M CRCELECTRONI C ASSEMBLY W TH BUI LT-1 N THERMOELECTRI C COOLER AND METHOD OF
FABRI CATI NG SAME 5 FIELD [0001] Enbodi nents of the present invention
relate to thernoelectric coolers for mcroel ectronic devices. 10
BACKGROUND [00021 The need for cooling mcroel ectronic devices such as
integrated circuit dice during operation is well recognized in the art.
Typically, spot cooling of such devices as a result of non-uniformdie
power maps is needed in order to ensure reliable operation of the sane,
and in order to prevent device failure as a 15 result of sustained el evated
tenperatures. [00031 The cooling of mcroelectronic devices has been

ef f ect ed inic RBEL B¢STRORNS ASSEMEI Y virel BUR TPIN THERMOEEESTRI@s of current
high v REANDIEVHOD OF FHBRICATING SAMBEl ectroni c devi ces
i ncé ude cool i ng Sed upon rquird circulation or refrigeration.

However, the latter solutions have proven to be 20 costly. As an

al ternat | ve, stand-al one thernoelmgipi ¢ cool ers (hereinafter "TEC' 's)
have been nade available in order to offer a |l ess costly and yet effective
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effect, according to which the passage of an electrical current through a
juncti omoleﬂsdbutmﬁcmgelﬁwﬂl@lﬂgﬁpﬁ lar materials results in a cooling effect.
When the current flowis reversed, 25 a heating effect nay be observed.
[0004) Current TEC s are gener aIIy fabricated according to three different
regines. According to a first regine, a single crystal ingot of TE
mal@rial, such as a Bi or Tem (for exanple, Bi2Te3 or Bi Sb), or
such as PbTe or Si Ce, provided. The . ingot is bhen S| i eéi into wafers,
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15  resuit of sustamed elevated temperatures.

[0003] The cooling of microelectronic devices has been effected in various
ways according to the prior art. Examples of current high volume manufacturing
solutions for cooling microelectronic devices include cooling designs based upon
liquid circulation or refrigeration. However, the latter solutions have proven to be
20 coslly. As an alternative, stand-alone thermoelectric coolers {(hereinafter “TEC" ‘s)

have been made available in order to offer a less costly and yet effective cooling
option. As is well known, TEC’s function based on the Peltier effect, according to
which the passage of an electrical current through a junction including two

dissimilar materials results in a cooling effect. When the current flow is reversed,

25 a heating effect may be observed.

[06004] Current TEC's are generally fabricated according to three different
regimes. According to a first regime, a single crystal ingot of TE material, such as
a Bi or Te based alloy (for example, Bi2Te3 or BiSb), or such as PbTe or Si Ge, Is
provided. The ingot is then sliced into wafers, which are then diced into

30 accurately sized blocks. Appropriate ones of the blocks are then P-doped (for
example, with antimony) and N-doped (for example, with selenium) as desired to
yield thermoelements. Thereafter, pairs of P- and N-doped thermoelements are




includes a pair of thernoel enents consisting of one N-type and one P-type
t her noel enent connected electrically in series and thermally in parallel.
The 5 substrates nay be made of alum na ceram c, although berylia ceramc
and other materials may al so be used. A nunber of couples may be joi ned
together, such as via soldering, in order to formthe TEC. For exanple, a
singl e-stage nodule could be fornmed, which includes a single |ayer of

t hernoel ectric couples. Thereafter, the TECis nmounted to a
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The TEES 0 a mcroelectronic device as noted 20 above.
[ 0006) cAgiddedonged avidch Inchulles eggingle laviee of hermewlpele fPYPIRBY have a
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may be nmade of 25 alternating layers of, P L, conduct or
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superlattice N-type thernoel emrent nay inclyd 5. i ng;.l s of P-type
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joined together electrically in series and thermally in paraliel in order to form the
TEC. The TEC may then be mounted to a microelectronic device as noted

20 above.

[0006] According to a third regime, the thermoelements may have a
superlattice structure. A superiattice structure is typically a structure consisting of
alternating layers of two different semiconductor materials, each several
nanometers thick. For example, a P- or N-type thermoelement may be made of

25 alternating layers of P- or N-type semiconductor materials. Each of the layers is
generally in the order of about 10 nm thick. A superlattice P-type thermoelement
may inélude alternating layers of P-type bismuth chalcogenide materials, such as,
for example, alternating layers of Bi;Tes/Sh.Tes with layers of BigsSbisTes. A
superlattice N-type thermoelement may include alternating layers of P-type

30  bismuth chalcogenide materials, such as, for example, alternating layers of BizTes
with alternating layers of Bi:Ses. The respective superlatiice structures may also

be constructed from cobalt antimony skutteridite materials. Each of the layers of a




sol dering, typically achieving a structure which is about 5 mcrons thick.
The thus fornmed thernoel enents are then joined together as noted above to
formthe TEC, which nay then be nmounted to a mcroel ectronic device as

not ed above. 5 [00071 Di sadvant ageously, TEC s of the prior art are limted
in their application for a nunber of reasons. Currently available TEC s do
not necessarily accommpdate heat rempval requirements specific to a
particular mcroelectronic device. In addition, such TEC s are limted in
their @@Qérléthéé(tl"ﬂéﬁﬂaélbh“leht 3§nbged\atmum;owedttbanracmaueokmewe which are
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BRIEF DESCRIPTION OF THE DRAWINGS
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[0008] Embodiments of the invention are illustrated by way of
example and not by way of limiation in the figures of the accompanying drawings,
in which the like references indicate similar elements and in which:

[0009] Fig. 1 illustrates a microelectronic assembly including a
20 microelectronic device having a built-in TEC according to an embodiment;

[0010] Figs. 2-10d illustrate various stages in the fabrication of the

assembily of Fig. 1;

[0011} Fig. 11 is a graph showing a drop in temperature provided by a buiit-

in TEC in a microelectronic assembly according to embodiments of the present
25  invention, and provided by a TEC in a microelectronic assembly according to the

prior art;

[0012] Fig. 12 is a schematic view of a system including the microelectronic

assembly of Fig. 1.
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5 disclosed herein. [0014] Various aspects of the illustrative enbodi nents
w Il be described wusing ternms conmmonly enployed by those skilled in the
art to convey the substance of their work to others skilled in the art.
However, it will be apparent to those skilled in the art that the present
i nvention may be practiced with only sone 10 of the described aspects. For
pur poses of explanation, specific nunbers, materials and configurations
are set forth in order to provide a thorough wunderstanding of the
illustrative enbodi nents. p#EFMLED, DESCRIPTION: apparent to one skilled in
the art that the present invention may be practiced w thout the specific
det ai | fo14n ot heg nﬂéﬂ%(ﬁfﬂﬁ%rtwﬁ{d a kiicroplcteativreeseably includingad or sinplified

i n order 15 not to obscure the il]ustrative enbo(g rrent}HE{)OMS] Vari ous
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a ”a””ﬁferhﬂéltec{r ?e?' %ﬁ;l PEtemNnelidng Manttirogetieni@ aesantly arvent i on,
however, the or er o escription should not be construed as to |nply t hat
t hese dl@p@ﬁ@fﬂ hergdn.are necessarily order dependent In particular, these

operations need 20 not be perfornmed in the order Jrgresent tion. [0016]
The phi®3él "in Jviericawsiasapaisf the Wusielive capoieeity Wikrhe JpRTRed  general |y
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further bel Ly, i c device, such as
a die T?ge P‘IRBT‘ rgtggj %\%%[ ﬂoﬁﬁryl‘]gﬁj%i% H{HV e‘i% @86% i nclude an

initi ahn@éredmdir@/@?théﬂ&swmauetanmmm*e Hawever Hbwilli s apparentdo onde

i ncl udi n he bui TEC tovided in.or di f fusion

bt wee kil IW@@EL&?H@ %etﬂ?l‘rl"?a "?’bﬁ‘%??%”&%ﬁ“%‘?g BfiDElHe éd%%ﬁﬁ 128 and 132
on thedemsh&n@ltheam@mcbsm| et featiged 4f ahiteéder sitplfirdimerdst her hand,

and further to provide a g%ﬁr Of I ectrical insulation. Providing
edhsy

el &2t r Pekio QQ%HT%W?(S'HJSHEW% i nce the interconnect netallization

conductive el enment 122, 6,, 12 1
[0015] VEU"SIOU operatlons wﬂ}% descrided 30m

u&%% discrete operations,
in turn, In @ manner that is most helpful in understanding the present invention,
however, the order of description should not be construed as to imply that these
operations are necessarily order dependent. In particular, these operations need

20  not be performed in the order of presentation.

[0016] The phrase “in one embodiment” is used repeatedly. The phrase
generally does not refer to the same embodiment, however, it may. The terms
“comprising”, “having” and “including” are synonymous, unless the context

dictates otherwise.

25 [0017] Referring first to Fig. 1, an arrangement 102 is shown including a
microelectronic assembly 100 formed according to an embodiment of the present
invention. Arrangement 102 further includes electrical circuit 137 and feedback
control loop 140 as will be described further below. The assembly 100 inciudes a
microelectronic device, such as a die 110. Optionally, as shown in Fig. 1, die 110

30 may include an initial oxide layer 112 on its backside 114 (thatis, on its side
including the built-in TEC) provided in order to prevent interdiffusion between




5 and 134) could otherw se short. Oxide layer 112 may conprise a silicon
oxide |ayer, and be grown onto the backside 114 of die 110 according to
any of well known nethods. Preferably, oxide layer 112 is thermally grown
onto the backside 114 of die 110 in a vertical diffusion furnace. The
assenbly 100 further includes a TEC 120 that has been built onto the

m croel ectroni c device according to an 10 enbodi nent of the present
invention. As shown in Fig. 1, there is an absence of nounting naterials
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materials would be within the scope of embodiments of the present invention. The
20  TE material of the electrodes is doped with conventional dopants as appropriate,
such as, for example, phosphorus, arsenic, antimony, bismuth, selenium and
tellurium used as N-type dopants, and boron, aluminum, gallium and indium used
as P-type dopants. The P- and N-type electrodes are separated by a patterned
oxide layer 119, which may be provided using any one of well known methods, as
25  would be recognized by one skilled in the art. A function of oxide layer 119is to
electrically isolate the N- and P-type electrodes from one another. The N- and P-
type electrodes are electrically coupted together via interconnect metallization
conductive elements 122, 124, 126, 128, 130, 132 and 134 as shown. The
conductive elements 122-134 may be made of any suitable electrically conductive
30 material, such as, for example, an aluminum copper alloy (containing about 0.5%
copper), or copper,, the aluminum copper alloy containing about 0.5% copper
being preferred. A thickness range of a TEC 120 according to embodiments of

the present invention is between about 50 and about 200 microns, with the

5




10 m crons and about 100 mcrons. [00181 The cooling of die 110 by TEC 120,
results as a function of the 5 Peltier effect. In particular, referring
again to Fig. 1, a DC power source 136 is connected to the TEC thus
forming a circuit 137 to power the sane at conductive elenments 122 and 134
as shown. Electrons in circuit 137 flowin the direction of the shown
arrows through TEC 120 in circuit 137, and in doing so, extract heat from
die 110 during the die's operation. The power discarded by the TEC at the
10 hote&ﬁdndésﬁﬁﬂﬁgaﬁbmkhaxpamgebab&mmbﬁ@uhﬁonhenosbddehGUM@ka|de of the
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120 as r@nf}:wa@f bOUDPISS coigstingnians bf K- afid Peiype 2lRirofE€S Amghowcirude any of

t he conventional mcro cessors f
Fig. 1, the shown N- aRd% couples aré) CEOnlllgi%gé Yr{tcr)] 9 TE6C module where they

are connected electrically in series, and thermally in parailel. Typical voliages
20 applied to TEC 120 may range from about 3 V to about 5 V, and could be up to 12
' V . The local cooling provided by the TEC allows the overall power of the die to
be increased without exceeding the maximum temperature specifications of the
same, such as, for example, 100 degrees Celsius at any point on the die from its
front side. Optionally, according to an embodiment of the present invention, a
25  feedback control loop 140, as schematically shown in Fig. 1, may be coupled to
the electrical circuit powered by power source 136 as shown. Feedback control
loop 140 may include a tempeérature sensor TS schematically shown as having
been coupled to die 110 in order to sense a temperature of the die. TS then
communicates a signal to a feedback control system FCS which in tum regulates
30 the current through TEC 120 for example by regulating a voltage of the power
source 136 supplied to the TEC. Thus, feedback control loop 140 allows control
of the extent of cooling provided by TEC 120 as a function of the temperature of
die 110. FCS may include any of the conventional microprocessors for receiving

6




a tenperature signal fromTS, for regulating the current through TEC 120 as
per conventional nethods. [0019] It is noted that, while Fig. 1 and the
figures to followrefer to elenent 110 as a die, enbodi nents of the
present invention are not limted to a 5 mcroelectronic assenbly including
a die, but enconpass within their scope a mcroelectronic assenbly
conprising any mcroel ectronic device apt to require cooling which may be
effected by a TEC. In addition, although Fig. 1 shows a TEC nodul e

i ncl udiRgrBepinealday frofn TOUBH RRuldihgthd surrent through TEL 80 ad pettri cal |y
connected pairs 01J N and P-type el ectrodes), enbodi nents of the present 10
i nvent conventienaldeciclsi n t heir scope TEC nodul es conprising a single
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" esi st 36 &sheliueatbodifn AR bRENORUENArE Aot Amhsd aogl ed and the TEC
thus allow ng for a conparatively Iab:vger t enperature reduction at the hot

spob, aicrotlectrheic aseernblyriciudiag gitlie.i W ERCHBRRTS WIBHLIMIFEPF he TEC to

achi eve . jr : AR it ofd @t it $equienpared to the
TEC te@ﬁ%@??gﬁgglgggrs%’ﬁﬁgq{oﬁﬁﬁgg stat% of . trhe art, w?\%{re ? e TEC i s nounted
to t hecoblargpehich tmayticeifeietby adHe Incasisiition, BNy g hshothei ng materi al
such a | der, .ther.nal_ gr ; j ichiRe present :
ivent 155 BRauedaIgafD e uplEt ShuBRe et sy BRAIE L Seb ol Pl SRl 11+ n
as par cophedibe pass ek sndB-tgppelectiodas) bwhbrefimentscifde Peesent mi cr oel ect roni ¢

devi t | ed .vi. : i I | bstanti al |

el T naveagon PRt iRk TRk FBh Gk Bomel kY FptBo P S he” chol ed
and the TEC. [00 Ref i i 0S...2:.9€: g f

et hod 182055 1 apkiasar snealiuts b R s pentionunchesges o 100 in
Fi g. 1 dkamphswasemBlyel 0oasignilisarstlyagdscan tertral expactiragigtanae PEMEassr det ai |

bel ow. [0022] As seen in Fig. 2 first a i rication of a
micr oelt'é%WQHH?'@Ctr%ggﬁWW 19 ﬁ% Ic%l?ﬁ@"g ﬂb%iréh ﬁﬁsﬁg&&l cﬁoﬁges provi ding a
m cr oelBatdapRivelydanjes emparatura sedliction 20theamd spoipaind furthes reduang ity of first
conductive elenments adapted to 30 be. el et tgﬁi Calc}:,e coeugg %i to correspondi ng
pailbs dhe KIPUARAWVEL FOGHIES fotbe e o @F 'Pire e PR TR ERETSN" of the plurality
of conguEtdqkenlt BRBALS Th0S) dRsare@ S PEATET tdobinoldgyrecenrdgi toeme s, i r st
providing an interconnect_netallizatjon | %¥er l| n the form

state of the art, where the TEC is mounied to the microelectronic device to be

cooled by way of a mounting material such as solder, thermal grease or epoxy,

embodiments of the present invention provide a microelectronic assembly where

20 the TEC is built-in as part of the assembly as opposed to being attached to a
microelectronic device to be cooled via a mounting material, in this way
substantially eliminating any thermal contact resistance between the device to be

cooled and the TEC.

[0021] Referring next to Figs. 2-9c, various stages of a method of
25  fabricating a microelectronic assembly such as assembly 100 in Fig. 1 is shown.
The various stages will be explained in further detail below.

[0022] As seen in Fig. 2, a first stage in the fabrication of a microelectronic
assembly including a buili-in TEC includes providing a microelectronic device
such as die 110, and providing a plurality of first conductive elements adapted to
30 be electrically coupled to corresponding pairs of N- and P-type electrodes of the
TEC. Provision of the plurality of conductive elements includes, according to

some embodiments, first providing an interconnect metallization layer in the form
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7 of first conductive layer 200 on the die 110, and then providing an

i nterconnect pattern in the first conductive |ayer 200 to yield the
plurality of first conductive elenents. As noted above, die 110 may
include an initial |ayer of oxide 112 thereon First conductive |ayer 200
may in turn conprise any conductive material, 5 such as, for exanple, an
al um num copper all oy contai ning about 0.5% copper, or copper alone, as
not ed above, and nmay be deposited by any of well know deposition nethods
for deppsirsi cvgduetidl lbiy@a200om fhaye $10,suchihas préviding earmpeEonnegut t eri ng or

evaporation. [0023] Referri n ta Fig. 3a-3d, met hod.. fabricating a
10 mi crpé’gPEb'PrtBﬂiﬂEJt&Q%WV‘fzP%ﬁ&ﬁé@?%j'eg tﬂgipfl{r@ﬁquﬁ- LEOR (ta“(r?éi ncl udes

provi dighhmanmts. is3tRiE@aReRS, drat toemay intiddeear inttil leyendiatidese12 ayer 200. The
provision of an interconnect pattern would result i(gb%_he f ormati on of

di st i ndherendrirst PW%P\@@M%QOCP‘P‘@W%WB‘B‘Enp%e paY EPNSHHVY anggr r to power

di s§i NGl,ck AUPIP BxHnplEE@nd0minthd Soppé alldf célanintiy it ©53aebepeaf opr ovi di ng

t he ‘i nterconnect paPtern in first conductive 15 |ayer 200, which exanple

i ncl udeoppet aigne. asiuyedphgye. end Ak feR/AIPE YW WHIcE&WuUre, in order to
etch ”b%ppﬁftiSﬁ?r?é%H&é‘éfoPg%é@sﬁtmd AL 1298, shéh Barbi Sthdgle, as seen in

Fig. 34, € provision an 1'nterconnect "pattern i1 n |layer 200 invol ves

t he pr epuienng of evapoeafiost | ayer 210 on first conductive |ayer 200. The
resist layer nmay be provided according to any of well known techniques,
such agpoXdr 20 Refarph@nexthe Gig a3 gimeinag Oé}lﬂ%@égngﬁi ng a coater or

devel oper fi., i st di J I RV the spin
SpdBa AMaae ol BB B B T B e For i 1.
as woulistehmnnecioattezreth thy fisieopttidtive davien 208e TharrovigoRwéAR i onal resi st

deposi t.ion techni gues ovi de. resi r dksas shown
accor dinﬁtsrciogngﬁjt%agféﬁ%wt%'g%orggglﬁgﬁﬁ?g@'gﬁ#lgﬁﬁsgﬁglﬁ%‘ﬁ% gg&f(%oe %_ AsS next seen
i n Fi g.frdh copdediot ¢ayer 200 irparder tnsovedr digtisics tolpgseef THO 128r EigsedBved as a
functiqn, of .the interconpnect. pattern to rovided: I 200. As shown
in Fig.® ,p'ﬁﬁ‘ﬁredﬁaﬁﬁﬁef BP%rﬁg'dﬁ}%hai‘ﬂ%WPPR?%fP@%f” @19{ 'r%]hrbé) ”g‘?j“g@& er ni ned
p0r1}5i Oﬂéyé?fEr(])loeﬁhﬁm dx@VrﬁzT(e Q\ﬂ:@ldﬁawsiﬂg ii&ujg'rml@dh obi rmqkd dixivetppradsh st | ayer 210
to light throy S 0.as shown, e Nnps i i . attern
corres ﬁﬁﬁ%ﬁ%e{'g qgfé’%@@ﬁﬁ@r‘%ﬁ%@ﬁ‘%&ﬁé’&?@ ‘n?q Igy%reifgi g%ip%)gt@g)aﬁ’ | ayer 200,
and t hejeeqfdnan ARy, 3 BROprslis@ntdian isspRsedctpeeet priayereabodovdlvens by using a
devel oper solution. The interconnect X .

the provision of a resist layer 210 on first conductive layer 200. The resist layer

may be provided according to any of well known techniques, such as, for

20 example, through a spinning process using a coater or developer. The amount of

resist dispensed, its viscosity, and the spin speed and time help determine the

final resist thickness and uniformity, as would be recognized by one skilled in the

art. Conventional resist deposition techniques may be used to provide resist layer

210 as shown according to embodiments of the present invention.

25  [0024] As next seen in Fig. 3b, predetermined portions of resist layer 210
are removed as a function of the interconnect pattern to be provided on layer 200.
As shown in Fig. 3b, according to one embodiment, removal of the predetermined
portions of resist layer 210 may be achieved by exposing resist layer 210 to light
through a mask 220 as shown, the mask displaying a pattern corresponding to the

30  interconnect pattern to be provided on layer 200, and thereafter by dissolving the
exposed predetermined portions by using a developer solution. The interconnect
pattern provided by the mask 220 is transferred onto the resist layer 210 by




pattern provided by the mask 220 is transferred onto the resist |ayer 210
by 8 exposing the mask 220 and resist 210 to light, such as W/ light, for
exanpl e by way of a stepper, as suggested by way of broken arrows in Fig.
3b. The wavelength and intensity of the light, and the exposure tine are
all factors in properly exposing the pattern, as would be recogni zed by
one skilled in the art. 5 Conventional exposure paraneters nmay be used
according to enbodi nents of the present invention. Thereafter, exposed
porti OGSpcﬁn‘mgﬂﬁmtasI{ 23@ andressidi@ 10its Sghitysebh asndy ligh, rf@%adml%bbper sol uti on,

as is well wn in the ar The deyve e rature and
concenf"’raé{t‘llfé1 ?%qpe(rh%s 3&9@5@ ‘g%‘fﬂ ?rSKé)rgE&BW?H ?@C?%r;m?n properly

di ssol Wzeglehht SPpREedity esitstighaandthd dxfesuretogrre e fanjoreie skilled in 10
the art. Conventional exposure ﬁal g)rret ers.may. be useﬁicg Ctﬁ%%i—tng to

enbodi RERREEYY SKPPFIRO HeR@HRM; 3R URYIH O 6809 O SIGIRHRE? fhed portions
of 57 egiohlehtiRl exddsuré phdmaleBahd lﬁ&ﬂﬁsbd@&@Glngwembadimweres(biﬂtnet| ng the

i nterconnect pattern to be row;

| 0025 t ot
Fig. 3@resenbiieeriion. nERPrpaiien 8Rese PP&%? 03\6/%5%15 ef %%béﬁ‘%&gé ;I P 8n2te |Xon °

Of the gl ?fsﬁ%@@@&el@@érts%mlohoaé% WIRHoURN e BAY eThe2@8elddnerthown in Fig.
accor to one enbodi nent, renoval of the predet e%m ned portions of

Iayer #0®, mpefettmeﬁné\macwraét)&ﬁfﬁ@ %}@P%&ﬁ@'uma@raﬂ CFS B0 not
Pr ot ecL sl MBS &Esbal rdR ol A neCaRYamd bR Par amet or s

odi nent’s of the present invention. For exanpl e,
acdbrdﬁm@aﬂoaoovmmhemﬂsmparametﬂram lpeinged @koRdRY (Such as an Al :

or” salRORE e BEhe SresShOlANRY RSBl S FEialhBBbRioibed port’ ons of

Iayer are prote resi st econe the active
ar eas wsua [pedrtiOngelds atpatteomedaesist imperad 107 zal‘ﬂ!bkﬁng the/wteregmed ncl udi ng first
conductlﬁe eI rrents 1%4 [%%@Qd 132 shown in Fig. 1. As seen in Fig. 3d,
once et@hf Q:r8?%]f3 OQ P her (also a 25 type of plasnma etcher) may be
used t gogasyn ofbefwmgarrmmo Riy. Bespreteteanipied|pdritorisiaf $ayer a0 1©&e ned
metal | i zation | ayer n.in, Fi ohsfabricating
a fPcr 6eMEER aﬁpguangéq%h%m %E‘%Wchﬁgtger[%ﬁ? PP pgov'éfeéi(f?? ES’EEQ%I Ir?cl udes

provi dishgwa ifFigy Be, é@b@cﬂm@&ﬁor&i embbdimging rrealovaloftthe pratetesmieati met al | i zati on
| ayer 200'. Provisign of t eg}l;%@/ e 30 layer 230

3 incl ccording to
one enthOHIONSA [2YEUBOEManks a G RYoRicRpo gway portionoof Iayer%ﬁ nof J
protected by patterned resist layer 210°. Conventional etching parameters may

used according to embodiments of the present invention. For example, according

20 to one embodiment, a plasma (dry) etcher, such as an Al etcher, may be used to
etch away the unprotected predetermined portions of layer 230. The areas that
are protected by resist will become the active areas of a patterned interconnect
metallization layer 200 including first conductive elements 124, 128 and 132
shown in Fig. 1. As seen in Fig. 3d, once etching is complete, an asher (also a

25  type of plasma etcher) may be used to burn off the remaining resist fo yield a first
patterned metallization layer 200
[0026] As seen in Fig. 4, a method of fabricating a microelectronic
assembly including a built-in TEC further includes providing a N-type layer 230 of
TE material on the patterned metallization layer 200°. Provision of the N-type

30 layer 230 may include, according to one embodiment, CVD or PVD deposition of a
TE material precursor implanted with dopants, or, in the alternative, CVD
deposition of a TE material precursor followed by on site doping after deposition.




TE material precursor inplanted with dopants, or, in the alternative, CVD
deposition of a TE material precursor followed by on site doping after
deposition. 9 N-type dopants may include, by way of exanple, phosphorus,
arsenic, antinony, bismuth, seleniumand tellurium [00271 Referring next
to Figs. 5a-5d, a nethod of fabricating a mcroel ectronic assenbly
including a built-in TEC further includes providing an 5 el ectrode pattern
in NNtype layer 230. The provision of an electrode pattern would result in

t he f ommtieaidpahisthay lrimtdel\lbywa? of brarhpledpodphomd, ayenic230timeys. 5a- 5d
depi ct one exa | e of viding the el ectrode pattern in N-type |ayer .230,
whi ch  bisDayh eeleniy te W& Ti t hography, or a mask/ devel op/ et ch

proced%&’i}' n or Hgferfity n@&&@ﬁd&%@-@ﬁ%hﬁiﬁod)@if@brmfetlnlgta) | ayer 230. In
particular, as seen in Fig vi sion of an el ectrode pattern in

| ayer Z@Grqeiﬁmﬂ@ﬁsﬁﬁ@bb’r'ﬁwgﬁar? QH'” L Tgé?g'?herl"&%é‘?e%@v'gw 99" st conductive

layer %%tro@@;b\éﬁaf‘d |ﬂ'}@~kyp@%?émé3©r St h'é&#oﬂ@ioﬁﬁﬁ@n@bctr@ﬁ@\ﬁadérdm@ﬂﬁ esi st |ayer
according t nbodi ment he present invention. ng(i t he resi st
@p t t

| ayer rasuibie the farmagan Dﬁd*ﬁW@té\hW@eW@ﬂe%mﬁb’%%r %30( H:'9$ o Fig. 3a
abo"e e gbgick 80 BlafiBicProRGiRY thdlelBtfodcPPattdh aFRLEpEIRA2BONIGNS O N-{ype

unction type electrode pattern to be
pr OVI desaopld iaylodes 2SIDg litogsaunol a ﬁﬁsb/deﬂﬁlo%?é@b?@Cﬁ@wﬁomd?'i@eretﬁbod| nent ,
removal ., gf i | $ sLQYRIFig4E, Wy be achi eved
by expc‘):‘g‘lghntg[rftepai(:"sclﬁ'got%’geqt g{egnrm 4@9?{&:}(9%&& ({L%% S mask I%50 as shown, the
magk dlm@\hayn ngaael:m,trbéelpaﬂa“ncoﬂay@sﬁaﬂm\n@g/eﬁdhe ﬁ@VéﬂI@t@fra)@élsbattern to be

provi d %éh %grﬁ,mgugv% Jg}b z%%f gfénvaor% férxéte% hBg pEXR

pr edet evel oper tron Pect rode
patter rprw@ythéa@sisylatyheamdhngM)emodm&nm efrﬁweqbreﬂﬁrwrtvlaetlcvreslf@t | ayer 240
by exposi

exanpl @%W%Eﬁ%fen%}%gy%H%S/dbe;@r%lgﬁéaﬁﬁgff%é %nglsg%ﬁ%tgérwr Ir B\?\gtl n]c glr g.

Sb. 25 et ®s Fignah abypesure paraneters may be used according to
enbodi nrents of the present invention. For exanple, exposure may be
ef flgct gopagp t he Aamexn@duman FigSnpleeldtenimited Bobent om-t@egay@m above.

dovel ot &BPUR 816 USRS MR HEF T RA o5 13 POBROLRE UhEFofoval opnent -
par anetes APshdad MIBE. 31 Geestdmg th @ne embodiment, removal of the
predetermined portions of resist layer 240 may be achieved by exposing resist
layer 240 to light through a mask 250 as shown, the mask displaying a pattern
20 corresponding to the electrode pattern to be provided on layer 230, and thereafter
by dissolving the exposed predetermined portions by using a developer solution.
The electrode pattern provided by the mask 250 is transferred onto the resist layer
240 by exposing the mask 250 and resist 210 to light, such as UV light, for
example by way of a stepper, as suggested by way of broken arrows in Fig. 5b.
25  Conventional exposure parameters may be used according to embodiments of the
present invention. For example, exposure may be effected in the same manner
as noted with respect to Figure 3b above. Thereafter, exposed portions of resist
layer may be dissolved away using a developer solution, as is well known in the
art. Conventional development parameters may be used according to
30 embodiments of the present invention. For example, development may be
effected in the same manner as noted with respect to Fig. 3b above. Aremova! of
predetermined portions of resist layer 240 yields a patterned resist layer 240’

exhibiting the electrode pattern o be provided on layer 230.
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30 enbodi mrents of the present invention. For exanple, devel opnment may be
effected in the sane manner as noted with respect to Fig. 3b above. A
renoval of predeterm ned portions of resist |layer 240 yields a patterned
resist layer 240" exhibiting the electrode pattern to be provided on | ayer
230. 10 [0029] Referring next to Fig. 5c, predeterm ned portions of |ayer
230 are renoved as a function of the electrode pattern to be provided on

| ayer 230. As shown in Fig. 5c, according to one enbodi nent, renoval of

the pr wtxztgfr i nefefdp@id hdxiso Big. beymed@aimines pbetions tf tared 28§ ast chi ng away
Ol‘tl ons O

| ayer 230 not 5 rot atter ed resis 240'
Conventr@BH&eFd é%éﬁ?'?ﬁj'oﬁéifﬁ??e? Eﬁaﬁ%ﬁﬁh ARt n?j”laé%e'"% dxﬁents of the
pr esenfshbﬂﬁ‘?rﬁ‘f:lgo Be ddterdiEty itk éMbodiment fré@otadbfitie bﬂ‘eﬂeﬁanmemanner as

described withrespect to Fi 3c abaove. For exanpl ac g to one
enbodi @@ﬁtonsdlf@yﬁéﬁﬁo e a¢ q’&%ﬂbys‘ﬂﬁlﬁn%éwéﬁ pRﬁ'or@togﬁ@ﬁer%gé e used to

et C? awp&ﬂaaebg;bggetﬁéaeglspra%@w WC@:ﬁGerﬁ%hbl é’t@ﬁlngfpalré’rﬁétrerslﬁla??vo The areas

t ha r ot y resist "will becone the é pe el ectrodes 116 shown
in Fi gused aASOIsle‘@rtmemtmdg'nellﬂa of&m@ree@r&mw@tlpe EBmsiding maK Posher (al so a

type of ffB‘l;l%grﬁElj & ¥ %éﬁﬂ&&%ﬁd@&?@eg%msre%éctrté"Plg" @H%bﬂbé‘g:dres' st to yield

a patterne ayer tertal 1 nCluding electrodes 116.
Ref er r iexgmplesetcdrdingi tg.oné endmwnh!dda@lasrmﬁdrﬂeﬁtﬁw aueh %ﬁ’r @fei"\éct ronic

assenb i ncl ud crof the

pr esente)(‘?rf‘?ve'ﬂf’}'bﬁ%isﬁg?%ﬁgé ﬁé}c}?&&g&gfeggt#@"géra onto Gyers 200°
ando23@30. Ghiedgehaftet a%@rotm,yedf)hy mem&mmekzeaqme theyN-dyne eectipdes Mﬁo\m met hods
as would be.r ni zed by kKilled jn t 260 fills
the sp& 8@”5‘%? g ;éil%ecet”r‘ﬁ%négs 5%18”;9 %8h'8%t€§0'%te(t)eﬁc?%ﬁ%§re £ements of

gat t7§r sk §ﬂﬂhQ§ﬁé :cev(fmet))&yiey b@Q8kd barshuiihe radahdeR@kisRef eelldleng InE)c(It to Figs.
a- a _net hod of fabrjcat a, mc ect a uding a
bui | t - i@t ?E@df"ﬂl’ttﬂ}?e’?y“i"’récql t‘ggﬁ?%ﬁﬂﬂ 'FF?;“JA el':gf:ﬁg(ﬁes Tj@?mg{e%fe'lrr ﬁﬁl n oxi de
:cayer #e tofTth O O¥leFicRINofabrtiatiey achicrcrahicerssembly |dclud1egui buiitn t he
ormati on o

) istinct P-type el ectrodes i ter erse gr 260. Figs.
7al?d depE& acseedied khph & dkﬂ?%\} f'\?gf’r?ﬁ%n én"é:’ 'PRYY @éﬁtpé?% 'H %Oxi de Iayer
260, 23,y 15 rezwm{tslayé%m%nwmg d)k[HBWeaQBﬂmeWb@prm&ieﬁdevel op/ et ch

procedure I order to etch the el ectrode 5Ezattern i nt Ia%f_%aé'g In
parti cnaronezef walidmown meods as woukbbe Feseraires bﬁpnﬁr?kelfagé'f pattern in

layer 26Q4é 18l ¥66 fifldheRpakss b&Weh eedi®dbS 4 16, and between conductive
elements of patterned conductive layer 200" as shown.

20 [0030] Referring next to Figs. 7a-7d, a method of fabricating a
microelectronic assembly including a built-in TEC further includes providing an
glectrode pattern in oxide layer 260. The provision of an electrode pattern would
result in the formation of distinct P-type electrodes interspersed in layer 260. Figs.
7a-7d depict one example of providing the electrode pattern in oxide layer 260,

25  which example includes using lithography, or a mask/develop/etch procedure, in
order to etch the electrode pattern into layer 260. in particular, as seen in Fig. 7a,
the provision of an electrode pattern in layer 260 involves the provision of a resist
layer 270 on first conductive layer 260. Conventional parameters may be used to
provide the resist layer according to embodiments of the present invention. For

30  example, the resist layer may be provided in the same manner as noted with

respect to Fig. 3a above.

[0031] As next seen in Fig. 7b, predetermined portions of oxide layer 260

are removed as a function of the P-type electrode pattern to be provided in layer
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| ayer 270 on first conductive |ayer 260. Conventional paraneters may be
used to provide the resist layer according to enbodinents of the present

i nvention. For 30 exanple, the resist |ayer nmay be provided in the sane
manner as noted with respect to Fig. 3a above. [0031] As next seen in-Fig.
7b, predeterm ned portions of oxide |ayer 260 are renoved as a function of
the P-type el ectrode pattern to be provided in layer 11 260. As shown in
Fig. 7b, according to one enbodi nent, renoval of the predeterm ned

Itogrlt: S%O?E\srs?ﬁjmﬁmlﬁgﬁrbzggébrﬂmg t@ene@hitﬁ)d&ﬁeduyrmqnmbﬁmer esist layer 270
rough a nms a di,spl tt
cor r es heRataENIned Pﬁ@'oﬁﬁgéfﬁsﬁzayﬁégﬁm?y{b? %“31‘%\?86’1\}?38@?8?9 Ir8§/[g Zg(r),n and

t her eaf .
qoocre Fl)éegf‘err Szgotw [@Hﬁﬁﬂiuﬁh%Qnéﬁ@ZM@@@l%lmprtﬁé@rﬁaﬁkfﬂlsmslynp@gtpadem by using a

e el ectrode pattern provide 280 :
t r ansf @ofreap@ntling taibe elagtode paiem tobeprgyice BBé‘T"W‘d%H rr‘(g&?m and IrZsi st
2705t 0 dg‘éﬂ%godvﬁ%’% éﬁ) d hf&memﬁﬁﬁd pcﬁﬁ@ﬁ@f’%uﬁﬁ waevefopar ssietger, as
suggest ro arrows in %‘,onventl onal osure
par ametiessletsodsepatiost Pmtﬂ@ﬂdlyribe mﬁsésrﬂﬁg)dis frensferse OL”FRsthfdeﬁ%@g
i nventi S manner
not ed v%%phbféei[ggg gqﬁéﬁESﬁure%ﬁ%ggve hfagbgﬁh?ﬁejﬁbmeig%gegﬁgortl ons o?s
resi st exampbr bmyhnéamtmr \ascsuggagted iyneaoideokebpepws 1 Kigi 67, as is wel |

known i t arnt d

accor dlc?&r PBU%'}%%P%%%{?Q%"?%}% .ﬁggg%?\;{% glg%gﬁtalngr{s I@gbr%d&rm%mg%&%evel opmnent

mgyl obe pkésaatftira@héoh.i rror Ie&amateeenmﬂmee rrmy breotféatted nihe é@lpilédﬂamt?fﬁ g. 3b

above. et er ned | d

patt or ASIGELALD PeRpel e BATHT | T EH ey B Rris Rt e

p][ 0?“ dﬂékxéggr(:)éyab’@ﬂls'é@l%d Bwfagmsln]lcgga dj@)ello;iem sBiugjon, ﬁssls vellidaetverinitteed porti ons

o] ayer are re unct on of .t he tt to b

provi dedt- ofrony§itions 5_’@0 WRTRTHE %may(pe %@? Cé%%dqtg gﬁe (Za(r)nengod?ment,

; tegﬁyﬁgergsm%d.mgg@{cﬂm gf%%?ﬁdvmgogb o8 eQémb@yeévéiﬁ}g)mBmymbye bachi eved by
rtions o ayer t rote tt d I

2705. @ﬁtﬁ@nmt%a@memﬂ% aﬁé‘PEﬁﬁJe‘f’ ge%'??ﬁ&}* ta?é%%& %%f gr Agrre?ﬁo Lg‘i'd.sfmn? ge(r)f

t he gﬁé@é‘ﬂerrhl'ﬂéﬁ@)bh%s of ARSI PFORRYCDE p@ﬁér@u@ﬁ@és&ﬂaﬁét@?@ane manner as

descri respect to Fig. 3c above.

embodi rhibiing s spraode Reey) DdecErIed dea 2. RETOrERGEN dySbe used to
etch avy pf'éb%termlned portions of layer 260 are removed as a function of the electrode
pattern to be provided on layer 260. As shown in Fig. 7c, according to one
20  embodiment, removal of the predetermined portions of layer 260 may be achieved
by etching away portions of layer 260 not protected by patterned resist layer 270"
Conventional etching parameters may used according to embodiments of the
present invention. The etching may be effected in the same manner as described
with respect to Fig. 3c above. For example, according to one embodiment, a
25  plasma (dry) etcher, such as an Al etcher, may be used to etch away the
| unprotected predetermined portions of layer 260. The areas that are protected by
resist will correspond to locations of the P-type electrodes 118 shown in Fig. 1.
As seen in Fig. 7d, once etching is complete, an asher (also a type of plasma
etcher) may be used burns off the remaining resist to yield a paiterned oxide layer
30 260 of TE material defining vias 265 therein.
[0032] Referring next to Figs. 8a-8b, a method of fabricating a
microelectronic assembly including a built-in TEC further includes providing P-type
electrodes in vias of the patterned ILD layer. The provision of P-type electrodes
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unprotected predeterm ned portions of |ayer 260. The areas that are
protected by resist will correspond to |ocations of the P-type el ectrodes
118 shown in Fig. 1. As seen in Fig. 7d, once etching is conplete, an
asher (also a type of plasma etcher) nmay be used burns off the remaining
resist to yield a patterned oxide |layer 30 260" of TE material defining
vias 265 therein. [00321 Referring next to Figs. 8a-8b, a nethod of
fabricating a mcroelectronic assenbly including a built-in TEC further

i ncl udegcerdig t8idme é?n@menaheytmweqarbwdmgaspwpa atgpiat 880 ned | LD | ayer.

The provision _of P-type el 12 . ac ing to nt may

i nvol veHew 8!‘%6@?& e'%a 8 ”3' in3iRs Eﬁgf&?g‘eﬁ@e %‘9%%%95@290 of TE
mat er i %hd't!ﬁler\é!aﬁér @t@ﬁin@ﬁhé’ﬁf&‘t@féﬂ@@b yiee Fb—ﬁsbp@relé?tﬁﬂ)d,es 1aBdstdhenedht er et chi ng
the mat eri al 300 yreld P-type el ectr des as shown in Fig. 1. By

"| egs, 'FigaBYi’ ?Qﬁedﬁ‘hatll%mﬁﬁﬁt 'Eé‘?ﬁ exttego tﬂP‘F‘e’nP@f RECTHESE S Btion is a 5
pl ugal i i&aﬂ%ﬁb%ﬁ@gﬂﬁwafgﬁaﬁbﬂo@ide@ﬁ‘%ﬁﬁ& rBEedsiid Reficln0sResdeatto yiel d a

compon Provi si on of pe materi al 300 i ncl udi ng

P- t ype Of 81psTRGO Arayision g fhed-tyngcbatedirheP & BCéﬁ@gé?r%& Iren L0 &A@ or PVD
deposi ¢ &’h&faﬁ%ﬁﬁg%tcﬂ 'é%bo @ﬁ#bw of lﬂ%%b%@'itlwh bhad%@fe?tal or, in the

alternalve osition TE materi al recursor fol | owed by on site
dopi ng paeéctwéssordmpmed with dph@wtaecpfomthe ehematiye, ﬁgpasm@y@?a dF TE materi al

precur %gaetgﬁ)é] R}?c?ugs&‘ﬂgll&nyrgé b{Bf s ltﬁ dgﬁhg%ﬂgf 8&5&?&3“ %[tFmt ype

el ectr vision o mat er | aI udi ng P-type
| eg6 ZS'CEId]p@etlaym‘fofmmateallal @@Ounsncbmjmaﬂngamrsar@fmll@@ mgwdﬁﬁﬁorbe et ched

oxi de. 16 B plbelibfes e piy e BB R R B3R ARG £y BEL 1 54"%%
met hod [@fs 26 paadiof ngaterial 300 fredldbed pants of lags 2abmayi tr&:chtatied]gafak duilt-in TEC

exanpl SeeRaT Hige PP letkient bt skorodSe 0 sl R T LERPAAS 1o * T

el ectrispalhy coupled to correspondl ng pairs of the N and P—type

eI ectrodes Provi sion of _the se nduct i v ts may, 20 accordin
0 18ond¥BFbodi rreﬁ?é?ee’éﬂ"hﬁ'rgﬁs%af‘ 1@80@F}ﬁt'ﬁ%£?%ﬁasmagwgc?nngct °

”Et al | 'rﬁléﬁde%trbﬁbéeéssbﬂ]bqﬁﬂcm@fn@‘sﬂfmuIWQE'G ifOOdEchiovidingay pluraitPoon t he
el ectrodes, and then provid g an_ i nterconnect atter n i nb&e second
2

conductseeend W@!@ewerﬁ eSIUG AdopexamaPIet 90Q51“-'C el bhdtret i ve el enent s.
Second e@ngue L iy 63k 3KEIn 3 Big. 1 electrically coupled to corresponding pairs of

the N- and P-type electrodes. Provision of the second conductive elements may,

20 according to some embodiments, comprise first providing an interconnect
metallization layer in the form of second conductive layer 310 on the electrodes,
and then providing an interconnect pattern in the second conductive layer 310 to
yield the plurality of second conductive elements. Second conductive layer 310,
as shown in Fig. 9, may, similar to first conductive layer 200, comprise any

25  conductive material, such as, for example, an aluminum copper alloy containing
about 0.5% copper, or copper alone, as noted above, and may be deposited by
any of well know deposition methods for depositing metallization layers, such as,

for example, sputtering or evaporation,

[0034] Referring next to Figs. 10a-10d, providing an interconnect
30 pattern in the first conductive layer 310 would result in the formation of distinct
conductive elements from conductive layer 310 in order to power distinct couples
of TEC 120 shown in Fig. 1. Figs. 10a-10d depict one example of providing the
interconnect pattern in second conductive layer 310, which example includes
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as shown in Fig. 9, may, simlar to first conductive |ayer 200, conprise
any 25 conductive material, such as, for exanple, an alum num copper all oy
contai ning about 0.5% copper, or copper alone, as noted above, and may be
deposited by any of well know deposition nmethods for depositing

nmetal lization |layers, such as, for exanple, sputtering or evaporation.

[ 0034] Referring next to Figs. 10a-10d, providing an interconnect 30
pattern in the first conductive layer 310 would result in the formation of
di st i nafsingaitmstigpiiyy er alreaakideselapdercic prabeduiey & drdgeto e then order to power
di stlnct cou les . of T

exanpl i8O8 %Q;Ip@iﬁﬁ@ 'E‘Egay?rr&ﬁ lBrﬂ?géctull:aﬁaﬁ é?%rl: n%%ecor’\cﬁle or?gﬁg)!t ft/eolngyer

310, \é\’@iféh mé%m&@ctlﬁtwleudmaage% ASiimgiVastthe graisign oba resistaayer @80el op/ et ch
procedure, in order to etc |nterc nnect attern i | ayer 310. In
parti cmﬂéecoa%cewﬂmlaffeg31é &“V?rﬂ@”ﬁ B%S”Eﬁ %%U‘T’effftgr c)c/)nnect pattern

in I’Say%'rov?ré@tﬁé?égist/%%ﬁ Aeoopdiny lt@embo@ﬁneﬁtg @f&hstprémernvaﬁﬁbn oforsecond
conductive |l ayer 310. Conventi onal garameters rra be useam]?l 5 provide the

resi st Sxaple, e wsift Ryet PRRORMCHERE & Be e ’6‘@8 &S MM on.  For

exanpl %55 Etd’ﬁﬁl 8t ahgyer may be provided in the same manner as noted with
respect to 3a above. [0035] As next seen in Fig. 10b, predetern ned

porti Onﬁt{ resi gt n%?tye?‘erenei'n)@:!g ang, ﬁ:%ﬂ@té@ﬂur@ﬂ porfisHicsfirsisahydie20i nt er connect
patter 0 be provided on | ayer shown in Fig. 10b accord| ng to

one entswereranred aszaﬂmlobpffh@emiﬁf@i@ﬁ@?@ﬁﬂ%@“b'éﬁ’ Pf%’l'f?do‘?n lPyei 310 | ayer 320
TRy, e ;?5%11 o Ft?g{ @pgﬁé&am qé'oﬁé en!b@aﬁﬁe&%nwah boht through a mask 330

as shown tern correspondlng to the interconnect
patter rpredBtbm‘upecd)deieds oh ra%gtéayeziﬁ@O maydbe apue\esl eexpingi'esist vi ng t he

exposeq. p R STIMNERDARTS hate aBy AUShAG, ndSHR ARSI ARy Sabhon. The

interc rnp OVI Is transferred onto the
resi st doame;oorﬁﬂrﬁb Mhexrpiemqngetﬂnath&asio Bgprogidedoasaytr FPoawd | i ght, such as

Y ont okl AR A s R oBRoRUORPRFRS Pkalpiec) Oy e
expi@s urs|dtione Taeenteldonnketgiattesn provisled(igrthy nmqhoﬁOng trahefeprad oatm.
O B B S N o B B P &y Tt
nmanner |t AtSSmpld by WesREetstéspdri gLsigygabied by way of broken arrows in
Fig. 10b. The wavelength and intensity of the light, and the exposure time are all
factors in properly exposing the pattern. Conventional exposure parameters may
20  be used according to embodiments of the present invention. For example,
exposure may be effected in the same manner as noted with respect o Figure 3b
above. Thereafter, exposed portions of resist layer may be dissolved away using
a developer solution, as is well known in the art. The development time,
" temperature and concentration of the developer solution are all factors in properly
25 dissolving the exposed resist. Conventional development parameters may be
used according to embodiments of the present invention. For example,
development may be effected in the same manner as noted with respect o Fig. 3b
above. A removal of predetermined portions of resist layer 320 yields a pattemed
resist layer 320’ exhibiting the interconnect pattern to be provided on layer 310.
30 Referring next to Fig. 10¢, predetermined portions of layer 310 are removed as a
function of the interconnect pattern to be provided on layer 310. As shown in Fig.
10c, according to one embodiment, removal of the predetermined portions of layer
310 may be achieved by etching away portions of layer 310 not protected by
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above. Thereafter, exposed portions of resist |ayer may be dissolved away
using a devel oper solution, as is well known in the art. The devel opnent
time, tenperature and concentration of the devel oper solution are all
factors in properly 25 dissolving the exposed resist. Conventional

devel opment paraneters nmay be wused according to enbodi nents of the present
i nvention. For exanple, developnent nay be effected in the same manner as
noted with respect to Fig. 3b above. A renoval of predeterm ned portions
of resiggtehiBEsiBPRy¥ B20ls Canpaitionaneidhing earahetorsymay 3264 aesdrdingt i ng t he

mterconnect pattern to be provi er 310, 3 ferring next to Fig.
Cc, pP&atosimeniaaf HisrRe "b‘fer’saﬂ}"eﬁzﬂ%fg‘%g]gem?}éﬁﬁ\?%&%g b unction of the
'nterc%ﬂ%haﬁﬁéﬁzﬁﬂb&ﬂb@@mﬂh@&ﬁ&ﬁtm | 3y ssovd1 Por esarablemccmrdmgg 1 Cxc,
according to one enbodi nent, rermval of the predeferm n%? portl ons of | ayer
leEQ?rFs“lﬁlfe

310 rmyioigeeLamasiaantyd PSSR (§5Y Fagfe may rotected by

14 pgatt 8@t rﬁﬂ@a BiioRBRF I25LEBI MOTHeGRBE IRAS MRY used
accgrdleﬁ%msﬂaygﬁ)ﬁ(Fg%ﬁt%?@ ?ﬁre pre?ent |nve£ﬁt|on The etchlq may be

ef f ect efeiprotesied byapsisinil hecoms the getiverrsaasot & PAERPEE iNEEORNGE! 3¢ abov e.
For ex gﬁBﬂﬁﬁ‘zaﬁ”o‘hC]%{(%’ n&ﬂm%%sé‘d%ﬁ@ %H@u”ﬁtwe BIdthanga 200139, eocher, such as

an Al etch away the unprot ect ed predeterm ned
porti ont§34(ﬁhoMmylerF|93ﬂ0 Asras@ralné%\g ‘tQﬁia@ﬂC%@féhkﬁlQ& eempletd\aryasiest will becone

t h t 310

(e kS 58 ShahenRE B ETISERRRREG e g o Yer 310

1I 1As &eeaittemecl:n@iamm;mdr:juag3é0ctﬁc;rgple‘sng:ﬂﬁﬂﬁamf@tloaﬁtmowr( I8l stal'(t) ype of
asma sed..bur ie a

Pat tor ridd T teshr e i TinyEr 53 RoroelsiphERbSRY (REPELahBa’ o\ Sge shown

in Fi Qbuuﬂ-GﬁT EE&swhith may bdesddinrtae aaangﬁmmtmoermMEIGUM|1caratsenbl y 100

i ncl udi n% aﬁ)ﬁfpu”t-l n TEC, which may be used in the arrangenent 102 shown
in Fi g.9g5cHPRA 3¥€cr i bed above. [0036] Enbodi nents of the present invention

furtherpppseg! ude Eﬁﬂ@dﬁnéx’ﬂ@b‘fth&pr’é@@lﬁ%x&nﬂ'&@fur&mmcﬂmieawﬁmnm@r coupl e TEC
with a single interconnect netalliz Ba%&gg LJgttl ve el errenh] on _each side

t hdPeofSCoPRE Ul riycB a8 2, 8NYle spuple; PURONDeRLTSBEZRYAL t r odes
CO””eth%‘FldQQEJ% %ér%ﬁt& ér?éééw?lé@%ér@@r’f meluding ékcm@h@w Rltype dihe provi sion of

such a TEC woul d be desirabl e according t he resent
i nvent i WlusivelyeN e eleereday wnngrled W%@'eﬁtf'ﬁgg’rﬁ!q”@rermﬂ@n’nrﬂ?é"[‘“ Eorrrmnl y
The provision of such a TEC would be desirable according to embodiments of the
present invention where the cooling of dies that are smaller than most commonly
20 used dies is contemplatede, such as, by way of example only, the cooling of dies
that may require cooling on only two spots thereon, and/or where voltage drops
typically associated with a TEC containing both P-type and N-type electrodes are

1o be avoided,

[0037] As noted above, in assemblies of the prior art including a

25  microelectronic device to be cooled and a TEC mounted thereon, a loss of
efficiency regarding TEC performance is typically caused by thermal resistance
between the back of a microelectronic device to which the TEC is mounted and
the attached TEC. The thermal resistance causes a temperature drop as thermal
energy enters the TEC from the microelectronic device. A temperature drop on

30 the cold side of the TEC (that is, the side directly mounted to the microelectronic
device) forces the TEC to operate at a temperature that is lower than if the
thermal contact resistance were not present. As a result, a cooling reduction
imparted by the TEC to the hot spot of the microelectronic device is
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20 used dies is contenpl atede, such as, by way of exanple only, the cooling
of dies that may require cooling on only two spots thereon, and/or where
voltage drops typically associated with a TEC contai ning both P-type and
N-type el ectrodes are to be avoided, [0037] As noted above, in assenblies
of the prior art including a 25 mcroelectronic device to be cooled and a
TEC nounted thereon, a | oss of efficiency regarding TEC performance is
typically caused by thermal resistance between the back of a

m cr oelieG kv ARhGediaNi reuddd, WHils thd ReyuFEEpbReMPpat dheMiEC she attached TEC.
The thermal reSistance causes a_ tenperature d{yg&has t hermal, energy enters

the TEDCcraasadt Referpneaisiaeda BriNis rageidde Figy YiePEhds &by Bt)th(?n 30 the cold
si de O%m})t]ﬁt Jﬁ%‘c\ioﬁﬁe@@fE@:I?ﬂbT iMGegbee clisiRGldriusmerineshint @f bbwemi croel ectroni c

device) forces t operate at a tenperature that is lzg)wer than if
the t tesuiret tcbeapaatideddoithe IFEEiNWAES.NOS speridhg. 1A% BUIFEIFE Na cooling

reductiQ i i : t l1Gheptkiegt ronic

de\%J Ceai@c%%hg%ggigrgg&?u%ﬁ;&ﬁ@ u%ﬂeeg‘{?‘g\%\ﬂﬁéem '? ﬁ@erdgg%ﬁ grgj polvver input to
t he TEGan provideca emsmtatuRefestustioe thas imatdeast abowi 's degire GeBSERFET 11,  whi ch
is a-graph of the anmount o | i i | si us versus
the- anbie Brmasdoier TRURT e R PinPaah®, Toq R RRIBRG: £ as “soen
i n Fi gmoliatedatobuinidreslectide@ devite aceurdingdd et stalei &f thesdnbl y according to an

enbodi nent of the present invention can provide a tenperature reduction
that i @038} | eastAdditutal AdvattegeseofGehlsidimentarafdre presant inverdivfer at ur e

reducti| o rovi.ded by, a conparabl.e TE i ted to a

mi &% oel& d?{P‘é’gtﬁ‘Q\ﬂ %B”%%t%‘r’l}?‘ﬁ&dﬁ%r % ﬁg&@ﬁé@!‘o};@'}ﬁ%?g %5.“% 0038] Addi ti onal
advant ggesficHly esmopst et sizef aridtenpeesterd rednotemt iegnirerténtsridleude provi ding a
fabrication nmethod for a TEC t hat all ows .t TE pegifically

tail or @'ﬁcrpsfepﬁamgid%*cﬁﬁ%b?é%%Ba?%PBPQS&SJEI}i%o%S &e{(l.?(l%i ég@rrrgﬁt @ﬁfgb a |

m cr oebeehEdhly SaKbieetured Becorainged seszoandsatiguaatibBGtsnderds bed pri or art,

whi ch are generally manufactured accordi to set size.an nfiguration
st andattes madnted KBl MisipeleeirIHE 8eVires WEW%Q%WéS%\ﬂPﬁ&Z%gP ﬁ’gut a

Negess t Mg Al e8fctbp shafermasts! aMaBRaitidhenstaddettaingequi renents. A
fag§i cgizléoaﬁﬂneﬂgo? accgrltjj(i; ng tg enbodi ment s OL t'?]e gresent_ i nvention

advant agsedingntalof 1 pReeRIEN GLiP AHKaNtBGRA Y LIPS o thus
Fabri caba dRamiatuRi (dnle rRRRRMEEES dsBlifmesbnisonents tailored to

their specific needs, rather than having to separately purchase TEC's from TEC
manufacturers and then attempt to integrate the same together with their

20 microelecironic devices.

[0039] Referring to Fig. 12, there is illustrated one of many possible
systems 900 in which embodiments of the present invention may be used, such
as microelectronic arrangement 102 including microelectronic assembly 100 used
in a subsystem 1000 of system 900. The subsystem 1000 may include, for

25  example, a microprocessor. In an alternate embodiment, the subsystem 1000
may include an application specific IC (ASIC). Integrated circuits found in
chipsets (e.g., graphics, sound, and control chipsets) may also be packaged in

accordance with embodiments of this invention.

[0040] For the embadiment depicted in Fig. 12, the system 900 may also
30 include a main memory 1002, a graphics processor 1004, a mass storage device

1006, and/or an input/output module 1008 coupled to each other by way of a bus

1100, as shown. Examples of the memory 1002 include but are not limited {o
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their specific needs, rather than having to separately purchase TEC s from
TEC nmanufacturers and then attenpt to integrate the sanme together with
their 20 mcroel ectronic devices. [0039] Referring to Fig. 12, there is
illustrated one of many possible systens 900 in which enbodi nents of the
present invention nmay be used, such as mcroelectronic arrangenent 102

i ncluding mcroel ectronic assenbly 100 used in a subsystem 1000 of system
900. The subsystem 1000 may include, for 25 exanple, a mcroprocessor. In

an al t%fd?@trgn@ém%b@@%enfohﬁ SRy Sih@ Gy ridiio ram‘:tyn enoéssadeemnnappl i cation
specific I1C (ASIC). Integ rated Ci rc its f LRI pse @P_égogt gr aphi cs,
sound, (@H&h@orﬁwpl%wfd%mssr%?faa? 8‘”5%@@6 e 4 T BRGTIIEHCE wit h
enbodi BB ok dr Sa'cB?«H%a&l sk dn{nxﬁs()(tﬁj) E@rgx@heereafq@@igmtveqwmx ed in Fig.
12, the system?9 may al so 30 incl rT% H“g“f t§H11002 a graphics

pr ocesgod sodoh. Exﬁm@ Sﬁfé‘ﬂ%@éutﬂ@#%@m‘i‘d@é 08 fieluge 2 ardpat / out put nodul e
1008 C‘ﬁlﬂ%é% qieSQSQrdOEJ&%Br &%tr‘(‘ﬁ‘iﬁrr@rﬁge@n@ﬂ§ aéh?s@i@y, @ﬁeﬁhﬁk\ﬁhtemlm es of the

menor Ut are not stati c random access nmenory
(SRAM saddodyrianxamplesorhtbe bes §10fEinsiuge b@bpwwot iBigAiP SPLIPIERE mass

st orage ﬁﬁgllﬁ%ﬁa@g%@%’ugd&éPMhFéthSfb%a}d RichR&cihi@ I@A)”@ursd a%%k: drive, a

corrpact versatile disk dr| ve and so
forth. fexttanpl esicos emrtmdum@us,/tbatspstemﬂwmae beOD®IrElges uu@ala@boa?ea not 5

limted to a boar d urs n a network

i nt er f HEEON4 éﬁ@}igloaqsgﬁrﬂ_ Eg%l‘r%?@ls o%’blgggéb%?g%%gg i ncl %égiﬁjbt are not

| Aot e%oﬁ@u@erp@@eﬂh@’t&lx atuadia-obnienPeE; faaIE\éD@I%@By andsg sermelr. | ndustry St andard
Architecture (I SA and s forth the system
90 may AB“@OHQW(SP%‘F‘%%%@‘??BQ' tspﬁ% beeq '"lbsélfaé%cﬁ ?Sg(ﬁ@%ﬂq{ae@ﬁtsf ant, a pocket
PC, a tp@%@ées%@,degc x'roﬁlmﬂka ;E?Gfer&d@ﬁmdbmeﬂaﬂ lmhrbetaeprecmteébyt op box, a
nmedi a- cent er pl ayer a ser hLE enbodl ment s

have bdlesq of Qfgl“laé}t %lﬂ" %ﬂrﬂie &étstt‘,?tl %\é[lﬁieh‘@”@ ff%thaE% ?B%ég 8‘6'%’ étg escription of

the prefsldhfchiSilRURIMed td atMidle #e sARR BEpasatmby betshosktutd for di nary
skill inthe art that a wde variety of alternate angrgor e&wal

i nﬁﬁerréh@ spedifisephpdinant sgown age HP%‘\V@GPH@”?& PRI BEPCBRE Qlibst i t ut ed
for 1506, %%‘ﬁ?ﬁfvbﬁtlcﬁ{m%s@%fh %thé‘@ﬂ vﬂ@ﬁéﬁdﬂ?%ﬁ&f@c’(é’ﬂ@matdﬂ)art ing from

the scope’o resent invention. Those with |nthe art WI||
readi | praweyme@m@n meytba ipwlemented in a very wide variety of embodiments.

This application is intended to cover any adaptations or variations of the
embodiments discussed herein. Therefore, it is manifestly intended that this
20  invention be limited only by the claims and the equivalents thereof.
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present invention may be inplenented in a very wi de variety of enbodi nents.
This application is intended to cover any adaptations or variations of the
enbodi ments di scussed herein. Therefore, it is manifestly intended that
this 20 invention be Iimted only by the clains and the equival ents
thereof. 17 WHAT IS CLAIMED IS: 1. A nmethod of fabricating a

m croel ectronic assenbly including a built-in TEC and a mcroelectronic
device coupled to the TEC, the method conprising: 5 providing the

m cr oe| WEINTOES CLAMMEDAS: f abri cating the TEC directly onto the

m croel ectroni c device such that there is no nounting material between the
TEC and the mcroel ectronic device. 2. The nethod of claim1, wherein the

TEC conprises_a}l | east, one couple 10 inc ' an y.pe ek ode, a
P-type Iec%’@ﬁ ,Odaoqlg?taﬁcgi%f]gﬁ lcheJ)(???be{(l’lA\f’égh(@lgle'ﬁglr%'?@beqog%?r'r?ﬁ% |y coupling
t he N-tafes Rli@oéleogeniandvibe typalee tetter e, thé ndteod comptigingo one anot her,
and a patterned electrical, insulgtar |ayer between respective ones of the
conduct i ve SFRfigRe e Fr‘é‘"srB%'EPlir%caﬁ‘ége’of the N-type electrodes and
respective efgfaihg teTECtdiRet ebepthe disoeltbirdnic Gheicosubiothavthertai m 2,
wherein fabricating the TEC corrprTiH%?s: él‘s)r ovi di ng a .gl' urality of first
conducti® e rePutieg reatafialhatyvgen e el apd HGBICEIFSEPUC d8YF%e: " providing a
plurality of N-type el ectrodes each electrically coupled to a 20
correspondi ng one of the first conductive el enents; agr ovi di n% a plurality

of P-tyhe elldetneiged otsleimd. nhipeininectsogameriaes i learige Wi ed to a
cor fogs gf_?.;l&aiﬁg aﬁrr@ngie &ib&rddd, %?—%B@i&tﬁr‘oﬁé, £LRMERY %}g céHiifype el ectrode

an ype~e ectTode coupl'ed t'0 each given one of the first conductive

el enentalemensteiratridally congling haiN-tuwe aleatipde andd”-Preglecteateditities; 25
provi dig, BALEL DA ChEEh o fBlnch M KR Inl B 1P R GB esPect | ve ones of

the first conductive respective ones of " the N-type el ectrodes and
r espectregpeatine ®neé of the d@ndypiivestlewenisdespealivg presvifdiad-tPel ural ity of

second gqqlg)ugtaia\éﬁéglsﬁ%%g%?)B%géf]@%pﬁygglaeq&h%fdeghe second conductive

el enent current to flowin series
15

3. The method of claim 2, wherein fabricating the TEC comprises:

providing a plurality of first conductive elements directly on the
microelectronic device;

* providing a plurality of N-type electrodes each electrically coupled to a
20  corresponding one of the first conductive elements;

providing a plurality of P-type electrodes each P-type electrode electricaily
coupled to a corresponding one of the first conductive elements, an N-type
electrode and a P-iype electrode coupled to each given one of the first conductive
elements together forming a pair of N-type and P-type electrodes;

25 providing a patterned electrical insulator layer between respective ones of
the first conductive elements, respective ones of the N-type electrodes and
respective ones of the P-type electrodes; and

providing a plurality of second conductive elements such that each of the
second conductive elements is adapted to allow electrical current to flow in series

30 through respective pairs of N-type and P-type electrodes.

4, The method of claim 3, wherein providing a plurality of first conductive

elements comprises:
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30 through respective pairs of N-type and P-type el ectrodes. 4. The net hod
of claim3, wherein providing a plurality of first conductive elenents
conprises: 18 providing a first conductive |ayer directly on the

m croel ectronic device; and providing an interconnect pattern in the first
conductive layer to yield the plurality of first conductive elenents. 5 5.
The nmethod of claim4, wherein providing a first conductive |ayer conprises
depositing the first conductive | ayer using one of plating, sputtering and
evapor at i onprésdifie fretdeaductivedhyrirdctiydrethel micoretectdinigdeviee; iantder connect

pattern 10 conprises using lithograph . The.nmet hod, of. cl.aim 3, wherein
provi di ng aPHM#ag ?wnta'fCONﬂ??}pP@%@ﬁb'eﬁP%ﬁféZCO%@%BY? Laé(g_r t%¥'8@it§%}ng an N-type
layer Qfiurdhitytigs cahdtivé BRerhéritst patterned netal lization 15 layer; and

provi ding an el ectrode pattern in the N-type layer to yield the plurality

of N- type electrodes. 8. The nethod of claim7, wherein providing an

N1 ype d.ayeﬁ'#w%gn%iEogﬁlg 8kl wﬂ@réﬁp;ﬁfﬂéﬁidﬁgﬁa i Bmdimﬁv@fa?@(/&)mbriﬁ@

deposition o mat eri al precursor The nmethod o laim 7, wherein

t he TE depositingthepfireteansivetives aNﬁﬁotusarﬂﬂ_e%Paﬁrﬁlﬂflﬂﬁéﬁaﬁ%@n%@fﬂ%r to deposition

t her eof vaé?ra}ign The method of claim7, further conprising inplanting the TE
mat eri a ter "~ deposition thereof. 11. The nethod of claim?7, wherein

provi ding an el ectrode pattern in the N-type |ayer conprises using

li t hography . h £ ' WheF&hRePr fitiefh Ny a patterned
el ectr ié(j:lal Fﬁ%&?%\tﬁg(rj-gpﬁgﬁg @g?r%r'q @Jgglzdmgglhgr ovf‘%:nng aF%] eel ectrical insulator
| ayier aontprizeblusippditrelgeaginodes and on the first conductive el enents; and

7. The method of claim 3, wherein providing a plurality of N-type electrodes

comprises:
providing an N-type layer of TE material on the first patterned metallization

15 layer; and
providing an electrode pattern in the N-type layer to yield the plurality of N-

type electrodes.

8. The method of claim 7, wherein providing an N-type tayer of TE material
20  comprises using one of CVD or PVD deposition of a TE material precursor.

9. The method of claim 7, wherein the TE material precursor is implanted with

dopants prior to deposition thereof.

25 10. The method of claim 7, further comprising implanting the TE material after

deposition thereof.

11.  The method of claim 7, wherein providing an electrode pattern in the N-type
layer comprises using lithography.

30
12.  The method of claim 3, wherein providing a patterned electrical insulator

layer comprises:
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providing an el ectrode pattern in the electrical insulator |layer to define
vias therein, the electrode pattern corresponding to a pattern of P-type
el ectrodes to be 5 provided as part of the TEC . 13. The nethod of claim
12, wherein providing the electrical insulator |layer conprises using one
of CVD deposition of a Teox precursor and spin deposition of a flowable
oxi de precursor. 10 14. The nethod of claim 12, wherein providing the

el ectrode pattern conprises using lithography. 15. The nethod of claim12,

wherein pr Oiﬁdﬁl s eleetricpinbtigtopiayer bi fiee HHepd pldesded sntonthe ses:
urality of P—type | egs of TE material in vias defined in the

providin
el ectrﬂclﬁsglcoﬂml‘fate!ﬂm¢fﬁ§é“ and etching back the P-type | egs of TE materi al

toyield th ro@ldrﬁé"éh EMcRbdEphiE in mee@éétﬂd@Snsua&oa&yefrtwjmem of claim

15, whereln providing a plurality of P-type le rls sing one of-
CVD or tWEJnd’é}@cﬁthfQﬁﬁ* Rﬁtteaﬂ wrmo@fiiﬂarfo 6#@&?%8‘?" tpr? 9?3{3 R&d of claim

16, V\/n (ﬂ?t(%] JIJTIEO precursor is inplanted 25 vmth dopants prior to
dep05| |on F ) T e nmet hod of claim 16, further conprising

inplanting the TE material after deposition thereof. 19. The nethod of
cl ai m E‘lgs\/\h%g ' &l%@&‘ dhine12 deué%é@ LFrB\Y dlﬂb tﬁ@@%@%c@ﬂﬂ%\@’édr‘(@er 30 el ements

conpris providing a second conductive”l ayer type el ectrodes and
P-type co&ipeses osiag pnand CUD gepnsitdinmg aa'FﬁQXrRF@@ldféﬂh@& S@Jatdﬁé@ﬁt“% t he second
conduct i.v r he plurality of second conductive elenments. 20.
The nePﬁﬁ% % é%ﬁ@gu%ﬁtreln provi ding a second conductive |layer 5
conpri ses dep05|t|ng t he second conductive | ayer using one of plating,

Sputt er| f‘g Tﬁe meei (P {calm 12, wherein providing the electrode pattern comprises

using lithography.

15.  The method of claim 12, wherein providing the plurality of P-type electrodes

15  comprises:
providing a plurality of P-type legs of TE material in vias defined in the

electrical insulator layer; and
etching back the P-type legs of TE material to yield the plurality of P-type

electrodes.

20
16. The method of claim 15, wherein providing a plurality of P-type legs
comprises using one of CVD or PVD deposition of a TE material precursor.

17.  The method of claim 18, wherein the TE material precursor is implanted

25  with dopants prior to deposition thereof.

18.  The method of claim 16, further comprising implanting the TE material after

deposition thereof.
19.  The method of claim 3, wherein providing a plurality of second conductive

30 elements comprises: -
providing a second conductive layer on the N-type electrodes and P-type

electrodes; and

20




21. The nethod of claim 19, wherein providing the interconnect pattern
conprises using |lithography. 10 22. The nmethod of claim 1, wherein
providing a mcroelectronic device conprises providing a die having an
oxi de layer on a side thereof adapted to be <coupled to the TEC. 15 23. A
m croel ectronic assenbly conprising: a mcroelectronic device; and a TEC
coupled to the mcroel ectronic device such that there is no nounting
materi al between the TEC and the microel ectronic device. 20 24. The

m cr oel ect r pnbvidiag serifticoohed mriter2Bd, thekecaidoardectiEdayenoriidlésheat | east

one coupl e.including an N:-type ctrode, a P-type electrode, a plurality
of cor@f@{[ﬁy\f&S@F@fgﬁ%dug}\é%@?m%hﬁy coupling the N-type el ectrode and
P-type electrode of the couple to one another, and a patterned el ectri cal
i nsul ator | ayer et ween, respective ones of the conductive elenents,
respectddre 3%@@%’?‘0?\@@‘7'@'@38{‘9/&5@6& %rgylﬁgge%s%qp@drcgg deNe/@¥dnes of the
P-t ype @ifisbedRpositfy thEnRcohd cosdetive Riyee using enblof pRiting) sputedly wher ei n
the microel ectronic device includes an oxide |ayer on a side thereof
adapt edNdMSROERIGPl ed to the TEC. 30 26. A system conprising: a

m croel ectronic assenbly including: a mcroelectronic device;, and 21 a
TEC coupl ed to the mcroel ectronic devjce such that there is no nounting

mat er i @1. betheanethpd ofgleim Al Wherei piegidinache SHECORRGH REMeEhd a graphi cs
roces I t i croel ectronic assenbly. 5 27. The t em of
p ‘;t%':m[ﬁﬁge WBhg Eﬂ%&d%EEDHV. ' Ss y Sys

claim rern-the C’conprises at | east one couple including an
N-tlYpe el ectrode, a P-type electrode, a plurality of conductive elenents

el ectriLall Y RGHBLASS b M- WHBRIFhREINRAS nflHeRoiURE Rlpet rode of the
coupl e tT® one "anot her, and a patterne ectrical 1nsulator |ayer between
comprises providing a die having an oxide layer on a side thereof adapted to be

coupled to the TEC.

15 23. A microelectronic assembly comprising:
a microelectronic device; and
a TEC coupled to the microelectronic device such that there is no mounting

material between the TEC and the microelectronic device.

20 24. The microelectronic assembly of claim 23, wherein the TEC comprises at
least one couple including an N-type electrode, a P-type electrode, a plurality of
conductive elements electrically coupling the N-type electrode and P-type
electrode of the couple to one another, and a patterned electrical insulator layer
between respective ones of the conductive elements, respective ones of the N-

25 type electrodes and respective ones of the P-type electrodes.

25.  The microelectronic assembly of claim 23, wherein the microelectronic
device includes an oxide layer on a side thereof adapted to be coupled to the
TEC.
30
26. A system comprising:
a microelectronic assembly including:

a microelectronic device; and
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10 respective ones of the conductive elenents, respective ones of the
N-type electrodes and respective ones of the P-type el ectrodes. 28. A
m croel ectronic arrangement conprising: a mcroel ectronic assenbly
including: 15 a microelectronic device; and a TEC coupled to the
m croel ectroni c device such that there is no nounting material between the
TEC and the mcroel ectronic device; and an electrical circuit electrically
connected to the TEC.and including a power source adapted to supply
gg;{) relnts ets Oat hleelsEtC @T@@-coiﬁlﬁil%d%lﬂf’dﬂ@ﬁmﬂd_ botednic Havice 28ch tvaethers t he TEC

S ; one coupl e incl udi an. N e electrode, a P-t
el ect r édee meupling matenal Getwasndie iﬁ%a”‘gﬁ‘@rmﬁf%eﬁ%(ﬁ@é‘tcr‘?%vé‘ﬁ; Floupl | népte he
N-type el eCtrOdeag%%é&@&&bﬁ%d&&ﬁt@metﬂ@romh@ dseembly. anot her, and a
patterned el ectrical” insulator |ayer between 25 respective ones of the
conductive el enents, respective ones of the N-type electrodes and
respective ones of the P-type electrodes. 30. The arrangenent of claim 28,
further conprising a feedback control |oop coupled to the mcroelectronic
dev: ce27to fhe S?E@Tamfﬁblaim 2hevhereiothe TBC coMised of aghoROMUYRE an extent of
coolin rov t | i '
o Oeﬂ'éc@ﬂcﬁ%é]gﬁ ildg)\éﬁceééct%gg 25.@pd WRehbAE Lhumateomenatske of  the

elements electrically coupling the N-type electrode and P-type electrode of the

couple to one another, and a patterned electrical insulator layer between

10  respective ones of the conductive elements, respective ones of the N-type

electrodes and respective ones of the P-type electrodes.

28. A microelectronic arrangement comprising:
a microelectronic assembly including:
15 a microelectronic device; and
a TEC coupled to the microelectronic device such that there
is no mounting material between the TEC and the microelectronic device; and
an electrical circuit electrically connected to the TEC and including a
power source adapted to supply current to the TEC.
20
29.  The arrangement of claim 28, wherein the TEC comprises at least one
couple including an N-type electrode, a P-type electrode, a pl.urality of conduciive
elements electrically coupling the N-type electrode and P-type electrode of the
couple to one another, and a patterned electrical insulator layer between
25  respective ones of the conductive elements, respective ones of the N-type
electrodes and respective ones of the P-type electrodes.

30. The arrangement of claim 28, further comprising a feedback controi loop
coupled to the microelectronic device, to the TEC and to the electrical circuit to
30 control an extent of cooling provided by the TEC as a function of a temperature of

the microelectronic device.
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