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TI TLE: DUAL FEEDBACK CONTROL SYSTEM FOR MAI NTAI NI NG
THE TEMPERATURE OF AN | CG-CH P NEAR A SET - PO NT

wWeAMS@ERMIBID OF THE | NVENTI ON: Conpl ex | C- chi psPCT/US2005/003796

(integrated circuit chips) are subjected to severa
tests as they are manufactured to both determ ne their
functlonallty and to insure their future reliability.
A "wafer" test is usually perfornmed first. During this
test, individual ICchips in the wafer are probed.
This is a quick test in which only certain types of
defects in the I1Cchips are detected. Thermal contro
during the wafer test is typically achieved sinply
with a cold plate that contacts the wafer. The next
test, which takes place after the |ICchips are
packaged, is called "burn- in". The burn- in test
thermally and electrically stresses the I1C-chips to
accelerate "infant nortality" failures. The
stressingcauses i mMmedi ate failures that otherw se
woul d occur during the first 10% of the I1Cchips' life
in the field, thereby insuring a nore reliable product
for the customer. The burn- in test can take many
hours to perform and the tenperature of the ICchip
typically is held in the 1000C to 1400C range. Because
the G chips are al so subjected to higher than nornal
vol t ages, the power dissipation in the ICGchip can be

$t9fkt i canbrhiFERSBACRACONTRUI B STHIEIKOR QUATINTA ENING
extra power dissipation nmakes the task of controllln

t he tenper&ﬂ@r@EMPEﬂ%iqﬂgng[ﬁﬂﬂi@fQﬁ¥3|¥§#¥ SET-POINT
Further, in order to

BACKGROUND OF THE INVENTION:

Complex IC-chips (integrated circuit chips) are
subjected to several tests as they are manufactured to
both determine their functionality and to insure their
future reliability. A “wafer” test is usually performed
first. During this test, individual IC-chips in the
wafer are probed. This is a quick test in which only
certain types of defects in the IC-chips are detected.
Thermal control during the wafer test is typically
achieved simply with a cold plate that contacts the
wafer.

The next test, which takes place after the IC-
chips are packaged, is called “burn-in”. The burn-in
test thermally and electrically stresses the IC-chips to

accelerate “infant mortality” failures. The stressing
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mnimze the time required for burn- in, it is also
desirable to keep the tenperature of the ICchip as

wbi2eis/08s00possi bl e wi t hout damagi ng t he | C chi pPCAUS2005/003796

"class" test usually follows the burn- in test. Here,

the G chips are speed sorted _and the basic function

of each ICGchip is verified. 5uring this test, power

di ssipation in the ICchip can vary wildly as the
IC-chipis sent a streamof test signals. Because the
sparsgs orimfedinte- claplutess thahn osthérwisepewatnlde occur

t.he. 1,G- chi ' [ .t t .
T v
dhifSelest indlksngNS W esmbhat tlea ispaed abr¥Bihek tNOr the

I C-chip operates I's nmeasured precisely at a specified
T e. [The hdumn-dm pteskpecanur &ake t manlj ghours to

U004 1408 el e e Ok 2840 STty 1

be so as a

pdicedifathe |T06%e 61 Quoa¢t rahlge .Pr eseBhukRY U 8C-chips
have al ready disclosed a systemwhich will maintain
FHRe t akper Aulkieotedn toC kighent thageinpohal aolitages, the

LCchip t he_ab Clihed "hurp-in’.test.
gﬁ&ﬁ}cl gg%gtqé’gt%g%ﬁl glnpr%g ar Js%/ eMs glescf%)%%?ﬂkllﬁantly
WS ghdrenttHaB 1415 0mekmal icperdtioed " TEMPERATOREra power

CONTROL SYSTEM FOR N ELECTRONI C DEVI CE VWH CH ACHI EVES
R85 e Hep ke gyt hRTERSESPIG cOnN T oiR - TNt gpperature

G2 SN K Al SN AL Hlobeaer to
evigvintilzRigHhiche simse envrefuimednt £E8505baoesing fatt is also
ergirr%bfeheté eﬂggiaattlf{ee toefmpaenrallt%:lg:eh igfv‘%im\é IC-chip as high
as possible without damaging the IC-chip.

A “class” test wusually follows the burn-in
test. Here, the IC-chips are speed sorted and the basic
function of each IC-chip is verified. During this test,
power dissipation in the IC-chip can vary wildly as the
IC-chip is sent a stream of test signals. Because the
operation of an IC-chip slows down as the temperature of
the IC-chip increases, very tight temperature control of
the IC-chip is required throughout the class test. This
insures that the sﬁeed at which the IC-chip operates is
measured precisely at a specified temperature. If the
IC-chip temperature is too high, the operation of the IC-
chip will get a slower speed rating. Then the IC-chip
will be sold as a lower priced part.

In the prior art, the present inventors have
already disclosed a system which will maintain the
temperature of an IC-chip at a set-point as the IC-chip

undergoes the above described “burn-in” test and “class”
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accurately, the present inventors have now di scovered
one particular technical drawback with that system

wohies/dimeback has nothing to do with the accupPaTyusaios/003796

whi ch the tenperature of the ICGchip is maintained,

and it is explained herein in_the Detail ed Description

in conjunction with Figs. 5- 19, Accordingly, the

primary object of the present invention is to provide

a novel tenperature control systemfor an |IC-chip :
bisth adBhéssesioan svtveystemechsi discdpsadackni §S patent

?ry%t:l.ng%tS Ra £84 5%5'§:ﬂ§g1§§%§xg Rgggigow@l}kgﬁ'z SYSTEM

Ke“présent 1 nvention IS

FPR! &N [ERECERONEC NDRYITEE WHIMIE(ACHIEVES AN QUEUK (RESPONSE
near a set-point while the I1Cchip dissipates a

BEr ﬁwm&ﬁ'g o cHERTERC BE . THE DEYEFEmAND A HEAT
[ uades evapor r : i Qui ri.gerant .
SRR/ ALIPIGRDIAIeT detaidd | g L | RECHY RS Ferein
éngprpatratedndyareffiepesides. f ace for contacting the

| CG-chip. Also, this systeminc|udes an evapor at or -
controllernfgﬁm%ﬁit%#éﬂengHgbrégﬁys¥ﬁﬁa§ fifaPgtent 505
aeRls dld efaQURLRE A ke eheppbiratiiedl ¥ SNr ktRhip very

the heater controller includes a first feedback
accagptedyyi.c Fhee mresenrtt inventpsvschave nhw dimagvered one

(YY) Is e j e en f or .
BT Tentl), Pokhane ERAGLUYC I URCTSREIAS" mhe
dirawbpakehasl meaddirig otlo dbewtthpehat accagaicyoldterwhich the
i ncl udes a secand feedback_c¢ircyit which passes the

FEIRCF LS g@Fantient SCrRBIBYaplr APRFR LR IR vaRRdp 8t is
EhWalidle@ thﬁErEﬁﬂuceﬁneleEﬁE'CabeQfoédUSQQgséPiption in

conjunction with Figs. 5-10.

Accordingly, the primary object of the present
invention is to provide a novel temperature control
system for an IC-chip which addresses and solves a

technical drawback in system of patent ~505.
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the heater over the power usage which otherw se occurs
if the flowrate of the refrigerant is fixed. Two

wouneyrosomB exanpl es, which illustrate the nagnpCuas26/003796

t he power savings that is achieved with the second
feedback circuit, are provided herein in Figs. 5- 10.
In the exanple of Figs. 5-7, %l ectrical power usage in
the heater is reduced by 61% In the exanple of Figs.
8- 10, electrical power usage in the heater is reduced
BRIBBIVSUNMMARYpOWe THEINVENTION:n conpari son to the
above referenced prior art tenperature control system
of U S. patent 5,821,505. In one particul ar

enbodi ment rhiehe masaitk f eeibaskiohr cdis sensaaallhe feedback
I nst ant aneous power to _theelectric heater. Then the
sepsnalf SIRFETk £9¥ cipinsahpingndhe RAPIEATIRR 98t an IC-

{:Pi?hengg@pog ats@'t-;ﬂ#im@ Uhg‘ﬂer atfel hfé-éhg% deLe£8588es a

he aver age of e sensed power to the ectric
Wreayéngoesmouatcarft @ledtinecahtpowver. i sThhoveysteampparcludes

i mit b) ingr, if_th t .
RRmEYIRGILIT] SoBb D id St pERATSF FRE L SR, BhorigotTic
RahiteeUhds HTHRMH BHE . f4de e6RR8ELEGCEBAGKeCiIvEdrator and

senses the tenperature of the evaporator. Then the .
socopposddtbfacei feni condacsinge theyul@-¢kiri gePdo, this

eV, r_wt a -.4a) S
et SHRPRLALE" o Dbl UL et U el R wne
evapotator, S afd e 4 haleatsBnxi svfitdoliierencenpded b)to the
increases if the set-point mpus_the tenperature of

elecsFisoaader s | Basthehn e ReRERrdicoPdSIde BRI udes
RESGRISET £k §Fa JEEPROWL NGRin i) sdndd 0¥ edtd¥8h1 power to

t eedback control systemfor
the electric heater with a variable magnitude that

compensates for changes in the electrical power which the
IC-chip dissipates. In additionm, the evaporator
controller includes a second feedback <circuit which
passes the liquid refrigerant into the evaporator with a
variable flow rate that reduces electrical power usage in
the heater over the power usage which otherwise occurs if
the flow rate of the refrigerant is fixed.

Two numerical examples, which illustrate the
magnitude of the power savings that is achieved with the
second feedback circuit, are provided herein in Figs. 5-
10. In the example of Figs. 5-7, electrical power usage
in the heater is reduced by 61%. 1In the example of Figs.
8-10, electrical power usage in the heater is reduced by
66%. This power savings is in comparison to the above
referenced prior art temperature control system of U.S.
patent 5,821,505.

In one particular embodiment, the second

feedback circuit senses the instantaneous power to the
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mai ntai ning the tenperature of an | C-chip near a
setpoint, which is one preferred enbodi nent of the

wonresasioodnvention. Fig. 2 is a schemati c di agramushes/003796

shows where electrical power and thermal power flow

t hrough the systemof Fig. 1, Fig. 3 is the sane as

the schematic di agram of Fig.~2 except that various

items in Fig. 3 are assigned nunerical values. Fig. 4

shows a set of equations which determ ne the power to
eheckaricerheatemne sThepattihe egpndn eedbgek3 cimmuygt Ssends

the TAAE RoriiNerBie By Endl 8UGPRLALSF Gich H' PRy rate
tthadeciaasdecfeased SOfWahles dverdyevadf Stheél genGeds power to

set of equatiaons which determ ne the power, to the

ko8& &leGFnine healdmt PYeni agrartainFtdmes intigyvald jis jabove
t uatd atch d e taoe t

A PR B SRR CGELTRI o B0 | W, average

ovedi ttihen bilwer dntervalapios delowomtloweri powetr Limikg.

1 changes the te rature of, the evaporator from.-50C

Lo +70C . M. BORBeF, cPEERAcHdar, cSBERARBEPE o bRPantecond
Feedbhckd exGffduilthatl ddiseift - Rt fdmddatir&hi PoES the
raised from25C to 400C . Fig. 9 is _a set of equations

FRPPTAd ST -ni ndheRe PrererondhL arthagk | alrauit sends the
i&'&%ﬁlEeEHgééﬁh@ £69the evaporator with a flow rate
that -a) decreases if the set-point minus the temperature
of the evaporator is more than a maximum difference, and

b) increases if the set-point minus the temperature of

the evaporator is less than a minimum difference.
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8 . Fig. 10 is a set of equations which determ ne the
power to the heater in the schematic diagramof Fig. 8
waonoeyosidose condi ti on where the evaporator cont PQir/US2005/003796

circuit of Fig. 1 changes the tenperature of the

evaporator from-5C to +100C . Fig. 11 is a diagram

whi ch shows how the heater céhtrol circuit in Fig. 1

and the evaporator control circuit in Fig. 1 operate

over time. Fig. 12 shows one preferred enbodi ment of

BREEF nDESGRIPTTONC OFr AHEf DRAWINES30r at or contro

circuit in Fig. 1. DETAI LED DESCRI PTI ON: A dua

feedback control system for naintaining the

tenperat urgigf. an dhowdhish AR PesdbaPli BbntwbBILCBRyistem for

one Ergf@rred enbodi nent of the present invention,

PrirtasRing deRer itsaPenRtdsg uRft i HQIEHEIR), near | set-
fi ‘ [ [ chj t e un

pOERE] litn 15ToR Pt (ehBolaRRy MR CEAL Hresent

ivrwehtibm.l Cchip is attached. Al of the remaining

conponents in Fig. 1 conprise the dual feedback

control system and these conmponents are identified

bel ow in TABLE 1. TABLE 1 Conponent Description 20

Conmponent 20 is a thin, flat electric heater. The

heater 20 Fig-.orke i%ak Bgbemaltich digaran sthat sBows where

electrical power and thermal power £flow through the

system of Fig. 1.

Fig. 3 is the same as the schematic diagram of
Fig. 2 except that various items in Fig. 3 are assigned

numerical wvalues.

Fig. 4 shows a set of equations which determine
the power to the heater in the schematic diagram of Fig.

3.

Fig. 5 is the same as the schematic diagram of
Fig. 3 except that the power which the IC-chip dissipates

in Fig. 5 is decreased from 150 watts to 70 watts.

Fig. 6 is a set of equations which determine
the power to the heater in the schematic diagram of Fig.

5.
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10, and it has an opposite flat face which is
connected directly to conponent 21. Electrical power

woekisssmwat to the heater 20 on conductors 20aPCThS2005/003796

tenperature of the heater 20 is detected by a sensor

20b in the heater 20. This tepperature is indicated by

a signal STH on conductors 20c. 21 Conponent 21 is an
evaporator for a refrigerant. The refrigerant enters

the evaporator 21 in a liquid state through a conduit

21a, and tFdgrefTi ger ant seti tef t fauakisnmt vhigh determine

t te t.hro 10 _condui t ture
?ﬁ% g’v 5ra (gorggi ﬁeagefe e)%l%cgﬁgg%gn@la A the O%f Fig.
gxt armd@&: oftHde Evr@DE B! -wﬂéré'hi shkeNMeeaplodaddrs control

circuit 4in Fig. 1 changes the temperature of the

evaporator from -5°C to +7°C.

Fig. 8 is the same as the schematic diagram of

Fig. 3 except that the set-point for the IC-chip 1is

raised from 25°C to 40°C.

Fig. 9 is a set of equations which determine
the power to the heater in the schematic diagram of Fig.
8.

Fig. 10 is a set of equations which determine
the power to the heater in the schematic diagram of Fig.
8 under the condition where the evaporator control

circuit of Fig. 1 changes the temperature of the

evaporator from -5°C to +10°C.

Fig. 11 is a diagram which shows how the heater
control c¢ircuit in Fig. 1 and the evaporator control

circuit in Fig. 1 operate over time.

Fig. 12 shows one preferred embodiment of the
internal structure of the evaporator control circuit in

Fig. 1.
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i ndi cated by a signal STE on conductors 21d. 22
Conponent 22 is a valve which receives the 20

woebosiogernant in a liquid state froma conduit Ba&usand003796

whi ch passes that refrigerant at a selectable flow
rate to the conduit 25 21a. The flow rate through the
valve 22 is selected by a coftrol si ghal SFV on
conductors 22b. In one enbodi nent, the signal SFV 30
is a pul se nodul ated signal, and the val ve 22opens for
PEBATLERt PBACBIPBAON:pul se. I n anot her enbodi nent, the
signal SFV is an anplitude nodul ated anal og signal,
and the valve 22 opens to a degree that is

proportional duall heeédipddk udénetollheysitghal fo23maintaining
Conponent 23 is a 10 congressor-condenser whi ch has_an_
FhputempgratyreofecirdlfocRBRIBPAT2 fy Set-point, which is

one preferred embodiment of the present invention, will
now be described in conjunction with Fig. 1. In that
figure, item 10 is the IC-chip whose temperature is being
maintained, and item 11 is a substrate on which the IC-
chip 1is attached. All of the remaining components in
Fig. 1 comprise the dual feedback control system, and

these components are identified below in TABLE 1.

TABLE 1
Component Description

20 . . . . . . Component 20 is a thin,
flat electric heater. The
heater 20 has one flat face
which contacts the IC-chip

10, and it has an opposite

flat face which is
connected directly to
component 21. Electrical

power Py is sent to the
heater 20 on conductors
20a. The temperature of
the heater 20 is detected
by a sensor 20b in the
heater 20. This
temperature is indicated by
a signal STy on conductors

20c¢c.
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and an output that is connected to conduit 22a. 15 The
conpressor-condenser 23 receives the refrigerant in

woOheosgasost at e, and then conpresses and conden®es/ushas/003796

refrigerant to the 20 liquid state. 24 Conponent 24 is

a socket which holds the substrate 11. Electrica
conductors 24a, 24b and 24c phass 25 through the socket

to the I CGchip 10. The conductors 24a carry test

signals to and fromthe ICchip 10. The conductors 24b
carry- 30 el ecki ¢al. power. RE tGonpgendn® chi p210. The an
conductors24c carry signals STC which jindicate the

‘tenperature of the |G chip 10. SHARF & YPnal s sTEWre a
generated by a tenperature sensdehQrerddit. i S The
integrated into the IGchip 10. 25 nponent 25 is a

power supply which sends the refrigerant - enters the

evaporator 21 in a liquid
state through a conduit
2la, and the refrigerant
exits the evaporator 21 in
a gas state through a
conduit 21b. The
temperature of the
evaporator 21 1is detected
by a sensor 21lc¢ on the
exterior of the evaporator.
This temperature is
indicated by a signal STz on

conductors 214d.

22 . . .. . . Component 22 1is a wvalve
which receives the
refrigerant in a liquid
state from a conduit 22a,
and which passes that
refrigerant at a selectable
flow rate to the conduit
2la. The flow rate through
the valve 22 is selected by
a control signal SFy on
conductors 22b. In one
embodiment, the signal SFy
is a pulse modulated

signal, and the valve 22
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10 power PH to the electric heater 20 with a
sel ect abl e magni tude. The anmount of power that is sent

wabko@gidoast ant i s selected by a 15 signal SPHrPOm/US2005/003796

conductors 25a. 26 Conponent 26 is a control circuit

for the heater power supply 25. This 20 contro

circuit 26 generates the sigh@&l SPH on the conductors

25a in response to the signals STE, STH, STC d SP

which it 25 receives on the conductors 21d, 20c, 24c

and 26a. The signal SP indi cat epeassefgoi rthe duration of
tenperature at which the | C chi O is_.to be 30

mai nt ai ned. The control circuing . P8J&Ster wi Tt hanother

power supply 25 and the el ectrgppB@ahneats0, thar 3 fgnal SFy
first feedback loop in the Fig. 1 control system This

first feedback |oop quickly codpensat egmpditude modulated
analog signal, and the
valve 22 opens to a degree
that is proportional to the

amplitude of the signal.

23 . ... . . Component 23 is a
compressor-condenser which
has an input that is
connected to conduit 21b,
and an output that is
connected to conduit 22a.
The compressor-condenser 23

' receives the refrigerant in
the gas state, and then
compresses and condenses
that refrigerant to the
liguid state.

24 . ... . . Component 24 is a socket
which holds the substrate
11. Electrical conductors
24a, 24b and 24c¢ pass
through the socket to the
IC-chip 10. The conductors
24a carry test signals to
and from the IC-chip 10.
The conductors 24b carry
electrical power Pz to the

IC-chip 10. The conductors
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changes in power dis sipation in the I1Cchip 10 and
thereby nmaintains the 10 tenperature of the 1Cchip 10

woears/osie3set - poi nt. 27 Conponent 27 is a cont PQir/US2005/003796

circuit for the valve 22. This control circuit 27 15
generates the signal SFV on H_e conductors 22b in

response to the signals SPH /~°STE, and SP which it

receives on the conductors 20 25a, 21d, and 26a. The
control circuit 27, together with the valve 22 and the
evaporator 21, forma second fe24®aBRTF¥oFionais ($E which

Fig. 1 control system This sec b |
passes the liquid refrigerant t $%hg%€?hgﬁgv§p qEsture of

with a variable 30 flow rate tha&eredusehlbheayerall These
usage of electrical power in the Fig. 1 system Next
with reference to Figs. 2-11, aﬂH???%ﬁa?TQkﬁ%ﬁI%F%ﬁ??ted by

be described on how the first apd sgpgBdature sensor 10a

that is integrated into the
IC-chip 10.

25 . . . . . . Component 25 1is a power
supply which sends the
power Py to the electric
heater 20 with a selectable
magnitude. The amount of
power that is sent at any
instant 1is selected by a
signal 8Py on conductors
25a.

26 . . . . . . Component 26 is a control
circuit for the heater
power supply 25. This
control circuit 26
generates the signal SPy on
the conductors 25a in
response to the signals STg,
STy, ST:, and SP which it
receives on the conductors
21d, 20c¢, 24c and 26a. The
signal SP indicates a set-
point temperature at which
the IC-chip 10 is to be
maintained. The control

circuit 26, together with
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f eedback | oops operate. To begin, reference should be
made to Fig. 2 which is a schematic diagramthat shows

wohers@selogct ri cal power and thermal power fl owpCiusas/003796

the Fig. 1 systemin the steady state. Several synbols

are used in Fig. 2, and those synbols are defined

bel ow in TABLE 2 . TABLE 2 Syi#bol Meaning Pc Pc s the

i nstant aneous el ectrical power that is sent to the

| CGchip 10. This power varies in a random manner in
response to the TEST signal s irntHe gpover Thuppppw@5 and the

al so varies in proportion to th vol t age .|l evel at

whi ch the power is sent. The D(?ejﬂf‘gf%:d’gce ﬁg\%lerc 0 e form a.
i ncreased above a normal |evel,sidd Nges@BBckeESISopi An the
order to catch certain types of failures in the

| G- chip 10. PH PH the i nst ant andi@- el ekt r ieptyRher system.
that is sent to the heater 20. This £irst feedback loop

quickly compensates for
changes in power dis-
sipation in the IC-chip 10
and thereby maintains the
temperature of the IC-chip

10 near the set-point.

27 . . . . . . Component 27 is a control
circuit for the valve 22.
This control «circuit 27
generates the signal SFy on
the conductors 22b in
response to the signals SPy,
STz, and 3 which it
receives on the conductors
25a, 214, and 26a. The
control circuit 27,
together with the valve 22
and the evaporator 21, form
a second feedback loop in
the Fig. 1 control system.
This second feedback 1loop
passes the liquid
refrigerant through the
evaporator with a variable

flow rate that reduces the
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Tc Tc is the instantaneous tenperature of the I Cchip
10. TH TH i the instantaneous tenperature of the

woeais@s1@®. TE TE i s the instantaneous tenperaPgraSEG05/003796

t he evaporator 21. q (CH) . . . . q (CH) is the
thermal resistance between the I Cchip 10 and the
heater 20. g (HHE) . . . . qléH-E) is the thernal

resi stance between the heater 20 and the evaporat or

21. In the steady-state (which is shown in Fig. 2) Tc

is at the set-point tenperatur@venall esagepofatakestrical

TH and TE are progressively col der. sQ..n the

st eadystate, thermal power fl ov'%o“ferroﬁrf heh? é’c‘ﬁr pl 1gystem.

to the refrjgerant, al ong_the path 31,, and thernal .

power flowd mY¥h hEgFEFéﬁget§qiﬁﬁqﬁfr%QEFam?ddltl°nal

akead1shayPpi hpd2. gEHELRBEA Mo NBoWH canly - fShdte, ahlle second

t hermal power on path 31 equals the el ectrical power

Peedback sleeps wopenatd.C- cMgp heginnd nefenengemphould be
r h s.the electrical power P a

RESE, & B80T % BRLBRS gt s st AR Bl ) AR smows

whetehiegleetdieyad gwwdr and TERermal pespenFdowl chaddgh the

tend to rise abqve the
Fig. 1 system in the steady state. Several symbols are

used in Fig. 2, and those symbols are defined below in

TABLE 2.

TABLE 2
Symbol Meaning
Pc v o o o« o & Pc is the instantaneous

electrical power that is
sent to the IC-chip 10.
This power varies in a
random manner in response
to the TEST signals in Fig.
1. This power also varies
"in proportion to the DC
voltage level at which the
power 1is sent. The DC
voltage level can be
increased above a normal
level, during some tests,
in order to catch certain
types of failures in the
IC-chip 10.
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set -point. But to conpensate for that effect, the
heater control circuit 26 will decrease PH X

woespmss®3 TH will drop, and that will keep thecr@sedwspo379e

10 at the set-point while it dissipates the higher

| evel of power Pc (+) Conversely, suppose that Pc
decreases to a |l ower power level Pc (-). Then in

response, Tc will tend to drop bel ow t he set-point.

But to conpensate for that effect, the heater control
circuit 26 wPkl-i ncrease PH . PBa rebsponddie THiggtantaneous
rise, and that wll keep the | C.chi.R.. at .
set-point while it dissipates ?ﬁégﬁgﬁ%%gsedé$e$£| &Pat L8
power Pc (-). A nurerical exanpentoftdhahd heleter n2oe

the particul ar heater power PH which wll keep Tc at

t he setpoi nt youpder ,steady- state cpadi tigws, iinstdit¥heous
in Figs. 3and 4 . In Fig. 3, the ICchip 10 is at a
set-point of 250C, and the tenfjempenatwietRpd the IC-chip
evaporator is -5C. Also in Fig.,q43, the thermal

resistances q (GH and q (HE) are 0.1C W and

0. 05C/ Wrespectively. The particul af_heat,er p P

whi ch wil | kgrép'the'lc-éhi'p 10% the se Ifépoi %t\%utnaﬂa“e“s
Fig. 3 is calculated by equati ;einplerhturdi ®f 4 the heater
Equation 1 says that the tenperature drop fromTc to

TEis equal to Pc times all of 2%re thermal resistance

in path 31, plus PHtinmes all of the thernal

resi stance i Mepath 32. FThen eqlft i ohs2 |thepbt dingthnfaneous
substituting nunerical values f | into

equation 1. Next equation 3 is %%ngrénagtdug?/ addi n?;fand the
subtracting the various nuneri catapmtatesr tdms occur

o(c-H) . . . . 0(c-RH) is the thermal
resistance between the IC-

chip 10 and the heater 20.

0(H-E) . . . . 0 (H-E) is the thermal
resistance between the
heater 20 and the

evaporator 21.

In the steady-state (which is shown in Fig. 2)
Te is at the set-pointltemperature, and the temperatures
Ty and Ty are progressively colder. Also in the steady-
state, thermal power flows from the IC-chip 10 to the
refrigerant along the path 31, and thermal power flows
from the heater 20 to the refrigerant along the path 32.
Further in the steady-state, the thermal power on path 31
equals the electrical power P, that is sent to the IC-chip
10, and the thermal power on path 32 equals the

electrical power Py that is sent to the heater 20.
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in equation 2 . Then equation 4 is obtained by
sol vi ngequation 3 for the heater power PH . From

weqoesioson34, the heater power PH is cal cul at edpPCo/US2005/003796

150 watts. Now, suppose that the |G chip power Pc
decreases from 150 watts as shown in Fig. 3 to 70

watts as shown in Fig. 5. W that occurs, the power
PHto the electric heater nust increase in order to

keep the tenperature of the I1Cchip 10 at the

set - poi nt . STPPOSEr iyl thateld cingrepsePHtahac highers level

he | G chip.10.at .th t-paint int t pady-state |
Raftlr o dH%By d ATeRata, T iy P68 B e aye the
gayspolat .t h@dtereradmpensdio® foonthatt effect et heater

to Pc tines the thernal_ resistance in path 31, plus PH
EPREF ol € 1T¥dEn 12 & ol lsk AR ISPy 34N HRFPRESAL | bn Will
kS LA . ad] a I | Ngqnt j e
Afoky, A\ GRY W IE Tkagpl M RIS 190 U8 Bl Yk -poine
ehidel dit 83 sisdpalifes ik thigledwiTevelust ipowdd Pof+)t he
heater power PH. From equation 12, theé%%\a;ter ower Pl—i
i s calcul alteRVES s Y3oFURRASE that ke &S tq, a lowex
powehki QeRAIERALPMN 188 iBtitS reptth @t i, Wi 11UHerl to drop
transient that occurs as part of the random changes in
Pelowe the tRLIESME} gnBug, tchesompenesbpofarothat effect,
ggl@trﬁgaeawgs EZoﬁioeéiPé?ﬁE#”g%é” wirPO'\vrease Py, Im
nversely, i The average of the hedter ‘power during
aeppetaiegr Myned linterses,| 43d sthyes aillOkeept tthe tI®chip 10

the evaporator,contrqQl circuif 27 responds hy | owerin
e HivFebTROBRE L H 1h&f rlitge‘i‘%ﬁﬁl%t?get 9a;5’§&1’1e&5923191e"31
Wi phwed $8¢-§he tenperature TE of the

A numerical example of how to determine the

particular heater power Py which will keep T, at the set-
point, under steady-state conditions, 1is shown in Figs. 3
and 4. In Fig. 3, the IC-chip 10 is at a set-point of
25°C, and the temperature éf the evaporator is -5°C. Also
in Fig. 3, the thermal resistances 0(C-H) and 6(H-E) are

0.1°C/W, and 0.05°C/W respectively.

The particular heater power Py which will keep
the IC-chip 10 at the set-point in Fig. 3 is calculated
by equations 1-4 in Fig. 4. Equation 1 says that the
temperature drop from T, to Tg is equal to P, times all of
the thermal resistance in path 31, plus Py times all of
the thermal resistance in path 32. Then equation 2 is
obtained by substituting numerical values from Fig. 3
into equation 1. Next equation 3 is obtained by adding
and subtracting the various numerical wvalues that occur

in equation 2. Then equation 4 is obtained by solving
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evaporator 21. Raising TE nmakes the operation of the

Fig. 1 systemnore efficient. A nunerical exanple of
wohies/ass0shown by equations 13-16 of Fig. 7 . EQA@tUS®WS5/003796-

13 says that TE is raised from- 50C to +70C . The

evaporator control circuit 27 does this bygenerating

the signal SFVin Fig. 1 sucht® hat the flow rate of

the refrigerant through the valve 22 is reduced. As

that flow rate drops, the tenperature TE increases

savakden Ssforfthgehantethnayes Prom Fremgsigratsiop 4, the

[ : Al ; [ 1 t th
Bl FORR 0L Saiphia Ut dbe AN | o

t he ther maiNawesisaippusee | thepatthe 11C péhbp FpbwveseR. tdecreases
thermal_resistance in path 32, Then equation 15 is

SEem e HPHRIiIFR ShewRubRrBigrng tRe "PaMakfs as shown in

RYGErieal yleheSthdat ofEGYE, | RHAUSSWER PF tdh&he electric
equation 16 is obtained by solving equation 15 for the

heater povet becreagen dgustider 160 khephsheertgmpesrattire of
LS C ul.at ed &o e 0 wa ts..ggﬂpar' equat.i gn 16
SR XG0 4 PR, Bl Rep D" 2P0 BRI Beater
Paowdr0 Bhewlpelh akieepsoftideIevanepati® LOnthel sdy-Point in
27. In other words, the_second control loop in the .
Fhih@ Slt%'eﬁﬁq‘fe%luk’éscélﬁﬁi?‘i:ﬁﬁl bﬁowmﬁr&‘?ﬂ?iw Fig.
he heater 20 from 390 watts to 150 watts, or 61%
so in the Fig. 1 system the conpressorcondenser 23
nmust wor k IEqustiars 1esapat ehapowhe itenpexraamssl.drop from
Thus, additional power is saved qﬁlthe ] ]
Tc to Tg i1s equal to P: times e thermal resistance in
path 31, plus Py times the thermal resistance in path 32.
Then equation 11 is obtained by adding and subtracting
the various numerical values that occur in equation 10.
Then equation 12 1is obtained by solving equation 11 for
the heater power Pj. From equation 12, the heater power
Py is calculated to be 390 watts.

If the above drop in IC-chip power from 150
watts to 70 watts is just a tramsient that occurs as part
of the random changes in P; due to the TEST signals, then
the evaporator control circuit 27 does nothing in

response. Conversely, if the average of the heater power

during a predetermined interval AT stays at 390 watts,
then the evaporator control circuit 27 responds by
lowering the flow rate of the refrigerant to the
evaporator 21, which raises the temperature Tz of the
evaporator 21.

Raising Tz makes the operation of the Fig. 1
system more efficient. A numerical example of this is

shown by equations 13-16 of Fig. 7.
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conpressor -condenser when the heater power is only
150 watts, as conpared to being 390 watts. In the

wonR@vosan8 t enperature control systemof U S. paraistoos/003796

5,812,505 (which is referenced herein in the

BACKGROUND) , there is no secaond control |oop. Zn the

"505 system |iquid cool ant *ows t hrough a heat si nk

at a constant flow rate and a constant tenperature.

Thus whenthe | C-chip power drops from 150 watts to 70

watts in tHEOSigysi2nsaybe thlaectT: dal mowerd Wiah +~5°C to
sent to the heater to conpensate for that drop is _
ddt’€r ni nddrehyeYaBRPFBEAT 1Rt Tl FicgromitNeR?, degmposdis by

t S . Fi G I S, .agaj.n operating der .the
r%ﬁ%ﬁ@dggg} :%%ﬁ{ agt eég‘ils%’gt ?J‘go'nd?t IO tﬁg?gart e flow
slamen ofh Fhe. réfrigeeantculdinih Wké Rappene2i fid hfeduced.

set-goi nt tenperature is increased from 250C to 400C .
WrenthbRYt EHaWgFate s8rpeeEnt BReurkempeRa R dy=st R ereases

iHn t . N G c es, to;
SRR S poTrigRtant] cidhods TRABHCS £idifa gp 2 gas
par thbeulearagvrecteor @wer PH in Fig. 8 which will keep

the 1Cchip, 10 at t set-poipt . in_.the steadystate is
cal cul at ed%‘?“%ﬁ?&t Fﬁ%ssiﬁgzkﬁp‘?ﬁ EP§, "CTPSERIRTDADRP Erom
sRyxd ap ibe dgpanersd upge dimBsl e TenbondE re8@tnce in

to Pc times the thermal resistance in path 31, plus PH
Patds 3he PHeF nBy Fimest bheetharpalh resistaaceeduntpath 32.

Thdr Qghatiedl b addl U Ah et PhLALadGd ek LolEracting
numeri c val ues that occur '1n eqoation . en

eheat vani@@si aunetrdicadd vylses vichgtepedivninl dpadivnh 14.
Then, equation 16 is obtained by solving equation 15 for
the heater power Py. From equation 16, the heater power
Py is calculated to be 150 watts.

Comparing equation 16 with equation 12
indicates that 240 watts are saved due to the operation
of the evaporator control circuit 27. In other words,
the second control loop in the Fig. 1 system reduces
electrical power consumption in the heater 20 from 390
watts to 150 watts, or 61%.

Also in the Fig. 1 system, the compressor-
condenser 23 must work harder as the heater power is
increased. Thus, additional power is saved by the
compressor-condenser when the heater power is only 150
watts, as compared to being 390 watts.

In the prior art temperature control system of
U.S. patent 5,812,505 (which is referenced herein in the
BACKGROUND), there is no second control 1loop. In the
"505 system, liquid coolant flows through a heatsink at a

constant flow rate and a constant temperature. Thus when
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heater power PH . From equation 22, the heater power
PHis calculated to be 450 watts. The above rise in

woeatsagigeower from 150 watts in Fig. 3 to 450 wariUus2008/003796

Fig. 8 is not just a transient that occurs as part of

t he random changes in Pc due o the TEST signals. Thus

t he evaporator control circui 827 responds by raising

the tenperature TE of the evaporator 21 to agai n make

the operation of the Fig. 1 systemnore efficient. A

rRhﬂar Cthix appverofirpREs froms A&fn W"eﬂqdm i DhswaBteein the

X5 dd sy AlehUANON 28 30 "ol | SnEBLSSLTLAMY €0 the

e evapora C

tliuasté:ly genelcinipehddte Sifpial tha¥ | drbpy. i Sdebekhibhed by
the flow rate of the refrigerant through the valve 22

ieqyaiRng). 1&gt 18nF29- s8ys that the tenperature drop
fromTc to g&ts o§é3 Rhald Mehet hgﬁégtéﬁm%f Fig. 1 is

resi stance in path , plus PHtinmes t er mal
rags in an@@nartlm hugderNethe equaviously | degiordbedd byeady-

tractl he_vari ous nungricgl val yes
asﬁ: @%Cgorné et i glg 54 A Ren~RQtRt i tH 2@ 85 Then,
s gk b)ﬂfdﬂ vVhagpenwat i on e f et iiRAL %m@@ﬁrture is
PH . From equation 26, the heater power PH is
Giaim«'aitaxtl toome 25T waot $0°CorrpaWhag drhslt | chafiGewidrh set-

t 22 dj cat t tt d due to
: “arbrggce”vam%,”okﬁ?h%%se shate GnnnaRicn [t b9 shown in

shechangag Ceat r@ﬂlel Weddy {d¥atd 9 opbrNSGN that is
re uced el ectrical power consunption in the heater 20

fehawmsn \Bigs 8o 150 watts, or 66%. Here again,
addi ti onal 'ﬁ?gveﬁakﬁlgluigr heater power Py in Fig. 8 which

will keep the IC-chip 10 at the set-point in the steady-
state is calculated by equations 20-22 in Fig. 9.
Equation 20 says that the temperature drop from T. to Tg
is equal to P times the thermal resistance in path 31,
plus Py times the thermal resistance in path 32. Then
equation 21 is obtained by adding and subtracting the
various numerical values that occur in equation 20. Then
equation 22 is obtained by solving equation 21 for the
heater power Py. From equation 22, the heater power Py is
calculated to be 450 watts.

The above rise in heater power from 150 watts
in Fig. 3 to 450 watts in Fig. 8 is not just a transient
that occurs as part of the random changes in P. due to the
TEST signals. Thus the evaporator control circuit 27
responds by raising the temperature Tz of the evaporator
21 to again make the operation of the Fig. 1 system more
efficient. . A numerical example of this is shown by

equations 23-26 of Fig. 10.
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saved by the conpressor -condenser 23 since it does
not have to work as hard when the heater power is only

woaWswaids i nst ead of being 450 watts. By conp&CTAsm05/003796

in the prior art tenperature control systemof U S.
patent 5,812,505, |liquid coolant flows through a
heat sink at a constant flow A& e and a constant
tenperature. Thus when the set-point rises from 250C
to 400C in the "505 system the electrical power which

I's sent toHduadiral €23t Sagonphasamrg fier ridialed ifom S-5°C to
determ ned by equations 20-22 in Fig. 9 . Next,
ﬁéﬂéﬁence’l‘hhmﬁ@mm tonEirgl Icimdgunith SAowloémwthis by

t he heat.er trol, circuit 26 and the, evap

BORErE it e Fiohian Sty ovmr Fhd 1) KRl ae the £low
rB¢eed¥esSthd ORtEeihelrantl HhrRUyH Nend10vL108t 8k 3 Sreduced.
Also in Fig. 11, a waveform 41l illustrates the running

Bomeidonoi24 heamm@haruwathe stgmner@burﬁe dyopt irp. Tc to Tg

;:[Ir%’lt Zer are_{agg hé&t eno‘a‘tsI g?h% tﬂe% Fur? ‘é@aﬁcié: EE ffth 31,

pluayeh,pr giMesi [dhest théehal hedsidtanicanedns prameraz bat Next
is sent to_heater 20. This instantaneous power i

EINRHLPT 2P eak®d ORFaimedh ¥ eradding o2 rEHPFIrEStlng the
%@101—1% shiidSidD fehluds! eMathecetPannte dz%’162§. Then

rapi dly decreased when Tc starts to rise above
equafdiont . 2€on@eq@khai9edTbYal seivingaeguaticy 2ABarfor the

REREEE SONS® Rei ndl Rt SR IR A f 30 TEeERBaHOBHEy s 1o
tageutiiated ltd ®dd i 150 twatder eas the average heater
power as Comparing equation 26 with equation 22
indicates that 300 watts are saved due to the operation
of the evaporator control circuit 27. Thus, the second
control loop in the Fig. 1 system reduced electrical
power consumption in the heater 20 from 450 watts to 150
watts, or 66%. Here again, additional power is also
saved by the compressor-condenser 23 since it does not
have to work as hard when the heater power is only 150
watts instead of being 450 watts.

By comparison, in the prior art temperature
control system of U.S. patent 5,812,505, liquid coolant
flows through a heatsink at a constant flow rate and a

constant temperature. Thus when the set-point rises from

25°C to 40°C in the °505 system, the electrical power
which is sent to the heater to compensate for that rise
is determined by equations 20-22 in Fig. 9.

Next, reference should be made to Fig. 11 which
shows how the heater control circuit 26 and the

evaporator control circuit 27 operate over time. In Fig.
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i ndi cated by waveform 4l is shown fromtime tl to tine
t9. It is to be understood that the rapid changes in

woauesiostaws 42 are superinposed on waveform 41 f POWUSR0BE/003796

t2 totinme t9, just like they are fromtinme tl to tine

t2 . Further in Fig. 11, reference nunerals 43 and 44
respectively illustrate an ug er limt and lower [imt

for the average heater power. Signals which represent

the two imts 43 and 44 are stored within the
tlapdimeorimorgases cifrom tleft Ywemight Qrerbhe hegigontal

ower 41 rises, _abgve t upper. limt 43,.t
g?féﬁmat%i‘seorfﬂ'o 18i'r ¢ tp§7we%%%%%s4ah2ﬁ]}%€?f%%gs the
FRnflinghavedfddedes Antthie0 gdwere velpat atisr séht to the heater
Conversely, when the average heater, power 41 gro S .
Bel-ow Thiks | Berageniat 4anyt fdie He égaﬁéﬁ‘ﬁ"or %’Efﬁ??ola time
circuit. 27 _increases, the fl.ow rate FR of the
LPEEESBM éEofS‘i‘%. &Jﬁsefa‘r?tl gtelrmantta‘to the evaporator 21.

The flow r ghetBRr Sighewy.byiwavaf araveformn &R29.illlustrates

Fromtinme tl to tine t2 in Fig., 11 the average heater .
tbeerinstantansons PeweRethak &6 Aendhfyshedhgt Qe This

gvapoaor.ator t I reyi g 0 e
GRS RbReeRY el 4" aBl o ROl B) Ol eater
eeRItrDl reildtniset 2 powhient dpetatrdirse. tahfslh belgwy the set-

R AT 4 Br BAREALY CRETFESER YRS o Sl Tise
%I%%Jée}tlx%r SIS PN €] T Clbl s PudNETPASES dlvayy es€dPs at, or
power 41 to the heater 20.

near, the set-point.

To simplify Fig. 11, the instantaneous heater
power as indicated by waveform 42 is shown only from time
tl to time t2; whereas the average heater power as
indicated by waveform 41 is shown from time tl1 to time
t9. It is to be understood that the rapid changes in
waveform 42 are superimposed on waveform 41 from time t2
to time t9, just like they are from time tl to time t2.

Further in Fig. 11, reference numerals 43 and
44 respectively illustrate an upper limit aﬁd lower limit
for the average heater power. Signals which represent
the two limits 43 and 44 are stored within the evaporator
control circuit 27.

When the average heater power 41 rises above
the upper limit 43, then the evaporator control circuit
27 decreases the flow-rate Fp of the refrigerant to the
evaporator 21. Conversely, when the average heater power

41 drops below the lower limit 44, then the evaporator

control circuit 27 increases the flow rate Fp of the

cj£\appl\550707.doc
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Al so, the evaporator control circuit 27 reacts to step
changes in the set-point tenperature. Specifically,

woOheos@gaoer at or control circuit 27 sends the | Pquiug2005/003796

refrigerant to the evaporator 21 with a flow rate that

-a) decreases if the set-point mnus the tenperature

of the evaporator 21 steps a e an upper limt, and b

) increases if the set-point mnus the tenperature of

the evaporator 21 steps below a lower limt. One
sefragesapfpeto | thet evapodend2dne sTheatflow onete Fr is
Lt AN B g oo b evapor at or control

%lhrmé’hl %@2%% egc’:ﬁro(]e:!é\nsélsg tg'hne%lgo‘wrhre‘la'te F of refrigerant as

shown by waremorindb €1 ofs ttiRet €2t €nt FiG.t 31 ,AtHd Gverage
flowrate FR decreases, the tenperature TE of the
80a8raPOYETh GleatkaYS THEShandddecddmmides 43 andt 4. Thus

r { | + S e QLY h
FAE, ol URCrdE LGNS Jro LI 49 KRERGGo exe
flpw rdtet [fe.average heater power 41 falls bel ow the

upper limt,.43. en fhat_occurs, theevaporator )
control ci r&gRy \f/‘\b;'- gi’d'b% thardi AP hEnFESRSPaPS BT Hfin the

e -pofihtgctaiper&it@pl i MeThdst O t 1R gl dibfeﬁ&ﬁ&%g%ccurs

heat er power 41 sl oy\/I}t/ drops fromthe upper Iimt
betwren| fhe sehipoiut hempenatiurs cznd hihet thempeneture Tc

te that at time | 00 - Jhus from
%’?matitf% t%@tﬁ:ﬂégﬁt ?fs&'t he gbapﬁ%%?éﬁs%bnt#%%é\/ c}fér]%%?:f Fputrol
ceacuitby2d nitnensasngst thel | Drerage pBwer AWVWBobthe heater
gsveform 45. This lowers the tenperature TE of the

aporator 21. In response, the heater control
Also, the evaporator control circuit 27 reacts

to step changes in the set-point temperature.
Specifically, the evaporator control circuit 27 sends the
liquid refrigerant to the evaporator 21 with a flow rate
that -a) decreases if the set-point minus the temperature
of the evaporator 21 steps above an upper limit, and b)
increases if the set-point minus the temperature of the
evaporator 21 steps below a lower limit. One suitable
upper limit is 50°C, and one suitable lower limit is 30°C.

In Fig. 11, the evaporator control circuit 27
decreases the flow rate Fp of refrigerant as shown by
waveform 45 from time t2 to time t3. As the flow rate Fy
decreases, the temperature T: of the evaporator increases.
Thus a decrease occurs in the average heater power 41
which is required to keep the IC-chip 10 at the set-
point, in the steady-state.

At time t3, the average heater power 41 falls

below the wupper 1limit 43. When that occurs, the
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circuit 26 increases the average heater power 41 in
order to keep the I1Cchip 10 at the set-point SP in

woOheosgisemayst ate. At tine t5, the average heat eCTS2®5/003796

41 rises above the lower Iimt 44. Wen that occurs,

t he evaporator control circuit 27 stops changing the
flowrate FR of the refriger@&. Thereafter, fromtine

t5 totinme t6, the average heater power 41 stays

within the two limts 43 and 44. Thus no change occurs
evaploxaticow cohtrBR .chestitat2?i mtaps hangding the £flow

decrease qccurs _in the average power Pc to the IGchip
v eT%§s°ga%H5er8§ﬁ§g&rﬁfia_step decrease in the DC
vol tage at padntheife peyercd stimat &0, t kel CaGBirAge0. heater
This al so can be caused b¥ a change from one sequence
xr

BOWPEST4%| FHAvELY o dxePshefreRqudiR e UBPSTESHiBi§NAX to the

‘ikg@.'kv%@ 1§65 e‘ﬁihér 1 S10LS ﬂé@ié‘héhﬁ&ﬁ' ¢tR ¥, that
. I'n‘response to e ‘above power decrease, the
waspeet! Wte tdmd =S |{s ctvp Idwstarts to drop bel ow t he

set-point. That tenperature drop is,sensed b{ t he
heat er contTts cEremi (t3%e whitcite ekdile P quithy yevaporator

IR NS L EEi AV 8T N Yy PPNEEeddiNheR N Flow rate Fy
average heater power 41 rises above the upper [1mt

43 showrevbyowaveforontdSl cThisi lowensedhundeeperature Te
decrgasing the flow rate FR of the refrigerant. This

O SFBfn SEPPRERSCS 1t h5 115 FERROPS Y0 tife RERtery, gontrol
i rduilt eI Rceshédéohat Bvethge! BERted! Wowed 41€in order
evaporator 21 increases. This increased evaporator

ttengaen the afFovRiP ht0askr e set-point SP in the steady-
state.

At time t5, the average heater power 41 rises
above the lower 1limit 44. When that occurs, the
evaporator control circuit 27 stops changing the flow
rate Fp of the refrigerant.

Thereafter, from time t5 to time t6, the
average heater power 41 stays within the two limits 43
and 44. Thus no change occurs in the flow rate Fj.

Next, at time t6, a step decrease occurs in the
average power Pr to the IC-chip 10. This can be caused by
a step decrease in the DC voltage at which the power is
sent to the IC-chip 10. This also can be caused by a
change from one sequence of TEST signals to another
sequence of TEST signals which switches fewer transistors
within the IC-chip 10.

In response to the above power decrease, the
temperature of the IC-chip 10 starts to drop below the
set-point. That temperature drop is sensed by the heater
control circuit 26 which reacts by quickly increasing the

average heater power 41.
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heater power 41 to be |owered and still maintain the
| Cchip 10 at the set-point in the steady-state.

wetosmsmosi ne t7 and tine t8, the average heat eCTS2®5/003796

41 slowy drops fromthe upper limt 43 to the | ower

limt 44. This indicates that the flow rate FR was set

too low at time t7. Thus froddtine t8 to tine t9, the
evaporator control circuit 27 reacts by increasing the
flow rate FE as shown by waveform 45. In response, the
evapor at or whempeth¢ urasrekiagéccheases. pidwert Bd heases above

control cirqguit, 26 increases the average heater power,
Hhe| HERSE, WPioepir hcthe, ETAPORFLAT | FEPEEPINOPATCRAE 27

LBepshaady-Bfat Gechledditly t Irnkhe BNGH adealheat eF, POWRr the
41 Tises above the lower Timt 44. Wien that occurs,
refrégependt.or Thhsrds chowi tbP7waveforohadlyi Agomhdime t6

Loveages, 7., TIobGE" B M5 IRLEE DGR 0 Slal, e
e

¢AperaitArLOMNF Ol thel CevhpdfatRies 0 ChAbgeakdsthe This
flowrate FR. Next, with reference to Fig. 12, one
pperensed enPRPIERECDH! CREPEFREUFS S2I1RYVEr e the t RVerage

BAGBRIEEENT OLoChr M d e DTS ARG iF e 2
Bhip6 10amdt tthes esedomudmantin arlee | stesddy +2thbel ow in
TLE 5 TR S ROTED) CRACTLBL! 80 Shu pverage eates
bbaerspeti fa1dwi8y UBRBDs from the upper 1limit 43 to the
lower limit 44. This indicates that the flow rate Fy; was
set too low at time t7.

Thus from time t8 to time t9, the evaporator
control circuit 27 reacts by increasing the flow rate Fg
as shown by waveform 45. In response, the evaporator
temperature T; decreases. Thus the heater control circuit
26 increases the average heater power 41 in order to keep
the IC-chip 10 at the set-point in the steady-state.

At time t9, the average heater power 41 rises
above the 1lower limit 44. When that occurs, the
evaporator control circuit 27 stops changing the flow
rate F;. Thereafter, the average heater power 41 stays
within the two 1limits 43 and 44, so the evaporator
control circuit 27 makes no change in the flow rate Fy.

Next, with reference to Fig. 12, one preferred
embodiment of the internal structure of the evaporator
control circuit 27 will be described. This Fig. 12

embodiment includes all of the components 51-66, and

those components are identified below in TABLE 3.



limt for the average heater power. Suitably, this
upper Iimt is 250 watts as one exanple, as 10 shown
wOonodsiog10032. Preferably, the upper Iimt is atPC®ASR005/003796

twice the lower limt. 52 Conponent 52 is a register

15 which holds digital signals that specify the | ower
limit for the average heater ¥fbwer. Preferably, this

lower limt is not 20 less than 50 watts, as shown in

Fig. 12. 53 Conponent 53 is a register which holds

digital signals that specify t hEABLEBe325 period DT

duri ng whi t he runni ng avera of the,heater power

i s determccsne]wﬂfé—{-érably, thiﬁiﬁ@%&ﬁ%d isin the
range of 30 0.5 to 10 seconds. 54 Conponent 54 is a ,
circuit whiclPdeterm nes the r FPPRORSREr 3de b @neregister

which holds digital signals
that specify the upper
limit for the average
heater power. Suitably,
this wupper 1limit is 250
watts as one example, as
shown in Fig. 12.
Preferably, the upper limit
is at least twice the lower
limit.

52 . . . . . . Component 52 is a register
which holds digital signals
that specify the lower
limit for the average
heater power; Preferably,
this 1lower 1limit is mnot
less than 50 watts, as

shown in Fig. 12.

53 . . . . . . Component 53 is a register
which holds digital signals
that specify the time
period AT during which the
running average of the
heater power is determined.
Preferably, this time
period is in the range of.

0.5 to 10 seconds.
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heater power. An output 5 signal SI fromcircuit 54
i ndicates this average. One particul ar enbodi nent of

Woi20@si0810054 is a digital |ow pass filter whi chrd®US2005/003796

sanpl es the instantaneous heater power during the tine
interval DT . 55 Conponent 55 js an arithnmetic circuit

whi ch 15 subtracts its negative input fromits

positive input. An output signal S2 fromcircuit 55

i ndicates this difference. 20 56a, 56b. . .

Conponents 564 and 56b respect |%ltlgma¢léta5:ﬁ odes aad @ircuit
resi stor which together generateg a |gnal Jhe

signal S3 equals 25 the signal ﬁﬁen the S|fﬁ%ﬁe§2 the

is greater than zero. O herw sepurpigl %@ﬁa@és of the
zero.57 Conponent 57 is an arithnetic circuit which
subtracts its negative heater power. An output

signal S1 from circuit 54
indicates this average.
One ©particular embodiment
of circuit 54 is a digital-
low pass filter which
samples the instantaneous

heater power during the

time interval AT.

55 . . . . . . Component 55 is an
arithmetic circuit which
subtracts its negative
input from its @positive
input. An output signal S2
from circuit 55 indicates

this difference.

56a,56b. . . . Components 56a and 56b
respectively are a diode
and a resistor which
together generate a signal
S3. The signal S3 equals
the signal S2 when the
signal 82 1is greater than
zero. Otherwise, signal 83

equals zero.
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input fromits positive input. An output signal $4
fromcircuit 57 indicates this difference. 58a, 58b

waaoppmsens 58a and 58b respectively are a di odect@sand003796

a resistor which together generate a signal S5. The

signal S5 equals the signal S4 when the signal $4 is
greater than 15 zero. COtherwi%®, signal S5 equals

zero. 59 Conmponent 59 is a register which holds

digital signals that specify the upper 20 Iimt for

t he set-point5%T enperature i nusCohponenper at §7e of ishe an

evaporator 21. Preferably, this uggﬁ& Lmt dpes
e

pot .
25 exceed 500C, as shown in Pi g™ 1Ebnp%hﬁﬁFlgO which

is a register which holds digitetbstgesks thatsspechéyative

the lower 30 limt for the set-point . .
input from its positive
input. An output signal S4
from circuit 57 indicates

this difference.

58a,58b. . . . Component 58a and 58b
‘ respectively are a diode

and a resistor which

together generate a signal

S5. The signal S5 equals

the signal S84 when the

signal S4 is greater than

zero. Otherwise, signal S5

equals zero.

59 . . . . . . Component 59 is a register
which holds digital signals
that specify the upper
limit for the set-point
temperature minus the
temperature of the
evaporator 21. Preferably,

this upper 1limit does not

exceed 50°C, as shown in

Fig. 12.

60 . . . . . . Component 60 is a register
which holds digital signals
that specify the lower
limit for the set-point

temperature minus the
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tenperature mnus thetenperature of the evaporator 21.
Preferably, this lower Iimt is at |east 300C, as

wehowvsic3Fi g. 12. 61 Component 61 is an arit hrerius2005/003796

circuit which subtracts its negative input fromits
positive 10 input. An out put $7ignal S6 fromcircuit 61
indi cates this difference. 62 Conponent 62 is an
arithnmetic circuit which 15 subtracts its negative

input fromits positive input. An output signal S7

fromcircuit 62 indicates this thmperatere 20 63of the
63b. Component 63a and 63b respect ve,.;l ol §4,2 di deferably,

and a resistor which together gen A s gnal

The signal S8 equals 25 the sigfls S71oker t NEikignalis at
S7 is greater than zero. O herw se, signal S8
least 30°C, as shown in Fig.

12.

6L . . . . . . Component 61 is an
arithmetic circuit which
subtracts its negative
input from its @positive
input. An output signal S6
from circuit 61 indicates

this difference.

62 . . . . . . Component 62 is an
arithmetic circuit which
subtracts its negative
input from its ©positive
input. An output signal S7
from c¢ircuit 62 indicates

this difference.

63a, 63b. . . . Component 63a and 63b
respectively are a diode
and a resistor which
together generate a signal
S8. The signal S8 equals
the signal 87 when the
signal 87 is greater than
zero. Otherwise, signal S8

equals zero.
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equal s zero. 64 Conponent 64 is an arithnmetic circuit
whi ch subtracts its negative input fromits positive

wonpestos10da out put signal S9 fromcircuit 64 i nBCTASE®S/003796

this difference. 65a,65b. . . . Conponent 65a and 65b
respectively are a diode and _a resistor which together
generate a signal SO The sf§nal Sl O equals the

signal S9 when the signal S9 is greater than zero.

O herwi se, signal Sl O equals zero. 66 Conponent 66 is

a circuit whiééh .generates .t he Soppaine®ty | r@sponsésto an
the signals S3, S5, S8 and Sl O this is done.s hich
descri bed bel ow. The operati on % 14, R ¢ Whie

begins byl oading all of the reghttactsl, 54tH3, Hbgative
and 60 with their parameters. To do this, the

registers 51, 52, 53, 59, and G@R¥e s&gemntibtsy pomitive
their paraneters via a time- Sqﬁﬁﬁtﬂatﬂnbgﬁtgﬁt LH%nal s9

particul ar paramneter val ues
from circuit 64 indicates

this difference.

65a,65b. . . . Component 65a and 65b
respectively are a diode
and a resistor which
together generate a signal
810. The signal S10 equals
the signal 89 when the
signal 89 is greéter than
Zero. Otherwise, signal

810 equals zero.

66 . . . . . . Component 66 1is a circuit
which generates the signal
SFy in response to the
signals S3, S5, S8 and S10.
How this is done is

described below.

The operation of the Fig. 12 circuit begins by
loading all of the registers 51, 52, 53, 59, and 60 with
their parameters. To do this, the registers 51, 52, 53,
59, and 60 are sequentially sent their parameters via a
time-shared data bus DB. The particular parameter values
are selected by an operator and sent from the operator’s
terminal (not shown).

Thereafter, the signals SPy, SP, STy are

continually received by components 54 and 61. Then in
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are selected by an operator and sent fromthe
operator's termnal (not shown) . Thereafter, the

wei2esass0sP , SP, STE are continual |y recei vedPoy/us2005/003796

conponents 54 and 61. Then inresponse, those signals

are continually processed by conponents 54, 55, 56a,

56b, 57, 58a, 58b, 61, 62, 63% 63b, 64, 65a, and 65b.

In that manner, the signals S3, S5, S8 and Sl O are
continually generated. Signal S3 indicates the degree
respnse,t hdhdsew sdignalls oagle valond2ialigul prmcessed by

SPHRERSEES M cabBe B Ao Do i (FEbT | Bl r B¢ 32,
EBbQUEL vaEsg, 2andh®eKl berhnereas ashiier, heRkelsigals s3,

is too low. Signal S8 indicates the degree to which
fhe FBoRNGIQ xR PRt MRy grugTRERA decr eased

when the e f Oaqt € i 0 el.aw
St por nt - SR Oka) CIRELELIEE, | fhd (o Pk blfen  the
taowhi rhtiehethkrowghat ealireouzk vahowld? Béoudekcbeased when

'bncreased when t he evaporat,or, tenperature is too ¢l os
§IERE RO nt 15A FPBw ﬁ’é‘tgé"i ncr eSSBVERg§elys signal S5

i RdicaltRE he| @t esOtd SwRiERCENBY FA oW RUTAGrough valve
decrease that is 1ndicated by signal S8. Likew se, a
PRowhoatld ibecrigereased when rheaterdoyesi §patos| Dovs

of fset by g.flow rate t i sy ndi cated .
signal S3. LHin h%tane?‘?éi'g%??so?é%%e dsﬁ%néa stt B,Qéé?h the
B3 owanth i Othedught asaliveat 22 hehblud\@ rsé edebradgbdvaihen the
22 is too low, then circujt 66 changes the siEgnaI SFV

eNaporated LRMPRTPRAUrEasEs R FRBwhehw Re\ffQl-point.
“B8¥ersely, signal S10 indicates the degree to which the

flow rate through valve 22 should be increased when the
evaporator temperature is too close to the set-point.

A flow rate increase that is indicated by
signal S5 is offset by a flow rate decrease that is
indicated by signal S8. Likewise, a flow rate increase
that is indicated by signal S10 is offset by a flow rate
decrease that is indicated by signal S3.

When the net of all of the signals S3, S5, 88,
and S10 indicates that the flow rate through valve 22 is
too low, then circuit 66 changes the signal SFy in a
manner which increases that £flow rate. Likewise, when
the net of all of the signals 83, 85, 88, and S10
indicates that the flow rate through valve 22 is too
high, then circuit 66 changes the signal SFy in a manner
which decreases that flow rate. At all other times, when
the signals S3, S5, S8, and S10 are zero, then circuit 66
makes no change to the signal SFy.

Suitably, the signal SFy is generated as a pulse

modulated signal which opens valve 22 completely for the
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the net of all of the signals S3, S5, S8, and SIO
indicates that the flow rate through valve 22 is too

wbi2gds/08idoen circuit 66 changes the signal SFV PaTAIS2005/003796

manner whi ch decreases that flowrate. At all other

times, when the signals S3, S5, S8, and Sl O are zero,

then circuit 66 makes no char?gde to the signal SFV .

Sui tably, the signal SFV is generated as a pul se

nodul at ed signal which opens valve 22 conpletely for

thme ne duratiom of ofachegghse ipul$e si §nal . the  signal.

i.vel t.he sji. .S, gener at.ed. as_an .
AL R il R T & SRR E TR puptivuce
feduda tiddts ighd ofoldh ospéns ovhlleeanp! itbude dfgrdie that is
signal . One preferred enbodi nent of a dual feegback

PIrPPHtigpale o fidie ARt YA L E hEhe ctigRralure of an
| Cchi p near, Sel 2 h SCLi b {n
detail . I\Iove,rfése\‘i/)tgreglgl%g f ?@gt%?\gggﬁﬁi g% c%n g‘ga%ad%eedbaCk
conthhal entsidimenfor vaintainipgr theg temperadtmrecap an IC-
of .the inventi Oﬁ, wW.l | be descri béd. rArg one, in detail
4P ERT R, SERSPPERER| Fofo HitbSESPRnEPaEiPed dn detail.
o0 Beveralneflode8ichBeofist -WRLBh Cadh P&d NmARE t¥Be that
of "chi p-package". In Fig. 1, the |Cchip 10 is shown
Lmentac k Adeh Bt | faparieingbsireme tlle scope of the

s3bedime y

A jvel Viqat | £ chj can be "unpackaged" an
ﬁgk'%&lgﬁdgdt Ivyyﬂblyrkf%e%%%%&?ﬂ. Al so alternatively,

the | C-chi psl0 oxte t heodiibstanion]ll e¢he bac@Rirtely whose
encl osed with a cover. Thus, ,the heater 20 in Fig. 1

EEMPESHTIES afF 1ReEH pratRERiRgdopeasnitda setc@rint can be
whi ghvenghisese tRenl f-5hkRage”. 1In Fig. 1, the IC-chip 10

is shown as being packaged on just the substrate 11.
Alternatively, the IC-chip 10 can be "unpackaged" and
held directly by the socket 14. Also alternatively, the
IC-chip 10 on the substrate 11 can be completely enclosed
with a cover. Thus, the heater 20 in Fig. 1 can contact
an IC-chip directly or contact a cover which encloses the
IC~-chip.

As another modification, the IC-chip 10 whose
temperature is being maintained near the set-point, can
either include or not include its own temperature sensor.
In Fig. 1, the IC-chip 10 is shown as including its own
temperature sensor l1l0a. However, if the IC-chip 10 does
not have such a temperature sensor, then the heater
control circuit 26 can estimate the temperature T. of the
IC~chip 10 by monitoring the temperature of the heater 20
via signal STy and the temperature of the evaporator via
signal STz. How this estimation is performed is disclosed
by the present inventors in U.S. patent 5,844,208 which
is entitled “TEMPERATURE CONTROL SYSTEM FOR AN ELECTRONIC
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As another nodification, the ICchip 10 whose
tenperature i s being maintained near the set-point,

woamsa@sidoer i nclude or not include its own tenmpeTaSA08/003796

sensor. In Fig. 1, the 1CGchip 10 is shown as

including its own tenperature sensor 10a. However, if

the 1 C-chip 10 does not have 3duch a tenperature

sensor, then the heater control circuit 26 can

estimate the tenperature Tc of the I1Cchip 10 by

RBENICEr | Y t WHICHnpPEUIOEe DEMPERARUBREer IS0 RSTBIMATERI FROM

RFATER AR A affacd "ol PG fp @D 9001
the presentas N¥EALQr SanditheS. mpiifiicdt £, 2AhaggBtem of

is entitled "TEMPERATURE CONTRCOL SYSTEM FOR AN
ELgeTRONFERE\PEE erRapdedH shsh cthetvrERRIURR iy of N IC-

. T : AN I
FEBERAT A bE TP L EHE) CReAF) FesHen iy eenperature
spdinemiofed-inpar xanedpeckpuadsdtspolinthat In hisléxpyanded
of N | Cchi 10 si t aneousl y have their respective
Fgﬁﬁgpﬁtw4£1nﬂ?£arﬁ%ﬁ n%ﬁ?Pﬁx?BgﬁecgpvgzseFQQMﬂ%ﬂ727 are
kepiiicataandetnéy st A abhpPbskBe -conpanaals 2201y occur
ang 24-27 are replicated N tines. The

eBspras seereotdaeser 23 degivedur Jfhe orefpigeramss is sent’
£ T frd i La..a_ligui tate

5, e TOE S AR A | SragRbatpt el 25 o

addl icfit thevalepdsicitedandalves r @Rl i gaidinthes refiri'geathnt is

in a gas, state fromall of the replicated _evaporators

setuy &th?esQBF-CEEBEﬁseF??§) 2kl roft hhe Zeplicated
avabben tRrd firatd dhe télﬁnﬂlaééé&i-‘l@én&éﬂg%% pr 23.

control circuit 27 that 1s shown in Fig. can
sinmplifiedFu@thetnpl i kiscat i anotberade bgdification, the
particular evaporator control circuit 27 that is shown in
Fig. 12 can be simplified. One simplification is made by
fixing all of the parameters that are held in the
registers 51, 52, 53, 59, and 60. Those fixed parameters
are then built into components 54, 55, 57, 62, and 64.
This enables all of the registers 51, 52, 53, 59, and 60,
as well as the data bus DB, to be eliminated.

A second simplification . to the evaporator
control circuit of Fig. 12 is made by eliminating all of
the components that generate the signals S8 and S10.
These are components 59, 60, 61, 62, 63a, 63b, 64, 65a,
and 65b. With this modification, the electrical power
which is wused by the heater 20 is still reduced in
comparison to a system where the flow-rate through the
valve 22 is fixed. However, the power savings may not be
as large as that which is achieved with the control

circuit of Fig. 12.
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fixing all of the paraneters that are held in the
registers 51, 52, 53, 59, and 60. Those fi xed

woao@msi®ss are then built into conponents 54, PEDUSBN5/003796

62, and 64. This enables all of the registers 51, 52,

53, 59, and 60, as well as the data bus DB, to be

el imnated. A second sinplif?@ation to the evaporator
control circuit of Fig. 12 is made by elimnating al

of the conponents that generate the signals S8 and

Sl O. These simd lemiyonends Sthimd, 6impdifigditiossb,to the
64, 65a, and 65b. Wth_this,podiflicat.on, %?e . d b
EVBRPFRLRT pKRAERRT chCHECYikd B t He-Freat s 205 s™@de by
st ik naedweed a1 COEPARKEON dompbriatfisS MY € ddiferate the
flowrate through the valve 22 is fixed. However, the
gdaerlsa\ihande§s not Thesgs ang eenroRreREs WAtehS5Rs 53, 54,
aghi %’6(‘?, WBEP the copdlol Jpigf Gy Of Hdil JgafhM LAY this
a~third sinplfficdtion to the ‘evaporator controf

modd fiitcadfidn,g. tie edechddchy gowenawhdghalis chseéfieby the

conponents that generate.the _signals S3 and S5. Those
heatedmpoRents SFildy Teduced ¥8 aqmpazigpn 3o og, system

R re8h.cHder ¥18AIM eV ithdidigh Modid | GAdiwe, 33€ is  fixed.
el ectrical power which is used by the heater 20 is
Howelvempduthe powesnEavings t may syat ehewds elange as that

flow.rate through the.val.ve 22 is fixed. eL. .th

mBhe A LSRR R fpiiel SRt brpEiFiet "2

achi eved WZ h £6ereRNt E@mpliifiWdtivn Fi o 1ZheA fowdpdrator
sinplification to the evaporator control circuit of L.
cogtrpl aixeiitiAE Bhfer IPovkd Fhatt thei dppesr matey plinit
WRdIcH efs5heddd {f1Crb§iEteROVP LLH lthe lower power 1limit

which is held in register 52 can be the same. In that
case, register 52 can be eliminated, and t%le output of
register 51 1is sent to the positive input of the
arithmetic circuit 57 as well as the negative input of
the arithmetic circuit 55. Similarly, the upper limit of
the temperature difference which is held in register 59
can be the same as the lower limit of the temperature
difference that is held in register 60. In that case,
register 60 can be eliminated, and the output of register
59 1is sent to the positive input of the arithmetic
circuit 64 as well as the mnegative input of the
arithmetic circuit 62. |

Also, each of the components 51-66 in the
evaporator control circuit 27 that are shown .in Fig. 12
can be implemented in any desired fashion. For example,
each of the arithmetic circuits 55, 57, 61, 62, and 64
can be a digital arithmetic circuit which subtracts
digital signals, or an analog arithmetic circuit which

subtracts analog signals. As another example, the diode-
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which is held in register 52 can be the sanme. In that
case, register 52 can be elimnated, and the output of

woesgsen351 is sent to the positive input of PO®US2005/003796

arithnmetic circuit 57 as well as the negative input of

the arithnmetic circuit 55. Simlarly, the upper [imt

of the tenperature di fferencé&3which is held in

regi ster 59 can be the sane as the lower limt of the
tenperature difference that is held in register 60. In
resistasepaioy S6x-5Hb.cHBDHEED) nbBat €3, apddt 66a-65b can

ut put of regi'ster 59 is sent .to the positive ipput aof

Phe M LA 1o o AR ARV 6 FLRE U | VBECR ) Pagsss | bhe slomals
spputsaqf &he aAd heet whetl 'tHbde 62ighhle, HEhgebathe than
conponents 51-66 in the evaporator control circuit 27
2AEP - arad hekherwWisey gt ded MR eABERUER ands still

' f ' FOk - €X Ak ch, . : it hpst i

dASLhEr aohullh, (Ohe CYRTERReLTRT RITeUS Ny 05! 62, ana
64i tdamet ilve ciimplidmertieah smuly athatdi ghegl prgdate, ar zero

an.analoqg arithnmetic cirquit which subtyacts anal o )
CRGRYFs. aﬁg?ﬁ’ér negRhHVE TRRUB dFertRTSe%r 1BaMfagnitude

BhRan5GheD8ape8hcifa-fut ,ANEn85aRED, C8RebP@iode-resistor
i mpl emented as any circuit which passes the signals

pairg4, 562-54hd SF8aS8bho$3asi6iinl s amd Fheutehbtiwan be
58&% egnd ot herwi se generates a zero output. As still

ano ﬁer ‘exanple, the arithnetic circuits 55, 57, 62,

and 64 canake anptipeenmedifichtibal, ttiwy pe@tigerant which
zero out put when their negative input is larger in .
FaghsEsielR hiher Fdig- pbsPYPIEm| Gi%k Pengnyhéenbstgace which

gggggggeigﬁaﬁ Bal 1 $qu88- SPRasaBaed8Pa 638563hnadld in the
evaporator. For example, these refrigerants can be
fluorohydrocarbons such as fluoromethane or fluoroethane,
or water, or liquid nitrogen, or any other liquid with
suitable evaporative properties.

In view of the above, it is to be wunderstood
that the present invention is not limited to all of the
details of just one particular embodiment, but is defined

by the appended claims.
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del eted. As another nodification, the refrigerant
which is used in the Fig. 1 systemcan be any

weubssieianmowe whi ch changes froma |iquid phase teCcausams/003796

phase in the evaporator. For exanple, these

refrigerants can be fluorohydrocarbons such as

f1 uor onet hane or fluoroethanéﬁ or water, or liquid

nitrogen, or any other liquid with suitable

evaporative properties. In view of the above, it is to

WHEATNdSr SI@IMBIhAES t he present invention is not

limted to all of the details of just one particular

enbodi ment, but is defined by the appended cl ai ns. HAT

BS CLAI MEDA Siudl Aeddbhckeethitalo X 08y 50bmS ¥oreMd Mtaining

ng%ptaining the tenperature of an IC-chip near a .

$oe. FamRengtivee F (et FEnFhini BepFafe sk paifithgthile said
i 0f Lcal .p Al eQebej . .

B g SO r a5, oYiet TBE  Bidherscay, pover

saddasysitemt heingeatapniseh dfis one face connected to

sai d evapor.at or _and aE opEosite %fce,éor oypling to
sai d | Cchi ™ afV BRIPBY 2L o o/t riot it cBﬁ%FégeFB $aj R4 an
@1ap@AdIcOr hedtdra RRALRI k&S Iild CEatUIPLBANER LA dto said
electric heater; said heater controller including a

evaprrRieFhANd caR caPPoRises fage stonli agupldnyr itoalsaid IC-
rr to said electric heater with a variable

maghi't ude that conpensates for changes in said I Gchip
power; andarmsai dvapapataior comtrolier | rJuplidll ato said
%%%%ggator, and a heater controller coupled to said
electric heater;

said heater controller including a first
feedback ‘circuit means for sending electrical power to
said electric heater with a wvariable magnitude that
compensates for changes in said IC-chip power; and,

said evaporator controller including a second
feedback circuit means for passing said liquid
refrigerant to said evaporator with a variable flow rate
that reduces electrical power usage in#said heater over

the power usage which occurs if said flow rate is fixed.



feedback circuit neans for passing said |liquid

refrigerant to said evaporator with a variable fl ow
woaves/osims reduces el ectrical power usage in SR&CWUS2005/003796

heater over the power usage which occurs if said flow

rate is fixed.2 . A dual fequgck control system

according to claim1l wherein idelectric heater

generates heat with quick changes in magnitude in

conmpari son to said evaporator controller which
i2ncl udes a &Faldualk hfieeshagk s conitaofl] owyssueu otceakding to

I e N e

ciwiick 2 vhanges saind smagnilttdedbadak Cd:dsmpahaaﬁns to said
senses the inst ant eous gower to said electric

SYRRGEILHY CORRTOLLEE PR Ghdipeiudssr antvalyetpt adjusts

ReARDT atedbwM t Bagefl | O¥ET aty figat llg).uﬁecr ?@%?‘E blabll® with
average of the sensed power to said electric gater

crhstantabln slower nekanges i &n abageitmdepper pover
limt, and b) increases if said average over said tine
interval is bel ow a | ower power limt. 4 . A dual

fseedback syst @uadcc@edidbgcko SyStem3 MEsLAn§aith claim 2
per power limt is at _|east twice said | oner power
nein; sagdy,§pcrBEdpERKARISK o FikIWiEi MPAnF cSenPeE the

%ﬁﬁﬁ%&éeﬁmg e@glb%% iéiHEErEEarﬁ‘eac‘Le €S I sends

i nst ant aneous power to sa ectric ater, and sends
saiid | 1qquddr afefgsgarﬂnt 0 teai sh bd apoapioara twixt hwath|l @v flow

rate t?_g g eases if the avergg%e of the sensed

a§al aa | 2952 HRA dF oFBP AVYRYRSEn af mthe sensed
power t said electric heater over a certain time
interval is above an upper power limit, and b) increases
if said average over said time interval is below a lower

power limit.

4. A dual feedback system according to claim 3
wherein said upper power limit is at least twice said

lower power limit.

5. A dual feedback system according to claim 2
wherein said second feedback circuit means senses the
instantaneous power to said electric heater, and sends
said liquid refrigerant to said evaporator with a flow
rate that -a) decreases if the average of the sensed
power to said electric heater over a certain time
interval is above a particular power limit, and b)
increases if said average over said time interval is

below said particular power limit.



interval is above a particular power Iimt, and b)

increases if said average over said tinme interval is
woebawssmdd particular power limt.6. A dual feetdhaeds/003796

control system according to claim2 wherein said

second feedback circuit neans senses the tenperature

of said evaporator, and sendS%aid | iquid refrigerant

to said evaporator with a flowrate that - a)

decreases if said set-point mnus the tenperature of

§ai d evapolat duails feedbapkn conbxphunsystenr c3reOrdiRg to

b.)l.ingreases Jif said sef-point m t &
Greim ¢ Snin Aaid FERRRR EhebllR, AT B Sonses
the Actipirdtandbask soidretapysaesracanddisemdso sdial Miquid
6 wherein said second feedback circuit kg s said
seapdomran g t BrE0evEBPYatorh M the t ?615& Iakee Hiat -a)

At GifE Shid alpdERdPAThySOR Ol ipdr@Bure of said
according to claim 2 wherein said second féedback
elviapoirta tteand ssemere ttizan ermpemamimamnf diff¢rence, and b)

evaporator,, and sends, said |iquid refrigerant to sai .
SragoaRe 4 (FRLt rhorarat, Aipts B dlReAGSE St sata
¥adRRItd0 I TddWIScHAIe 4 anDeimbn! ed0Eseaktice.

evaporator is nore than a particular difference, and b

) increases if said set-point mnus the tenperature of

said evaporator is |less than said particul ar

difference. 9 . A dual feedback control system

gecordi ng t @wilm Zesdbaekn santridlr styktetbaskcording to

circuit neans reads the tenperature of said |C-chi .
Gl Sonperain SALE) eeRPp HRFluEs BRECHIt dideps said
power to said.ehegliri at ery .t h j u%“&j@‘ra-
aﬁvﬁ%c’c?aeta%xés%gsét ﬁ.‘eo téﬁphgrgt%l}rdég%f gglaga ?@-‘%hi@p ture of
RGeS EeScvEp PW sai d set-point and b )

8. A dual feedback control system according to
claim 2 wherein said second feedback circuit means senses
the temperature of said evaporator, and sends said liquid
refrigerant to said evaporator with a flow rate that -a)
decreases if said set-point minus the temperature of said
evaporator is more than a particular difference, and b)
increases if said set-point minus the temperature of said

evaporator is less than said particular difference.

9. A dual feedback control system according to
claim 2 wherein said first feedback circuit means reads
the temperature of said IC-chip from a sensor in said IC-
chip, and sends electrical power to said electric heater

with a magnitude that -a) increases as the temperature of
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decreases as the tenperature of said I Cchip increases
above said set-point. 10. A dual feedback contro

weysisasimscor ding to claim2 wherein said firsPCT/US2005/003796

feedback circuit neans estimates the tenperature of

said I Cchip as a function of the tenperature from one
sensor on said evaporator an@d’another sensor on said

el ectric heater, and sends electrical power to said

el ectric heater with a magnitude that - a) increases
saidhe I®Memmt Ulecrdases d bElowi psdbdr egséspedndyy and b)

i d t - poi nt db) d th \
SarTePes po (A EbUPE oY TE O < ARG e Gl Yftreases
Esgggaggﬂaﬂgégﬂpgaﬁg§n1according to claim2 wherein

sai d evaporator controller includes a programmabl e

menber which stores signals that set said upper power

l[imt and said | ower power limt. 12 . A dual feedback .
control system according to claim2 wherein said

qgcond f eedbaduadi r feedbdetker roneésodai dyatemagachendidng to

power by sensing.,and filtering fhe_instantanequs wer
323 o 21 cPRPFEiRoareials HiTtta) FPERRBAE CORTHC  means

LGRS OL AL NG ifp eHatiPe? YPekaiia the Gipi aat ionfahction
Sad evaporator, said electric heater, said heater

ottt | eemperatsne dfzompongt sensoR 131 |SAidrevaporator and
replicated in said _system fultipl [ e th

SR HED| REVPSR maFy: ARG | htPEEBLET | DeNeker dfile Sonds
Qf1 &b t1SEL IpdRet Ce6hbRiBC @1 e tiTpardd e el tlpoanagnitude
14. A dual feedback control systen1accordiqg%to Qkfig] hi
Zheter erd siReredapsr &%r tient FBFPEFabPERs Shgsald 1C-chip

decreases below said set-point and b) decreases as the
temperature of said IC-chip increases above said set-

point.

11. A dual feedback control system according to
claim 2 wherein said evaporator controller includes a
programmable member which stores signals that set said

upper power limit and said lower power limit.

12. A dual feedback coantrol system according to
claim 2 wherein said second feedback circuit determines
said average heater power by sensing and filtering the

instantaneous power to said electric heater.



cl oses said valve with a pul se-nodul ated control

signal. 15. A dual feedback control system accordi ng
woaeoasleaioes 2 wherei n sai d evaporator control | er POPAIS2005/003796

and closes said valve to a degree that is selected

with the anplitude of a anal gg control signal.

13. A dual feedback control system according to
claim 2 wherein the combination of said evaporator, said
electric heater, said heater controller, and said
evaporator controller are replicated in said system
multiple times such that each combination maintains the
respective temperature of a respective IC-chip near a

respective set-point.

14. A dual feedback control system according to
claim 2 wherein said evaporator controller opens and

closes said valve with a pulse-modulated control signal.

15. ' A dual feedback control system according to
claim 2 wherein said evaporator controller opens and
closes said valve to a degree that is selected with the

amplitude of a analog control signal.



