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IMPLEMENTATION OF D FLIP-FLOP FOR ULTRA-LOW POWER
SYSTEMS

In this article a new circuit technique to reduce the dynamic mode power of the D
Flip-Flop is proposed. An enhancement over well-known Flip-Flop circuit is presented to
reduce the number of transistors and hence to reduce the power consumption. The circuit is
implemented and tested in SAED32nm library. An example of the circuit usage and method
efficiency is provided in this paper.

Keywords: low power; dynamic power; d flip-flop; pipelining.

Introduction. Modern IC circuits require both Low-power and at the same
time high-speed solutions. The performance of the circuit is aways determined by
timing elements such as latches and flip-flops, thus even a small improvement in
the flip-flop design may have a huge impact on the design. Timing constraints and
power usage are the main concerns that IC design faces nowadays. Due to the
robustness and tolerance under the deterioration of operating conditions, the
conventional D flip-flop (CDFF) [1] is widely used as a digital standard cell,
notwithstanding the more power dissipation.

Many efforts have been made to enhance the DFF performance. A sense-
amplifier based flip-flop (SAFF), which can employ reduced clock-swing
techniques, is proposed for low power achievement [1]. Based on the conventional
SAFF, many improved schemes have been presented in [2-6].

It is also well-known that the DFF design proposes [3] an N-C2MOS output
latch to reduce the transition delay. And New SAFF is reported in [5] with better
power-delay-product (PDP) performance than that of other published SAFFs, but it
will cost much more.

A semi - dynamic flip-flop (SDFF) and hybrid latch flip-flop (HLFF) are
known as fast flip-flops, and yet more power dissipation is induced because of the
redundant node transitions [7].

Low swing clock double-edge triggered flip-flop [8] and ultra-low power
flip-flops for MTCMOS circuits [9] suffer from higher process cost which limited
their applications.

In this paper, a master-dave flip-flop which achieves lower power and higher

speed by reducing the clock capacitance load and discharge time is proposed.
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Traditional D Flip-Flop and its uses. D flip-flop (Delay/Data flip-flop) is
one of the basic elements for storing information. It can store one-bit data. Flip-
flops, on the other hand, have their content change only either at the rising or
faling edge of the enable signal. This enable signal is usualy the clock signal
itself. It is used in al digital applications where it is required to hold certain data
The basic circuit of D Flip-Flop is presented in Fig 1.

Fig. 1. Traditional CMOS DFF

The circuit has 4 Transmission Gates and 4 Inverters. Transmission Gates
are required to make the master slave logic possible. They operate in away that the
entire logic of the circuit is divided into two parts and one of them is always
“closed”. Two stages are Sample and Hold.

In Fig 1, TG gates 1 and 3 operate with the same clock edges while 2 and 4
operate with an opposite edge. Let’'s assume that the clock signal has logic 1, in
that case TG gates 1 and 3 are open and data are pulled into the circuit. When the
clock triggers, TG gates also Trigger, resulting in closing the TG 1 and 3 and
opening the 2 and 4 TGs. This kind of architecture is used to the prevent the
metastable value from passing through the flop to the output of the circuit. Thisisa
traditional CMOS trigger circuit. The circuit also provides the inverse of the actual
output signal named QN, but in some applications it is not used remaining as a
floating port. That is the exploit that the proposed circuit is taking advantage of.

Two inverters inside the single stage of DFF are used as a memory cell. It is
also used to provide both straight and inversed outputs in the output stage. But as
mentioned above, output is not aways used. The inverter uses both PMOS and
NMOS transistors to make sure that the output swing is the biggest possible.
Sometimes that is not required.
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The proposed circuit is built, considering that internal signals may have a
lower voltage than outputs. NMOS transistors of the 2™ inverters have been
removed in the proposed circuit. That does not have an impact on the cell
functionality. Doing this has a disadvantage that the inversed output of the circuit
losses in full swing and has a swing of Vg t0 Vai-Vin. In the path of those signals
there are full inverters which fix the swing decrement issue. Hence, it does not
affect the circuit functionality. The proposed circuit is shown in Fig 2.

Fig. 2. Proposed DFF circuit

The digital design is carried out by Electronic design automation (EDA)
tools. Hence there is no control over what kind of cells the tools will use to create
the logic, that is why, libraries include many cells of the same cell. DFF has many
variations, including DFFs with only a straight output. The proposed circuit may be
used as alow power version of such acell.

Another application that single output DFFs are used in is Pipelining.
Pipelining is a well-known method to fix timing violations. The idea of Pipelining
isto split the combo logic into two parts. Put off the correct output by one cycle but
make the circuit operate at a higher frequency. Fig. 3 illustrates the idea of

Pipelining.
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Fig. 3. Pipelining picture
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Measurement Results. The DFF circuit has been simulated with SAED 32
nm technology using Hspice[11]. The results of the simulation for traditional and
proposed DFFs areillustrated in Fig. 4 and Fig. 5.

Fig. 4. Smulation Results of the Traditional DFF

Fig. 5. Smulation Results of Proposed DFF

To test the circuit efficiency in Pipelining, an 8-bit logic has been designed.
Although there are no cells between the flops, this illustrates the real pipelining
technique that is used in production. It isshown in Fig. 6.
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Fig. 6. 8-bit Register Pipelined by 1 stage

The simulation result for the Pipeline circuit with Traditional DFF and the
Proposed one are shown in Fig. 7 and Fig. 8.

Fig. 7. Smulation Results of the Pipeline circuit with the Traditional DFF

Fig. 8. Smulation Results of the Pipeline circuit with the Proposed DFF
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A final comparison has been made between the proposed circuit and the
traditional DFF in the face of the area and power parameters. It is shown in the
table.

Table
Comparison of the Proposed circuit and the traditional DFF

Traditional (UW) Proposed (UW)
D flip Flop 161,62 41,489
8-bit bus Pipelined 1 stage 641,43 489,79

Conclusion. An improved DFF circuit has been presented. The number of
components in the circuit is decreased, resulting in lower power consumption. The
circuit has been tested separately both in a real-world application and in cases of
the proposed circuit. The proposed circuit had an advantage in power consumption.
The disadvantage of the design isthat it limits the cells' functionality to only single
output type, or the implementer should take care of fixing the voltage value of the
Inversed output before usage. As a result of such implementation, power
consumption has been reduced by up to 20%. This circuit may be used in other
DFF heavy applications.
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Y.C. UEBLPL3UL, U.U. ZUrNkE3NHRLEUL, U.2. UUDUNEUL, U. Y. AULPUSUL
QEr8uor z2oNrNhEe38UUR 2UUTUTYUN AEGMNRU D SCPGECP UTUUNRUT

Unwowplynid t inp ufubdwnhly dbpny D wphgbiph nhtwdhly nkdhunmd swhuws
hgnpmipjut ijuquipjuwt hwdwp: Zuynuh D iphgbiph vjbdugh pupbjudnudp poy b nw-
1hu tjugkgul] npuwiqhunpitph putwyp, wpyniipmd twl hgnpmpyul Swheup: Upab-
dwl douldud b uniniqqus kE UUNRY 32 4/ wnkuunnghuyny: Znnpduénid ubpljuyugus
twl ujuiduwyh Yhpundwib b dkpnnh wppnibwybnnipjut ophiwy:

Unwigpuyhli punkp. gudn Lukipquuuywnnud, nhtwdhy hqnpnipini, D wphghp,
Ynuytytin:

B.III. MEJIUKAH, C.A. APYTIOHAH, K.I'. CA®APAH, M.B. BASBUKSAH

PA3PABOTKA I TPUITEPA JJI51 CUCTEM CO CBEPXHU3KUM
SHEPTOIIOTPEBJIEHUEM

[pemnoxena HoOBasi cxeMma Ul CHH)KCHHSI MOIIHOCTH JAMHAMHYECKOTo peknma D
Tpurrepa. YiydlleHHe M3BECTHOM cxeMbl D Tpurrepa mo3BosisieT COKpaTHTh KOJIHNYECTBO
TPaH3UCTOPOB U, CIEJOBATEIbHO, CHU3UTH HCIOIB3yEMYI0 MOITHOCTE. CXeMa peann3oBaHa
U TIPOTECTUPOBaHa ¢ Ucroib3oBaHueM Oubimoreku SAED 32 nu. B cratbe Takxke mpen-
CTaBJICH NPUMEP UCIIOIb30BAHMS CXEMBI U MOKa3aHa d(p(PEeKTUBHOCTb METO/Ia.

Kniouegvie cnosa: Hu3Kas MOLIHOCTh, JMHAMHUYECKasi MOIHOCTh, D Tpurrep, xoH-
Beiiepu3zanus.
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