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ABSTRACT

This thesis proposes a bi-directional Ka band vector sum phase shifter (BDVSPS)

that can be used in phase array transceiver.

This phase shifter uses a 90° coupler and a phase-invertible variable attenuator (PIVA)
to generate orthogonal (in-phase and qudrature, 1Q) signals, and bi-directional variable
gain amplifiers (BDVGA) to synthesize vecter signal through appropriate bias, then it
uses a power combiner to add I and Q signal to implement the bi-directional vecter sum
phase shifter. When the phase shifter operates in the reverse direction, signal comes from
power combiner, then goes toward the BDVGA in reverse direction, the output is at the

90° coupler.

This circuit is implemented in TSMC 0.18um CMOS process. It has 4-bit resolution.
The measured RMS gain error is 0.4dB, and RMS phase error is less than 0.4°. The

average gain is -7.6dB with maximum DC power consumption at 20mW.

Keywords:phase shifter, vecter sum phase shifter, Ka band, bidirectional variable

gain amplifier (BDVGA).
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A A AP TRip e ST R E TR LR TR
Ppifferencei— i~ Pres (2-1)
B Q&7 % iR ET N7 AR Qp & S0 G adp i o
222 #&~4p 42 ~ I=rgE £ (insertion loss, amplitude error)
A F AR RS P S AT G
Output Power (2-2)

insertion loss (dB)= 10log ——————
insertion loss (dB) 0g Input Power

FRIFFL L ST RET P RSB TR AL

- v

+ v .
T @ -

amplitude error,; (dB)=insertion lossy (dB)-insertion lossg.r (dB) (2-3)

11

doi:10.6342/NTU202103874



2.2.3 RMS #p = £ (RMS phase error)
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1
RMS Phase Error = /mz{iz |Ag | (2-4)
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AR B S DLE o

2.2.4 RMS #& tg % £ (RMS amplitude error)

3272 $33 F -4 (RMS amplitude error)¥ 4 7 5
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o 4-1 7 28GHzPF > P o dp# BL KRB FITHBRE & B o

Veva | Veva | Va | Ve | Gain_ | Gain_ | 1/Q Phase
State . Ideal (°)
IV) | Q(V) | (V) | (V) | I(dB) | Q(dB) | (linear) ()

1 1.80 | 0.00 443 | -16.88 | 11.63 0.00 0.00

2 1.51 | 0.62 3.14 | -1.75 1.76 | -22.51 -22.50
0.0 1.8

3 1.00 | 1.41 1.13 2.56 0.85| -44.98 -45.00

4 0.30 | 1.59 | -8.68 3.64 0.24 | -67.64 -67.50

5 0.00 | 1.80 | -16.88 543 0.08 | -89.98 -90.00

6 0.82 | 1.58 0.30 3.57 0.69 | -112.55 || -112.50
1.8 1.8

7 1.50 | 1.50 3.08 3.08 1.00 | -135.08 || -135.00

8 1.59 | 0.40 3.64 | -6.05 3.05| -157.38 || -157.50

09 1.80 | 0.00 443 | -16.88 | 11.63 | 180.03 180.00

10 1.59 | 0.60 3.64 | -2.05 1.93 | 157.58 || 157.50
1.8 0.0

11 1.51 | 1.52 3.14 3.21 0.99 | 13490 || 135.00

12 0.22 | 1.80 | -10.97 5.43 0.151 112.53 112.50

13 0.00 | 1.80 | -16.88 5.43 0.08 90.06 90.00

14 0.58 | 1.57 | -2.36 3.51 0.51 67.46 67.50
0.0 0.0

15 1.52 | 1.15 3.21 1.54 1.21 44.98 45.00

16 1.68 | 0.32 413 | -7.42 3.78 22.50 22.50
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42 7 28GHzPE» F o dp# BL KRB FITHBRE & B o

Veva | Veva | Va | Ve | Gain_ | Gain_ | 1/Q Phase
State . Ideal (°)
IV) | Q(V) | (V) | (V) | I(dB) | Q(dB) | (linear) ()

1 1.80 | 0.00 443 | -16.88 | 11.63 0.00 0.00

2 1.56 | 0.52 345 -3.42 221 -22.58 -22.50
0.0 1.8

3 1.01 | 1.12 1.16 1.46 0.97 | -44.98 -45.00

4 0.15 | 0.83 | -13.01 0.37 0.21] -67.22 -67.50

5 0.18 | 1.80 | -12.14 543 0.13] -90.29 -90.00

6 0.58 | 1.59 | -2.36 3.64 0.50 | -112.95 || -112.50
1.8 1.8

7 1.20 | 0.73 1.68 | -0.43 1.27 | -135.25 || -135.00

8 1.55 | 0.33 339 -7.85 3.65| -157.16 || -157.50

09 1.80 | 0.00 443 | -16.88 | 11.63 | 179.83 180.00

10 1.56 | 0.44 345 -5.10 2.68 | 15732 || 157.50
1.8 0.0

11 0.75 | 1.00 | -0.24 1.13 0.85 ] 13537 || 135.00

12 0.30 | 1.55 | -8.68 3.39 0.251 112.83 112.50

13 0.00 | 1.80 | -16.88 5.43 0.08 91.06 90.00

14 0.42 | 1.57 | -5.56 3.51 0.35 67.04 67.50
0.0 0.0

15 1.00 | 0.85 1.13 0.49 1.08 44.54 45.00

16 1.55 | 0.28 339 -9.24 4.28 22.48 22.50
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