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(57) ABSTRACT 
A method for estimating decoupling capacitance during an 
ASIC design How is disclosed. The method includes pre 
characteriZing a set of poWer grid structures to model their 
respective noise behaviors, and storing the respective noise 
behaviors as noise factors in a table. During the ASIC design 
How for a current design that includes at least one of the 
precharacteriZed poWer grid structures, the corresponding 
noise factor from the table is used to calculate decoupling 

(21) Appl. No.: 10/407,065 capacitance for the current design. 
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DECOUPLING CAPACITANCE ESTIMATION AND 
INSERTION FLOW FOR ASIC DESIGNS 

FIELD OF THE INVENTION 

[0001] The present invention relates to estimating decou 
pling capacitance, and more particularly to a decoupling 
capacitance estimation and insertion ?oW for ASIC designs. 

BACKGROUND OF THE INVENTION 

[0002] In deep sub-micron ASIC design, With decreasing 
supply voltages and noise margin, and higher clock speeds, 
core noise is one of the most signi?cant signal integrity 
problems facing a chip designer. Core noise, or instanta 
neous voltage drop, is due to a large demand for current 
across a chip in a short period of time. Instantaneous voltage 
drop has been linked to the folloWing problems in integrated 
circuits; high performance clock jitter (cycle-to-cycle), 
clock skeW balanced delay chain matching and clock bal 
ancing, tight hold time margin paths and scan shift chain, 
and jitter sensitive I/O interfaces, such as DDR and source 
synchronous. Instantaneous voltage drop (IVD) can also 
cause functional failures if not addressed properly in the 
design phase. 
[0003] One of the most effective Ways to reduce poWer 
supply noise is to increase on-chip decoupling capacitance 
(dcap) by adding decoupling capacitors to the circuit layout. 
Decoupling capacitors can be designed into the layout 
before or after the design is complete. Although adding 
decoupling capacitors is an effective method for combating 
IVD, the current method for estimating and adding decou 
pling capacitors to a chip design has disadvantages. 

[0004] One disadvantage is that an integrated package 
level and chip level poWer bus model With sWitching and 
timing information is needed to accurately analyZe such 
voltage variations over time. The current static analysis 
methodology relies on average poWer calculations to ana 
lyZe and design the poWer distribution. There is a de?ciency 
in the current voltage drop analysis How in that it only takes 
into account the average voltage drop. Peak currents may 
occur betWeen four and ?ve times the average current 
estimated by conventional analysis, resulting in short dura 
tion peak voltage drops betWeen four and ?ve times on the 
chip over What Was predicted, not including the package and 
board voltage drop. Therefore, the number of decoupling 
capacitors that Will be placed on the chip may not be 
adequate to handle the underestimation of the peak voltage 
drops. 
[0005] Another disadvantage is that if the number of 
decoupling capacitors is initially underestimated by the 
voltage drop simulation, and more must be added after the 
chip design is complete, then the chip may no longer have 
an adequate amount of area to place the additional decou 
pling capacitors. 
[0006] A further de?ciency With the current dynamic 
spice-like voltage drop simulation is that it is sloW and 
time-consuming. Once a chip design nears completion, 
further testing and analysis are performed, folloWed by 
re?nements to the design, including the decoupling capaci 
tors. With each iteration, the voltage drop simulation 
increases the time for that cycle to complete. With some 
designs, use of the simulation is not feasible in the overall 
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ASIC design How because of the sloW turn-around time of 
the simulation and a limited capacity to handle large designs. 

[0007] Accordingly, What is needed is an improved 
method for estimating the decoupling capacitance required 
for an ASIC design. The present invention addresses such a 
need. 

SUMMARY OF THE INVENTION 

[0008] The present invention provides a method for esti 
mating decoupling capacitance during an ASIC design ?oW. 
The method includes precharacteriZing a set of poWer grid 
structures to model their respective noise behaviors, and 
storing the respective noise behaviors as noise factors in a 
table. During the design How for a current design that 
includes at least one of the precharacteriZed poWer grid 
structures, the corresponding noise factor from the table is 
used to calculate decoupling capacitance for the current 
design. 

[0009] According to the present invention, components 
that are commonly used in ASIC designs are precharacter 
iZed for future use in a table look-up approach, thereby 
eliminating the need to perform these steps during the actual 
design ?oW, and therefore reducing the time to perform the 
decoupling capacitance estimation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a ?oW chart illustrating a decoupling 
capacitance estimation and insertion How in ASIC design for 
core noise avoidance in accordance With one preferred 
embodiment of the present invention. 

[0011] FIG. 2 is a How chart illustrating a poWer charac 
teriZation process in further detail. 

[0012] FIG. 3 is a diagram illustrating post processing on 
a Waveform output by the simulation to obtain the peak 
current parameters. 

DETAILED DESCRIPTION 

[0013] The present invention relates to a decoupling 
capacitance estimation and insertion ?oW for ASIC designs. 
The folloWing description is presented to enable one of 
ordinary skill in the art to make and use the invention and is 
provided in the context of a patent application and its 
requirements. Various modi?cations to the preferred 
embodiments and the generic principles and features 
described herein Will be readily apparent to those skilled in 
the art. Thus, the present invention is not intended to be 
limited to the embodiments shoWn but is to be accorded the 
Widest scope consistent With the principles and features 
described herein. 

[0014] The present invention provides a decoupling 
capacitance estimation and insertion ?oW during ASIC 
design for core noise avoidance. In a preferred embodiment, 
the decoupling capacitance estimation and insertion How is 
implemented as a softWare tool, or set of tools, that is 
executed by a conventional PC, Workstation, or server. One 
part of the tool is run prior to ASIC design How in Which a 
set of off-the-shelf poWer grid and package structures are 
precharacteriZed to model their noise behavior, Which is 
represented as a noise factor and stored in noise factor table. 
When architecting a neW ASIC design, a designer selects 
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Which of the off-the-shelf power grid and package structures 
Will comprise the design. During the ASIC design How for 
the neW design, the decoupling capacitance tool is used to 
calculate decoupling capacitance for the design using the 
prestored noise factors corresponding to the selected struc 
tures in the design. Based on the estimated decoupling 
capacitance, an appropriate area in the design is reserved for 
insertion of the required decoupling capacitors. 

[0015] In accordance With one aspect of the present inven 
tion, the noise factor, on Which the estimate of the decou 
pling capacitance for the current design is based, is calcu 
lated for each off-the-shelf poWer grid and package, such 
that a table lookup approach can be used to retrieve the 
corresponding noise factors during the decoupling capaci 
tance calculation for a current design. By precharacteriZing 
components of ASIC designs and using a table look-up 
approach, the present invention eliminates the need to per 
form these steps during the actual design How using spice 
simulation, and therefore reduces the time to perform decou 
pling capacitance estimation. In addition, the decoupling 
capacitance estimation tool accounts for the decoupling 
capacitance area overhead upfront during chip siZe estima 
tion and ensures that the chip alWays includes suf?cient area 
required to place the decoupling capacitance cells. 

[0016] FIG. 1 is a How chart illustrating a decoupling 
capacitance estimation and insertion How in ASIC design for 
core noise avoidance in accordance With one preferred 
embodiment of the present invention. The process includes 
tWo stages, a precharacteriZation stage 12, Which is inde 
pendent of a particular chip design, and a decoupling capaci 
tance estimation stage 14, Which is performed during the 
ASIC design How of a particular chip design. The prechar 
acteriZation stage 12 assumes the existence of off-the-shelf 
structures, including different types of poWer grids, pack 
ages, memories, and logic cells that can be used to design a 
custom chip. The set of off-the-shelf poWer grid and package 
structures are then precharacteriZed in step 16 to model their 
noise behavior, Which is represented as a noise factor 18. 
The noise factors 18 are then stored in noise factor table in 
step 20. 

[0017] In a preferred embodiment, the noise factors 18 are 
determined by performing resistance, capacitance, and 
inductance (RCL) modeling for the poWer grids and pack 
ages and spice decks are built and simulated With different 
combinations of processes, layer stacks, peak current values, 
peak Width values, and time-to-peak values as inputs. The 
results are then stored in the noise factor table. 

[0018] The precharacteriZation stage 12 also includes 
characteriZing each of the memory and logic structures in 
step 22 to obtain a corresponding set of peak current 
parameters 24. The peak current parameters 24 are necessary 
for calculating the decoupling capacitance during ASIC 
design ?oW, described beloW. Each set of peak current 
parameters 24 are then stored in a peak current table in step 
26. In alternative embodiments, the peak current parameters 
24 may also be stored in the noise factor table or in a generic 
memory database. The calculation of the peak current 
parameters is eXplained further beloW. 

[0019] The decoupling capacitance stage 14 occurs after a 
neW chip has been designed using some combination of the 
off-the-shelf poWer structures. The process begins in step 30 
by inputting technical data for the current design to the 
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decoupling capacitance estimation tool. In step 32, the 
estimation tool looks up the noise factors and peak current 
parameters corresponding to the particular poWer grid, pack 
age, memory, and logic cell structures used in the current 
chip design. In step 34, the decoupling capacitance and the 
required decoupling capacitance area are calculated using 
the noise factors and peak current parameters. 

[0020] In step 36, the siZe of the memory and hard macros 
used in the current design is increased by the amount of 
decoupling capacitance area required (preferably, by bloat 
ing their FRAM vieWs). Thus, once the de-coupling capaci 
tance values are available, the memory frame vieWs are 
bloated to reserve areas for the de-coupling insertion later in 
the design ?oW. This Way, When a memory or hardmac is 
moved around a little bit in the chip physical stage, the 
reserved dcap area Will move along With the memory or 
hardmac. This ensures that the dcap is alWays close to the 
memory or hardmac, in other Words, close to the high peak 
current source, increasing the de-coupling capacitor’s effec 
tiveness of reducing core noise. 

[0021] After bloating the memory, the normal ASIC pro 
cess ?oW continues With ?oor-planning 40, poWer routing 
42, critical logic placement 44, standard cell placement 46, 
clock 48, and routing 50 steps. Finally, in step 52, the 
required number of decoupling capacitors are placed in the 
decoupling capacitance area of the enlarged memory or 
hardmac. 

[0022] Referring noW to FIG. 2, a ?ow chart illustrating 
the poWer characteriZation process corresponding to step 22 
of FIG. 1 is shoWn in further detail. The process begins by 
simulating the poWer consumed by the memory structure in 
step 50 using a poWer estimation tool. As is Well knoWn to 
one of ordinary skill in the art, a poWer estimator is a 
function that returns an estimated value for the poWer 
consumed by a functional block When given some relevant 
input speci?cations. An eXample of a commercially avail 
able poWer estimation tool is PoWerMill by Synopsis, Inc. In 
a preferred embodiment, the memory is simulated at three 
process corners and Worst case input vectors. An eXample set 
of initial process corners used as input may include the 
folloWing: 

[0023] Largest IVD: 1.26V, —40 C., SNSP. 

[0024] LoWest IVD: 1.08V, 115 C., WNWP. 

[0025] Normal IVD: 1.2V, 25 C., NOM. 

[0026] Aramp time of 0.20 ns, rail-to-rail, may be used for 
all stimuli, and a 32x standard load may be used for all 
output loads for this analysis. The output of the simulation 
is a Waveform of the current ?oWing out of a poWer source. 

[0027] FIG. 3 is a diagram illustrating post processing on 
a Waveform output by the simulation to obtain the peak 
current parameters. For a speci?c memory con?guration that 
is being characteriZed, T is de?ned as a minimum cycle time 
of the memory. Atime WindoW of 0.5 T, (0.25 T on both left 
and right side of the maXimum peak) may be used to ?nd the 
total charge Within the maXimum peak of the current. The 
variable Tpk corresponds to the time-to-peak value, and the 
variable Ipeak corresponds to the peak current value. 

[0028] Referring again to FIG. 2, according to one aspect 
of the present invention, the output results of the poWer 
estimation tool are post-processed in step 52 to obtain a set 
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of peak current parameters 54. In a preferred embodiment, 
the set of peak current parameters 54 may include the 
following: a total charge of peak current, maximum peak 
current, time-to-peak, peak WindoW, and the total intrinsic 
capacitance. In step 56, the peak current parameters 54, 
Which include the intrinsic capacitance are stored a memory 
database or other type of table. 

[0029] Note, the poWer estimation tool simulations 
include device and interconnect capacitance, but do not 
include the memory intrinsic capacitance (n-Well, non 
sWitching circuits capacitance, and poWer mesh capaci 
tance). According to another aspect of the present invention, 
the post-processing step calculates the intrinsic capacitance 
as folloWs. 

[0030] The total intrinsic capacitance for a speci?c 
memory instance is expressed in pF. This parameter may 
include four main components: NWell capacitance (CnW), 
non-sWitching capacitance (Cns), metal grid capacitance, 
and internal decoupling capacitance. CnW (n-Well capaci 
tance) is based on NWell area. 

CnW=(NWell area)*(NWell capacitance parameter 

Where 

NWell area=N-Well—parameter*memory-size 

[0031] The N-Well-parameter is a number to denote the 
ratio of n-Well area to the memory siZe. 

[0032] The Cns may be calculated as: 

Cns=[P/(1—A)]/[VDD*2*freq*A], 

[0033] Where P=average poWer, A=internal memory 
sWitching activity, VDD=poWer supply voltage, and freq= 
operating frequency. A value for the total instrinsic capaci 
tance can be obtained by extraction: 

[0034] Where Cm is the metal grid capacitance and Cdcap 
is the internal decoupling capacitance. 

[0035] An alternative to calculating the intrinsic capaci 
tance is to model the memory and determine these values 
directly through tables based on actual Hspice simulation 
results. 

[0036] Referring again to FIG. 1, step 34 describes the 
process for performing a decoupling capacitance calcula 
tion. The decoupling capacitance may be calculated as: 

[0037] Where delta_Vlim=may be 10% of vdd, and Q is 
the current peak charge. 

[0038] The number of decoupling capacitors that need to 
be added to the current design, Cdcap, may be calculated as: 

Cdec- (Cn-Well+Cns+Cpm) 

[0039] Where Cn-Well is the n-Well capacitance character 
iZed for each cells, Cns is the non-sWitching circuit capaci 
tance, and Cpm is the poWer mesh capacitance. 

[0040] A fast-turn-around decoupling capacitance estima 
tion and insertion How in ASIC design for core noise 
avoidance has been disclosed. The present invention has 
been described in accordance With the embodiments shoWn, 
and one of ordinary skill in the art Will readily recogniZe that 
there could be variations to the embodiments, and any 
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variations Would be Within the spirit and scope of the present 
invention. Accordingly, many modi?cations may be made 
by one of ordinary skill in the art Without departing from the 
spirit and scope of the appended claims. 

What is claimed is: 
1 A method for estimating decoupling capacitance during 

a design ?oW, the method comprising the steps of: 

(a) precharacteriZing a set of poWer grid structures to 
model their respective noise behaviors; 

(b) storing the respective noise behaviors as noise factors 
in a table; and 

(c) during the ASIC design How for a current design that 
includes at least one of the poWer grid structures, using 
the corresponding noise factor from the table to calcu 
late decoupling capacitance for the current design. 

2 The method of claim 1 Wherein step (c) further includes 
the step of: using the calculated decoupling capacitance to 
determine decoupling capacitance area overhead, and 
reserving that amount of area in the current design for 
placement of decoupling capacitors. 

3 The method of claim 2 Wherein step (a) further includes 
a step of: precharacteriZing a set of package structures. 

4 The method of claim 3 Wherein step (a) further includes 
a step of: characterizing a set of memory and logic structures 
to obtain a set of peak current parameters for each of the 
memory and logic structures. 

5 The method of claim 4 Wherein step (c) further includes 
the step of: calculating the decoupling capacitance: using the 
noise factors and peak current parameters corresponding to 
the poWer grid structures, package structures, and memory 
and logic structures in the current design. 

6 The method of claim 5 Wherein the peak current 
parameters include a total charge of peak current, maximum 
peak current, time-to-peak, peak WindoW, and a total intrin 
sic capacitance. 

7 The method of claim 6 Wherein the total intrinsic 
capacitance is calculated using NWell capacitance, non 
sWitching capacitance, metal grid capacitance, and internal 
decoupling capacitance. 

8 The method of claim 1 Wherein step (a) further includes 
the step of: determining the noise factors by performing 
resistance, capacitance, and inductance (RCL) modeling for 
the poWer grids and packages using different processes, 
layer stacks, peak current values, peak With values, and 
time-to-peak values as inputs. 

9 The method of claim 1 Wherein step (c) further includes 
the step of: calculating the decoupling capacitance by, 
Cdec=noise factor><Q/(AVlim). 

10 The method of claim 2 Wherein step (c) further 
includes the step of: calculating a number of decoupling 
capacitors that need to be added to the current design by, 
Cdcap=Cdec—(Cn-Well+Cns+Cpm). 

11 Amethod for estimating decoupling capacitance during 
a design ?oW, the method comprising the steps of: 

(a) modeling a set of poWer grid structures to obtain 
respective noise factors for each; 

(b) storing the noise factors in a ?rst table; 

(c) characterizing a set of memory, and logic structures to 
obtain respective sets of peak current parameters; 

(d) storing the peak current parameters in a second table; 
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(e) for a design that includes any combination of the 
power, package, memory, and logic structures, looking 
up the corresponding noise factors and peak current 
parameters from the ?rst and second tables; and 

(f) using the noise factors and peak current parameters 
retrieved from the tables to calculate decoupling 
capacitance and a number of required decoupling 
capacitors for the design. 

12 The method of claim 11 Wherein step further 
includes the step of: calculating the decoupling capacitance 
by, Cdec=noise factor><Q/(AVlim). 

13 The method of claim 12 Wherein step further 
includes the step of: calculating a number of decoupling 
capacitors that need to be added to the current design by, 
Cdcap=Cdec—(Cn-Well+Cns+Cpm). 

14 The method of claim 13 Wherein step further 
includes the step of: determining decoupling capacitance 
area overhead, and reserving that amount of area in the 
current design for placement of the decoupling capacitors. 

15 The method of claim 14 Wherein the peak current 
parameters include a total charge of peak current, maXimum 
peak current, time-to-peak, peak WindoW, and a total intrin 
sic capacitance. 

16 The method of claim 15 Wherein the total intrinsic 
capacitance is calculated using NWell capacitance, non 
sWitching capacitance, metal grid capacitance, and internal 
decoupling capacitance. 

17 The method of claim 16 Wherein step (a) further 
includes the step of: determining the noise factors by per 
forming resistance, capacitance, and inductance (RCL) 
modeling for the poWer grids and packages using different 
processes, layer stacks, peak current values, peak With 
values, and time-to-peak values as inputs. 

18 A computer readable medium containing program 
instructions for estimating decoupling capacitance during a 
design ?oW, the instructions for: 

(a) precharacteriZing a set of poWer grid structures to 
model their respective noise behaviors; 

(b) storing the respective noise behaviors as noise factors 
in a table; and 

(c) during the ASIC design How for a current design that 
includes at least one of the poWer grid structures, using 
the corresponding noise factor from the table to calcu 
late decoupling capacitance for the current design. 
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19 The computer readable medium of claim 18 Wherein 
instruction (c) further includes the instruction of: using the 
calculated decoupling capacitance to determine decoupling 
capacitance area overhead, and reserving that amount of area 
in the current design for placement of decoupling capacitors. 
20 The computer readable medium of claim 19 Wherein 

instruction (a) further includes the instruction of: prechar 
acteriZing a set of package structures. 

21 The computer readable medium of claim 20 Wherein 
instruction (a) further includes the instruction of: character 
iZing a set of memory and logic structures to obtain a set of 
peak current parameters for each of the memory and logic 
structures. 

22 The computer readable medium of claim 21 Wherein 
instruction (c) further includes the instruction of: calculating 
the decoupling capacitance using the noise factors and peak 
current parameters corresponding to the poWer grid struc 
tures, package structures, and memory and logic structures 
in the current design. 

23 The computer readable medium of claim 22 Wherein 
the peak current parameters include a total charge of peak 
current, maXimum peak current, time-to-peak, peak WindoW, 
and a total intrinsic capacitance. 

24 The computer readable medium of claim 23 Wherein 
the total intrinsic capacitance is calculated using NWell 
capacitance, non-sWitching capacitance, metal grid capaci 
tance, and internal decoupling capacitance. 

25 The computer readable medium of claim 18 Wherein 
instruction (a) further includes the instruction of: determin 
ing the noise factors by performing resistance, capacitance, 
and inductance (RCL) modeling for the poWer grids and 
packages using different processes, layer stacks, peak cur 
rent values, peak With values, and time-to-peak values as 
inputs. 

26 The computer readable medium of claim 18 Wherein 
instruction (c) further includes the instruction of: calculating 
the decoupling capacitance by, Cdec=noise factor><Q/ 
(AVlim). 
27 The computer readable medium of clam 26 Wherein 

step (c) further includes the step of: calculating the decou 
pling capacitance by, Cdec=noise factor><Q/(AVlim). 


