VOLTAGE SUPPLY NOISE ANALYSIS TECHNICAL FIELD [0001] The
described subject matter relates to electronic circuits, and more
particularly to implementing voltage supply noise analysis for electronic
circuits. BACKGROUND [0002] High performance electronic circuits,

such as integrated\risgufiR @ E PO W NAIOESRRAAS. P giesigned to
operate within specified voltage supply boundaries. It the circuit is

operated outside the specified voltage supply boundaries the circuit may
not function properly (e.g., introducing noise, improper signal timing, etc.)

or the circuit may even be damaged. [0003] When designing electronic

circuits, the designers typic@%lﬂé&&pply boundaries for

proper operation of the circuit and use generic circuit design tools to test
[OQBELher Thesdesssibagdtiowsject omtistt relotvevlr, gdeativiciiudesignd more

tools are typically focused on other aspects of circuit design and may not
paptivitiglanadepiriacmigrstandigsappireuid Bpaladignifofoiestitarvaltagecuits.

supply assumptions. In addition, these tools may be useless if the wrong

assumptions are being tested. [0004] Noise analysis models are also

available which utilize statistical characterization of combinational logic to

model and test voltage supplieéA%! ﬁﬁt&giﬁﬁircuits. However, these

models assume a general po ce density spread
[OBBE?rmlﬁ?gﬁrggffggggri}cvgitglgg%rgarggrgifr&rﬁ/tvsrji%ﬁch as integrated circuits (ICs)
and microprocessors, are designed to operate within specified voltage supply
boundaries. If the circuit is operated outside the specified voltage supply
boundaries the circuit may not function properly (e.g., introducing noise, improper
signal timing, etc.) or the circuit may even be damaged.
[0003] When designing electronic circuits, the designers typically assume
voltage supply boundaries for proper operation of the circuit and use generic
circuit design tools to test whether these assumptions are correct. However, generic
circuit design tools are typically focused on other aspects of circuit design and may
not provide an accurate understanding of circuit operation for testing voltage
supply assumptions. In addition, these tools may be useless if the wrong
assumptions are being tested.
[0004] Noise analysis models are also available which utilize statistical
characterization of combinational logic to model and test voltage supplies for

electronic circuits. However, these models assume a general power and

capacitance density spread uniformly over the circuit without regard for which
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TRENNER LAW FIRM, LLC | HP.200313226-1 parts of the circuit are
drawing the most current. In addition, these models do not account for
changes in power dissipation within a clock cycle. [0005] As a result, the
electronic circuits may experience unacceptable voltage supply noise.

pRMSHARERRIR iPaRG SRy thedt RaserNUHeRrEang 1R sEitadERls do not

delaying introduction of the €lectronic circuit in the marketplace and

adRSIERACLING sost oLe sl uhen | /ainiradyce SHMMARY [0006]
n exemplary Embodiment of voli)tage supply noise ana?(y5|s for electronic
ircyits may be implemented in a computer program product encoding a
[Oﬁéﬁpute%ﬁag?amtf eXEEHngiS EHHBE&éPEYo%’é%%UWdB?ﬁﬁ?ﬁBFa%Ie voltage
process may comprise: generating at least one spatial profile for the
suplebtramis eirélonstsanabtingrae least ef@temporaihsivfiee fopene debugging the
electronic circuit, merging the at least one temporal profile and the at
citeagkprielayatial predidyaichdetethungleciirthdc edéetuonimcttedihiarketplace and
operating within acceptable voltage noise margins based on the merged

inteERAalARd shratiedRiefiesitReR Al inanatdausxgmplary embodiment,
voltage supply noise analysis for electronic circuits may be implemented

as a method, comprising: generating at least one spatial profile including
a plurality of grid elements representing components in the electronic

circuit, generating at least one tem&l‘g%ge representing activity of

components in the electronic circes; wg-the at least
[0006] An exemplary embodiment of voltage supply noise analysis for
electronic circuits may be implemented in a computer program product encoding a
computer program for executing a computer process. The computer process may
comprise: generating at least one spatial profile for the electronic circuit,
generating at least one temporal profile for the electronic circuit, merging the at
least one temporal profile and the at least one spatial profile, and determining if the
electronic circuit is operating within acceptable voltage noise margins based on the
merged temporal and spatial profiles.
[0007] In another exemplary embodiment, voltage supply noise analysis for
electronic circuits may be implemented as a method, comprising: generating at
least one spatial profile including a plurality of grid elements representing
components in the electronic circuit, generating at least one temporal profile
representing activity of components in the electronic circuit, merging the at least

one temporal profile and the at least one spatial profile, and automatically
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one temporal profile and the at least one spatial profile, and automatically

TRENNER LAW FIRM, LLC 2 HP.200313226-1 determining if the

electronic circuit is operating within acceptable voltage noise margins

based on the merged temporal and spatial profiles BRIEF DESCRIPTION
At P RANENGHBARBL auteid SharatemaiilURIRBLN 30 ita e noise

exemplary electronic circuit and a simplified voltage supply model. [00

Figure,2 |s schematic |II tratlon f an, exe bodiment of
mar &rllséb %%Jeppﬁl r?oﬁlse ar%ﬁy&sm[BB |guPes ali[(??b) are exemplary

spatlal profiles of an electronic CII’CUIt showing (a) power dissipation, and

(b) capacitance. [0011] Figures 4(a) and (b) are exemplary temporal

profiles of an electronic CIrCUIt showmg (a) circuit act|V|ty during a single

clock cycle, andgf RTAGHN / [0012]

Figure 5 is another exemplary temporal proflle of an electronlc circuit
[0808)vingKigewd dciiyvity Sohentatitiititastponand QA1 Sk Eigpilka v danathir circuit

exemplary temporal profile showing total circuit activity. [0014] Figure 7 is

arﬁlf {ﬁg@%%%g Iﬁ{é{dg,q)erations to implement voltage supply
noise analysis. [0015] Figure 8 is a schematic illustration of an exemplary

RN T ad b A

[06%@?”“@9@%'26 1s a schematic illustration of an exemplary embodiment of
voltage supply noise analysis.

[0010] Figures 3(a) and (b) are exemplary spatial profiles of an electronic
circuit showing (a) power dissipation, and (b) capacitance.

[0011] Figures 4(a) and (b) are exemplary temporal profiles of an electronic
circuit showing (a) circuit activity during a single clock cycle, and (b) circuit
activity during multiple clock cycles.

[0012]  Figure 5 is another exemplary temporal profile of an electronic circuit
showing circuit activity for a circuit component.

[0013] Figure 6 is another exemplary temporal profile showing total circuit
activity.

[0014] Figure 7 is a flowchart illustrating exemplary operations to implement
voltage supply noise analysis.

[0015] Figure 8 is a schematic illustration of an exemplary computing device

that can be utilized to implement voltage supply noise analysis.
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that can be utilized to implement voltage supply noise analysis.
TRENNER LAW FIRM, LLC 3 HP.200313226-1 DETAILED
DESCRIPTION [0016] Briefly, voltage supply noise analysis may be
implemented to find and address unacceptable power supply noise in
electronic circuits. Exemplaryiabsis) mayfggqgegenerating one or
more spatial profiles and one or more temporal proiiles for the electronic

g}ﬂt. T es?l§rofil s may be,used for detailed and circuit—ISé)ecif%g&?is énd and

Bitlapriuit e et e R i i s
circuit. The operations described herein. may be used by circuit desjgners )
adeiriss BSEABRIAESR QWG SHRRINITOISE JBRlRTHSMser Sepity Exemplary analysis

configuration. [0017] It is noted that operations described herein may be
mayn baeliedcaganegiatingtanstiotsaora spailterodietaprdneaiuen. mehentemporal
executed on a processor, the logic instructions cause a general purpose
proditpufing thevidedodd prageamniEtes @refibsiabpyrpesasodchineithailed and
implements the described operations. Exemplary System [0018] Figure 1
cii%tﬁ_thé%dﬁ‘i’@hu_ﬁ&%t_@élﬁd?f(ﬁﬂ @?%ﬁ&@'ﬁfé’ &i'@,cﬁélfkﬁg"éf%wé?%@?&‘f@ﬂgls of an
an integrated circuit (IC) 105, such as an application specific integrated
infUMLAO A0 0PI T SRR Slapeild ® A0 B OAl 8 cireui
ﬁ)rldﬁang are commonplace in electronic devices ranging from

computers to ob{l%ghones The small size of integrated circuits allows
de&ﬂ:%‘?g{%nlﬁt e la ratory/test environment tor optimum power supply

configuration.

[0017] It is noted that operations described herein may be embodied as logic
instructions on a computer-readable medium. When executed on a processor, the
logic instructions cause a general purpose computing device to be programmed as

a special-purpose machine that implements the described operations.

Exemplary System

[0018] Figure 1 is a high-level illustration of an exemplary electronic circuit
105 including an integrated circuit (IC) 105, such as an application specific
integrated circuit (ASIC). Integrated circuits may be classified as analog, digital, or
hybrid and are commonplace in electronic devices ranging from computers to
mobile phones. The small size of integrated circuits allows operation at high
speeds with low power dissipation.

[0019] Integrated circuit 105 may be fabricated with millions of components

(primarily transistors) on a silicon die 110. Different areas of the die 110 substrate
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speeds with low power dissipation. [0019] Integrated circuit 105 may be
fabricated with millions of components (primarily transistors) on a silicon
die 110. Different areas of the die 110 substrate TRENNER LAW FIRM,
LLC 4 HP.200313226-1 may be doped to make these areas p-type or

mATYRE RBERINYMEREKEHBLRY H8a SERSHINIR 18YEASOTAllicAm S8PASIEY may be

over the surface of the die 110. The die 110 then may be mounted in a

cka 15 and is glectrigally conpected, e.q., Usin Id wir .
BRI MDA FISET SR SRAPSEIS IR SRR MU The gie 110

the package 115. The integrated circuit 105 may then e mounted to a )
thep dneyLBaMeuBietom Wvith it 'd%ﬁi‘?ﬁﬁ%"}%%ﬁﬂ@ﬁ% rofi &p USING

complex electrical circuitry, such as integrated circuits, may often be
galtbuates isknBrabradsridonotk theaeiigauntidistdisd ldi@daarids areund. the edge

An exemplary model 150 of the electronic circuit 100 is shown in Figure
oflth¥ et k&genay rdpresatdigrar draimonét cifpoagntiscof trerateaitodico a circuit

circuit 100 such as, e.g., the integrated circuit 105, die 110, package 115,

bd&érmbzﬁoﬁgaﬂﬁh‘&m@Péiﬂfb&ﬂ@r@f?&dﬁgz.l] A power supply 170 may

be connected to node 160 to model voltage supply noise characteristics

OB, AR 0, R oA, A8 R s,
R S lon SO e R i

circuits. An exemplary model 150 of the electronic circuit 100 is shown in Figure
1. Node 160 may represent one or more components of the electronic circuit 100
such as, e.g., the integrated circuit 105, die 110, package 115, board 120, or any
combination thereof.

[0021] A power supply 170 may be connected to node 160 to model voltage
supply noise characteristics of the electronic circuit 100. For example, voltage
supply boundaries may be tested by adding an inductive load 180 and/or a
capacitive load 190. Inductive load 180 and/or capacitive load 190 may be added
at any one or more levels of the electronic circuit 100 to enhance power filter
characteristics and reduce power noise and electromagnetic interference (EMI)
during operation. Voltage supply noise analysis is described in more detail below
and may be used to determine the effectiveness of adding an inductive load 180
and/or capacitive load 190, in addition to how much should be added and where it

should be added in the electronic circuit 100.
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characteristics and reduce power noise and electromagnetic interference
(EMI) during operation. Voltage supply noise analysis is described in
more detail below and may be used to determine the effectiveness of
adding an inductive load 180 and/or capacitive load 190, in addition to

[00g mu‘ﬁb?@fé’&ﬁ’ﬁrﬁgggdi?i@ﬂ’&'ﬂ@d%ﬂ%t%%%@@%@%%&@%nalysis may be

electronic circuit 100. TRENNER LAW FIRM, LLC 5 00313226-1
0 Before.continuing, it is neted-that voltage sppply.noise analysis .
s LT Y S BT ST S SRR IR g and s nor
. Circuijts and is not limited to integrated circuits. For example,
lingiisd- Proghlart: €t Nral OfFSERYIbyiclaRtdsIgstraIgaRiCartigls Array
may be analyzed along with multi-chip circuits, and processors, to name
(FB¥hAA flogiexcinnsies: [obes|Rigursrayis marheenatielikastrativrgofvith multi-chip
exemplary voltage supply noise analysis. In an exemplary embodiment,
cintuawt anchiestassotiaitéodithis vagy dadegeaeaatplspatial profiles 210.
Circuit architecture data 200 may be provided by the circuit designer and

[00] inclpitg i PSoPMEtiog-RRAME IS IRREMODIE B UbRPEINAS MRS upply noise

limited to, chip floor plan, circuit components, and operational parameters.

Jit architec ta 2 . static timing,d u t
o SR e OB, B R G 28 e o
profiles 220 ma merged o generate voltage supply noise analysi
=751k 560 YOIy hoTSE LA B G B Pbeb AR dby the
determine whether an electronic circuit is operating
circuit designer and may include information about the electronic circuit, such as

but not limited to, chip floor plan, circuit components, and operational parameters.
Circuit architecture data 200 and static timing data 205 may be used to generate
temporal profiles 220.

[0024]  Spatial profiles 210 and temporal profiles 220 may be merged to
generate voltage supply noise analysis output 230. Voltage supply noise analysis
output 230 may be analyzed to determine whether an electronic circuit is operating
within acceptable voltage supply noise margins, e.g., as specified by the circuit
designer.

[0025]  Spatial profiles 210 may be generated by dividing an electronic circuit
into a plurality of grid elements, each grid element representing one or more
components of the electronic circuit. In an exemplary embodiment, spatial profiles
210 may include a power distribution profile 212 and a capacitance distribution
profile 214. Power distribution profile includes power dissipation data for each

grid element. Capacitance distribution profile 214 includes intrinsic and/or
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within acceptable voltage supply noise margins, e.g., as specified by the
circuit designer. [0025] Spatial profiles 210 may be generated by dividing
an electronic circuit into a plurality of grid elements, each grid element
representing one or more components of the electronic circuit. In an

xENAEIP I RBpeENARLIMENG SBRUAIN QRS AR RRY EREEHE f %fal profiles are

distribution profile 212 and a capacitance distribution profi . Power

distributi rofile inclydes power.dissipation data for each grid element.

R R e SRS e ancior TRENNER
AW FIRM, LLC 6 HP,200313226-1 extrinsjc capacitance data for each

[OéagYeler#@mpes@érﬁmé? Sl Sesaire BRSCHBA R AGHRA!Y data for the

reference to Figures 3(a) and (b). [0026] Temporal profiles may be
cleetfienate ¢ ibasé dasn oo it iaepforalge, dlasertbriio citetdt iom actual or

components thereof, e.g., based on data from actual or modeled circuit
mogeladiotiscuie mypetal joiofi €Bedztombyprsfilde @26 anmorimdatieityne or more

profiles for the circuit. For example, data may include circuit activity for a

ackiOEiP S8 FHRYIR @k ZifeuliiPitosleckhprie a4 mapdderiadiviptat activity for a

components or groups of components 226. Activity profiles 222, 224, 22

e ceTiie e SATAe BB SEHOPOUR A8, PR oponcrs
AR R R A S A ey SR SR
ge%%ggtceit?antcoetélsgggglit@r%‘pgglgogﬁ. Exemplary temporal profiles are discussed
below with reference to Figures 4(a) and (b) and Figure 5.

[0027] Figures 3(a) and (b) are exemplary spatial profiles of an electronic
circuit showing (a) power dissipation, and (b) capacitance. Spatial profiles 300,
350 may be generated based on the layout or “floor plan” of the circuit under
consideration. Spatial profiles 300, 350 may include a plurality of grid elements,
each grid element representing one or more components in the circuit, such as e,g.,
a flip flop, logic gate, etc. It is noted that any suitable number of grid elements
may be used to generate spatial profiles 300, 350.

[0028] Power dissipation data may be assigned to each grid element in spatial

profile 300. Power dissipation in a digital circuit may be determined using Ohm’s

Law:

EQN1:  P(t)=i(t) * v(t)

Where:
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350 may be generated based on the layout or "floor plan” of the circuit
under consideration. Spatial profiles 300, 350 may include a plurality of
grid elements, each grid element representing one or more components
in the circuit, such as e,g., a flip flop, logic gate, etc. It is noted that any

suitable number ofgrid-efementss PAREHSSE {REAFrate spatial profiles
300, 350. [0028] Power dissipation data may be assigned to each grid

element in spatial profile.300. Power.dissipatign in a digital circuit may be
determined using d?#?n_s%}fgve\:/n N ]?Luligftl)grzl sz)hr{}ﬁ) 04 TRENNER
LAW FIRM, LLC 7 HP.200313226-1 P(t) =, PO\(/)vier, as a function of time (t);
i(t) = Current as a AlhbionVREHAYH: MR Wt as a function of
time (t). Numeric data for these variables may be determined using
calculations, computer simulations, or actual measurements. Power
dissipation for an exemplary circuit is illustrated in Figure 3(a) and
Nuooreespdadirfomphwss diasigbdtio madstdésdatovinect donsgrigd @reatdid@s-tomputer
Table 1. Table 1: Power Dissipation Grid Reference No.Power Dissipation

sitYM{BBAS, F0acthPmeasurements. Power dissipation for an exemplary circuit is

illustrated in Figure 3(a) and corresponding power dissipation data is provided for

grid areas 310a-f in Table 1.

Table 1: Power Dissipation

Grid Reference No. Power Dissipation (W/mm?)
310a >0.05
310b >0.02 to 0.03
310c >0.01 to 0.02
310d >0.03 to 0.04
310e >(0.04 to 0.05
310f <0.01

[0029] Capacitance data may be assigned to each grid element in spatial profile
350. Capacitance data may include extrinsic capacitance, e.g., from capacitance
cells on the chip. Capacitance data may also include intrinsic (or parasitic)

capacitance, e.g., wire capacitance. Capacitance for an exemplary circuit is
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310b> 0.02 to 0.03 310c¢>0.01t00.02 310d> 0.03 to 0.04 310e> 0.04 to
0.05 310f< 0.01 [0029] Capacitance data may be assigned to each grid
element in spatial profile 350. Capacitance data may include extrinsic
capacitance, e.g., from capacitance cells on the chip. Capacitance data
illﬁk‘i‘i’a?éﬁoiff‘F%é@@%@%@ﬁ@ﬁiﬁﬁhiﬁ%@@@d}%&%aﬁﬁ’ g £rovided for grid
capacitance. Capacitance for an exemplary circuit is TRENNER LAW
FIR LC 8 HP.200313226-1 illustrated in Figure 3(b) and corresponding
argg%gé gﬁ%éndlg%g%l% %’rovided for grid areas 360a-b in Table 2. Table 2:
Capacitance Grid Reference No.Capacitance (nF/mmz2) 360a > 0.15 to
0.20 3 60b> 0.05 to 0.10 [0030] It is noted that spatial profiles 300, 350
and corresponding power dissipation and capacitance data are provided
herein as illustrative of spatidifdiea? Fésppek@ngtary circuit and are not
intended to be limiting. [0031] Figures 4(a) and (b) are exemplary

temporalGitidrRettegriessof a Capacitance (nF/mm°)
360a >0.15t0 0.20
360b >0.05t00.10

[0030] It is noted that spatial profiles 300, 350 and corresponding power
dissipation and capacitance data are provided herein as illustrative of spatial data
for an exemplary circuit and are not intended to be limiting.

[0031] Figures 4(a) and (b) are exemplary temporal timing diagrams of a
circuit showing (a) a timing profile for a single clock cycle, and (b) a timing
profile for multiple clock cycles. In Figures 4(a) and (b), the x-axis represents time
and the y-axis is normalized current (i.e., the integral of the waveform is equal to
1).

[0032] Figure 4(a) illustrates an exemplary timing profile 400 for a single clock
cycle when the electronic circuit is operating at 333 MHz. Static timing data may
be used to produce a timing profile representing core logic activity during the
clock cycle.

[0033] Data paths on the electronic circuit may be sampled using any suitable
static timing tool, such as but not limited to, the EinsTimer ™ signal propagation

tool readily commercially available from IBM Corporation (New York 10504).
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circuit showing (a) a timing profile for a single clock cycle, and (b) a timing
profile for multiple clock cycles. In Figures 4(a) and (b), the x-axis
represents time and the y-axis is normalized current (i.e., the integral of
the waveform is equal to 1). [0032] Figure 4(a) illustrates an exemplary

ESRTHheroMIeAQ0der dsingls plogkeXEIR WhSR the SIREraRic Greit iSidding up

operating at 333 MHz. Static timing data may be used to produce a timing

o R S A SRR v
Rs'on the electroric circui may be sampled using any Uit atic
|ngt ol, such asé;ut not limited the sTlm r'TM signal propagation

?ﬁ +e& A ESHHILISRY eniy é tion (New York
10504) TRENNER LAW FIRM, LLC 9 HP. 200313226 1 EinsTimerTM
[0R%4] be Fsgurm4iopdbsteasngnansanesuyann sielivgiptafiing 3 cdelayelectronic

along the paths. EinsTimerTM computes arrival times for rising and falling
cisdgesan theiltijsheit dodicary destity glowsatit fastquathsarft}¥34tdriguew to high
4(b) illustrates an exemplary timing profile 450 of an electronic circuit for

adiEP £ 1R Q¥R Ta R CenfSoigheieUth RS TEOPrdaueta g Achdtsetirated

an exemplary embodiment, the timing proflle 450 may be generated using

ustl*ﬂ% ft‘ﬁ'é"%'l”&ﬁ%%a&?ﬁhtﬁﬁ!\' 2:y(t-iT) = a; *ir(t - iT) Where:

EQN 2: y(t-iT) =a; * n(t - iT)
Where:
y(t - iT) = current waveform over several clock cycles;
a; = chip activity and 0 <a; < 1;
7(t) = per unit pulse functions;
T = period of clock; and

1=an integer in the set [0, 1, ... N].

[0035] Figure 5 is another exemplary temporal profile of an electronic circuit
showing activity for a circuit component. The x-axis represents time in
nanoseconds (ns) and the y-axis represents current through the power supply. By
way of example, SPICE models may be provided by component vendors for
various components. The SPICE models may be used to simulate circuit operation.
[0036] Although the activity profile in Figure 5 is for an individual circuit

component (i.e., a flip-flop), it is noted that activity data may be used for any one
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y(t - IT) = current waveform over several clock cycles; a; = chip activity
and 0 < a; < 1, ir(t) = per unit pulse functions; T = period of clock; and i =
an integer in the set [0, 1, ... N]. [0035] Figure 5 is another exemplary
temporal profile of an electronic circuit showing activity for a circuit

orCAMRRNEREC I SR IRRIS SERERIIMEIN e”@noé%ﬁ’ggscfﬁslﬁ‘@ﬁ’ifh%omponents

y-axis represents current through the power supply. By way of example,

reFRICRAPle Sy e provided by componentyepoors fof vaaus

omponen models may e usedto sim e Circul

ation.. [0036] Although the activity profile in Figure 5 is for an ..
(OB i a[rtmﬁt cﬁrﬁﬁ&ﬁ%‘fﬁ %?FQFPBYﬂFa-ﬁBB)PWPI RoRLg ARy Eapc cireuit
may be used for any one TRENNER LAW FIRM, LLC 10 HP.200313226-1
shemrtig eleinduiircoih potants. ihel adirgcaglagroeipdbodiaienit totalpehents activity
represented by a grid element or grid area in one of the spatial profiles.
mB0B¢] Hegemainds ainothesiexempéaiyitgnjacaafqrafildmilancddektropide, multiple
circuit showing total circuit activity. In an exemplary embodiment, total

cSURUL BRI bh Ny R de YRS iaim GorHPcHIMiy PetaionipiNdetivity data

clock cycle, multiple clock cycles, and for one or more circuit

D LS, For e aclivity S in Fiqur: . ) )
R R e CoPHER L AR M tlowine
total chip activity data as Slh wn in Fi%urg 6: -
equation to generate the total chip activity data as shown in Figure 6:

EQN 3: q(t):iA-y(t—iT).x(t—iT)JrB-z(t)

Where:
q(t) = total current waveform data;
x(t - 1T) = per cycle current waveform;
z(t) = clock current waveform;
A = Constant scaling factor that accounts for power estimates;
and
B = Constant scaling factor that accounts for total number of

clocking elements.
[0038] As discussed above, temporal and spatial profiles may be merged for

voltage supply noise analysis. In an exemplary embodiment, total activity data

(e.g., q(t) in EQN 2, above) may be distributed over the spatial profiles with
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N EQN 3: q(t)=YAy(t-iT)x(t-IT)+Bz(t) Where: q(t) = total current waveform
data; x(t - iT) = per cycle current waveform; z(t) = clock current waveform;
A = Constant scaling factor that accounts for power estimates; and B =
Constant scaling factor that accounts for total number of clocking

reSiRMaR S [G038 AR SRRS RRAY S0 (BBWOr AhANd SREAh AL i8S @b in the

be merged for voltage supply noise analysis. In an exemplary

embodiment, total activity data.(e.g., q(t) in EQN 2, above) may be
ol ol SR I Sk TRk b LA RS s curent
P.200313226-1 respect ta each grid element according to power and
AN P L ALER G50 8 dn T S eeﬁ»cﬁiwlrs&méxfamm}tif%wm may be
... + ¢j = 1 where c represents current and j corresponds to grid element
dipiithptad ithemeogaldrtsuneads sy sy tleddistlivhied in nine grid
elements as illustrated in Table 3. Table 3: Exemplary Current Distribution
c 1 *q(t)c4 *q(t)c7 *q(t) c2 *q(t)c5 *q(t)c8 *q(t)

Table 3: Exemplary Current Distribution

cl *q(t) c4 * q(t) c7 * q(t)
c2 *q(t) ¢S *q(t) c8 *q(t)
c3 * q(t) c6 * q(t) c9 * q(t)

[0039] It is noted that the exemplary embodiments discussed above are
provided for purposes of illustration. Still other embodiments are also

contemplated.

Exemplary Operations

[0040] Before describing exemplary operations, it is noted that commercially
available computing devices may be utilized to implement the operations. Briefly,
a general purpose computing device (or computer) may include one or more
processors or processing units and computer-readable storage media. Generally,
the processors are programmed by means of instructions stored at different times
in the various computer-readable storage media. Computer-readable program code
including the instructions may be distributed, for example, on floppy disks, CD-

ROMs, or electronically, and are installed or loaded into secondary memory of the
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c3 *q(t)c6 *q(t)c9 *q(t) [0039] It is noted that the exemplary embodiments
discussed above are provided for purposes of illustration. Still other
embodiments are also contemplated. Exemplary Operations [0040]
Before describing exemplary operations, it is noted that commercially

caniplipdie corpetingote ke SyRsdrhe WilredJodamiementdig QRetRlIRNSnto the

Briefly, a general purpose computing device (or computer) may include

one Qr more.. processors or processing upits and computer-readable .
e B O e S S R S e e in =
instryctions stored at different times in the various computer-readable
NEPAKE M SR BRIt 88 B%I?ﬂﬂg?ﬁﬂ{lﬁf)ﬁ%n%éiﬁdiﬂ@eth@r more  remote
instructions may be distributed, for example, on floppy disks, CD- ROMs,
capnigertsonically, and are installed or loaded into secondary memory of the
TRENNER LAW FIRM, LLC 12 HP.200313226-1 computer. At execution,
[0l progFagueede is odldedchntealupatially xentipdagoopruteienprioanyplement
electronic memory. Computer may also be operated in a networked

vcﬁm%'mﬁmwﬂaﬂéogm TBELIERS LHANE S ENE ORI SRNNIE faay be
[0041] Figure 7 is a flowchart illustrating exemplary operations to

| | ilustrating perations to.
o L S 4 O LA S5 . When

com Hter-readable medjum. When i )
executed on a processor, the logic instructions cause a general purpose computing

device to be programmed as a special-purpose machine that implements the
described operations. In an exemplary embodiment, the components and
connections depicted in the figures may be used to implement voltage supply noise
analysis.

[0042] In operation 710, a spatial power profile for the circuit is generated. The
power profile may include a plurality of grid elements each representing power
dissipated by circuit components. In operation 720, a spatial capacitance profile for
the circuit is generated. The capacitance profile may include a plurality of grid
elements each representing extrinsic and/or intrinsic capacitance. In operation 730,
temporal profiles may be generated for the circuit. In operation 740, total circuit
activity data may be generated e.g., using current waveform data for each clock
cycle, for multiple clock cycles, and for each circuit component or group of circuit
components.

[0043] In operation 750, the temporal profiles are merged with the spatial

profiles for the electronic circuit. Voltage supply noise data may be generated for

TRENNER LAW FIRM, LLC 13 HP.200313226-1



executed on a processor, the logic instructions cause a general purpose
computing device to be programmed as a special-purpose machine that
implements the described operations. In an exemplary embodiment, the
components and connections depicted in the figures may be used to

cABRP RTINS PN NI oPo A sieniARRLINORRSRLIR HhOvaliage supply

spatial power profile for the circuit is generated. The power profile may

ndfie ‘@‘%ﬁ?'&{ﬁq‘ﬁ)( é’éf%%?a%i%mear%ts SRS rree}%%‘ﬁ'8%.@%"%?&{%%?{5’%%‘%%}%%3{ If the
circuit components. In‘operation , @ spatial capacitance profile for the
circuit is generated. The capacitance, profile may include a plurality of grid

vollae ARPRRCH Pt iy RIS o AR, EdgaEltnke OREration 770.
operation 730, temporal profiles may be generated for the circuit. In .

AbparativelyAd, tbeaveilage aunvity aataariaibésgeneseeatnbly. theiagalysis may
current waveform data for each clock cycle, for multiple clock cycles, and

cdntiracbgirchiuheongp dre sieugraepi gh ciralidr conhpgrenippl@OdBbiseration 780,
operation 750, the temporal profiles are merged with the spatial profiles

a @&&'ﬂ@rﬁlﬁéﬁ@%&'ﬁ%ﬁ th%ﬁf‘ﬁwm&%@%%f@ﬁ&%g&%%ﬁd for
TRENNER LAW FIRM, LLC 13 HP.200313226-1 each grid element. In
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within acceptable margins for operation of the electronic circuit.

voltage supply noise data is acceptable the analysis may end in operation .
xR A HURRAPIR the L oAU E SPPRBRE HARE R LRk BB rcuits. I
_analysis may _ o )
is noted that the operations are not limited to the ordering shown. For example,
operations 710 and 720 may proceed simultaneously. Alternatively, operation 720
may precede operation 710. In yet other embodiments, analysis may implement

fewer or additional spatial profiles and/or temporal profiles. Still other operations

may also be implemented to enable voltage supply noise analysis.

Exemplary Computing Device

[0045] Figure 8 is a schematic illustration of an exemplary computing device
that can be utilized to implement voltage supply noise analysis. Computing device
830 includes one or more processors or processing units 832, a system memory
834, and a bus 836 that couples various system components including the system
memory 834 to processors 832. The bus 836 represents one or more of any of
several types of bus structures, including a memory bus or memory controller, a
peripheral bus, an accelerated graphics port, and a processor or local bus using any

of a variety of bus architectures. The system memory 834 includes read only
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continue by changing the circuit design and/or voltage supply in operation
780, and returning to operation 710 for further voltage supply noise
analysis. [0044] The operations shown and described herein are provided
to illustrate exemplary embodiments of voltage supply noise analysis for

mEIREFPNRENCHTSE 18 isaﬁatefiaﬁzﬁi&heaee%@im%gmd Qe A basic

[
ordering shown. For example, operations 710 and may proceed

. simultaneously. Al i operation 72 ay.precede ration 710
o e S S ronster

. Spatial profiles and/oy temporal profiles. Still other gperations may also.be
n QHtES%eSH RDHEgE! Bp‘f;?‘ﬁ’&‘é@%gﬁfé‘n%? gﬁﬁnﬁ}é‘;&% uring start-

Computing Device [0045] Figure 8 is a schematic illustration of an
umsxenipred wok{pMing Slevice that can be utilized to implement voltage
supply noise analysis. Computing device 830 includes one or more
[OprBless@smpptogedsiigaiBE6 8BZher systedesne et d834dand 8ddufor reading
836 that couples various system components including the system

froMeAALY Wadily R enS B3R (HBE MSWBP FRRISSENtsHRIGIR! NRSaktic disk
any of several types of bus structures, including a memory bus or

driVe"89y 1‘%9%%85%{1%3&8&{ !BHSr@rﬂﬁﬁ%?\'lgaﬁg%%‘é?fﬁﬁsﬁea%%%ﬂéﬁcp%krﬁ&? and an

processor or local bus using any o ctures.

oS i e oy TcUER LW EIMLLLC A o
sq%?ﬁsﬁ@ﬁf);%&%ugg gt utfz)é%[garl? é?el(%s?.) %ﬁg’hca?gtgiirslli? rtigg l2:3)4€1l481i,Cmagnetic disk
drive 846, and optical disk drive 850 are connected to the bus 836 by a SCSI
interface 854 or some other appropriate interface. The drives and their associated
computer-readable media provide nonvolatile storage of computer-readable
instructions, data structures, program modules and other data for computing device
830. Although the exemplary environment described herein employs a hard disk, a
removable magnetic disk 848 and a removable optical disk 852, other types of
computer-readable media such as magnetic cassettes, flash memory cards, digital
video disks, random access memories (RAMs), read only memories (ROMs), and
the like, may also be used in the exemplary operating environment.

[0047] A number of program modules may be stored on the hard disk 844,
magnetic disk 848, optical disk 852, ROM 838, or RAM 840, including an
operating system 858, one or more application programs 860, other program

modules 862, and program data 864. A user may enter commands and information

into computing device 830 through input devices such as a keyboard 866 and a
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information between elements within computing device 830, such as
during start- up, is stored in ROM 838. [0046] Computing device 830
further includes a hard disk drive 844 for reading from and writing to a
hard disk (not shown), and may include a magnetic disk drive 846 for

pdﬁﬁﬁi%%@%%W@ﬂ%f%ﬂ)iﬁ@@Vﬁ@? (REOREHG RS 8H 8 ADEAR microphone,

optical disk drive 850 for reading from or writing to a removable optical

. disk 852 such asaC OM .or other_ optical dia, The hard disk dri .
o e R ML B e S R iy SRt Bty imput

e rive sk drive 850 are connecte
the bus 836 by a SCSI interface 854 or some other appropriate interface. )
AoHheE BT LARNHEN S840 RPoSIBHBH B Wbt prisidace 570 that is
nonvolatile storage of computer-readable instructions, data structures,

coprRigehte it bles 838 otheMaidoidgnmpuHiptdyie dd3displtrodgrigsels also

exemplary environment described herein employs a hard disk, a
coemeouabte thadgnstiR3diskB4i8 ianck tacensochhle opiidad diddpd&28 Diher
types of computer-readable media such as magnetic cassettes, flash

[OUESJ‘OWG@fﬂﬁuﬁ@%ieVi@@%Qiﬁ‘fﬁafB JOrR AGRES HEINDANRE dRAMEment using
read only memories (ROMs), and the like, may also be used in the

rati i t 7 0 r e
o A o S R B S mpuer
OM, 838, or RAM 840, in¢clyding an operatin stem 858, one or more
8 il GE B,V EED SUeR BroBra PO BB byt drpper.
864. A user may enter commands and information into computing device
negeErkBlgld ippRR deviee PEGERcaTARBEYIDARIBEK g, and typically includes

many or all of the elements described above relative to computing device 830,
although only a memory storage device 878 has been illustrated in Figure 8. The
logical connections depicted include a LAN 880 and a WAN 882.

[0049] When used in a LAN networking environment, computing device 830 is
connected to the local network 880 through a network interface or adapter 884.
When used in a WAN networking environment, computing device 830 typically
includes a modem 886 or other means for establishing communications over the
wide area network 882, such as the Internet. The modem 886, which may be
internal or external, is connected to the bus 836 via a serial port interface 856. In a
networked environment, program modules depicted relative to the computing
device 830, or portions thereof, may be stored in the remote memory storage
device. It will be appreciated that the network connections shown are exemplary
and other means of establishing a communications link between the computers

may be used.
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devices are connected to the processing unit 832 through an interface 870

[oi]s corpad iy, R R SR RNVIHY SERRA AP MRE 9B0ISRIBogrammed
device is also connected to the bus 836 via an interface, such as a video
by AAREr 874, (00481 computing deuice 830 may onerale i anetaried, o gapie
environment using logical connections to one or more remote computers,
such as a remgte computer 876. The remote computer 876 may be a. .
SISO HAF CORHNIST: alTERAEATS ARAVRRK BEG YSEBRRAY dfistributed,
other common network node, and typically includes many or all of the
fos|enmenpaleseribepnab diskse| &INRO Momputitlgdevideadso ardiaginstalled or
only a memory storage device 878 has been illustrated in Figure 8. The
lolaidaintonhecitenadiayictraionjuct adohip 8&0. aAd exAéANoB8 Zh¢0PdHrams are
When used in a LAN networking environment, computing device 830 is
10588&'%@'l%ﬁs‘Pﬁﬁl@iB}Eaiﬂ%tWE&ﬁBdwpb'@Ji‘iﬁlﬁﬁﬁ\@%&fﬁﬁgfi‘ﬁ&%ﬁ@apter
884. When used in'a WAN networking environment, computing device
830 typically includes a modem 886 or other means for establishing
communications over the wide area network 882, such as the Internet.
The modem 886, which may be internal or external, is connected to the
bus 836 via a serial port interface 856. In a networked environment,
program modules depicted relative to the computing device 830, or
portions thereof, may be stored in the remote memory storage
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HP.200313226-1 [0050] Generally, the data processors of computing
device 830 are programmed by megng|Rignstructions stored at different
times in the various computer-readable storage media of the computer.
Programs and operating systems may distributed, for example, on floppy
disks, CD-ROMs, or electronically, and are installed or loaded into the
secondary memory of a computer. At execution, the programs ?re loaded

at least PR HtBTHEAB RGNS STHANAR S QBIRYHTE PhgFPyfor executing a
TRENNER LAW FIRM, LLC 17 HP.200313226-1 CLAIMS 1. A computer
pesgrawiep uacetseiacouitiege suphuteissragramsion exedgtifignac coemiutée0),
process for voltage supply noise analysis on an electronic circuit (100),
thccampuiter proessse@apriisgng: generating at least one spatial profile
(300) for the electronic circuit; generating at least one temporal profile

(400) fogéﬂ@feﬁlﬁgtﬁ@[%s%ﬁb' iipaﬁ‘eﬁr@iﬁﬁlér@(ﬂi)|ﬁﬁf&h@@1%é%}99@}d@ﬁ@,ﬁ|e
and the at least one spatial profile; and determining if the electronic circuit

) i - e vol . . ‘ q
o &gﬁ@gﬁpﬁgﬁg%gﬁggg@g&%%?ﬁ%M&%E@%%ﬁ@&%&%&@&&lﬁ{?e
merging the at least one temporal profile and the at least one spatial profile;

and

determining if the electronic circuit is operating within acceptable voltage

noise margins based on the merged temporal and spatial profiles.

2. The computer program product of claim 1 wherein the at least one temporal
profile (400) includes circuit activity for multiple clock cycles during operation of

the electronic circuit.

3. The computer program product of claim 1 wherein the at least one temporal
profile (400) includes circuit activity for individual components of the electronic

circuit.

4, The computer program product of claim 1 wherein the computer process
further comprises combining a plurality of temporal profiles to generate a total

circuit activity profile (600) for merging with the at least one spatial profile.
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product of claim 1 wherein the at least one temporal profile (400) includes
circuit activity for individual components of the electronic circuit. 4. The
computer program product of claim 1 wherein the computer process

fusther cgmprises combining a plurality.of temparal profiles to generate a ..
ol e O DA A B AR P i

profile. 18 5. The computer program product of claim 1 wherein the at
|e%r§€%%§98& b@e%iﬁep@s\tsmoﬁaﬂz}@@%maﬁ@rfaﬁi% GEROBEECHF tED)-
electronic circuit (100). 6. The computer program product of claim 1
wherein the at least one spatial profile (300) includes a capacitance
distribution profile (350) for the electronic circuit (100). 7. The computer

progranT heagmepwitclaiog@mwipesdicthd chpacltaviceenistrebattieasprafdepatial
(350) includes both intrinsic and extrinsic capacitance for the electronic

C%Mé%)&rﬁlﬁﬂ@&@@ﬁfa\éﬁﬁﬁ@@ (ﬁ@f?ﬂiﬁtﬂﬁi%ﬁ(ﬂ'ﬂ@'iﬁﬁ) FRMRlequaRiaic
circuit comprising: generating at least one spatial profile (300) including a

PUrlIRY b

7. The computer program product of claim 6 wherein the capacitance
distribution profile (350) includes both intrinsic and extrinsic capacitance for the

electronic circuit (100).

8. A method of voltage supply noise analysis on an electronic circuit
comprising:

generating at least one spatial profile (300) including a plurality of grid
elements (310a-f) representing components in the electronic circuit;

generating at least one temporal profile (400) representing circuit activity
for the electronic circuit;

merging the at least one temporal profile and the at least one spatial profile;
and

automatically determining if the electronic circuit is operating within
acceptable voltage noise margins based on the merged temporal and spatial

profiles.
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at least one spatial profile; and automatically determining if the electronic
circuit is operating within acceptable voltage noise margins based on the
merged temporal and spatial profiles. 19 9. The method of claim 8 further

cqPrisii JEBIATNB A4 6°R! ARR sPaRl RrRlle ARMEPIEREIG, ot

power d ution for each gri ment e “efectronic=circui

The meth f claim 8 further comprising generating at least one spatia
p%ﬂ@?ségoﬁ’e5?8&%%%%5&:4;93&%@%3%@% (%’«e%) FiGaTATH ot the
element of the electronic circuit (100). 20

electronic circuit (100).

10.  The method of claim 8 further comprising generating at least one spatial

profile (300) representing capacitance distribution (350) for each grid element of

the electronic circuit (100).
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