS 8L B tutireliB To/enee PP NP e cui t s 450
of the se ' d i rcyit .chip. Jhe control term nal of the node
swi t ch 42&93{2’% %%%ﬁgégﬁg 's 313 fiEst oo St ‘gesntfm@:c'rﬁﬁ@%‘i% pEtheofirst 26, whi ch
operates as described aghove. |If the node selector 426 is at the first

| ogic 3ta ?grta?F’éJ ST gHbEUP Are fPDRRCted te thainput/putput 488 anddhis testhe i nt egr at ed
circuit chip are connected through the input/output pad 422 to the

i nternal bYte®gl eiscuitspofdhe seeored sdegrated cigouit edp.c Wieen thectibde sAlddesmat el y,

if the node 5 selector is at the second logic state, the test signals from

an ext er nd04 iwata sgsorahiogiv state, dhe Irterred clrbiiRtalo bhdetMstinidyrsicbace 350 to
the internal circuits 430 of the second integrated circuit "chip. Again, as

descri bedcieduivehip tahe conBEcteg t6 Bidtest fibifade sRluit %q Nend Hcf&e éélg&t‘ar state
during nornmal operation and is set to the second ogi ¢ state during
testing pAQ& ROLELaS the Second state during the testing procedures of the wafer

1o containing the first integrated circuit chip. Conversely, when the mode selector

404 is set to the first logic state during the normal operation of the “chip-on-chip”

structure.

Referring to Fig. 4d, the signals originating in the ihternal circuits of the

15 second integrated circuit chip are transferred to the chip pad 454 of the first
integrated circuit. The chip pad 454 is connected to the first terminal of the mode
switch 456. The test interface circuit 350 is connected to the second terminal of
the mode switch 456. The third terminal of the mode switch 456 is connected to
the internal circuits 462 of the first integrated circuit chip. The control terminal of

20  the mode switch 456 is connected to the mode selector 458 to control the
function of the interchip interface 340. If the control terminal of the mode switch
458 is at the first logic state, the chip pad 454 of the first integrated circuit chip

and thus internal circuits of the second integrated circuit chip are connected to

15



The test interface is simlar to that described in Fig. 4d. The test

signals originating in an external test systemare applied to a test

i nput/out put pad 416. The test input/output pad 416 is connected t? aF
recei ver 420 an ESD protection circuit 418. The receiver 420 transf &t'dsd 2065
the test signals to signal levels 15 acceptable by the test circuit 428 and
the internal circuits 430 of the second integrated circuit chip. The ESD

pr ot ect i othecinteroat cirl s if sgp irsEBReY LIt R BREuIBSHD] Ehrivarddhe if hst SLORE0
prevent damage to the second integrated ci rcui{) chi p. The’ltestcoggégi rcuits

428 f or maferinivealiof dhe ﬁicﬂi&aévﬁitcftpls@%Détiltl;étg}eegnig)gi%?tgité]E{@é gég \@'éﬁ%gé_t s 436 of

the second integrated circuit chip. i nst ance

wher e t hecipd NP8 6 isbdritiddlfid Ralibrh At lcacircuits 432 of the.second
integrated circuit chrFHp andtdatﬁg 'F@é‘l}@ ePp@é‘fI'}%@'ﬁtht%q{P d‘ﬂ%"téfg@o-to t he
first integrated circuit chip. The first termnal of the node switch 436
receives the signals fromthe internal circuits 432 of the second

integrated 5 cjrcuit .ch The, second term nal of the node switch 436 is
connected to t %déﬁF'ﬁbe‘i)gBO\lﬁggheW@q selpetor 4pRiisaet todhe senend tagie statde t est
interface, 375.' The control termnal is connected to the node sel ector _
434 As dd4H Wedesting procesuiremakthesiafer oontaiiingl Hiecfinst inéegriateal cirguitect i on of
10 the internal circuits 432 to either .the chip pad 438 or the test

i nt er f acechip podithe B7Gde sélettor 458de setlothedirstdddici statdtdurimg the mdkmapyi C

state, the internal circuits 432 are connected through the chip pad 438 to

the i nt eropdration ofithes“chip-bhhip rsbfuctuteegrated circuit chip. Aternately,
if the node selector 434 is set to the second logic state, the internal

circuits 432 are connected to the test interface circuit 375.

10 Figs. 4b and 4c show schematically the connections of the interchip
interface 360 and the test interface 375 of the second integrated circuit chip 310
of Fig. 3. Fig. 4b illustrates a path of a signal originated within the internal
circuits 430 of the second integrated circuit chip and Fig. 4c illustrates a path of a
signal originated externally and received by the internal circuits 432 of the

15 second integrated circuit chip.

Fig. 4b shows the instance where the signals originate on the first
integrated circuit chip and are transferred through to the input/output pad 422 of
the second integrated circuit chip. The input/output pad 422 is connected to the

20  first terminal of the mode switch 424, The test interface circuit 375 is connected
to the second terminal of the mode switch 424. The third terminal of the mode
switch 424 is connected to the internal circuits 430 of the second integrated

circqit chip. The control terminal of the mode switch 424 is connected to the

16



15 The pode selector 434 is set to the first logic state during nornal
system operation and to the second logic state during testing procedures.
Figs. 5a and 5b illustrate the structure of an enbodi nent of the node 20
switch and the node sel ector shown in Figs. 3 and 4 a-d. Fig. 5a $§oRiB 260@
node switch 500 and node sel ector 520 for signals originated fromthe
internal circuits 508 fromthe first or second integrated circuit chips.

Al t er nat emoderSalectbb426 hahiehtdperard assddscriBed 880284 IFTRESh 520 for
signals originated off 18 18 FEB 2006 externally and tran%@e?@%gﬁo{o t he

[ nternal 426 ®iat meSSt I0bic el e LigRbIsTRAATGE 64':8@%25@&0@{;0@%&?@# chi ps.

Referring nowto Fig. 5a, the first term nal 500 is 5
connect edipkdhyrbbsy ki i ' second ferm of the node

cui toh SO aRR AR &b ofS bittheded Wioubi e BRPPulAY: Paddazta e (i v
term nal : e it.ech 500 i,s connected fo the interchip input/output
pad 530. @%%rhggﬁ’éé@%@%t@eé&ﬁﬁw&Hag@\*e RlEcyhehips fiteratelys f2he pmpdsn4 and
10 inverterI 506. Tcii?' passﬁavvi t.ch 502 is the parallel conbination of the

n- charthel SCIRERLIS Blingsecond dogia stater thenssisignala frons aoextonal testisystemannel
metal oxide seniconductor (PMOS) transistor 502b. Likew se, the pass

swi t ch 506 tkanpsiarred dhrgupbithe teatiinterfacn 350 to ies MMDBal ciengdis 430 offida and t he
PMOS.transi stor 504b. The first term nal of the npde switch 500 and t hus

t he i nt ersedong intagratedsauitiobipl SAgainnas desciitted Ao, & ddle ddiectBASS ,
swi tches 502 and 504. The sources of the pass switch 502 are connected to
the third2@issetdd tes fitsh odid saate YukRY nefiRaPéeration and is set to the second

logic state during testing procedures. |

10
The test interface is similar to that described in Fig. 4d. The test signals
originating in an external test system are applied to a test input/output pad 416.
The test input/output pad 416 is connected to a receiver 420 an ESD protection

circuit 418. The receiver 420 translates the test signals to signal levels

15 gcceptable by the test circuit 428 and the internal circuits 430 of the second

~ integrated circuit chip.

The ESD protection circuit 418 clamps ESD voltages applied to the test
pad 416 to prevent damage to the second integrated circuit chip. The test
20  circuits 428 format the test signals for application to the internal circuits 436 of

the second integrated circuit chip.
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thus to,the interchip input/output pad 530. The sources of the pass swtch
504 are connected to the second term nal of the nmode switch 500 and thus
to the test interface circuit 510. The gates of the NMOS transistor 504a
and the PMOS 20 transistor 502b are connected to the output of thgy peerims
506. The gates of the NMOS transistor 502a, PMOS transistor 504b, and the
input of the inverter 506 are connected to the control termnal of the

mode swi toh S0(igtt shows tis inseancedereahe widiialb 3Agink HAnERReANRS Vhen the

control term nal of the node switch 500 is a Irst logic state, in

this case circuitd #3@f ey Sbcadi _Bié@ﬂci?diﬂgcrﬁﬁ aﬁ@%r%’ﬁ'g%feﬁ‘éagw%u\éﬁl &9°.

source VDD, the pass switch 502 is turned on an pass

i or chi prapt S Ut SRR Pl S B MfbaoriB W 11 ca

i nterchip input/output pa

|l oad is fr, . I f s.switch. 50, d_the pass switch 504.
This el ect@?crgpsﬁvgégﬁ?g&?ghhﬁ%ﬁaﬁia "gﬁﬁ‘aﬁ ﬁ'ﬁgu%ﬁ @ﬁ‘? of thergrcenddnigsrated mance
can be_expected over, the prjor art. Conversely, when the control term nal
of the%m&HCE@FP'& 3?%‘9“(5[*9{%@%8581%@@%@&@, isiaennacteddadie ahipo

vol tage | evel approaching that of the substrate biasing voltage source Vs,,
t he passP?ﬂH:’a: Bioa thigd fenminad ineonnetiehto theteskimartareS3T5. | The vomesl of f .
The internal circuits are now effectively connected to the test interface
circuit Sigmimalgs cepnetietdoftbe enader salettob484i s conprised of the test
circuit 512, the driver 15 circuit 514, and the ESD protection circuit
516. The test interface circuit functions as described in Figs. 4a and 4c.
- The node select circuit is the interchip input/output pad 522 and the test

| nput/out put pAd dektrisedBelE tnkIABIE ShIcRt 4) JABHTRBL AL cbSRABA o the
10 the internal circuits 432 to either the chip pad 438 or the test interface circuit 375.
If the mode selector 434 is at the first logic state, the internal circuits 432 are
connected through the chip pad 438 to the internal circuits of the first integrated
circuit chip. Alternately, if the mode selector 434 is set to the second logic state,
the internal circuits 432 are connected to the test interface circuit 375.
18

The mode selector 434 is set to the first logic state during normal system

operation and to the second logic state during testing procedures.

Figs. 5a and 5b illustrate the structure of an embodiment of the mode

20 switch and the mode selector shown in Figs. 3 and 4 a-d. Fig. 5a shows the
mode switch 500 and mode selector 520 for signals originated from the internal
circuits 508 from the first or second integrated circuit chips. Alternately, Fig. 5b

shows the mode switch 500 and mode selector 520 for signals originated

18



20, swit¢ch 500. The interchip input/output pad 522 is connected as descri bed
in Fig. 3 to a mating interchip input/output pad 562 that are joined by a

sol der bunmp or ball. The mating interchip input/output pad 562 is-.gn E%e?p .
mating chip 560 and is connected to the power supply voltage sourEi E/ @
provide the first logic state 20 j 6 FEB to the control termnal of the
node switch 500 during normal operation. The test input/output pad is

connect ed externally aed trangferea to3he dteiid cirbgitd 568 of Geiohg: During the
test procedures, a test probe or needle 552 is brog‘ghf?&l)n cgﬁﬁact with the

test I npuirtegited chagt cifips. test probe or needle 552 is connected 5 on a
probe card 554 within the test system 550 to the substrate biasing voltage
source Vss to provide the second logic state to the control term nal of the
node switch 500. The fundanental connections shown in Fig. 5b are as

describéd in Fi xcepl. the test signal originates fromthe test
system at t ache(i:_l\% F%élﬁﬁgjq%ﬁ&f'ﬁoé?pchﬁ ﬁfﬁﬁ*&f@mi offtlie mede swilch 50808 ci rcui t
510 in_this_case,is, conprised of the test circuits 512, the receiver 518,
and thd E%‘Ei"b‘?%‘?@é‘? F’!ﬁm%fﬂelﬁ'mt@ﬁeﬁ%ﬁa seerndiermined of theadode sitgh. 4b and
4d. 7s Signal_s originating fromthe external circuits are applied to the
i nt er chi p909 ipeennsatedto thedestinterfare ciemiti 540 and tHey 1hirg e iniRabelBesW t ch 502
to the internal <circuits 508 during normal operation. Likew se, the test

signal s aMederawitdheS00is cdnnectedie thedtterehig iMagoulil palrsaegh the pass
switch 504 to the internal circuits 508 during the test procedures. 20
Fig. 6a shows a top surface view of the first integrated circuit chip 600

The mode switch is comprised of the pass switches 502 and 504 and

10 inverter 506. The pass switch 502 is the parallel combination of the n-channel
metal oxide semiconductor (NMOS) transistor 502a and p-channel metal oxide
semiconductor (PMOS) transistor 502b. Likewise, the pass switch 504 is the
parallel combination of the NMOS transistor 504a and the PMOS transistor 504b.
The first terminal of the mode switch 500 and thus the internal circuits 508 are

?5 connected to the drains of the pass switches 502 and 504. The sources of the
pass switch 502 are connected to the third terminal of the mode switch 500 and
thus to the interchip input/output pad 530. The sources of the pass switch 504
are connected to the second terminal of the mode switch 500 and thus to the test
interface circuit 510. The gates of the NMOS transistor 504a and the PMOS

20  transistor 502b are connected to the output of the inverter 506. The gates of the
NMGQCS transistor 502a, PMOS transistor 504b, and the input of the inverter 506

are connected to the control terminal of the mode switch 500 and thus to the

mode selector 520.
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illustrating the placenment of the test input/output pads 605 and the
Interchip input/output pads 610. The interchip input/output pads 610 form
an area array of 2 M21 ,1 AB F E B 209-5 solder balls or bunps 31% p% Fhﬂ'
3. The test input/output pads 605 are peripherally arranged so that %g
test probes or needles of the test systemcan conveniently make contact
with the test input/output pads 605. Fig. 6b shows the top surface view of
the second integrated circuit chip 615 illustrating the placenment of the

i nterchip i nput/output pads 625 and the external input/output pads 620.

The interchi p \WhHat theWdplol RaH o @y r o.,mat.e with the
interchip i nBut/outtgﬁt padé 610“%?&%%@"%@5@&*%‘?\5?&#%'83&% cuit
.chip 600 j - " t.he second integrated 10 circuit chip
615 The Tani YA yoh RS Il 4B5Bachilg b GBS Rauar sgoo \ollede samace of

the secong iq rg%ed.tc'r it.chip 625 in their "shadow. " The test o
i nput / out ptf’ b§%§' c{vh ﬁhc?%%h'ﬁ t‘érﬁ?gr%?nq passLeWitah PRdis topmeche®. Thisr ned i n
t he peri p%féé{wg t he second integrated circuit chip 615. The external 15

i nput /%ut CHMGCH e ipterpalpisyits §08itddhe Interchipdoputibutpbepéd 530

integrated circuit chip 600. The test input/output pads 630 are pl aced
conveni enflithisdegiciadate, thesextpa elsstrical lozekidifiem tie drairesf theysdRnewitdh SEA act
the test input/output pads 630. The test input/output pads 605 and 630 are

connect ecangbthetpass switdfi §64. Fhis eloctrithl Ibad ieeryathall éﬁ&fﬁ@%ﬂﬁl&o' _The test
S

i nput/out put pads 605 and 630 transfer 20 stinulus and respo signal s
bet ween tilvprowsd peifsireandb8anbe exbbPRY ¢ | in i,rcuit chip
600 or second integrated circuit Eh?% 67\%?tﬁé bﬁér art b%%/&ts%&%vhen the
control terminal of the mode switch 500 is at the second logic state, in this case a
10 voltage level approaching that of the substrate biasing voltage source V., the

pass swiich 504 is turned on and the pass switch 502 is turned off. The internal

circuits are now effectively connected to the test interface circuit 510

The test interface circuit 510 is comprised of the test circuit 51 2, the driver
15 circuit 514, and the ESD protection circuit 516. The test interface circuit

functions as described in Figs. 4a and 4c.

The mode select circuit is the interchip input/output pad 522 and the test
input/output pad 524 connected together and to the control terminal of the mode
20  switch 500. The interchip input/output pad 522 is connected as described in Fig.
3 to a mating interchip input/output pad 562 that are joined by a solder bump or
ball. The mating interchip input/output pad 562 is on the mating chip 560 and is

connected to the power supply voltage source Vpp to provide the first logic state

20



22,1 8 FEB 2005 Wiile this invention has been particularly shown and
described with reference to the preferred enbodi nents thereof, |t w il be

understood by those skilled in the art that various changes in r
details may %e nmade without departing fromthe spirit and scopé’ gfﬂt%e
invention. 5 23 16 FEB 2005 1 Claims 2 L. A nultiple interconnected _
integrated circuit chip structure conprising a first 3 integrated circuit

chi p and 4o $econtrolrterrginat ettheimodé switbh B00fing rﬂ)rﬂ-ﬁl dpertion3 Tha C}éét 16 17
whereby the first integrated circuit chip is nounted to the secon
inputfoutput pad is connected to the test system 8§50 during the testing
procedures. During the test procedures, a test probe or needle 552 is brought in
contact with the test input/output pad. The test probe or needle 552 is connected
5 ona probe card 554 within the test system 550 to the substrate biasing voltage

source Vs to provide the second logic state to the control terminal of the mode

switch 500.

The fundamental connections shown in Fig. &b are as described in Fig. 5a
10 except the test signal originates from the test system attached to the input/output
pad 540. The test interface circuit 510 in this case is comprised of the test
circuits 512, the réceiver 518, and the ESD protection circuit and functions as

described in Figs. 4b and 4d.

15 Signals originating from the external circuits are applied to the interchip
input/output pad 530 and transferred through the pass switch 502 to the internal
circuits 508 during normal operation. Likewise, the test signals are transferred
from the test interface 510 through the pass switch 504 to the internal circuits
508 during the test procedures.

20

Fig. 6a shows a top surface view of the first integrated circuit chip 600
illustrating the placement of the test input/output pads 605 and the interchip

input/output pads 610. The interchip input/output pads 610 form an area array of
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L.p to.physically and electrically connect the first integrated circuit
gE:B Eg ltahg seconé integrated circuit chip; whereby the first |nfte.grafted )
circuit chip has a first plurality of interchip interface circuitpgsWweags
connections to the second integrated circuit chip to selectively allow |
comuni cation between internal circuits of the first and second integrate
circuit chips and test circuits connected to internal circuits of the flrft
i nt egr at e@okler balls of hupnso3 t of Fige 3s (Theutestinpotiontpsppadeet® agdi d i nterna

circuits; whereby the second integrated circuit chip has input/output

ci r cui t ry petipheaiynaniarged su that mdﬁéﬂpﬂob@br&ﬁéeﬂkwﬁéféﬁ%gé%ﬁ ahg second

integrated circuit chip and to protect said second I ntegrat circuit chip

o ; c o of the interchip
from el ectonsériently fHakehngset Wil RHBa8st lh?H%\ﬁpﬁfé?cf@E&

: . . : . : Ct for
interface circuits conprises: 19 an inte ace ‘circu
transferring electrical signals 24 16 FES 2005 20 21 22 23 24 25 26 27

5 Fig. 6b shows the top surface view of the second integrated circuit chip
615 illustrating the placement of the interchip input/output pads 625 and the
external input/output pads 620. The interchip input/output pads 625 form the
area array to mate with the interchip input/output pads 610 of Fig. 5a. The first
integrated circuit chip 600 is mounted “face-to face” to the second integrated

10 circuit chip 615. The test input/output pads 605 must have nothing on the

surface of the second integrated circuit chip 625 in their “shadow.”

The test inputfoutput pads 630 and the external input/output pads 620 are
formed in the periphery of the second integrated circuit chip 615. The external
15 input/output pads 620 must be placed outside the shadow of the first integrated
circuit chip 600. The test input/output pads 630 are placed conveniently so that
test probes or needles of a test system can contact the test input/output pads
630. The test input/output pads 605 and 630 are connected as shown in Figs. 5a
and 5b to the test interface 510. The test input/output pads 605 and 630 transfer
20 stimulus and response signals between the test system 550 and either the first

integrated circuit chip 600 or second integrated circuit chip 615.
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28.29 30 between the second integrated circuit chip and the first
integrated circuit chip; a node select switch having a first term nal
connected to an input/output pad, a second term nal connected to the
internal circuitry of the integrated circuit chip, a third ternih& FEB 2005
connected to test circuits, and a node selector to selectively connect the
output of the .internal interface circuit to the internal circuitry of the
first integratWhilethiginvendiohhasirdangparticomally epewatdrerdayeebed uitout put  of
the internal interface circuit to the test circuitry during test and

burn- in. Tetbremtmtahiemmfonet embodimeititeieonnends ilfrsReaTy hkeor at ed

circuit chip 2 further has a second plurality interchip interface Circuits

wi th connekiliedris théa‘rtQhéﬂ\%rfdds?éhdngb@% %rﬁﬂaﬁtjg gg{og;ng tnti%} ﬁ? &'ique:hﬁﬁé‘:gz ely

al | ow comruni cati on 4 between internal circui ond

i nt egr at edie®hlftiig } iR Ak t <G j connected to internal
circuits ofeﬁt hgwsﬁé%@me%ﬂrggr at ecg)%égfgb%i'ﬁ}ieﬁﬂ%ﬂi p to provide stinulus and
responge to said internal circuits. 1 3. The chip structure of claim1l
wherein the first chip is nounted to the 2 second chip by neans of an area
array of solder bunmps. 1 4. The chip structure of claim1l wherein the test
circuits conprise: 25 8 F EB 2005
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2 test interface circuits connected to external test circuitry to 3

comuni cate with said external test circuitry and 4 ESD protection circuits
to protect said first and second.integrated 5 circuit chips from

el ectrostatic discharge voltages. 1 5. The chip structure of-claimBb FEB 2005
wherein the first integrated circuit chipis 2 fabricated using a first
type of sem conductor process and the second 3 integrated circuit chip is
fabricated with a second type of sem conductor 4 process that is not
conpatible with the first type of sem conductor process. 1 6. The chip
strucure of claim! wherein the fi&@iMShtegrated circuit chip is an 2
array of nenory cells and the second integrated circuit chip contains 3

el ectronjc cirncuitry formed wth. rocess not. c tible with a.process of
2 the arkay of Muliple nfineteinfodia BTl Bhin R PR Fofriett. A IR oi n ¢ he
second integrated circuit chip.is .2 an. array of nenory cells and the first
i nt egfat de fiﬂ?%fﬁﬁf%w 8BAeare7end 'éﬁgqﬂt?%ﬁ'ir tGhiRuitry formed with a
process not conpatible with a process of 4 the array of menory cells. 1 8.
The chip structure of claim4 wherein the test interface circuit is
conneéted 2 to thwhesehyrthalfirstartegrsted gireuitchipiomghinigd to dprisgeandout pad
tenporarily 3 connected to said external test circuitry during test and
burn-sn. 1 9. The chighipstorplotsicadly ahd dledtmeslywoanectrthe fiestintegtatecthd second
pluralities of 26 16 FEB 2005 2 interchip interface circuits have no

el ectgostati c di schargreuipchipastthe Becdriidimidgratbd.ciragit ehipp structure of claim
1 wherein the internal interface circuit is not

7 whereby the first integrated circuit chip has a first plurality of

g : interchip interface circuits with connections to the second

9 - integrated circuit chip to selectively allow communication

10 between internal circuits of the first and second integrated circuit
11 chips and test circuits connected to internal circuits of the'ﬁrst

12 ' integrated circuit chip to provide stimulus and response to said
13 internal circuits;
14 whereby the second integrated circuit chip has input/output circuitry
15 to communicate with external circuitry connected to said second
16 , integrated circuit chip and to protect said second integrated
17 circuit chip from electrostatic discharge voltages;
18 - whereby each of the interchip interface circuits comprises:
19 an internal interface circuit for transferring electrical signals
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2capabl e of communication with the external circuitry. 111.The chip
structure of claim1l wherein the node swtch conprises: 2 3456 7 89 10
I 1 12 13 14 15 a first pass switch having a drain termnal connected to
the internal circuits, a source term nal connected to an input/"b&tﬁﬁﬂggg@d
connected to an attached integrated circuit chip, a first gate term nal
connected to the node selector, and a second gate termnal; a second pass
switch having a drain term nal connected to the internal circuits, a

sour @@ term nal connect edetweernths sguonddotegrated piclitchipaat dloe fist t he
attached integrated circuit chip, a first gate termnal, and a second gate
termmal connected to theéntegrted circuit chip;

22 | a mode select switch having a first terminal connected to an
23 input/output pad, a second terminal connected to the
24 _ internal circuitry of the integrated circuit chip, a third
25 terminal connected to test circuits, and
26 a mode selector to selectively connect the oufput of the
27 internal interface circuit to the internal circuitry of the first
28 integrated circuit chip during normal operation and the
29 output of the internal interface circuit to the test circuitry
30 during test and burn-in.
1 2, Thé chip structure of claim 1 wherein the second integrated circuit chip
2 further has a second plurality interchip interface circuits with connections
3 to the first integrated circuit chip to selectively allow communication
4 between internal circuits of the first and second integrated circuit chips
5 and test circuits connected to internal circuits of the second integrated
6 circuit chip to provide stimulus and response to said internal circuits.
1 3. The chip structure of claim 1 wherein the first chip is mounted to the
2 ~ second chip by means of an area array of solder bumps.
1 4. The chip structure of claim 1 wherein the test circuits comprise:
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selector; an inverter circuit having an input termnal connected to the
mode selector and an output term nal connected to the second gate

termnal of the first pass switch and the first gate of the second pass
switch. 1 12. The chip structure of claim 10 wherein the first {1 sEggonéj
pass swtches 27 1 8 FEB 2005 2 are conprised of an NMOS transi s BrF

PMOS transi stor connected in 3 parallel with a gate of the NMOS transi stor
being the first gate ter 4 the first and second pass sw tches and
a gate? of the PMOS ??Qﬁ@%@@ﬁ'@“‘ﬁ%ﬁf@’%@ YepderaablesbCit@iti Wal of the first
and second pass switches. 1 13. The chip structure of claim1 wherein in

t he notle swit ch' conpr Fe@;UNCale wWithtseid extgrnah past coscnipyangad connected to a
first logic state 3 generator during normal operation; 4 a test

i nput /out put pad connected to a second |l ogic state generator 5 during
testing procedur es.ESD bfotedtign diralistty pedtetindaid fist and Bbeshdihtedrhtedui t S
formed in groups upon a first and 2 second integrated circuit chip for
communj cation bet vveencurdsmecfm@é fréinl Sttt Sstatic &Ecﬁaﬂ?efvbﬁ &jesand second
integrated circuit chip; 4 whereby said first integrated circuit chip is
attached physically and 5 electrically to said second integrated circuit

chip; ;ang 6 Whee&hy Qﬁ??u@foftmw{ Widtdih ¥hefirsh RitdhraudichitRnls er f ace

circuits 7 COI’TpI’IS

2 fabricated using a first type of semiconductor process and the second

3 integrated circuit chip is fabricated with a second type of semiconductor

4 process that is not compatible with the first type of semiconductor process.

1 6. The chip structure of claim 1 wherein the first integrated circuit chip is an

2 array of memory cells and the second integrated circuit chip contains

3 elecfronic circuitry formed with a process not compatible with a process of

4 the array of memory cells.

1 7. The chip structure of claim 1 wherein the second integrated circuit chip is

2 an array of memory cells and the first integrated circuit chip contains

3 electronic circuitry formed with a process not compatible with a process of
4 the array of memory cells.

1 8. The chip structure of claim 4 wherein the test interface circuit is connected

2 to the external test circuitry through an input/output pad temporarily

3 connected to said external test circuitry during test and burn-in.

1 9. The chip structure of claim 3 wherein the first and second pluralities of
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9 10 an internal interface circuit for transferring electrical signals

bet ween the second integrated circuit chip to the first integrated circuit
chip; 28 1 6 FEB 2005 11 12 13 14 15 16 17 18 19 20 21 a node select switch
having a first term nal connected to an output of the internal iq&pﬁé§2®5
circuit, a second termnal connected to the internal circuitry of “one

the integrated circuit chip, athird termnal connected to test circuits,
and a control termnal; and a node sel ector connected to the control

ternmi dal to JRIPEGNR iNdeNaceoticals hare nealerttostatic diechange pradectiont er f ace

3 circuit.

Ja—y

10.  The chip structure of claim 1 wherein the internal interface circuit is not

2 : capable of communication with the external circuitry.

11.  The chip structure of claim 1 wherein the mode switch comprises:

—

2  afirst pass switch having a drain terminal connected to the internal
3 circuits, a source terminal connected to an input/output pad

4 connected to an attached integrated circuit chip, a first gate

5 terminal connected to the mode selector, and a second gate

6 terminal;

7 a second pass switch having a drain terminal connected to the

8 internal circuits, a source terminal connected to thé input/output
9 pad connected to the attached integrated circuit chip, a first gate
10 ) terminal, and a second gate terminal connected to the mode

11 , selector;
12 an inverter circuit having an input terminal connected to the mode
13 selector and an output terminal connected to the second gate
14 _ terminé[ of the first pass switch and the first gate of the second
15 _ pass switch.

1 12.  The chip structure of claim 10 wherein the first and second pass switches
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circuit to the internal circuitry of the integrated circuit chips during
nornmal operation and the output of the internal interface circuit to the
test circuitry during testing procedures. 115.The interface circuit of
claim14 wherein the first chip is attached to the 2second chip by neans of
an area array of solder bunps. 116. The interface circuit of clai thg#EB 2005
wherein the test circuits conprise: 2test interface circuits connected to
external test circuitry to 3communicate with said external test circuitry;
and 4an ESD pets eenposedteiauNMOS tiansistartansid? MOS fransistodcorewstat! innt egr at ed
5circuit chips fromelectrostatic di scharge voltages. 117.The interface

ci rcuBt of cl garaligdwithargate of the IMOS transistgr beieg the ficstightecteirminias of

2f abricated using a first type of sem conductor process and the second 29 1
6 F E4B 2005 the fiisegndibechbrrd paas switdhep dngl  gitel Faie PMBS Frafsisegond type of
sem conductor 4 process that is not conpatible with the first type of

sem cenduct or bBiNGARE Secdnd §ate KBAMINGF 6 tha $8stAntiCedicbn@baks SviltHgs, Wherein the
first integrated circuit chipis 2 an array of nenory cells and the second
integrated circuit chip contains 3 electronic circuitry formed with a

o “The 1 et 1 RECP sl o oRin? e p dn, G Sl HEREY ot co o rcui

chip 2 is an array of nenory cells and the first integrated circuit chip

contains 3 electronic circuitry forned with a process not conpatible with a
proceds of 4 the Q‘P\“H?rcbfp iR ?Lg,tpg quonnectecptoaflrstloglcstaterrp

3 - generator during normal operation;
4 _ a test input/output pad connected to a second logic state generator
s during testing procedures.

1 14.  Aplurality of interchip interface circuits formed in groups upon a first and

2 second integrated circuit chip for communication between internal circuits
3 of the first and second integrated circuit chip;

4 whereby said first integrated circuit chip is attached physically and
5 electrically to said second integrated circuit chip; and

6 - whereby each of the plurality of said interchip interface circuits

7 ' comprises:

8 an internal interface circuit for transferring electrical signals

9 between the second integrated circuit chip to the first

10 integrated circuit chip;
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1 20. The interface circuit of claim16 wherein the test interface circuit
Is 2 connected to the external test circuitry through an input/output pad
3 tenporarily connected to said external test circuitry during test and
burn- 4 in. 1 21. The interface circuit of claim 14 wherein the int@rfds Pk
interface circuit has 2 no electrostatic discharge protection circuit. 1

22. The interface circuit of claim 14 wherein the internal
circuit is not 2 capable of comrunication with the external

i nterface
circuitry. 1

23. The interface circainodsfseléctiawitth hevingea first kermined eoonedtedt taenpr i ses:

16 FEB2005234567 891011 12 13 14 15

12 output of the internal interface circuit, a second terminal

13 | connected to the internal circuitry of one of the integrated
14 circuit chip, a fhird terminal connected to test circuits, and
15 a control terminal; and

16 a mode selector connected to the control terminal to

17 : selectively connect the output of the internal interface

18 circuit to the internal circuitry of the integrated circuit chips
19 ‘ during normal operation and the output of the internal

20 | interface circuit to the test circuitry during tesﬁng

21 procedures.

1 15. The interface circuit of claim 14 wherein the first chip is attached to the

2 second chip by means of an area array of solder bumps.

1 16. The interface circuit of claim 14 wherein the test circuits comprise:

2 test interface circuits connected to external test circuitry to

3 communicate with said external test circuitry; and

4 ~an ESD protection circuit to protect said first and second integrated
5 ' circuit chips from electrostatic discharge voltages.

1 17.  The interface circuit of claim 14 wherein the first integrated circuit chip is

2 fabricated using a first type of semiconductor process and the second

29
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a first pass switch having a drain termnal connected to the internal
circuits, a source termnal connected to an input/output pad connected to
an attached integrated circuit chip, a first gate termnal connected to
the node selector, and a second gate termnal; a second pass syjtrgs i ng
a drain term nal connected to the internal circuits, a source term nal
connected to the input/output pad connected to the attached integrated
circuit chip, a first gate termnal, and a second gate term nal connected
to thé node SHEPEERS cirqf ghip isrfabricatpd mithta seranddyre of sgroicondueiphal
connected to the node selector and an output term nal connected to the
second gate PEYaESAdhatds noheornpatiile pdatbshe first dypeaofdsentieoriductar pyatessof t he
second pass switch. 1 24. The interface circuit of claim23 wherein the
first and second pass 2 switches are conprised of an NMOS transistor and

PMOS tr ari$i st Ghedntedfaoe ciraglt ofrcigiar a4 Wileraih e first Ritégrafedt dieulMplp ik ansi st or
being the first 4 gate termnal of the first and second pass sw tches and

a gate of theah JAMYIrENBHSNE dIRi RS steb&n&@@%gteﬁpén%u&%hﬁmhai% the first

and second 6 pass switches. 31 F EB 2005 The interface circuit of

cl ai 23 wher @)diuhict i, YIBraA Wil SORELSRSH oAl hRH SlBebapyt / out put

pad connected to a first l'ogic state enera uri oper ati on;
4 the array of memory cells.

1 19.  The interface circuit of claim 14 wherein the second integrated circuit chip

2 is an array of memory cells and the first integrated circuit chip contains
3 electronic circuitry formed with a process not compatible with a process of
4 ' the array of memory cells.

1 20. The interface circuit of claim 16 wherein the test interface circuit is

2 connected to the external test circuitry through an input/output pad
3 temporarily connected to said external test circuitry during test and burn-
4 in.

1 21.  The interface circuit of claim 14 wherein the interchip interface circuit has

2 no electrostatic discharge protection circuit.

1 22. The interface circuit of claim 14 wherein the internal interface circuit is not

2 capable of communication with the external circuitry.

1 23. The interface circuit of claim 1 4 wherein the mode switch comprises:
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4 a test input/output pad connected to a second |logic state generator 5
during testing procedures. 1 26. A nethod of formng a multiple integrated
circuit chip structure conprising 2 the steps of: 3 4 5 6 sinultaneously
but separately formng internal circuits on a first sem conduct ofgwEBe2005
containing a plural first integrated circuit chip and a second

sem conduct or wafer containing a plural second integrated circuit chip; 7
simul taneously formng test circuits on the first wafer and the s second
wafer? 9 10 11 12 adiralpaspswitchhevingl a/drab terminal goenedtieshtd inedntesnad circuits
on the first wafer and the second wafer, whereby formng said interchip
interface circuit cainpuitsessauree rajisal @bnnédeditmgn dnputiougpubahdi nt er f ace
circuit for transferring electrical signals between the second integrated
circukt chip to the connected to an attached integrated circuit chip, a first gate

5 terminal connected to the mode selector, and a second gate

6 terminal;

7 a second pass switch having a drain terminal connected to the

8 internal circuits, a source terminal connected to the input/output
9 pad connected to the attached integrated circuit chip, a first gate
10 terminal, and a second gate terminal connected to the mode

11 ' selector;

12 ~aninverter circuit having an input terminal connected to the mode
13 selector and- an output terminal connected to the second gate
4 terminal of the first pass switch and the first gate of the second
15 pass switch.

1 24, The interface circuit of claim 23 wherein the first and second pass

2 switches are comprised of an NMOS transistor and PMOS transistor

3 connected in parallel with a gate of the NMOS transistor being the first
4 ' gate terminal of the first and second pass switches and a gate of the

5 PMOS transistor being the second gate terminal of the first and second
6 pass switches.

31



first integrated circuit chip; 32 16FEB 15 16 17 1s 19 20 21 22 23 24 25 26
27 28 29 30 31 32 33 formng a node select switch having a first term nal
connected to an output of the internal interface circuit, a second

term nal connected to the internal circuitry of the first 1 FEB 2005

1 25.  The interface circuit of claim 23 wherein in the mode switch comprises:

2 an interchip input/output pad connected to a first logic state

3 generator during normal operation;

4 _ a test input/output pad connected to a second logic state generator
5 during testing procedures.

1 26. A method of forming a multiple integrated circuit chip structure comprising

2 the steps of:

3 simultaneously but separately forming internal circuits on a first

4 semiconductor wafer containing a plural first integrated circuit

5 chip and a second semiconductor wafer containing a plural

6 second integrated circuit chip;

7 simultaneously forming test circuits on the first wafer and the

8 second wafer;

9 simultaneously forming interchip interface circuits on the first wafer
10 and the second wafer, whereby forming said interchip interface
11 circuit comprises the steps of:

12 : forming an internal interface circuit for transferring electrical
13 ' - signals between the second integrated circuit chip to the
14 first integrated circuit chip;
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integrated circuit chip; formng a node selector to selectively connect the
output of the internal interface circuit to the internal circuitry of the
first integrated circuit chip during normal operation and the output %f ~
the internal interface circuit to the test circuitry during test: B ED A%
burn-in; formng input/output interface circuits on said second wafer;
contacting, stinulating, and exam ning a response of the test circuits on
the first wafer and the test circuits and input/output interface circuits
on theé second wafer; stqsening a mpdengelédtrastitchdiaringi anfirst terpiinal abnnscted
separated first integrated circuit chips; contacting with sockets,

stimubati ng and bur ni ng- itm anleaitpltof #he injerabl intefage atredit,fa sadonidnt egr at ed
circuit chips for an extended period of tine; contacting, stinulating, and
exanmiming the plurality aérmsingicdorinedted3oIe fritérmial Lirdumey ot ad figdtr cui t chips;
35 discarding defective first integrated circuit chips; 36 attaching each
functjgoni ng chi p- of the fihtegtatbdEREliREHE, Circuit chips to 37 one of one
functioning second integrated circuit chip on the 38 second wafer 39
separating the second wafer into the plurality of second integrated 40

circyyt chips; gnd 41 forming a mode selector to selectively connect the output of

20 the internal interface circuit to the internal circuitry of the

21 first integrated circuit chip during normal operation and the
22 output of the internal interface circuit to the test circuitry

23 during test and burn-in;

24 forming input/output interface circuits on said second wafer;

25 contacting, stimulating, and examining a response of the test

26 - circuits on the first wafer and the test circuits and input/output
27 | interface circuits on the second wafer;

28  separating the first wafer into a plurality of separated first integrated
29 circuit chips;

30 contacting with sockets, stimulating and burning-in the plurality of
31 separated first integrated circuit chips for an extended period of
32 time; |

33 contacting, stimulating, and examining the plurality of separated
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42 43 contacting the input/output interface circuits, stinmulating, and
exam ning the response of the fornmed nultiple integrated circuit chip
structure. 1 27. The method of claim 26 wherein the attaching of each of
the first 2 integrated circuit chips to the second integrated ci rf@:ﬁﬁ o5
chips is 3 acconplished by formng a area array of sol der bunps bé&
each of 4 the first integrated circuit chips and the second integrated
circuit chips. 1 28. The nethod of claim 26 wherein formng the test
circuuts conprises t Hestintegegted afrcuiBclhips;m ng test interface circuits
connected to external test circuitry to 4 communicate with said external
test circuitry and s formng ESD protection circuitry to protect said first
and sgcond 34 16 FERcarfPdsfebiemsltsraidicinclithigs from el ectrostatic

di scharge voltages. 1 29. The nethod of claim26 wherein the first
integrated circuit chipis 2 fabricated using a first type of sem conductor
process and the se 301 ed i ] i Led.wih a
seco%g type of semﬁfg%%]dﬁ%fb géﬁgj r%rrtlgglgéscrhﬁgfith:é?‘ré%gbt@g{)aﬁ%%# ?ﬁlﬁ&\}ﬁ P the
first_type of sem conduct.or ocess. 1 30.,.The thod .of .cl aim 26 wherein
the first integrated% er%‘mqe%ﬂptg?qlr%ga Coé\dr'ﬁ{)egragggf'rﬁ‘ﬂﬁﬁ'?'? Oé’etﬁ]?s and the

second integrated circuit chip contains electronic 3 circuitry formed with

a profess not conpat iSCBNIMACTS process of the array 4 of nenory cells.
39 separating the second wafer into the plurality of second integrated
40 circuit chips; and
41 contacting the input/output interface circuits, stimulating, and
42 examining the response of the formed multiple integrated circuit
43 chip structure.

1 27. The method of claim 26 wherein the attaching of each of the first

2 integrated circuit chips to the second integrated circuit chips is
3 accomplished by forming a area array of solder bumps between each of
4 the first integrated circuit chips and the second integrated circuit chips.

1 28. The method of claim 26 wherein forming the test circuits comprises the

2 steps of:

3 forming test interface circuits connected to external test circuitry to
4 communicate with said external test circuitry and

5 forming ESD protection circuitry to protect said first and second
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1 31. The method of claim 26 wherein the second integrated circuit chip is
an 2 array of nenory cells and the first integrated circuit chip contains
3 electronic circuitry formed with a process not conpatible with a process
of 4 the array of nenory cells. 1 32. The nethod of claim 26 whe %F‘EB 2005
contacting the test interface circuit 2 conprises the step of ten‘g rarrly
connecting external test circuitry through 3 an input/output pad to sai d
test interface circuit. 1 33. The nethod of claim 26 wherein the interchip
interface circuit is iftegraded Rirouit thipofreimealbctosdtatid dischiargbaoljeggs: ot ecti on
circuit. 34. The nethod of claim26 wherein the internal interface circuit
is formed with 35 1 8 1= E B 2005 2 no ability to conmunicate with the

ext erpal 20i r cThe rm’ethéd aﬁclaThQGrvmér@m tAE fitstIntByRRedVBIRES chip i mode switch
conprises: 23456 9 10 11 12

2 fabricated using a first type of semiconductor process and the second
3 integrated circuit chip is fabricated with a second type of semiconductor
4 process that is not compatible with the first type of semiconductor process.

1 30. The method of claim 26 wherein the first integrated circuit chip is an array

2 of memory cells and the second integrated circuit chip contains electronic
3 .circuitry formed with a process not compatible with a process of the array
4 of memory cells.

1 31. The method of claim 26 wherein the second integrated circuit chip is an

2 ' array of memory cells and the first integrated circuit chip contains
3 electronic circuitry formed with a process not compatible with a process of
4 the array of memory cells.

1 32. The method of claim 26 wherein contacting the test interface circuit
2 comprises the step of femporarily connecting external test circuitry through

3 an input/output pad to said test interface circuit.

1 33. The method of claim 26 wherein the interchip interface circuit is formed

2 with no electrostatic discharge protection circuit.

1 34, The method of claim 26 wherein the internal interface circuit is formed with
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13 14 15 a first pass switch having a drain term nal connected to the
internal circuits, a source term nal connected to an input/output pad
connected to an attached integrated circuit chip, a first gate term nal
connected to the node selector, and a second gate termnal; a SeC?%dF@@%®5
switch having a'drain term nal connected to the internal circuits, "a
source term nal connected to the input/output pad connected to the
attached integrated circuit chip, a first gate termnal, and a second gate
t erm pal conneotability to cdrermumitate with dlod exterread cironityt er circuit having an

i nput term nal connected to the node selector and an output term nal
connected to the second gate termnal of the first pass switch and the
first 1gats. of ThBenstR6QREH clalA DB Wibrbi the g sviitéh E&thpRsksof ¢l ai m 32 wherein
the first and second pass switches are 2 conprised of an NMOS transistor
and PMOS transistor connected in 3 parallel with a gate of the NMOS

swi Tohes and & gat & 51 FeRs SHER PP Syt teypheh Bopogtah sERE BERRT", F°°
secong gate term nal

of claim 24 \Aﬁgpgi}t%h%\ %dl‘{rﬁét‘%&ﬁ@ﬁﬁ%ﬁgag%ﬁwgﬁ}&%?put piad37' The

met ho
4 connected to an attached integrated circuit chip, a first gate
5 terminal connected to the mode selector, and a second gate
6 terminal;
7 - 'asecond pass switch having a drain terminal connecfed to the
8 internal circuits, a source terminal connected to the input/output
9 | pad connected to the attached integrated circuit chip, a first gate
10 terminal, and a second gate terminal connected to the mode
11 selector;
12 an in-verter circuit having an input terminal connected to the mode
13 selector and an output terminal connected to the second gate
14 terminal of the first pass switch and the first gate of the second
15 pass switch.

1 36. The methbd of claim 32 wherein the first and second pass switches are

2 comprised of an NMOS transistor and PMOS fransistor connected in
3 parallel with a gate of the NMOS transistor being the first gate terminal of
4 the first and second pass switches and a gate of the PMOS transistor
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2 an interchip input/output pad connected to a first logic state 3
generator during nornmal operation; a a test input/output pad connected to a
second |l ogic state generator 5 during testing procedures. 37

1@ FEB 2005

5 being the second gate terminal of the first and second pass switches.

1 37.  The method of claim 24 wherein in the mode switch comprises:

2 an interchip input/output pad connected to a first logic state

3 generator during normal operation;

4 a test input/output pad connected to a second logic state generator
5 ' during testing procedures.
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