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Consider the Wheatstone Bridge:

If the bridge is balanced Vd+=Vd-, and Idet =0

' ' RL_R4
Vd- = R2><\/|n; Var = i */':2‘\ Then —(—=—
Rl+ R2 R3+ R4, oo R2 R3

A% :

@ Vin p VAN -
|det ]

Further, it can be shown, that the input impedance of a
balanced bridge follows the equation: Zin® = RLxR3 =R xR}
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We can morph this Wheatstone Bridge into a “Directional Bridge”
with explicit ports by noting that the floating voltage source can be
replaced with a transformer coupled port, and Rdet can be
connected through a transmission line (representing a cable or port)

O <
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We would like the bridge to be matched so Rs?2=R1*R3=R2*R4.
In this condition, Vin=Vs/2.

If we fix R4=Rs, then R2=Rs as well, and we can replace R4 with
a transmission line or cable of impedance Rs. Now we have three
well defined ports, and we can see that the port replacing the
detector port is isolated.

inan I AcwC
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So, in the isolation direction it is clear that no signal appears at
the isolated port, as the current divides equally across the bridge,
if the test port is terminated in Rs

1 ) C

Vool

@ é
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Now we can set the forward loss of the bridge. The voltage on
the test port is equal to the voltage across R1. We have complete
flexibility to set any ratio we want. In this case let’s choose the
voltage to be 5/6 of Vin. Then Vd+=Vd-=(1/6)Vin. The loss from

Input Port to output port is 20*log(5/6) = -1.58 dB.

A=

These are quite convenient values: R4=50 -> R2 =50
R1/(R2+R1)=5/6 -> R1=5*R2 = 250;
And because R1*R3=R2*R4 ->R3 = 10;

®

\Y4
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Now lets look how to “reverse” the power flow, and see what couples
into the isolated port (we’ll now call it the Coupled Port) when we put
the source at the test port, and redraw the figure (no connection
changes) to highlight the coupled port.

A +

\Y4

Now the coupled port appears in one
leg of the bridge. Next we’ll move the
source from the input to the test port
(and make the input into a port as well)
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Finally, we can compute the coupling factor of the bridge. In the
coupling direction, the voltage across the coupled port is 1/6 *Vp,
or -15.5 dB. We can set either the loss of the bridge or the
coupling, but once we set one, the other is determined.

) (&
Y Jf/ 1 ) C

\H\ A

\Y%
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Just as clearly, with the signal driven from the test port, there will
be the same loss to the Input Port as there was in the other
direction, but now the signal will be coupled to the Coupled Port

{D C m\@ :

Y

vV V
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Let's check two cases: Assume the test port is open circuit (R4
infinite), then the voltage at the isolated point will be
(1/2)*(5/6)*(1/6)*Vs, exactly the same as the combination of loss
and coupling, assuming a total reflection at the test port.

Ok <
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Now Assume the test port is short circuit (R4 =0). Surprisingly (or
not, if you're a real electrical engineer) the voltage at the isolated
port will be (1/2)*(5/6)*(1/6)*Vs, exactly the same as the open, but
with a sign change! Thus it is again the combination of loss and
coupling, assuming a total reflection at the test port, but the
reflection is negative.

Ok <

EECS142



%

Directivity is a measure of how well a coupler can
separate signals moving in opposite directions
D=1/(C*L),I, C, L positive (loss).

-_—em e e = . -_—es - e - . -

3
@ i 25 = Test port
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Error (dB, deg)
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Ep = fwd directivity E. =fwd load match
Es =fwd source match Err = fwd transmission tracking
ErT = fwd reflection tracking  Ex = fwd isolation
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