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4.1

4.2

‘T'ochnical Reporis of Elvctronic Industries Association of Japan

ASIC performance evaluation guideline

Scope

This standard provides a guideline regarding methods o evaluate the performance of unit putes and
henchmark circuils of ASIC products . The scope of this standard is muinly applicalle @ CMOS gate
areays. cobechied arrays, cell-based 1Cs and other digital circiits,

Definition of Terms
The main lerms used in this standard are defined in the appendix.

Purpose of Standard
The purpose of this standard is to provide a set of criteria {ur ASIC szlection by clarifving the

standard for indicating characteristics through the vse of commeon evaluation conditions.

Evaluation ltems

This gmideline indicates the ASIC performance by evaluating hoth unit gates and the bonchmark
circuit.

Unit gate

This performance shows 2-inpul NAND pales speed with the unified load condition.

Operation speed {propagation delay time under typical conditions)

Power dissipation (dynamic power dissipation per 13117 of measured circuit under tvpicul conditinng)
Benchmark circult

This peifecmmance shuws the simple sequential circuil speed under actual condition with estimated
wite loads.

Maximurn operaling frequency {the worsl case conditions)

Power dissipation {(dynamiv power dissipation per IM L of measured cireuit under Lypical conditions)

Evatuation Method

Unit gate

(1} Evaluation method:  Transistor lev2] simulation (e.g. SPICE) shul! apply lor the evaluation.

(2} Types of gates for measurement: 2-input NANID gtey

(3} Evaluation circuit:
Both the circuit conligurations shovwn m Kigure 1-1 and 1-2 a¢ used. Fach circuit is conlipured
ul & mueasuned gaee (G7) and o least 6 stages of waveform shaping gates which are sume ypre
(31 to Gia). The figures specified the pertion of the propagation delay time measurement, Figure
2 shows the transistor level cquivalent circuil ol the 2-input NANT e, The mansistar level
citewil includes parasitic resistance and capacitance during library compiation, which arc aot

shown io Lhe figure, The dynaimic current (1,3 15 measared o point P indicated in the Tigure.
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{4) Load conditions: Simulation is performed under the following two conditions.

()

()

Wire length 0 mm + comnection of one 2-input NAND gate of the same type as Lhe
measured gates.

Wite length equal to metal pitch x S0 + connection of one 2-input NANT pate of the same
type as th¢ measured gales. The resistance and capacitance of Lhe wite to be treated as load
must he included. However, resislance and capacitance sucll as Y1A can be ignored. The
simcture immediately under the metal layer is irrelevant. The adjacent and crossing effect
shall be ignored in wiring models. The wwtal piwch refers to the rouling grid during
automatic routing. If variablc metal pitch is used within the sane wiring fayer, the statistical
average metal pitch is used as the metal pitch for that layer. In the case of 4 product with
doutle layer metal, the wire length is the sum of 250 times the metal pitch of the First layer
metal and 250 times the meial pitch of the second laver metal. In the case of a product with
triple layer metal or more metal layers, the wire length is the sum of 250 limes the metal
pilch of the second layer metal and 230 times the metal pitch of the third layer meral.

{5) Measwement conditions: Simulation shal be performed under the tollowing typical conditions,

(a)

(b)

{c)

(d}

Supply (puwer supply} vollage (V)

More then one typical voltage values can be set providing they are within the specifications.
Temperature

Junclion lemperature: T; — 25°C

Process condilions

Typical characteristics shall be used.

Input waveform

The amplitwde of the input wavelorm to the G1 gate in Figure 1 shali be the full swing {rom
0V 1o Vo, Any rise ime {t) and fall time (t;) within a specification can be psed.

{6} Measurement (evaluation) procedure

(a}

(h)

Nate 1:

Mote 2:

According to the evalualion circuits (Figure 1-1 and Figure 1-2), simulation cireuils under
each load conditions {2 types: (4)-(a) and (4}-(h)} shall be preparcd.
The propagation delay lime and the dynamic power dissipation shall be measured for cach

evaluatian circait with specific load conditions by performing simulation.

Measuremant methed for propagation delay time

“The propagation delay time of each evaluation circuit {tpr OF Ly shall be calculated ay the
average of the rise propagatiom delsy (ime (o O Cyye) and the fall propagation delay time
{briy OF fpun) Upar = (b + e ¥2) or (1,: = (s + Gun=)2). The prapagation delay lime
{1,4) shall be calculated as the average of 1, and Ly, (1, = (T + 1,02)2). In the measnrement
waveiorm diagram shown in Figure 3, the duty cyele of the input waveform shall he 50%.
The measuremenl frequency and measurement reference voltage (V,,) are nol specitiad
particularly. The unit used shall be ps (pico secund),

Measurement method for dynamic power dissipation

The dynamic power dissipation Py, or P-; of each evaluation circuit shall he calcalated as the
average for one cycle (product of supply vollage and average current). Dynamic power
dissipation Py, shall be calculated as the average of Py, and Py, (P, = (P, + P,-32). The duly

_3_
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cycle of the input waveform shall be 50%, and the measurement frequency shall be 1 MHe,
The unit used shall be & W:MHz/gate.

Powar dissiqatlm mMeasuremant
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Figure 1-1. Propagation Delay Time & Power Dissipatlon Measurement Circuit-1
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Figure 1-2. Propagation Delay Time & Power Dissipation Mesasurement Circuit-2
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+

Figure 2. Equivalent Circuit for Transistor Level
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Figure 3. Measurement Waveform
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5.2 Benchmark cireuit

{1}

2

{3

(@)

(5}

Evaluation method
Evaluation (messurement) shall be performed using gate-level simulation,
Node: Cuslomers can abtain the same results using the ASIC vender lilrary.
Evaluation circuit
Figure 4 shows the circuit configuration. The evaluation circuit consists of NAND gates, NOR
gates, T-I7Ts, and 1averters. All gates have the same drivability type as the 2-input NANT? gt
used in the unit gate evaluation, Similar to the unit gatc evaluation circuil, the clock signal has to
gu throueh the wavelorm shaping circuit before the signal is supplied o the CK terminal of each
Fil The citcuit between F/FI and F/F2 s a 1G-stage gate chain. Each il stage by 2 2-inpul
NAND pate and a 2-input NOH gate, Both inputs are connccted in paralicl. The unit sage
connection of NAND gate and NOR gate shall be incorporated in the chain alternately, as shawn
in Figure 4.
Mote: That D} to D1 are the pates added ax fan-nut boad. Those gates can nol he removed.
Laad conditions
The estumatzd wire length madel regolarly provided by the ASIC vendor shall be applied. The
cstimited wire Jength model shall be equivalent te 10,000 usable gates. It this model is not
availablz, a mudel whose die sice 15 more than G000 usshle pates can he used. For the
wavetonm shaping circuit, the same model has L be chosen.
Measurement conditions
Simulation shall be performed under the worst cage cordition at which the delay time becomas
the maximuom valme. The clock skow al the CK terminal of each TVT can be ignored.
(a) Supply valtage {Vpp)
I'he supply vollnpe o1 which the specification zuarantees the oporatim and the delay time
becomes the maximum value shajl be used, Several supply voltages can be defined.
{b) Temperature
The junction temperature al which the specification guarantees the oporation and the delay
lime ecomes the maximum value shall be used.
icy Process condltion
The worst case pracess condition shall be used.
id} Input waveform
The voltage swing of the clack sipnal (CLK) m Figure 4 is rail (0 rail between 0V and V.
Any slew of the clock signal can be used. A 50% dury cycle is assumed. Phe data mput (L}
i= required o have a wavefarm which keeps (he set=up time (sul) necessary for the normal
operaton of TR
Measurerment procedure
{a) Prepare the circuil schematics for simulation referring to the evaloation cireuil shown in
Figure 4.
(k) Muoasure The maximum trequency by simolation. Measure the dynamis power dissipation as
a typical value under the similar vpical condilions used in the unit gate evaloation. The

dynamic power dissipation may not he obtained on the custarmer sid,
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Note 1: Maximum operating frequengy

The maximum operating frequency is defined as the inverse of the minimum operating eycle
time that keeps the sei-up time constraint of F/F2. It the operating frequency is dependent on
the logical level of the data input {13,), the lower frequency shall be chosen as the maximum

operating fragoency.

Note 2: Dynamic power dissipation

Measure the dynomic power dissipation of two D-F:Fs (F'F1 and FF2) and the 16-stage
chain which consists of 2-input NAND gates and 2-input NOR gales between twe I-F/Fs n
Figure 4. The wavelunn shaping circait (G1 io G6) and load gates {1317 and D15} should he
cxcluded from (he power measurement, Calenlate the typical power dissipation by using o

trangistor level or gate-level simulator,
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Figura 4. Benchmark Circuit
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6.

6.1

6.2

Characterigtics indication atandard

When indicating the name of an ELAl standard (EDR-5202), cic., in literature inlroducing ASIC

produets, incidental conditions for each characteristic shall be indicaied,

Unit gate

Propagation delay time {tvpical condition)

Dynamic power dissipation  {typical condition}

Indication of gate drivahility  (cell name and drivability (ype or relative valuz for deivability for
slandard gate)

Supply voltage

Benchmark circuit

Muximurm operating frequency (worst case condition)

Indication of gate drivability  (vell nume and drivability 1ype or relative value for drivability Lo
standard gaze)

Measurement conditions

The dynamic power dissipation under rypical (rvp.) conditions and the name of the power calculation
100l used to obtain il shall he indicated ax reference.

Example
Linil gate EIAJ seandard EDR-5202 compliant
2-inpul NAND Losd condition £a) Load cendition (b)
{without wire toads}  (with wire loads)
Fropagativn delay Gme {typ) 108 s 1500 pai
Dynamic power diszsipalion (Lyp.) 1 wwW/MHe Chine 1.2 10 M H Grate
Indication of gate drivability 2NANDZ " 2NANDZ "1
1 (Use gade with drivabyilivy double that of standard gute)
Supply volig: 33V EPURY
Benchmark ¢ircult EIAT standard EDR-3242compliang
Maximum operating frequency (wors!) 150MHz
Indication ol g drivability Use gate willy drivability doukle thal of stundard gate
Supply vollage 30
lunction lemperaters T, = 125°C
Preduct name o evaluation
Referance values]
Dvmamic power dissipatinn {1y, )
under rypical conditions A0 pWMH {supply voltage: 3.3 V)

Method 1o obuain dynumie power dissipicion caleulaion with SPECE (er gate level power

calculalion tool)
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Appendix Definitlon of Terms

Amplitude The electric potential difference between the high level and the low level
ul a pulse signal. )

Application Specific IC | LS| configured by integrating requited functions 1o support specific
{ASIC) puLposes,

M standardized cell library and design environmentl are provided w
shorten the development time.

Gate Arravs, Bmbedded Arrays, and Cell Baged ICs are representative

ASICs.

Automatic Routing Cenerating physical wirc on an LSI in astomalic method based on the
_______ circuit information {net list), o .
Benchmark Circuit Reference circuil prepared for comparing and evaluating the electrical

__ B characteristics {perfarmance) of electrunic (electric) components.
Cell Bazed IC .51 that uses standard cell libraries, which are structurcd in a
hierarchical manner. Also called Standard Cell. _
Cell Name Element name that is used o describe a Jogic circuit used in an ASIC.

Deleyed Flip-flop (D-F/F) | A logical memory clement that replaces the lagical value held until then
with the logical value of a previousiy added data input when the elock
signal changes 10 the active edpe, and thal Keeps iolding its logical value
during all other stales.

Drivability Brive sirength of output.
Determined by the size of the transistors of the cell output circuit,
Drivahility Type Type of the drive strength,

Indicates the drive strength 1ype, such as standard, power etc., hased on
the drive strength of the hasic gale.

Duty Cycle ‘The ratio of the high level dme interval and low-level thne interval of an
N inpul or outpuil signal during 1 cycle. o

Dynamic Power The dynamic power dissipalion is oblained by integrating over time the

Diselpatien supply current {current waveform) that flows In a measorement circuit

over & piven perind of time, averaging the result aver time and then
_ B multiplying it with the supply voltage, N )
Embedded Array .51 that includes gate array ares and macio cell(s) for Cell Based |C
. i such 2s CPU, memary, and/or analop macro colls. .
Estimated Wire Length | Fstimated wire length model that s used for cvaluating  the

Model characteristics of ASICs prior b aulinatic lavoul.

Fall Time {if} The time interval daetermined by two relurence voltuges specificd within
_ the falling interval of o pulse. ) L

Gate Array L51 {for which only the wiring needs o be done aceording to the product

design, on a commaon master with basic elements laid over it in a regalar
o _ patiern that is independent of uny product design. i
Inverter A type of logical operalion element thal has ane input ang one output, I
_ inverts and then outputs the logical Jevel of the inpul signal,
Junetion Temperature {T} | Temperature of PN junction. Unitis degrees Celsius (*C).

_]5_
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Library

Data set, such as functions and electrical specitications, that is used for
ASIC desipn,

Maximum Qperating
Frequency

Metal Pitch

For a measurement circuit, the maximum clock frequency for which
acquisition of owput status changes expected uader the specificd
aperating conditions is guaranteed.

The minimum distance of wire to wire used in Automatic Routing.

NAND Gate

A type of logical operation clement that has several inputs and one
ot

It qutpuls o logical "L" only il a logical "H" is fed 1o adl its inputs, and
outputs a logical "TT" if a logical "L" is fed to wne or mure of its inputs.

NOR Gate

A type of logical cperation elemznt that has scveral inputs snd onc
alpul,

It guiputs o logical "L" when a logical "H" is fed o one or more inpuats,
and outputs a logical "H" only il a bogical "L" is fed 1o all of its inputs.

Process Condition

Propagation Delay Time

Frupagation Delay Timé,
high-to-low-leve] autput

Condition  indicating wvariation in  process  charscteristics.  Typical
characteristics of procuss conditions are the characleristics existing
during fabrication under standard conditions.

For a given circuil to be measured, assuming an input sigasl for which
conditions have been set that znable changes of the output signal, the
propagation delay time is the Ume that clopses frem when the inpat
signal level passes a specilicd voltage until when 1he otout signal level
passes 4 specified vollage,

For a given circuit to be meusured, assuming an input signal for which
conditions have been scl thul enable changes of the outpul signal level
from "H" 10 "L", the propagation delay time s the Ume that elapses {rom
when the input signal level passes a measurement reference vollagy wiil

Prnpagatldr_': Delay Time,
low-to-high-level output

Reference VYoltage

when lhe vulpur signal Jevel passes a messuremend reference voltage.

Fou a given cirouil W be measured, assuming an input signa; Lot which
conditions have been set that enable chinges of the oulpul signal level
from “L" 1 "H". the propagation delay lime s the time that clapses foom
whew the inpat sigmal level passes a measurenent reference voltage witil

when the output signal level passes u measurcment reference vollage.
thal  determines  the
Character.sucs.

Yaritagy measuremenl  poinl Tor o swiiching

"Rise Time (L}

The time mterval determined by rwo reference voltages specified within
the rising interyal of 4 pulse.

Setup Time Required minimum time at F:/F {or securing the dala signal that is 1o he
o read betore the clock signal level changes. - :
Simulation Methad hased not on the actual physical siructures hut on soflware run

an a eompoter, which 15 used to verily whather a circull operates as
ittended with regard 1o functions und performance, and 1o unalyze circuit
nparation.

Supply Voita gé. (Vo)

Supply voliage tor which operation of an clement is gourantecd w be
withilt the specilication range.
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Typical Conditlon {typ.)

Typical operating condition or characteristic indicated in a catalog ar
daia sheel.
Generally, provess conditions consist of standard characteristics, the
supply voltage is a reference voltage value, and the junction lemperature
is T=25C.

Typical "}hlue (ﬁp.} o

Valoe vnder standard operating condition for which the operation of an
element is puaranteed.

Unit Gate

Rasic component elemen! or unit logical gate of Gate Asmay or Cell
Based IC,  (For example, 2-inpui NAND gate)

Variable Metal Pitch

Wavetorm Shaﬁ_i'h'g'
Circuit

Routing pitch that is not fixed in the same metal layer when pefirming
Automatic Rouling.

Circuit connecled in serics 10 several logic gates such as inverters,
NANDs, and NORs, 50 a5 o cancel the dependence of first-stage gats
input waveform on the output wavelorm of the last-stape pate.

Worst Case Condition

The condition whereupon the process conditions, supply woltuge, and
junction lemperature cause the device to incur the Iongest propumtion
delay time.

_lg .
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EXPLANATORY NOTES

Objectives of Establlshment

As there has been ne standard method 1o indicate the basic performance of ASIC products, each ASIC
vendor has been usimg ity own method.  Recently, both ASIC users and vendors have been strongly
requesting the establishment of a standard for ASIC performance evaluation, [0 response to this, the
EIAD Semiconductor Stundardizuition Committes/Integrated Circuil Group decided 1o investigate thiy
kind of standardization and set up the ASIC Standardization Project group, which produced this ASIC
Performance Evaluation Cuideline.  The purpose of this guideline is to provide u set of eriteria for

ASIC selection by claritving performance-indicating standards hased on commoen evaluation conditions,

Process of Discussion

The FElaT Semiconductor Standardization Committec/Inlegrated Circnit Group held preliminary
discussions in May “and July 1896, resulting in the decision by the FIA] Semiconductor
standardization Commillee ‘o {ormally promote this standardization.  Following this decision, the
ASIC Stundardization Project Group was cstahlished and ruet once 3 month for discussions on how 1o
realize this standardization, finally deciding to adopt 4 zimufation method.

The points of discussion were as follows,

1} LUpil gale evaluation meihod

2y Benchmurk circuit evaluation method

A draft of this guideline in Japanese was provided in June 1998, and a dralt in Foglish hucime
available in December 1998, The finalized guudeling is due to he approved by the FIAT
Semiconducion Standardizalion Committee/Tnicgrated Circuil Group in Muy 1999

Dscussion point

This guideling 15 quite new, so there wire many points of discussion, the main 4 of which ware 35

L] [ERTES

(13 An evaluation method without dependency on the sllicon process generation
Lvaluat:on candit.ons Lo, power supply volluge, temperature, aml wire load, ahle 1o be delined
by u common methad that can be used beyond the silicon process geneiation were sel.

(?) Wire lcad at unit gate evaluation
o allow for the use ol gate arrays, embedded arrays, and czll-based 105, the pros and cons of Lwo
wire Joad conditions; one withont wire load and the other with wire Toad were discussed, 2% way o
wire melal pilch that can realize & wire load not dependant on the silicon process gencrztion.

{3) Benchmark circuit
Several kinds of circuits were initially investigated, including o popular benehmark circuit in an
ASIC teclima]ogy journal, which was later abandoned due to properly problzms.
Finally, the circuit introduced here was choser.

(4} Power dissipation
The purpose of evaluation, what kind of simulutor to use. and an cvaluation method that inclwded

the: ctlenlation methoac and accuruey of thar simulalor were discussed.
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