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FIG. 2 
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SELECTIVE POWER-DOWN FOR HIGH 
PERFORMANCE CPU/ SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of application 
Ser. No.09/069,335, ?led Apr. 29, 1998, now allowed, which 
is a continuation of application Ser. No. 08/811,238, ?led 
Mar. 3, 1997, now US. Pat. No. 5,787,297, which is a 
continuation of application Ser. No. 08/487,976, ?led Jun. 7, 
1995, now US. Pat. No. 5,655,124, which is a continuation 
of application Ser. No.07/860,717, ?led Mar. 31, 1992, now 
US. Pat. No. 5,452,401. Each of the above-referenced 
applications is incorporated by reference in its entirety 
herein. 

[0002] The following are commonly owned, co-pending 
applications: 

[0003] “Superscalar RISC Instruction Scheduling”, 
application Ser. No. 08/219,425 (now US. Pat. No. 
5,497,499); and 

[0004] “Hardware Emulation Accelerator and 
Method”, application Ser. No. 08/352,680 (now US. 
Pat. No. 5,581,742). 

[0005] The disclosures of the above applications are incor 
porated herein by reference. 

BACKGROUND OF THE INVENTION 

[0006] 1. Field of the Invention 

[0007] The present invention relates generally to systems 
and methods for reducing power dissipation requirements 
and power consumed by single microelectronic devices, and 
more particularly, to dynamic control of power consumption 
by and resultant power dissipation required of such micro 
electronic devices. 

[0008] 2. Background Art 

[0009] Power dissipation requirements of microelectronic 
devices (also called semiconductor devices or semiconduc 
tor chips or integrated circuits) have become critical in their 
design, fabrication and use. This is particularly true with 
very large scale integrated (VLSI) devices and ultra large 
scale integrated (ULSI) devices, which typically today have 
over 1,000,000 transistors (active passive) on a single semi 
conductor die. The active devices are typically run (clocked) 
at very high speed (25 MHZ and 33 MHZ speeds are now 
typical, with much higher clock rates contemplated, for 
eXample, 250 MHZ) in order to achieve desired system 
functionality and performance. 

[0010] As is well known, the high clock rate and the high 
number of active devices, regardless of the fabrication 
technology that is used, produce signi?cant power dissipa 
tion requirements when compared to the actual physical siZe 
of the die of the microelectronic device. For purposes of 
illustration, a typical die with 1,000,000 active devices is 
fabricated on a die 15 mm by 15 mm and requires greater 
than 132 pinouts. Such a microelectronic device can operate 

at a system clock speed of 30 MHZ with 1 micrometer CMOS technology. 

[0011] The die must be permanently housed in a suitable 
housing or package, which among other things (pin out, 
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environmental, physical protection, etc.) must provide 
adequate heat dissipation in order to prevent failure of the 
device. 

[0012] It is not uncommon for a single microelectronic 
device such as the eXample above to generate in the range of 
5-10 watts of heat that must be dissipated during normal 
operation. As a result, the junction temperature of the die of 
such a microelectronic device can reach 100° C. for a 
ceramic package without heatsinking, at the high end of the 
commercial temperature range, 70° ambient. The 5-10 watt 
number will look small compared to the dissipation require 
ment for successive generations of more powerful micro 
electronic devices, which are projected by year 2000 to have 
100 million active devices on a single die. Contemplated die 
siZes are 25 mm by 25 mm. 

[0013] Various strategies for packaging have evolved to 
deal with large heat dissipation. All include some type of 
heat sink or thermal grease arrangement for rapidly drawing 
away the unwanted heat so as to protect the microelectronic 
device (die and bond wires) from physical failure and 
performance degradation. Gas, such as air, and even liquid, 
such as water, freon, and more efficient coolants are typi 
cally used in addition to a conventional heat sink. Heat sink 
approaches, however, act to increase physical siZe, cost, 
mechanical complexity, and weight of the packaged micro 
electronic device. Moreover, the heat dissipation (i.e., ther 
mal stress) requirements act to limit the physical siZe of a die 
that can be accommodated in a single package. 

[0014] Representative of the heat dissipation requirements 
are conventional microcrocessor chips running at clock 
speeds up to 50 MHZ, which can typically generate 5 watts 
of dissipated power in normal operation. In order to accom 
modate the heat dissipation requirement, special heat sinks 
arrangement are provided. 

[0015] The constant trend in electronics is to reduce the 
siZe of microelectronic devices so that smaller and lighter 
electronic and computer products can be made. This min 
iaturiZation drive goes on unabated, and historically pro 
duces from year to year dramatic reductions in physical siZe. 

[0016] The heat dissipation requirement, however, acts as 
a barrier to this miniaturiZation process of electronic and 
computer devices. In other words, the physics of having to 
dissipate the heat from the microelectronic device limits the 
physical siZe and weight reduction of the electronic or 
computer device that can be achieved. This affects the 
lifetime of microelectronic devices as well. For eXample, the 
reason why a solid state laser has a shorter lifetime than an 
LED is due to concentration of heat at a small area. 

[0017] Another signi?cant ongoing trend in electronics is 
the increase in the features and functions and the decrease in 
response time that can be provided by an electronic or 
computer device. This is achieved through more complex 
and powerful microelectronic devices. This is the result of 
the increased integration of active devices on a single die. 
However, additional active devices on the die results in 
increased heat dissipation requirements, which acts to limit 
the reduction in the siZe of the microelectronic device 
package that can be achieved. Even by reducing the power 
supply voltage, DEC’s Alpha CMOS chip, for eXample, is 
reported to dissipate 30 watts at 200 MhZ. 

[0018] The dramatic decrease in the physical siZe of 
microelectronic devices when compared to their computa 
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tional capability, and features and functions that they can 
produce, has resulted in the creation of very small personal 
computers, typically called laptop, notebook and palmtop 
computers. This is the latest benchmark in an ongoing trend 
to reduce in siZe computers having poWerful features and 
functions. 

[0019] Atypical portable computer today having a 386SX 
type microprocessor has physical dimensions of 12 in. by 16 
in., and a Weight of 15 lbs., of Which 1 lb. is the rechargeable 
battery. A typical laptop computer today having a 386SXL 
type microprocessor has physical dimensions of 8 in. by 11 
in. by 2 in. and a Weight of 5-7 lbs., of Which 0.5 lbs. is the 
rechargeable battery. 

[0020] One of the most critical limiting factors, hoWever, 
to such notebook (also laptop and palmtop) computers is the 
battery that is needed to run the machine. The battery must 
provide sufficient electrical poWer so that the computer can 
operate for a long enough period of time to satisfy user 
demand. Typical operating time for notebook computers 
today is in the range of 3 to 4 hours for a single battery 
charge. 

[0021] The battery comprises one of the largest compo 
nents of the computer system in terms of Weight and 
physical siZe. HoWever, it is critical for the user that enough 
electrical poWer be provided by the battery so that desired 
computer operation can occur over a sufficient period of 
time. HoWever, this requirement for operability causes the 
total siZe of the computer system to increase since the 
battery physical siZe -must be increased to meet these 
requirements. 

[0022] Consequently, considerable research and develop 
ment is being directed toWards producing much more effi 
cient batteries for a given siZe and Weight. The goal here is 
to increase battery technology in charge capacity so that the 
resultant battery Will provide more poWer and longer time 
for the given siZe and space. This Will in turn act to reduce 
the siZe of the computer system that uses it. 

[0023] In addition to reducing the siZe of the battery, 
considerable effort is being expended to try to increase the 
performance of the computer system in terms of poWer 
consumption. One conventional approach as utiliZed by Intel 
is to turn off unused peripheral chips. This occurs in the Intel 
80386 chip set. By turning off unused peripheral chips, 
signi?cant battery life can be achieved because the periph 
eral chips consumed considerable amounts of poWer. 

[0024] A further approach implemented in AMD’s 
AM386DXL microprocessor chip is to sloW doWn the clock 
speed (e.g., from 40-0 MHZ) to conserve poWer. 

[0025] In vieW of the above, there is a great need for 
improvement in heat dissipation and poWer consumption by 
microelectronic devices, particularly used With computer 
systems, so as to reduce packaging complexity and siZe and 
to increase operability time of systems Where batteries are 
used to electronically poWer the microelectronic devices. 

BRIEF SUMMARY OF THE INVENTION 

[0026] A microelectronic device according to the present 
invention is made up of tWo or more functional units, Which 
are all disposed on a single chip, or die. The present 
invention Works on the strategy that all of the functional 
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units on the die are not, and do not need to be operational at 
a given time in the execution of a computer program that is 
controlling the microelectronic device. The present inven 
tion on a very rapid basis (typically a half clock cycle), 
therefore, turns on and off the functional units of the 
microelectronic device in accordance With the requirements 
of the program being executed. The operation of the present 
invention results in a very signi?cant reduction in poWer 
consumption and corresponding heat dissipation by the 
microelectronic device as compared to the conventional 
approach of keeping all functional units operational all of 
the time. 

[0027] A representative example of the present invention 
described herein has achieved a reduction in poWer dissi 
pation and poWer consumption of 30% as compared to the 
normal conventional approach of keeping all of the func 
tional operational units active all of the time during the 
execution of the computer program. Depending on the 
architecture of the microelectronic device and the computer 
program that is being executed, reductions of 0% to 50% can 
be achieved. Where a single scalar CPU Would be on the 
loWer side in comparison to a superscalar CPU architecture, 
because more blocks may remain idle more frequently. 

[0028] If the functional units are divided into still smaller 
blocks, then a higher percentage of units/blocks can be 
turned off, given that the necessary control logic necessary 
to perform the sWitching does not add too much overhead. 

[0029] The present invention utiliZes several approaches 
for determining When to turn on and off the functional units 
of the microelectronic device. One approach utiliZes the 
compiler Which compiles the source code of the computer 
program into machine code used to control the operation of 
the microelectronic device. A logic unit evaluates (e.g., 
decodes or monitors) the machine code during execution, 
and based on utiliZation information provided by the com 
piler, determines at each step in the execution of the com 
puter program Which functional units are needed for execu 
tion, and therefore should be turned on or off. For example, 
a graphics unit may not need to run When non-graphic 
operations are executing. Similarly, ?oating point units 
(FPU) only run 20-30% of the time in a conventional 
Workstation, thus, it does not need to be on during idle 
periods. Cache memory units also lend themselves to control 
based on the present invention. 

[0030] Another approach used by the present invention for 
determining When to turn on and off the functional units is 
that performed using a logic unit on the die that evaluates 
(monitors) the execution and operation of the functional 
units. This monitoring function produces indications of 
upcoming operation (including execution and latency to 
complete the issued instruction) that can be used for con 
trolling the turn on/turn off operation of the present inven 
tion. In a compact on-chip loW cost FPU, for example, not 
all the units can be used at the same time or a collision can 

result. When an FALU operation is being executed, the 
multiplier or divider may not be pemitted to run. PoWer can 
therefore be shut off to these units. 

[0031] Any suitable preselected amount of time can be 
used by the present invention for turning on and for turning 
off the functional units in accordance With the requirements 
of the computer program that is being executed. The turn 
on/turn off can be as fast as a half-clock cycle, if desired, so 
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as to produce maximum power dissipation saving and poWer 
consumption reduction. Other clock cycle periods for turn 
on and for turn off can be used. Another method is turning 
on and off poWer line(s) to a selected block or blocks. 

[0032] The present invention contemplates any appropri 
ate electronic approach for turning on and off a functional 
unit. In complementary metal oxide semiconductor (CMOS) 
circuits, a preferred approach is either (1) to stop the clock 
signal to the functional unit that is being turned off, or (2) to 
stop the inputs of the functional unit being turned off from 
changing. Either approach produces the desired result of 
turning off the functional unit The functional unit can be 
subsequently turned on by the opposite approach that is used 
for turning it off. 

[0033] The present invention has particular applicability 
to CMOS circuitry because it takes full advantage of the 
CMOS characteristic that no poWer is consumed by a circuit 
unless there is a state change. By preventing state changes 
in the functional unit(s) not being used at that point in the 
execution of the computer program, the present invention 
can produce the desired poWer dissipation requirement 
reduction and poWer consumption reduction. SWitching the 
poWer buses on/off is not necessary, and minimal chip area 
is required for control. 

BRIEF DESCRIPTION OF THE FIGURES 

[0034] The present invention is better understood With 
reference to the folloWing draWings vieWed in connection 
With the accompanying text. 

[0035] FIG. 1 is a high level block diagram of a ?oor plan 
shoWing representative functional units of a microelectronic 
device 100 fabricated on a single die 102 in accordance With 
the present invention. 

[0036] FIG. 2 is a high level How chart shoWing the high 
level operational steps of the present invention. 

[0037] FIG. 3 is a plot of four traces shoWing a represen 
tative operation of a functional unit in accordance With the 
present invention. 

[0038] FIG. 4 is a block diagram of an embodiment of the 
present invention for turning on and off the functional units 
using the system clock signal With gated control signal. 

[0039] FIG. 5 is a block diagram of an embodiment of the 
present invention for turning on and off the functional units 
by controlling the state of the inputs to the functional units. 

[0040] FIG. 6 is a block diagram of an embodiment of the 
present invention Where the monitoring information 402 is 
developed by a compiler in conjunction With compiling each 
machine code instruction. 

[0041] FIG. 7 is a block diagram of an embodiment of the 
present invention Where the monitoring information 402 is 
developed by the instruction decoding unit and the instruc 
tion execution unit operating on the machine code instruc 
tions. 

[0042] FIG. 8 is a block diagram of the embodiment of the 
present invention of an optimiZing compiler used for reor 
dering the machine code instructions so as to achieve 
maximum poWer saving in accordance With the present 
invention. 
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[0043] FIG. 9 shoWs a block diagram of a poWer optimi 
Zation scheme as applied to a laptop or palmtop computer in 
accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0044] The present invention is a system and method for 
selectively controlling the poWer provided to each of the 
functional units of a microelectronic device so that the 
functional units can be turned on and off as needed by the 
execution of the computer program that is controlling the 
microelectronic device. The dynamic turning on and off of 
the functional units in accordance With the requirements of 
the program step(s) being executed causes a signi?cant 
reduction in poWer (e.g., 10-30%) consumed by the func 
tional units, Which results in signi?cant reduction in the heat 
dissipation requirements and a signi?cant reduction in the 
poWer requirements of the microelectronic device. The 
present invention results in signi?cant reduction in heat 
dissipation requirements and in poWer requirements for the 
microelectronic device, Which means that heat sink require 
ments are reduced and battery discharge cycle length is 
extended, both of Which are very desirable results. In 
addition, poWer bus line Widths can be reduced. This leads 
to substantial area saving for VLSI chips. 

[0045] FIG. 1 shoWs the ?oor plan of a representative 
microelectronic device in accordance With the present inven 
tion. As shoWn, the microelectronic device represented 
generally by a reference number 100 has a die 102 fabri 
cated, for example, from silicon, having implemented on it 
the various functional units Which make up the architecture 
of the electronic circuit that is fabricated on die 102. As 
shoWn, these functional units in the representative example 
include: a system clock 104, a central processing unit (CPU) 
106, a cache control unit (CCU) 108, a ?oating point unit 
(FPU) 110, a integer unit (INT) 112, and a memory control 
unit (MCU) 114. It should be understood that the functional 
units that are shoWn in FIG. 1 are merely for purposes of 
illustration. The present invention contemplates any 
arrangement of functional units on die 102 of microelec 
tronic device 100. For example, microelectronic device 100 
could include memory as Well as logic functional units. The 
present invention contemplates present and future computer 
architectures as implemented on a single semiconductor die 
or substrate. 

[0046] As shoWn in FIG. 1, a logic unit 116 is part of 
microelectronic device 100. Logic unit 116, as discussed in 
greater detail beloW, operates With system clock 104 so as to 
determine When to turn on and off, and to actually turn on 
and off the supply of clock signals to the functional units in 
accordance With one embodiment of the present invention. 

[0047] FIG. 2 shoWs a high level How chart Which rep 
resents the high level operation of the system and method of 
the present invention. Referring noW to FIG. 2, the present 
invention utiliZes four basic operational steps. 

[0048] First, the present invention decodes (or otherWise 
evaluates) the machine code instructions (compiled from the 
source code) of the computer program that is running on 
(controlling) microelectronic device 100. In this ?rst step, 
the present invention monitors the machine code to deter 
mine What speci?c functional unit(s) Will be needed to 
execute the next instruction issued for execution. A prese 
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lected clock cycle amount (called CCA only for conve 
nience) before a functional unit(s) is needed to execute the 
next machine instruction to be issued, is used as the time 
frame that the present invention uses for looking at the next 
machine code instructions before it is issued to be executed. 
This CCA alloWs the present invention to take the appro 
priate logical steps to cause the functional unit(s) to be 
turned on in time so that the issued machine code instruction 
can be executed in sequence. This ?rst step or block is 
indicated by a reference number 202. 

[0049] In a step or block 204, the present invention 
removes sWitch-inhibiting control signals from the func 
tional unit a preselected clock cycle period (called clock 
poWer up CKPWRUP only for convenience) before the 
functional unit needs to be ready to execute the issued 
machine code instruction. SWitching ability is provided 
during CKPWRUP time frame so that the functional unit is 
fully operational When the machine code instruction in 
question is issued to the functional unit. Thus, it can be seen 
in this second step that the present invention activates the 
functional unit(s) in question sufficiently prior to When it is 
needed to execute the machine code instruction so that the 
functional unit(s) is fully operational When the execution 
needs to take place. 

[0050] Any amount of clock cycles can be selected for the 
CKPWRUP. In a preferred embodiment of the present 
invention, a single half-clock cycle is used. In other Words, 
the functional unit is activated Within a single half-clock 
cycle before it is needed for execution of an issued machine 
code instruction. It thus can be appreciated that the func 
tional unit remains off or in a “stand by” mode (Which 
describes the “no” input condition causing no poWer con 
sumption), until the very last moment before it is needed for 
executing the machine code instruction. 

[0051] In a third step or block 206, the present invention 
continues to provide sWitching ability to the functional unit 
for a preselected clock cycle period (called clock poWer on 
CKPWRON only for convenience). CKPWRON is the time 
period (number of clock cycles) required by the functional 
unit to execute the issued machine code instruction. As such, 
it includes the clock cycles needed to receive the issued 
instruction, and the clock cycles equal to the latency period 
of the functional unit to complete the execution of the 
instruction. 

[0052] The fourth and ?nal step or block of the present 
invention is represented by a reference numeral 208. In this 
fourth step, sWitching ability is no longer provided to the 
functional unit after a preselected clock cycle period (called 
clock poWer doWn CKPWRDN) after the functional unit has 
completed the required task of executing the machine code 
instruction of the computer program. In other Words, the 
functional unit is turned off (de-activated) after it has 
executed the required task. In this Way, the functional unit is 
not kept on or active after it is no longer needed. A typical 
value for CKPWRDN is a single half-clock cycle. This 
activate/de-activate embodiment is appropriate for func 
tional units requiring memory, state saving, or the like. Other 
techniques are Well Within the scope of the present inven 
tion. 

[0053] Coupling/decoupling of a poWer supply bus is also 
envisioned. The addition of a poWer sWitch(es) connected 
betWeen VDD and each functional unit, can be used to turn 
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on and off the supply of poWer to the functional units by 
controlling the poWer sWitch (e.g., FET) using the above 
CKPWRON control signal, or the like. In this poWer-doWn 
case, some DC poWer Will be consumed through the poWer 
sWitch, but With the functional unit(s) disconnected, overall 
conservation Will result. 

[0054] The net result of these four steps of the present 
invention is a signi?cant reduction in the poWer consumed 
by microelectronic device 100. This reduction is due to the 
fact that the functional units are not kept on When they are 
not needed. As Will be explained in detail beloW, since 
CMOS technology is used, poWer is only consumed When a 
functional unit is changing state (i.e., sWitching). Since a 
functional unit is “off” When it is prevented from changing 
state, negligible poWer is consumed by that functional unit. 
This means that a functional unit that is off does not 
consume poWer, Which results in the poWer consumption 
reduction. 

[0055] Since poWer consumption is reduced, the heat 
dissipation requirements of die 102 and associated packag 
ing (not shoWn) of microelectronic device 100 is reduced. In 
addition, When a battery source is used, it can be made 
smaller for a given operational period of time. Furthermore, 
because poWer consumption is reduced, the line Width of 
poWer supply buses can also be reduced. 

[0056] A representative example of the operation of the 
present invention in accordance With the ?oW chart of FIG. 
2 is noW described With reference to FIG. 3. FIG. 3 shoWs 
four traces, each having the same timeframe on the hori 
Zontal axis. The vertical axis of each trace indicates the 
amplitude of a signal or the state of a functional unit, or the 
state of operation in accordance With the present invention, 
as described beloW. Upper trace 301 shoWs Waveform 302 
Which is the output of system clock 104 (FIG. 1) that is the 
clock for all of the functional units Which make up micro 
electronic device 100. The tWo system clocks are 180° out 
of phase from one another. 

[0057] The representative functional unit for FIG. 3 that is 
chosen for this explanation is ?oating point unit (FPU) 110. 
As is discussed beloW in the example section, it turns out 
that FPU 110 in many computer systems is used about 10% 
of the time. Consequently, the present invention produces 
signi?cant reduction in poWer dissipation requirements and 
poWer consumption as it relates to FPU 110, as Will become 
more apparent. 

[0058] Third trace 305 shoWs the execution of tWo ?oating 
point operations. The ?rst ?oating point operation, labeled 
A, is indicated by a box 306. Box 306 represents the number 
of clock cycles required to perform ?oating point operation 
A. Similarly, ?oating point operation B as indicated by a box 
318 is also illustrated and shoWs the number of clock cycles 
that are required to execute it. Speci?cally, 51/2 clock cycles 
are required to perform the ?oating point operation A, and 
tWo clock cycles are required to perform the ?oating point 
operation B. It should be understood that these timeframes 
are merely for purposes of illustration. In fact, it may be in 
actual practice that the ?oating point operation Will require 
scores of cycles to be performed. In addition, there may be 
thousands of cycles betWeen each ?oating point operation. 
HoWever, FIG. 3 is not large enough to represent this 
graphically. Thus, the spacing betWeen the ?oating point 
operations A and B and the length of each have been made 
arbitrarily small for purposes of illustration. 
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[0059] Fourth trace 307 of FIG. 3 illustrates the four steps 
that take place With respect to each of the ?oating point 
operations A and B. With respect to ?oating point operation 
A, the CCA period is represented as requiring three half 
cycles. This CCA period is indicated by reference numeral 
308. A CKPWRUP period for ?oating point operation A is 
single half-clock cycle, and is indicated by a time block 310. 
The amount of time that ?oating point operation A takes 
corresponds to the CKPWRON period represented by a time 
block 312. Finally, a CKPWRDN period is a half-clock 
cycle, and is represented by a time block 314. 

[0060] The actual operation of FPU 110 to execute ?oating 
point operation A is controlled in accordance With the 
present invention by providing system clock 302 to the clock 
input of FPU 110 for the time period of the clock cycles 
indicated by reference numeral 304 of trace 303. It is seen 
in trace 303 that the system clock provided at the FPU clock 
input is provided one-half clock cycle before the beginning 
of the execution of ?oating point operation A, and is left on 
for one-half clock cycle after the completion of ?oating 
point operation A. 

[0061] A similar example is shoWn for ?oating point 
operation B. Referring again to trace 307, the CCA period is 
indicated by a time block 320, Which for purposes of 
illustration is shoWn as requiring three half-cycles. A CKP 
WRUP time block 322 is one-half clock cycle. A CKP 
WRON time block 324 is tWo clock cycles, Which corre 
sponds to the time frame required by FPU 110 to complete 
the ?oating point operation B. Finally, a CKPWRDN time 
block 326 is a one-half clock cycle. 

[0062] FIG. 3 illustrates the poWer saving that results in 
accordance With the operation of the present invention. 
Speci?cally, With reference to trace 303, it can be seen that 
the state of FPU 110 is alloWed to change only When there 
is a clock signal applied to the FPU clock input. In other 
Words, FPU 110 in the illustrated example is only opera 
tional during period 304 and during period 316, and is not 
operational during the intervening time periods. Thus, it can 
be seen Where the poWer savings occur in accordance With 
the present invention. 

[0063] It should be appreciated that all of the functional 
units in the microelectronic device 100 are being similarly 
controlled by the present invention so that only the func 
tional unit(s) that is needed to execute the latest machine 
code instruction being issued is poWered on. All other 
unneeded functional units are poWered off. Thus, signi?cant 
poWer savings result in accordance With the present inven 
tion. 

[0064] The present invention has particular applicability 
to CMOS integrated circuitry. The reason for this is that 
CMOS circuits only consume poWer When they change 
state. In other Words, poWer is only consumed When sWitch 
ing is occurring. VieWed from the transient or alternating 
current (AC) domain, the amount of poWer consumed to 
sWitch a node is proportional to CV2, Where C=the capaci 
tance in farads for the sWitched node, and V is the voltage 
from rail VSS to rail VDD. From the steady state or direct 
current (DC) perspective, the amount of poWer consumed is 
equal to 5-15%, depending on manufacturing process vari 
ables and input sleW rate. 

[0065] CMOS should be compared to BiCMOS, Where the 
poWer consumption of the bipolar circuit can not be turned 
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off, due to “loW” input resistance through the base of the 
device and current control mechanisms used. In contrast, 
CMOS (and MOS devices in general) have a high input 
impedance at the gate electrode due to the gate oxide’s 
electrical isolation properties. 

[0066] CMOS should also be compared to bipolar tran 
sistor circuitry as Well. Bipolar transistors consume electri 
cal poWer regardless of Whether any sWitching is occurring. 
In other Words, current is ?oWing in the circuit even When 
no sWitching is taking place. This is the reason Why CMOS 
technology has become the technology of choice in inte 
grated circuits, due to its loW poWer consumption, scaling 
doWn of poWer supplies (e.g., batteries for portable com 
puters) is feasible. 

[0067] The present invention is particularly applicable for 
CMOS circuitry. It is also applicable for BiCMOS, NMOS, 
MESFET, IZL and GaAs circuitry as Well. 

[0068] The present invention contemplates any suitable 
approach for controlling Whether the state of a functional 
unit is alloWed to change. This control of state changes turns 
the functional unit on and off, and produces the desired 
poWer reduction in accordance With the present invention. 

[0069] Referring noW to FIG. 4, one representative 
approach for controlling the state of a functional unit in 
accordance With the present invention is shoWn. This 
approach controls providing system clock signal 302 to the 
functional unit in question. The functional unit only con 
sumes poWer When the present invention provides system 
clock signal 302. Referring noW to FIG. 4, logical unit 116 
of the present invention evaluates (by decoding for example) 
issuance of machine code instructions via a path 402 in 
accordance With any suitable approach, discussed beloW. 
Intelligence provided by path 402 alloWs logic unit 116 to 
knoW When to turn on and off various functional units in 
accordance With the present invention. 

[0070] System clock 104 provides system clock signal 302 
to logic unit 116. For purposes of illustration, four functional 
units are shoWn, labeled #1, #2, #3, and #4. Reference 
numeral 406 corresponds to functional unit 1, reference 
numeral 410 corresponds to functional unit 2, reference 
numeral 414 corresponds to functional unit 3, and reference 
numeral 418 corresponds to functional unit 4. Each func 
tional unit 406, 410, 414 and 418 has a corresponding clock 
input line 404, 408, 412, and 416, respectively. 

[0071] In operation, logic unit 116 provides system clock 
signal 302 on the appropriate clock input line for the 
functional unit that is being turned on. When that functional 
unit is to be turned off, logical unit 116 no longer provides 
system clock 302. Since the functional unit cannot change 
state Without provision of the clock signal, no poWer is 
consumed by functional units not receiving clock signal 302. 
This is hoW a functional unit is turned on or off by turning 
clock signal 302 on or off. 

[0072] An alternate approach for turning on and off the 
functional units is shoWn in FIG. 5. Referring noW to FIG. 
5, this embodiment turns on and off functional units 406, 
410, 414, and 418 by controlling the state change of the 
inputs for these functional units. By not alloWing the inputs 
of functional units that are off to change state, this approach 
effectively turns off such functional units. Only the inputs of 
functional units that are on are alloWed to change state. 
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[0073] FIG. 5 shows one embodiment for accomplishing 
this strategy. One technique to keep the inputs from sWitch 
ing is to latch and hold the previous input (shoWn at 502) 
using a knoWn gated latch device (see latches 504, 510, 516 
and 522, for example). Latches 504, 510, 516 and 522 are 
controlled to pass the latched inputs via control lines 508, 
514, 520 and 526, Which can be generated by logic unit 116 
based on signal 402, as Will become evident to those skilled 
in the art. Alternatively, the inputs can be forced to a high 
impedance value by logically ANDing the input With a 
control signal. Many other functionally equivalent tech 
niques Will become readily apparent to those of ordinary 
skill in the art. 

[0074] Similar structure and operation applies to func 
tional unit 410, functional unit 414, and functional unit 418. 
Therefore, separate discussion of them is not required. 

[0075] The present invention contemplates other 
approaches for turning on and off functional units by the 
logic unit 116. The embodiments of FIGS. 4 and 5 are 
merely for purposes of illustration. 

[0076] The present invention can utiliZe several 
approaches for obtaining the monitoring information on line 
402 used by logic unit 116 to determine When to turn on and 
off each of the functional units during the execution of the 
machine code instructions. 

[0077] A representative approach is shoWn in FIG. 6. A 
computer program in source code form, designated by a 
reference numeral 602, is supplied to a compiler 604 for 
compiling source code 602 into machine code. Compiler 
604 produces machine code instructions after compiling the 
source code. For purposes of illustration, six machine code 
instructions 606, 610, 614, 618, 622, and 626 are shoWn. 
Each machine code instruction has a corresponding func 
tional unit data block, Which comprises the monitoring 
information that is supplied by path 402 to logic unit 116. 
The functional unit data accompanying a given machine 
code instruction thus can alloW logic unit 116 to operate 
microelectronic device 100 in accordance With the present 
invention. 

[0078] An alternate embodiment for providing monitoring 
information on line 402 is shoWn in FIG. 7. Here, the actual 
operation of a reduced instruction set computer (RISC) 
superscalar microprocessor, Which is a typical application 
for the present invention, provides the monitoring informa 
tion on line 402 as folloWs. Source code computer program 
602 is supplied to a compiler 702, Which produces machine 
code instructions 704. The machine code instructions are 
supplied ?rst to an instruction decoding unit (IDU) 706. The 
decoded instructions from IDU 706 are supplied to an 
instruction execution unit (IEU) 708. 

[0079] IDU 706 and IEU 708 in performing the out-of 
order execution provides the decoded information 402 as 
indicated. This decoded information may take the form of 
data dependency information, instruction issuing informa 
tion, or the like. The information is available from instruc 
tion scheduling logic. An example of instruction scheduling 
logic is found in commonly oWned copending application 
titled, “Superscalar RISC Instruction Scheduling” Ser. No. 
08/219,425 (now US. Pat. No. 5,497,499). 

[0080] FIG. 8 shoWs an embodiment of the present inven 
tion using an optimiZing compiler 802 to order the machine 
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code instructions in a Way Which maximiZes the poWer 
saving produced by the present invention. This poWer saving 
is achieved by reordering the machine code instructions 
from the order derived from the source code. The reordering 
is done so as to optimiZe the reduction in poWer consump 
tion by microelectronic device 100 in connection With 
running computer program 602. 

[0081] A representative block diagram shoWing such an 
optimiZation is in FIG. 8. As shoWn, optimiZing compiler 
802 produces output in the form of reordered machine code 
instructions. For purposes of illustration, the same machine 
code instructions With accompanying functional unit data 
found in FIG. 6 are used to shoW the reordering concept. It 
is seen that the machine code instructions With their asso 
ciated FUD are reordered. This example is to illustrate that 
reordering can produce optimiZation in terms of poWer 
consumption reduction. 

[0082] The reordered machine code instructions are then 
issued to the functional units, Which are controlled by logic 
unit 116 in accordance With the operation described in 
connection With FIG. 6. When compiler 802 determines that 
one or more functional blocks are not used after instruction 

1 for some number of cycles, it can send disable or poWer 
doWn signals to those one or more functional blocks in order 
to stop clocking, block inputs or shut off the poWer supply, 
as the case may be, until the one or more blocks are needed 
in the future. 

[0083] For a 5W chip, Table 1 shoWs representative per 
centage of use and poWer savings. Note that the total poWer 
doWn savings represents 46% (2.3/5). 

TABLE 1 

Wattage Percentage of PoWer DoWn 
Function Unit Requirement Use Savings 

Floating Point 1.5 10 1.35 
Integer 1.0 90 0.10 
Memory 2.0 75 0.50 
Graphics 0.5 30 0.35 

TOTAL SAVINGS: 2.30W 

[0084] The “selective poWer doWn” techniques of the 
present invention may easily be applied to the highly struc 
tured functional units/modules disclosed in a commonly 
oWned, co-pending application titled “HardWare Emulation 
Accelerator and Method”, Ser. No. 08/352,680, (now US. 
Pat. No. 5,581,742), the disclosure of Which is incorporated 
herein by reference. 

[0085] Laptop Notebook and Palmtop Computer Optimi 
Zation Strategy 

[0086] As discussed above, the present invention produces 
signi?cant savings in poWer consumption. This has very 
direct impact on laptop and palmtop computers, Where 
Weight is a very critical, if not the most critical, factor in 
terms of user acceptance. Even a reduction in 0.25 kg can be 
enough for a user to select that particular computer over a 
heavier version. Even though signi?cant strides have been 
made in terms of battery technology resulting in signi?cant 
Weight reduction, any reduction in poWer consumption 
Would be extremely important since it Would produce much 
longer life of operation for a given battery and battery 
charge. 
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[0087] FIG. 9 shows a block diagram of one strategy that 
can be used in accordance With the present invention. As 
shown, the user can select a longer battery life option When 
operating the laptop or palmtop computer. This is indicated 
by 902. Once this option is selected, the present invention 
utiliZes an optimiZation scheme, as indicated by reference 
numeral 904, Which acts to minimize the poWer consump 
tion of the microelectronic device. This could come in many 
different forms such as reordering of machine code instruc 
tions or operating particular functional units separate and 
apart from each other. 

[0088] This approach has particular applicability to situ 
ations Where the laptop or palmtop computer is being used 
for an eXtended period of time aWay from a standard voltage 
source. In other Words, the unit is being run entirely by 
battery. The user desires to maXimiZe the operational time of 
the laptop or palmtop computer in such situation. This 
optimiZation approach alloWs this to be achieved. 

[0089] While various embodiments of the present inven 
tion have been described above, it should be understood that 
they have been presented by Way of eXample, and not 
limitation. Thus the breadth and scope of the present inven 
tion should not be limited by any of the above-described 
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eXemplary embodiments, but should be de?ned only in 
accordance With the folloWing claims and their equivalents. 

What is claimed is: 
1. A system for a microelectronic device for reducing 

poWer consumption and heat dissipation requirements, said 
microelectronic device having at least tWo functional units 
controlled by a clock signal produced by a clock unit, said 
system comprising: 

(a) compiler means for compiling source code to machine 
code and for determining on a preselected cycle basis, 
the need to use each of the functional units to perform 
an operation in conjunction With executing the machine 
code instruction; 

(b) logic means, coupled to the functional units and to the 
clock unit and in communication With the machine 
code, for controlling the supplying of the clock signal 
so that the clock signal on said preselected cycle basis 
is supplied only to each of the functional units needed 
to perform an operation in conjunction With executing 
the machine code. 


