
EE	331	Exam	1	Spring	2012	Solutions	 	 Mean=60.1,	Median=59,	σ=13.3	
	
Problem	1:	Version	B	

a)	In	N	region,		
Lp  Dp pn
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=	0.0456	cm	=	456	µm	>	Wn’	=	100	µm	

So,	N	side	is	short	base	as	well. 
	
b)	As	p	side	is	short	base,	n	side	is	short	base,	
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		=	6.5×10‐17	A	
	
c)	Resistance	of	the	undepleted	n‐region:	
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								Rn=	252	Ω	
	

d)	I‐V	relationship	of	pn	junction	is	
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Voltage	drop	in	neutral	n	region	is:	

V25.010252 3  IRV nn 	
Total	voltage	drop	is:	

 25.079.0nj VVV 1.04V	



	
	
Problem	1,	Version	A	
	
a)	 
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nppp DL  =0.00456	cm	=	45.6µm	<<	Wn’	

So,	N	side	is	long	base.	
	
b)	As	the	P	side	is	short	base,	N	side	is	long	base,	
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								Rn	=	1260	Ω	
	
d)	I‐V	relationship	of	pn	junction	is	
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Voltage	drop	in	neutral	n	region	is:	

V26.1101260 3  IRV nn 	
Total	voltage	is:	

 26.177.0nj VVV 2.03	V	
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2. In the circuit below, use the constant voltage diode model for D1 and D2 with a 
threshold (turn-on) voltage of Von= (0.7 V for A, 0.8 V for B). The reverse breakdown 
voltage of the Zener diode (DZ) is -5V and the series resistance is 250Ω. (30) 

a) Assume that D1 is on, D2 is off and DZ is in reverse breakdown. Calculate the voltage 
across and current through each diode. 
b) Check each of the assumptions made in (a). Which mode is each diode actually in (on, 
off, breakdown)? 

 

Solution: 

a) [12 pts] D2 is off, so ݅஽ଶ ൌ 0 

D1 is on (VD1=Von), DZ is in reverse breakdown, and they are in series, so 

݅஽ଵ ൌ െ݅஽௓ ൌ
10 ൅ ஽ܸ௓ െ ௢ܸ௡

1	݇Ω ൅ ܴ஽௓
ൌ

4.3	V
1250	Ω

ൌ 3.44	mA	for	A	 ൤
4.2	V
1250	Ω

ൌ 3.36	mA	for	B൨ 

஽ܸ௓ ൌ െ5	V ൅ ݅஽௓ܴ஽௓ ൌ െ5.86	V	ሾെ5.84	V	for	Bሿ 

b) [18 pts] ஽ܸଵ ൌ ௢ܸ௡ and ݅஽ଵ ൐ 0, so D1 is on. 

஽ܸଶ ൌ ሺ10V െ ሺ1kΩ ൈ ݅஽ଵሻ െ ௢ܸ௡ െ 5Vሻ ൌ 10	 െ 3.44	 െ 0.7	 െ 5	 ൌ 0.86V [0.84 for B] 

This is greater than Von, so assumption of D2 off is wrong; D2 is actually on. 

Since D2 is on, ஽ܸ௓ ൌ െሺ5	V ൅ ௢ܸ௡ሻ ൏ െ ௓ܸ ൌ െ5	V, so DZ is in still reverse breakdown. 

Checking, ݅஽ଶ െ ݅஽ଵ ൌ ݅஽௓ ൌ
ሾ ௓ܸ െ ሺ5	V ൅ ௢ܸ௡ሻሿ

ܴ஽௓
ൗ ൌ െ ௢ܸ௡

ܴ஽௓
ൗ ൏ 0. 






