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RF Antenna Assembly

Specification

1. Electrical Properties :  With housing/LORA

1.1 Frequency Range........................
1.2 Impedance ............ccceevviiniiiinnnn.
I3 VSWR ..
1.4 Return LosS......cooevvviiiiiiiinon..
1.5 Radiation ...........c.cooiiiiiiiiinen.
1.6 Peak Gain.............oooeveiiiinin.n.

1.7 Cable LOSS..ovvvviiiiiiiinn. ..
1.8 Polarization............cccoovveeeeeeenna...
1.9 Cable. ...

1.10 Connector......ovveenee e,

3. Physical Properties :

2.1 Operating Temp. ...........cccevnnnnn.
2.2 Storage Temp. ........ccocevviiiiinnnnn.

863~870 ,902~928MHz
50Q Nominal

< 3.0 : 1 Max.

6.0dB Min.
Omni-directional
863~870MHz < 3.69dBi
902~928MHz <3.81dBi
0.44 dB Max.

1.13mm Low loss cable

I-PEX MHF 4L. Connector

-10°C ~+60C
-10°C ~+70°C




RF Antenna Assembly

Specification

1. Electrical Properties:  With housing/LTE

1.1 Frequency Range........................ 703~960 ,1710~2170,2300~2700MHz
1.2 Impedance ............ccceevviiniiiinnnn. 50Q Nominal

I3 VSWR .. < 3.0 : 1 Max.

1.4 Return LosS.....o.ovvveiiiiiniiiin, 6.0dB Min.

1.5 Radiation ...........c.cooiiiiiiiiinen. Omni-directional

1.6 Peak Gain.............oooeveiiiinin.n. 703~960MHz < 1.17dBi

1710~2170MHz <4.41dB1
2300~2700MHz <4.69dBi

1.7 Cable LosS.....coveiiiiiiiiiiiiiaen 0.62 dB Max.

1.8 Polarization.....................oooeennt. Linear

1.9 Cable......oovieiiiiii 1.13 Coaxial Cable
1.10 Connector.........cooevvviiniiininnennnnn. [-PEX MHF Connector

2. Physical Properties :

2.1 Operating Temp. ............c.ceuenen... -10C ~+60°C
2.2 Storage Temp. ........coevevivenanannn.. -10C ~+70C




RF Antenna Assembly

Specification

1. Electrical Properties:  With housing/Wi-Fi

1.1 Frequency Range........................ 2400~2500MHz

1.2 Impedance ............ccceevviiniiiinnnn. 50Q Nominal

I3 VSWR .. <1.92 : 1 Max.

1.4 Return LosS.....o.ovvveiiiiiniiiin, 10 dB Min.

1.5 Radiation ...........c.cooiiiiiiiiinen. Omni-directional

1.6 Peak Gain.............oooeveiiiinin.n. 6.04dBi

1.7 Cable LosS.....coveiiiiiiiiiiiian 0.56 dB Max.

1.8 Polarization.....................oeeeenn.. Linear

1.9 Cable......cooviiiiiii 1.13 Coaxial Cable
1.10 Connector.........coovvvviiuiiininninnnen. [-PEX MHF Connector

2. Physical Properties :

2.1 Operating Temp. ............c.ceuenen... -10C ~+60°C
2.2 Storage Temp. ........coevevivenanannn.. -10C ~+70C




A B C D E F G

LTE

REV| DATE DESCRIPTION
X1 112/29-2020 New Issue
® [22.0] [132-0]—|
[0 ©] © 9 oo © o]
%§ e
\E::::::::::::::::: 5 =
o @ @
+ 5] - I
Ay — . ] ,
____________ = o 5
©@ =8 2 °
=1 = <
33 2 °
\E 85 |V s — P
EF=====23 E====== ¢ %
| 0 G
|—[95:|:5]——§ )

/ o O
n E===========J7} . 5 2
@ @ © 05

© (o o 0 ©
NOTE:Ffffitu4E2: FLSOP
9 RIVET Aluminum 5052 6
8 | WIHMITTE | EVA+G4000 2
7 PIFA SUS430,Plated Ni, T=0.4mm 2
6 PCB FR4;64mil;1/20z,Black 1
5 Connector I-PEX MHF 4L Plug 2
4 Connector I-PEX MHF Plug 2
3 CABLE 21.13mm cable ; Color : White[ [ {%1] 1
2 CABLE 21.13mm Low loss cable ; Color :Gray[}xth] | 2
1 CABLE 21.13mm cable ; Color :Black[ 2 (1] 1
NO DESCRIPTION QTY REMARK
XX. | 45.0 |APPROVED CUSTOMER: SR
: ‘\\ F WhaYu
X. 3.0 Spring PART NO : 23.005.000000 @ Group
CHECKED .
X 4.0 PART NAME: RF Antenna Assembly THIS DRAWING, AND IT'S INHERANT DESIGN CONCEPTS,
CUSTOMER'S SINGATURE XX | 40.5 W.Y P/NO : C4254-690053-A ARE THE PROPERTY OF WHA YU AND AS SUCH MAY NOT
BE COPIED, REPRODUCED, OR GIVEN TO THIRD PARTIES
XXX | 40.2 |DRAWING REV | UNIT | FILE :  SSR2000418 WITHOUT THE WRITTEN CONSENT OF WHA YU.
@ = shuhua X1 | mm | SHEET: 1/1




TNP-20010
Antenna Test Report

Version: v 1.4

Released Date: 2020/10/08
Prepared By: James
Reviewed By: Daniel

WHA YU INDUSTRIAL CO., LTD. 1

‘\\ .gea JEL 188 SRR A MBS ST TR

E-mail : market@whayu.com



Contents

Revised History

Conclusion & Comments

Specification

Antenna Placement & Solution

Test Setup for S-parameter Measurement
VSWR Results

Isolation Results

Test Setup for Radiation Pattern Measurement
2D Radiation Pattern Results

3D Radiation Pattern Results

Results Summary (VSWR, isolation, peak gain, efficiency)

WHA YU INDUSTRIAL CO., LTD. 2

™ TEL: 886-3-5714225 FAX : 886-3-5713853 | 5723600
‘ i Webasite : www.whayu.com

E-mall : marketifwhayu.com



Revision History

Released Date Revised Records

2020/04/30 1.0 Antenna Test Report

2020/06/12 1.1 Antenna tuning with new clearance area

2020/06/17 1.2 Improve gain, efficiency and isolation of LORA antenna
2020/10/08 1.3 Change lora-1 direction

2021/01/08 1.4 Change lora-2 direction

I
WHA YU INDUSTRIAL CO., LTD
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Antenna Performance Summary

« VSWR, peak gain and efficiency of antenna meet specification.

« Gain and radiation efficiency of LORA Antenna were enhanced in v1.4

Comments for Further Improvement

To be confirmed by the customer
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Specification

Requirements of Antenna Design

m Number of ANT Frequency Band m

LORA 863~870 / 902~928 MHz
LTE 1 703~960/1710~2170 / 2300~2700MHz
Wi-Fi 1 2400~2500 MHz

Requirements of Measurement

Test Item Specification m

LORA <3.0
VSWR LTE <3.0
Wi-Fi <1.92
Isolation <-15dB
Peak Gain TBD 1
Efficiency TBD

Radiation Pattern

WHA YU INDUSTRIAL CO., LTD. 5
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Antenna Placement & Solution

LTE_ANT1

LORA_ANT2

00000°'S00°EL
0°TA-LNY-£99N

2G_ANT1

LORA_ANT1

LORA_ANT1 PIFA 66*20*15.3mm 200mm ®=1.13
LORA_ANT?2 PIFA 66*20*15.3mm 200mm ®=1.13
LTE_ANT1 PCB 80.6*15*1.6mm 200mm ®=1.13
2G_ANT1 PCB 40*10.5*1.6mm 180mm ®=1.13

WHA YU INDUSTRIAL CO., LTD. 6
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Antenna Placement & Solution
| Antenna | PreviousVersion

LORA_ANT1

LORA_ANT2

LTE_ANT1

2G_ANT1
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Antenna Placement & Solution

LORA_AN
T1

LORA_AN
T2

LTE_ANT1

2G_ANT1

M.geal
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Test Setup for S-parameter Measurement

__Equipment | _ Brand | __Model _
1

E5071C

Network Analyzer Keysight

RF Cable (1.13mm)
Antenna with MHE Conn. Network Analyzer

WHA YU INDUSTRIAL CO., LTD

“\ .gea I Lﬂmmmﬁm:mmm 5723600 8



VSWR Results

LORA_ANT1 (868-870/902-928MHz) (Criterion: <3.0)

B ESOT1C Metwork Analyrer
| Adkive ChTrace IRmspores 3 Stmuks 4 Miffnslss 5 Ity State

P s11 swrR 1.000/ ref 2,000 [F1]
11.00

1 863.00000 MHz 1.7761 ]
2 870.00000 mHz 1.6010 Print
3 902.00000 MHz 1.3557
=4 028.00000 MHz 1.2409
10.00 -
Ahort Printing
5. 000 Printer Setup...
Invert Image
8,000
7. 000 Multiport Test Set |
Setup
Misc Setup |
G, 000
Backlight
oM
3.000 Fir mware
Revigion
4,000 Service Menu |
Help
3.000 L
1 Return
2,000 }\—//—\
1,000
|T Start 700 MHz IFEW 70 kHz
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VSWR Results

LORA_ANT2 (868-870/902-928MHz) (Criterion: <3.0)

N ES0T1C Hatwork Analyzer
1 Active ChyTrace 2 Response 3 Stmuius 4 Mkrf&nalysis 5 Instr State

Start

700,00 MHz

Center

850,00 MHz
Span

300,00 MHz

1 Feturn

|T Start 700 MHz IFBW 70 kHe Stop 1 GHz

WHA YU INDUSTRIAL CO., LTD. 11
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VSWR Results

LTE_ANT1 (703~960/ 1710~1880 / 1920~2170 / 2300~2700 MHz) (Criterion: <3.0)

N ES0T1C Hatwork Analyzer
I Active ChfTrace 2 Response 3 5tmuius 4 Merfnalysis 5 Instr State

P 511 swr 1,000/ ref 2,000 [F1]

11.4a0

10000

Gn s e

el

O. 000

2.000

1.000 L—

[1 Start 500 MHz

703, 00000 MHz
G50, 00000 MHZ
1. 7100000 GHz
2.1700000 GHz
2.3000000 GHz
2.7000000 GHz

IFBW 70 kHz

Format

Log Mag

Phase

Group Delay

Smith

Palar

Lin Mag

Real

Imaginary

Expand
Phase

Positive
Phase

Stop 3 GHz E=m )

Return

l\\ ngea
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VSWR Results

2G_ANT1 (2400-2500MHz) (Criterion: <1.92)

B ESOTIC Metwork Analyrer
I Al Trace I Fespoims 3 59mike 4 Mellneel 5 Irstr SEals
P S11 swr 1.000/ ref 2,000 [F1]

11. 00
=4 2,0000000 GHz  6.1515
5 2.4000000 GHz 1.5249
6 2.4500000 GHz 1.5702
7 2.5000000 GHz  1.7480
Recall State |
Recall by
9. 000 File Mame
Save Channel |
8,000
Recall Channel |
7.000 Save Type |
State 2 Cal
i Channel/Trace
6.000 Disp Only
Save
Trace Data...
5,000
Save SnP |
4.000 Explorer
1 Return
3.000 '
2. 000y /
—
i i
1.000 & A A AN
[1 start 2 GHz TFEW 70 kHz Stop 3 GHz
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Isolation Results

LORA_ANT1 & LORA_ANT2 (Criterion: < -15dB)

B ESOT1C Metwork Analyrer
I Adtive OhTraoe I Fecpoims 3 5imuke 4 Mallosve 5 irelr Sisle
pIEE =12 Log mMag 10.00dEs ref 0.000dE

50,00
863, 00000 MHz -20.106 dB
870. 00000 MHz -19.977 dB
402, Qo000 MHz -16.635 dB
=4 G28.00000 MHz -26.776 dB
40,00
Recall State |
Recall by |
30.00 File Mame
Save Channel |
20,00
Recall Channel |
10. 00 Save Type |
State 2 Cal
Channel/Trace
Disp Only
0. 000y q
Save
Trace Data...
=10. 00
Save SnP |
-20.00 L Explarer
i
1 <
1 Return
-30.00 '
e \_,_r—/
=50, 00
|T Start 700 MHz IFEW 70 kHz
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Isolation Results

LORA_ANT1 & LTE_ANT1 (Criterion: < -15dB)

N ES0T1C Hatwork Analyzer
I Active ChfTrace 2 Response 3 5tmuius 4 Merfnalysis 5 Instr State

Log Mag 10.00dBs Ref 0.000dE

1 703.00000 MHzZ -27.497
2 BE3.00000 MHz -20.241 dB Print
3 B70.00000 MHz -18.584 dB
4 902, 00000 MHz -20.026 dB
40,00 |5 92800000 MHz -25.313 dB s _
& 060,00000 MHz -22.417 dB HBETE T
7 l.7100000 GHz -32.280 dB
§ Z.1700000 GHz -28.494 dB
3000 9 2.6900000 GHz -24.193 dB Frinter Setup...
Invert Image
ON
20,00
Durmp
een Image...
10. 00 MultipoSrth'Eest Set |
ELp
Misc Setup |
0. 000 4
Backlight
On
-10.00 Fir mware
Revision
_30.00 ﬁ?' ., Service Menu |
A ]
A TR ] Help
N Y
-30. 00 P |
H H Return
-40. 00 H
|
1
Lo
=50, 00 6

[1 Start 500 MHz IFBW 70 kHz

Stop 3 GHz

l\\ ngea
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Isolation Results

LORA_ANT1 & 2G_ANT1 (Criterion: < -15dB)

N ESOT1C Metwork Analyrer
| Adtive ChTrace TRsspores 3 Slmuke 4 Miaffnsbss 5 Iotr St

pIEE =12 Log mMag 10.00dEs ref 0.000dE
50.00

>l B63, 00000 MHz -21.742 dB
2 B70.00000 MHz -26.291 dB Print
3902, 00000 MHz -20.858 dB
4 528, 00000 MHz -26.578 dB
40,00 524000000 GHz -28.626 dE Abort Printi
6 2.4500000 GHz -30.502 dB ort Friring
72.5000000 GHz -26.3%4 dB
20, 00 Frinter Setup...
Invert Image
20,00
10. 00 Multiport Test SetI
Setup
Misc Setup |
0. 000 4
Backlight
O
-10.00 Fir mware
Revigion
_30. 00 Service Menu |
Help
-30.00
3
1 Return
=40, 00
-50.00 =
|T Start 500 MHz IFBW 70 kHz Stop 3 GHz (&
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Isolation Results

LORA_ANT2 & LTE_ANT1 (Criterion: < -15dB)

B ESOTIC Metwork Analyrer
I Adtive ChiTrace I FRecpoims 3 5mike 4 Mellnesbein 5 Irefr Sials

928.0000000 MHz

PIE 512 Log Mag 10.00de, Ref O.
50,00
1 703.00000 MHz -41.212 dB
Z 863.00000 MHz —16.732 dF {  Marker &
3 870.00000 MHz —19.185 db
4 902.00000 MHz -22.631 dB
40.00 ' 55 575, 00000 MHZ —22. 654 db { Marker 7
6 9&0.00000 MHZ —22.547 db
7 1.7100000 GHz —44.717 dB {  Markers
8 2.1700000 GHz -27.843 dB
20.00 | S 2.A900000 GHz ~25.828 dB
J Marker 9
I Return
20,00 :
10.00
0. 000
-10.00
'/% . /\‘/\
-20.00 -/ 4 ?% - ]
; o
E %
-30.00 \I e
"
.‘il‘ll\ . -
-40.00 : ‘H o
 /
A
| 4
—50.00 v pran pay pray
[1 Start 500 MHz IFEW 70 kHz Stop 3 GHz
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Isolation Results

LORA_ANT2 & 2G_ANT1 (Criterion: < -15dB)

B ESOTIC Metwork Analyrer
I Al Trace I Fespoims 3 59mike 4 Mellneel 5 Irstr SEals
pillE s12 Log Mag 10.00dBs rRef 0.000dE

50,00
»1  863.00000 MHz -23.604 dB
2 B70.00000 MHz -23.873 dB
3 902.00000 MHz -24.665 dB
4 828.00000 MHZ +27.984 dB
40.00 524000000 GHz =30.421 dE Recall State
6 2.4500000 GHz -30.216 dB eca
F2.5000000 GHz -29.356 dB
Recall by
30.00 File Mame
Save Channel |
20,00
Recall Channel |
10. 00 Save Type |
State 2 Cal
Channel/Trace
a. 000’ ‘ Disp Only
Save
Trace Data...
=10.00
Save SnP |
_z0. 00 Explarer
=z U Return
-30. 00 '
-40.00 -
i
-50.00 =
|T Start 500 MHz IFEW 70 kHz
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Isolation Results

LTE_ANT1 & 2G_ANT1 (Criterion: < -15dB)

N ES0T1C Hatwork Analyzer
1 Active ChyTrace 2 Response 3 Stmuius 4 Mkrf&nalysis 5 Instr State

pIEE =12 Log Mag 10.00dEs ref 0.000dE

50. 00
1 703.00000 MHZ ~21.790
Z  D60.00000 MHZ 23,659
3 1.7100000 GHz -22.216
4 2.1700000 GHz ~32.086 dB
40,00 |5 2.3000000 GHz =26.663 OB
»6  2.4000000 GHz -26.311 OB
7 2.5000000 GHz -25.260 O
8 2.6900000 GHz -22.393 O
30,00
20,00
10,00
0. 000 |
~10. 00
-20.00
O
I.-'ll% I{\l f..
[ f % {4
-20.00 o /
Ty
j ¥
-40. 00 m
-50.00

[1 Start 500 MHz

IFBW 70 kHe

Stop 3 GHz

1) Return

Recall State |

Recall by
File Mame

Save Channel |

Recall Channel |

Save Type

State & Cal I

Channel/Trace
Disp Only

Save
Trace Data...

Save SnP |

Explorer

l\\ ngea
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Chamber Informatio

+ FHGEREHERESATERINESMBRTES
Cperad 81 5 MGLLTUA Sehanes

e nnisen s & HIEEERHTRSRALIS AT ET SERERIREI
e T | e, PR UM

Dual Polarized
Measursment Antenna

— . Shiekded Anechoic Chamber

L ]

AR o

| Chamber | Brand | Model | Locaton |

WavePro WavePro FFC-700 China, Dongguan

WHA YU INDUSTRIAL CO., LTD. 20
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Test Setup for Radiation Pattern Measurement

WHA YU INDUSTRIAL CO., LTD. 21
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2D Radiation Pattern Results

LORA_ANT1
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2D Radiation Pattern Results

LORA_ANT2

X

w @ 0w 8 ESEE w @ 0
20 ] 20 20
e 0 D02 00MHZ = =2 — o
- -4
4
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2D Radiation Pattern Results

LTE_ANT1

X

0. 00MHz 0 e 0 D60 H0MHz
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2D Radiation Pattern Results

2G_ANT1
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3D Radiation Pattern Results

LORA_ANT1, 863 MHz

Front View Back View

il £
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3D Radiation Pattern Results

LORA_ANT1, 870 MHz

Front View Back View

£ il
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3D Radiation Pattern Results

LORA_ANT1, 902MHz

Front View Back View

£ £z
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3D Radiation Pattern Results

LORA_ANT1, 928 MHz

Front View Back View
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3D Radiation Pattern Results

LORA_ANT2, 863MHz

Front View Back View
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3D Radiation Pattern Results

LORA_ANT2, 870 MHz

Front View Back View
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3D Radiation Pattern Results

LORA_ANT2, 902MHz

Front View Back View
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3D Radiation Pattern Results

LORA_ANT2, 928 MHz

Front View Back View
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3D Radiation Pattern Results

LTE_ANT1, 703MHz

Front View Back View

£z il

WHA YU INDUSTRIAL CO., LTD.

‘\\.gear ﬁ;ﬁﬂ%g:mwu; srzm00 34

E-mail ; market@whayu.com



3D Radiation Pattern Results

LTE_ANT1, 824MHz

Front View Back View
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3D Radiation Pattern Results

LTE_ANT1, 960 MHz

Front View Back View
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3D Radiation Pattern Results

LTE_ANT1, 1710MHz

Front View Back View
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3D Radiation Pattern Results

LTE_ANT1, 2170 MHz

Front View Back View
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3D Radiation Pattern Results

LTE_ANT1, 2300 MHz

Front View Back View
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3D Radiation Pattern Results

LTE_ANT1, 2700 MHz
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3D Radiation Pattern Results

2G_ANT1, 2400 MHz

Front View Back View
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3D Radiation Pattern Results

2G_ANT1, 2450 MHz

Front View Back View
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3D Radiation Pattern Results

2G_ANT1, 2500 MHz

Front View Back View
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Results Summary

VSWR (Criterion: £3.0)

ACLIE LORA_ANT1 | LORA_ANT2
(MHz)

863
870
902
928

1.7
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Results Summary

VSWR (Criterion: £3.0)
Frequency
(MHz2) LTE_ANT1

703 20

960 e

1710 21

2170 1.2

2300 1.1 (%

2700 2.0 "-; 3
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Results Summary

VSWR (Criterion: £1.92.0)
Frequency
(MHz2) 2G_ANT1

2400 1.5
2450 1.5
2500 1.7
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Results Summary

Isolation (Criterion: s- 15dB)

Frequency LORA_ANT1
MHz) &
( LORA_ANT?2
863 -20.1
870 -19.7
902 -16.6 A% | _J
,*‘_:"?’: ] .
928 -26.7 ‘..'_clt_"»ﬂ_#
%‘ - 4
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Results Summary

Isolation (Criterion: £-15dB)

B reTE LORAEANT1 LORAgANTZ
(MHz) LTE_ANT1 LTE_ANT1
703 -27.4 -41.1
863 -20.2 -16.7
870 -18.5 -19.1
902 -20.0 -22.6 i\ \"-, . I
928 -25.3 -22.6 : -'tt g ]
960 -22.4 -22.6 |
1710 -32.2 -44.7 . __'fg@
2170 -28.4 -27.8
2700 -24 .1 -25.8
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Results Summary

Isolation (Criterion: s- 20dB)

Ty LORAgANT1 LORAE‘ANTZ
(MHz) 2G_ANT1 2G_ANT1
863 -21.7 -23.6
870 -26.2 -23.8
902 -20.8 -24.6
2\ ) |
928 -26.5 -27.9 "Q‘f-ﬁ
%% ]
2400 -28.6 -30.4
Ay
2450 -30.5 -30.2 & —:3@
2500 -26.3 -29.3
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Results Summary

Isolation (Criterion: s- 20dB)

Frequency LTE_ANT1
MHz) &
( 2G _ANT1

703 21.7
960 -23.6
1710 -22.2
2170 -32.0 \ &
s
2300 -26.6 | ;}*,_ _*
b %
2400 -26.3
2500 -25.2 g
N
— -22.3
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Results Summary

Peak Gain & Efficiency

LORA_ANT1 LORA_ANT2
Frequency

MHz
( ) Peak Gain (dBi) | Efficiency (%) | Peak Gain (dBi) | Efficiency (%)
863 3.69 63.7 3.36 72.7 r
870 3.32 60.2 3.08 73.8 o
902 3.81 70.7 2.70 66.7 .
928 2.60 59.4 2.32 57.1 A"
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Results Summary

Peak Gain & Efficiency

LTE_ANT1
Frequency
(MHz) Peak Gain | Efficiency
(dBi) (§0)

703 -0.53 27.8 |

824 1.17 46.5

960 -0.22 30.5

1710 0.69 52.6 ﬁ{‘;.l:s | _
2170 4.41 53.4 L %
2300 4.69 59.9 X
2500 4.05 60.4 i
2700 2.32 50.5 >
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Results Summary

Peak Gain & Efficiency

2G_ANTA1
Frequency
(MHz) Peak Gain | Efficiency ,
(dBi) A )
2400 5.38 56.4 g
2450 5.20 53.3 | ' '-T-N
2500 6.04 52.1 ‘\;‘* | 1
" e
9 w
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