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MEASURING POWER CONSUMPTION IN AN
INTEGRATED CIRCUIT

PRIOR FOREIGN APPLICATION

[0001] This application claims priority from European
Patent Application No. 10191823.3, filed Nov. 19, 2010,
which is hereby incorporated herein by reference in its
entirety.

BACKGROUND

[0002] The present invention relates generally to integrated
circuits, and in particular, to a method and system for mea-
suring local electrical power consumption in an integrated
circuit. The method may be used in electronic circuit design,
as well as for performing self-tests in integrated circuit chips.

[0003] In the design and during operation of electronic
systems, power consumption is an important parameter to be
considered. On the one hand, “Green I'T” calls for total energy
consumption of electronic systems to be minimized. On the
other hand, local power consumption within the electronic
system is a crucial factor to take into account if overheating
and thus malfunction of the system is to be avoided. In order
to ensure reliable functionality, local power consumption
within the system has to be assessed so that adequate cooling
can be applied both locally and globally. This is especially
true in high-end integrated circuits (ICs) where electronic
components are closely packed and may consume consider-
able electrical power during operation. These types of elec-
tronics require cooling functionalities which need to be care-
fully designed, located and dimensioned according to the
system’s prospective local power consumption during typical
activities.

[0004] Power consumption is an especially important
parameter in high end VLSI (very large scale integration) chip
designs, since all components have to be placed and spaced in
such a way that they can be provided with adequate local
cooling at any time during system operation. Failure analysis
based on (local) power dissipation and/or local temperature is
therefore becoming more and more important, e.g., for opti-
mizing packaging density, energy efficiency, etc. In an effort
to ensure that the IC under consideration will operate as
desired, models of the (local) power dissipation within the IC
are synthesized and used for modeling in order to determine
whether the actual power distribution within the IC and its
cooling is sufficient to meet certain design requirements. The
validity of these models needs to be verified by taking real-
world (i.e., physical) measurements of the actual power dis-
sipation within the design. It is thus desirable to be able to
accurately measure local power consumption in an electronic
system comprising integrated circuits and to estimate pro-
spective power consumption during the early stages of the
system design, preferably during integrated circuit design.

[0005] The verification of power consumption associated
with specific activities and load situations of the chip requires
ameasurement technique which yields reliable power data for
individual VLSI (very large scale integration) chips/circuits
as a whole or one or more parts of them. These data may then
be used for verifying the anticipated system power and cool-
ing requirements, as well as to model hardware to verify the
individual power consumption for certain system load situa-
tions. The measurements have to be accurate and activity-
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related in the sense that they should furnish information on
actual power demand of specific hardware activities in a
system environment.

[0006] Various methods of measuring power consumption
of'an electronic system are known. For example, local power
consumption within an IC chip may be estimated using on-
chip thermal sensors. These sensors measure temperature
within the chip and are thus capable of detecting regions of
increased power consumption, so-called “hot spots”. How-
ever, the measurements of thermal sensors represent time and
location averages of the actual power consumption of the chip
and therefore only yield indirect feedback, and are not
capable of furnishing activity-specific and time-resolved
data.

[0007] Power consumption in a part of an electronic circuit
can be measured directly by simultaneously measuring time
domain voltage U and current [ within this part of the elec-
tronic circuit and calculating P=U*I. In particular, average
power consumption can be evaluated based on measurements
of average voltage and average current during specific hard-
ware operation in a steady state system environment. This
quasi-static method, however, only yields a time average of
power consumption and cannot furnish time resolved data
necessary for verifying a modeled and simulated time domain
power consumption spectrum.

[0008] If a time resolved measurement of the power con-
sumption is required, current and voltage have to be deter-
mined with the appropriate temporal resolution. While time-
resolved on-chip voltage measurements are state of the art
during chip operation and yield reliable results, on-chip
power supply current measurements—if they are possible at
all—systematically impact the power supply path and are
thus inherently error-prone. As an example, current measure-
ment based on the Hall effect (i.e., measurement of magnetic
field using a GMR sensor) will yield a spatial average on a
scale which, in general, is much larger than the spatial extent
of a specific chip region under consideration.

[0009] U.S.Letters Pat. No. 7,138,815 describes an on-chip
self test system capable of measuring voltage between on-
chip test points during a current discontinuity. The current
discontinuity may be generated by turning on a first config-
urable logic block and then, after a selected period, turning on
a second configurable logic block to create a current wave-
form. The resulting voltage and current data may be used for
evaluating the chip’s impedance profile. A different method
for determining impedance profiles at different locations in a
chip is described in U.S. Letters Pat. No. 6,768,952. In this
method, the chip is activated by different codes that, when
executed, produce constant current levels. Subsequently, the
clock frequency is toggled, thus creating a periodic current
waveform, and the resulting voltage is measured. The imped-
ance profile is calculated from the Fourier transform of the
measured voltage and the Fourier transform of the periodic
current waveform.

[0010] While on-chip measurement methods for determin-
ing impedance profiles of an integrated circuit chip are avail-
able, these do not furnish data on the chip’s local power
consumption. Thus, there is a need for an accurate method for
determining time resolved power consumption in conjunc-
tion with a specific activity executing in a specific region of an
electronic circuit. This method should be applicable to
model-to-hardware verification during electronic circuit
design and therefore should yield quantitative results and
provide guidance to specific improvements. This method
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should also be adaptable to be used as part of a self test
mechanism within the electronic circuit and thus enable fast
and inexpensive manufacturing tests as well as providing
power sanity checks during operation.

BRIEF SUMMARY

[0011] According to one aspect of the invention, a method
of determining time resolved power consumption in a power
domain within an integrated circuit is provided. The method
includes: (1) determining a local power supply impedance
profile of the power domain, (2) measuring a local time
resolved power supply voltage while executing a periodic
activity specific to the power domain, (3) evaluating a fre-
quency spectrum of the measured local power supply voltage,
(4) calculating an associated current spectrum from the volt-
age profile and the impedance profile, and (5) determining a
power consumption spectrum from the current spectrum and
the measured voltage spectrum.

[0012] According to another aspect of the invention, a sys-
tem for determining power consumption in power domain
within an integrated circuit is provided. The system includes
(1) memory for storing a local power supply impedance pro-
file of the power domain, (2) an Activity Stimulation System
for executing a periodic actively specific to the power domain,
(3) a Voltage Measurement System for measuring a local
power supply voltage of the domain, (4) a Fourier Transform
System for evaluating a power supply voltage profile as well
as for calculating a current spectrum from the impedance
profile and the voltage profile, and (5) a Power Evaluation
System for determining a power consumption spectrum.
[0013] Additional features and advantages are realized
through the techniques of the present invention. Other
embodiments and aspects of the invention are described in
detail herein and are considered a part of the claimed inven-
tion.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0014] One or more aspects of the present invention are
particularly pointed out and distinctly claimed as examples in
the claims at the conclusion of the specification. The forego-
ing and other objects, features, and advantages of the inven-
tion are apparent from the following detailed description
taken in conjunction with the accompanying drawings in
which:

[0015] FIG. 1A is a schematic plan view of an integrated
circuit chip and one embodiment of a system for evaluating
the power consumption associated with a specific activity ina
specific power domain within this chip, in accordance with
one or more aspects of the present invention;

[0016] FIG. 1B is a schematic plan view of an integrated
circuit chip with an on-chip system for evaluating local power
consumption within this chip, in accordance with one or more
aspects of the present invention;

[0017] FIG.2A isaschematic flow diagram of one embodi-
ment of a method for determining a local power consumption
profile for a specific activity in the integrated circuit chip of
FIG. 1A or FIG. 1B, in accordance with one or more aspects
of the present invention;

[0018] FIG. 2B is a schematic flow diagram of one detailed
embodiment of the method of FIG. 2A, in accordance with
one or more aspects of the present invention;
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[0019] FIG. 3A is aschematic flow diagram of one embodi-
ment of a method for determining a local power supply
impedance profile of the power domain shown in FIG. 1, in
accordance with one or more aspects of the present invention;
and

[0020] FIG. 3B is a schematic diagram of local current
consumption due to a clock activity which is symmetrically
switched ON and OFF, in accordance with one or more
aspects of the present invention.

DETAILED DESCRIPTION

[0021] Notethat, in the drawings, like elements are referred
to with equal reference numerals. The drawings are merely
schematic representations, not intended to portray specific
parameters of the invention. Moreover, the drawings are
intended to depict only typical embodiments of the invention,
and therefore should not be considered as limiting the scope
of the invention.

[0022] Unless otherwise indicated, the term “power
domain” is used herein to denote an area within a chip or
within an electric circuit which is self-contained with respect
to power supply so that its supply voltages VDD and GND
may be separated from the supply voltages of other areas
within the electric circuit.

[0023] FIG. 1 displays a schematic plan view of an inte-
grated circuit (IC) chip 10 comprising a power domain 12
whose power consumption characteristics as a function of
time (P(t)) are to be evaluated. In what follows, the term
“power domain 12” is used to notify an area of chip 10 which
is self-contained with respect to supply voltage; this means
that supply voltages VDD and GND of this specific power
domain 12 are physically separated from supply voltages
VDD and GND of other power domains 12', 12". In high
performance chip design, it is general practice to partition the
chip 10 into multiple power domains 12, 12', 12" with indi-
vidual power supplies VDD, GND which can be turned off
whenever the respective power domain is not in use, thus
economizing power consumption and reducing heat genera-
tion in the chip 10. Different power domains 12, 12', 12" may
be operating at different power levels, thus enabling integra-
tion of a large variety of functionalities into a single chip 10.
[0024] As an example, power domain 12 may be a specific
hardware element residing on chip 10. Alternatively, power
domain 12 may be a region which is activated when a specific
software function is executed; for example, power domain 12
may be a specific arithmetic unit of chip 10. Note that differ-
ent power domains 12, 12' of integrated circuit 10 are disjunc-
tive from each other in the sense that while a specific activity
causes power consumption in power domain 12, it does not
influence domains 12', 12" and vice versa. This means that, as
far as power consumption is concerned, power domains 12,
12', 12" may be treated as independent. Depending on the
functionality and design of chip 10, a given chip 10 may
contain one single power domain 12 or multiple power
domains 12, 12', 12".

[0025] In order to determine power consumption P(t) of a
given power domain 12 within chip 10 during execution of a
specific activity, power domain 12 has to be subjected to this
activity, and voltage U as well as current I corresponding to
this activity have to be evaluated. While local power supply
voltage U(t) related to the activity can be measured easily as
a function of time and transformed into the frequency
domain, time-resolved measurement of local power supply
current I(t) is difficult and error-prone.
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[0026] According to one embodiment of the invention, this
problem is circumvented by noting that the power supply
impedance Z(H=F {UM)}/FAI(1)}, so that the current spec-
trum I(t) may in fact be calculated from the measured voltage
U(t) if the impedance Z(f) is known. The power supply
impedance profile Z(H)=U(f)/1(f) of any given power domain
12 is—to areasonably high degree of accuracy—an invariant,
which means that the impedance spectrum Z(f) of any activity
executing in power domain 12 will be approximately the
same, irrespective of the specifics of this activity. This is due
to the fact that power supply impedance profile Z(f) is a
specific property of the distribution network of power domain
12; it is location specific in the sense that impedance profiles
Z(f) of different power domains 12, 12', 12" will typically
display a different behavior. Z(f) of power domain 12 is a
function of frequency fand is determined by packaging infra-
structure, decoupling hierarchy, individual local geometry as
well as component interactions (resonances). Since imped-
ance profile Z(f) depends only on the passive electronic com-
ponents (wiring, resistors, capacitors, inductors, . . . ) which
are independent of the activity applied to the power domain
12, Z(f) may be evaluated by subjecting power domain 12 to
a specific—notably a simple—activity, i.e., an activity which
enables accurate determination of the associated current and
voltage spectra 1,(f), Uy(). Once Z(f)=I,()/U, () of power
domain 12 has been determined, the current I(t)=F 7' {I(f) } of
any (arbitrary) activity of power domain 12 may be calculated
from the associated power supply voltage spectrum U(f)=F,
(U(t)) measured for this activity from I()=F*{Z(f)/U(f)},
and power consumption of this activity of power domain 12
may be computed as P(t)=U(t)*I(t).

[0027] A schematic flow diagram of one embodiment of
this method 100 for determining power consumption P(t) of a
given power domain 12 within electronic circuit 10 as a
function of time is shown in FIG. 2A. A schematic flow
diagram of a detailed embodiment of this method is depicted
in FIG. 2B.

[0028] As outlined above, method 100 relies on local power
supply impedance profile Z(f) of power domain 12 (step 110)
which may be determined by subjecting this power domain to
a very simple activation of which the current spectrum is
especially easy to determine. One method for obtaining this
local power supply impedance profile Z(f) of domain 12 is
depicted schematically in flow diagram 110 of FIG. 3A.
According to this method 110, a simple periodic activity
(such as a periodic toggling of the clock tree) is applied to
power domain 12 (step 111), causing a well-defined amount
of power to be dissipated in power domain 12 under consid-
eration. This simple periodic activity is chosen in such a way
that the current consumption I,(t) due to this well-defined,
periodically varying load can be easily calculated. In one
embodiment, this simple periodic activity consists in periodi-
cally switching on and off the clock tree, so that the clock tree
(of frequency f_,,) is superposed with a 100% amplitude
modulation of frequency £, .. Clock toggling is known to
generate a high percentage of maximum dynamic current
consumption in a typical IC and thus constitutes a well-suited
excitation of power domain 12.

[0029] FIG. 3B shows a schematic diagram of a current
consumption I (t) due to an excitation by a clock signal
modulated with a square wave. In this example, clock signal
has frequency f.,=800 MHz and is periodically modulated
(i.e., switched ON and OFF) with a square wave of modula-
tion frequency f,,,,~1 MHz.
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[0030] The local temporal variation I, (t) of current con-
sumption due to this square wave modulated clock excitation
may be expressed as:

4 4 A
— - SinOypogl + =— -
n 3n
@ = (5 + )+ B
i Sz

$inS 00l + -

where 1,7°?* is the leakage current (which, in the example of
FIG. 3B, amounts to 4.3 A), and I,*"%’ is half the current
amplitude (in the example of FIG. 3B, I,*"#’=3.2 A).

[0031] The power supply current demand of both modula-
tion states (i.e., parameters 1,°** and 1,°"#’) can be deter-
mined from a quasi-static measurement: current I,/*** may be
obtained from a current measurement without clock activity,
whereas I,""#’ may be obtained from a current measurement
with a continuously operating clock.

[0032] Once L, (t) has been evaluated (step 112, see FIG.
3A), current consumption spectrum I,(f) may be calculated
by Fourier series expansion (step 113). The signature of the
local on-chip power supply voltage U (t) encountered during
the simple periodic activity in power domain 12 is determined
by carrying out a set of voltage measurements (step 114).
Subsequently, this set is transformed into frequency domain
(step 115), yielding a power supply voltage spectrum U, (f) of
the simple periodic activity applied to power domain 12.
Finally, the local power supply distribution impedance profile
Z(f) of domain 12 is computed (step 116) as the ratio of
voltage spectrum U, (f) and current spectrum I,(f).

[0033] The evaluation of impedance profile Z(f), being a
parameter specific to the power domain 12 under consider-
ation (but invariant with respect to the various activities which
may execute in this power domain 12), forms the outset (step
110) of method 100 (FIG. 2A) for determining the power
consumption profile of a given activity applied to power
domain 12 on chip 10. Note that Z(f) is generally a complex
function comprising a real part Z*(f) and an imaginary part
7Zm(f):

ZN=Z (2 (= 1Z(f) *e™* ®)

where |Z(f)! is the magnitude of Z and ¢ is its phase.

[0034] Instep 122 of method 100, a specific periodic activ-
ity 50 is applied to this power domain 12, and the local power
supply voltage U(t) associated with this activity is measured
(step 124), e.g., by using an oscilloscope 210. The periodic
activity 50 may, for example, comprise ADD, MULTIPLY,
SUBTRACT etc. and is specific to power domain 12. As
shown in FIG. 1, the power supply voltage U(t) measurement
may be carried out by connecting supply leads 34 of power
domain 12 to oscilloscope 210 and determining the difference
between VDD and GND as obtained from voltage measure-
ments of oscilloscope 210. Once U(t) has been determined, a
Fourier transform of U(t) into frequency domain yields sup-
ply voltage spectrum U(f) (step 130). Subsequently, current
I()=F,*{I(H} may be calculated by noting that I(H=U(f)/Z
(®) (step 140), and power consumption may be calculated
from P(t)=U®)*1(t) (step 150). The power consumption P
thus determined may be compared to a reference P, obtained
from an analytic or a numerical simulation of the electronic
design under consideration (step 160).
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[0035] FIG. 1A schematically shows a system 200 for
determining a power consumption P(t) corresponding to a
specific periodic activity 50 applied to power domain 12 of
chip 10. System 200 comprises a signal generator/modulator
205 for applying repetitive activity 50 to power domain 12 as
well as an oscilloscope 210 for measuring local power supply
voltage U(t) as caused by this activity 50. Moreover, system
200 comprises a computer system 220 with memory 222,
input/output (/O) interfaces 224, a central processing unit
(CPU) 226, bus 230 and data base 232. Memory 222 may
comprise any known type of data storage and/or transmission
media and may reside at a single physical location, compris-
ing one or more types of data storage. I/O interface 214 is used
for exchanging information with oscilloscope 210 and signal
generator/modulator 205. Bus 230 provides a communication
link between each of the components in the computer system
220. In addition, although not shown, additional components
such as external devices/resources, cache memory, commu-
nication systems, system software etc. may be incorporated
into computer system 220.

[0036] Database 232 provides storage for information nec-
essary to carry out the present invention. Such information
could include e.g., impedance spectra Z(f) for the power
domain 12 under consideration, activity pattern 50 etc.
[0037] Stored in memory 222 is a logic system comprising
Activity Stimulation System 240, Fourier Transform System
242 and Power Evaluation System 244. These systems carry
out the functions described above:

[0038] Activity Stimulation System 240 is used for gen-
erating specific periodic activity 50 which is to be
applied to power domain 12 by signal generator/modu-
lator 205;

[0039] Fourier Transform System 242 is used for man-
aging voltage data acquired by oscilloscope 210 on
power domain 12 and for evaluating a voltage profile
U() from these measurement data, for calculating cur-
rent spectrum [(H)=U(f)/Z(f) as well as for transforming
this current spectrum I(f) back into the time domain;

[0040] Power Evaluation System 244 is used for evalu-
ating the power consumption P(t)=U(t)*1(%).

[0041] Method 100 comprises a reliable method for assess-
ing power consumption in a power domain 12 during execu-
tion of a predefined specific activity and can be used for a
quantitative evaluation of power demand over a large fre-
quency range. Power consumption P(t) as determined by
method 100 for any given activity in given power domain 12
may be compared to simulations and/or analytical models of
power consumption for this activity and this power domain
12, thus verifying or refuting design properties of electronic
circuit 10. In particular, the specific activity for stimulating
power domain 12 may be chosen such that it can easily be
modeled. Method 100 may be applied during chip and mod-
ule test for early design feedback on power demand and
thermal properties: using method 100, prototype chips may
be evaluated with respect to their local energy consumption at
an early stage during IC design, so that, for example, 3D
packaging may be improved, power supply may be sized
correctly, cooling resources may be placed and dimensioned
appropriately etc. By accumulating P(t) over a characteristic
time of selected hardware operations, this yields a precise
value of the totally consumed energy for these selected hard-
ware operations in the respective power domain 12, which in
turn can be used for power optimization during chip/system
design.

May 24, 2012

[0042] As outlined above, method 100 is based on the
assumption that power supply impedance profile Z(f) is an
invariant with respect to activity, i.e., is independent of the
kind and amount of ambient activity executing in voltage
domain 12. While this is generally a good approximation,
some deviations may occur under certain operating condi-
tions (e.g., due voltages influencing leak currents etc.) and
may adulterate the results.

[0043] When used for power consumption verification dur-
ing integrated circuit design, method 100 will yield informa-
tion on whether a specific chip/circuit 10 for which the
method 100 is executed complies with a reference model of
this chip/circuit 10 (see step 150). Note that impedance pro-
file Z(f) of power domain 12 in chip 10 is—to a good approxi-
mation—invariant with respect to inaccuracies/variations
occurring in the chip manufacturing process (oxide layer
thickness, doping variations etc.). Thus, measurements taken
on a specific chip 10 and verification results obtained by
method 100 can be used for assessing prospective properties
of different individual chips and of different manufacturing
batches. Conversely, results obtained by method 100 may be
used as a basis for adjusting design properties and/or manu-
facturing features of the chip under consideration.

[0044] Method 100 relies on the assumption that voltage
domain 12, for which the power supply impedance Z(f) and
the power consumption P(t) are calculated, is not influenced
by other voltage domains 12', 12" and thus may be treated
independently of them. Moreover, it relies on the assumption
that the conditions under which Z(f) is determined (step 110)
are the same as the conditions under which U(t) is measured
(step 120). As a consequence, accurate determination of
power supply impedance Z(f) and power supply voltage U(t)
of specific activity in voltage domain 12 requires that other
voltage domains 12', 12" be isolated from voltage domain 12
under consideration (or be switched off) in order to avoid
interferences and distortions in the power supply impedance
Z(f) as calculated by method 110 (FIG. 3A) and in the power
supply voltage U(t) as measured in step 120.

[0045] Besides furnishing useful information during circuit
design, method 100 is also applicable in a system environ-
ment for veritying system performance, e.g., as part of hard-
ware verification during machine bring-up. In this case,
power consumption is assessed using an on-chip self-test
system 200", as shown schematically in FIG. 1B. When self-
test system 200' is activated, it will perform a self-test routine
on one (or several) power domain(s) 12 of chip 10. This
self-test routine may encompass an evaluation of local power
consumption of power domain 12. A flow diagram of one
embodiment of this evaluation method 100' is shown in FIG.
2B.

[0046] In a first step 110", impedance profile Z({) is deter-
mined for power domain 12 of chip 10 and stored in a storage
232" within on-chip self-test system 200'. Impedance profile
Z(f) may be evaluated using method 110 depicted in FIG. 3A.
Subsequently, selective hardware operations 50 are periodi-
cally executed (step 122'). With this selective periodic activity
50 applied to power domain 12, local voltage measurements
at power domain 12 are performed (steps 124' to 126'). Elec-
trical connections 34 linking self-test system 200' to power
domain 12 enable VDD and GND measurements to be carried
out by a measurement system 210' within self-test system
200'. Measurement loop 120' is iterated a predetermined
number N of times, so that N voltage measurements are taken
at consecutive times t; (j=1, . . ., N), yielding local voltage
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values U=VDD(t)-GND(t). The measurements are trig-
gered at the edge of the periodic activity 50 (step 122'), and
the values of U, thus obtained are digitized in A/D converter
215' and stored in storage 232' of on-chip self-test system 200’
(step 125"). Once a set of voltage values U, (j=1, . . ., N) has
been accumulated, this set is transformed into frequency
domain (step 130") in Fourier Transform unit 242, yielding a
power supply voltage spectrum U(f) of periodic activity 50
executing in power domain 12 within chip 10. Note that
storage 232' has to be dimensioned in such a way that it can
store a full sample set of measurement values.

[0047] Once the power supply voltage spectrum U(f) has
been determined (step 130"), it can be used—together with
impedance Z—for calculating the associated current I(t)=F;
HUMEVZ(D} (step 140" and the power consumption P(t) of
activity 50 in power domain 12 on the chip 10 (step 150").

[0048] The actual power consumption, as computed in step
150", may be compared with a reference P, stored in storage
232'. Reference P, is characteristic of “normal” power con-
sumption associated with activity 50 in power domain 12
(step 150"). In this context, the term “normal” power con-
sumption in power domain 12 designates a power consump-
tion which is low enough to ensure good functionality without
overheating. The comparison between actual power con-
sumption P and reference P, takes place in Comparator 246’
within self-test system 200" and may be formed by subtrac-
tion: if the difference A=P-P, -between actual and reference
power consumption profiles exceeds a predetermined thresh-
old, this is indicative of excessive power consumption in
power domain 12 (step 170"); if, on the other hand, the actual
power consumption P displays only minor differences from
reference signature Py this indicates that power consump-
tion in power domain 12 concurs with specification (step
180").

[0049] As shown schematically in FIG. 1B, on-chip self-
test system 200' comprises a trigger unit 202" for starting (and
terminating) periodic activity 50 which is generated by Activ-
ity Stimulation System 240'. While periodic activity 50 may
be created in unit 240' on chip 10, it may also be generated in
a location off chip 10, e.g., in an external unit 300. Whenever
trigger unit 202'is activated (e.g., by receiving a trigger signal
from system self-test unit 200', for example, during system
start-up, or by starting periodical (automatic) system self-
tests), trigger unit 202' triggers Activity Stimulation System
240' to initiate periodic activity 50 in power domain 12 and
ensures that all other activities within power domain 12 are
shut off. Subsequently, trigger unit 202' triggers measurement
module 210' to acquire local voltage data U, which are stored
in storage unit 232".

[0050] By connecting self-test system 200' to several power
domains 12, 12', 12" within chip 10, method 100' may be
carried out for multiple locations (concurrently or consecu-
tively). Self-test method 100" thus can be used for determin-
ing whether local power consumption within chip 10 concurs
complies with a pre-determined specification. If P is found to
deviate from reference P, in one or several power domains,
corresponding control flags may be put up in on-chip self-test
system 200' and/or control signals may be sent to a system
self-test unit 300 indicating that power domain 12 is consum-
ing excessive power and may be overheating (i.e., developing
a “hot spot”). Based on this information, system self-test unit
300 may issue a warning to system user and provide infor-
mation on the specific chip 10 and/or power domain 12 in
which the deficiency was detected. Note that since method

May 24, 2012

100" is capable of detecting unexpected power demand peaks,
self-test system 200" may also be used for power glitch detec-
tion. Continuous power demand sampling and recording may
be executed, and the results may be analyzed by recovery
code after an incident.

[0051] Note that some functions of self-test unit 200' such
as storage 232' as well as Comparator 246' may reside (fully
or partly) in a different location (i.e., outside chip 10, e.g., on
a motherboard of a computing system which chip 10 forms
part of). Storage 232" is in one embodiment located on chip 10
since a fast RAM access is required for on-line storage of
measurement values.

[0052] Note from the above description that the present
invention provides a method and a system for accurately
determining time resolved power consumption in a specific
power domain within an integrated circuit. In particular, the
method enables a fast and accurate assessment of the local
power consumption profile up to high frequencies.

[0053] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprise” (and
any form of comprise, such as “comprises” and “compris-
ing”), “have” (and any form of have, such as “has” and “hav-
ing”), “include” (and any form of include, such as “includes”
and “including”), and “contain” (and any form contain, such
as “contains” and “containing”) are open-ended linking
verbs. As a result, a method or device that “comprises”, “has”,
“includes” or “contains” one or more steps or elements pos-
sesses those one or more steps or elements, but is not limited
to possessing only those one or more steps or elements. Like-
wise, a step of a method or an element of a device that
“comprises”, “has”, “includes” or “contains” one or more
features possesses those one or more features, but is not
limited to possessing only those one or more features. Fur-
thermore, a device or structure that is configured in a certain
way is configured in at least that way, but may also be con-
figured in ways that are not listed.

[0054] The corresponding structures, materials, acts, and
equivalents of all means or step plus function elements in the
claims below, if any, are intended to include any structure,
material, or act for performing the function in combination
with other claimed elements as specifically claimed. The
description of the present invention has been presented for
purposes of illustration and description, but is not intended to
be exhaustive or limited to the invention in the form disclosed.
Many modifications and variations will be apparent to those
of ordinary skill in the art without departing from the scope
and spirit of the invention.

What is claimed is:

1. A method for determining power consumption of a
power domain within an integrated circuit, the method com-
prising:

determining a local power supply impedance profile (Z(1))

of said power domain;

measuring a local power supply voltage (U(t)) while

executing a periodic activity specific to said power
domain;

evaluating a voltage spectrum (U(f)) of said measured local

power supply voltage (U(t));
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calculating an associated power supply current (I(t)) from
said impedance profile (Z(f)) and said voltage spectrum
(U()); and

determining a power consumption spectrum (P(t)) from
said power supply current (I(t)) and the measured power
supply voltage (U(1)).

2. The method of claim 1, wherein the determining said
local power supply impedance profile of said power domain
comprises:

applying a repetitive activity in said power domain;

evaluating the temporal behavior of a current consumption

(I(1)) caused by said repetitive activity;
calculating a corresponding current consumption spectrum
T

measuring a local power supply voltage (Uy(t)) caused by

said repetitive activity;

evaluating a voltage spectrum (Uy(f)) of said measured

local power supply voltage (UO(t)); and

calculating said local power supply impedance profile

(Z(®)) from said voltage and current spectra (U,(f),
Io(f).

3. The method of claim 2, wherein the applying the repeti-
tive activity comprises periodically switching the system
clock tree on and off.

4. The method of claim 2, wherein the evaluating the tem-
poral behavior of the current consumption (I,(t)) comprises
obtaining quasi-static measurements of a leakage current
(1,7°“*) and a current amplitude (I,°"?%) of the repetitive activ-
ity.

5. The method of claim 1, further comprising comparing a
power consumption spectrum P to a reference spectrum P,ef.
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6. The method of claim 1, wherein the method is carried out
during system power-on.

7. The method of claim 1, wherein the method is carried out
periodically during system operation.

8. A system for determining power consumption of a power
domain within an integrated circuit, the system comprising:

a memory for storing a local power supply impedance
profile Z(f) of said power domain;

an Activity Stimulation System for executing a periodic
activity specific to said power domain;

a Voltage Measurement System for measuring a local
power supply voltage (U(t)) of said power domain;

a Fourier Transform System for evaluating a voltage spec-
trum (U(Y)) of said measured local power supply voltage
(U(1)) and for calculating associated current (I(t)) from
said impedance profile (Z(f)) and said voltage spectrum
(U(®: and

a Power Evaluation System for determining a power con-
sumption (P(t)).

9. The system of claim 8, further comprising a Comparator
for comparing said power consumption spectrum (P(t)) to a
reference profile (P, (1)).

10. The system of claim 8, wherein the system is integrated
into the integrated circuit.

11. The system of claim 10, wherein the Activity Stimula-
tion System and the Voltage Measurement System reside on a
chip with the integrated circuit, and the Comparator resides in
a location outside the chip.
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