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Requirement
 Functional Functional Functional Functional Requirement:Requirement:Requirement:Requirement:

�RF pickup

�Capable of measuring forward and reflected power

�Capable of measuring pure sinusoidal RF input

�Capable of measuring pulse modulated sinusoidal RF input with 50% 
duty cycle

�Power range: 100-250W

�Frequency level: 13.5MHz and 40Mhz

�Output voltage within 5V

�AC attenuation up to 60dB

�Be able to connect to RF transmission line using Type N connector

�Total error within 10%

Non-functional requirement:Non-functional requirement:Non-functional requirement:Non-functional requirement:
� LLLLow Cost ow Cost ow Cost ow Cost (<$100)(<$100)(<$100)(<$100)
� A plan for power measurement up 

to 1200W
� Safe and easy to use
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Market Survey

$$$$714.95714.95714.95714.95    

Agilent Technologies
Bird 
Technologies
4304A

$2051$2051$2051$2051



Block Diagram 
& project schedule
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Directional Coupler

  

Directional coupler block diagram
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Directional Coupler

Tandem Directional Coupler
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Directional Coupler with Forward Wave

                transmission line
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Directional Coupler with Reflected Wave
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Directional Coupler
Schematic for build the directional coupler

Transmitter

Forward

Antenna

Reflected
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How to test  (coupling factor)
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Coupling Factor (13.5 MHZ)

Coupling Factor = 29.717+0.00194 *input power(W)

Error: 0.35%
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Coupling Factor (40MHz)

Coupling Factor = 29.054654+0.0016636 *Input Power

Error: 2.85%
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Directivity, Isolation & Coupling Factor
 DirectivityDirectivityDirectivityDirectivity means power level difference between the forward port and reflected port. 

 IIIIsolationsolationsolationsolation  means power level difference between input port and reflected port. It also related to 
directivity.

 The relation of isolation, coupling factor, and The relation of isolation, coupling factor, and The relation of isolation, coupling factor, and The relation of isolation, coupling factor, and directivity:directivity:directivity:directivity:

          Isolation (dB) =Coupling Factor (dB) +Directivity (dB)

 Our result:

Predict Isolation =-1.649*+1*Coupling Factor+1*Directivity
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Challenge
�Test plan

�Equipment's limit

�Soldering issue

�Toroid direction

�Reflected voltage not ideal

�Organize the components into the box



Detection Device
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Diode Schematics

Vin
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Low-pass Filter
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Scaling Amplifier
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Pulse Modulated Sine Wave
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Pure Sine Input
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Multiplier
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Regulator
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Simulation Example

Input Power Range (after the directional coupler) : 0.2W to 0.25W
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PCB Board
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Test Result Out Of Detection Device
I n p u t  p o w e r  ( W ) O u t p u t  P o w e r  ( W )

0 . 0 3 2 9 . 6
0 . 0 3 5 3 4 . 8
0 . 0 4 4 0

0 . 0 4 5 4 5 . 2
0 . 0 5 5 0 . 5

0 . 0 5 5 5 3 . 6
0 . 0 6 5 8 . 8
0 . 0 7 6 9
0 . 0 8 7 9 . 6
0 . 0 9 9 0
0 . 1 1 0 0 . 4

0 . 1 2 1 1 8 . 4
0 . 1 4 1 3 8 . 8
0 . 1 5 1 4 9 . 2
0 . 1 6 1 5 9 . 6
0 . 1 8 1 8 0 . 4
0 . 2 2 0 0 . 8

0 . 2 1 2 0 4 . 4
0 . 2 2 2 1 4 . 2
0 . 2 3 2 2 4
0 . 2 4 2 3 3 . 8
0 . 2 5 2 4 3 . 6
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Challenge
�Transient simulation takes long time to run

�Unable to precisely measure reflected power

�Components selection (e.g. various package models)

�PCB layout manual routing

�Lack of soldering experience
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Overall Test
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Test Video
 https://www.youtube.com/watch?v=DLEVDW_ndfo

 All voltage unit is Volts, all power unit is Watts.

 Eventually, the equation derived to a power in terms of voltage is:

 Pout = (Vout/5)*Pmax_in_scale_range,

 The example in our video shows when input power = 80.1 W,

 The output voltage = 3.99V

 The output power = (3.99/5)*100=79.8 W

 Error = (80-79.8)/80*100 = 0.25%



Cost
Part Description: Quantity Price/100Units ($) Total Price ($)
Toroid 2 1.2 2.4
Wire Gauge 50 feet 0.159 7.95
Enclosure 1 8.71 8.71
Transmission Line 1 feet 2 2
Resistor 32 0.007 0.224
Trimmer Resistor 4 1.64 6.56
220pF capacitor 1 0.073 0.073
4700pF capacitor 2 0.248 0.496
0.1uF capacitor 8 0.082 0.656
1uF capacitor 2 0.081 0.162
100uH inductor 1 0.121 0.121
HSMS-282K diode 1 0.417 0.417
LMC6492 amplifier 2 1.42 2.84

AD633 multiplier 1 4.95 4.95
LM317 regulator 1 0.26 0.26
LM337 regulator 1 0.786 0.786
BNC connector 2 2.1 4.2
Rotary switch 1 5.27 5.27
AC to AC adapter 1 8.3 8.3
Barrel connector 1 0.3162 0.3162
Pin connector 1 0.09427 0.09427
PCB board 1 30 30

Total:Total:Total:Total: 86.7986.7986.7986.79



Question?Question?Question?Question?

Thank You!Thank You!Thank You!Thank You!


