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Development of EQM(Engineering Qualified Model) Local Oscillator for
Ka-band Satellite Transponder
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Abstract

A low phase noise EQM(Engineering Qualified Model) LO(Local Oscillator) has been developed for Ka-band
satellite transponder. A VCDRO(Voltage Controlled Dielectric Resonator Oscillator) is also designed using a high
impedance inverter coupled with dielectric resonator to improve the phase noise performances out of the loop
bandwidth. The mechanical analysis for housing and the thermal analysis for circuit board are achieved. This EQM
LO is applied to Ka-band satellite transponder of EQM level after environmental experiments for space application.
The LO has the harmonic suppression characteristics above 52 dBc and requires low power consumption under 1.3
watts. The phase noise characteristics are exhibited as —101.33 dBc/Hz at 10 kHz offset frequency and —114.33
dBc/Hz at 100 kHz offset frequency, with the output power of 14.0 dBm=+0.17 dB over the temperature range of — 1
5~+65C.
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Fig. 1. Block diagram of Ka-band satellite transponder.
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B 1. AgAlo] 221719 part stress 34
Table 1. Part stress analysis of VCO.

Part . Part Stress Value
Ref Stress Max Max Derating rooliod
' Style Value Para. Spec. Rating Value APPIE Stress Ratio
Stress
Vds 4 32 3 75 [%
TRI HEMT V] %)
Pt 290 [mW] 87 51 17.5 [%]
VD1 Diode Vbr 30 [V1 19.5 12 40 [%]
Ri Sheet 100 [Q] Power 200 [mW] 100 17 8.5 [%]
R2 Sheet 100 [R] Power 200 [mW] 100 17 8.5 [%}
R3 Sheet 50 [2] Power 50 [mW] 25 0 0 [%]
R4 Chip 1 kQ] Power 50 [mW] 25 0 0 [%]
Cl Chip 1000 [pF] Voltage 50 [V] 25 5 10 {%]
AL 30.0aBm __10d4B/ __100RHZ ool ZZ7]9 vl P1 dBE 3 dB Eo UE¥ A
i - B 9 229 qUEAS AT 2 2 &
e = B 22270 A8 AR pan stress 4 AHE
= 5 . .
Ol=71p.= o= M A9 A derating gholl W8] ££3 marging 7}
/ T E 2. $3Z27)9 part stress 34
-N I Table 2. Part stress analysis of buffer amplifier.
W &Wﬁpﬁl Part Max | Max |[Part Stress Value
J Stress .
_ Ref. Spec. | Derating -
CENTER ©.80S040GHz SPAN 1.000MHz Para. . Applied | Stress
RABW 10kHZ VBW 1.0kHZ SWP 250ms Style | Value Rating | Value .
Stress | Ratio
8 4. AgAio] Bx7)9 JAES E4 vds | 4[V] 32 3| 751%)
Fig. 4. Phase noise characteristics of VCO. TR1|HEMT Vgs | -3Vl | -24 | -02 | 67[%)
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Pt | 200[mw]| 87 60 | 20.7[%)]
Vds 4] 32 3 75(%]
TR2 |HEMT Vgs | -3[V]| -24 | -02 ] 67(%]
Pt | 290[mW]| 87 60 | 20.71%]
RI | Sheet | 50{Q] | Power | 200{mW]| 100 0 0[%]
R2 | Sheet | 50[Q] | Power | 200(mw]| 100 20 | 10[%]
R3 | Sheet | 50[Q] | Power | 200{mW]| 100 0 0%]
R4 | Sheet | 50[Q] | Power | 200fmW]| 100 20 | 10[%]
RS | Sheet | 50[Q] | Power | 50[mW]| 25 0 0[%]
R6 | Sheet | 50[Q] | Power | 50[mW] 25 0 0[%]
C1 | Chip |1000{pF]| Voltage| 50[V] 25 02 | 04[%]
C2 | Chip | 1000{pF]| Voltage| 50[V] 25 02 | 04[%]
C3 | SLC | 68[pF] | Voltage| 50[V] 25 02 | 04[%]
C4 | SLC | 68[pF] | Voltage| 50[V] 25 3 6{%)]
C5 | SLC | 68[pF] | Voltage| 50[V] 25 02 | 04[%]
C6 | SLC | 68[pF] | Voltage| 50[V] 25 3 6[%]
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Table 3. Requirement of vibration test.

Frequency Test Level
10~24 Hz 12.7 mm*
24~36 Hz +t15¢
36~55 Hz +20g
55~100 Hz +7g
Random (20~2000 Hz) 02 g/Hz (199 grms)

* shaker maximum amplitude.
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Fig. 8. Structure analysis of housing for EQM LO.
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Table 4. Analysis of heat stress.

3 or 5 Cycles 3 or 5 Cycles
B ﬂuulumen( ONL Equipment OFF ‘ Equipment ON J !

| * T
Hot Non- Operating { | { ,—%1 i * | T7—v—ﬁ 7
\ N B ol
Hot Maximum o [ I \i R ,(S) . .|
o ol

| '
Tl T2 P
Ambient ) “ i
|
Cold Maximum P

H | |
Cold Non-Operating | 1° L

CYGLE 1 kCYoLE 3 or
-

T1~T10 : test point

1% 9. Thermal vacuum A 33
Fig. 9. Thermal vacuum test process.

Phase locking board

J8 10. 329 g3y
Fig. 10. Thermal analysis for circuit board.
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E3 $A7) Bd o] JEAA Y v2A 7 F
o AA 007511 Wem'E 53 marging
7H L Y

GA 713 WHS
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‘ Predicted Maximum
Component I(‘I‘;a)t oRth’C Temperature () Derated
(C/W) Case Junction Temperature (C)
OMR780 0.3842 17 75.56 82.1 110
Regulator
FHX35X 0.06 200(max.) 77.52 89.52 110
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Fig. 12. Phase noise characteristics of EQM LO.
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Fig. 13. Harmonics of EQM LO.
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Fig. 14. Spurious of EQM LO in band for Ka-band
satellite transponder.
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Fig. 15. Photograph of EQM LO for Ka-band satellite
transponder.
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Table 5. Performance of EQM LO.

Parameter Requir. Meas. | Comp.
Frequency {GHz] 9.8 9.8 C
Supply Voltage [V] 158, -8(15 8 -8 C
Supply Current [mA] 20, 140, 5(16, 123, 0 C
Output Power [dBm] 140+t [14.0+0.17) C
Test Port Power [dBm] >-7 183 | C
Phase Noise at 50 Hz [dBc/Hz} -57 -783 | C
Phase Noise at 100 Hz [dBe/Hz]| -63 -76.00 | C
Phase Noise at 1 kHz [dBc/Hz] ~-83 -91.17 | C
Phase Noise at 10 kHz [dBe/Hz]| -93 -10133 | C
Phase Noise at 100 kHz [dBe/Hz)| -95 -11433 | C
Phase Noise at | MHz [dBo/Hz]| —-96 -12900 | C
Harmonics @2fo [dBc} >30 52.83 C
Spurious {dBc] >70 81.84 C
Stability [ppm] +1.0 -0.11 C
Source Impedance [Ohm)] 50 50 C
Power Consumption [W] - <131 C
Weight [g] - 211 g C
Thermal Vacuum [°C] -15~65| -15~65| C
Vibration [G] 206G 20 G C
EMC Test - OK C
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