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Abstract

This paper describes the design of RF transceiver module, which is a component of helicopter-mounted UAV
control data link terminal. The primary link, which is the main mission link, is designed to operate in the Ku band,
and the secondary link, which is the flight control link, is designed to operate in the UHF band. The physical
specifications such as size and weight were considered to miniaturize the design for mounting on a light armed
helicopter(LAH), and the electrical performance requirements were analyzed through link budget, and the design was
carried out using RF simulation tools ADS and AWR and thermal analysis simulation tool midas NFX. The size of
the designed primary link transceiver module is 145mm X 72mm x 38.5mm, weighing about 620g, with a transmit
output of more than 30 dBm and a receive sensitivity of -87.4 dBm at a transmission rate of 22Mbps, and the size
of the secondary link transceiver module is 145mm X 72mm x 35mm, weighing about 520g, with a transmit output
of more than 30 dBm and a receive sensitivity of -94.5 dBm at a transmission rate of 2.4 Mbps.
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Transfer of UAV control from
ground control to manned helicopter
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Fig. 1. Helicopter-mounted UAV control datalink concept of
operations
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Table 1. RF transceiver module performance requirements

ltems 1st link 2nd link
Operating freq Ku-band UHF-band
A | %0 i | TR 80 M
Intermediate freq 04 GHz 00 MHz
e | B | TRc 2w
IF input level -15 dBm -15 dBm
IF output level -10 dBm -15 dBm
Tx output level W W
3rd order IMD 20 dBc 30 dBc
2nd/3rd harmonics -20 dBm -20 dBm
Out-of-band
spurious 80 dBc 80 dBc
Noise figure 6.5 dB 5 dB
Rx input =207 =97 dBm | -207 -97 dBm
level range (2 Mbps) (1.2 Mops)
) Tx: Direct RF
Freqmceci?]\g(ajraon One-conversion [Rx: Doublej
conversion
Size 1450m X 72qm % | 145qm X 72mm X
(W x L xH) 40mm 3Bmm

7] dE Q718 1349 A, 2483 RFSA
7Ie weE FIdA AU FRgE 71|
el I QAE F W A4 wdkele
2% ARSI o]Z 13 IEv) Bt B
AA WAs e stitI)2]. 22y ADC/DAC
OAg st=gole] wEE Eylox w2 Fig
HEZTL Thss el wet, B FAldAe AFs)
AAE f3 1A RF$FA B2 19 29 2
o] FFILFE L Yo MAste Fai W
3 woz 988 & A AAsIHeH, 2334
S5 BEY A9 $A Fugs g WE glo]
SEN FYSIEE AAEIATH



Journal of KIIT. Vol. 22, No. 10, pp. 85-95, Oct. 31, 2024. pISSN 1598-8619, eISSN 2093-7571 87

‘ AT AR A AAE 98] °F 60 dBe o4
o Awst Baghe stk

Demodulator

RF Filter RF Filter .
#1 #2 Al
Lo : 7 2 n 3
o Paz Tarz219 Total
NF (dB) 11.06 050 110 050 150 050 .09
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Fig. 2. Primary link frequency down conversion method o
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Fig. 5. Primary link Ku-band transmit noise analysis budget
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Table 2. Primary link termination amplifier comparison analysis

[tems TGA2218-SM TGA2219-CP
Psat 41dBm (12W) 44dBm (25W)
@ Pin 20Bm (0.002W) | 4dBm (0.003W)
@ Amp pout 35dBm (3.16W) | 35dBm (3.16W)
IM3 200Bc 27dBc
® Coupler+circulator
+SMP connector loss 1.508 1.5dB
® Cabletduplexer
+cable 2.50B 25dB
@(:A”@t)_rg)“_@%‘)’”t 310Bm 310Bm
® P oconsumption | 182W (28+0.65) | 224W (28-0.8)
@ P dissipation
= ©-@*0) 15.04W 19.24W
Power added
efficiency 17.36% 14.1%
(= (@-0®)
® Thermal resistance 296 CW 1.56CW
mé‘;?;ﬂj’rg M51C 0N01C
(= @@ + Tcase) (+ Tcase) (+ Tcase)
' ! 55mm X 455 % 1525 X 1525 %
Package dimensions (6T 35,
olg 1% 102 $£AAE AA ] thak AJEY ]
A ggoH, a8 112 27T 1w &8 A
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Fig. 10. Primary link transmission pathway schematic
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Table 3. Secondary link termination amplifier analysis 30 .
ltems NPA1003QA 20
Psat 38.5dBm(7W) i
® Pin 15dBm(0.03W) -110
@ Amp Pout 3AdBm(2.51W)
M3 409Bc a2l 13, 2xf2l3 £AMd 2 &3 g 220} s Ao}
® BPF+Coupler 1.50B Fig. 13. Secondary link transmission path output and
@ SPDT+SPDT+MCX 1.50B spurious wave analysis results
® Ant Port Pout (= @-B-®) 31dBm
. 7.28W 05 &FA BE TMET 2 M HAH
® P consumption (98:0.26) S So
@ P dissipation (= ®-@+D) 4.8W
Power Added Efficiency e AAE 133 S50 REY UE FEs O
e ' /° ¥ 145k 2ok 715EE $4 BE 4 BE Z2
Thermal Resistance 12TW = o 5
3 = 9o Zuls wigke
Junction Temperature 576C dof BE=R 7=l gon Fo =
(= @+@® + Tcase) (+ Tcase) -'43} E= S/ BEd ZbzE AAE o Stk
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Fig. 12. Secondary link transmission pathway schematic



Journal of KIIT. Vol. 22, No. 10, pp. 85-95, Oct. 31, 2024. pISSN 1598-8619, eISSN 2093-7571 91

Pi PAD HF PiPAD LPF VGA ATT LPF pipap  MOTE Up-conversion

synthesis AmP LFF

HPF
e ._._‘> ._ Ku Rx ront-end

Rx LO DPLX  processing unit

PLL HFF AMP LPF v’
OCXO  Divider ﬂ’ KUTXI
Frequency E
F

Down-conversion lm AT DAT B AT BMP AT MR POWER/CONTROL

R 1 ]—.—.—.—- w Freq Freq
> > Up- synth T

e e Tt FEE TI
Pib““*bibi?ﬁ o owea B O

J 14173 &4 28 S8
Fig. 14. Primary link transceiver module block diagram
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Table 4. Material properties for thermal analysis

2 4%

' Electronic circuit
ltems angléiEgczgg PCB parts and
thermal pad
Aluminum FR-4
Materials (AL60B1- (Includes Silicon
T651, T6) |copper trace)
Thermal
conductivity, 0.161 0.02 0.16
W/(mm- C)
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* Pout : Output Power( W)

* Pin : Input Power( W)

* Rth : Thermal Resistance (°C/ W)

O 21 143 IEHEE 22 ey At
Fig. 21. Primary link high power amplifier board thermal
analysis geometry
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Te=173C, V=28V,1=0.84, Rth=156C/ W,
Pout =35dBm (3.16 W), Pin = 4dBm (0.003 W)

Tj = 73+ (28%0.8—3.16+0.003) *1.56
=103.01C
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Fig. 22. Secondary link transmitter board thermal analysis

geometry
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Te=68C, V=28V,1=0.264, Rth=12C/ W,

Pout =34dBm (2.51 W), Pin = 15dBm (0.032 W)

Tj = 68+ (28%0.26 —2.5140.03)*12

=125.6C
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