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1.

a. (20 points) 
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b. (10 points)
2N3906 pnp transistor.
[image: image3.png]Q2N3908

eppropriate wires in your circuit.




Your curve might be the mirror of this curve, depending on the direction of source and how your current marker is placed. 
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For QN3904：
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c. (10 points)
Your curve might be the mirror of this curve, depending on the direction of source and how your current marker is placed. 
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For QN3904：
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d. (10 points)
When applied the same forward voltage (e.g. 0.8V), the currents flow through the diodes formed in b and c are different. Because these two diodes are different in physical structure.
Take a NPN transistor for example. The structure of an actual transistor is illustrated in the figure below. As can be seen, the P-N junction between B and C is much larger that between B and E.
[image: image9.png]111
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Figure 6.7 Cross scction of an npn BIT.




(Textbook P315)

Of course, 1N4007 is different from any pn junction of 2N3906.

2.

a. (10 points)
IS=7.02767e-09
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b. (10 points)
They have similar shape. But the current in the curve of analytic DC diode equation is larger than that in the curve of Pspice simulation at the same voltage. Analytic DC diode equation is an simple approximate model to the transfer characteristic of the diode, and the model in Pspice might be more complex and more precise compared to the diode equation we used.
c. (10 points)
First analytically find the derivative dI/dV.
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d. (10 points)
According to the V-I equation, Analytically solve for V vs I.
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First analytically find the derivative dV/dI.
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The curve goes down fast at around 0 so it might looks like fold lines.

If zoom in the area near zero:
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According to 2c,
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From the I-V equation, we have:
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Plug into 1/g:
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So 1/g=r.
e. (10 points)
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The slope increases faster as V increases. That’s because the slope of tangent line is small signal diode conductance g, and g-V curve goes up exponentially.
Matlab code:
(just for reference, there are different ways to plot curves)

	clear;
clc;
V=linspace(-1,0.8,1e5); 
IS = 7.02767e-09;
VT=36e-3;
f1=@(V) (IS)*(exp(V/VT)-1);
i=f1(V);
figure(1);
plot(V,i);
ylabel('I (A)');
xlabel('V (V)');
title('I VS V graph');
hold on;
yx=f1(0.8)%find the range of I
f2=@(V) IS/VT*(exp(V/VT));
g=f2(V);
figure(2);
plot(V,g);
ylabel('g (S)');
xlabel('V (V)');
title('g VS V graph');
hold on;
I=linspace(0,32,1e6); 
f3=@(I) VT*log(I/IS+1);
v=f3(I);
figure(3);
plot(I,v);
ylabel('V (V)');
xlabel('I (A)');
title('V VS I graph');
hold off;
f4=@(I) VT./(I+IS);
r=f4(I);
figure(4);
plot(I,r);
%ylim([0 2]);
%xlim([0,2]);
ylabel('r (ohm)');
xlabel('I (A)');
title('r VS I graph');
hold on;
f5=@(V) f2(V)*(V-0.6)-f1(V);
V1=fzero(f5,0.5);
f5=@(V) f2(V)*(V-0.65)-f1(V);
V2=fzero(f5,0.5);
f5=@(V) f2(V)*(V-0.7)-f1(V);
V3=fzero(f5,0.5);
V0=[V1,V2,V3];
I0=f1(V0);
g0=f2(V0);
y1=g0(1)*(V-V0(1))+I0(1);
y2=g0(2)*(V-V0(2))+I0(2);
y3=g0(3)*(V-V0(3))+I0(3);
figure(1);
plot(V,y1,'r');
plot(V,y2,'g');
plot(V,y3,'m');
ylim([0 32]);
xlim([1,0.8]);


