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FIGURE 6. ATMOSPHERIC ABSORPTION OF MILLIMETER WAVE ENERGY [1]
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L band (~1.5GHz) ~-154dB ~-174dB ~-187dB
Ku band (~15GHz) ~-174dB ~-194dB ~-207dB
Ka band (~30GHz) ~-180dB ~-200dB ~-213dB
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GSOA ATE/MRARIEIEH Y-
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* ATE (Authorized Test Entities): as representative of GSOA

*  MRA (Mutual Recognized Approval): for product approval AVL | | camputr Oc T —— C“;II at
- TX « RX

— RF Frequency — RF Frequency e ﬁ Intellian dium| |KROTOS | | kymera

— [F Frequency — [F Frequency

— EIRP — Roll off factor

— Roll off factor — XPD (or AR)

— XPD (or AR) — Beamforming angle

— Beamforming angle — HPBW

— HPBW — SLL

— SLL — Depointing loss

— Depointing loss — G/T (or antenna temperature)

— Group delay — Group delay

— ACLR — (Gain flatness

— EIRP flatness

Note:

* At least low, middle, high frequency should be measured at TX and RX band.
_\ GO * Sampling angle during measurement must <= 0.1*HPBW deg.
S ‘o\/aITI-)II-HBQﬁBEB@@@ * Each beam have to be measured for ESA type product.(EL angle step 15 deg.) 8
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* DFF and CATR test range are designed in MS10 chamber.

Chamber size and weight

Chamber external

size (LXWxH) 7.1x4.1x 3.1 (m)

Weight 2000 kg
Frequency range 0.7710 GHz
Test distance 4 m

QZ diameter 30 cm
Cross polarization -30dB

Reflector size 1.2x1.2 (m)
Frequency range 5742 GHz
QZ size 60x25 cm
(diameter x deep)

Cross polarization -30dB
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Phase array

DFF Feed hom

CATR QZ performance (10~15 GHz)

Reflectivity XPD Amplitude taper | Amplitude ripple | Phase total
(by VSWR method) variation
-33dB -30 dB 1dB +-0.5dB 15 deg




MRAHIOTARFEEK - QZ

* The probe horn is mounted with the robotic arm. The robotic arm
will move across the QZ with certain sampling step. The VNA will
capture the S12 while the robotic arm is moving to each position

of the QZ. The test conditions are listed below.

* Test range:

e XandYrange:-30~+30cm, step: 1 cm (1.41@42 GHz)

* Zrange:-12.5~+12.5cm, step: 12.5 cm
* VNA power =0 dBm, IF bandwidth = 1 kHz.

Manufacturer/model Description

Vector network analyzer

Rohde & Schwarz/ZNA67

Frequency 10 MHz to 67 GHz

Robotic arm

Universal robots/UR5e

Pose Repeatability +-0.03 mm

Pre-amplifier

Eravant/SBB-0117033015-
0117033015-VFVF-E3

Frequency 0.01 to 70 GHz
Gain 30 dB

- B
,.oJ(-)ITI NIFBRBRBRLD

Rohde & Schwarz/ZNA67
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IREX AR (SGH)

Probe horn antenna (for QZ test)

Name Frequency range Antenna type Antenna Gain 3 dB beamwidth
HA 0915GS8 10~15 GHz Open-ended waveguide horn 6~8 dB1 57~70 deg.
HA 1522G8 15~22 GHz Open-ended waveguide horn 6~9 dB1 55~75 deg.
HA 2442G8 24~47 GHz Open-ended waveguide horn 6~9 dBi 50~75 deg.

Probe horn antenna (for reflectivity test)

Name Frequency range Antenna type Antenna Gain 3 dB beamwidth
HA 0915G22 9~15 GHz Rectangular horn | 21~23 dB1 11~19 deg.

HA 1522G24 15~22 GHz Rectangular horn | 22~24 dB1 8~14 deg.

HA 2442G24k 24~47 GHz Rectangular horn | 22~25 dB1 9~15 deg.
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QZ Amp./Phaseifllit &% — bR AMS10

Measured V-pol. QZ Amp. (f = 12.5 GHz)

Field probe scan distance on Y-axis {cm)

(30.0, -30%6)

—30 —20 —10 0 10 20 30
Field probe scan distance on X-axis (cm)

Measured V-pol. QZ Amp. (f = 12.5 GHz)
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e Measured QZ Amp. (XZ plane) === Measured QZ Amp. (YZ plane)
BWant Co., Lta g 3 e Veasured QZ Amp. (+45 plane) === Measured QZ Amp. (-45 plane)
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Phase (deg)

Measured V-pol. QZ Phase (f = 12.5 GHz)

Min: 23.59 40.0
(12.0, 13.0)

Field probe scan distance on Y-axis (cm)

—30 —20 -10 0 10 20 30
Field probe scan distance on X-axis (cm)

Measured V-pol. QZ Phase (f = 12.5 GHz)
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Field probe scan distance (cm)

e Veasured QZ Phase (XZ plane) === Measured QZ Phase (YZ plane)
e Measured QZ Phase (+45 plane) === Measured QZ Phase (-45 plane) 12
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Measured QZ Amp. XPD (f = 12.5 GHz)

a Ty P jg'r:"("

Measured QZ XPD (f = 12.5 GHz)
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Rd —p—s 20 Ing {J _P’/] _AL
10 /20 + l
RlppleQz'Rlpplemulﬁpath
where

1s the reflectivity for each direction (o), polarization, and scan

Reflectivity

Probe
Pattern

P(a)

3D test fixture

VSWR Ripple Magnitude

QZ reflectivity of chamber 1s related to following factor

Probe horn Gain (Gain >= 20 dB1 1s recommended)
Reflectivity of absorber

Direction of probe horn

Reflected signal (15t reflection or 2 reflection)

d—p=s * CATR feed horn spill over
Ty p 1s the peak-to-peak ripple in dB of the interfering signals * Shap e of chamber and absorber placement
AL 1s the difference in level from the reference to the interference signal n dB as shown in

Figure 33 and Figure 34

aaaaaaaaaaaa
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Reflectivityst &

Measured H-pol. QZ XZ plane Amp. ( f=12.5 GHz)

13 * When the on axis and the target angle (Rx -15 deg. as example) QZ
u amplitude is measured. Do the following calculation to quantify
~—F \ the reflectivity of the CATR chamber
15
N
5] y Step Calculation procedure
§ AL —— Align on z axis 1 (Align on Z axis) — (Rx -15 deg.) unit in dB
g 17 R 15 dee -> because the measurement result including QZ taper, QZ ripple
= 18 ~ Y o and multiple reflection signal for “Rx -15 deg.” case. First step is to
/__/ — ] \ take off the factor of QZ taper and ripple.
19 2 Calculate SWR of the reflection by Equ. 1. r,,, is max[(Align on Z
" axis) — (Rx -15 deg.)]-min[(Align on Z axis) — (Rx -15 deg.)]
-30 -20 -10 0 10 20 30 3 Calculate AL. AL =[Align on Z axis(0)]-[Rx -15 deg(0)].
Field probe scan distance (cm)
4 Calculate reflectivity by Equ. 2
,
10{ P_“Pé)] —1
SWR — 2010g10 {;~ _/] T - Equ. |
10t

Reflectivity = SWR - AL - Equ. 2

ﬂ BWant Co., Ltd -::“
‘3\\/(-717’ NFABRGBBERLD 15



ReflectivityfllF 52 € Bt iE

Step Test procedure

. 1 Install the robotic arm 1n the chamber.
Robotic arm
! 2 Mount the probe horn on robotic arm.
, 3 Align the probe horn on Z axis and aperture at the center of quiet zone.
5\{‘) E Probe horn === & 4 Set the feed horn as V polarization.
. \ \ \) ! 5 Set the polarization of the probe horn same as the feed horn
; a \ «'.'; 2 — : 6 Scan on XZ plane (X = -30 ~ +30cm, scan step 1 cm, Y&Z fix at Ocm)

by moving the arm. Then acquire amplitude of S12 at each position.

7 Scan on YZ plane (Y =-30 ~ +30cm, scan step 1 cm, X&Z fix at Ocm)
by moving the arm. Then acquire amplitude of S12 at each position.

8 Rotate probe horn to X axis -30 degree. And repeat Step 6~7 until
probe horn rotate to X axis +30 degree (rotate step 15 deg.).

9 Rotate probe horn to Y axis -30 degree. And repeat Step 5~7 until
probe horn rotate to Y axis +30 degree (rotate step 15 deg.).

10 Set the feed horn as H polarization. Repeat Step 5~9.

11 Finish measurement

ﬂ BWant Co., Ltd -:‘“
—;‘)Janl NFARRBRLD 16



Reflectivity Bl AR 2 X 4R (SGH)

CATR feed horn
Name Frequency range Antenna type Antenna Gain 3 dB beamwidth
HA 1015Gl17c 10~15 GHz Corrugated horn 13.8~17.6 dB1 24~38 deg.
HAD 1522G17 15~22 GHz Corrugated horn 15.5~18.7 dB1 21~34 deg.
HAD 2442G17 24~47 GHz Corrugated horn 13~19 dB1 17~34 deg.
Probe horn antenna

Name Frequency range Antenna type Antenna Gain 3 dB beamwidth
HA 0915G17 10~15 GHz Rectangular horn | 15~18.2 dB1 22~33 deg.

HA 0915G22 10~15 GHz Rectangular horn | 20.5~24 dB1 11~19 deg.

HA 1524G24 15~22 GHz Rectangular horn | 20.8~24.1 dBi1 10~14 deg.

HA 2442G24k 24~47 GHz Rectangular horn | 21.9~24.8 dBi1 8~15 deg.

ﬂ BWant Co., Ltd -ﬁ‘
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Reflectivity Al 4R — 168 AMS10

Measured H-pol. QZ YZ plane Amp. (f = 12.5 GHz)

Amplitude (dB)

-10

-15 1

[\
o

NO)
Ch

-30

Measured H-pol. QZ XZ plane Amp. ( f=12.5 GHz)

717’ NIFABBBRLD

-10
e 15— —
e e Align On z axis #— Align on z axis
e RX -30 deg g 20 e RX -30 deg
e—Rx -15 deg - e—Rx -15 deg
e Rx 15 deg -é e Rx 15 deg
———Rx 30 deg TE1 25 ———Rx 30 deg
e Ry -30 deg < e Ry -30 deg
Ry -15 deg =Ry -15 deg
J—T = =Ry 15 deg 3 = e — ‘L_’\ ====Ry 15 deg
ﬁww Q Ry 30 deg 7’0_ Q?Oio\ Ry 30 deg
- 35
30 -20 -10 0 10 20 30 ’ -30 -20 -10 0 10 20 30
Field probe scan distance (cm) Field probe scan distance (cm)
Reflectivity (dB)  Rx -30 Rx -15 Rx 30 Ry -30 Ry -15 Ry 15 Ry 30
f=12.5GHz
XZ plane -36.7 -35.8 -36.3 -34.7 -46.4 -42.1 -44.8 -46.9
YZ plane -45.1 -42.3 -42.5 -43.6 -41.8 -39.2 -38.3 -40.3
Note: “Rx -30deg.” means the probe horn is rotated to X axis -30 degree
18
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9
' receive horn

* Control nstruments
* Control DUT

* Control positioner
* Data analysis

* Receive power of the receive hom

_ G, gain of direct path
"> Preceive B (Gd_Ld)l(l)d-l_(Gr_Lr)ld)r Gf: gain of reflected path

: L4: path loss of direct path
* ¢gand ¢, could be in phase or out of phase | |1 parh loss of reflected path

* Reflectivity = L-L

AAAAAAAAAAAA
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*  When measure main lobe of the phase array (for *  When measure main lobe of the phase array (for
Gy =35dBi, G, =21.4 dB1) Gy =21.4dBi, G, =35 dB1)
Measurement error due to reflectivity Measurement error due to reflectivity

0.2 4
015 3
S o1 g 2
C — 1
O 0.05 o
3 7 O
2 0 2 -1
g -0.05 g 2
£ 01 Q-3
a 2 4 +-0.4 dB
® -0.15 o
= s +13dB

et 6

-0.25 7
-50 -45 -40 -35 -30 -25 -20 -50 -45 -40 -35 -30 -25 -20
Reflectivity (dB) Reflectivity (dB)
——inphase ——out phase ——in phase ——out phase

e Higher directivity DUT, lower reflectivity 1s required.

‘;\} ’7171 NIFABHBERAD
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_ Sphere Efficiency (dB) Hemi sphere Efficiency (dB)

11.7GHz Beam 0 433] 43.30
11.7GHz Beam 45 0 44 .37 44 35

+7 . 80
4

e Step measurement * (Continue measurement

LHCP Gain (f = 10.7 GHz)

Min:-32.95
(62-7,.61.5)

Theta (deg)

80

Test Test Frequency Measurement Beam Time
Category  Item point Step Count Required
Tx beam direction x=0,y=0 | 1 0.3° 1 17 hrs
Rx beam direction x=0,y=0 | 1 0.3° 1 17 hrs
half-3D | i i i
Tx other beam direction 1 5°  for sidelobe, 16 2hrsx 16
Rx other beam direction 1 0.3% for mainbeam | 1 2hrsx 16
vertical cut 3 0.3° 17 5 hrs
2D f i i
horizontal cut 3 0.3° 17 5 hrs
: EIRP 26 20 MHz - 1hrs
* Hemisphere measurement 1000 hrs by step measurement S | S
. x depointing loss 1 - 5 rs
-> reduced to 17 hrs by continue measurement sarameter | Redepointingloss |1 : : Lhrs
groupdelay - - - 8 hrs
; _ G/T & S - :
123 hrs 21

gt o 2 N
‘:\\/ﬁﬂl NFABKBBERLD
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