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Abstract— A K-band injection-locked frequency divider implemented in the TSMC 0.18 µm
CMOS process technology is proposed in this paper. By using the harmonic LC tank technique,
the third order harmonic of the output signal from the frequency divider is enhanced and a
balanced performance between the locking range and the output swing can be achieved. Compared with the conventional direct injection-locked frequency divider, the locking speed of the
proposed frequency divider can also be improved. The chip size of the proposed frequency divider
is 0.711 × 0.776 mm2 . The measured locking range is from 24.8 to 26.6 GHz and the core circuit
draws a 5.4 mW power from a 1.8-V supply.
1. INTRODUCTION

Recently, the rapid development of wireless communication technology has made our daily life easier
and funnier. Multi-media, videos and information data can be transferred via portable devices with
a high data rate. Some systems operating above 20 GHz, including the local multipoint distribution
service (LMDS), the short range vehicle crash prevention radars, wireless local area networks, and
other ISM band applications, have been proposed. Therefore, the ratio-frequency (RF) applications are getting more and more important. Furthermore, due to the progress of semiconductor
technology, RF front-end system can be integrated in a single IC, and then employed in cellular
phones, personal computers and other hand-held devices. In high-speed wireless communication
systems, the phase-locked loop (PLL) is a key component utilized as a frequency synthesizer and/or
a quadrature signal generator [1]. PLL can generate a stable and controllable output signal whose
frequency is locked by the input reference signal. The design considerations of a PLL include the
fast-locking duration and the low-jitter performance. A PLL is generally composed of the voltage
control oscillator (VCO), the phase-frequency detector (PFD), the charge pump (CP), and the frequency divider (FD). Among these sub-blocks, one essential circuit is the FD which takes a periodic
input signal and generates a periodic output signal at a frequency being a fraction of that of the
input.
Several existing techniques are used for frequency division: e.g., common-mode logic (CML)
based [2], dynamic logic based [3], injection locked FDs (ILFD) [4], and Miller dividers [5]. As
indicated in [6], every technique has its own pros and cons. For example, the mechanism of a CML
FD is easy to design and to understand, however, it suffers from higher power consumption and
lower operation frequency. On the other hand, the ILFDs dissipate lower power with better noise
performance, but their locking range is relatively small. Figures 1 and 2 show two conventional ILFDs: current tail injection and direct injection, respectively. The conventional current tail injection
ILFD shown in Figure 1 is basically a LC tank VCO with the input signal injected by current tail

Figure 1: Schematic of a conventional ILFD by current tail injection.

Figure 2: Schematic of a conventional ILFD by direct injection.
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transistor M1 . The limited locking range of such ILFD is due to the inefficient injecting path from
the tail transistor M1 . To overcome this problem, a direct injection ILFD as shown in Figure 2
was proposed in [6]. The input signal is directly injected into the oscillating loop thus the locking
range can be improved.
The CMOS process technology has become a strong candidate for wireless communication system
due to its low cost and easy integration. In this paper, we implement a ILFD in the 0.18 µm CMOS
process in which we combine the direct injection ILFD with the harmonic LC tank technique for
improving the locking speed and the locking range. The detailed design consideration is given in
Section 2, and the experimental results are shown in Section 3. Finally, a simple conclusion is made
in Section 4.
2. CIRCUIT DESIGN

Although the differential architecture proposed in [6] can improve the locking range, it still causes
other problems. The output power of differential injection-locked frequency divider is low, especially at high frequency operation. For this reason, it is hard to drive the next stage and the
required locking time is relatively long. To improve the locking speed and output power, we adopt
the harmonic LC tanks to the differential ILFD to enhance the third order harmonic. Figure 3
shows the proposed ILFD in which we also use the complementary cross-coupled pair architecture
formed by transistors M1 , M2 , M3 and M4 as the basic oscillating core for increasing the required
transconductance for start-up condition.

Figure 3: Schematic of the proposed direct injection
frequency divider with harmonic tank.

Figure 4: Micrograph of the proposed ILFD.

Instead of using only fundamental inductor L1 , the third harmonic LC tank consist of parasitic
capacitors and high quality factor (Q) inductors L2 and L3 is added as shown in Figure 3. The
additional inductors combined with the fundamental inductor L1 will form a network with two
peaks in the frequency response: one at the output frequency and the other at the third harmonic
frequency. The fundamental inductor L1 is implemented as the symmetric type inductor with
coil width being 9 µm, inner radius being 43.5 µm, and the turn number being 2. The additional
harmonic inductors L2 and L3 are implemented as standard inductors with coil width being 9 µm,
inner radius being 30 µm, and the turn number being 0.5. Although the high quality inductors
will narrow the locking range of ILFD, the harmonic tanks can generate third harmonic frequency
component and then improve the output power. From the simulation results, the locking speed is
also twice faster than the traditional differential ILFD.
Although varactors can extend the free running oscillation frequency range and thus increase the
locking range of frequency divider, we do not adopt varactors in our design to show the performance
of the harmonic tank. Since we would like to take the input as differential signal, the injection
devices are NMOS M5 and PMOS M6 transistors, respectively. The sizes of input transistors are
chosen to be balance between the overall network frequency response and the locking range and both
transistors are 1.5 µm/0.18 µm 15 fingers in size. We also adopt the forward body bias technique
in the transistors M5 and M6 . We use two open-drain stages which do not shown in Figure 3 as
output buffers and external bias-T devices are used in the measurement.
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3. MEASURED RESULTS

The proposed ILFD is implemented in the 0.18 µm CMOS process technology. The micrograph of
the circuit is as shown in Figure 4 and the chip size is 0.711 × 0.776 mm2 . The core circuit of the
proposed ILFD draws a 5.4 mW dc power from a 1.8-V power supply. The measured free running
frequency is 12.77 GHz with −7.3 dBm output power. Figures 5(a) and 5(b) show the measured
output spectrums for the injection locked operation upper bound and lower bound, respectively. It
can be seen that the locking range is from 24.8 to 26.6 GHz. The measured output power is about
−8.99 dBm to −10.38 dBm.

(a)

(b)

Figure 5: Measured output spectrums for (a) the lower bound of locking range and (b) the upper bound of
locking range.

Figure 6 shows the measured phase noise of the proposed ILFD for the free-running output
signal, the injected input signal, and the divided output signal. Although the phase noise of the
free-running signal is not good, it can be seen that the divided output signal has phase noise about
6 dB below the phase noise of the injected signal for most of the offset frequencies as expected.
Figure 6 shows the measured input sensitivity curve of the proposed ILFD. The locking range is
from 24.8 to 26.6 GHz at the 0 dBm input power level, while the locking range is from 24.4 to
26.9 GHz if the input power is increased to 5 dBm.

Figure 6: Measured phase noise of the proposed
ILFD for free-running, injected input, and divided
output signals.

Figure 7: Measured input sensitivity of the proposed
ILFD.
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4. CONCLUSIONS

In this paper, we have proposed an injection-locked frequency divider designed for the K-band
applications in the 0.18 µm CMOS process technology. By using the harmonic LC tank technique,
the third order harmonic of the output from the frequency divider is increased and the locking
speed can also be improved. The measured locking range is from 24.8 to 26.6 GHz under 0 dBm
input power and the core circuit draws 5.4 mW power from a 1.8-V supply.
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