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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DELAY AND POWER CALCULATION STANDARDS -

Part 2: Pre-layout delay calculation specification
for CMOS ASIC libraries

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for gtandardi t|on comprising
all national electrotechnical committees (IEC National Committees). The objecto to promote
international co-operation on all questions concerning standardization in the elegirix } flelds To
this end and in addition to other activities, the IEC publishes International 3
entrusted to technical committees; any IEC National Committee interesed
participate in this preparatory work. International, governmental and nox-gower at|ns liaising
with the IEC also participate in this preparation. The IEC collabo QS i International
Organization for Standardization (ISO) in accordance with conditiop &rmiR t :
two organizations.

2) The formal decisions or agreements of the IEC on techniga
international consensus of opinion on the relevant subjects g
from all interested National Committees.

3) The documents produced have the form of re
of standards, technical specifications,
Committees in that sense.

4) In order to promote international unification,

5) The IEC provides no markig p

6) Attention is drawn to the

International Standg
Design automatio

The text of this standard is based on the following documents:

FDIS Report on voting
93/151/FDIS 93/153/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This standard does not follow the rules for the structure of international standards given in
Part 2 of the ISO/IEC Directives.

NOTE This standard has been reproduced without significant modification of its original content or drafting.

1 Electronic Industries Association of Japan.
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IEC 61523 consists of the following parts, under the general title: Delay and calculation
standards:

IEC 61523-1:2001, Part 1: Integrated circuit delay and power calculation systems
IEC 61523-2, Part 2: Pre-layout delay calculation specification for CMOS ASIC libraries

The committee has decided that the contents of this publication will remain unchanged until
2006. At this date, the publication will be

reconfirmed;

withdrawn;

replaced by a revised edition, or
amended.

@%
N
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DELAY AND CALCULATION STANDARDS -

Part 2: Pre-layout delay calculation specification
for CMOS ASIC libraries

1. Scope and object

This standard specifies the pre-layout delay calculation method for
CMOS1YASIC? Libraries which contains cell based primitives and
memories to be used during the pre-layout design phase of Logic
simulation, Timing verification, and Logic synthesis.

The delay calculation method addressed in this standard consists 9

1) Estimation of wire capacitance and

2) Delay calculation method based on tablelook-up.

between linear interpolation and SPICE result.

2. Normative references

The following referenced documents are indispensable for the application of this
document. For dated references, only the edition cited applies. For undated references,

the latest edition of the referenced document (including any amendments) applies

IEEE Standard 1481:1999, Integrated Circuit (IC) Delay and Power Calculation System.

Y Complementary metal oxide semiconductor (CMOS).
? Application — Specific Integrated Circuits (ASIC).
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3. Relations with other companion standards activities

The input to the delay calculator are net list and library.

The net list is described on either Verilog or VHDL.

The library consists of a functional part and a delay parameter part.
The functional part of the library is covered by Verilog or VHDL.
NOTE The delay parameter part of the library has not been standardized ,
because it depends strongly on the delay calculation method. EIAJ/ALR versionl.1

described the delay calculation method , and the delay calculation method of EIAJ/A
versionl.1 is represented by DCL and DCL-PI standard(IEEE 1481).

This part of IEC 61523 specifies in detail a table look up calcul
for CMOS ASIC library").
The output of the delay calculator is a Standard Delay &

4. Terms and Definitions

logic synthesizer: CAD package function performing the translation from

RTL-level descriptions to Gate-level descriptions.

port to port delay: One meaning is pin to pin delay inside of gate. The other is pin
to pin delay between gates.

pre-layout: Design phase before layout, i.e.logical design phase.

propagation delay: Traveling time of a given edge of a signal. Usually it is

separated into two items: i.e.propagation delay inside a gate and propagation

) This is not defined in EIAS/ARL version 1.1.
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delay from the output of a gate to the input of another gate which is driven by it.
SDF: Standard Delay Format.
simulator: CAD package function of the circuit simulator based on behavior, network,
and stimulus. There are Digital and Analog Simulators.
SPEF: Standard Parasitic Exchangeable Format.
SPICE: Simulation Program similar to the program with the same name
developed at UC Berkeley. The simulation results are in terms of continuous
waveforms representing current or voltage. It emphasizes Integrated Circuit timing

and waveforms.

timing verifier: CAD package function that checks register to registe
violations

Timing design is the critical issue

the detail pre-layout delay calculati

5.1 Delay model

When considering apacitance-based) timing model, two

items should delay timing and (2) input slew rate effect.
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4 TwoStepDelayCalculation
step1: Calculate < InputSlew Rate >
step2: Calculate < PorttoPort PropagationDelay;Tpc

by using < InputSlew Rate >

<InpuSlewRate:

approximation is more accurate than bilinear interpolation, and both linear and bilinear methods can use
the same Tpd table.
5.2.1 Load capacitance estimation

First step is to estimate the load capacitance of each net. Load capacitance is estimated

by the following rule.

Load Capacitance =  (Input port capacitance) + estimated net capacitanc
where  (Input port capacitance) is the summation of input port capacitance
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in the net
The estimated capacitance is a function of fanout and estimated size which is calculated by summing
up the cell size of all cells in the top hierarchy to which the net belongs. So, to estimate capacitance, a
two dimensional table is used. Indices of the table are fanout and sum of cell size. Different tables
should be prepared according to chip size(standard cell) or type of base array(gate array). As shown in
figure 2, each net capacitance is calculated by step interpolation using Cn table.

Capacitance
40 -

30 -

obQ @
fan
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R SN

] e 2. Example of net capacitance estimation

Fanout

NgA0 1040 40,100

52.1.1 R ation

Cn table is 2 gnsional matrix specified for each design methodology, i.e. gate array, standard
cell.(See Annex F:
The Ist index is size(  S[i]): sum of cell size, or sum of number of gates, or base array size for gate

array.

The 2nd index(  Folj]) is the number of fanout in net.

The value(  C[i][j]) is pre-defined capacitance value.

where

1 1 M(Mis effective maximum number of size values used),

1 j  N(Niseffective maximum number of fanout values used).
Cli][7] has a real value.

Values of S[i] and Fo[j] have 2 integer values each, which are in the following relationship;
0 first value second value,
second value of S[i] = first value of S[i+1],
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second value of Fol[j] = first value of Fo[j+1],
first value effective value second value,
Cn[1][j] is real value, unit is pF or fF.

5.2.1.2 Net capacitance( CnE ) estimation rule
The Net capacitance estimation (CnE) is specified below.
If the size is ranged in S[i] and the fanout is ranged in Fo[j]

cn
CNE = CAfi][] . s (1)

If the size is less than the first value of S[1], then setito 1.

If the size is greater than or equal to the second vale of S{M], then set 1 to M.
If the fanout is less than the first value of Fo[ 1], then setj to 1.

If the fanout is greater than or equal to the second value of Fo[N],

then setj to N.

Then apply it to function (1).

5.2.2 Input slew rate calculation
Input slew rate is calculated by linear interpolation shown i

Time
SIN] |
. -~ —
S[i+1]
SO
St | \(
S[1] -
/\% | | |
N\
[1] Cli] CLoO  (C[it]] C[N] Cap.
Figure 3. Example of input slew rate calculation
5.2.2.1 Ts table specification

A Ts table is a one dimensional matrix for each transient timing group.(See F.2)
Theindex( CJi]) is the capacitance of the net which includes the input of the target gate,
The value(  SJi]) is the characterized input slew rate

where
2 1 N(Niseffective maximum number of capacitance values used,
C[i] has 1 real value of capacitance, unit is pF or fF,
0 Cf] (it
S[i] has 1 real value of time, unit is ns.
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