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Foreword

The text of document 93/151/FDIS, future edition 1 of IEC 61523-2, prepared by IEC TC 93, Design
automation, was submitted to the IEC-CENELEC parallel vote and was approved by CENELEC as
EN 61523-2 on 2002-07-01.

The ASIC Library Representation Working Group of EIAL EDA Technical Committee also participated
in the preparation of this standard.

This standard is a revision of the EIAJ " document: ASIC Library Representation (ALR):1994.
The following dates were fixed:
— latest date by which the EN has to be implemented
at national level by publication of an identical

national standard or by endorsement (dop) 2003-04-01

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow)  2005-07-01

Annexes designated "normative" are part of the body of the standard.
Annexes designated "informative" are given for information only.

In this standard, annex ZA is normative and annexes A to F are informative.
Annex ZA has been added by CENELEC.

Endorsement notice

The text of the International Standard IEC 61523-2:2002 was approved by CENELEC as a European
Standard without any modification.

R Electronic Industries Association of Japan.

Documents

Document Sharing Hub

Full document details: BS EN 61523-2:2002


http://www.avadocuments.com/doc/bs-en-61523-2-2002
http://www.avadocuments.com/doc/bs-en-61523-2-2002

Page 3

EN 61523-2:2002
CONTENTS
T SCOPE AN ODJECT Lot 4
2 NOIMAtIVE TEIEIENCES ..oviiii i e, 4
3 Relations with other companion standards activities ..............cocoiiiiii 5
4 Terms and definitioNs . ... 5
5 Pre-layout delay calculation method for CMOS ASIC libraries ..........ccooiiiiiiiiiiiiininan... 6
Annex A (informative)  Four points interpolation .............cooiiiiiiii 14
Annex B (informative)  Three ponts interpolation ..o 16
Annex C (informative)  Selection method of interpolation plane ...................ccon. 19
Annex D (informative) Theoretical accuracy comparison between two interpolation
METNOAS L e 24
Annex E (informative)  Application example.........ooiiiiiii 30
Annex F (informative) = Example of Cn, Ts, Tpd tables by delay calculation language ........ 34
Annex ZA (normative) Normative references to international publications with their
corresponding European PUBIICAtIONS ...........uuuuiiiii e 38
Documents

Document Sharing Hub

Full document details: BS EN 61523-2:2002


http://www.avadocuments.com/doc/bs-en-61523-2-2002
http://www.avadocuments.com/doc/bs-en-61523-2-2002

Page 4
EN 61523-2:2002

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
CMOS1"ASIC? 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).

Documents

Document Sharing Hub

Full document details: BS EN 61523-2:2002


http://www.avadocuments.com/doc/bs-en-61523-2-2002
http://www.avadocuments.com/doc/bs-en-61523-2-2002

Page 5
EN 61523-2:2002

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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[4 TwoStepDelayCalculation
step1: Calculate < InputSlew Rate >
step2: Calculate <PorttoPort PropagationDelay;Tpc

by using < InputSlew Rate >

<InpuSlewRate:

- <Tpd> -
’-

L L

7—|7—7_CL0 ;_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 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
20 —
10
Fanout
1,1 12 23 34 410 1040 40,100
1KA4 '
4K,10
10K,30.

Siz
Figure 2. Example of net capacitance estimation

5.2.1.1 Cn table specification

Cn table is a 2 dimensional matrix specified for each design methodology, i.e. gate array, standard
cell.(See Annex F.1)
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][] . e (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 set1to 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 set j to N.

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+H]
S0

Si] | /

| | i i
C[1] Ch] CLoO  (Cit] 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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5.2.2.2 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+TD e, 2)

wherea=(S[i+1] S[i]) (Cli+1] C[i)
b=(C[i*1] S[] Cli] S[+1]) (Ci+l] 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
TpdO Tpd[i+1][j+1]
- >/ Tpd[i+11]j]
Tpd[illli+11
Ts[1] Ts[i] TsO Ts[i+1] Ts[M] Time
ClL] | _,\ |
Clil
Clo
Cl[j+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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The 1stindex ( Ts[i]) is input slew rate,
The 2nd index(  Cl[j]) is load capacitance of output of gate,
The value ( Tpd[i][j]) is characterized propagation delay time,
where
2 1 M(Miseffective maximum number of input slew rates used),
Ts[i] has 1 real value of time, unit is ns,
0  Ts[i] Ts[i+1],
2 j  N(Niseffective maximum number of load capacitance values of
gate output used),
Cl[j] has 1 real value of capacitance, unit is pF or fF,
0 Cljl CIjt+1y,
Tpd[i][j] has 1 real value of time, unit is ns,
Tpd[j]  Tpdfi+!G, Tpd[li+]  Tpdfi+]f+1].

5.2.3.2 Selection rule of 4 points
To calculate port to port propagation delay time by Tpd table, both linear and bilinear
interpolation method are applied among 4 points .

(Tpd[i][3], Tpd[i+1]1[], Tpd[i][j+1], Tpd[i+1][j+1]) as shown in Figure 4.
If calculated Ts0 is ranged between Ts[i] and Ts[i+1] and
iftarget load capacitance( CL1)is ranged between Cl[j] and CI[j+1],
then select

Tpd[i][j], Tpd[+1][], Tpd[i][j+1], Tpd[i+1][j+1].

If TsO is less than Ts[ 1], setito 1.

If Ts0 is greater than Ts[M], setito M-1.

If CL1 isless than CI[1], setj to 1.

If CL1 is greater than CI[N], setj to N-1.

Then select

Tpd[i][j], Tpd[i-+11[j], Tpd[i][j+1], Tpd[i+1][j+1].

5.2.3.3 Propagation delay time( Tpd0) approximation
Two methods are specified here.
One is to solve bilinear interpolation (Z=a X+b Y+c X Y+d).
See Annex A in details.
Another method is the linear interpolation based on 3 points which are selected from
4 points shown in figure 5. (See Annex F.4 for detail interpolation example)
5.2.3.3.1 Selection rule of 3 points
Tpd is slowly increasing convex function with negative second derivatives.
In this case, 3 point linear approximation is more accurate than bilinear interpolation
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