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Figure 2  SDF Files in Timing Back-Annotation
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Example

[PORT r2.a

(0.03:0.04:0.05))

o1
— | — {INSTANCE x.v.Z)
] lE..f-“"H (DELAY
S a2 [ABRSOLUTE
— 13 — [IOPATH (posedge 1il) ol (2:3:4) (4:5:8]))
R (IOPATH i2 ol (2:4:5) [(5:6:7))
(IOPATH i3 ol () () (2:4:5) (4:5:6) (2:4:3) (4:5:6))
o ]
X Example
a
bjD y (INSTANCE x)
(DELAY
(ABSOLUTE
(COND b (IOPATH a v (0.21) (0.54) ) )
(COND ~b (IOPATH a v (0.27) (0.34) ) )
(COND a (IOPATH b vy (0.42) (0.44) ) |
(COND ~a (IOPATH b v (0.37) (0.45) ) )
|
)
| I! ; _
retain time . . - -
strictly monotonically increasing.
addr X Example
do . (IOPATH addr[13:0] do[7:0]
—=  a—ret3in ime
P — (BEETATN (4:5:7) (5:8:9))
IOPATH delay
| CICP VORI __ iyl I UIT DLri il uEI.-l'.l..}' Ly e ;_J'{_H’ I PPy RLEFIL € .
c
di p—————— Example
\a ¥ ,on__
Ven g SRENC Y, (TNSTANCE c)
-—-- : L ' (DELAY
N S (ABSOLUTE
's1,a ¥y (PORT rl.a (0.01:0.02:0.03))



o
d Vi : .[1 -----
i SNE ¥l (INSTANCE top)
=M >_‘ (DELAY
. ﬂ (ABSOLUTE
b :ﬂ.;---;. (INTERCONNECT dl.y c.rl.a (0.01:0.02:0.03))
T in : >4, (INTERCOMNECT dl.y c.r2.a (0.03:0.04:0.05))
DN [ — (INTERCONNECT dl.y ri.a  (0.05:0.06:0.07))
:?}—v- m (INTERCONNECT b.d2.y c.rl.a (0.04:0.05:0.06))
L 3 ! (INTERCONNECT b.d2.y c.rZ.a (0.02:0.03:0.04))
i , (INTERCONNECT b.d2.y r3.a  (0.02:0.03:0.04))
_______ i e e ]
J
Example
nand1i
3 buta [CELL
miand q (CELLTYPE “huf")
b 1 [INSTANCE r=l.nandl.bufa)
(DELAY
buf mang (ABSOLUTE
i (DEVICE (1:3:8) (4:5:7))
nandz )
bufa ]
a nand ]
—— (CELL
h qb i AF
(CELLTYPE “buf*®)
bufh nan2 (INSTANCE rsl.nandl.bufb)
rslatch (DELAY

(ABSOLUTE
(DEVICE (2:4:9) (6:8:12))




rs1
nard1
oui
sb|a nand
¥ q
|
buth nan2
nandz2
a Jall}=}
nand
*
rb |b qb
buth nan2
rslatch

Example

ICELL

(CELLTYFE

ubuf L ]

[INSTANCE r=l.nandl.bufa)
(DELAY
(ABSOLUTE

)
)
)
(CELL

(CELLTYEE

IDEVICE

(1:3:8)

'"']:I'Llf ar ]

(4:5:7))

[ITNSTANCE r=1.nandl.bufh)
(DELAY
(ABSOLUTE

)

IDEVICE

(2:4:9)

(6:8B:121)




not be negative.

setup time Exampl
Y dn ) X P
- | (INSTANCE x.a)
clk : € (TIMINGCHECK
: ] (SETUP din (posedge clk) (12))
setup |
|
not be negative. :
setup time

Example

; (INSTANCE x.a)
ck / (TIMINGCHECK.

: . (SETUP din (posedge clk) (12))
setup ¢ )

T B B BT LR RRE 'I.l'h.l.E.'Ll I.'Fl_l'l.l'\.- B % LARL LrER.F LER NERA.F whlBIN SRR

setup and hold time
Example

R e

5 ; (INSTANCE x.a)
clk ' { ! (TIMINGCHECEK

(SETUPHOLD (COND ~reset din) (posedge clk)

-—
o setup == hold }

recovery time

clearbar ,g'
: (INSTANCE x.b)
clk : { (TIMINGCHECE

recowery ; (RECOVERY (posedge clearbar) (posedge clk) |

Example

of new data.
removal time

Example
clearbar /
: (INSTANCE x.b)
clk [ (TIMINGCHECK -

(REMOVAL (posedge clearbar) (posedge clk) (6.3))



recovery and removal time

clearbar ! 1

recovery ~e—- .
i 2 maval

26.
Example

(INSTANCE =.h)
(TIMINGCHECK
(RECREM (posedge clearbar) (1.5)

(posedge clk) (0.8)

)

This example specifies a recovery ime of 1.5 and a removal tme of (.}

Example

(INSTANCE =)
(TIMINGCHECE
(SKEW (posedge clkl)

(posedge clk2) (6))

)

As with all port_tehks, the COND construct can be used

Example

[INSTANCE x.b)
(TIMINGCHECEK
(WIDTH (posedge clk)
(WIDTH (negedge clk)

(30))
(16.5))

Example

(INSTANCE =.b)
(TIMINGCHECK

(PERIOD (posedge clk) (46.5))



Figure4  SDF Example Schematic

Bi

P1 1
i1 c2

zl-» iz
= i1 z
j2 i2 z
B2
1

I1I - c2 P2
i2 2 z +

(DELAYFILE
(SDFVERSION "1.0")
(DESIGH "svstem")
(DATE "2aturday September 30 08B:30:33 PET 19904)
(VENDOR "Yosemite Semiconductor™)
(PROGEAM "delay_calc")
(VERSION "1.3")
(DIVIDER /)
(VOLTAGE 5.5:5.0:4.5)
(PROCESS "worst")
(TEMPEEATURE S55:85:125)
(TIMESCALE 1ns)

(CELL

[CELLTYPE “"svystem")

(INSTANCE |

(DELAY

(ABSOLUTE

(INTERCONNECT Pl/z Bl1/C1/1i (.145::.145) (.125::.125))
{INTERCONNECT Pl/=z Bl1/C2/4i2 (.135%::.135) (.130::.130)})
(INTERCONNECT Bl/Cl/z B1,/C2/il1 (.095::.095) (.095::.095))




.125::.125))
LO075::.075))
L075::.075) )
L275::.275))
L175::.175) )
L130::.130))

(INTERCONNECT B1/C2/z B2/C1l/i
(INTERCONNECT B2/01/z B2/02/i1
(INTERCONNECT B2/C2/z P2/i
(INTERCONNECT B2/C2/z D1/i
(INTERCONNECT D1/z B2/02/1i2
(INTERCONNECT D1/z P3/i

.145::.145)
075::.0753)
.055::.055)
.255%::.253)
.155::.155)
.155::.155)

]
)
[CELL
(CELLTYFE “INWV")
(INSTANCE B1,/C1)
(DELAY
(ABSOLUTE
(IOPATH i =z (.345::.345) (.325::.325) )
)
)
]
[CELL
(CELLTYEE "OR2")
(INSTANCE B1,/C2)
(DELAY
(ABSOLUTE
(IOPATH il = (.300::.300) (.325::.325) )
(IOPATH i2 = (.300::.300) (.325::.325) )

]
]
{CELL
(CELLTYPE “INV")
(INSTANCE B2/C1)
{DELAY
(ABSOLUTE
(IOPATH i =z (.345::.345) (.325::.325) )
]
]
]
{CELL
{CELLTYPE “AND2")
(INSTANCE B2,/C2)
(DELAY
(ABSOLUTE
(IOPATH i1 =z (.300::.300) (.325::.325) )
(IOPATH i2 =z (.300::.300) (.325::.325) )

)
!
[CELL
(CELLTYPE "INW")
(INSTANCE D1)
(DELAY
[ABSOLUTE
(IOPATH i = (.380::.380) (.380::.380) )
)




Example

[INSTANCE =)
(TIMINGCHECE

(MOCHANGE [(negedge write) addr (4.5) [(3.5))
)

This example defines a period beginning 4.5 time units before the




Verilog Cell Primitive

“timescale 1ns/1ps

module NAND3 (Y, A, B, C);
outputy;

input A, B, C;

A#+Yse Verilog NANDprimitive —~_

_ v
WY, A, B, C); p — \,\ ‘

s

- s

/| delay parameters «" 1L

specparam tr=1.0, tf =1.0;
~ ~ 4

~7

Twath delayss : F\

(A *>Y) E (tr, tf);

XE *> YZ (tr, tf): \
Y\ +r  +F\-

(> Izj(U,LU,
endspecify

| g\ﬁaam Mﬂ%

——— f_’xm?\o
endacelldenne hd

(DELAYFILE

\(HEoHI N

(TIM ESCALE 1ns)

(CELL
(CELLTYPE "NAND3")

(INSTANCE *) // Any NAND3

(DNEL AN

(DELAY

(ABSOLUFE \

(IOPAT A Y (0. 1965 0. 2863 0.4268) (0. 2101 0. 3294 0.5626))




"timescale 1ns/1ps

£

N HA AR
celdaerine

module DFF (QP, QN, D, CLK);

outpbut_ OP. ON-:
AR SA A Ty Ny

input D, CLK;
reg NOTIFIER;
supplyl RN, SN;
buf 13- (ctk, CLK);
udp_dff 10 (nO, D, clk, RN, SN, NOTIFIER);
and 14 (flag, RN, SN);
buf 11 (QP, n0);
not 2 (QN, nO);
specify
specparam

tset = 1.0, thild = 1.0, tmaxpw = 1.0, tminpw = 1.0;

// PATH DELAYS

if (flag) (posedge CLK *> (QP +: D)) = (trcq, tfcq);

if (flag) (posedge CLK *> (QN -: D)) = (trcqn, tfcgn);

$setuphold (posedge CLK &&& (flag == 1), posedge D, tset, thid, NOTIFIER);
$setuphold (posedge CLK &&& (flag == 1), negedge D, tset, thid, NOTIFIER);

$width(posedge CLK, tminpw, 0, NOTIFIER);

endspecify

endmodule

"endcelldefine

http://www2.ece.ohio-state.edu/~bibyk/ee683/BolinM_part2_timing.pdf




UDP (User Defined Primitive)

primitive udp dff (out, in, clk, clr , set , NOTIFIER);

output out;
input in, clk, clr , set , NOTIFIER;
reg out;
table
/7 |- ——— in
// T clk
// | | | - ————————— - clr
// || | | — = set
/1 — | i === NOT
// N N [ [ [ — ot
/7 I I I | |-=------ ot+1
2 I N I i i
/1 e | |
// I | |
/7 e | |
0 r ? 1 ? : 2 : 0 ; // clock in 0
1 r 1 ? ? : 2 ¢ 1 ; // clock in 1
1 * 1 ? ? : 1 : 1 ; // reduce pessimism
0 = ? 1 ? : 0 ¢ 0 ; // reduce pessimism
2 f ? ? ? : 2 ¢ - ; // no changes on negedge clk
* b ? ? ? : 2 : - ; // no changes when in switches
202 ? 0 ? : 2 : 1 ; // set output
? b 1 * 2?2 :1 : 1 ; // cover all transistions on set
1 x 1 * ? : 1 : 1 ; // cover all transistions on set
?2 02 0 1 ? : 2 : 0 ; // reset output
? b —* 1 2 0 v 0 ; // cover all transistions on clr_
0 x * 1 ? : 0 : 0 ; // cover all transistions on clr
202 ? * : ? ; // any notifier changed
endtable

endprimitive




STATE Description

Logic low

Logic high
Unknown

High impedance

OorlorX

Oorl

SO NN X BEHE O

(1-0), Falling Edge on an input
(0-1), Rising Edge on an input

n (1-0) or (1-x) or (x-0) or (0-z) or (z-0)

* (??), All transitions

- No Change

http://www?2.ece.ohio-state.edu/~bibyk/ee683/BolinM_part2_timing.pdf




OAnnotated Mm},

(DELAYFILE CXM‘{\Q

(DESIGN "TESTING")
(TIMESCALE 1ns)

(INSTANCE *) // Any DFF

(DﬁAY D
( JITE

MG =Y

(IOPATH (posedge CLK) QP (0.32:0.48:0.73) (0.2:0.43:0.67))

(IOPATH (posedge CLK) QN (0.52:0.45:0./5) (0.2:0.4:0.0))
(IOPATH D QP (0.1:0.2:0.3) (0.1:0.2:0.4))

IOPATH D (0.1:0.2:0.3) (0.1:0.2:0.4))))

(HOLD (posedge D) (posedge CLK) (0.1433:0.1818:0.2228))

(HOLD (negedge D) (posedge CLK) (0.0580:0.0646:0.0800))

(SETUP (negedge D) (posedge CLK) (0.1556:0.1525:0.1464))

(WIDTH (negedge CLK) (0.1250:0.1/50:0.2700))
(WIDTH (posedge CLK) (0.1650:0.2460:0.3890))

~










