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Die Europaische Norm EN 61523-2:2002 hat den Status einer Deutschen Norm.

Beginn der Giltigkeit
Die EN 61523-2 wurde am 2002-07-01 angenommen.

Nationales Vorwort

Fur die vorliegende Norm ist das nationale Arbeitsgremium K 113 ,Produktdatenmodelle,
Informationsstrukturen, Dokumentation und graphische Symbole® der DKE Deutsche Kommission
Elektrotechnik Elektronik Informationstechnik im DIN und VDE zustandig.

Norm-Inhalt war verdffentlicht als E DIN IEC 93/110/CD:1999-12.
Die enthaltene IEC-Publikation wurde vom TC 93 ,Design automation® erarbeitet.

Das IEC-Komitee hat entschieden, dass der Inhalt dieser Publikation bis zum Jahr 2006 unverandert
bleiben soll. Zu diesem Zeitpunkt wird entsprechend der Entscheidung des Komitees die Publikation
bestatigt,

zurtckgezogen,

durch eine Folgeausgabe ersetzt oder

geandert.

Das Prasidium des DIN hat mit Prasidialbeschluss 13/1983 festgelegt, dass DIN-Normen, deren Inhalt
sich auf internationale Arbeitsergebnisse der Informationsverarbeitung griindet, unter bestimmten
Bedingungen allein in englischer Sprache verdffentlicht werden dirfen. Diese Bedingungen sind fur die
hier vorliegende Norm erfiillt.
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Nationaler Anhang NA
(informativ)

Zusammenhang mit Europaischen und Internationalen Normen

Fir den Fall einer undatierten Verweisung im normativen Text (Verweisung auf eine Norm ohne Angabe des
Ausgabedatums und ohne Hinweis auf eine Abschnittsnummer, eine Tabelle, ein Bild usw.) bezieht sich die
Verweisung auf die jeweils neueste gultige Ausgabe der in Bezug genommenen Norm.

Fir den Fall einer datierten Verweisung im normativen Text bezieht sich die Verweisung immer auf die in
Bezug genommene Ausgabe der Norm.

Eine Information liber den Zusammenhang der zitierten Normen mit den entsprechenden Deutschen Normen
ist nachstehend wiedergegeben.

IEC hat 1997 die Benummerung der IEC-Publikationen geandert. Zu den bisher verwendeten Normnummern
wird jeweils 60000 addiert. So ist zum Beispiel aus IEC 68 nun IEC 60068 geworden.
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EUROPAISCHE NORM EN 61523-2

EUROPEAN STANDARD
NORME EUROPEENNE August 2002

ICS 35.240.50

Deutsche Fassung

Berechnung von Verzdgerung und Leistungsaufnahme beim Entwurf von Chips
Teil 2: Vorgezogene Berechnung der Verzdgerung fur CMOS-ASIC-

Bibliotheken
(IEC 61523-2:2002)

Delay and power calculation standards Calcul de puissance et de délai

Part 2: Pre-layout delay calculation specification Partie 2: Spécification du calcul du délai de pré-
for CMOS ASIC libraries implantation pour les librairies ASIC CMOS
(IEC 61523-2:2002) (CEI 61523-2:2002)

Diese Europaische Norm wurde von CENELEC am 2002-07-01 angenommen. Die
CENELEC-Mitglieder sind gehalten, die CEN/CENELEC-Geschéaftsordnung zu
erfillen, in der die Bedingungen festgelegt sind, unter denen dieser Europaischen
Norm ohne jede Anderung der Status einer nationalen Norm zu geben ist.

Auf dem letzten Stand befindliche Listen dieser nationalen Normen mit ihren biblio-
graphischen Angaben sind beim Zentralsekretariat oder bei jedem CENELEC-Mit-
glied auf Anfrage erhaltlich.

Diese Europaische Norm besteht in drei offiziellen Fassungen (Deutsch, Englisch,
Franzdsisch). Eine Fassung in einer anderen Sprache, die von einem CENELEC-
Mitglied in eigener Verantwortung durch Ubersetzung in seine Landessprache ge-
macht und dem Zentralsekretariat mitgeteilt worden ist, hat den gleichen Status wie
die offiziellen Fassungen.

CENELEC-Mitglieder sind die nationalen elektrotechnischen Komitees von Belgien,
Danemark, Deutschland, Finnland, Frankreich, Griechenland, Irland, Island, Italien,
Luxemburg, Malta, Niederlande, Norwegen, Osterreich, Portugal, Schweden,
Schweiz, Spanien, der Tschechischen Republik und dem Vereinigten Kénigreich.

CENELEC

Européisches Komitee fur Elektrotechnische Normung
European Committee for Electrotechnical Standardization
Comité Européen de Normalisation Electrotechnique

Zentralsekretariat: rue de Stassart 35, B-1050 Briissel

© 2002 CENELEC — Alle Rechte der Verwertung, gleich in welcher Form und in welchem Verfahre
sind weltweit den Mitgliedern von CENELEC vorbehalten. Documents
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Vorwort

Der Text des Schriftstlicks 93/151/FDIS, zuklnftige 1. Ausgabe von IEC 61523-2, ausgearbeitet von dem
IEC TC 93 ,Design automation®, wurde der IEC-CENELEC Parallelen Abstimmung unterworfen und von
CENELEC am 2002-07-01 als EN 61523-2 angenommen.

Die ASIC Library Representation Working Group of EIAL EDA Technical Committee war ebenfalls bei der
Erarbeitung dieser Norm beteiligt.

Diese Norm ist eine Uberarbeitung des Schriftstiicks EIAJY: ASIC Library Representation (ALR):1994.
Nachstehende Daten wurden festgelegt:

— spatestes Datum, zu dem die EN auf nationaler Ebene
durch Veréffentlichung einer identischen nationalen
Norm oder durch Anerkennung ibernommen werden
muss (dop):  2003-04-01

— spatestes Datum, zu dem nationale Normen, die
der EN entgegenstehen, zurlickgezogen werden
missen (dow):  2005-07-01

Anhange, die als ,normativ* bezeichnet sind, gehdren zum Norminhalt.
Anhénge, die als ,informativ“ bezeichnete sind, enthalten nur Informationen.

In dieser Norm ist Anhang ZA normativ und sind die Anhange A bis F informativ.
Der Anhang ZA wurde von CENELEC hinzugefugt.

Anerkennungsnotiz

Der Text der Internationalen Norm IEC 61523-2:2002 wurde von CENELEC ohne irgendeine Abanderung als
Europaische Norm angenommen.

" Electronic Industries Association of Japan.
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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 of

1) Estimation of wire capacitance and

2) Delay calculation method based on tablelook-up.

With use of DCL and SDF, this delay calculation method helps the user have a
unified timing model for various EDA tools in the pre-layout design phase.

This standard is consistent with existing standards and accepts existing
standard formats, like SPEF, DCL, and SDF.

Scope of this standard covers the CMOS ASIC front end timing
design for using logic synthesizer, simulators, timing verifiers.

The delay calculation method specified is based on the input slew rate
calculation step and the port to port calculation step.

During these calculation steps, the table lookup method is used.

The table method of this standard specifies two interpolation methods
for delay calculation. One is bi-linear interpolation which is

widely used through the industry. Another is a linear interpolation
using neighboring 3 points.

The nature of the delay value has monotonously increasing function
of convex surface. This linear interpolation has a few percent of differences

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/ALR
versionl.1 is represented by DCL and DCL-PI standard(IEEE 1481).

This part of IEC 61523 specifies in detail a table look up calculation formula
for CMOS ASIC library”.
The output of the delay calculator is a Standard Delay Format (SDF).

4. Terms and Definitions

capacitance of the net: Net means equipotential signal pins which will
be connected by routing. The capacitance of the net is the capacitance
of all the signal pins tha tare connected by routing.

CMOS: Complementary Metal Oxide Semiconductor.

DCL: Delay Calculation Language.

front end design: Logical design phase of ASIC design. Back end design means
layout design.

gate: module containing only one output which is a simple boolean function of
its inputs. Some basic simple boolean functions are and/or/not.

input slew rate: Slope of the input signal of the gate.In CMOS,the gate
output delay is the function of its input slope of the signal.

load capacitance: Capacitance driven by gate. Usually it is separated
into two items: i.e. wiring load capacitance and the sum of input load capacitance.

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 register timing
violations

of setup and hold time. Network description and clock timing are necessary.
transient timing group: Group of signal values. The delay will be

definedwhen the signal changes from one value to the other.

5. Pre-layout delay calculation method for CMOS ASIC libraries

Timing design is the critical issue in sub-micron CMOS ASIC .This clause specifies

the detail pre-layout delay calculation.

5.1 Delay model

When considering a sub-micron pre-layout (capacitance-based) timing model, two

items should be considered, (1)port to port delay timing and (2) input slew rate effect.

In this model, it is necessary to first calculate the capacitance of wires, and then,
calculate delays. As a first step of delay calculation, input slew rate is calculated,
nd then, port to port delay can be calculated by using the input slew rate.
Therefore, a two step approach is necessary as shown in Figure 1.
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@ TwoStepDelayCalculation
step1: Calculate < InputSlew Rate >
step2: Calculate <PorttoPort PropagationDelay;Tpc

by using < Input Slew Rate >

<InputSlewRate:

- <Tp£_> _
j;_CLO j;_CU

Figure 1: CMOS Delay Model & Calculation Steps

5.2. Table Look-Up delay calculation method

The table look-up model of delay calculation specification uses 3 types of table models. First is the
‘Net capacitance table’ (named Cn table). This table is used for ‘load capacitance’ estimation. Second is
‘Input slew rate table’ (named Ts table), and 3rd is ‘Port to port propagation delay time table> (named
Tpd table). As a first step of delay calculation, input slew rate is calculated by using net capacitance, and
Ts table. And then, port to port propagation delay can be calculated by using net capacitance, input slew
rate, and Tpd table.

The propagation delay is calculated using a Tpd table by applying one of the methods for interpolation
approximation. One is bilinear interpolation approximation by 4 points. This method will be de facto
standard from major EDA vendors. The other is linear interpolation approximation by 3 points. This
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 nput port capacitance

7
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in the net

The estimated capacitance is a finction 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 e
\\
30
20 -
10 -
Fanout
1,1 12 | 23 34 410 1040 40,100
1IK4
4K,10 ~
10K,3
Si
Figure 2. Example of net capacitance estimation
5.2.1.1 Cn table specification
Chn table is a 2 dimensional matrix specified for each design methodology, i.e. gate amay, standard
cell.(See Annex F.1)

The 1st 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(  Fofj]) is the number of fanout in net.

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

where

1 i M(Miseffective maximum number of size values used),

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

Values of S[i] and Fol[j] have 2 integer values each, which are in the following relationship;

0 fistvalue  second value,
second value of S[i] = first value of S[i+1],

Documents

Document Sharing Hub

Full document details: DIN EN 61523-2:2003-06


http://www.avadocuments.com/doc/din-en-61523-2-2003-06
http://www.avadocuments.com/doc/din-en-61523-2-2003-06

EN 61523-2:2002

second value of Fo[j] = first value of Fo[j+1],
firstvalue  effectivevalue  second value,
Cnli][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]
the

cn
CnE = Cnli]{j] . )

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

Ifthe size is greater than or equal to the second vale of S[M], then seti to M.
If'the fanout is less than the first vatue of Fo[ 1], then setj to 1.

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

Then apply it to function (1).

5.2.2 Input slew rate calculation
Input slew rate is calculated by linear interpolation shown in figure 3.

Time

SIN] |
S[i+1]
S0
Sfi]

/

I I I I
Cl1] Clij CLo (C[itl] C[N] Cap.
Figure 3. Example of input slew rate calculation

f

S{1]

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

2 1 N(Nis effective maximum number of capacitance values used,

CIi] has 1 real value of capacitance, unit is pF or fF,

0 (] CliH),

S[i] has 1 real value of time, unit is ns.
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5.2.22 Input slew rate( Ts0) calculation rule
To calculate input slew rate by Ts table, the linear interpolation method will be applied between C[i]

and C[i+1].

If target input capacitance(  C0) is ranged between C[i] and C[i+1]
then
TsO=a CO+b )

wherea=(S[i+1] SH]) (C[i+1] C[i])
b=(C[i+1] S[] C[i] S[E]) (Ci+1] Cli.

If target input capacitance is less than C[1], then setito 1.
If target input capacitance is greater than C[N],

then setito N-1.

Then apply it to function of (2).

5.2.3 Port to Port propagation delay time calculation
Port to port delay is calculated using as Tpd table ,shown in Figure 4, using either a linear or a bilinear

interpolation method. Time
Tpd0 Tpdfi+1][+1]
\/ " .
TodBl(+1] T Tedilll
Ts[1]| Tsk] Ts0 |Tsli+1] TsM| Time
cli | ' |
gl
Clo
Cllj+1]
CIIN]
Capacitance

Figure4. Example of propagation delay time calculation
5.2.3.1 Tpd table specification
Tpd table is a two dimensional matrix for each transient timing group.(See F.3)
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