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BACKGROUN'D OF THE INVENTION
Field of the Invention

The present invention relates to a semiconductor package
cooling and more particularly to an apparatus and method
for providing a variable rate of.éooling'locally in the
package to maintain a constant operating temperature.

Description of the Prior Art

Most high power CMOS logic chips planned for futute
computers are expected:to operate under one or more
power management schemes. In these schemes, portions of
the on-chip circuits can be turned off when they are not
. needed or the clock rate can be reduced when the
processing speed is not required. The overall power
dissipation of the chip is thereby decreased and these
reductions can occur in a cyclic fashion with time
periods on the order of hundreds of seconds. Since the
cooling rate of the packages is generally constant, this
means that the chip temperature can fluctuate
corresponding to the chip power cycles. The temperature
gxcursions of this kind will generate thermal fatigue
damage in the packaging matérials'especially the printed
circuit board interconnections.
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correspgonding to the chip power cycles. The tenperature excursions of this
kind will generate thermal fatigue damage in the packaging materials
especially the printed circuit board interconnections. -2- Sem conductor .
package cooling systenms are well known in the art Variable speed fans

. controlled by a tenperature sensor are disclosed in U S. Patents 5,121, 291,
5,102, 040, 4,817,865 and 4,664,542, as well as in research disclosures RD
31094-@at ed 2/90 and RD 26947 dated 9/86, and | BM Techni cal D sclosure
Bulletins Vol. 32 No. 10A dated 3/90 and Vol. 26 No. 4 dated 9/83. U.S.
5,121, 291 discloses a cooling systemw_ th exhaust and intake fans, the
speeds of which are controlled by the t&nperatures in the system U S
5,102,040 discloses the use of the inlet air tenperature and the

te”peratUfethiéSﬁBﬂEEoffpﬁgﬁaEQ‘abdﬁfﬁd"§§é¥eﬁ§raf§ well known in
the art. Variable speed fans controlled by a
temperature sensor are disclosed in U.S. Patents
5,121,291, 5,102,040, 4,817,865 and 4,664,542, as well
as in research disclosures RD 31094 dated 2/90 and RD
26947 dated 9/86, and IBM Technical Disclosure Bulletins
Vol. 32 No. 10A dated 3/90 and Vol. 26 No. 4 dated 9/83.

U.S. 5,121,291 discloses a cooling system with exhaust
and intake fans, the speéds of which are controlled by
the temperatures in the system. U.S. 5,102,040 .
discloses the use of the inlet air temperature and the
temperature difference of the inlet' and outlet air as
the control parameters for the cooling fans. U.S.
4,817,865 discloses a cooling scheme of a modular system.
in which each modﬁlar;compartment has a temperature
sensor and the temperature reading is used to control
the speed of a cooling fan. U.S. 4,664,542 discloses a
control circuit design for a print head in which the
temperature of the printing head is sensed and used to
control the printing and fan speeds.

'RD 31094 discloses a scheme to change the fan speed by
detecting the presence of human operators around a
system. RD 26947 discloses a memory-chip cooling scheme
-in which the speed of a fan is changed according to the
‘electric current intake of the memory chips. IBM TDB
Vol. 32 No. 10A discloses a fan deSign that has an air
temperature sensor integrated within, such that the fan

. speed is adjusted to the surrounding air temperature.



thié control paraneters for the cooling fans. U S. 4,817,865 discloses a
-cool-ing scheme of a nodul ar systemin which each nodul ar compartnment has a
tenperature sensor and the tenperature reading is used to control the speed
-of a cooling fan. U S. 4,664,542 discloses a control circuit design for a
print head in which the tenperature of the printing head.is sensed and used
to control the printing and fan speeds. RD 31094 di scl oses a schene to
change~t he fan speed by detecting the presence of human operators around a
system RD 26947 discloses a nenory-chip cooling schene in which the speed
of a fan is changed according to the electric current intake of the nmenory
chips. IBMTDB Vol. 32 No. 10A disclose$~a fan design that has an air
tenperature sensor integrated within, such that the fan speed is adjusted

to the surrounding air tenperature, - 3- . .
/ IBM TDB Vol. 26 No. 4 discloses a speed control circuit

- for a DC fan using several temperature sensors. The
highest temperature readiﬁg is used to control the fan - .
supply voltage and hence the fan speed.

Attempts to provide local cooling within semiconductor
packages have also been made.

U.s. 4,931,904 discloses a schemg_tp enhance local
cooling to a board by adding fans or ducts to an
adjacent board. The fan speed can be adjusted .
accordingly.  U.S. 4,449,164 discloses a cooling scheme
using longitudinal fins of a heat sink on a module and a
tube surrounding the fins for guiding the air flow. SU
1476629 discloses an electronic unit having heat sinks
placed between the PCB' ahd heat elements, and baffles at-
the main coolant path'to lead the coolant to the heat
sinks. JA 0076299 discloses an electronic cabinet for
housing a plurality of PCB's mounted vertically with
thermosensitive shutters on the exhaust side of the
cabinet.' The shutters are normally closed if no PCB's
are plugged in.

There is a need for a local active cooling system having
a variable control system for use in the power
management environment of excessive on-off cycles to
maintain semiconductor chips at an apprbpriate constant
temperature. '



| BM TDB Vol . 26 No. .4 discloses a speed control circuit for a DC fan using
seveiral tenperature sensors. The highest tenperature reading.is used to
control the fan supply voltage and hence the fan speed. Attenpts to provide
[ocal cooling within sem conductor packages have al so been nade. U. S.

4,931, 904 discloses a schene to enhance |ocal cooling to a board by adding
fans or ducts to an adjacent board. The fan speed .can be adjusted
accordimgly. U S. 4,449,164 discloses a cooling schene using |ongitudinal
fins of a heat sink on a nodul e-and a tube surrounding the fins for guiding
the air flow SU 1476629 di scloses an el ectronic unit having heat sinks

pl aced between the PCB and heat el emets, and baffles at the main cool ant
path to lead the coolant to the heat sinks. JA 0076299 discloses an

ther mosensi t1ve shut ters oSl it HVERTR Cobinet. The shutters

are normally closed if no PCB' s are plugged in.
The present invention is directed to a package structure .
for maintaining a semiconductor chip at approximately a .
constant temperature in an environment where the power
consumption of the chip is variable which comprises
means for monitoring the present temperature of the chip
and means for varying air flow over a heat sink in
thermal contact with the chip. A control means connects
the means for monitoring the presént temperature of the
chip to the means for varying the air flow such that the
air flow is increased when the chip temperature
increases and the air flow decreases as the chip
temperature decreases. In accordance with the present
invention, the means for varying the air flow includes a
variable speed fan or alternatively a variable direction-
baffleuahd a constant speed fan. The means for
monitoring the present témperature of chip may include
temperature sensors on or near the chip or means for
measuring the current supply to the chip and a control
circuit for converting the current reading to a
temperature based on a predetérmined relationship.

In another embodiment of the present invention, the
parameter used to control the variance of the air flow
over the heat sink is the temperature difference between
the semiconductor chip module and the printed circuit
board on which the module is mounted. The temperature
sensors are attached to the module and the printed
circuit board and a control means monitors the



There i 4 a need foratoeat—active— cool i ng systen1haV|ng a variable control
system for use in t he power nanage nt environmen ﬁ D f
cycl es to maintai n Ehighheas Has e ps at an apprEﬁHﬁ%?@E%%Egbgﬁ%

t enperat ure. -4- ! W | NVENTI ON The [pr ese REPLAGER: | on iis
directed to a packag¢ nai nt ai ni ng a~sem conductor chip at
approxi mately a const ant tenperature in an environnent where the power
consunption of the chip is variable which conprises means for nonitoring
the present tenperature of the chip and neans for varying air flow over a
. heat “sink in thermal contact with the chip. A control nmeans connects the
means for nonitoring the present tenpesature of the chip to the neans for
varying the air flow such that the air flowis increased when the chip

tenperature
temperature difference and regulates the air flow to

maintain the difference to a preset value. In addition,

a separate temperature sensor may also be in thermal .
contact with the chip or actually embedded in the chip

so that the control means regqulates the air flow over

the heat sink in response to the chip temperature as

well as the temperature difference between the module

and the printed circuit board.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic cross-sectional view of a
semiconductor package having the local chip module
P cooling apparatus of the present invention.

Figure 2 is a schematic block diagram of the control
circuit for controlling a variable speed fan in
accordance with the present invention.

Figure 3 is a schematic cross~sectional view of a
semlconductor package having a variable direction baffle
in accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

geferring now to the drawings, Figure 1 is a schematic
layout of a singie chip module. A single chip module 12
is soldered to a printed circuit board 11 using solder
balls 15. A semiconductor chip 18 is connected to a



i icreases and the air flow decreases as the chip tenperature decreases. In
raccordance with the present invention, the nmeans for varying the air flow

i ncl udes a vari abl e speed fan or alternatively %ﬂ%l gﬁgﬁa!g{ gg,ftﬁjg baffl e

‘and a constanfm§§@§gh;@QnR am ans for nonitor erature
of chip may |n$ﬂ rei sensors on or ngar s for

measuring the to'the ‘chip and a control circuit for
convef#ing the g to a tenperature based on a predeterm ned
relationship. In another enmbodi ment of the present invention, the paraneter
used to control the variance of the air_.fl ow over the heat sink is the
tenperature difference between the- sen180nductor chip nodul e and the
printed circuit board on which the nodule is nounted. The tenperature

sensors ar s @eraed 16 HPCsBRALr AN 19.PM At Gid @dndiagde and 2

control neans .noni
lnterface mater1a1 typically thermally conducting

composite paste, placed between the chip 18 and the
metal cover the module 12. A heat sink 13 is mounted on
the module 12. A fan 14 is attached directly to the '
heat simk 13. The location of where the fan is attached
to the heat sink can be varied and more than one fan can
be used. The interconnections 15 and 17 between the
chip and substrate and printed circuit board are not.
limited to solder balls but other interconnection means
such as wire bond, TAB or pin grid. arrays can also be
used.

A simplified speed control block diagram is shown in
Figure 2. A temperature sensor TSl is thermally
attached to the chip 18.. .The sensor TSl is coupled to
temperature sensing and controller circuit 20. The
controller, based on the increase or decrease of the
temperature, changes the supply voltage to the fan motor
driver 22. The rotational speed of the fan 14 will
change according to the supply voltage thus varying the
amount of air moving across the heat sink 13. When the
temperature of chips 18 rises, the controller 20 will
send out a sigﬁal to the fén motor driver 22 to raise
the fan supply voltage. The rising voltage will drive
_more air across the heat sink 13 and increase the
wooling rate. Likewise, the voltage will be reduced
when the temperature of the chip 18 drops. A constant,
preset operating temperature of the chip can thus be
maintained regardless of the changes in the power



REPLACEMENT SHEET -5- tenperature difference and regulates the air flowto
-maintain the difference to a preset value. In addition, a separate
“tenperature sensor may also be in thernmal contact with the chip or actually
‘enbedded in the chip so that the control means regul ates the air flow over
the heat sink in response to the chip tenperature as well as the
tenperature difference between the nodule and the printed circuit board.

BRI EF--®BESCRI PTION OF THE DRAW NGS Figure 1 is a schematic cross-sectiona

vi ew of a sem conductor package having the | ocal chip nodul e cooling
apparatus of the present invention. FLgure 2 is a schematic bl ock di agram
of the control circuit for controlling a variable speed fan in accordance
with the present invention. Figure 3 is a schematic cross-sectional view of
a sem condlicdsiippidngerf hahenghd pheniTimn ceortorobek 2@ ¢anibg a variabl e
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sol dered %o é%] ?i&ﬁﬂi board 11 using solder balls 15. A
sen1conductor I p 1 s simlarly connected to a substrate

t

In an alternative embodiment, in addition to feeding the

~ temperature of the chip 18 to the controller 20,
temperature sensor TS2 can be attached to the substrate
16 for feeding the temperature of the substrate to the
controller 20. In addition, temperature sensor TS3 can
be attached to the printed circuit board 11 for feeding
the temperature of board to the controller 20. In these
methods, the controller 20 will change the supply
voltage to the fan motor driver in response to the
highest of the temperatures sensed by the multiple
sensors. coe . !

In a further alternative embodiment, temperature sensor
TS2 is attached to the module 12 and the temperature
sensing circuit will mbnitor the temperature difference
between the module 12 and the printed circuit board 11
as sensed by sensors TS2 and TS3. The controller
circuit 20 will change the supply voltage to the fan
motor driver 22 in order to maintain that the

. temperature diffeérential at a preset value. Inasmuch as
the coefficient of thermal expansion of the board 11 and
quule 12 are different, thermal fatigue due to repeated
temperature cycling will be significantly reduced or
eliminated by maintaining this temperature difference at
a preset value such that the absolute displacement of



16 by sb6lder balls 17. There is a thermal interface material, typically
therfal |y conducting conposite paste, placed between the chip 18 and the
net al -6- cover the nodule 12. A heat sink 13 is nounted on the nodul e
12. A fan 14 is attached directly to the heat sink 13. The | ocation of
where the fan is attached to the heat sink-can be varied. and nore than one
fan can be used. Wile solder balls 15 and 17 are shown as connection neans
bet weerr the ship and the printed circuit board, and the chip and the
substrate, respectively, the means of connection are not limted to sol der
balls. Ot her interconnection nmeans such as wire bond, TAB or pin grid
arrays can also be used. A sinplified-foeed control block diagramis shown
in Figure 2. A tenperature sensor TSl is thermally attached to the chip 18.

The sensor_ TS1 is coupled to tenperature senS|ng and controller CIFCUIt 20.
The controPPard Bisaddomaditle nkt chSeswpstaRELaddYoReFRe t dRp

| cpanﬁeSf t hém‘é&&ﬁ%n)én@' eee éé?nﬁ%ﬁé@ﬁe @éﬁéoﬁerSErtazthEhehE@t dls onal spﬁed
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18 rises, méansowhetebsyr sifpply |vektageutoathe fan motor driver

will be adjusted to both maintain the temperature

difference between the circuit board and the module 12

at a preset value while also maintaining the temperature

of chip at a predetermined constant. Control circuitry

for adjusting the fan motor driver supply voltage based

on these various parameters is well known in the art and

therefore there is no need to disclose same. -

In another embodiment of the present invention, chip
temperature can be controlled by an active air flow
deflector or baffle near each module based on the same
control variants as set forth above. Figure 3 is a
schematic cross-sectional diagram of a single chip
module in which deflector 24 is positioned between heat
sink 13 and a fan 26. The orientation of the air
deflectors is used to regulate the amount of air flow in
the area of a particular chip based on the chip
temperature. Deflector 24 is rotated from a closed
position shown at 28 to various intermediate positions
as required with extreme open position at 30. In this
embodiment, the control circuit 20 is connected to the
deflector motor driver for controlling the position of
" £he deflector based on the various temperature
parameters selected. Thus, in this embodiment, a single
constant speed fan may be used for cooling .an entire



signal to the fan notor driver 22 to raise the fan supply voltage. The
rising voltage will drive nore air across the heat sink 13 and increase the
cooling rate. Likew se, the voltage will be reduced when the tenperature of
the chip 18 drops. A constant, preset operating tenperature of the chip can
t hus be maintai ned regardl ess of the changes in the power -7-

di ssi pation of the chip. The controller 20 can be either analog or digital.
If a digital version is used, the tenperature information is first
digitized and then processed digitally. In an alternative enbodinent, in
addition to feeding the tenperature of the chip 18 to the controller 20,
tenperature sensor TS2 can be attached ia the substrate 16 for feeding the
tenperature of the substrate to the controller 20. In addition, tenperature

o at ur QPR AT TRH ChRERb PEPLEEErR Brbylditd Yoddl Teeding (he

cooling control for each module or chip.

In all of the embodiments described above, instead of
monitoring the chip temperature directly, indirect ways |
such as nbnitoring the supply current to the chip can be
used as the control parameter to determine the cooling
rate required. In this embodiment, the relationship
between the chip temperature and power is first
determined through modeling and‘eﬁperiments and
programmed into the controller circuit. .

The present invention provides means to maintain a
constant chip temperature and'prolong the life of
semiconductor packages, especially those using high
power CMOS chips in environments where significant on-
off cycling is employed for power management.

While the invention has been particularly shown and
described with respect to preferred embodiments thereof,
it will be understood by those skilled in the art that
the foregoing and other changes in formal details may be
made therein without departing from the spirit and scope
of the invention.



nefhods?fthe controller 20 wll cnange the supply voltage to the fan notor
driver in-response~%e—%he—h+ghesn of the tenpergy

mul tiple sensor Iternat i ve embodi AeStSHEE, § EMell sensor
‘TS2 is attachegmug E! and the tenperdture SERLA towill

nonitor the te nence bet ween the moaure 12 an a he printed
circuit board 11 as sensed by sensors TS2 and TS3. The controller circuit
20 wi IT"change the supply voltage to the fan notor driver 22 in order to
mai ntain ‘that the tenperature differential at a preset value. |Inasnuch as
the coefficient of thermal expansion of the board 11 and nodule 12 are
different, thermal fatigue due to repegged tenperature cycling will be
significantly reduced or elimnated by maintaining this tenperature
difference at a preset value such that the absol ute displacenent of
Having tbws described our invention, what we claim as

new, amd Wesire to secure by Letters Patent is:.

1. A package structure for maintaining a
semivonductor chip at approximately a constant
temperature or at a temperature fluctuation in
a comstrained range in an environment where
the power consumption of the chip is variable,
comprxising: : <.

means for monitorlng the present temperature .
of the chip;

means for varying air flow over a heat sink in!
thermal contact with the chip; and i
control means for connecting the means for
monitoring the present temperature of the chip
to the means for varying the air flow so that
the air flow is increased when the chip
temperature increases and the air flow -
decreases when the chip temperature decreases.

2. The structure of Claim 1, wherein the means
for varying the air flow is a variable speed
fan.

3. The structure of Claim 1 wherein the means for
varying the air flow is a variable direction
baffle and a fan.

——

\\\\\\\\\\\\\\\\ii\‘iiﬁii“



-8: board 11 and nodule 12 is substantially zero. In this enbodinent, the
.tenperature sensor TSl to the chip is optional and nmay be provided as an
‘addi tional control nmeans whereby supply volt ar_notal driver

wi |l be adjusted mum"m i . the tenperft l%%ﬁﬁﬁ?é‘@%@%et\/\een t he
circuit board an I"Mmm"l 'a preset Walue BERYACER so nd| nt ai ni ng
the tenperature of* cli ptat®a predeterni ned constant. Control circuitry for
adj usting the fan notor driver supply voltage based on these various
paranmeters is well known in the art and therefore there is no need to

di scl ose sane. In another enbodi nent of the present invention, chip
tenperature can be controlled by an ackkve air flow deflector or baffle
near each nodul e based on the sanme control variants as set forth above..
Figure 3 is a schematic cross-sectiaonal diagramof a single chip nodule in
whi ch def |%tt orTB8 FErpgtureoREd Hedfdny H@bﬁr%%fhﬂna@%%ﬁ fan 26. The

orientation of mbeivbrifgl thet present!hperdagts W€ the ehbpnt of air
flowin . comprises means for ﬁonitoring the supply .
current to the chip. '

S. An apparatus for actively cooling a
semiconductor chip module comprising:

a semiconductor chip module secured to a
printed circuit board;

a heat sink thermally secured to said module;

variable air flow means for directing air flow
over said heat sink; '

}
means for monitoring the temperature
difference between the module and the printed
current board; and '

control means for connecting the means for
monitoring the temperature difference between
the module and the printed circuit board and
the variable air flow means to regulate the
air flow to maintain the temperature

- difference at a preset value.

6. The apparatus of Claim 5 wherein said variable
air flow means is a variable speed fan.

This Sheet Has Been Reilaced :




the amea of a pafticular chip based on the chip tenperature.

Defl ector 24

-is rotated froma closed position shown at 28 to various internediate -

‘positions as requrreﬁ““fﬁ ‘extrene open posit

circuit \mlnmamnm‘m to the dewwmm&

ect or basdd on RBBLAGEDous tlenperature

“the control
controlling the p05|

nmbodi ment ,

for

parameters sel ected:*Thus,t i # t ki s" enbodi ment =a==sFrgre—comstant speed fan
may be. used for cooling an entire -9- package with individual

provi ding | ocal
enbodi nent s- descri bed above,

directly,

can be used as the control
required.

cooling control for each nodule or chip. In al

defl ectors
of the

I nstead of nonitoring the chip tenperature

I ndi rect ways such as nnnltdﬂ@ﬁg the supply current to the chip

I.7n. th'ﬁee@ggérrra?ga‘é OEecﬁ_el at SO ?xhy%ln said variable

10.

11.

air flow means is a variable direction baffle
and a fan. '

The apparatus of Claim 5 wherein said means
for monitoring the temperature difference
between the module and the printed circuit
board module is a separate temperature sensor
in thermal contact with each of said module
and board. )

The apparatus of Claim 5 wherein said means
for monitoring the temperature difference
between the module and the printed.circuit
board including E temperature seéensor in
thermal contact with daid board and means for
sensing the supply current to a semiconductor
chip attached to said module.

The apparatus of Claim 5 further inéluding
means for monitoring the temperature of a
semiconductor - chip mounted in said module and
wherein said control means also regulates the
air flow to maintain the chip temperature at a
substantially constant temperature.

A method for maintaining a semiconductor chip
at approximately the same temperature or at a
temperature fluctuation in a constrained range

in an environment where the power consumption

Tl i

paraneter to determine the cooling rate

S



bet weent the chip tenperature and power- is first determ ned through nodeling
.and experinments and programed into the control]er CIrCUIT Ihn—a%esenr

i nvention prOV|des nmeans to na|nta|n a const ant g q) AAStBEES dnd
: packages es E E?R\é @tg usin

hi gh
power CMOS chi eyer+ng 1S
enployed for power nahagéneﬁt *V%lle the invention has been particul arly
shown--and described with respect to preferred enbodi nents thereof, it wll
be understood by those skilled in the art that the foregoing and ot her
changes in formal details may be nmade_ i?ereln wi t hout departing fromthe
spirit and scope of the invention. 0- CLAIMS 1 An apparatus for

actively cooling a sem conductor chip nodul e
of the chip is variable comprising the steps

- of:

monitoring the present temperature of the
chip; and

varying air flow over a heat sink in thermal
constant with the chip in response to the

present temperature of the chip so that the

air flow is increased when the chip

temperature increases and the air f£low .
decreases when the chip temperature decreases.

12. The 'method of Claim 11 wherein the step of
i varying the air flow over a heat sink includes
varying the speed of a variable speed fan.

13. The method of claim 11 wherein the step of
varying the air flow over a heat sink includes
varying the direction of a baffle position
between the heat sink and a fan.

14. The method of Claim 11 wherein the step of
monitoring the present temperature of the chip
includes monltorlng the supply current to the
< chip.

15. A method for actively cooling a semiconductor
-chip module comprising the steps of:

I}

e - \

eet Has Been Reﬁaced i

\\ll\\\\ \Ill\\ L

e e ——



cé?rpri 8ing: a semiconductor chip nodule secured to a printed circuit board;
a heat sink the_r_maJ_Ly—%ee&FeﬁL*t—o‘sai d nodul e; vari abl e airflow-reans—for—

directing air flow ' $ink; means for nonitoring the g
t enperature di ffj\!ﬁ“%@& ' Wm\e modul e and t he print ed‘hs@h a"ed :
and control nean c cld ng t he neans for nonitori ng

di fference between the nodul e and t'he prln'l‘b'd circuit boar
vari abte air flow neans to regulate the alr flow to maintain the

tenperature difference at a preset val ue. The appar at us of Claim1l
wherein said variable air flowrre ns i s Mables eed fan. The
apparatus of O aim 1 whe qHoung %fgmpaﬁﬂge W?WWF‘HM@

direction baffle and a f apa erein said
nmeans for nonitoring the%?oedr‘?ge%%P%n f "f’,ﬁ% %8’?@%{80%8&@0%@% he
printed circuit board no e is a separate terrperature sensor in thernal
contact with each of said nodule and board. 5 The apparatus of Claiml
wherein said means for nonitoring the tenperature difference between the
nodul e and the printed circuit board

5 - varying the air flow over a heat sink in thermal contact with said

module in response to said temperature difference to maintain said

temperature difference at a preset value.

16. The method of Claim 15 wherein the step of varying the air flow over
10 a heat sink includes varying the speed of a variable speed fan.

17. The method of Claim 15 wherein the step of varying the air flow over
a heat sink includes varying the direction of a baffle position between
the heat sink and a fan.
16
18. The method of Claim 15 further including the step of monitoring the
present temperature of a chip attached to said module and varying the
air flow over the heat sink to maintain the temperature of the chip at

a substantially constant temperature.

20
19. A package structure for maintaing a semiconductor chip at
“ approximately a constant temperature or at a temperature
fluctuation in a constrained range in an environment where the power '
consumption of the chip is variable, the package structure being
25 substantially as hereinbefore described with reference to the

accompanying figures.

20. An apparatus for actively cooling a semiconductor chip module, the



i ncl udikng a tenperature sensor in thermal contact with-said board and -
-1- nmeans for--sensi—ng—tﬁe—s—&pﬁy current to a sem conductor chip attached :to

sai d nodul e. us of Caim1l further i ndhisShea asrBeanS{e laed
nmonitori ng th lmrm IFH@ !Hg'la sem conductor chip rmunt ul e
and wherein saw al so reguli@-es air fl ow t ch| p

tenperature at a substantl ally constant tenperature.

actively cooling a sem conductor chip nodul e conprisi ng t he steps of.
nonitoring the tenperature difference between a sem conductor chip nodul e
and a printed circuit baspathtasbeihg sibstancialbpasihereinbefreidésecibediwithrefeyéneg t he
air flow over a heat sink in thermal contact with said nodule in response
to said tenperature diffoctheaccompanyimgfigures. sai d tenperature difference at a
preset value. 8 The met hod of Claim7 wherein the step of varying the
air flow over a

21. A method for maintaining a semiconductor chip at approximately a
5 constant temperature or at a temperature fluctuation in a constraineii_
range in an environment where the power consumbtion of the chip is
variable, the method being substantially as hereinbefore described

reference to the aét:ompanying figures.



heat sknk includes varying the speed of a variable speed fan. 9 The
-method of Caim7 wherein the step of varying the air flow over a heat sink
i ncludes varying the direction of a baffle position between the heat sink
and a fan. 10 The method of Claim7 further including the step of
nmonitoring the present tenperature of a chip attached to said nodul e and
varying the air flow over the heat sink to maintain the tenperature of the
chip-at a substantially constant tenperat tité@-. -12- 7. The apparatus of
Claimb5 wherein said variable air flow neans is a variable direction baffle
and a fan. 8. The apparatus of Claim5 wherein said neans for nonitoring
the tenperature difference between the nodule and the nted C|rCU|tE£oard

modul e is a sePpd BLEGIRONIGPAGKACEMAVING ACTRRE ME

i |
sai d modul e OPERATING TEMPERATURE CONSTANT

ABSTRACT

An electronic package having an active cooling system for maintaining a semiconductor
chip (18) at approximately a constant temperature by monitoring the present
temperafure of the chip (18) and varying the air flow over a heat sink (13) in thermal
contact with the chip (18) in response to the te:mperature. In addition, the temperature

10 difference between the semiconductor chip module and a printed circuit board (11) is
also monitored to maintain that difference at a preset value. The air flow is varied by a
variable speed fan (14) or a variable direction baffle (24).

i Figure 1.



and board. 9. The apparatus of Claim5 wherein said nmeans for nonitoring
.the tenperature difference between the nmodule and the printed circuit board
including a tenperature sensor in thermal contact with said board and neans
for sensing the supply current to a sem conductor chip attached to said
nodul e. 10. The apparatus of Claim5 %zgther i ncl udi ng nmeans for

nonitoring the tenperature of a semco ctor chip nmounted in said nodul e
and wherein said control neans also regulates the air flowto naintain the
chip tenmperature at a substantially constant tenperature. 11. A nethod for
mai ntai ni ng a sem conductor chip at approximately the sane tenperature or

at a tenperature fluctuation in a constrai nhed range in an environnent where~

the power consunption 3
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- =23- of the chip is variable corrprisi ng the steps of: nonitoring the
present tenperature of the chip; and varying air flow ovg ' 1
thermal constant with the chip in response to the presen HERMENMET
the chip so that the air flowis increased when the chip terrpe Zé-c’j@a;g%

I ncreases and the air flow decreases when the chip tenpej dlate &£

12. The nmethod of Claim 11l wherein the step of varying tt
heat sink includes varying the speed of a variable speed fan. 13. The

met hod of claim 11 wherein the step_of varying the air flow gver a heat
si nk incl udé@npara}mregdnff%emerm regalaﬁs Eheo%lf ow poBlainigin therdifferencectorat

sink and a fan. fngé m 11 wherein the st P%
preset value n a 1t10n a separate temperature sensor may also be in thermal

contact with the chip or actually embedded in the chip so that the control means
regulates the air flow over the heat sink in response to the chip temperature as
well as the temperature difference between the module and the printed circuit

board.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic cross-sectional view of a semiconductor package having

the local chip module cooling apparatus bf the present invention. i

Figure 2 is a schematic block diagram of the control circuit for controlling a

variable speed fan in accordance with the present invention.

Figure 3 is a schematic cross-sectional view of a semiconductor package having
a semiconductor package having a variable direction baffle in accordance with

the present invention.
DETAILED DESCRIPTION OF THE INVENTION

Referring now to the drawings, Figure 1 is a schematic layout of a single chip
module. A single chip module 12 is soldered to a printed circuit board 11 using
solder balls 15. A semiconductor chip 18 is similarly connected to a substrate
16 by solder balls 17. There is a thermal interface material, typically thermally

conducting composite paste, placed between the chip 18 and the metal



s monitoring the present tenperature of the chip includes nonitoring the
supply current to the chip. 15. A nethod for actively c

sem conductor chip nodul e conprising the steps of: n ?E&@FNTSHEET
tenperature di fference between a sem conductor chip nod IB andZaBij M
circuit board on which the nmodule is mounted; and 5 | -2 2 VARV

=

the air flow over a heat sink in thernmal 6ontact with sald nodul e |n
response to said tenperature difference to maintain said tenperature
difference at a preset value. 16. The met hod of C aim 15 wherein the
step of vary| ng the air flow over : a heat sink includes

wher el t ho CHER %i%a%iwa{’?ﬁ%lévesavgvntsdﬁ@at?legmézﬂpﬂa"ﬂd?sa'v?r ying
the directiog f&fl 12 83thbfed 8kl b BR HES il P3 NaHe BeioRBF whebéthe fin
is attached to the heat sink can be varied and more than one fan can be used.
While solder balls 15 and 17 are shown as connection means between the ship
and the printed circuit board, and the chip and the substrate, respectively, the
means of connection are not limited to solder balls. Other interconnection

means such as wire bond, TAB or pin grid arrays can also be used.

A simplified speed control block diagrafh is shown in Figure 2. A temperature
-sensor TS1 is thermally attached to the chip 18. The sensor TS1 is coupled to
temperature sensing and controller circuit 20. The controller, based on the
increase or decrease of the temperature, changes the supply voltage to the fan
motor driver 22. The rotational speed of the fan 14 will change according to
the supply voltage thus varying the amount of air moving across the heat sink
13. When the temperature of chips 18 rises, the controller 20 will send out a
signal to the fan motor driver 22 to raise the fan supply voltage. The rising
voltage will drive more air across the heat sink 13 and increase the
cooling rate. Likewise, the voltage will be reduced when the temperature
of the chip 18 drops. A constant, preset operating temperature of the

chip can thus be maintained regardless of the changes in the power



48.: The met hod of ~fClgu m 15 fu_iher including the step of nonitoring the
present tenperature of a chip attached to said nodul e ang ‘a. T

fl ow over the he “mu mqml n the tenperature of t / quéhfsﬁéﬁ
substantial l'y coﬂ“mlw ‘ m 20 19. A package Btruct

mai ntai ng a seni cenduct'or "chi® p at approxi mately a const afjt Dﬁt‘éngera{]%é'"ﬁf“‘
at a tenperature fluctuation in a constraited range in amenvironnment where
“the power consunption of the chip is variable, the package structure being
25 subst ant'i-al ly as herei nbefore described with reference
to the 3ccon§&-nz M§ f:jg:Jres An apparatus for actively cool ing a

sem conduct or chi p  nodul e, ara us bei ng subst ant.i al | B
her ei nbef or el descrAE’e%PRﬁif@WSr}QFéF‘éYég @8@5@53998%@‘? ilﬁf# . 21. A
met hod for naintai n%mg a. sem conductor chip at approximtely a 5

const ant tenperat uf 2 a tenperature fluctuation in a constrained range

'n an environment %gﬁﬁc&ﬂhﬁcﬂﬁvﬁﬁp GRORHERELHBA % a'piinted chrcuit board;
a heat sink thermally secured to said module;

variable air flow means for directing air flow over said heat sink;
means for monitoring the temperature difference between the module
and the printed current board; and
control means for connecting the means for monitoring the temperature
difference between the module and the printed circuit board and the
variable air flow means to regulate the air flow to maintain the
temperature difference at a preset value.

2 The apparatus of Claim 1 wherein said variable air flow means is a

variable speed fan.

3 The apparatus of Claim 1 wherein said variable air flow means is a

variable direction baffle and a fan.

4 The apparatus of Claim 1 wherein said means for monitoring the .
temperature difference between the module and the printed circuit board
module is a separate temperature sensor in thermal contact with each of

said module and board.

5 The apparatus of Claim 1 wherein said means for monitoring the
temperature difference between the module and the printed circuit board

including a temperature sensor in thermal contact with said board and



* variable, the nethed-being substantially as hereinbefore described

reference to tha i@ figures.
I8 ,
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means for sensing the supply current to a semiconductor chip attached to

said module.

6 The apparatus of Claim 1 further including means for monitoring the
temperature of a semiconductor chip mounted in said module and
wherein said control means also regulates air flow to maintain the chip

temperature at a substantially constant temperature.

7 A method for actively cooling a semiconductor chip module comprising
the steps of:
monitoring the temperature difference between a semiconductor chip
module and a printed circuit board on which the module is mounted;
and
varying the air flow over a heat sink in thermal contact with said module
in response to said temperature difference to maintain said temperature

difference at a preset value.

8 The method of Claim 7 wherein the step of varying the air flow over a

heat sink includes varying the speed of a variable speed fan.

9 The method of Claim 7 wherein the step of varying the air flow over a
heat sink includes varying the direction of a baffle position between the

heat sink and a fan.

10 The method of Claim 7 ':further including the step of monitoring the
present temperature of a chip attached to said module and varying the air
flow over the heat sink to maintain the temperature of the chip at a

substantially constant temperature.



