Calibration of Setup and Hold
Time for Latches and Flip-flops(ll)
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Definition of Setup and Hold Time(1/2)

Setup and Hold Times Specification for Setup and Hold Sepcification for
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Setup and hold constraints(1/2)
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The industrial methodology to
calibrate setup and hold time is
done by calibrating the nominal
Clk-Q delay and search for the
setup/hold time that gives the

=]
[=]

Maximum delay = ie?

L ';-"'"'"Maxitinum-deiay;'r185“""-

~-TO-Q DELAY (ps)
B g ]

10 % degraded delay = 125.2 ~ |10 % degraded delay = 125.2 |

CLOCK-TO-Q DELAY (ps)

1.1xnominal delay. ST " Nominal delay = 114 | 0
. . O i Ncminal delay = 114
The binary search is usually 3 el \ . A \
applied. P — ;. s
| | 1 H 1
[ T— % 700 150 10 ~ - ;
[3] SETUP SETUP SKEW (ps) “ olp  HOLD SKEW (ps)
o (a) TIME (b)

* In most lib file, calibrated for different sets of

— SIOpe Of CLK Signal index_1("0.4, 0.57, 0.84"); /* Data transition Time*/

. SI f D t . | index_2("0.4, 0.57, 0.84"); /* Clock transition Time*/
Ope O dld Slgna values( /* 0.4 0.57 0.84 */ \
/*0.4 */"0.063, 0.093, 0.112", \
/*0.57 */"0.526, 0.644, 0.824", \

/* 0.84 */ "0.720, 0.839, 0.930"); ”



Purpose of the constraints(1/2)
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A delay of a gateis a
function of the input slop

If thereis a slopein
controlling signal, then for
some CMOS circuits both
NMOS and PMOS might be
turn on and increase the
required time of charging
and discharging



Purpose of the constraints(2/2)

Latch design example
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Latches transient response
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D Flip-Flop transient response
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Hold time Violation:
the Node 3 was raised
due to the arriving new
data
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Clock slope effect:
Same hold time, but steeper
Clk will yield a small Clk-Q
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