Microelectronics and Solid State Electronics 2012, 1(4): 81-84
DOI: 10.5923/j.msse.20120104.02

Design of 60 GHz Vector Modulator Based Active Phase
Shifter
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Abstract Thispaper presents a design of 60 GHz active phase shifter for next generation mm-Wave WPAN using 90 nm
TSMC CMOS technology.The vector modulator based phase shifter is chosen as a prototype because it provides accurate
resolution over wide bandwidth. The phase shifter is controlled by binary current weighted 5-bit DAC. A miniaturized
Marchand balun and a 2-stage poly phase filter are used to generate differential I/Q signal from mm-Wave single input. The
three CS (Common Source) amplifiers are adopted for providing enough gain to the proposed circuit. The measured phase
resolution of the circuit is 11.25° with maximum 3° phase error. The peak gain from the S-parameter measurement is 9 dB

while drawing 50 mA froma 1.2 V supply.
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1. Introduction

Recently 60 GHz ISM frequency band with 7 GHz
bandwidth has been released for next generation
WPANWireless Personal Area Network) and wireless
high-definition streaming.Due to the large bandwidth
several Gbps wireless communication will be possible in
near future. However the channel condition of the 60 GHz is
extremely poor so the transmitted power is severely
attenuated in air. Thus it is necessary to use phased array
system which enables to transmit and receiverelatively high
power using multiple transmitters and antennas.

Phase shifters in the phased array system are the key
components because the beam pattern of the antenna i
artificially adjusted by the specific combination of the output
signals of each phase shifter.

There are several ways of implementing phased array
system. In[1-2], the IF and digital arrayed systems were
introduced. In these papers, the phase shifters were located at
the IF stage or after the ADC circuit. Therefore, they used a
lot of array components such as LNA, Mixer, A GC, Filter,
and ADC. Thus choosing afore-mentioned structures as a
prototype requires large chip area and power
consumption.In[3], LO (Local Oscillator) phase shifting was
proposed. It is good architecture comparing to previous
works however, it still needs the mixer arrays and the
complex local generation circuits. The RF phase shifting
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architecture was proposed in[4]. The RF phase shifter
combines arrayed RF signal directly at the RF front end of
the transceiver. So the required array components are
minimized to only RF circuits.

In this paper, the 60 GHz vector modulator based active
phase shifter is presented as a RF phase shifter using 90 nm
CMOS TSMC technology. It consists of CS (Common
Source) amplifiers, Marchand balun, poly phase filter, 5 bit
digitallycontrolled vector modulator. The proposed circuit
shows 11.25° phase resolution with 3° phase error and 9 dB
peak power gain under 1.2 V supply.

2. Proposed Structure of the Phase
Shifter
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Figure 1. The block diagram ofthe proposed phase shifter
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In this section, the structure of the proposed phase shifter
is illustrated. The overall block diagram is depicted in Fig. 1.
The input CS amplifier provides input matching and gain to
the phase shifter. To generate differential I and Q
signal,aMarchand balun and a 2-stage poly phase filter are
adopted.

There are various types of RF phase shifter: switched
delay[5], loaded line[6], and vector modulator based phase
shifter[7]. Considering low and equal insertion loss and
phase resolution across 7 GHz frequency, thevectormodulat
orbased phase shifteris chosen in this paper. Atthe last stage
of the circuit anotherMarchand balun is placed for
converting differential signal to single signal.

2.1. Common Source Amplifier

Fig. 2 shows the structure of the input common source
amplifier for providing gain and for matching input
impedance of the circuit. The input matching structure
consists of two inductors.The transmission line in the source
is used for source degeneration. The L; shunt inductor not
only serves as a matching component but also as an ESD
protector since it provides much lower impedance path than
the impedance of the input L.

The on chip transmission lines are also used as matching
components. The S-parameter results ofthe trans mission line
from the 3-D simulation are transformed into its equivalent
circuit (Fig. 2) by the equation (1-3).
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Figure 2. The input CS amplifier and modeling of thetransmission line
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After aforementioned transformation, the transmission
lines can be used in the manner of simple scalable
components.

2.2. MarchandB alun

The advantages of using Marchand balunas a prototype
are the no DC power consumption and wideband frequency
responsewith a low insertion loss. Thus the on chip
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miniaturized Marchand balun is adopted here for single to
differential conversion or vice versa. Fig. 3 shows the
structure of the balun. Single port 1 is connected with half
wave length line with its load open and differential port 2 and
3 are connected with quarter wave length line with their load
short.

One of the great characteristics of the Marchandbalun is
that the coupling coefficient k of the coupled lines can be
determined by the termination impedance Zp. As the Zp
increases, the required value of the k decreases. Thus the
parallel coupled structure which has a low coupling
characteristic can be designed with coupling coefficient 0.6
and Z; 200 Q. To minimize the balun size, the winding
structure is adopted. The simulation S-parameter results are
plotted in Fig. 4 with the minimum insertion loss 1.16 dB.
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Figure 3. The proposed Marchandblaun and its equivalent structure
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Figure 4. Simulatedresult ofthe proposed balun

2.3. Polyphase Filter

To drive vector modulator, differential I and Q signals are
required. The Hybrid coupler was generally used for
quadrature generation even on chip condition. However it
takes large chip area and needs additional baluns for
differential output. All pass filter type quadrature generation
was successfully implemented in mm-Wave application. But
the mismatches caused by the loading effect make all
passfilter design unattractive in 60 GHz frequency.

The passive poly phase filter has been widely used
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forquadrature generation due to its small area and simple
design.
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Figure 5. The structure ofthe two-stage poly phase filter

The poly phase filter configuration as shown in Fig. 5 has
an inherent 90° phase different at their output over all
frequencies. The only matter is amp litude mismatch. For the
wide band operation, two stage poly phase filter is adopted.
Nevertheless it shows considerable insertion loss.

2.4. Vector Modul ator

For the operation of vector modulator, differential [ and Q
input signal are required. The vector modulator is the core
building block for the phase shifter. The I/Q signals with
variable amplitude and polarity are combined to generate
designated phase. Therefore the vector modulator consists of
I/Q VGAs (Variable Gain Amplifiers) with polarity
inversion capability.Fig. 6 shows the detail schematic of the I
orQ VGA.

To produce output of the vector modulator, [ and Q VGA
amplify the input signals and produce constant output like
the equation (4). So the required equation of the each VGA is
equated in (5).
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Figure 6. The VGA structure

There is a linear trans-conductance (g,) region in the
transistor where the current density of the transistor is low.
We choose this low current density region as a bias point of
the I and Q VGA to satisfy the equation (5) with the binary
weighted current source.

1,,+0,,,=Modulator, ,=constant )

Emrt ng=ngGA=cons tan ¢ (5)

4 bit digital control signals controls the Iand Q VGA’s g,
and the last bit controls the polarity of the VGA by switching
polarity control block shown in Fig. 6. The polarity control
block makes the current only flow either the transistor M1 or
M2. By the differential nature, the polarity of the VGA
output is changed in this manner.

The output of the I and Q VGA are current. Thus the
transmission line inductors are usedfor signaladdition.

3. Measurement Results

The circuit was fabricated in a 90 nm TSMC CMOS
process with fi and fx of 120 GHz and 150 GHz
respectively. The backend features 9 copper layers with the
top thick metal 3.3um. The die photo of the phase shifter is
shown in Fig 7. It occupies an area of 1 x 0.76 mm’ including
probe pads. The proposed circuit was measured by on wafer
probe systemto reduce parasitic interconnection effects.

Fig. 8 shows the measured S-parameter results. It shows 9
dBpeakgain with little center frequency shift. The simulated
peak gain is 14 dB. The gain reduction was caused by input
and output mis matching.

:

of the phase shifter

Figure 7. The photograph

The measured gain and phase characteristics are plotted in
Fig. 9 at the 57 GHz frequency. The remained half feature
might be same because the symmetrical design. The
measured result shows that the 5 bit resolution is satisfied
with the maximum phase error 30,

In the Table I, the key results of this work are summarized
and compared with previous works.The phase shifter
presented in this work shows high resolution and gain at 60
GHz frequency.

Table 1. Result summaries with previous works
Ref Frequency | Resolution Gain Technolo
(GHz) (degree) (dB) 2y
This 90nm
work 60 11.25 9 CMOS
0.18um
[5] 12 11.25 -145 CMOS
0.18um
[6] 12 22.5 35 CMOS
0.13um
[7] 26 22.5 -3 CMOS
0.12pm
[8] 34 22.5 1 BICMOS
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Figure 8. The measured S-parameter results
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Figure 9. The characteristics of gain and phase

4. Conclusions

A vector modulator based active phase shifter was
proposed and its results were measured by on chip wafer
probing. The measured results showed that the proposed
circuit has 9 dB gain and 11.25° phase resolution. The
maximum phase error over the whole frequency is 3% which
means that the proposed circuit satisfied the 5 bit resolution.
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Thus the presented paper can be a good phase shifter
solution for mm-Wavearray system.
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