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Integrated High Speed Current-Mode Frequency Divider With Inductive Peaking
Structure
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Abstract—In this paper, a high performance current mode
logic (CML) frequency divider is introduced in an integrated
CMOS phase-locked loop (PLL). Inductive peaking structure
and cascode circuit are applied in the CML frequency divider
to obtain the broad-band and high frequency operation. In
order to obtain a stable operation with low power, the resistor
in the inductive peaking structure is replaced by the cascode
circuit. DC bias voltage is applied in MOS gate as a current
source in the divider. The proposed frequency divider is
applied in the conventional PLL which is integrated with 0.18
pm CMOS process. Simulation test shows that the 2:1 divider
is operated at the input frequency of 20 GHz with the power
consumption of 15 mW.
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L INTRODUCTION

A frequency divider [1-4] is one of the important
elements in a PLL system. It is used in many communication
systems such as clock generation circuit and frequency
synthesizers. The conventional analog PLL [5-6] is typically
composed of phase detector, charge-pump, filter, VCO, and
frequency divider. The generation of high frequency with
low power depends mostly on the VCO and frequency
divider.

Recently, several frequency dividers such as super-
dynamic, injection-locked, and CML divider are introduced.
Among these dividers, CML divider which is operated with
master and slave latches exhibits a better performance than
the other frequency synthesizer. In this work, the inductive
peaking structure and the cascode circuit are introduced in
the CML frequency divider. The cascode circuit works as the
current source with high gain, while the inductor in the
divider is supposed to provide the high operating frequency
range. The application of cascode circuit can improve the
power reduction in CMOS integrated circuit (IC) and reduce
the on-off time-delay in the switching operation.

We designed the current-mode static frequency divider
with operating frequency of 10 GHz in 0.18-um CMOS
process. The divider is applied in the conventional analog
PLL and measurement is done in the CADENCE simulation.

II. CIRCUIT DESIGN OF DIVIDER

Typical CML frequency divider [4] as shown in Fig. 1 is
composed with two level-sensitive CML master-slave
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latches. The operation of frequency divider in PLL is to
reduce the output frequency of VCO to that of the reference
clock so that phase detection can be carried out. Master-slave
clocked flip-flop is commonly constructed in integrated
circuit form. The state change of the master and slave takes
place on the rising and the next falling edges of the clock
pulse. The change occurs regardless of pulse width.
Therefore, as long as the clock pulse width exceeds a certain
minimum value, proper operation of the latch does not
depend on pulse width and the error due to the rising and
falling times can be protected. As shown in Fig. 1, the
master-slave flip-flop operates as the read and latch circuits.
The read circuit is the n-MOS differential pair and the latch
circuit is the cross-coupled MOSFETs in the block. In digital
integrated circuit, MOS differential pair is commonly applied
as switch or comparator [7-8]. The divider exploits a
common current source in the differential pair. The master-
slave flip-flop is switched by the pair clock signals.

The application of inductive peaking technique [9-10] in
the frequency divider can increase the operating range of
frequency which can cover the VCO oscillation. In general,
the inductive peaking extends a circuit bandwidth by
inserting inductors, while it can delays the current flow. The
inductor in series with the load resistor blocks the current
flows at high frequencies, so that the pull-down current from
the driver mostly flows into the load capacitor and the output
can make a sharper transition.

Fig. 2 is the proposed CML frequency divider which has
an inductive peaking structure. The cascode circuit is also
used in the frequency divider in order to improve a current
driving capability.

Application of inductive peaking [9-10] in CML master-
slave latches is shown in Fig. 2 which is a conventional
CML frequency divider with inductive peaking. Another
application in the divider is the cascode circuit. The resistor
in the inductive peaking circuit of the conventional CML
frequency divider is replaced by the cascode circuit [11, 12]
which is controlled by the DC bias gate voltage in MOSFET.
In the integration circuit, a resistor with an accurate value is
difficult to fabricate. The block of current mirror can be
replaced as the current source instead of the resistor. The
cascode circuit is the common-gate (CG) amplifier which
usually applied to the common-source (CS) stage. It has the
advantages of stable frequency response, variable resistance,
and high gain. The switching peak current passing through
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the resistor can be significantly reduced by the proposed
cascode circuit because the drain current in p-MOSFET is a
small current under 10 mA.
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Figure. 1. Conventional CML frequency divider.

The cascode circuit in the integrated circuit (IC) can
provide a small resistance across the transistor. Because the
voltage drop across the transistor is small, the output swing
is fully operational with small supply voltage. The time delay
of the frequency divider can be significantly reduced by the
cascode circuit.

Electrical study of the frequency dividers is done in the
simplified circuit of the CS amplifier which constitutes in the
frequency dividers. Fig. 3 shows the conventional and
proposed structures, where the proposed one includes the
inductor and cascade circuit.

The inductive peaking structure extends a circuit’s
bandwidth by inserting inductors that delay current flows.
The inductor in series with the cascode circuit can cause the
output voltage to have a sharp transition. The inductive
peaking is known to degrade the time delay by increasing the
bandwidth. The proposed structure has a cascode circuit
instead of the resistor.
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Figure. 2. Block diagram of the proposed CML frequency divider.
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Figure. 3. Simplified circuit of the dividers (a) conventional (b) proposed.
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Figure. 4. Switching characteristic of the simplified circuit of the dividers
(a) conventional (b) proposed.

The switching characteristic of the inductive peaking
structure is shown in Fig. 4. The transient on-time is
measured at 1 GHz frequency with variation of the
inductance. The on-time-delay in the circuit with the
inductance (a) is shown to be larger than that without
inductor (c).

The cascode circuit can reduce the degradation of the
time-delay in the inductive peaking structure. As mentioned,
the cascode circuit is known to have the high equivalent gain
which provides the variable resistance and improve the
frequency response. The equivalent resistance depends on

the small signal parameters of MOS transistor.
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Figure. 5. Simulated Bode magnitude plot of the simplified circuit of the
dividers (a) conventional (b) proposed



Fig. 5 is the simulated frequency response of the
simplified circuit, where (a), (b), and (c) are mentioned
before. The 3 dB bandwidth from the Bode magnitude plot is
about 2 GHz in (¢), while that in (a) extends to 3 GHz. The
bandwidth in the circuit with inductance is increased,
compared to that without inductance. With variation
inductance in the inductive peaking structure, the bandwidth
and time-delay are measured. Fig. 6 shows that the
bandwidth and time-delay increase with increase of
inductance. The expected results are obtained. The decay-
constant during the switching depends on the parameters of
the inductor and resistor. In series (parallel) connection of
the two passive devices, the decay-constant increases
(decreases) with increase of inductance.

Operating frequency and power consumption can be
limited mostly by the transistor size. The interconnect
resistor and parasitic capacitor should be minimized to obtain
a high operating frequency with low power consumption.
The current driving capability in the latch circuit is also an
important parameter to decide the operating frequency and
power consumption which are in the trade-off.
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Figure. 6. The bandwidth and time-delay with change of inductance.

Fig. 7 is the block diagram of the odd and even dividers,
where the control signal (Co) is included with the OR and
AND gates. The even and odd dividers are the 2:1 and 3:1
static divider respectively. The 2:1 static divider in Fig. 7 is
the proposed divider shown in Fig. 2. When the control
signal is high (low), the even (odd) clock frequency can be
obtained. Fig. 8 is the outputs of the even (/2) and odd (/3)
signals at the frequency of 1GHz and the input of 1.8 V.
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Figure. 7. Block diagram of the 0dd(/3) and even (/2) divider.
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Figure. 8. Simulated result of the even and odd frequency divider.

III. RESULT

PLL is presented in Fig. 9 (a). It consists of a phase
frequency detector (PFD), charge pump (CP), low-pass filter
(LPF), voltage controlled oscillator (VCO), and frequency
divider. It has been designed in 0.18 pm CMOS process with
1.8 V supply. Fig. 9 (b) is the test circuit which has the
frequency divider and phase frequency detector (PFD). The
input in the frequency divider is supposed to be the output of
VCO. The circuit of PFD is consisted of D flip-flops and
AND gate. The role of PFD is to send the up or down signals
to charge pump. Simulation work about PLL which includes
the feedback frequency divider may provide a worse
frequency characteristic, compared to the result from the test
circuit of Fig. 9 (b).
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Figure. 9. (a) conventional PLL sutrcuture, (b) simplified circuit to test
the frequency divider
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Figure. 10. Output waveform after six stages of 64:1 divider at the input of
16.6 GHz. Input sensitivity with variation of frequency.

Fig. 10 is the output waveform after six stages of even
divider at the input frequency of 16.6 GHz. The simulation is
done by the CADENCE Spectre. The 64:1 divider shows the
proper operation of the proposed divider, on the other hand,
with the conventional divider in Fig. 1, the same output
waveform can’t be obtained at the same input frequency of
16.6 GHz. This comes from the inductive peaking which
provides a wider bandwidth in frequency response and
results in a higher operating frequency.
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Figure. 11. (a) Circuit of buffer in the proposed divider, (b) Output
waveforms (A) without and (B) with buffer.
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The output buffer in the frequency divider can provide a
more stable output, although it cost a larger power
consumption or die-area. Fig. 11(a) and (b) shows the circuit
of buffer and output waveforms when the divider
incorporates with and without buffer. Fig. 11(b) indicates
that buffer provides a more stable wave form with large
swing. It is obtained at the input of 20 GHz with the
proposed 2:1 divider.

The input sensitivity of the divider is shown in Fig. 12.
The maximum input power 2 dBm is obtained at 6GHz,
while the required input power at 18 GHz is about -29 dBm.

The output spectrum of divider at the input frequency of
18.4 GHz is shown in Fig. 13, where (a) is the spectrum with
the proposed divider which has the inductive peaking
structure, while (b) is the spectrum with the conventional
divider. In (a), the peak spectrum is obtained at the frequency
of 9.2 GHz, which means that the 2:1 odd divider works
properly at the input frequency of 18.4 GHz. The peak
spectrum has the output power of — 9 dBm. On the other
hand, Fig. 13 (b) shows the peak spectrum is obtained at 6.5
GHz. The peak spectrum should be obtained at 9.2 GHz
which is the half value of the the input frequency 18.4 GHz.
It indicates that the inductive peaking structure has a higher
operating frequency because of the wider bandwidth.
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Figure. 12. Input sensitivity with variation of frequency
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Figure. 13. Comparison of the output spectrum of divider from 18.4 GHz

input frequency (a) proposed divider, (b) divider without
inductive peaking.

IV.  CONCLUSION

A In this paper, the inductive peaking with cascode
circuit is proposed in CML frequency divider which operates
with master-slave flip-flops. The cascode circuit is applied in
the inductive peaking structure to replace the resistor.
Simulation study in 0.18-um CMOS process shows that the
proposed divider shows a better performance in the output
spectrum with input frequency of 18.4 GHz. In the study of
switching characteristics and bandwidth with the simplified
circuit, the inductive peaking structure provides a wider
bandwidth, while the time delay becomes longer with
increase of the inductance. The power consumption of the
proposed divider at the input voltage of 1.8 V is about 6.9
mW.

REFERENCES

Y. MO, E. Skafidas, R. Evans, and 1. Mareels, “A 40 Ghz power
efficient static CML frequency divider in 0.13-um CMOS technology
for high speed millimeter-wave wireless systems” in conf. ICCSC
2008, pp. 812-815.

C. Cao, and K. K. O, “A power efficient 26-GHz 32:1 static
frequency divider in 130-nm bulk CMOS,” IEEE mic. and wireless
comp. letters, vol. 15, no. 11, pp. 721-723, Nov. 2005.

J. Lee and B. Razavi, “A 40-GHz frequency divider in 0.18-um
CMOS technology,” IEEE J. Solid-State Circuit, vol. 39, no. 4, pp.
594-601, April 2004.

J. O. Plouchart, J. Kim, V. Karam, R. Trzcinski, and J. Gross,
“Performance variation of a 66 GHz static CML divider in a 90nm
SOI CMOS,” in ISSCC Dig. Tech. papers, Feb. 2006, pp. 526-527.

H.S. Fazeel, L. Raghavan, C. Srinivasaraman and M. Jain,
“Reduction of current mismatch in PLL charge pump,” in Proc. IEEE
Int. Symp. ISVLSI 2009, 2009, pp.7-12.

M. Karimi-Ghartemani, S. A. Khajehoddin, P.K. Jain and A.
Bakhshai, “Deviation and design of in-loop filters in phase- locked
loop systems,” IEEE Trans. Inst. and Meas., vol. 61, no. 4, April 2012,
pp-930-940.

Z. Cui, Y. Jin, N. Kim, and H. Choi, “Low power 10-b 250
Msample/s CMOS cascaded folding and interpolating A/D converter”
IEICE Trans. Ele. vol. E92-C, no. 8, pp.1073-1079, Aug. 2009.

(1]

483

(8]

[10]

[11]

[12]

Z. Cui, H. Choi, T. Cho, and N. Kim, “A sequential triggering
technique in cascaded current source for low power 12-b D/A
converter,” Microelectronics international, vol. 28, no. 1, pp. 4-7,
2011.

J. H. Kim, J. K. Kim, B. J. Lee, and D. K. Jeong, “Design
optimization of on-chip inductive peaking structures for 0.13-pum
CMOS 40-Gb/s transmitter circuits,” IEEE Trans. circuit and
systems-1, vol. 56, no. 12, pp. 2544-2555, Dec. 2009.

J. C. Chien and L. H. Lu, “A 15-Gb/s 2:1 multiplexer in 0.18-pm
CMOS,” IEEE Micro. and wireless com. letters, vol. 16, no. 10, pp.
558-560, Oct. 2006.

A. S. Sedra and K. C. Smith, “Microelectronic Circuits,” 5th ed. ,
Oxford University Press, New York, 2004.

C.S.Lee, Y.J. Oh, K. Y. Na, Y. S. Kim, and N. S. Kim “Integrated
BiCMOS control circuits for high-performance DC-DC boost

converter,” IEEE Trans. Power Electronics, vol. 28, no. 5, pp. 2596-
2603, May 2013.



