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EE3311 B05 - Class Exercise 5
James McGinley
The goal of class exercise 5 was to explore the basic operation of an envelope detector with a non-zero bias current.  The input impedance of the biased diode (HSMS-285x), the input impedance of a biased envelope detector, the role of the diode bias current, matching impedances, and creating the envelope detector in Ansoft’s HFSS are included in this laboratory exercise.

The input impedance of the biased diode (HSMS-285x) was explored using the small-signal model for this zero bias Schottky diode, which can be seen in Figure 1.

[image: image1.emf]
Figure 1: Small-signal model of the HSMS-285x zero bias Schottky diode including package parasitics.
In Figure 1 the parasitics of the diode package are also included.  The parasitic inductance is given by Lp while the parasitic capacitance is given by Cp.  The parasitic resistance that represents the losses in the bond wire is shown as Rs and is equal to 25Ω.  The junction capacitance is displayed as Cj and is equal to 0.18 pF.  Rj is a variable resistor that represents the junction resistance.  The junction resistance is a function of the applied bias current and is given by (1) where IT is given by (2) and is the total diode current.
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Is is the diode saturation current which is equal to 3 μA at 25° C.  IB is the diode bias current, which is external DC current that is applied to the diode.  From (1) and (2) is evident that the diode’s nonlinearity is caused by the junction resistance Rj because of its dependence on the applied current IB.

Using MATLAB and the code in Appendix A part 1 we are able to both determine and plot the input impedance of the diode shown in Figure 1 at a frequency of 920 MHz in terms of the resistance and reactance.  This plot can be seen in Figure 2.
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Figure 2: Resistance and reactance at 920 MHz of the HSMS-285x diode

From Figure 2 the value of the bias current when the diode is at resonance at a frequency of 920 MHz can be determined as 322 μA.  The diode’s resistance at a bias current of 322 μA is approximately 103.6 Ω.
Since we now have the model for the diode we can model the entire envelope detector as shown in Figure 3.

[image: image5.emf]
Figure 3: Schematic of the basic envelope detector
The load resistance is shown as RL while the load capacitance is shown as CL.  For this exercise we used typical values for both RL and CL which were 100 kΩ and 100 pF respectively.

Using MATLAB and the code in Appendix A part 2 we are able to plot the input impedance of the entire envelope detector at a frequency of 920 MHz.  The plot can be seen in Figure 4.
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Figure 4: Resistance and reactance at 920 MHz of the basic envelope detector

From Figure 4 the value of the bias current when the diode is at resonance at a frequency of 920 MHz can be determined as 354 μA.  The diode’s resistance at a bias current of 322 μA is approximately 96.73 Ω.  Figure 2 and Figure 4 are both similar because capacitor in Figure 3 is almost a short circuit at a frequency of 920 MHz while the resistor is close to an open circuit.  Thus, the circuit in Figure 3 is almost the exact same at the circuit in Figure 1.

Using MATLAB we are able to determine that the return loss in dB of the detector circuit is -34.257 dB if the bias current is 1 mA, the resistance is 51 Ω and the reactance is +j8 Ω.  This shows that we do not need an impedance matching circuit at a bias current of 1 mA.

In order to simplify our further analysis we assume that the detector impedance is exactly 100 Ω at 920 MHz.

In order to match the antenna impedance of 50 Ω to the detector impedance of 100 Ω we used a configuration as shown in Figure 5.

[image: image7.emf]
Figure 5: Circuit shown the positioning of the matching network
The matching network we utilized in this exercise is known as a quarter-wavelength microstrip transformer.  The quarter-wavelength microstrip is microstrip with a width that allows for its characteristic impedance to equal the geometrical mean of two real impedances to be matched.  In our case the impedance is 70.711 Ω which is given by (3).
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(3)

The quarter-wavelength transformer also has a length of λ/4, where λ is the propagation wavelength along the microstrip, which involves the effective dielectric constant, thus incorporating the width of the microstrip.   

Using the applet found at http://www.rogerscorportation.com/mwu/mwi_java/Mwij_vp.html we are able to find the width that approximately corresponds to the characteristic impedance of 70.711 Ω.  The material used was FR4 epoxy with a relative dielectric constant of εr = 4.4 and a loss tangent of tan δ = 0.02.  The FR4 thickness was 1.58 mm.  The width that was found using this applet was 2.765 mm.  The propagation wavelength at an operating frequency of 920 MHz can also be found as 179.552 mm.  It is important to note that at different operating frequencies the propagation wavelength varies drastically.
Using Ansoft’s HFSS we are now able to create a primitive diode detector on FR4, which can be seen in Figure 6.  
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Figure 6: Primitive detector board
Using 12 passes and a discrete frequency sweep from 900 MHz to 940 MHz with a step size of 10 MHz we are able to plot the return loss in dB for this frequency range.  This plot is shown in Figure 7.
[image: image10.png]29 Nov 2005 Ansoft Corporation 10:57:05
XY Plot 1
HFSSDesign1

-25.00-

-27.50-
-y
k=2
£
o -30.00-
E‘ #30.55dB at 920 MHz
5
=
£
& 3260
L X
E
5
2
@
o
® 3500

-37.50.

900.00 910.00 920.00 930.00 940.00
Freq [MHz]

[X1= 920.00MHz
[Y1=-30.55

Y1—C—
dB(S(LumpPort1,
Setup1 : Sweep1





Figure 7: Return loss of the diode detector in dB

As shown in Figure 7 the diode detector has a return loss of -30.55 dB at 920 MHz.  These results seem quite impressive, but these results were found using a crude detector circuit which did not model several components which are all connected by microstrip wires.  In order to attain more accurate results we need to consider the diode bias network and the associated PCD vias that have a large effect on the overall performance of the diode detector.  These considerations will be taken into account in the ensuing class exercise 6.

Appendix A

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%James McGinley

%ECE3311 - Class Exercise 4

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%Task 1

w=0:1000:10^8;

f=2.*pi.*w;

fa = 920*10^6;

wa = fa*2*pi;

%Determine Rj

Is = 3*10^-6;

Ib = 0:1*10^-6:1000*10^-6;

It = Is + Ib;

Rj = 0.026./It;

%Given Parameters

Lp = 2.0*10^-9;

Cp = 0.08*10^-12;

Rs = 25;

Cj = 0.18*10^-12;

%Convert to impedances

Zlp = j.*wa.*Lp;

Zcp = 1./(j.*wa.*Cp);

Zrs = Rs;

Zcj = 1./(j.*wa.*Cj);

Zrj = Rj;

%Rj and Cj in parallel

X1 = (Zrj.*Zcj)./(Zrj+Zcj);

%X1 and Rs in series

X2 = Zrs + X1;

%X2 in parallel with Cp

X3 = (Zcp.*X2)./(Zcp+X2);

%Total impedance for the diode is X3 in series with Lp

Zdiode = Zlp + X3;

%Find real and imaginary parts

Zdiode_real = real(Zdiode);

Zdiode_imag = imag(Zdiode);

%Plot the results

figure(1)

plot(Ib,Zdiode_real);

hold on;

plot(Ib,Zdiode_imag,'r');

title('Class Exercise 5 - Task 1a')

xlabel('I_b [A]');

ylabel('Input impedance [\Omega]')

hold off;

legend('Resistance', 'Reactance','Location', 'Southeast')

%Task 2

%Given

RL = 100*10^3;

CL = 100*10^-12;

%Convert to Impedances

Zrl = RL;

Zcl = 1./(j.*wa.*CL);

%RL and CL in parallel

X4 = (Zrl.*Zcl)./(Zrl+Zcl);

%Diode in serise with X4

Zenvelope = X4 + Ztotal;

%Find real and imaginary parts

Zenvelope_real = real(Zenvelope);

Zenvelope_imag = imag(Zenvelope);

%Plot the results

figure(2)

plot(Ib,Zenvelope_real);

hold on;

plot(Ib,Zenvelope_imag,'r');

title('Class Exercise 5 - Task 2a')

xlabel('I_b [A]');

ylabel('Input impedance [\Omega]')

hold off;

legend('Resistance', 'Reactance','Location', 'Southeast')
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