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The quad hybrid circuit is used in the LSC I&Q demodulator board to split the input into two 
signals of equal power and 90 degrees phase difference.  It also provides a degree of isolation 
between the two outputs.  It consists of a twisted pair of wires wound over an iron torroid (usually 
type 20-17), and two capacitors.  The circuit is shown below: 
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Each circuit is made for a specific frequency.  The first thing to do is determine the capacitor and 
inductor values for the desired frequency, as follows: 
 
 L1 = XL / (2πf) 
 
 CTotal = 1 / (2πfXC) 
 
 where L1 = is the inductance of the coil. 
  XL = the inductive reactance of the coil. It is 50 ohms at resonance. 
  f = the desired resonant frequency 
  CTotal  = C1 + C2 
  XC = the capacitive reactance at the desired frequency 
 
The next thing to find is the number of turns of wire to put on the coil.  Each torroid core has a 
rating for inductance per N2, where N is the number of turns.  The 20-17 core is 1 nH/N2.  Find the 
number of turns by: 

 

 



 
Some values calculated for frequencies used on LIGO are listed in the following table: 
 

frequency Inductance (L1) Capacitance (C1, C2) Number of turns (N) 
29.508 MHz 270 nH 53.9 pf 16.4 
24.495 MHz 325 nH 65.0 pf 18 
26.717 MHz 298 nH 59.6 pf 17.3 
33.289 MHz 239 nH 47.8 pf 15.5 
61.232 MHz 130 nH 26.0 pf 11.4 
68.800 MHz 116 nH 23.1 pf 10.8 

 
Note:  The wire used to make the inductors is 34 awg enameled wire wound to approximately 24 
turns per inch.  The number of turns calculated by the above method will usually be slightly high.  
The best way to build the coils is to use the number of turns shown above, and then test it to see 
if any turns should be removed. 
 
In November 2003 some new frequencies were added, requiring use of different cores. For each 
core, we still used the 34 awg enameled wire wound to 24 turns per inch. The new values are: 
 
Frequency Inductance C1, C2 value Core type Core rating No. turns 
133 MHz 59.8 nH 9.1 pF T20-0 0.35 nH/N2 9 
166 MHz 47.9 nH 5.6 pF T12-0 0.24 nH/N2 11 
199 MHz 40.0 nH 5.1 pF T12-0 0.24 nH/N2 9 
 
Assemble the coil, and use an LCR meter to measure its capacitance.  Be sure to compensate for 
the capacitance of the test leads being used.  This capacitance will constitute part of the total 
capacitance of the circuit.  Half of the measured value must be subtracted from the C1 & C2 
capacitor values, to determine the size capacitors to use. 
 
After the coil has been assembled, it must be tested.  This is done by placing it in the test circuit 
shown below, and checking its resonance with a network analyzer. 
 

 
FIGURE 2 

 
Typical settings for the network analyzer are: sweep 10-50 MHz, RBW = 300 KHz, sweep time = 
1.15s.  Measure the resonant frequency from the analyzer response, then calculate the actual 
inductance of the coil, using the following formula: 
 
 L = 1 / (4π2f2c) 
 
 where c = the test circuit capacitance (180 pf) 
  f = the measured resonant frequency 
 



At this point, the actual inductance is compared to the desired inductance.  If the inductance is 
too high, a turn or two may have to be removed from the coil.  Recalculate the number of turns 
using the formula: 
 

 
 

  where Li = the initial calculated value for inductance 
   Lm = the neasured value of inducatnce 
   N = the current number of turns 
 
The result of the calculation will give a new value for the desired number of turns.  If the current 
number of turns is too high, remove one and try again.  Repeat until the actual number comes 
close to the desired (when actual inductance is within 10% of desired, or when the new value of N 
indicates that the current number of turns is correct, it should be close enough). 
 
If the number of turns has been changed, use the LCR meter again to measure the capacitance 
of the coil.  This may change the final values of the two capacitors. 
 
The next step is to check the insertion loss and relative phase of the two circuit outputs.  Place 
the coil and two capacitors of the calculated size on the test circuit shown in figure 1.  Using a 
network analyzer or dynamic signal analyzer, insert a signal into the circuit while observing one of 
the outputs.  Use a 50 ohm termination on the output not being tested.  For each output, record 
the loss and phase angle at the operating frequency. 
 
Note: remember to do a thru calibration of the instrument prior to making measurements.  Any 
calibration errors can result in very large deviations from the desired performance. 
 
The total insertion loss should be less then 10 dB (typically 5 or 6 dB), and total phase angle 
should be 90 degrees. 
 
Lastly, measure the isolation between the outputs by feeding the signal into one output, while 
measuring the other output.  Measure and record the insertion loss. 


