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High Speed Pulse-based Flip-Flop
with Pseudo MUX-type Scan for Standard Cell Library
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Abstract—This paper presents a high-speed pulse-based
flip-flop with pseudo MUX-type scan compatible with the
conventional master-slave flip-flop with MUX-type scan.
The proposed flip-flop was implemented as the standard
cell library using Samsung 130nm HS technology. The
data-to-output delay and power-delay-product of the
proposed flip-flop are reduced by up to 59% and 49%,
respectively. By using this flop-flop, ARM11 softcore has
achieved the maximum 1GHz operating speed.

Index Terms—Flip flop, pulse, scan, standard cell,
ARM11

I. INTRODUCTION

Recently in high performance chip design, pulse-based
flip-flops [1-2] have been widely used instead of
master-slave flip-flops [3] to decrease the data-to-output
(D-Q) delay. In the scan logic for pulse-based flip-flops
in [1-2], however, the scan control became too complex
and incompatible with the conventional master-slave
flip-flop for further enhancing the D-Q speed of the
flip-flop. In this paper, a pulse-based flip-flop with
pseudo MUX-type scan compatible with the conventional
flip-flop is presented, reducing the D-Q delay and
power-delay-product of the flip-flop.
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1I. CIRCUIT DESIGN

The conventional master-slave flip-flop with MUX-type
scan is shown in Fig. 1 The master and slave latches consist
of G1, G2, and G6, and G3, G7, and G8, respectively. G1 is
a tri-state complex gate, which is used to make the
MUX-type scan. The flip-flop holds the state of the normal
input(D) when the scan enable (SE) is low and holds the
state of the scan input (SI) when SE is high.

Fig. 2. The proposed pulse-based flip-flop with MUX-type
scan for small layout area.
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1. Pulse-based Flip-flop with Muxed Scan for Small Area

Fig. 2 shows the proposed pulse-based flip-flop,
whose scan uses the same MUX type as shown in Fig. 1
The flip-flop is composed of scan logic (G1-G2), latch
(G3-G6), and pulse generator (G7-G9, N1-N3, and P1).
When the clock is at low level, the drain node of N1 is
precharged to high level by P1. If the clock (CK) is
pulled up, the pulse signals (Pb and P) make the falling
and rising transitions, respectively. The rising transition
of P makes N1 tumed on and the drain node of N1
pulled down. After these three gate delay, G7 and G8
make the rising and falling transitions, respectively and
the pulse waves are formed at the nodes Pb and P. For
the remained period of the high level of CK the drain
node of N1 becomes floated since N1 and P1 are turned
off. G9 and N2-N3 preserve the drain node of N1 for the
period. The input data through G1 is latched by the
asserted pulse signal at the rising edge of CK. Many
papers [1-2] would make the effort for the scan logic to
be disappeared on the D-Q path to reduce the D-Q delay,
making the scan control complicated and incompatible
with the conventional scan logic. As shown in Fig. 2,
however, the scan control of the proposed flip-flop is
compatible with that of Fig. 1 and the cell area can be
decreased because of the simple structure. Although the
D-Q delay increases somewhat compared with [1-2] by
inserting MUX logic, since the D-Q delay decreases by
the latch delay compared with Fig. 1, the proposed
flip-flop can be used extensively to reduce the chip area
and the cycle time except the top-critical path.

2. Pulse-based Flip-flop with Pseudo-muxed Scan for
High Speed Operation

The proposed pulse-based flip-flop with pseudo

MUZX-type scan for high speed operation is shown in Fig.

3. When the scan enable (SE) is low, N2 is turned off
and the upper PMOS of G12 is on. This situation is
similar to Fig. 2 Consequently, the pulse generator
(G10-G13 and N1-N2) generates a pulse signal at the
rise edge of the clock and the latch (G1-G4) holds the
input data (D). When SE is high, the drain node of N2 is
pulled down and G10 does not generate the pulse signal
any more irrespective of CK. G1 is turned off and G3 is
on accordingly. On the other side, the scan clock (SC
and SCb) is asserted by G14 and G135 and the flip-flop

operates as a master-slave flip-flop for the scan input
(SI). That is, the master and slave latches consist of
G6-G9 and G2-G3, respectively. Also, when SE is low,
SC becomes low by G14-G15 and the transmission gate
(G5) is turned off. Consequently, the master latch
(G6-G9) has no influence on the slave latch (G1-G4).
Therefore, the proposed flip-flop stores the value of D or
SI dependent on the status of SE. This behavior is
similar to that of MUX but SE has to be switched only
for the low level of CK. The transition of SE for the high
level of CK causes the scan clock to be synchronized
with SE instead of CK. To solve the problem the latch
storing the SE signal can be introduced into the proposed
flip-flop. But, we exclude the latch for SE because the
cell area increases too much. Alternatively, we use only
one latch at the primary input of SE in the whole chip or
prevent the primary input of SE from changing for the
high level of CK. Since these methods have no overhead
in the design and this constraint needs not be considered
on the synthesis or placement-and-routing flows,
designers can control the scan of the proposed flip-flop
equally to the MUX-type scan flip-flop.
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Fig. 3. The proposed pulse-based flip-flop with pseudo
MUZX-type scan for high speed operation.

ITI. SIMULATION RESULTS

SPICE simulation was performed using a 130nm
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Table 1. Simulation results of the flip-flops (a) without reset
mode and (b) with reset mode for the driving strength of D2,
and (c) average values of the flip-flops with various modes and
driving strengths.

FIF D-Q | Setup | Hold | Power Area
Conventional | 459ps | 156ps | -61ps | 18.9uW | 45.00um?
Proposed 1 | 244ps | -23ps | 166ps | 25.8uW | 40.50um?

Proposed 2 | 190ps | -103ps | 244ps | 24.2uW | 56.25um?

(@)

F/F witreset | D-Q
Conventional | 461ps

Setup | Hold
155ps | -96ps

Power Area
19.7uW | 54.00um?

Proposed 1 | 244ps | -60ps | 189ps | 26.4uW | 47.25um?
Proposed 2 | 192ps | -100ps | 242ps | 25.8uW 65.25um?
(b)
F/F D-Q | Setup | Hold | Power Area
Conventional | 478ps | 166ps | -65ps | 20.9uW | 51.00um?
Proposed 1 | 254ps | -53ps | 181ps | 27.5uW | 47.50um?
Proposed 2 | 197ps | -123ps | 263ps | 25.8uW | 64.50um?

(c)

Table 2. Comparison of data-to-output delay, power, and
power-delay-product.

F/F D-Q Power | PDP | Normalized PDP
Conventional | 478ps | 20.9uW | 9.99fJ 1.00
Proposed 2 254ps | 27.5uW | 6.99fJ 0.70
Proposed 1 197ps | 25.8uW | 5.08fJ 0.51

Table 3. Synthesis example

MainTLB Cycle Time Gate Count
Conventional 2.1ns 39,217
Proposed 1.9ns 39,529

Samsung HS CMOS process to compare the proposed
flip-flops with the conventional master-slave flip-flop.
The worst process cormner was used, and the operating
temperature and supply voltage were 125C and 1.05V,
respectively. The simulated power was measured when
the switching activity of the input data is 25%. The
simulation results of the conventional master-slave
flip-flop and the proposed flip-flops are shown in Table 1,
where “Conventional” is the conventional master-slave
flip-flop of Fig. 1, “Proposed 1” is the proposed flip-flop
of Fig. 2, and “Proposed 2” is the proposed flip-flop of
Fig 3. In addition to these flip-flops, the flip-flops with
reset and set modes, and with the driving strengths of D1,
D2, and D4 were simulated. Table 1 (a) and (b) show the
simulation results for the flip-flops without and with reset

mode, respectively, for the driving strength of D2. Table 1
(c) shows the average values of the flip-flops with
various modes and driving strengths. While the
clock-to-output delays of all flip-flops were similar,
since the setup times of the proposed flip-flops was
reduced by 220~290ps, the D-Q delays of the proposed
flip-flops decreased by 47~59%. Although the hold
times of the proposed flip-flops were increased by
250~330ps due to the pulse width and the reduction of
the setup time, the aperture time, which is the sum of the
setup and hold times, was increased by just 40ps. The
powers of the proposed flip-flops were consumed
23~31% more, and the cell area of the proposed 1
decreased by 7% and the cell area of the proposed 2
increased by 26%. The power-delay-products (PDP),
which are the products of the powers and D-Q delays of
the conventional and proposed flip-flops, are shown in
Table 2 and the PDPs were normalized to that of the
conventional flip-flop. The PDPs of the proposed
flip-flop decreased by 30~49% due to the reduction of
the D-Q delay. These results show that the proposed
flip-flops are suitable for the high speed and low power
design. We built the standard cell library for the
proposed flip-flops and applied these flip-flops to
ARM11. The synthesis result applied to MainTLB block
of ARMI1 softcore is summarized in Table 3. The
performance of the design using the proposed flip-flops
as enhanced by about 10% in terms of the cycle time, as
compared to that using the conventional flip-flops. The
gate counts of these designs are similar because the
proposed flip-flop with MUX-type scan was used
extensively and that with pseudo MUX-type scan was
used just in the critical path. ARM11 softcore using the
proposed flip-flops worked above 1GHz at 1.35V
operating voltage and the FF corner of process.

IV. CONCLUSIONS

In this paper, we proposed the pulse-based flip-flops
with MUX-type scan and pseudo MUX-type scan for the
standard cell library and compared these flip-flops with
the conventional master-slave flip-flop with MUX-type
scan. The proposed flip-flops were applied to ARM11
softcore and the stable and enhanced results were
acquired. The D-Q delay and power-delay-product of the
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proposed flip-flop were reduced by 47~59% and
30~49%, respectively. The cell area decreased by 7% for
the proposed 1 and increased by 26% for the proposed 2.
The total gate count was similar but the cycle time
decreased by 10% in the synthesis example.
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