
150GHz Divide-by-Three CMOS Frequency Divider with Power Line Injection 
 

Kyoya Takano, Mizuki Motoyoshi, Kosuke Katayama and Minoru Fujishima 
 

Graduate School of Advanced Sciences of Matter, Hiroshima University 

1-3-1 Kagamiyama, Higashi-Hiroshima, Hiroshima 739-8530, Japan 

Phone: +81-82-424-7641, Fax: +81-82-424-4508, E-mail: kyoya@dsl.hiroshima-u.ac.jp 

 

 

1. Introduction 

Recently, reports on CMOS millimeter-wave 

transceivers operating above 100GHz have increased in 

number with the improvement of the CMOS process [1]. A 

frequency divider is one of the important circuits in 

millimeter-wave transceivers. An injection-locking tech-

nique is suitable for a frequency divider operating above 

100GHz [2]. Injection-locked frequency dividers (ILFDs) 

are classified into two types, namely, those that use an LC 

oscillator (LC type) and those that use a ring oscillator (ring 

type). Generally, the ring type has a smaller circuit area 

than the LC type. However, it is difficult for the ring type 

to operate at high frequencies. A typical circuit diagram of 

a ring-type ILFD (RILFD) is shown in Fig. 1(a). MOSFETs 

are required to input an injection signal. However, the par-

asitic capacitances of the MOSFETs reduce the operating 

frequency of the ILFD. To solve this problem, the use of 

the back gate of the NMOSFET in the ring oscillator to 

input an injection signal was proposed [3]. The circuit dia-

gram is shown in Fig. 1(b). A divide-by-three operation at 

110GHz was realized by this method. However, it requires 

the use of a NMOSFET with a triple-well structure for 

body injection, which increases the core size. Therefore, the 

length of the signal line increases. It also generates large 

parasitic capacitances. To solve this problem, in this work, 

an RILFD that inputs an injection signal through power 

lines is proposed. 

 

2. Proposed Frequency Divider with Power Line Injec-

tion 

The circuit diagram of the proposed RILFD is shown in 

Fig. 2. Resistors are used as loads for NMOS inverters in-

stead of PMOSFETs to increase the oscillation frequency 

and reduce the parasitic capacitances. The oscillation fre-

quency can be adjusted using the supply voltage VDD. An 

injection signal is input from the power lines through a bias 

tee. When an injection signal is input to the PILFM, 

NMOSFETs convert it into current. The oscillation current 

Iosc and injection current Iinj of each node in Fig. 2, which 

are in the injection-locked state, are shown in Fig. 3. The 

output frequency of the ring oscillator is denoted as f0. As 

shown in Fig. 4, the phase of the oscillation current of each 

NMOSFET shifts by 120 degrees. The frequency of an in-

jection signal that can synchronize the phase of the oscilla-

tion current of each node is three times the frequency f0. 

Therefore, a divide-by-three frequency divider can be real-

ized. The proposed RILFD does not require NMOSFETs 

with a triple-well structure because it uses power lines for 

the input. Therefore, a small circuit area can be realized. 

The parasitic capacitances of the signal lines decrease ow-

ing to the small circuit area. Therefore, a high operating 

frequency is realized. Moreover, the supply voltage of the 

core circuit can be set at 1.6V to further increase the oper-

ating frequency. Figure 4 shows the simulated trajectory of 

the drain and gate voltages of a NMOSFET in the core cir-

cuit when the supply voltage is 1.6V. As shown in Fig. 4, 

the maximum voltage added to the NMOSFET is approxi-

mately 1.1V, which is the process limit voltage. Therefore, 

the NMOSFET is not broken. 

 

3. Measurement Results 

The proposed RILFD was fabricated using the 1P8M 

40nm CMOS process. The chip micrograph is shown in Fig. 

5. The circuit area including the buffer was 8.8  5.3m
2
. 

The spectra of (a) free-running and (b) locked outputs are 

shown in Fig. 6. The supply voltages of the core circuit and 

buffer were 1.6V and 1.1V, respectively. As shown in Fig. 

6(a), the output spectrum was broad when the RILFD os-

cillated at approximately 48.6GHz without an input signal. 

As shown in Fig. 6(b), the output spectrum became sharp 

when the RILFD was locked by the input signal. The input 

frequency was 150GHz and the input power was -3.9dBm. 

The output frequency was 50GHz, which is one-third of 

150GHz. The locked output power was -5.6dBm, which 

was calibrated by the losses of a cable and a mixer. The 

input sensitivity as a function of operating frequency is 

shown in Fig. 7. The supply voltage of the core circuit was 

changed from 1.1V to 1.6V in steps of 0.1V. The supply 

voltage of the buffer was fixed at 1.1V. The input power 

was calibrated to the power of the probe tip. The maximum 

input power of -3.9dBm was limited by the maximum out-

put power of a D-band source module. As shown in Fig. 7, 

the total operating frequency was 18GHz when the supply 

voltage of the core circuit was changed from 1.1V to 1.6V. 

The output waveform when the proposed RILFD was 

locked by the input signal is shown in Fig. 8. The phase 

noises of (a) free-running and (b) locked outputs are shown 

in Fig. 9. The phase noise of the locked output was 

-135.6dBc/Hz at 1MHz offset, which is an improvement of 

that of the free-running output. The supply voltages and 

input signals in Figs. 8 and 9 are the same as those in Fig. 6. 

When the supply voltages of the core circuit and buffer 

were 1.1V, the power consumption was 5.1mW, and when 

the supply voltages of the core circuit and buffer were 1.6V 
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and 1.1V, respectively, the power consumption was 12mW. 

Figure 10 shows a comparison of previously reported 

ILFDs with the proposed RILFD regarding the circuit area 

including the buffer as a function of the maximum operat-

ing frequency. The proposed RILFD realized the highest 

operating frequency among the ring-type frequency divid-

ers and the smallest circuit area among the frequency di-

viders. 

 

4. Conclusions 

    A divide-by-three ring-type CMOS frequency divider 

with power line injection operating above 150GHz was 

proposed. The circuit area of the proposed RILFD was the 

smallest among all the frequency dividers considered in 

this study, and the operating frequency of the proposed 

RILFD was 151.3GHz, which is the highest value ob-

tained among the ring-type frequency dividers. 

 

Acknowledgements 
   This work was carried out as part of the Extremely Low Pow-

er (ELP) project supported by the Ministry of Economy, Trade and 

Industry (METI) and the New Energy and Industrial Technology 
Development Organization (NEDO). 

 

References 

[1] N. Ono, et al., VLSI Symp., 2012. 

[2] B. Y. Lin, et al., JSSC, Vol. 46, pp. 12501264, 2011. 

[3] S. Lim, et al., A-SSCC, pp. 6164, 2009. 

[4] M. Motoyoshi, et al., Electro. Lett., Vol. 43, pp. 98100, 2007. 

[5] L. C. Cho, et al., VLSI Symp., pp. 8687, 2008.  

 

0

0.2

0.4

0.6

0.8

1

1.2

0 0.4 0.8 1.2

G
a
te

 v
o
lt

a
g

e 
[V

]

Drain voltage [V]
Fig. 4 Trajectory of drain and 

gate voltages of NMOSFET.
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Fig. 1 Circuit diagrams of (a) RILFD with input MOSFET 

and (b) RILFD with body injection.
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proposed RILFD.

Fig. 5 Chip micrograph.

Core

(a) (b)

Fig. 6 Spectra of (a) free-running and (b) locked outputs.
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Fig. 7 Input sensitivity of proposed RILFD.
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Fig. 9 Phase noises of (a) free-running and (b) locked outputs.
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Fig. 10 Comparison of core areas as a function of frequency.
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Fig. 8 Locked output waveform when input signal 

of 150GHz was injected.
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