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A Multigigahertz Multimodulus
Frequency Divider in 90-nm CMOS
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Abstract—This brief presents a multimodulus frequency divider
with division ratio between 64 and 127 fabricated in 90-nm CMOS.
By using a load-switching technique, high operating frequency, and
low power static divider was achieved. The divider consists of six
2/3 divider stages. The maximum operating frequency is 4.7 GHz
with current consumption 2.3 mA at low voltage supply 1.2 V and
rms cycle-to-cycle jitter lower than 1 ps.

Index Terms—CML, frequency divider, low power, multimod-
ulus, 90-nm bulk CMOS.

I. INTRODUCTION

THE implementation of faster, and lower power pro-
grammable dividers is a major challenge in modern

CMOS technologies. Deep submicrometer transistors are fast
switching; however, low supply voltage makes traditional CML
inef�cient in building high-speed circuits. This brief, introduces
a technique to raise the power ef�ciency of multimodulus di-
viders (MMDs) to that of a �xed modulo-2 ripple counter. This
improvement is achieved by automatically switching the load
resistance of the divider to a higher value during idle times;
this is called the switched-load technique. Additionally, the
architecture of the programmable MMD is modi�ed to allow
reduction in current consumption and phase noise.

The rest of this brief is organized as follows. Section II de-
scribes the main concept of the proposed switched-load tech-
nique. An MMD using the proposed technique is presented in
Section III. Section IV compares between typical programmable
prescaler MMD (PPMMD) and the new architecture switched-
load MMD (SLMMD). Circuit implementation and measure-
ment results are presented in Section V.

II. POWER OPTIMIZATION

The established concept of power optimization in ripple coun-
ters, dual-modulus, and MMDs is to decrease the number of
transistors operating at high frequency [1]. Programmability of
the divider comes at the price of more transistors operating at
high frequency and higher power consumption. In addition, the
maximum operating speed of the divider decreases with the
added complexity. This tradeoff is mitigated if the transistors�
switching activity is low. This work focuses on techniques to
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Fig. 1. A 6-stage MMD architecture and its timing diagram.

turn the transistors with low switching activity into low power
mode during idle periods and turn them on at the proper moment
to perform high speed switching.

Frequency dividers with large division factors entail internal
signals with low duty cycles, which allow our proposed tech-
nique to yield large power savings.

III. DIVIDER ARCHECTECTURE

Previous research shows a modular divider architecture with
short feedback paths to improve speed [2]. A reduction in
power dissipation can be achieved by tracing the transistors�
switching activities. Fig. 1 shows the 6-stage MMD with the
same feedback path of [2] and with the additional feedback path
for speed control. A typical MMD uses almost twice the number
of high-frequency transistors compared to a ripple counter. The
input-to-output path in each stage is very short. This results in
a sharp and low jitter output signal. Each divide-by 2/3 stage
(Fig. 2) entails a prescaler logic that executes the division
operation and an end-of-cycle logic that swallows a pulse in
the divide-by-3 mode close to the end of the division cycle.
The end of cycle logic consumes almost 50% of the total power
in the divider even though it contributes low percentage of the
total transitions per division cycle of the entire divider (Fig. 3).
This results in low power ef�ciency in MMDs compared to
�xed modulus modulo-2 prescalers. Furthermore, the small
duty cycle of the signal as shown in Fig. 1�makes it
impractical for use as the divider output. One solution is to take
the output from or , which increases the output
jitter.
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Fig. 2. Proposed divide-by 2/3 stage.

Fig. 3. Switching activity in end of cycle logic and prescaler logic for different
divider ratios.

A closer look at the longest signal path shows that end-of-
cycle logic is only critical in two transitions every cycles of
the input clock (where is the division ratio of the divider), i.e.,
when the stage divides by 3. The switching activity of a gate is
de�ned here as the number of up/down transitions per division
cycle divided by the divider ratio. A �xed modulus divide-by-2
has a switching activity of 2/2 or 100%.

Removing the current source from CML gates makes the cur-
rent consumption of the gate inversely proportional to the load
resistance. When the logic tree on one side is all ON, then the
current drawn by the cell is given by

(1)

However, the output swing will not be rail-to-rail due to
load attenuation at high frequency. Our proposed technique
(Fig. 4), changes the passive load of the CML from small
resistors, needed for high-frequency operation, in the active
period to large resistance in the inactive period. The timing
diagram of the signals shows that each modulus control
is enclosed within the time of the subsequent stage
signal with a common falling edge for all stages (Fig. 1). The
rising edge of each signal switches the load of the stage
before-the-previous (i.e., stage 1 is switched from stage 3 and
so on) to a small resistance prior to a high-speed transition.

Fig. 4. Switched-load D-Latch with AND gate.

Fig. 5. Pulse-stretcher circuit with its timing diagram.

The falling edge of the signal switches a large series
resistance equal to 16 (Fig. 3), lowering the current con-
sumption to 1/17 of its value during the active period. A signal
that represents the active and inactive period of each stage does
not exist in the traditional MMD architecture [2]. The �rst three
stages of the MMD consume 87.5% of the total power. There-
fore, switching the loads of subsequent stages is not necessary.
The delay in the static buffers is not critical because the return
to active mode comes at least three cycles of maximum fre-
quency after the rising edge of the signal. In the case of
very high-frequency dividers, the delay of the static inverter may
exceed three cycles of the highest frequency.

The load resistor in the critical path of the prescaler logic
switches between in the active period and in the in-
active period to further save power. A ripple counter based on
divide-by-two stages consumes 2/3 of the prescaler logic. When
the switched-load technique is applied to the critical path, the
prescaler logic in the inactive mode consumes as much power
as the ripple counter. In a cascade of divide-by-2/3 stages, the
active period of the �rst stage is of the output cycle, and

for the second stage and so on. As increases, the pe-
riod of high power consumption decreases until it reaches the
limit of ripple counter power ef�ciency with the same number
of divider stages. The overall design is scalable in current and
resistive load just like a traditional MMD.

A triggered circuit named �pulse stretcher� increases the
output pulsewidth without degrading its jitter. It combines two
signals and ( is the last stage in the dividers,
which has the worst phase noise) to produce a wider output
pulse. The narrow output pulse is used to generate a wider pulse
with one clean edge by taking a rising edge from the �rst stage
and falling edge from the second with a duty cycle ranging
between 30% to 50% as shown in Fig. 5. The pulse stretcher
circuit uses fast switches to switch the load resistors before the
clean edge arrives, reducing power consumption.
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Fig. 6. PPMMD divide by 2/3 stage and its timing diagram.

Fig. 7. Die photo.

IV. PPMMD AND SLMMD

The SLMDD takes bene�t of the short feedback signal paths
to improve operating speed [2]. Power management feedbacks
increase the power ef�ciency of the low switching activity tran-
sistors -in the �end of cycle logic� D-latches- by turning ON and
OFF the power consumption of these transistors.

The proposed architecture is similar to that in [2] in that it
consists of cascaded divide by 2/3 stages. The main difference
between the two architectures is in the inter-stage feedback
signal, which is the output of the D-latch in PPMMD and the
output of the AND gate in SLMMD as shown in Fig. 1 and Fig. 6.
The D-latch and the AND gate both reshape the feedback signal
coming from the previous stage to be sharper, this reduces jitter
on the signal in both architectures even though the
AND gate is not clocked. This is because the latch output comes
always later than the signal in Fig. 2.

The difference in the feedback point affects the feedback
signals pulses timing diagram. The mod signals are
intercepted in the case of PPMMD and inclusive in the case
of SLMMD as shown in Fig. 1 and Fig. 6, which makes the
feedback from the AND gate only suitable for switched-load

Fig. 8. Divider measurement setup.

Fig. 9. Divider sensitivity curve.

Fig. 10. Divider maximum input frequency versus voltage supply (simulation).

technique as it requires each signal to remain ON until
the higher frequency stages complete the fast transition.

End of cycle logic consumes about 50% of the overall power
consumption of every stage. However, it generates no more that
10% of all the divider switching activity (Fig. 3).

SLMMD architecture does not decrease the switching ac-
tivity but decreases the power consumption in low activity
devices by switching the load between low resistance in active
switching mode and high resistance in the idle switching mode.
This power-switching mechanism increases the power ef�-
ciency to reach the ef�ciency of a �xed divide-by-2 cascaded
ripple counter. In the case of voltage-biased logic gates, this
switching in power consumption occurs automatically ac-
cording to (1), so instead of controlling the power consumption
using the tail current we control it using the programmable
passive load resistance, which is more suitable for low voltage
supply technologies like 0.13 m and 90 nm. The implemen-
tation of one of the functions used in the SLMMD are shown
in Fig. 4, the common between all the functions is the load
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