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Design and Implementation of High-Efficiency X-Band Transmit/Receive Block
for Scalable Active Electronically Scanned Array Antenna
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Abstract

This paper presents the fabrication results of a scalable X-band transmit/receive block used in an active electronically scanned array
(AESA) antenna. Due to the disadvantages of the miniaturization of the existing brick-type planar structure and the complexity of the tile-type
stacked structure, a quasi-tile structure-based transmit/receive block was developed. The developed antenna had a radio-frequency circuit that
was easy to implement in a flat type, and the control part had the advantage of miniaturization in a stacked type. It is easy to develop
an AESA antenna of a desirable size by connecting the transmit/receive blocks. An ethylene glycol water-cooling structure was not added
inside the transmit/receive block, as it was designed to cool one side of the block. The temperature difference between the high power
amplifier(HPA) and the contact surface of the cooling plate improved by approximately 15 %. Gallium nitride devices were used in the
transmit/receive module and had a higher breakdown field than conventional gallium arsenide devices. Hence, the module exhibited high
efficiency when used in power-switching circuits and showed good heat dissipation efficiency and thermal conductivity. The transmit power
of each transmit/receive block channel was 10 W, the receive gain was 28.4 dB, and the noise figure value was 3.4 dB.
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Size - ++ +
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Fig. 1. Scalable AESA antenna configuration using transmit
/receive block.
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Transmit/Receive Block
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Fig. 2. Transmit/receive block diagram and external in-
terface.
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Table 2. The performance requirement of transmit/ receive

block.

Main components Value
Transmit efficiency [%)] > 18
Receive noise figure [dB] <35
Receive gain [dB] > 26
Transmit output(l channel) [dBm] > 40

Maximum transmit duty [%] 13
Receive path phase error [°] < £15°
Transmit path phase error [°] < £20°
Consumption power [W] <116
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Fig. 3. Block diagram of transmit/receive path(l channel).
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Table 3. Main devices & characteristics of receive path.

Main Gain | Noise figure| Manu- Model name
element [dB] [dB] facturer
LNA 19 1.5 UMS | CHA2110-98F
Core chip 6 2 OMMIC | CGY2170YUH
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Fig. 4. Simulation result of receive path noise figure.
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Fig. 5. Simulation result of receive path gain.
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Table 4. Main devices & characteristics of transmit path.

Main element | Gain [dB] |Manufacturer| Model name
Core chip 9 OMMIC CGY2170YUH
DRA 20.5 UMS CHAS5014-99F
HPA 15.9 UMS CHAS8610-99F
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Fig. 6. Simulation result of transmit path power.
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Table 5. Relative duty due to application of high-speed
switching circuit.

PRI PW | TX-EN | Relative duty
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— 7 s [091 us
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Fig. 8. Operation flow diagram of transmit/receive block control
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Fig. 12. The power configuration of transmit/ receive block.

H 6. FFAESAA AEHE budget

Table 6. Power consumption budget of transmit/receive block.

Voltage | Current [A] | Power
[Vde] | Max | Avg | [W]

Component

HPA 28 | 1.6 /0208 5.83
Transmit/ | pRA 9 03 ]0.039| 036
recelve INA 5 01| 01 05

Transmit/| module -
receive | (I channel) Corechip 3 0.1 ] 01 0.3
block Corechip -3 0.04 | 0.04 | 0.12

RF coupling board 5 0.17 | 0.17 | 0.85
Transmit/receive | S(Analog)| 0.05 | 0.05 0.25
5(Digital) | 0.2 | 02 1

control board
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Fig. 13. The modeled transmit/receive block disassembly view.
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Fig. 14. The fabricated transmit/receive block front(left) back
(right) view.
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Table 7. The measurement result of transmit/receive block
RF performance.
Design |Simulation| Measurement
Component
value value value
) Noise figure [dB] | < 3.5 3.28 34
Receive - 3
Receive gain [dB] | > 26 27.98 284
.| Transmit power
T t > 40 | 40.04 40.7
ransmr (1 channel) [dBm]
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Fig. 15. Measurement result of noise figure.
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Fig. 17. Measurement result of transmit output power(l chan-

nel).
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Table 8. The measurement result of transmit/receive block
temperature environment test.

. Measurement
Design
Temperature value
Test phase value
[°C] (dBu] (1 channel)
[dBm]
Pre-test 25 40 40.6
High |During-test 1 71 40 40.5
temperature | During-test 2 71 40 404
test  During-test 3| 71 40 404
Post-test 25 40 40.8
Low Pre-test 25 40 40.8
temperature| During-test -40 40 40.7
test Post-test 25 40 40.6
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Fig. 18. Phase error measurement result of receive path
(40°C).
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Table 9. Power consumption measurement result of transmit
/receive block.

Voltage [V] Current [A] Comsumption power [W]
28 342 95.76
9 0.511 4.599
3 0.439 1317
-3 0.155 0.465
5 (Analog) 1.345 6.725
5 (Digital) 0.42 2.1
Total value 110.966
Design value 116

J8 20, $574588 ARAF 34 4%
Fig. 20. Current consumption measurement result of transmit
/receive block.
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