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Abstract: This paper presents a low phase noise frequency synthe-
sizer for WiMAX applications. The operating frequency of the pro-
posed design ranges from 2.2GHz to 2.4GHz with a 1.25 MHz spacing
for the 1.25 MHz to 40 MHz channel bandwidth. The proposed VCO
suppresses the phase noise effectively by adopting the Q-enhancement
technique, the memory reduced tail current, and a noise filter. The
high speed frequency divider is implemented by an improved TSPC D-
flip-flop. The proposed design is fabricated in a TSMC 0.18μm CMOS
1P6M process. The measured phase noise is −118 Bc/Hz at an offset
of 1 MHz from the center frequency. The fabricated chip consumes
25.5 mW with a 1.5 V supply and occupies a 1.1 mm2 die area.
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1 Introduction

Due to the high demand of mobile devices such as notebooks, cellular phones,
and PDAs, a low cost and high-performance wireless communication device
has been the subject of major research in recent years. WiMAX (World Inter-
operability for Microwave Access) can provide a fixed and portable wireless
broadband connectivity without a base station. To provide a fine resolu-
tion between adjacent channels, a fractional-N synthesizer is adopted in the
proposed design. The channel bandwidth needs to be varied from 1.25 MHz
to 20 MHz [1] to accommodate the different WiMAX protocols. The Delta-
sigma modulator (DSM) is required to modulate the division ratio in the
fractional-N synthesizer. The extra phase noise near the center frequency
can be converted by DSM to a higher frequency and can be eliminated by
the loop filter with a narrow bandwidth. In this paper, a second-order MASH
1-1 DSM is implemented in the fractional-N synthesizer with the proposed
low phase noise Voltage Controlled Oscillator (VCO). Fig. 1 (a) shows the
block diagram of the frequency synthesizer.

2 The proposed VCO

Phase noise is one of the most critical performance parameters in the wireless
communication devices. Many circuit design techniques have been proposed
to improve the phase noise performance [1, 2, 3, 4]. The Q-enhancement
circuit [5] was proposed to compensate for the resistive loss in the integrated
inductor. The circuit in [4] utilized the cascode circuit to enhance the gain
of the VCO core, enhancing the noise performance. However, the output
swing is reduced due to the cascode architecture. Hence, the phase noise
performance can be degraded, especially when the circuit operates at a lower
supply voltage. In addition, two biasing voltages are required to bias the
cascode stage. To resolve these issues, the proposed VCO utilizes the Q-
enhancement technique without the cascode stage. Therefore, the advantage
of the Q-enhancement circuit can be preserved while the output swing can be
enlarged. In addition, the two additional biasing voltages can be eliminated.

Fig. 1 (b) shows the proposed VCO design, where C1 and C2 are the var-
actors. The LC tank is formed by C1, C2 and L1. The cross-coupled NMOS
(M5, M6) and PMOS (M3, M4) pairs generate the transconductance to com-
pensate for the loss in the LC tank of the VCO. The Q-enhancement for the
LC tank is implemented by capacitors (C5–C12). The output swing of the
proposed VCO can be enlarged without using the cascode technique because
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Fig. 1. (a) Multi-modulus fractional-N synthesizer
(b) The circuit of the proposed LC VCO (c) The
block diagram of the pipeline MASH 1-1 DSM
(d) Multi-modulus divider (e) TSPC DFF
implemented in the 2/3 divider.

c© IEICE 2011
DOI: 10.1587/elex.8.938
Received April 22, 2011
Accepted May 25, 2011
Published June 25, 2011

940



IEICE Electronics Express, Vol.8, No.12, 938–943

the cascode stage is removed. However, the Q factor is reduced and the phase
noise is degraded. Therefore, both memory reduced tail transistors [6] and
noise filter [7] techniques are adopted to enhance phase noise performance.
The PMOS (M1, M2) pair is composed of the memory reduction transistors
that suppress the flicker noise and lower the current consumption. Instead of
applying constant gate-to-source biasing, the PMOS (M1, M2) pair is peri-
odically switched between the ON and OFF states. Because the PMOS (M1,
M2) pair does not operate during the OFF state, the overall 1/f noise can be
reduced. The noise filter formed by C4 and L2 must be inserted at the com-
mon source of the differential pair to resonate in parallel with the capacitance
when the operation frequency of this node is at 2ωo [7]. It can achieve higher
impedance at the tail and reduce the second harmonic of the differential-pair
FETs. Transistors M7 and M8 form a simple open-drain output buffer for
measurement consideration and L3 and L4 are the off-chips.

3 Delta sigma modulator

The design of a delta-sigma modulator adopts the MASH 1-1 architecture as
shown in Fig. 1 (c). The hardware complexity and power consumption can be
reduced by implementing the pipeline architecture [8]. An 8-bit carry look-
ahead adder (CLA) is used in the pipeline stage to reduce the delay time. A
divide-by-2 prescaler is placed after the VCO and the reference frequency is
20 MHz. Hence, the channel resolution can be expressed as:

Channel resolution =
fREF

2K
=

20 × 2
28

= 0.15625 MHz (1)

where K is the number of bits in the adder. The actual channel bandwidth
can be varied from 0.15625 MHz to 40 MHz as indicated by (1). The minimum
channel spacing is 1.25 MHz by setting K to 8. Hence, the bandwidths of
various WiMAX protocols can be 1.25, 2.5, 5, 10, and 20 MHz by setting K

to 8, 16, 32, 64, and 128, respectively. The proposed design can also extend
the bandwidth to 40 MHz by setting K to 0.

4 Multi-modulus divider

The programmable multi-modulus divider (MMD) is implemented in the fre-
quency divider, as shown in Fig. 1 (d). The MMD can provide a wider fre-
quency division. It is composed of the synchronous divided-by-2/3 dividers.
The 5-bit control signals (B4B3B2B1B0) are generated by the delta-sigma
modulator (DSM). The range of the divisor is between 2m and 2m−1, where
m is the number of stages in the divider. Therefore, the division of the divider
ranges from 32 to 63. The equation of divisor is shown below.

Divisor = 25 + 24 · B4 + 23 · B3 + 22 · B2 + 21 · B1 + 20 · B0 (2)

The first stage of the MMD needs to be operated at a higher operating
frequency. This can be achieved by reducing the parasitic capacitance in the
feedback with a careful layout and transistor sizing. The True-Single-Phase-
Clock (TSPC) D-flip-flop (DFF) is implemented in the high-speed divider.
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TSPC dividers are well known for their low power consumption, compared
to the current mode logic (CML). The improved TSPC DFF is shown in
Fig. 1 (e). The pseudo-NMOS inverter is placed in the first stage of the TSPC
DFF to enhance the operating speed. The N-precharged stage is placed in
the middle. The pseudo-PMOS inverter in the output stage is replaced with
the M6-M8. In this case, the size of M8 can be reduced because M7 is turned
off by the inverter controlled by node X before the end of the precharge.
M9 and M10 are placed in parallel with two inverters to reduce the charge
sharing issue.

Fig. 2. (a) Microphotograph of the proposed frequency
synthesizer and (b) The measured phase noise.
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5 Measurement results

The proposed design has been fabricated in a TSMC 0.18-μm 1P6M CMOS
process and the microphotograph is shown in Fig. 2 (a). The overall design
occupies 1.1 mm2 including the core area and pads. The power dissipation
is 25.5mW with the 1.5 V power supply. The measured operating frequency
ranges from 2.2 GHz to 2.4 GHz when the tuning voltage is between 0.6 V and
1.0 V. The measured phase noise is about −118.23 dBc/Hz at a 1 MHz offset
frequency at a 2.2 GHz operating frequency as shown in Fig. 2 (b). Table I
summarizes the measurement results of the proposed frequency synthesizer
and the performance comparison with other recently published works. The
proposed VCO design can effectively enhance the phase noise performance
with a lower supply voltage. Hence, compared to other works shown in
Table I, both low phase noise and low power consumption can be achieved.

6 Conclusion

The design of the low phase noise frequency synthesizer was presented and
fabricated in TSMC 0.18-μm 1P6M CMOS process. By adopting a Q-
enhancement technique with a memory reduced tail and filtering in the VCO
design, the proposed frequency synthesizer can achieve a measured phase
noise of −118 Bc/Hz at a 1 MHz offset from the centre frequency. The
proposed design can be implemented for various WiMAX protocols with
1.25 MHz spacing for the 1.25 MHz to 40 MHz channel bandwidth.

Table I. Performance comparison of the frequency synthe-
sizer.
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