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19.5 A Clock Skew Absorbing Flip-Flop
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A new Skew Tolerant Flip-Flop (STFF) that achieves the lowest
reported delay and energy-delay product while absorbing up to
54ps of clock skew is described. In addition, a method for char-
acterizing clock skew absorbing flip-flops is presented. This com-
parison is apples-to-apples because the best previously reported
flip-flops [1-4] are fabricated on the same wafer and measured
using a common test setup. 

Other methods used to absorb clock skew incur large synchro-
nization overhead (multi-phase latch-based design), require gen-
eration and distribution of overlapped multiple clock phases,
and/or reduce design flexibility and complicate testing. To
achieve high clock skew absorption while maintaining high
speed and design simplicity, STFFs have a soft clock edge prop-
erty [5], making them transparent during a short time interval
after the clock edge. In addition, the soft clock edge allows some
time borrowing between adjacent pipeline stages which can be
traded for skew absorption. 

Clock skew is modeled as a window around the nominal arrival
time where the actual clock transition may occur causing a fluc-
tuation of data to clock delay. This modifies data to output delay
(tDQ), [6] as seen in Fig. 19.5.1. The delay of a flip-flop in the pres-
ence of clock skew is the maximum tDQ corresponding to the worst
possible clock arrival time. If this delay increase is smaller than
the initial clock arrival variation, the flip-flop absorbs clock
skew. The clock skew absorption is the portion not reflected in
increased tDQ, (Fig. 19.5.1). The highest clock skew absorption
(100%) is obtained if the data to output characteristic is flat in a
region of expected clock arrival. Clock skew is defined as
absorbed if the absorption is 80% or higher. 

The proposed differential Skew Tolerant Flip-Flop (STFF-D), dis-
played in Fig. 19.5.2, consists of two stages. Stage one generates
a pulse at node S/S

_
(Set) or R/R

_
(Reset) after the falling edge of

Clk. Stage two is a set-reset latch that captures the pulses S/S
_

or
R/R

_
. When Clk is high, nodes CS and CR are low. Nodes S

_
and R

_

are high and I3, I4, M10, M12, M14 and M16 maintain the val-
ues of outputs Q and Q

_
. When Clk switches low, signals CS and

CR are driven high, enabling evaluation of nodes S
_

and R
_

. If D=1
(D=0), node S

_
(R
_

) switches low and node S (R) high, which forces
CR (CS) back to low. This disables subsequent switching of node R

_

(S
_

) and ensures that node CS (CR) is driven high while Clk=0. The
pulses at either S

_
/S or R

_
/R simultaneously pull Q/Q

_
to D/D

_
.

During the time when Clk=0, the low level of node S
_

(R
_

) is main-
tained by transistor M1 and M3 (M5 and M7). 

The Single-ended Skew Tolerant Flip-Flop (STFF-SE), shown in
Fig. 19.5.3, also consists of two stages. Stage one conditionally
generates a pulse at node S

_
(Set), which is captured by the

clocked half-latch (N1, N2) in stage two. When Clk=1, node CS is
low, node S

_
is precharged high and N1 and N2 maintain the lev-

els of the outputs Q and Q
_

. When Clk goes low, node CS switch-
es high, forcing node S

_
low if D=1. This low level at node S

_
keeps

node CS high while Clk=0, and drives outputs Q and Q
_

to logic
one and zero, respectively. If D=0 until node CKD switches high,
node CS switches low and S

_
remains high. This drives Q to logic

zero and Q
_

to logic one. During the time when Clk=0, the level of
node S

_
is maintained by transistors M7, M9, and M10. 

For either version of the flip-flop, if the data arrives while CS and
CR are high, the transition of node S

_
or R

_
depends only on the

data arrival time. In addition, the feedback applied in the first
stage of STFF-SE drives CS high if S

_
switches low, even when the

transparency window elapses [1]. These features allow negative
setup time and widen the region for which the data to output
characteristic is flat. Finally, STFF exhibits small delay due to
the short critical path from D/D

_
to Q/Q

_
. The effective delay may

be further reduced by embedding an arbitrary logic function into
the first stage. 

STFF-SE and STFF-D are compared to the Semi-Dynamic Flip-
Flop (SDFF) [1], the improved Sense Amplifier Flip-Flop (im-
SAFF) [2,3], and a conventional Master-Slave latch [4]. All com-
pared flip-flops are optimized for minimum Energy-Delay
Product (EDP) at 25% data activity and fabricated in a 0.11µm
1.2V CMOS process [7]. The flip-flops are driven by FO4 invert-
ers and loaded with 14 minimum inverters (18.9fF). Built-in test
circuitry capable of measuring the delay tClk-Q=f(tD-Clk) with 1σ
uncertainty of 15ps is developed.  Power consumption is mea-
sured by isolating the power supply for a bank of flip-flops. 

The measured timing characteristics are shown in Fig. 19.5.4.
STFF-SE and STFF-D have a wide region where the data to out-
put characteristic is flat. Figure 19.5.5 shows the delay versus
clock skew. The data to output delay of STFF-D is smallest when
the clock skew is zero and absorbed skew is 33ps; absorbed skew
of STFF-SE is 54ps. Overall measured characteristics of the flip-
flops are shown in Fig. 19.5.6. In terms of the clocking overhead,
a skew-absorbing flip-flop is equivalent to a conventional flip-
flop with delay reduced for the amount of absorbed skew. The
equivalent delay of STFF-D is 39ps and of STFF-SE is 30ps. Due
to the skew absorption, STFFs have the largest hold times and
may increase the padding needed to meet the fast path require-
ments. Introducing circuitry to enable clock skew absorption has
no significant impact on power and area. Delay and EDP com-
parison indicates that STFF offers the best energy-delay trade-
off even when clock skew is not taken into account.
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Figure 19.5.1: Skew absorption model. Figure 19.5.2: Differential Skew Tolerant Flip-Flop (STFF-D).

Figure 19.5.3: Single-Ended Skew Tolerant Flip-Flop (STFF-SE).

Figure 19.5.5: Data to output delay vs. clock skew. Figure 19.5.6: Measured characteristics of flip-flops.

Figure 19.5.4: Data to output delay comparison.
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Figure 19.5.7: Micrograph of delay measurement circuit.
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Figure 19.5.1: Skew absorption model.
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Figure 19.5.2: Differential Skew Tolerant Flip-Flop (STFF-D).
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Figure 19.5.3: Single-Ended Skew Tolerant Flip-Flop (STFF-SE).
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Figure 19.5.4: Data to output delay comparison.
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Figure 19.5.5: Data to output delay vs. clock skew.
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Figure 19.5.6: Measured characteristics of flip-flops.
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Figure 19.5.7: Micrograph of delay measurement circuit.
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