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Abstract— This paper presents a 64 to 81 GHz PLL
realized in a low-cost, 80 GHz HBT technology. The circuit
consists of a wide tuning range VCO, a push-push frequency
doubler and an analog PLL (divide by 32 frequency divider,
phase detector and active loop filter) for phase locking. The
measured phase noise is -106 dB/Hz at 1 MHz offset. Output
power is -2.5 dBm at 64 GHz and slowly decreases to -6 dBm
at 81 GHz. DC power consumption is 431 mW. The circuit
achieves the widest frequency tuning range and lowest phase
noise among the reported PLLs in a similar frequency range.

Index Terms— Voltage-controlled oscillators, phase locked
loops, heterojunction-bipolar-transistors.

I. INTRODUCTION

High quality signal sources are important in wireless

communication and radar systems. One common method

to get a stable signal source, especially at millimeter-wave

frequencies, is the phase-locked loop (PLL). Monolithic

PLLs at millimeter-wave frequencies have been reported

e.g. in [1]-[5], which are all realized in aggressively scaled

BiCMOS or CMOS technologies with high up-front cost.

This paper presents a V/W band PLL realized in a 0.8 µm

SiGe HBT technology, which, due to its low mask cost, is

attractive also for small volume production. The circuit

achieves a very wide frequency tuning range with low

phase noise, which makes it well suited as signal sources

for low-cost V/W band applications.

II. PLL CIRCUIT DESIGN

The block diagram of the circuit is shown in Fig. 1.

Signal generation is realized by a VCO together with a

push-push frequency doubler. The PLL is based on phase

detector (PD) and active loop filter (LF). A divide-by-32

frequency divider is inserted to lower the frequency of the

reference signal.
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Fig. 1. Block diagram of the PLL circuit.

A. VCO and Doubler

The VCO and frequency doubler is a modified version

from the work reported earlier [6]. It is a differential

Colpitts VCO with two differential outputs to drive the

frequency doubler and divider in parallel. Inductors and all

matching networks are realized with thin-film microstrip

lines. Varactor diodes are used as tuning capacitors and

a very wide frequency tuning range from 31 to 42 GHz

is achieved. To extend the frequency range, a wide band

push-push frequency doubler is cascaded to the output of

the VCO. The conversion loss of the doubler is about 10

dB at 80 GHz. As the VCO needs to drive the frequency

doubler and divider simultaneously, the VCO output is

modified in a way that most of the power (5 dBm) is

delivered to the frequency doubler since the frequency

divider only requires very small input power (below -10

dBm).

B. Frequency Divider

Frequency dividers are also important components in

modern PLLs, especially for millimeter-wave PLLs. The

purpose of having frequency dividers is to allow for a

lower, well-stabilized reference frequency. The frequency

dividers should cover the complete frequency tuning range

of the VCO so that they present the limiting factor for the

PLL. The division ratio (“N”) of the divider also needs

to be chosen carefully, since the phase noise of the locked

signal is increased by a factor of 20·log(N) with respect to

the reference frequency. In this work, a division ratio of 32

is chosen, which lowers the reference signal to a relatively

low frequency (around 1.1 GHz) and still provides good

phase noise performance.

The frequency dividers are realized by a chain of dy-

namic and static divide-by-2 circuits. The first stage is

a dynamic frequency divider, with transimpedance load

to increase the operating frequency, followed by four

static, master-slave flip-flop dividers. To save DC power

consumption, the current is reduced stage by stage and

emitter-followers are used only at the last output stage.

The full chain can divide from 26 to 50 GHz, covering

the complete tuning range of the VCO. The required input

power varies from -15 dBm to -8 dBm, which is well below

the power available from the VCO.
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C. Phase Detector and Loop Filter

A Gilbert mixer is used as the phase detector, as shown

in Fig. 2. Compared with other frequently used phase fre-

quency detector topologies, it can operate at much higher

frequency, enabling relatively low frequency division ratios

and therefore better phase noise. The reference signal is

fed to the transconductance stage and the divider output

is connected to the switching quad. Emitter followers are

used to shift the DC level and bias the following filter.

Phase Detector Loop Filter

Divider
Output

Ref.

C2

R2 OUT

VCC2VCC

C1

R1

Fig. 2. Simplified schematic of the phase detector and active
loop filter.

The loop filter is rather simple, consisting of a feedback

amplifier and a passive RC filter with emitter followers

in between for DC level shift, as shown in Fig. 2. To

obtain a wide locking range, the loop filter must provide

a large output voltage swing, which is achieved by the

amplifier. Because of the high voltage swing, Non-SIC

transistors with 4.3V collector-emitter breakdown voltage

are used in the active filter. The bandwidth of the filter is

mainly determined by the feedback resistor and capacitor

(R1 and C1) and the RC filter (R2 and C2). The active

filter has an ac gain of 33 dB and a 3 dB bandwidth of

47 MHz, which is a compromise between wide locking

range (wide loop bandwidth) and spur signal suppression

(smaller bandwidth). With fixed supply voltage, the locking

range of the PLL is smaller than the tuning range of

the VCO. To increase the PLL locking range, the supply

voltage of the filter is tuned. The biasing current of the

filter is fixed, so changing the supply voltage (“VCC2”

in Fig. 2) only shifts the DC voltage level at the output

node. As a result, the free running frequency of the VCO

and hence the locking range is shifted, while the the loop

response remains the same.

III. SIMULATION

The circuit is simulated in ADS. For simulating the loop

response (without frequency doubler), the VCO, reference

signal source, frequency divider and phase detector are

replaced by behavioral models. The complete circuit of

the active loop filter is used in the simulation, since its

behavioral model is difficult to extract. The open and

closed loop gain is first simulated to check the loop

bandwidth and stability, as shown in Fig. 3. The loop

bandwidth is roughly 50 MHz with a phase margin of 20

degrees.
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Fig. 3. Simulated open and closed loop gain.

The phase noise of the PLL is simulated based on

linear models in the frequency domain. The simulated

phase noise of the loop components and the measured

phase noise of the reference signal are included in the

behavioral models. The simulated total phase noise and the

contributions from the individual components are shown in

Fig. 7.

After loop response assessment, the complete PLL

circuit (real circuit models) is simulated using transient

simulation. Fig. 4 shows the simulated tuning voltage of

the VCO versus time. The locking time is less than 100

nS.
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Fig. 4. Simulated tuning voltage versus time.

IV. MEASUREMENT RESULTS

The circuit is fabricated in a 0.8 µm SiGe HBT process

[7]. The SIC (selectively implanted collector) transistor

features fT /fmax of 80/90 GHz and collector-emitter

breakdown voltage (BVCEO) of 2.4V, while the non-SIC

transistor, which are used in the loop filter, features 4.3V

BVCEO with only 50 GHz fmax. The circuit is realized
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on a low-resistivity (20 Ωcm) substrate. Fig. 5 shows a

photo of the IC. The chip is very compact and occupies

an area of only 1.1 × 1 mm2, including the pads.

Fig. 5. Chip photo of the complete PLL. The size is 1.1 mm2,
including the pads.

The circuit is characterized on-wafer. The output is

connected through a GSG probe to a V-band mixer (Agi-

lent 11970V), which extends the frequency range of the

spectrum analyzer (Agilent 8563E). A signal generator

(Agilent 8254A) is used to generate the reference signal,

which is connected through a GSG probe to the input of

the phase detector (the second input is grounded by the

ground of the probe). The VCO and frequency doubler

are biased with a 4V supply and draws 60 mA current.

The dividers draw 54 mA of current from a 3.5V supply.

The supply voltage of the loop filter varies from 2V to 6V,

with a constant current of 4 mA.

Fig. 6 shows the locked spectrum at 80 GHz. The filter

is biased at 4V. The reference signal is at 1.25 GHz, with a

power of -15 dBm. The measured phase noise is shown in

Fig. 7, which is very close to the simulation, except for the

6 dB difference due to the frequency doubling. As shown

in the simulation, the phase noise is mainly determined by

the reference signal. At 1 MHz offset, the measured phase

noise is -106 dBc/Hz.
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Fig. 6. Measured spectrum at 80 GHz with 200 MHz span.
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Fig. 7. Measured phase noise of the locked signal at 80 GHz.
For comparison, the simulated phase noise and contribution from
the individual components are also shown.

When the filter is biased at 4V, the locking range of the

PLL is from 69.8 to 76.9 GHz. By changing the supply

voltage of the active filter, the VCO can be locked from 64

to 81 GHz, which almost covers the complete tuning range

of the VCO. Fig. 8 shows the measured locking range at

different supply voltages. At 2V supply, the gain of the

loop filter decreases, which reduces the loop bandwidth

and locking range.

The reference spur is 37 dB lower than the main signal,

as shown in Fig. 9. Due to the single-ended feeding of

the reference signal, the spur signal is only 1.25 GHz (the

reference signal frequency) away from the main signal.

The spur at 2.5 GHz offset is not visible. The spur suppres-

sion can be improved by decreasing the loop bandwidth.

However, as the intention is to have wide tuning range,

very high spur suppression is not pursued in this work.
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Fig. 8. Locking range of the PLL at different filter supply
voltages.

The output power of the PLL is shown in Fig. 10. At

64 GHz, the measured output power is -2.4 dBm. Due to

the increased conversion loss of the doubler, the output

power decreases to -6 dBm at 81 GHz. The leakage of the
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TABLE I

COMPARISON OF RECENT MILLIMETER-WAVE PLLS

Ref.
Technology

Tuning Range Div. Ratio PN(@1MHz)
Spur Output Power

DC (mW)
Chip Size

fT/fmax (GHz) (dBc) (dBm) mm2

[1]
0.13µm BiCMOS 92.7 - 100.2

64 -102 -60 3 570 1.1 x 1.1
230/- (8.3%)

[2]
0.18µm BiCMOS 90.9 - 101.4

768 -92 -52 - 140 1.9
200/180 (10.9%)

[3]
0.13µm BiCMOS 86 - 92 (6.7%) 16 -98.2

-
-3 1150

1.7 x 1.1
230/280 162 -164 (1.2%) 32 -78.9 (100KHz) -25 to 1250

[4]
0.18µm BiCMOS 23.8 - 26.95 (12.4%) 256 -114 -49.5 -9.5 50

1 x 0.8
200/180 75.67 -78.5 (3.7%) 768 -103.5 -47.8 -17.8 75

[5]
45nm CMOS 57 - 66 512

-75 -42 - 78 0.99 x 0.83
-/- (14.6%) - 8184

This
0.8µm SiGe HBT 64 - 81

64 -106 -37
-2.4 @ 64 GHz

431 1 x 1.1
80/90 (23.4%) -6 @ 81 GHz

Fig. 9. Measured spectrum at 80 GHz with 4 GHz span.

fundamental signal at the output is below -20 dBm within

the whole tuning range, as shown in Fig. 10.

Table I compares this work with other reported

millimeter-wave PLLs. This work achieves the widest

frequency tuning range and lowest phase noise.

V. CONCLUSION

This paper presented a millimeter-wave PLL circuit that

achieves the widest frequency tuning range (64 to 81 GHz)

among all reported PLLs. The circuit is realized in a low-

cost, 80 GHz SiGe HBT technology, yet still delivers a

satisfactory output power of -2.5 dBm at 64 GHz and -6

dBm at 81 GHz. The measured phase noise is -106 dBc/Hz

at 1 MHz offset, which is also the lowest reported phase

noise for PLLs in similar frequency range. The circuit

is well suited as a V/W band signal source for low cost

applications.
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Fig. 10. Measured output power at the doubled frequency and
the leakage of the fundamental signal.
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