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Abstract: An “automatic power down” method is introduced to design a 4/5 prescaler, with the characteristic of making

one of its D-flip-flops power down when it operates in divide-by-4 mode. Implemented with the TSMC 0. 25p,m mixed-sig-

nal CMOS process.the 4/5 MOS current mode logic prescaler is designed with this automatic power down technique. The

simulation results show that the new 4/5 prescaler is immune to the “wake-up” issue and thereby retains the same maxi-

mum operating frequency as the conventional prescaler. An integer- N divider with this proposed prescaler and with the di-

vision ratio 66/67 is manufactured,and it is estimated to save more than 20% of the power compared with the convention-

al 4/5 prescaler.
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1 Introduction

In the design of an integer-N frequency synthe-
sizer, a dual-modulus prescaler is required to provide
two consecutive dividing ratios. This is a key compo-
nent for integrated radio frequency transceiver design
in terms of maximum operating frequency and power
consumption" . Several CMOS high-speed dual-modu-
lus prescalers, including true single phase clocking
(TSPC) and MOS current mode logic (MCML) archi-
tecture have been reported®™® . Those reports pay
much importance to improving the speed and power
efficiency at the transistor circuit level; However, lit-
tle attention was paid to optimizing the overall dual-
modulus architecture. In this report, we present a
method to reduce the MCML 4/5 prescaler’s power
consumption, with the characteristic of making one of
its third D-flip-flop automatically power down when it
operates in divide-by-4 mode. Simulation and measured
results are reported to verify the expected performance.

2 General considerations

The dual-modulus prescaler is one of the most
power-hungry components and may consume more
than 40% of the power in the overall frequency syn-
thesizer®" . The conventional high-speed 4/5 prescal-
er is generally composed of three synchronous D-flip-
flops,as shown in Ref.[6]. Operation analysis reveals
that when the modulus-control signal (MC) is at the
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low level,the output frequency (f,,) is determined by
the loop over the first two D-flip-flops and equals
one-fourth of the input frequency. At this operation
mode, the third D-flip-flop has no contribution to the
output frequency but it offers a high-level signal to
the former NAND gate. This high-level signal can be
provided by other components rather than a power-
hungry D-flip-flop. In order to achieve this,a novel 4/
5 prescaler topology with an added OR gate and an
inverter is proposed,as shown in Fig. 1.In the new to-
pology,when the MC is at the low level,the prescaler
still operates in divide-by-4 mode, but the third D-
flip-flop is powered down by an nMOS named N1
whose gate voltage is set to zero. In order to keep all
the D-flip-flops at the same DC operating points, two
additional nMOS transistors are connected between
the ground and the first two D-flip-flops, respective-
ly. When it operates in divide-by-5 mode, the third D-
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Fig.1 Novel 4/5 prescaler with automatic power down
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Fig.3 Improved MCML D-flip-flop

Fig.2 Proposed 4/5 prescaler implemented with MCML

flip-flop is active and the prescaler works as a con-
ventional one. The MC of the dual-modulus prescaler
is reused as the enable-signal to make the third D-flip-
flop active or inactive. Therefore, unlike the conven-
tional power down mode, dividers with this proposed
prescaler do not need an external enable-signal,so this
technique is called “automatic power down”.

When this proposed 4/5 prescaler is applied to an
integer-N divider, providing the division ration: M =
5A +4(N — A), the percentage of the power con-
sumption saved (PS) by the 4/5 prescaler can be ex-

pressed as:
_ N-A )
PS = 3% [5A + 4(N - A) | X 100%
A
— O,
_4004/3(4+1.25N_A) (1

where A, N are the values of the swallow and the
programmable counter, respectively.

3 Proposed topology

A drawback of the above MCML 4/5 prescaler is
that an OR gate is added in the critical feedback
loop,which causes an additional delay and reduces the
prescaler’ s maximum operation frequency. To over-
come this limitation, the embedded technique, which
is widely used to increase the maximum frequen-
cy*%, is applied to this MCML 4/5 prescaler. The
conventional MCML 4/5 prescaler architecture and
its operating mechanism can be found in Ref.[6] in
detail,in which the NAND gate has already been em-
bedded. Figure 2 is the full schematic of the proposal
MCML 4/5 prescaler.

In order to embed the OR gate in Fig. 2,the first
D-flip-flop is revised a little from the traditional one,
as shown in Fig. 3. An additional transistor named MC
is inserted, which cooperates with transistor D2B to
replace the OR gate. Since the MC is differential, un-
like that in Fig. 1,the inverter is unnecessary.

4 Experimental results

When the proposed prescaler switches from di-
vide-by-4 to divide-by-5, the third D-flip-flop is in
“sleep” mode. Since the prescaler usually operates in
very high frequency.the third D-flip-flop should wake
up quickly. In order to investigate the influence of the
proposed architecture on the maximum operating fre-
quency, a conventional MCML 4/5 prescaler is de-
signed and implemented with a TSMC 0. 25, m mixed-
signal CMOS process. The size of this prescaler is op-
timized according to Ref.[8] to achieve the available
maximum operating frequency with less power con-
sumption. The proposed MCML 4/5 prescaler is also
designed with the identical transistor sizes. In order to
keep the same DC operating point for both the con-
ventional and proposed prescaler, the switch tran-
sistors N1 have a rather larger periphery.as shown in
Fig. 2.

This conventional MCML 4/5 prescaler consumes
3.3mA current with a maximum operating frequency
of 8. 0GHz under a power supply of 2. 5V. This novel
prescaler also consumes 3. 3mA current in divide-by-5
mode, while consuming only 2. 2mA current in divide-
by-4 mode. Figure 4 shows the transient response of
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Fig.4 Simulation of the proposed 4/5 prescaler at 8GHz
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Fig.5 Die photo of the proposed prescaler and its buffer

the proposed prescaler. At a frequency of 8 0GHz.
when the MC signal is rising, the prescaler changes in-
to divide-by-5 mode immediately. As indicated in
Fig. 4, the NETX achieves a proper DC operating
point within 14ps,from which it can be inferred that
the wake-up time of the third D-flip-flop is very
short. Therefore, the prescaler’s maximum operating
frequency is also 8. 0GHz, which shows that the pro-
posed architecture does no harm to the maximum op-
erating frequency.

The above novel prescaler was applied to an inte-
ger-N divider with a division ratio of 66/67 and this
integer-N divider was manufactured. Figure 5 is the
die photo of the proposed prescaler and its buffer that
is usually attached in the MCML frequency divider as
a level-shifter. Its area is about 180ym X 110pm. From
Eq. (1),in order to reduce the power consumption,
the proposed prescaler should operate in the divide-
by-4 mode as long as possible, which minimizes A/(N
— A).In order to achieve this goal, the values of the
A, N must be 2,16 for division ratio 66 and 3,16 for
division ratio 67, respectively. To measure the cur-
rent’s variety of the prescaler,a resistor is connected
between the power supply line and the prescaler,and
the current is achieved through dividing the measured
voltage by the resistor. The currents’ variabilities a-
gainst time with division ratios 66/67 are shown in
Fig. 6, where the input frequency of the CLK is
2.5GHz. In Fig. 6, at divide-by-4 mode, the prescaler
consumes about 2. 35mA of current, while consuming
about 3. 50mA in divide-by-5. From Eq. (1) ,compared
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Fig.6 Proposed prescaler consumed current varieties against
time

with the conventional prescaler,the power reduction
of this one is estimated to be 28. 7% for division ratio
66 and 21.5% for the division ratio 67, respectively.
The maximum operating frequency of the divider is a-
bout 3. 2GHz,which is less than the simulation results
mainly due to its successive buffer.

5 Conclusion

A method is presented in this report to reduce the
MCML 4/5 prescaler’s power consumption, with its
characteristic of making one of its three D-flip-flops
automatically power down when it operates in divide-
by-4 mode. This technique can also be applied to vari-
ous dual-modulus prescalers, such as the 2/3 TSPC
prescaler,and the 8/9 and 16/17 MCML prescalers.
The method to eliminate the influence to the maxi-
mum operating frequency due to the automatic power
down architecture is discussed in detail. This simula-
tion results show that the proposed MCML 4/5 pres-
calers is immune to the “wake-up” issue and retains
the same maximum operating frequency as the con-
ventional prescaler. A divider with this novel prescal-
er is manufactured and it is capable of saving more
than 20% of the power compared with the conven-
tional 4/5 prescaler.
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