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devices). One challenge that arises when chips are stacked is that thermal conductivity
is reduced. Thus, hot spots could exist with little ability to move the heat away from the
heat source. Because of the reduced size of stacked ICs, (substrate thickness going from
100 microns to about 6-50 microns), the power density rises while lateral thermal
conductivity is reduced.

[0003] One method for increasing lateral thermal conductivity is to
increase the substrate thickness. This, in turn, negatively impacts the desired form
factor of the stacked IC device and degrades performance.

[0004] An additional challenge exists when more than two tiers are
stacked. Tn such situations, the stacked IC device may contain multiple layers of oxide,
one between each pair of stacked tiers. Oxide, being a poor thermal conductor, adds to
the heat dissipation problem.

[0005] There are scveral approaches for addressing the thermal
conductivity issues. One approach positions a heat conducting layer between the tiers.
Typically, heat conducting layers are metallic and thus could interfere with inter-layer
clectrical connections. Amnother approach uses Through Silicon Vias (TSVs) to move
the heat from an inner tier to a surface tier of the stacked IC device and then remove the
heat from the surface tier using traditional methods, such as positioning a high thermal
conductivity material on the surface tier. Challenges arises with such a solution. For
example, it is not always possible to position a TSV at the necessary location because of
circuitry layout requirements in the various tiers.

[0006] Another approach is to circulate cooling material through the

stacked IC device to cool the hot spots. A cooling circulation solution is costly to
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3 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009] For a nore conpl ete

under standi ng of the present invention, reference is now nmade to the
fol | ow ng wigsawibions taken in conjunction with the ageeRRANY bR
drawi ngs, in which: [0010]FIGURE 1 is a schematic drawi ng of a
multi-tiered | C device having a hot spo therein; [0011] FI GURE 2
shows one exanple of a prior art solution for relievi ng heat fromthe
hot spot; [0012] FI GURE 3 mghepmreipmad oreiies ok avai@cked | C device
having active tenperature control in accordance with the teachings of
t he invention; and P[0013] FI GURES 4A t hrough 4G show one

met hod of manuf al0A%i ng a Hiftila mors spwaleiecurtisystadngast fiy Biesany énvention,
cooling cap | | f I QN.
DETAI LED DEOCAIST) e o QR TE af Qe RATE, 5, B chlicl Sk R
nul ti-ti er edcdo@paesingdrawugs, in which:

[0010] FIGURE 1 is a schematic drawing of a multi-tiered IC device
having a hot spot therein;

[0011] FIGURE 2 shows one example of a prior art solution for relieving
heat from the hot spot;

[0012] FIGURE 3 shows one embodiment of a stacked IC device having
active temperature control in accordance with the teachings of the invention; and

[0013] FIGURES 4A through 4G show onc method of manufacturing a

multi-tiered IC device having active cooling capability in accordance with the teachings
of the invention.

DETAILED DESCRIPTION

[0014] FIGURE 1 is a schematic drawing of multi-tiered IC device 10
having top tier 11 and bottom tier 12. Top tier 11 has an active circuit (face) 102 and
substrate (back) 101. Bottom tier 12 has active circuit (face) 103 and substrate (back)
104. Faces 102/103 contain connections 108 which serve to connect components (or
terminals) such a component 109 on the respective tiers. These connections are made
using connector paths, such as path 107 and a via, such as via 106

[0015] For illustrative purposes, location 110 is thermally troubled in
this embodiment. That is, location 110 is a “hot spot” that exists, or could exist, from
time to time in stacked IC device 10. A hot spet, in this context, means that as stacked
1C device 10 is operating, the temperature of the area in and around location 110 can
become undesirably higher than other portions of tier 12. Because of the stacking of tier
[T on tier 12 and, preferably, reduced thickness of each tier, the lateral heat spread in
tier 12 is reduced. In addition, air gap 111 can be formed between the tiers 11, 12
thereby reducing thermal flow upward from the hot spot.

[0016] As discussed above, there are a number of reasons to include
cooling functionality or structures within a stacked IC device. But there are also reasons
for heating a stacked IC device, or portions thereof. For example, when designing an

adaptive voltage scaling circuit, it is desirable for the entire stacked IC device to have a
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[06019] FIGURE 3 shows one embodiment of a stacked IC device 30
having active temperature control in accordance with the teachings of the invention. A
TE device 300 includes a pair of P-N junctions. Each P-N junction includes a P-type
element 301 and N type element 302, as well as a bottom conductor 303. Depending on
which direction current flows through the P-N junction, the bottom conductor 303 can
either attract heat or provide heat. In one embodiment, the TE device 300 is a Peltier
device. Although a pair of P-N junctions are shown, the invention is not limited to such
a configuration. Rather, more or fewer P-N junctions can be provided.

[0020] Control circuit 304 is used to establish the current flow direction
through the P-N junction. Control circuit 304 also controls current density. Circuit 304

provides selective current control to TE device 300 via an input, such as input 321. In
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[0024] FIGURES 4A though 4G show an exemplary method of
manufacturing a multi-layered IC device having active temperature control.
[0025] FIGURE 4A shows that tier 11 is stacked with respect to tier 12

and that some locations, such as locations 401-405 in the substrate of tier 11 are filled
from top to bottom with sacrificial fill material. As will be seen, an active temperature
control element will be constructed at location 400,

(0026] FIGURE 4B shows protective material 410 covering locations
401-404 in preparation for the next step in the process. Uncovered locations 405 will
become standard TSVs as the process continues.

[0027] FIGURE 4C shows the metallization of the uncovered locations
405A by mctal layer 420 to create standard TSVs 405A. Copper or any desired metal
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[0030] FIGURE 4F shows the removal of portions 410-1 and 410-3 of
protective material 410 to expose vias 401 and 403. The sacrificial material is then
removed from vias 401 and 403.

[0031] FIGURE 4G shows N-type thermal material deposited in
locations 401 and 403 thereby completing the formation of the temperature control
device within layer 11. Typical materials for a Peltier device are bismuth telluride,
Sb2Te3, PbTe and SiGe, but other materials, such as crystal-phonon glass or nano
material, can be used as well. Also, it is possible to use two metals in a metal to metal
junction such as Copper — Nickel. In this embodiment, Nickel fills the TSVs 401 - 404
and Copper is the standard metallization. Accordingly, every TSV 401-404 would be a
potential Peltier device. There are two advantages of this Peltier structure. The first
advantage is the masking steps for P and N type fill are removed. The second advantage
is the density of the Peltier devices is increased as one side of the TSV 401 -404 would
act as the cooling point while the other side would be the heating side. Of course heat
transport in the Z direction is improved while heat transfer in the X and Y direction
becomes more difficult.

[0032] Although the description has shown the P-type material being
deposited first and the N-type material subsequently being deposited, the order is not
critical. That is, the N-type material could be deposited first if it is more convenient.

[0033] It should be pointed out that the temperature differential created
by the circuit elements in the substrate can be used to drive a voltage. The voltage thus

crcated can be scavenged, for example, to drive other circuit clements as shown by
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conveni ent. cjther remoJeQ)Q 3 hdat deﬁﬁf?&{hg u;{ilﬁ'x RBERL R @%@cti&tﬂ %tdewag couﬁd be used

tenperature differential created he circuit elements in
substrat e cémsclsstiyebicat or ehol the SHtClmlI Iaigwice the mdlctnatb@e(tfhus creat ed

can be scavengedpyohgr exa |

shown by 7 conn tf‘lglon 323H (1%1@@5%@9@%‘@ tﬁ%g%& Pd‘%égl rcul ?ﬂ%&#%nggr
woul d ef f ecsoue bﬁ/thleémargeemt&é bypbke atcked [6fdevive ofBatieviancheI0Ehvertde THE
device 300 will .cool the t ubl ed area, (i FI GURE .3 t hat
ool &b hotoishR9gan een suigh dR, b AR 8oviandat ol oB0 A %Pﬁneth%
hot spot by (fepare bk br 1)61111013 & pshi A Q@ber@ﬂﬁﬁgyx sdaengR@eatefdr @ trerh
woul d be that there would be no net cooling of the stacked |IC devi ce

30 as a whoFPHET{¥Ee Serwacepririgyh 1y B wq&qﬁyﬁf@@ tlhechweys baane ! this TE

device 30 ekseuhenif)dehitd &P%E‘efﬂ&bﬂé} JFané PRkt 485 LRI hBUA! cidiEof PRt
spot”. Consequently, overall energy savings for the stacked I'C device

30 resul ts. system. Thus, the Peltier device can recover some energy from the overall system,
based upon the temperature gradient within the system. In an embodiment in which
more than two tiers exist, stacked Peltier devices can be provided to improve energy
scavenging efficiency. For example, a cooling Peltier device could cool one tier,
pumping heat to an adjacent tier. The adjacent tier could use the pumped heat to
recover additional energy.

[0036] Although the present invention and its advantages have been
described in detail, it should be understood that various changes, substitutions and
alterations can be made herein without departing from the spirit and scope of the
invention as defined by the appended claims. Moreover, the scope of the present

application is not intended to be limited to the particular embodiments of the process,



[0034] A Peltier device is a heat punp that requires energy to nove
heat from one point to another. As the disclosed enbodi nents have
bot h poi niygo Whobhisast he system the heat energy is bei ngeiR¥adsdsipin a
point where it is difficult to renove (high thermal resistance) to a
| ocation where it is easer to renove sogthe heat is nore uniformy
distributed wthin the system Thus, the total energy demand of the
systemis i BGREAAS fhnufactdde BBIpbIigsn FEMLES, MRattsS BliHols HRY BefdGsBORY- in
Because the TB device can either renove or add heat dependi ng upon
current fl ofediPeateation, A5 devefcudinaiy gilbe theaat vl wadiberpyestiaje friom thor
cool the st Ice (: i.on.th ) I I I
embodi ot , CERGBb T i iffonfah Jibictids, HRREEL hnurkdind, rB0fgons of
heat gener atmetehyndahg wtthedse dr |sEpdepicsmtlgpedaipgonr keen tbeber éoelvprddhat
The control system can.switch the Peltijer. device to nove heat from
point A to BOTAT BOpRBANE BIsoynety ot e s epd s p ey IL g the
bi as) or scawenpendigaémiddanins EebRRsdcuie nthyffcarinetadkeidmen hephientA
and B to power the system The energy balance of this TB system w ||
depend on t HECR; HSAHPESY: fhwpmeg icimy @G intanded do tngkidg @ﬂ%uw@lg ECapF
the system g iUsocds8, Rabih&Q! nfEYiaEBreC RBmpEFRNE Tof SRIRy, EAEMIY mk 8, tdre
overal | system based upon the tenperature gradient wi'thin the
system |In &@Penbodi nent in which nore than two tiers exist, stacked
Peltier devices can be provided to inprove energy scavengi ng
efficiency. For exanple, a cooling Peltier device could cool one
tier, punping heat to an adjacent tier. The adjacent tier could use
t he punped heat to recover additional energy. 100361Alt hough the
present invention and its advantages have been described in detail,
it should be understood that various changes, substitutions and
alterations can be nmade herein w thout departing fromthe spirit and
scope of the invention as defined by the appended cl ai ns. Moreover,
the scope of the present application is not intended to be limted to
the particul ar enbodi nents of the process, 8 machine, manufacture,
conposition of matter, neans, nethods and steps described in the
specification. As one of ordinary skill in the art will readily
appreciate fromthe disclosure of the present invention, processes,
machi nes, manufacture, conpositions of matter, neans, nethods, or
steps, presently existing or later to be devel oped that perform
substantially the same function or achieve substantially the sane
result as the correspondi ng enbodi nents descri bed herein may be
utilized according to the present invention. Accordingly, the
appended clains are intended to include within their scope such
processes, nachi nes, manufacture, conpositions of matter, neans,

met hods, or steps. 9 CLAIMS 1. A stacked integrated circuit device
conprising, in conbination



a first tier having a substrate and a face, with circuit elenents at
the face, and a thermal electric device, wherein the thermal electric
device is positioned at the first tier; and a second tier
having a substrate and a face with circuit el enents, wherein the
circuit elenents of the first tier @LaIMSctrically connected to the
circuit elements of the second tier, and a thermally troubled area is
in the second tier; wherein the thermal electric device is
adapted to generate electricity in response to a thermal gradi ent

bet weeni t he KRheg ; .I.he .t hermal .el ectric device.
2. The stacked Fﬁ?je‘g@%%%p‘g@%uﬁ Egé:% EEIB ’lglcgﬁnﬁﬁ\atl%er ein the
thermal el ectkic..dgvice conprises, a.Peltjer device. 3. The stacked

i ntegrated calI ﬁ%ﬁ?%ql gl\?lgcaesug?mé? A3 et ith glrcwiioriemengs pighe face, anday

| east otge elleftrj cal. connection fromthe thermal electric device to
the ci r'etit® E1EHEfedIce axbereindhe thermalclestriscdavias igipasitencist tddpstattrtamd
supply generated electricity to the circuit elenents. 4. The stacked
integrated cyeeeidtiddaviog ashbgta mdla shemithreirtchie clchenRBWhebRGhE touit
device conprises at |east one P-N junction. 5. The stacked

i nt egr atleents ofthe firdeiei g chktridaly oG e BlehRhisGrtftebond tier
controls the thermal electric device and sel ective application o% a’

Controlanaiagﬂﬁinaflz@r%ﬁllé@af&%fnothegcj: A4tk to 10 the thermal electric
devi ce changes the tenperature gradi ent 'between the thermally

troubl ed ar a8 rg?g .electric, device. 6. The stacked
integrated ci rcu?%ﬁegg\e/%zeo gldgivlr%e ¥ Wgﬁéit‘hg?‘?féat? ﬁlgFWéHtV}‘“iqSMnga
area | %hé’jll‘mgpggragi%g% bt e t%g ﬂ’?ﬁ%’ﬂgh;' t(i‘gllll;[lede llr%ggl?é fhelti?er;ngleelzcigig rcllgvit:cla.er -

2. The stacked integrated circuit device of claim 1 wherein the thermal electric device

comprises a Peltier device,

3. The stacked integrated circuit device of claim 1 further comprising:
at least one electrical connection from the thermal electric device to the circuit

elements, and the thermal electric device is adapted to supply gencrated electricity to the

circuit elements.

4, The stacked integrated circuit device of claim 1 wherein the thermal electric device

comprises at least one P-N junction.

5. The stacked integrated circuit device of claim 1 wherein a control circuit controls the

thermal electric device and selective application of a control signal from the control circuit to




7. The stacked integrated circuit device of claim5 wherein the
thermal electric device is adapted tol&el ectively heat or cool the
thermally troubled area in response to the control signal. 8. The
stacked integrated circuit device of claim7 wherein the control

ci r cui thethpma electicadavicechanges difttempeiaivae prdionbbetvrebiigrharmelly Henblad)
electric device. 9. A stacked integrated circuit device conprising,
i N conareazand dlk thermdl etectreodentpeact i ve circuits; a substrate; and a
thermal electric device positioned within the substrate;

wherein the thermal electric device is adapted to enhance therm
flow froma thermally troubled area of the stacked integrated circuit

devi ceq  10.71R sBlREKBE ok ML EGERTERY Ik I0f Uatm 98Vt &in SR REIS IR roubid area is

conbination: a first tier having active circults and a substrate;

second _ti er Vi ctiv ircuits and a, substrate; and at
east - Gt B YRS R B iR B of “he st ti er cand
the second tier, wherein the at |east one P-N junction is adapted to

transfer thermal energy froma thermally 11

7. The stacked integrated circuit device of claim 5 wherein the thermal electric device is
adapted to selectively heat or cool the thermally troubled area in response to the control

signal.

8. The stacked integrated circuit device of claim 7 wherein the control circuit controls

electric current flow direction through the thermal electric device.

9. A stacked integrated circuit device comprising, in combination:
a tier having active circuits;
a substrate; and
a thermal electric device positioned within the substrate;
wherein the thermal electric device is adapted to enhance thermal flow from a

thermally troubled area of the stacked integrated circuit device.

10. A stacked integrated circuit device comprising, in combination:
a first tier having active circuits and a substrate;
a second tier having active circuits and a substrate; and
at least one P-N junction positioned within one of the first tier and the second tier,

wherein the at least one P-N junction is adapted to transfer thermal energy from a thermally



troubl ed area of the other of the first tier and the second tier in
response to application of current tolkhe at | east one P-N junction.
11. An integrated circuit device conprising: a tier having active
circuits and a thermal electric device forned within vias in a |ayer
of t he tioubled aptaert hathereofithefirshiicrand dhe segonibiierde resphrsede sppliveriomp
flow froma thermally troubled area of the integrated circuit device.
12. A retrbdo tlerat leduaicRyNaubhaiper at ure gradient in an integrated
circuit device, conprising, in conmbination, the steps of:

providing a first tier of the integrated circuit having a substrate
and a face, wth circuit elenments at the face, and a thermal electric
devi ce,;whergj - . el .c device is positioned at the
first t}ii'er; ﬂﬁtégﬁg?%@ﬁ?t%bgggg@hﬁgﬁ%i er having a substrate and a
face with circuit.elenments erei.n the circuyit elenents of the fLrst
trer ardie Rt pefiRRn A B8 i o i b iR st e e bR
tier, and a thermally troubled area is in the second tier;

gener atithgvlsran the teimal gleetricrdsuice wahanges Bpmeal flow fganiadkermally diopbled
to the thermal gradient between the thermally troubled area and the

t her nalerealod ¢he integdred aecuitaleslice. controlling current flowto the
thermal electric device with a control circuit so as to selectively
control the tenperature gradient. 13. The nethod of claim 12 wherein
the step of controlling conprises: providing a control signal

from the comd pRiho8ifsCithcitOa BRARY QulchBadiRHTRY i&%&t‘é&cﬁ&i &RMe heat

fromthe then-nally troubl'ed area or to deliver at to the thérmally

troubl%gmﬁﬁgggwgéﬁn%ﬁgﬁg qhggzggq;of claim12 wherein a gap is

mai nt ai né er nma éctric device and the thermally

troubled area. ., : , o . e
providing a first tier of the integrated circuit having a substrate and a face, with circuit

elements at the face, and a thermal electric device, wherein the thermal electric device is
positioned at the first tier;

providing a second tier having a substrate and a face with circuit elements, wherein
the circuit elements of the first tier are electrically connected to the circuit elements of the
second tier, and a thermally troubled area is in the second tier;

generating electricity with the thermal electric device in response to the thermal
gradient between the thermally troubled area and the thermal electric device; and

controlling current flow to the thermal electric device with a control circuit so as to

selectively control the temperature gradient.

13.  The method of claim 12 wherein the step of controlling comprises:
providing a control signal from the control circuit to enable the thermal device to

remove heat from the thermally troubled area or to deliver heat to the thermally troubled area.



15. The method of claim 12 further conprising: routing electricity
fromthe thermal device to power circuipt elenents. 16. The nethod of
claim12 wherein the thermally troubled area is a hot spot and .
further conprising renovi ng heat fromthe hot spot by allow ng

heat tolpassThe weihotief shaond wheatin taogdpiis Stairthigsd béiiden the thermdBiIBGrL he
thental electric device to transfer the heat out of the tiers of the

i nt egr ad@docintieki heRullyc@oubldkfareThe method of claim 12 further
conprising the step of selectively heating or cooling the thernally
troubl ed area using the thermal electric device. 18. The stacked
integrated circuit device of claim1l wherein the face on the first

tier fages t QR the secand tier, and a gap is naintained

bet vveenﬁﬁhe aeclfggﬁgdfgélaﬁéig?rg@kéﬁnljﬁl%r ated circuit device of
claiml wherein the thernal electric device is positioned in vias in
the first t iré)f.l’gmg electricity from the thermal device to power circuit elements.

16.  The method of claim 12 wherein the thermally troubled area is a hot spot and further
comprising

removing heat from the hot spot by allowing heat to pass from the second tier to first
tier; and

using the thermal electric device to transfer the heat out of the tiers of the integrated

circuit device.

7. The method of claim 12 further comprising the step of selectively heating or cooling

the thermally troubled area using the thermal electric device.

8. The stacked integrated circuit device of claim 1 wherein the face on the first tier faces

the face on the second tier, and a gap is maintained between the faces.

19. The stacked integrated circuit device of claim 1 wherein the thermal electric device is

positioned in vias in the first tier.




