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Measurement of Maximum Permissible Exposure 
 

1.  Foreword 

In adopt with the Human Exposure IEEE C95.1, and according to the FCC 1.1310. The 
Maximum Permissible Exposure (MPE) is obligated to measure in order to prove the safety 
of radiation harmfulness to the human body.  

The Gain of the antenna used is measured in an Anechoic chamber. The maximum total 
power to the antenna is to be recorded. By adopting the Friis Transmission Formula and 
the power gain of the antenna, we can find the distance right away from the product, where 
the limit of the MPE is. 

2.  Description of EUT 

FCC ID : VUIWL157NMUSB 

Product Name : WIFI module 

Model Name : WL-157N_MUSB 

Frequency Range : IEEE 802.11b/g/n Draft 1.0 20M: 2.412GHz ~ 2.462GHz 

  IEEE 802.11n Draft 1.0 40M: 2.422GHz ~ 2.452GHz 

Channel Spacing : 5MHz 

Support Channel : IEEE 802.11b/g/n Draft 1.0 20M: 11 Channels 

  IEEE 802.11n Draft 1.0 40M: 7 Channels 

Modulation Skill : DBPSK, DQPSK, CCK, OFDM 

Power Type : Powered from NB PC by Mini-USB to USB cable 



Measurement of Maximum Permissible Exposure ----------------------------------------  2/6 

 
Applicant: PEGATRON CORPORATION      FCC ID: VUIWL157NMUSB 
Training Research Co., Ltd., TEL: 886-2-26935155, Fax: 886-2-26934440 

 
3.  Limits for Maximum Permissible Exposure (MPE) 

Frequency 
Range 
(MHz) 

Electric Field 
Strength (V/m) 

Magnetic Filed 
Strength (H) 

(A/m) 

Power Density (S) 
(mW/cm2) 

Averaging Time
|E|2, |H|2 or S 

(minutes) 

(A) Limits for Occupational/Controlled Exposure 

0.3-3.0 614 1.63 100 6 

3.0-30 1842/f 4.89/f 900/f2 6 

30-300 61.4 0.163 1.0 6 

300-1500 -- -- f/300 6 

1500-100,000 -- -- 5 6 

(B) Limits for General Population/Uncontrolled Exposure 

0.3-1.34 614 1.63 100 30 

1.34-30 824/f 2.19/f 180/f2 30 

30-300 27.5 0.073 0.2 30 

300-1500 -- -- f/1500 30 

1500-100,000 -- -- 1.0 30 

[The EUT is tested in transmit and receive modes and in the first, middle and the last channel separately.  

The following shows only our observation have the greatest emissions.] 
 

According to OET BULLETIN 56 Fourth Edition/August 1999, Equation for Predicting RF Fields: 
 

Friis Transmission Formula: 2
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Note: "The safe estimated separation that the user must maintain from the antenna is at least 6.5cm" 
 

Where: S = power density (in appropriate units, e.g. mW/cm2) 
      P = power input to the antenna (in appropriate units, e.g., mW) 
      G = power gain of the antenna in the direction of interest relative to an isotropic radiator 
      R = distance to the center of radiation of the antenna (appropriate units, e.g., cm) 
 

The Numeric gain G of antenna with a gain specified in dB is determined by: 
      G = Log -1 ( dB antenna gain / 10 ) 
      G = Log -1 (2.50 / 10) = 1.78 
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Appendix 
 
 

Antenna Specification 
(Antenna#1   Printed Antenna) 



WL-157N_MUSB Antenna Specification 
 

1. Antenna Specification 
1.  Description  ：2.4GHz PIFA 

2.  Standard  ：IEEE 802.11b/g/n Wireless LAN  

3.  Antenna Profile  ：(as Drawing)  

4.  Electrical Characteristics   

 Operating Frequency  ：2.4~2.5GHz  

 Antenna Type  ：PCB  

 Polarization Type  ：Linear  

 Type of Radiation  ：Semi-Omni  

 Peak Gain  ：2.3 dBi / 5.2 dBi 

 Impedance  ：50 Ohm nominal  

 V.S.W.R.  ：2.0:1 Max.  

6.  Mechanical Characteristics   

 Lead Length  ：N/A 

 Connector  ：N/A 

7.  Raw Material   

Coaxial Cable  ：N/A 

Housing  ：N/A 

 



2. Radiation Pattern 

 
Antenna 1 

 
Antenna 2 

 
 
 
3. Antenna Gain 

Project No. 
Peak Gain Avg Gain Efficiency (%) 

2.40 GHz 2.45 GHz 2.50 GHz 2.40 GHz 2.45 GHz 2.50 GHz 2.40 GHz 2.45 GHz 2.50 GHz 

WL-167n Main Ant. 2.32 dBi 1.08 dBi -0.64 dBi -3.49 dBi -4.51 dBi -5.85 dBi 69% 68% 65% 

WL-167n Aux. Ant. 5.20 dBi 4.38 dBi 4.09 dBi -1.15 dBi -1.45 dBi -1.34 dBi 73% 77% 73% 

 

Y 

X 

Z 
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Appendix 
 
 

Antenna Specification 
(Antenna#2   Dipole Antenna: RFA-02-C2M2-03) 

 



 
RFA-02-C2M2-03 
Specifications 

Frequency range 2400 MHz – 2500 MHz 

Antenna gain 2.5 dBi 

VSWR 2.0 : 1 Max. 

Polarization Linear, vertical 

Impedance 50 Ω 

Temperature - 10℃ to +55℃ 

Connector R SMA PLUG 
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Antenna Specification 
(Antenna#3   Dipole Antenna: RFA-02-C2M2) 



Specification 
 
Description: Dipole antenna  
Part NO.:RFA-02-C2M2 
Electrical specification 
1. Frequency range: 2400 – 2500MHz 

2. Gain: 2.0dBi （Omni, Average gain） 

3. VSWR: ＜＝ 2.0 

4. Polarization: Linear, vertical 

5. Impedance: 50 Ohm 

6. Connector: RP-SMA plug 

( Reverse Polarity meets FCC part 15. 203 Requirement ) 

 

Mechanical Testing Results 
Condition：Non operating during test. 

1 Endurance test result: 
1). Number of connection/disconnection of the connector：500 cycles 

2). Number of 360° rotation of the connector：1000 cycles 

Mandatory：Guaranty of functionalities after test. 

2 Resistance test result: ( tests are applicable to all parts and both sides. ) 

2-1 Traction test result: 

1). Traction force applied 3 times on plugs during 15 second：1 kg 

Mandatory：No mechanical damage tolerated. Guaranty of functionalities after testing. 

2-2 Bending force test result: 
1). Number of 90° at the hinge parts and bending on one direction with 1 lbs force: 1000 cycles. 
2). Bending at the antenna hinge parts reversely guaranteed the quality under 1 kgw force. 

2-3 Top cover & joint Tensility test result 
Test equipment: IMADA FB-50K 

A). Minimum pull test force: 8kgw 

B). Maximum pull test force: 15.5kgw 

C). Average pull test force over 10kgw 

 

Testing items  1 2 3 4 

Reference force specification  8kg↑ 
Torsion test data  15.5kg 10.5kg 12kg 15kg 

Decision ( Result) OK OK OK OK 
Mandatory：No mechanicaldamage tolerated. Guaranty of functionalities after testing.  



3 Environmental Testing Results 
3-1 Storage test results 
Condition： Non operating during test. 

Cold: -40℃ during 72h (IEC 68-2-1 standard Ab/Ad test) 

Dry heat: +60℃ during 96h (IEC 68-2-2 standard Bb/Bd test) 

Humidity: +25℃ at 95%R.H. during 4 days (IEC 68-2-56 standard Cb test) 

Mandatory：No mechanical or visible damage tolerated. Guaranty of functionalities after test 

3-2 Operation test results 
Condition：Operating during test. 

Cold: -10℃ during 48h (IEC 68-2-1 standard Ab/Ad test) 

Dry heat: +55℃ during 48h (IEC 68-2-2 standard Bb/Bd test) 

Composite: -10℃to +55℃ 95%R.H 4 cycles(IEC 68-2-30 standard Nb test) 

Mandatory：No mechanical or visible damage tolerated. Guaranty of functionalities during and after test 
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Antenna Specification 
(Antenna#4   S SERIES Antenna) 

 



 

 
1 

 
(Mechanical Use) 

 
 
 
 
 
l Product Type l WLAN Antenna 
l Notebook Model Number l ASUS / S SERIES  
l Part No. / Yageo / Aux l CAN4313 695 022501B  
l Part No. / ASUS / Aux l 14G154011200 
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No. 10, Zhu Yuan Road, Suzhou New District, Suzhou, PRC 

 

R01 Dec. 14, 07 

R02 Jan. 15, 08 

  

2.45/5GHz Multi Band Antenna with 
Cable & Connector for IEEE802.11b, 
11g, 11a, 11n, UNII 

Yageo Corporation SPD 

Datasheet Current Revision: 
R02 
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1. Specifications                                  
1.1 Specifications for Antennas 

Frequency Range (GHz) 
2.40 ~ 2.50 for 802.11b/g/n 

5.15 ~ 5.85 for 802.11a 

VSWR 
2.50 for 2.4GHz band For WL 
2.50 for 5.0GHz band For WL 

Peak Gain (dBi) 
0.85 dBi for 2.4GHz band 
1.50 dBi for 5.0GHz band 

MiniPCI Connector Ipex / Hirose  
Impedance 50Ω 

Operating Temperature -40~90℃ 
Maximum Power 1W 

Polarization Linear 
Radiation Pattern Omni-directional 

 
1.2 Antenna Dimension / Cable Length 

Product ASUS / S SERIES 

Aux Antenna (LCD) 38.65*7.6*0.3 mm /265.0 mm, Color White 

 
1.3 Packing Spec. 

Product For Example 

Inner Tray 60 

Carton Box 265*100 

Note: Real packing will base on 

current project type and samples 

quantity to definition. 

1.4 Antenna Pictures 

 

   Aux Antenna   
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2. Test Methodology                              
2.1 Test Equipment 
 The equipment for the antenna measurement we used is as follows. 

A. Agilent 8753ET / 8719D Network Analyzer to measure the VSWR and input 
impedance. 
B. Three-dimensional anechoic chamber to measure the gain 

(Standard dipole and horn were used to calibrate the chamber) 
C. Digital caliper to measure the dimensions. 
D. Climatic chamber for mechanical tests.  

2.2 Test Setup 
2.2.1 Frequency Range 

22..4400  ~~  22..5500GGHHzz,,  55..1155  ~~  55..8855GGHHzz  
2.2.2 Antenna configuration 
The antenna basically has two parts; the stamping and the cable assembly with the 
connector on one side. The detailed drawing is attached.  
2.2.3 VSWR 
The VSWR is measured with Agilent 8753ET / 8719D network analyzer. All the 
measurements are performed with the customer provided fixture. Figure 1 shows the 
schematic diagram for measuring VSWR. 
 
 

   

 
Test port cable 
 

Figure 1. The schematic diagram for measuring VSWR 
 
 
 
 
 

D.U.T 

Agilent 8753ET 
Network 
Analyzer 
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2.2.4 Radiation Pattern and Gain   
    The radiation pattern must have the omni-directional characteristic in both  

positions. The radiation pattern measurements are performed in the three- 
dimensional anechoic chamber. The chamber provides less than –30dB  
reflectivity from 800MHz through 8GHz. The chamber is calibrated using 
both standard dipole and horn antenna. The gain here is expressed as dBi 
that standardizes the isotropic antenna. The gain measurements are also 
performed in the same chamber described previously. Figure 2 shows the schematic 
diagram for measuring radiation pattern and gain. 
 
 
 
 

   
 
 
 
 
 
 
 
 
 
Figure 2. The schematic diagram for measuring radiation pattern and gain 
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3. Performance Data                              

3.1 VSWR in the Fixture of Aux Antenna 

2.5 2.5
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3.2 Radiation Pattern and Gain 
3.2.1 Low Frequency (2.40GHz~2.50GHz) / Aux Antenna 

2.4GHz
 

2.45GHz
 



 

 
8 

2.5GHz
 

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V  

3.2.2 Middle Frequency (5.15GHz~5.35GHz) / Aux Antenna 

5.15GHz
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5.25GHz
 

5.35GHz
 

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V  
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3.2.3 High Frequency (5.47GHz~5.85GHz) / Aux Antenna 

5.47GHz
 

5.6GHz
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5.725GHz
 

5.785GHz
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5.85GHz
 

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V  

 

3.2.4 Average Gain (dBi) Summary 

H-pol V-pol Total H-pol V-pol Total

2400(MHz) 0.29 -7.47 0.85 -5.35 -12.39 -4.56

2450(MHz) 0.14 -5.27 0.60 -5.47 -10.34 -4.24

2500(MHz) -1.31 -4.32 -0.32 -6.62 -9.47 -4.81

5150(MHz) -2.24 0.90 0.96 -6.96 -5.57 -3.20

5250(MHz) -1.98 0.95 1.50 -7.11 -5.82 -3.41

5350(MHz) -1.19 -0.77 0.76 -6.97 -6.61 -3.78

5470(MHz) -1.35 -0.60 0.80 -6.73 -6.45 -3.58

5600(MHz) -0.22 -2.31 1.04 -5.40 -7.64 -3.37

5725(MHz) -0.39 -3.13 1.09 -5.29 -7.81 -3.36

5785(MHz) 0.19 -2.58 1.24 -5.23 -7.81 -3.32

5850(MHz) 0.30 -3.39 1.05 -5.38 -8.35 -3.60

Aux Antenna Gain
Average (dBi)Frequency Max Value (dBi)

 

 

 



 

 
13 

4. Antenna Drawing                                    

 
*ELECTRICAL PERFORMANCE:  

1.IMPEDANCE:50ohm 

2.FREQUENCY RANGE:2.4~2.5GHZ for 802.11bg / 5.15~5.85GHz for 802.11a 

3.WORK VOLTAGE:N/A 

4.DIELECTRIC WITH STANDING VOLTAGE:AC 1500V for 1MIN 

5.INSULATOR RESISTANCE:1500 MEGOHMS. MIN 
 
 

5. Reliability Data For Antenna Patch (Reference To IEC)                          
IEC 

384-10/ 

CECC 32 100 

CLAUSE 

IEC 

60068-2 

TEST 

METHOD 

TEST PROCEDURE REQUIREMENTS 

4.12 4(Na) 

Rapid change 

of 

temperature 

-40 °C (30 

minutes) to +90 

°C (30 minutes); 

5 cycles 

No visible damage 

Central Freq. 

Change 

± 6% 

4.14 3(Ca) Damp heat 

500 ± 12 hours 

at 40 °C; 

90 to 95 % RH 

 

No visible damage 

2 hours recovery 

Central Freq. 

Change 

± 6% 

4.15  Endurance 

500 ± 12 hours 

at 90 °C; 

 

No visible damage 

2 hours recovery 

Central Freq. 

Change 

± 6% 
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6. Ordering Information: Yageo Ordering P/N Code                                    
 
The antennas may be ordered by using the Yageo P/N ordering code.  These 
code numbers can be determined by the following rules: 
 
  CAN4313   6 95    02 250 1B     
 F  C   M S    T  A  P 
 
F. Family Code 
 CAN43 = Antenna 
C. Packing Type Code 
 13 = Bulk (1000 pcs) 
M. Materials Code 
 6 = High Frequency Material  
S. Size/Series Code 
 95 = 38.65*7.6*0.3 mm, Aux Antenna 
T. Tolerance/Cable 
 02= Cable Aux, White 
A. Working Frequency 
 250 = 2.45/5 GHz Dual Band  
P. Packing 

1B = 1000 pcs packing 
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7. Revision Control                                    
 

Revision Date Content Remark 
R01 Dec. 14, 2007 New Issued, Metal Antenna N/A. 
R02 Jan. 15, 2008 Update UL Card and package description N/A 
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8. UL Card                                           
 
I-Pex Connector 
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Nissei Cable 
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G9000 Tape 
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20 
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Protective Tube 
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(Mechanical Use) 

 
 
 
 
l Product Type l WLAN Antenna 
l Notebook Model Number l ASUS / S SERIES  
l Part No. / Yageo / Main l CAN4313 695 032501B  
l Part No. / ASUS / Main l 14G154011000 
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1. Specifications                                  
1.1 Specifications for Antennas 

Frequency Range (GHz) 
2.40 ~ 2.50 for 802.11b/g/n 

5.15 ~ 5.85 for 802.11a 

VSWR 
2.50 for 2.4GHz band For WL 
2.50 for 5.0GHz band For WL 

Peak Gain (dBi) 
1.68 dBi for 2.4GHz band 
2.33 dBi for 5.0GHz band 

MiniPCI Connector Ipex / Hirose  
Impedance 50Ω 

Operating Temperature -40~90℃ 
Maximum Power 1W 

Polarization Linear 
Radiation Pattern Omni-directional 

 
1.2 Antenna Dimension / Cable Length 

Product ASUS / S SERIES 

Main Antenna (LCD) 38.65*7.6*0.3 mm /300.0 mm, Color Black 

 
1.3 Packing Spec. 

Product For Example 

Inner Tray 60 

Carton Box 265*100 

Note: Real packing will base on 

current project type and samples 

quantity to definition. 

1.4 Antenna Pictures 

 

 Main Antenna 
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2. Test Methodology                              
2.1 Test Equipment 
 The equipment for the antenna measurement we used is as follows. 

A. Agilent 8753ET / 8719D Network Analyzer to measure the VSWR and input 
impedance. 
B. Three-dimensional anechoic chamber to measure the gain 

(Standard dipole and horn were used to calibrate the chamber) 
C. Digital caliper to measure the dimensions. 
D. Climatic chamber for mechanical tests.  

2.2 Test Setup 
2.2.1 Frequency Range 

22..4400  ~~  22..5500GGHHzz,,  55..1155  ~~  55..8855GGHHzz  
2.2.2 Antenna configuration 
The antenna basically has two parts; the stamping and the cable assembly with the 
connector on one side. The detailed drawing is attached.  
2.2.3 VSWR 
The VSWR is measured with Agilent 8753ET / 8719D network analyzer. All the 
measurements are performed with the customer provided fixture. Figure 1 shows the 
schematic diagram for measuring VSWR. 
 
 

   

 
Test port cable 
 

Figure 1. The schematic diagram for measuring VSWR 
 
 
 
 
 

D.U.T 

Agilent 8753ET 
Network 
Analyzer 
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2.2.4 Radiation Pattern and Gain   
    The radiation pattern must have the omni-directional characteristic in both  

positions. The radiation pattern measurements are performed in the three- 
dimensional anechoic chamber. The chamber provides less than –30dB  
reflectivity from 800MHz through 8GHz. The chamber is calibrated using 
both standard dipole and horn antenna. The gain here is expressed as dBi 
that standardizes the isotropic antenna. The gain measurements are also 
performed in the same chamber described previously. Figure 2 shows the schematic 
diagram for measuring radiation pattern and gain. 
 
 
 
 

   
 
 
 
 
 
 
 
 
 
Figure 2. The schematic diagram for measuring radiation pattern and gain 
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3. Performance Data                              

3.1 VSWR in the Fixture of Main Antenna 

2.5 2.5
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3.2 Radiation Pattern and Gain 
3.2.1 Low Frequency (2.40GHz~2.50GHz) / Main Antenna 

2.4GHz
 

2.45GHz
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2.5GHz
 

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V  

3.2.2 Middle Frequency (5.15GHz~5.35GHz) / Main Antenna 

5.15GHz
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5.25GHz
 

5.35GHz
 

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V  



 

 
10 

3.2.3 High Frequency (5.47GHz~5.85GHz) / Main Antenna 

5.47GHz
 

5.6GHz
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5.725GHz
 

5.785GHz
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5.85GHz
 

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V

Horizontal

Vertical

H+V  

 

3.2.4 Average Gain (dBi) Summary 

H-pol V-pol Total H-pol V-pol Total

2400(MHz) -0.21 -1.09 1.68 -5.34 -5.34 -2.33

2450(MHz) -2.22 -2.45 0.30 -6.27 -6.50 -3.37

2500(MHz) -2.10 -1.28 0.63 -5.93 -5.97 -2.94

5150(MHz) -2.71 0.56 0.66 -7.61 -5.27 -3.27

5250(MHz) -0.98 -0.48 1.02 -6.36 -5.54 -2.92

5350(MHz) -2.50 -2.01 -1.39 -7.17 -8.28 -4.68

5470(MHz) -2.91 2.09 2.33 -8.16 -4.81 -3.16

5600(MHz) -3.93 0.24 0.34 -9.61 -5.30 -3.93

5725(MHz) -4.80 0.81 0.94 -11.32 -4.39 -3.59

5785(MHz) -3.99 1.39 1.48 -11.78 -3.91 -3.25

5850(MHz) -5.28 1.57 1.69 -12.43 -4.01 -3.43

Average (dBi)Frequency Max Value (dBi)
Main Antenna Gain
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4. Antenna Drawing                                    

*ELECTRICAL PERFORMANCE:  

1.IMPEDANCE:50ohm 

2.FREQUENCY RANGE:2.4~2.5GHZ for 802.11bg / 5.15~5.85GHz for 802.11a 

3.WORK VOLTAGE:N/A 

4.DIELECTRIC WITH STANDING VOLTAGE:AC 1500V for 1MIN 

5.INSULATOR RESISTANCE:1500 MEGOHMS. MIN 

5. Reliability Data For Antenna Patch (Reference To IEC)                                  
IEC 

384-10/ 

CECC 32 100 

CLAUSE 

IEC 

60068-2 

TEST 

METHOD 

TEST PROCEDURE REQUIREMENTS 

4.12 4(Na) 

Rapid change 

of 

temperature 

-40 °C (30 

minutes) to +90 

°C (30 minutes); 

5 cycles 

No visible damage 

Central Freq. 

Change 

± 6% 

4.14 3(Ca) Damp heat 

500 ± 12 hours 

at 40 °C; 

90 to 95 % RH 

 

No visible damage 

2 hours recovery 

Central Freq. 

Change 

± 6% 

4.15  Endurance 

500 ± 12 hours 

at 90 °C; 

 

No visible damage 

2 hours recovery 

Central Freq. 

Change 

± 6% 
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6. Ordering Information: Yageo Ordering P/N Code                            
 
The antennas may be ordered by using the Yageo P/N ordering code.  These 
code numbers can be determined by the following rules: 
 
  CAN4313   6 95    03 250 1B     
 F  C   M S    T  A  P 
 
F. Family Code 
 CAN43 = Antenna 
C. Packing Type Code 
 13 = Bulk (1000 pcs) 
M. Materials Code 
 6 = High Frequency Material  
S. Size/Series Code 
 95 = 38.65*7.6*0.3 mm, Main Antenna 
T. Tolerance/Cable 
 03 = Cable Main, Black 
A. Working Frequency 
 250 = 2.45/5 GHz Dual Band  
P. Packing 

1B = 1000 pcs packing 
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7. Revision Control                                    
 

Revision Date Content Remark 
R01 Dec. 14, 2007 New Issued, Metal Antenna N/A. 
R02 Jan. 15, 2008 Update UL Card and package description N/A 
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8. UL Card                                           
 
I-Pex Connector 
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Nissei Cable 
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G9000 Tape 
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Protective Tube 
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