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slew_upper threshold pct rise
slew lower threshold pct rise
slew_upper threshold pct fall
slew_lower threshold pct fall

input_ threshold pct rise
input_ threshold pct fall
output_ threshold pct rise
output_threshold pct fall
nom_process

nom_voltage
nom_temperature

revision

leakage power: IH3E
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cell Y AND2CLKHD1X {
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capacitance : 0.00226414 ;
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Let us first consider timing arcs for a simple inverter logic. Since it is an inverter, a rising (falling)
transition at the input causes a falling (rising) transition at the output.

The two kinds of delay characterized for the cell are:
A 52

Combinational timing arc

* Tr : Output rise delay R _:- ) /_ﬁ
+ Tf : Output fall delay [ | ™————Delay threshold

| I(T_I:J / points
|

Notice that the delays are measured based upon the threshold points defined in a cell ibrary, which is
typically 50% Vdd.
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The delay for the timing arc through the inverter cell is dependent on two factors:
i. the output load, that is, the capacitance load at the output pin of the inverter, and

ii. the transition time of the signal at the input.

A %Z
—>

— Combinational timing arc

| — Delay threshold
| L7 /  points

O The delay values have a direct correlation with the load capacitance - the larger the load
capacitance, the larger the delay.

O In most cases, the delay increases with increasing input transition time.

delay model for combinational logic
output load capacitance #iHHEREE

input transition time I N\iZiERT1E
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A simple timing model is a linear delay model, where the delay and the output transition time of the

cell are represented as linear functions of the two parameters: input transition time and the output

load capacitance.

The general form of the linear model for the delay, D, through the cell is illustrated below.

/

DO + D1 *

~

+D2*1C

where DO, D1, D2 are constants, S is the input transition time, and C is the output load capacitance.
S — e ——— B i

The linear delay models are not accurate over the range of input transition time and output

capacitance for submicron tech nologies, and thus most cell libraries presently use the more complex

models such as the non-linear delay model.

NLDM FE&e &Ry

l Non-Linear Delay Model

An NLDM model for delay is presented
in a two-dimensional form.
The two independent variables bemg

the mput transmon time and the

—_—

output load capacitance, and the

entnes in the table ¢ denoting the delay

Here is an example of such a table for a

typical inverter cell: :>

TR EFHAFI TR A RRMEE

pin (OUT) {

max_transition :

timing () {

related pin :
timing sense—:negative unate;
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1.0

"INP1";

~Tise(delay template 3x3) {-
index 1 ("0.1, 0.3, 0.7"); /*I

mntion */

index 2 ("0.16, 0.35, 1.43"); /* Outpu

acitance */

values ( 0.35 1.43 */ \

/*0.1*/ "0.0513, 0.1537, 0.5280", \

/* 0.3 %/ "0.1018, 0.2327, 0.6476", \

/*0.7*/ n0.1334, 0.2973; 0.7252%)7
— 7

(-

7 VI T A

0.16

"0.0617,
"0.0918,
4,

0.35

0.1537,
0.2027,

0.6452") ;




There are separate models for the rise and
fall delays (for the output pin) and these

are labeled as cell rise and cell fall

respectively.

The type of indices and the order of table
lookup indices are described in the lookup

table template delay_template_3x3.

/ Non-Linear Delay Model

< pin (OUT) (v

~ max- transition.: 1.0;

timing () {

related _pg? :

-— -

"INP1" ;

-

~
4

t:Lm:mq sense“'neqﬁtﬁve unate;

cel{'s

1ndex

values |
#E Ol %Y
/* 0.3 %/
/*0.7 */

}
céiL

values |

[* 0.1 */
/* 0.3 */
/*0.7 */

/* 0.16

"0.0513,
"0.1018,
"0.1334,

/% 0,16

"0.0617,
"0, 09185
"0.1034,

0l

(delay_template_ 3x3) {
("0.1, 0.3, 0.7™)

; /* Input transition */

0.35

allY{delay template 3x3) ({

Ké)"
inde = ("0.1l; 0.3 0.3™

0.35

0.:1537;
0.52027;
0.2273,

1537,
0.2327,
0.2973,

0.
0.
0.

index_2 (0,16, 0.:35, 1.43"); /* Output capacitance */

143 %/ \
5280", \
6476", \
1252") ;

); /* Input transition */
index 2 ("0.16, 0.35, 1.43"); /* Output capacitance */

143 *y
0.5280", \
0.5676", \
0.6452");

4

The example below corresponds to a general case where the lookup does not correspond to any of

the entries available in the table.

(0.587,0.03,0.323) —

C

A

P

.

(0.098, 0.06, 0.234)
o

0.05

N
\_10.098, 0.03,0.227)

O Z:Tdelay (ns)

~(0.587, 0.06, 0.329)

fii s T L

0.06 009 0.12 0.15 =~

///4U

BHTEITE (1RE)

O X:Transition time (ns) ;Y:CLoad (pf)
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Gaussian Elimination

Z4 (0.098, 0.03,0.227) 0.227=A4+B *0.098 + C* 0.03 + D * 0.098 * 0.03.
/ (0.098, 0.06, 0.234) 0234=A4A+B*0.098+ C*0.06+D*0.098 * 0.06
‘/’
A 47\ 0.323 =4+ B *0.587 + C * 0.03 + D * 0.587 * 0.03
~(0.587, 0.06, 0.329) 0.329=A4+B*0.587+C*0.06+ D *0.587 * 0.06
0.08 i o L2
0.03 0.06 0.09 0.12 0.15 "
/ >
& 0(;.;)98 A /-//.-/// A=0.2006, B=0.1983, C=0.2399, D=0.0677
& o L ).V
%3;3\ 0.587 "
W 107 / / / ﬂ
1,566~ / // ,/ / z=0.2006+0.1983x0.3z+o.2399xp._o§+o.0677xo.32xo.o@
¥ ———

Slew Derating
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The slew 1 values are based upon the measurement thresholds specified in the library. Most of the

previous generation libraries (0.25?m or older) used 10% and 90% as measurement thresholds for

slew or transition time.

Vdd / logic-1 /* Threshold definitions */

70% Vdd slew_lower_threshold pct fall : 30.0;

————————— RS slew_upper_threshold pct_fall : 70.0;

slew_lower_threshold pct rise : 30.0;

30% Vdd slew_upper_threshold pct rise : 70.0;
— — e input_threshold pect fall : 50.0;
| input_threshold pct_rise : 50.0;

Vss / logic-0 ol TN output_threshold pet fall : 50.

slew slew output_threshold pct rise : 50.

slew_derate from library : 0.5;

0;
0;

SCERUE(ERT30%-70%, A7 FlibMERI10%-90%EILE, EiEidderate valuesMEElib
#910%-90%



/ Threshold Specifications and Slew Derating ,

The above settings specify that the transition times in the library tables have to be multiplied by 0.5 to

obtain the transition times which correspond to the slew threshold (30-70) settings.
This means that the values in the transition tables (as well as corresponding index values) are

effectively 10-90 values.

/* Threshold definitions */
slew_lower_threshold pct_fall : 30.0;

slew_upper_threshold pct fall : 70.0;
slew_lower_threshold pct rise : 30.0; (= T
slew_upper_threshold pct rise : 70.0;

Koy

input_threshold pct fall : 50.0;
input_threshold pct rise : 50.0;
output_threshold pct fall : 50.0;
output_threshold pct_rise : 50.0; -

slew_derate_from library : 0.5; Z o % \’3 o) / .

T

During characterization, the transition is measured at 30-70 and the transition data in the library

corresponds to extrapolation of measured values to 10% to 90% ((70 - 30)/(90 - 10) = 0.5).

/ Threshold Specifications and Slew Derating /

When slew derating is specified, the slew value internally used during

delay calculation is:

. P . J >
library_transition_time_value * slew_derate l .
Actual characterized

transition time

S
/—___./

—> %W i
\ Qyj%_,/ . Extrapolated transition
time in library ﬂ&/

This is the slew used internally by the delay calculation tool and corresponds to the characterized

slew threshold measurement points.

Timing Arcs



2.7 Timing Arcs and Unateness

Every cell has multiple timing arcs. For example, a combinational logic cell,
such as and, or, nand, nor, adder cell, has timing arcs from each input to each
output of the cell. Sequential cells such as flip-flops have timing arcs from
the clock to the outputs and timing constraints for the data pins with re-
spect to the clock. Each timing arc has a timing sense, that is, how the out-
put changes for different types of transitions on input. The timing arc is
positive unate if a rising transition on an input causes the output to rise (or
not to change) and a falling transition on an input causes the output to fall
(or not to change). For example, the timing arcs for and and or type cells are
positive unate. See Figure 2-17(a).

1
Ya
(a) Positive unate arc.
0 Bo— —\—
(b) Negative unate arc.
9B
(c) Non-unate arc.
Figure 2-17 Timing sense of arcs.

Timing model - Combinational Cells
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Let us consider the timing arcs for a two-input and cell. Both the timing arcs for this cell are

positive_unate; therefore an input pin rise corresponds to an output rise and vice versa.

Combinational
timing arcs

This implies that for the NLDM model, there would be four table models for specifying delays.

Similarly, there would be four such table models for specifying the output transition times as well.

cell_rise: #iH EFHA#Rcell delay (Hinput transitionfloutput load capiRiE)
rise_transition: #iti_EFARYtransition time (Hinput transitionfloutput load capi

E)
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pin (OUT) { index 2 ("0.16, 0.35, 1.43");
max_ transition : 1.0; values ( \
timing () { "0.0417, 0.1337, 0.4680", \
related;pin : "TNRL™: "0.0718, 0.1827, 0.5676", \
timing_sense : negative unate; "0.1034, 0.2173, 0.6452");
cell rise (detay template 3x3) { }
index 1 ("L’ei 1, §.3, 0.7 7 °elz—falll"(g§lﬂ—f§m%ati“3x‘3‘)~{
i "o 0y index_ 1 ("0.1, 0.3, 0.7");
o gl {"Ded fgpllesioy L2 index 2 ("0.16, 0.35, 1.43");
valu - -
=0.0513, ».1537, 0.5280", \ "0.0617, 0).1537, 0.5280", \
"0.1018, 0.2327, 0.6476", \ "0.091 .2027, 0.5676", \
101834, 02978}, 0:7252")% "0.1034, 0.2273, 0.6452");
} }
rise_transition(delay template 3x3) { fall transition(delay template 3x3) {
index 1 ("O.l, 03’ 0_711); index_l ("0.1, 0.3, 0.7");’
- index_2 ("0.16, 0.35, 1.43");
values ( \

"0.0817, 0.1937, 0.7280", \
"0.1018, 0.2327, 0.7676", \
"0.1334, 0.2973, 0.8452");

Timing model - Sequential Cells

|
D SE Q
Setup
— SI (rise, fall)
Prop delay
Hold (rise, fall)
(rise, fall)
QN F——
Recovery,
/—\ Removal
—pCK CDN

Setup time definition in timing model

input pin: D

related pin: CK

setup_rising: BT$F7E EFHERNA, EXHsetup time

rise_constraint: HIAD pin2 EFF, setup time (Fdata transitionficlock transitioni&
E)

fall_constraint: HIAD pin2@ FF%i5, setup time (Hdata transitionfclock transitioni®
E)
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pin (DI

timing () {

timing_type :

index 2 ("0
ﬁ:;é(\/*
{ /*0.4%*/

/* 0.57 */
\\/* 0.84 */

direction \uit/,

related pin :\"CK?;

"setup_rising";

0.57
0.093,
0.644,
0.839,

rise_constraint ("setuphold template 3x3") {
index 1("0.4, 0.57, 0.84"); /* Data transition */
; 0.57, 0.84"); /* Clock transition */

0.84 */\
0.112", \

0.824", \
0.930");

—

input pin: D
related pin: CK

hold_rising: B$#7E EFHEfNA, EXAIhold time
rise_constraint: #IA\D pin2 LF+f, hold time (Hdata transitionficlock transitioni

}

fall constraint ("setuphold template 3x3") {
index 1("0.4, 0.57, 0.84"); /* Data transition */
index 2("0.4, 0.57, 0.84"); /* Clock transition */

values( /* 0.4 0.57 0.84 */ \
/*0.4*/ "0.762, 0.895, 0.969", \
/*0.57 */ "0.804, 0.952, 0.166", \
/*0.84 */ "0.159, 0.170, 0.245");

%E)
fall_constraint: HIAD pin2 &5, hold time (Hdata transitionfclock transitionjR
E)
Timing Models - Sequential Cells ,
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timing () |
related pin : "CK";
timing type : "hold rising";
rise_constraint ("setuphold_template_ 3x3") {
index 1("0.4, 0.57, 0.84"); /* Data transition */
index 2("0.4, 0.57, 0.84"); /* Clock transition */
values( /* 0.4 0.57 0.84 */ \
/* 0.4 %/ "-0.220, =-0.339, =0.584", \
/*0.57 */ "-0.247, -0.381, -0.729", \
/*0.84 */ "-0.398, -0.516, =-0.864");
}
fall constraint ("setuphold template 3x3") {
index_1("0.4, 0.57, 0.84"); /* Data transition */
index 2("0.4, 0.57, 0.84");/* Clock transition */
values ( ? Al 0.4 0.57 0.84 */ \
[* 0.4 %/ "-0.028, -0.397, -0.489", \
/*0.57 */ "-0.408, -0.527, -0.649", \
/*0.84 */ "-0.709, -0.839, -0.580");
}
l
output_pin: Q

related_pin: CKN

timing_sense: non_unate (output_pin Qfirisef0fall 5CKNTGX)
cell_rise: #HHHQ pinE EFHE
propogation delaymiclock transitionfloutput load capiRE
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O The propagation delay of a sequential cell is from the active edge rise_transition(delay template 3x3) |

index_1 ("0.1, 0.3 L") ;
of the clock to a rising or falling edge on the output. ‘i:liz:;z( (*0.16, 0.35
O Here is an example of a propagation delay arc for a negative "G.r;‘.q:',: 0.

"0.1034, 0.2

edge-triggered flip-flop, from clock pin CKN to output Q.

-
O This is a non-unate timing arc as the active edge of the clock can

index 1 (™0 g
/index_2 ("0.16, 0.35, 1.43");
cause either a rising or a falling edge on the output Q. v}alues €\

4 "0.0617, 0.1537

") 091 0.2
0.0918, 0

timing () { ’ 0.6552"’);‘

7 "0.1034, 0
related pin : "CXN"; / }
timing type : falling_ edge; T fall_transition(delay_template 3x3) {
timing sense : non_unate; e ::.ndex_l ('V, U..f.,”w.f"):
cell‘_rise\ delay template 3x3) { mt:ex_Z (' 0.16, 0.35, 1.43");
index_I (0.1, 0.3, 0.7"); /* Clock tramsition */° V:U‘T?;l('!}
index 2 ("0.16, 0.35, 1.43"); /* Output capacitance */ "0.1018,
values ( /* 0.16 0.35 1.43 */ \ "0.1334,
/*0.1*/ "0.0513, 0.1537, 0.5280", \ )
/*0.3*/ "0.1018, 0.2327, 0.6476", \ }
[* 0.7 */ "0.1334, 0.2973, 0.7252");
}
Wireload model
/ Wireload Models
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/ Wireload Models

Here is an example of a wireload model
I il e

\
Kvire_load (“wlm_conservative”)
resistance : 5.0;

capacitance : 1.1;
area : 0.05;
slope : 0.5;
fanout_length (1, 2.6); \
fanout_length (2, 2.9); |
fanout_length (3, 3.2);
fanout_length (4, 3.6);

\ fanout_length (5, 4.1);

derive length from slope

/ Wireload Models
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wim_light 5x5

—>-
DT

wim_conservative 10x10

—>
{>_

T

Py
—"

wim_aggressive 20x20

D_
D_

DT >
[ ——

Different wireload models for different areas

4

Length ;

e
Fanout

Fanout vs wire length

14

O Length = 4.1 + (8 - ) £ 0.5 = 5.6 units

O Capacitance = Length * cap_coeff(1.1) = 6.16 units
O Resistance = Length * res_coeff(5.0) = 28.0 units

O Area overhead due to interconnect = Length *

area_coeff(0.05)= 0.28 area units



