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Efficiency Improvement of Beamforming Transmitter Using Group-Based
Biasing Control for Array Power Amplifiers
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Abstract

This study aimed to improve the power efficiency and complexity of an RF beamforming system transmitter operating indoors using
a biasing control technique for each group. The group-by-group biasing technique applies both dynamic and group biasing techniques
simultaneously. Using the dynamic biasing technique, an appropriate bias was applied to the output of the RF power amplifier for each
channel to power the power amplifier in the low-power section. The efficiency was improved, and the system complexity that occurred
when applying the dynamic biasing technique was reduced using the group biasing technique. The proposed technique was theoretically veri-
fied through mathematical modeling using the output characteristics of a single power amplifier. In addition, for actual measurement, a digital
beamforming system with a 4x4 antenna structure was built, and a biasing control technique for each group was applied to the measurement.
The measurement conditions were divided into three types according to the deviation of the output power of the group, and the measurement
results showed total power efficiency improvements of 14.0 %p, 14.1 %p, and 10.5 %p, proving the validity of the technique.
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Fig. 1. 4x4 array antenna and beamforming system block diagram.
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Fig. 2. Change in power efficiency as drain voltage changes.

After selecting the PA to be modeled, obtain data of RF
output power according to RF input power and Vp,

| Equation to proceed with modeling |

!

Derivation of coefficients from ay, to ags that fit the output
data

In the P,..(Vpp. P;,) term, substitute the RF output value to
derive the optimal drain voltage value.

!

Deriving (Vpp Pi) combination that satisfies the
corresponding value

Among the combinations, the V,, of the combination with
the highest P;, value within the measurement data range is
derived.

The corresponding Vpp is the Vpp o value at the
corresponding RF output

28 3. 54 welold /18 A4 P8 wAE

Fig. 3. Method of applying the dynamic biasing technique.
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Fig. 4. A 3-D graph that schematizes formulas.
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Table 1. Output power and efficiency of each antenna according to the weight of the side lobe suppression technique.

Case 1/2/3 :
1 2 3 4

| Power (W) 0.468/0.211/0.126 0.468/0.425/0.363 0.468/0.425/0.363 0.468/0.211/0.126
Effciency (%) 19.4/12.2/8.7 19.4/17.9/16.6 19.4/17.9/16.6 19.4/12.2/8.7

5 Power (W) 0.468/0.412/0.357 0.468/0.827/1.03 0.468/0.827/1.03 0.468/0.412/0.357
Effciency (%) 19.4/17.9/16.6 19.4/25.8/29.4 19.4/25.8/29.4 19.4/17.9/16.6

" ; Power (W) 0.468/0.412/0.357 0.468/0.827/1.03 0.468/0.827/1.03 0.468/0.412/0.357
Effciency (%) 19.4/17.9/16.6 19.4/25.8/29.4 19.4/25.8/29.4 19.4/17.9/16.6

s Power (W) 0.468/0.211/0.126 0.468/0.425/0.363 0.468/0.425/0.363 0.468/0.211/0.126
Effciency (%) 19.4/12.2/8.7 19.4/17.9/16.6 19.4/17.9/16.6 19.4/12.2/8.7

708



e A8 SZ7] 258 vpojoly AolE o] &3 WET H417] &8 T /W

G1 G2 G2 G1
G3 G4 G4 G3
G3 G4 G4 G3
G1 G2 G2 G1

J8 6. 7w Qe TIEste wig gty
Fig. 6. Implemented array antennas and grouped array
antennas.
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Table 2. Coefficient of each term in modeling formula.

a; /
0 1 2 3
0 13.1 0.8736 —0.03102 | 0.0004
] 1 0.5758 0.01237 | —0.00023 0
l 2 —0.01143 | 0.000249 0 0
3 0.000108 0 0 0

H 3 7 Cased ©2¥ HAH 9l st
Table 3. Optimal drain voltage derived for each case.

Viooen Group
’ Gl G2, G3 G4
1 139V 139V 139V
Case| 2 79 V 128 V 213 V
3 51V 99V 250 V

H 4. npojold 71 A& H/Fe] 7t Case™ 17 HY
TEZ7] & WA A
Table 4. Group power amplifier efficiency change value for
each case before and after applying the biasing
technique.

Case 1/2/3 Gl G2, G3 G4

Before (%) 19.4/12.2/8.7 | 19.4/17.9/16.6 | 19.4/25.8/29.4

After (%) 34.5/31.3/31.9|34.5/35.1/34.3 | 34.5/32.6/31.3

Improvement (%p) |15.1/19.1/23.2|15.1/17.2/17.7| 15.1/6.8/1.9
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Table 5. Total power efficiency change value for each case.

Total power effciency
Case 1 2 3
Before (%) 194 19.5 19.5
After (%) 334 33.6 31.1
Improvement (%p) 14.0 14.1 10.5
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