A i (m[OE%‘/J\LARGE
er y%%@ %Eﬁﬂjﬁeg:ﬁﬁ@d

pis r(ﬁédfl(sfzs Eag%ggd"'é'ber BRgege-----

[ert]. P:"l\f;rrEG?‘ATED DYNAM C POWER DI SSI PATI ON CO
SCALE | NTEGRATED (VLSI) CHI PS BACKGROUND OF TH
I nvention The present invention is related to

mai nt ai ni ng functional operation when chip te

. . d
tenperature specifications. Prior Art A notebog ter mifl Paged .......
| i ghtwei ght, portable, - battery-powered, |ap- S R?@?ﬁ) 2ar to fegpd tHAL
uses a thin, lightweight, display screen suc QStT&TPt]U| ‘cpaged/s J:oq%agg,j, ay
(LCD). Notebook PCs ty, Ly run several s geahle batterles,
wei gh 4-7 pounds, fol W‘EW@ B@%Mﬂgl%éWEEeDbSSBP * BEERX

their small size arﬁlY&ijammVERthEARGETBGAIdE\H\HEEGR!AQ‘EEY(WSU BRSPS
exposed to environnents where the tenperature range for which t

BACKGROUND OF THE INVENTION
Field of the Invention
The present invention is related to very large scale integrated circuit
. chips and more specifically to a method and apparatus for

maintaining functional.operation when chip temperatures exceed
operating temperature specifications.

Prior Art

A notebook computer is a small, lightweight, portable,
battery-powered, lap-top personal computer (PC) that uses a thin,
lightweight, display screen such as a liquid crystal display (LCD).
Notebook PCs typically run several hours on rechargeable batteries,
weigh 4-7 pounds, fold up, and can be carried like a briefcase. Because
of their small size and portability these small devices are often times
exposed to environments where the temperature range for which the
microprocessor CHIPS were designed is greatly exceeded. This could
lead to intermittent operation of the device and a shortened lifetime
of the integrated circuit chips that make up the device's logical
circuits.

Phase-locked loop (PLL) clocks are placed on integrated circuit chips to
minimize clock delay skew between a board-level system clock and
latches fabricated on the chip. The delay skew is created by the number
of buffering levels needed on the chip to distribute the clock signal to
all of the latches on the chip. PLL's can also change the frequency of _
the board level system clock so that the chip clock frequency is higher
or lower than the board level system clock. It is well known that
logical circuits consume power in proportion to the frequency at
which they operate. The higher the operational frequency, the higher
the power dissipation. By controlling the clock frequency to the logic
one can control the power dissipation. -
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control the pOWj éi?&%?tchﬂyby controlling phase locked loop (PLL) clock
circuitry existing on the chip.

SUMMARY OF THE INVENTION

,. Briefly, the above object is accomplished in accordance with the
invention by providing chip logic, a phase locked loop (PLL) clocking
circuit, a temperature sensing circuit, and a power management
circuit, all fabricated on a very large scale integrated (VLSI) circuit
chip. The temperature sensing circuit directly measures the chip
temperature, producing a temperature output signal. The power
ménagement circuit, which is connected to the temperature sensing
circuit and to the chip logic, responds to the temperature output signal
and to a functional state of the chip logic to generate a control signal to
the PLL. The PLL responds to the control signal to change the
operation of the PLL, by either stopping the clock or modifying the

operating frequency thereof, depending upon the state of the control
signal.

An advantage of this invention is that excessive system temperatures

on a chip are regulated by controlling the effective duty cycle of a chip
clock.

A further advantage of this invention is that it allows a device to
operate at reduced system performance levels while temperatures at
the chip level are being reduced.

A further advantage of this invention is that it allows a device to
operate at above specified system performance levels when
temperatures at the chip are below designated levels.

The foregoing and other objects, features, and advantages of the
invention will be apparent from the following more particular



2 1t is-therefore an object of this invention to provide a nethod and neans
for controlling the tenperature of a very large scale integrated (VLSI)
circuit chip by controlling phase | ocked | oop (PLL) clock circuitry

exi sting on the chip. SUMVARY OF THE | NVENTION Briefly, the above object is
acconplished in accordance with the invention by providing chip logic, a
phase | ocked | oop (PLL) clocking circuit, a tenperature sensing circuit,
and a power nanagenent circuit, all fabrica%ed on a very |arge scale
integrated (VLSI) circuit chip. The tenperature sensing circuit directly
measures the chip tenperature, producing a tenperature output signal. The
power managenentdescription ofwhipratersed embodiment of tthe inveptieatasridlustrasedig
circuit and to HRQH%Qkfohﬂﬂ$ﬁd%%%ﬁ adss to the tenperature output signal
and to a functional state‘of ‘'t chip Yogic to generate a control signal to
the PLL. The PLL responds to the control signal to change the

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 is a diagram of a prior art phase locked loop clock circuit;

FIGURE 2 is a diagram of a system in which the present invention is
embodied,

»

FIGURE 3 is a flow diagram of a method of dynamically maintaining
chip temperatures in accordance with the present invention;

FIGURE 4 is a timing diagram of the operation of the invention in a
stop clock mode; and,

FIGURE 5 is a timing diagram of the operation of the invention in a
modify frequency mode.

DESCRIPTION OF THE PREFERRED EMBODIMENT
FIGURE 1 is a diagram of a prior art phase locked loop (PLL) clock
circuit that is capable of frequency multiplication. An input signal (10)
from a system clock is divided by a divide by P (/P) frequency divider
(12). The PLL consists of a closed loop including a phase'detector (16), a
voltage control oscillator (VC020), and a divide by N (/N) frequency
divider (24). A phase difference and frequency difference between the
signals (14) and (26) are detected in the phase detector (16) and an error
signal (18) corresponding to the detected differences is output to the
VCO (20). The VCO provides an output (22) that is phase-locked with
the input signal (10). The /N frequency divider (24) divides the
frequency of the signal (22) by N and feeds it back to the phase detector
(16) so that the fraquency is locked. The variables P and N of the
frequency dividers can be programmed with values to provide a
variable frequency output selected by the values of P and N. The /P
circuit provides one pulse out for every P pulses applied. Likewise, the



operation of the PLL, by either stopping the clock or nodifying the
operating frequency thereof, depending upon the state of the control
signal. An advantage of this invention is that excessive system
tenperatures on a chip are regulated by controlling the effective duty
cycle of a chip clock. A further advantage of this invention is that it
allows a device to operate at reduced system performance | evels while
tenperatures at the chip | evel are being reiduced. A further advantage of
this invention is that it allows a device t'o operate at above specified
system performance | evel s when tenperatures at the chip are bel ow
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particutar N and P are integers greater than zero and represent a frequency
division of an applied signal.

Refer to FIGURE 2 which is a diagram of a power dissipation control
system in which the present invention is embodied. The power

,. dissipation control system uses a phase locked loop (30) which is of
the layout shown in FIGURE 1. The PLL (30), a temperature sensor
(32), a power management circuit (34), an AND circuit (36) and chip
logic (38) are all fabricated on a very large scale integrated circuit
(VLSI) chip. The temperature sensor (32) measures the chip
temperature and generates a temperature monitoring signal (33) to
the power management circuit (34). The chip logic (38) generates a
chip status signal (46) to the power management circuit (34) that
indicates the functional state of the chip logic. Using the temperature
monitoring signal (33) and the chip status signal (46), the power
management circuit determines if it is necessary to raise or lower the
chip temperature. Two methods are available to the power
management circuit for lowering the chip temperature. It can either
stop the PLL clock for a period of time or it can reprogram the
frequency divider circuits in the PLL. '

Stopping the PLL output from reaching the chip logic stop all
functions on chip logic so that no power is dissipated in the chip logic.
Gating the output of the PLL in the AND (36) permits the PLL to
continue operation and therefore provides a way to restart the chip
clock without having to wait for the PLL to regain lock.

Reprogramming the frequency divider circuits in the PLL to reduce
the frequency will change the effective duty cycle of the PLL and hence
will reduce the power consumption in the chip logic. The chip logic
will then function at lowered performance levels. The chip logic can
also signal that it needs a higher frequency. In this case, the power
management circuit can reprogram the frequency divider circuits in



description of a preferred enbodi ment of the invention as illustrated in

t he acconpanyi ng draw ngs. BRI EF DESCRI PTION OF THE DRAWNGS FIGURE 1 is a
diagram of a prior art phase | ocked |oop clock circuit; FIGURE 2 is a

di agram of a systemin which the present invention is enbodied, FIGURE 3 is
a flow diagram of a nethod of dynam cally maintaining chip tenperatures in
accordance with the present invention; FIGURE 4 is a timng diagramof the
operation of the invention in a stop clock node; and, FIGURE 5 is a timng
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Refer now to FIGURE 3 which is a flow diagram of a method of
dynamically maintaining chip temperatures in accordance with the
present invention. A temperature threshold level (T) is chosen for
normal operation of the chip logic (52). The chip temperature is
" sensed (54). If the chip temperathre (t) is greater than the threshold (T)
the flow proceeds to decision block (58). The chip logic generates a chip
status signal to the power management circuit that indicates that the
chip is or is not in stop clock mode. If in stop clock mode, a yes from
decision block (58) causes the flow to proceed to block (60) wherein the
stop clock signal is asserted. When the temperature drops to the

threshold (T) a yes occurs from decision block (62) and the stop clock
signal is deasserted (64).

If at decision block (58) the chip logic did not signal stop clock mode,
the flow proceeds to assert the divide by P signal to lower the PLL
frequency. Reprogramming the frequency divider circuit in the PLL to
reduce the frequency will change the effective duty cycle of the PLL
and hence will reduce the power consumption in the chip logic.

The chip logic can also signal that it needs a higher frequency (70). In
this case, the power management circuit can reprogram the divide by
N frequency divider circuit in the PLL to increase the frequency,
provided the power dissipation as measured by the temperature
sensor is lower than the threshold (T). The chip logic will then’
function at raised performance levels.

Refer to FIGURE 4 which is a timing diagram of the operation of the
invention in stop clock mode. The system clock (10) of FIGURE 2 is
running at a frequency F in this example and the chip clock is
running at a fraction of the system clock frequency, 1/2 F. The chip
status signal line (46) of FIGURE 2 indicates stop clock mode. The



vol tage control oscillator (VC020), and a divide by N (/N frequency

di vider (24). A phase difference and frequency difference between the
signals (14) and (26) are detected in the phase detector (16) and an error
signal (18) corresponding to the detected differences is output to the VCO
(20). The VCO provides an output (22) that is phase-locked with the input
signal (10). The /N frequency divider (24)6 di vides the frequency of the
signal (22) by N and feeds it back to the phase detector (16) so that the
frequency is.locked. The variables P_and N of the frequency dividers can be
programed wi t POVRTEANEgeHREY CHEUY (F4) ressivesta signah&3d)dueputhesel ected by
t hfa val uesI of dl?elﬁzrpgr&turéf @eﬁ& ﬁidﬁﬁd{idlé ﬂfﬂ\the:ténfp@eaugubq@ &Ultl"ief&[ipei}[ée; y P
pul ses applied. Likew se, Ci rcyi oyi de one pul se qut for
every N pul ses %ﬁ%?{%?n?ﬁtﬁhﬁfﬁgléymaﬁr%}lf% E@'xﬂEe?EOWFW?‘E\AﬁHPe Fis
the input frequstatay sigmal (46) and the temperature signal (33) the power

management circuit asserts the stop clock signal (44). This causes the

chip clock to stop. When the temperature (t) returns to the threshold
temperature (T), the stop clock signal is deasserted by the power

management circuit and the chip clock is gated from the AND (36) to

the chip logic and operation of the chip logic resumes.

Refer to FIGURE 5 which is a tinﬁng diagram of the operation of the
invention in modify frequency mode. The system clock (10) of
FIGURE 2 is running at'a frequency F in this example and the chip
clock is running at a fraction of the system clock frequency, 1/2 F. The
chip status signal line (46) of FIGURE 2 indicates modify frequency
mode. The power management circuit (34) receives a signal (33) from
the temperature sensor indicating that the temperature (t) at the chip
is greater than a set threshold temperature (T). In response to the
chips status signal (46) and the temperature signal (33) the power
management circuit asserts the /P control signal (40). This reprograms
the /P frequency divider to a higher value of P which causes the chip
clock to seek a correspondingly lower frequency. When the
temperature (t) returns to the threshold temperature (T), the /P
control signal (40) is deasserted by the power management circuit This
reprograms the /P frequency divider to the previous value of P which
causes the chip clock to return to its normal frequency.

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



N and P are int egers ‘greater than zero and represent a frequency division
of an applied signal. Refer to FIGURE 2 which is a di agram m of a- power

di ssi'‘pation control systemin which the present mMm,,uﬂﬂ ed. The
power dissipation control system uses a phase l.ock I" h S of
the layout shown in FIGURE 1. The PLL (30), a tenpefature sense

power management circuit (34), an AND circuit (36) and chip logic (38) are
all fabricated on a very large scale integrated circuit (VLSI) chip. The
tenperature sensor (32); measures the chip tenperature and generates a )

t enper at ure noni ' sighal (33) to the power nmanagenent circuit (34).
The chip logic ?’gg’*’gg%;ld!@Eb @ﬂ p status signal (46) to the power
managenent cir cui tAr( Bpgtalted cirhditcaﬁ sonmgridinget i onal sta}]e 01;1 the chip
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logic; and,

power management means connected to said chip logic, to said
sensing means and to said clocking means;

. said power management means including control means
responsive to said sensing means and to said functional state output
of said chip logic for generating a control signal to said clocking
means;

said clocking means including selecting means responsive to
said control signal for changing an operating frequency of said
clocking means, depending upon a state of said control signal.

2. The integrated circuit chip in accordance with claim 1 wherein:
said clocking means includes programmable frequency means;
and,
said selecting means includes progamming means for
changing said programmable frequency means to a different
operating frequency of said clocking means.

3. The integrafed circuit chip in accordance with claim 1 wherein:
said selecting means includes gate means at said clock output
for preventing said clock output from reaching said chip logic.

4. The integrated circuit chip in accordance with claim 1 wherein:
said selecting means includes means for selectively either

disabling said clock output or modifying an operating frequency of

said clocking means, depending upon states of said control signal.

5. An integrated dircuit chip comprising:
a chip logic including a functional state output;
a temperature sensing circuit;



stop the PLL clock for a period of time or it can reprogramthe frequency
.divider circuits- in the PLL. Stopping the PLL out put Mr eachi ng t'he—chip

| ogic stop all f.unctions on chip logic so that no po WWwWMilg!ﬂl n
he
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the chip logic. Gating the output of the PLL in the

PLL to continue operation and therefore provides a way to restfarts chip
clock without having to wait for the PLL to regain | ock. Reprogranmuning the
frequency divider circuits in the PLL to red8ce the frequency will change
the effective duty cycle of the PLL and hence will reduce the power

consunption in the chi p grage dockBddoepi(PLLY glackhdvinghePLLWwieK ontpit | ower.ed
performance | evel §0ng&ge&?#§aib8&£ﬁ Iﬁgﬁéglg o signal that it needs a higher

frequency. In this cas nt circuit can reprogramthe
frequency divider circaipaweénmanagement circuit connected to said chip logic, to

said temperature sensing circuit and to said PLL;

said power management circuit including means responsive
to said temperature output signal and to said functional state output
of said chip logic for generating a control signal to said PLL;

said PLL including means responsive to said control signal for

changing an operating frequency thereof, depending upon a state of
said control signal.

6. The integrated circuit chip in accordance with claim 5 wherein:
said PLL includes a programmable frequency divider; and,
said means responsive to said control signal includes means

for changing said programmable frequency divider to a different

operating frequency of said PLL.

7. The integrated circuit chip in accordance with claim 5 wherein:
said means responsive to said control signal includes a gate at
an output of said PLL.

8. The integrated circuit chip in accordance with claim 5 wherein:
said PLL includes a programmable frequency divider; and,
said means responsive to said control signal includes means

for selectively either disabling said PLL clock output or to modifying

an operating frequency thereof, depending upon states of said control

signal.

9. A method of controlling heat dissipation in an integrated circuit
chip having chip log"i'c" thereon, said chip logic including a functional
state output; a method comprising steps of:

A. establishing a threshold temperature (T);

B. sensing a temperature (t) of said chip;

C. clocking said chip with an output of a phase locked loop
(PLL) clock connected to said chip logic; and,



the PLL to increase the frequency, provided the power di'ssipation-as-

neasured by the tenperature sensor is in an accept abI Chl
logic will then function but at raised performance |e ‘mﬂ QNM
FIGURE 3 which is a flow diagram of a method of dynam ead g

chip tenperatures in accordance with the present invention. A tenperature
threshold level (T) is chosen for normal opegation of the chip logic (52).
The chip tenperature is sensed (54). If the chip tenperature (t) is greater

than the threshold (T)pt %J‘}ﬁ%%%&&gﬁ{tt& Sgﬁfﬁll‘rrg’n%lc §ﬁ‘éﬂ§ 58‘)\, The chip

| ogi c generates a chip statu ower t t hat
i ndi cates that tHeed ﬁFﬁ:{ﬂU@edrrel%mmfup het,wg@ éal@btempehmurd (t landtmdcl ock
nmode, a yes fromme@gm@r}emﬁqgn(,@% causes the flow to proceed to bl ock
(60) wherein the stop clock signal is asserted. Wen the tenperature drops
to the threshold (T) a yes occurs from decision block (62) and the stop

clock signal is dHaSEer trethdd®d) acct]drdfalhcdemﬁIcMnbeGKex(e%)s?@PLEghEldéﬁ@bc 5
di d not signal e rocee er he di vi y
signal to |ower tzﬁ@réér%%n%geﬁeéuency aVider saldd stepOD éludmg a step of:
E. programming said frequency divider to a lower frequency
.- value upon a condition that said temperature (t) is greater than said
threshold temperature (T).

11. The method in accordance with claim 9 wherein said PLL has a
programmable frequency divider, said step D including the step of:

E. programming said frequency divider to a higher frequency
value upon a condition that said temperature (t) is less than said
threshold temperature (T).

12. The method in accordance with claim 9 wherem said step D
includes a step of: '

E. preventing said output of said PLL from reaching said chip
logic upon a condition that said temperature (t) is less than said
threshold temperature (T).

13. The method in accordance with claim 9 wherein said PLL includes
a gate at an output of said PLL, said step D including a step of:

E. deactivating said gate to thereby prevent said output of said
PLL from reaching said chip logic upon a condition that said
temperature (t) is less than said threshold temperature (T).



frequency. Reprogramm ng the frequency divider circuit_jn the PLL to reduce

_the frequency will change the effective duty cycle of L t n %’_
will reduce the power consunption in the chip logic. Th II I n’
al so signal that it needs a higher frequency (70). In th , ov\%r

t

managenment circuit can reprogramthe divide by N frequency divider circuj

in the PLL to increase the frequency, provided the power dissipation as
nmeasured by the tenperature sensor is |ower jgphan the threshold (T). The
chip logic will then function at raised performance |levels. Refer to FlI GURE

Toe. The system clock (10) of Fl QIR AT DEHEDRCEBBUE cny F Tt i s
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very large scale integrated (VLSI) circuit chip. The temperature
sensing circuit directly measures the chip temperature, producing a
temperature output signal. The power management circuit, which is
connected to the temperature sensing circuit and to the chip logic,
responds to the temperature output signal and to a functional state of
the chip logic to generate a control signal to the PLL. The PLL
responds to the control signal to either stop the clock signal or
modify the operating frequency thereof, depending upon the state of
the control signal.
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6 power managenent circuit (34) receives a signal (33) fromthe tenperature
sensor indicating that the tenperature (t) .at the chip is greater than a
set ‘threshold tenperature (T). In response to the chip” status si-gnal_ (46)

and the tenperature signal (33) the power managenent crm,g S erts the
stop clock signal (44). This causes the chip clock to s eplaced
tammaUMe(t)rMUHwtothetmeﬁmhjtammaUMe(T

signal is deasserted by the power nmanaggdent circuit an k is

gated fromthe AND (36) to the chip loglc and operation of the Chlp ogi c

resunes. Refer to FIGURE 5 which is a timng diagramof the operation of
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is greater than a set threshold tenperature (T). In response to the chips
status signal (46) and the tenperature signal (33) the power nmanagenent
circuit asserts the /P control signal (40). This reprograns the /P
frequency divider to a higher value of P which causes the chip dock to seek
a correspondi ngly | ower frequency. en the tenperature (t)-returns to the
threshold tenperature (T), the /P ojg rol signal (f}QQSHeéI-Q L8 by the
power managenent circuit This reprograns the /P f o the
previ ous val ue of P whi,ch causes the chip clock to mm or mal
frequency. Wiile the invention has been parti cul arI cri bed
with reference torpweterr d nbedirmehts thereof, it w II be understood by
those skilled in the art egoi ng and ot her changes in form and
detail may be nade thereln vvltho t departing fromthe scope of the
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7 WHAT IS CLAIMED IS: 1. An integrated circuit chip conprising: chip |ogic
i'ncluding a functional state output; sensing neans for measuring a
tenperature of said chip; clocking neans having a cl ock—-output._connected to
said chip logic; and, power managenent nmeans connected . aid chip logig,
to said sensing nmeans and to said cl ocking neans; said p ¢t HasReereRe
means i ncluding control neans responsive to said sensing
functional state output of said chip logic for generatin
to said clocking neans; said clocking neanéfﬁncluding sel ecting neans
responsi-ve to said control signal for changing an operating frequency of
sai d cl ocki ng means, depending upon a state of said control signal. 2. The
integrated circuit chip in accordance with claim 1l wherein:
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sai d

selectlng neans
fredb®
3. The i nt egr INEERNATIONAL SEARCHN BERORTIance with ﬁmmo-iﬂwh@n@nm sai d

cl ocki ng neans i ncl udes programabl e frequency nmeans; -and, said

| cl ude rogamn ng neans for changing said prograrmabme
r‘?@y Ef?ea?%ltg' fgg‘:fferent operating frequency of said clocki

sel ecting neans includes gate means at said clock pwcEMSs@™7preventing

sai d
chip
nmean
oper
cont
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510 Selectivery e ther o sap™mg=—sara-cl OCK output_or nmodr Fyrro—arr
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Nand aSEsvércthadlemint cirbbib(34),TaFd MitEgratedl BRI DveRI C
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directly measures the chip temperature, prodncmg a temperature output signal.

The power management cireui€(34), which is connected to the temperature sensing

circuit(32) and to the chip logic(38), responds to the temperature output signal and

to a functional state of the chip logic(38) to generate a control signal to the

PLL(30). The PLL(30) responds to the control signal to either stop the clock

signal or modify the operating frequency thercof, depending upon the state of the

control signal.
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to said chip logic; and, a power management cirCultD&eR
| ogi c,” t.o said tenperature sensing circuit and W@ (
nanagenent circuit including nmeans responsive t 5 tRaged ...
signal and to said functional state output of spi *% |Pég? 3!:0 paged?..-?
generating a control signal to said PLL; said HLinC &lng Klpq;d .....
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operating frequency of said PLL. 7. The integrated circuip—chip_ in
accordance-with claim5 wherein: said neans responsive to MMGMENP w
‘signal i.ncludes a gate at an output of said PLL. 8. The ih guatbu S+
chip-i.n accordance with claim5 wherein: said PLL includgs qu r ammabl d
frequency divider; and, said neans responsive to said coritrjol @G

I ncl udes neans for selectively either disabling said PLL |cllack output or ]t
nodi fyi ng an operating frequency thereof, ngendlng uponjstates of said
control- signal. 80 d of controlling heat dissipatiomTmean
integrated circuit ving chip logic thereon, said chip logic

out put; a nethod conprising steps of: A
erature (T); B. sensing a tenperature (t) of
hip with an output of a phase | ocked Ioop
chip logic; and,
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[ferr] 9 D. nodifying said output of said PLL in accordan

predeterm.ned rel ati onship between said tenperature (t)
tenperature (T). 10. The method in accordance with cl ai
i ncludes” a programmabl e frequency divider, said step D i
E.. progranm ng said frequency divider to a | ower freque
condition that said tenperature (t) is greater than sa

tenperature (T). 11. The nethod in accordafte with cl ai
has a progr [ '

e fyequency; di w sai,d stqp D
pr ogr anm ng d fregquen | Vi to alfi gher fr
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;threshold tenperature (T). 12. The nmethod in accor R“Pgéﬂk @ 'ﬁ?
wherein said step Dincludes a step of: E preventi SVt pittot | sai d

'PLL .fromreaching said chip | ogic upon a condition{that said tenpegajure
(t) is'1ess than said.threshold tenperature (T). 13. {The70CTePs n

accordance with claim9 wherein said PLL includes & g[at'e at an out g)ut of
said PLL, said step Dincluding a step of: E. deact}i v g sal d gatejto
t hereby prevent said output of said PLL fromreachijng _said chip Ingj_tl upon

a condition that said tenperature (t) is less than said threshold
tenperature (T).
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LARGE SCALE INTEGRATED (CLSI) CHIPS

ABSTRACT OF THE DISCLOSURE
Chip logic, a phase locked loop (PLL) clocking circuit, a temperature
sensing circuit, and a power management circuit, are integrated on a
very large scale integrated (VLSI) circuit chip. The temperature
sensing circuit directly measures the chip temperature, producing a
temperature output signal. The power management circuit, which is
connected to the temperature sensing circuit and to the chip logic,
_responds to the temperature output signal and to a functional state of
the chip logic to generate a control signal to the PLL. The PLL
responds to the control signal to either stop the clock signal or
modify the operating frequency thereof, depending upon the state of
the control signal.
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