UConn ECE 4211, Solution SET 4 Diodes, BJTs/HBTs F. Jain, 02/17/2017 
Q.1  Briefly describe the structure and operation of following p-n junction devices: Chapter 3A
(a) Show solar cell schematic with light incidence, and V-I characteristics. 
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Schematic (page 204)




V-I characteristic.

(b) Showing schematically a reverse biased p-n diode and sketch its V-I characteristics. 

V-I characteristics in the fourth quadrant.
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(c) What is the mechanism for avalanche breakdown in the reverse biased diode shown in Fig.1?
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	Fig. 1 (Fig. 8C Chapter 3A). 
	Fig. 9, page 121 Notes, carrier distribution under reverse biasing. 


Minority holes from n-side diffuse to the junction boundary. They get accelerated in the junction due to E field and gain energy and their impact causes creation of electron hole pairs, resulting avalanche breakdown.
(d) Fig. 2A shows a forward biased diode serving as an LED. What is the thickness of the layer where most of the injected holes recombine and photons are generated? Show LED’s V-I plot.
The layer thickness is 2Lp (two diffusion length of minority holes).
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Fig. 2A. A forward biased p-n junction. 

V-I characteristics (first quadrant).
(e) Which of the two E-k diagrams you will choose for the n-region? Circle one of Fig. 2B below.
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 Q.2. Fig. 3 shows a p+-n-p Si bipolar junction transistor operating in the active region. 
HINT:  A similar problem is solved on page 188.
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Fig. 3.  Schematic of a p+-n-p transistor.

p+-Emitter:




n-Base:
NA = pp0= 1x1020 cm-3



ND=1 x1018 cm-3
Dn,E =30 cm2/sec.



Dp,B =7.5 cm2/sec (diffusion coefficient for holes in base)

n,E =10 sec (lifetime of injected electrons)
p,B =2 sec (holes injected from the emitter)
Emitter area AEB = 100m2 
Base-collector area: assumed to be same for simplification (it is larger in practice)

Emitter-base voltage VEB ~ 0.75 Volts (<Vbi) and it is dependent on IE. 

Collector: NDC= 5x 1016 cm-3; Base-collector voltage VBC = 5 Volts (VCB= -5V reverse bias); ni= 1.5x1010 cm-3 at 300K.
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Given the distribution of excess holes p(x) and holes pn(x) in the n-base as:
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Using 
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(a) Write expression for IEP(x) 
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In Eq. 35, second term 
[image: image22.wmf]1)

-

e

(

kT

V

q

EB

>> first term. 

[image: image23.wmf]L

W

1)

-

e

(

L

p

D

A

q

I

p

kT

V

q

p

B

no,

p

EB

EP

EB

coth

~

                                           (35B)
Using 
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(35C)
(b) Calculate IEP at x=0 (the edge of neutral base region at the emitter-base junction) using parameters given below and assuming W=0.25x10-4cm.
Dp,B =7.5 cm2/sec (diffusion coefficient for holes in base), life time of holes p,B =2 sec, Emitter-base  area AEB = 100m2. Base doping ND=1 x1018 cm-3.

First we calculate pno,B = 225 cm-3, Lp= 
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(c) Write and expression for ICP using 
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(37)

Second term is >> than the first term. 
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Using
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(37C)
ICP 
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ICP= 4.0608*10-5 A 
(d) Show that the base transport factor T or ICP/ IEP  is Sech(W/LP) ~ 1-W2/2(LP)2; compute its value for the transistor parameters.
Divide Eq. 37B by Eq. 35B, we get
T = ICP/ IEP  = 
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If ABC=AEB, 
T=
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Using series 
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T ~ 1-W2/2(LP)2 

T ~ 1-W2/2(LP)2=1-(0.25*10-4)2/[2*(
[image: image45.wmf]3
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Alternately, using part (b) and (c) values, T = ICP/ IEP  =8.1216*10-6 A/8.1385*10-6 A = 0.997923
(e) Find expression for IEN using 
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(38) 
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Substitution of derivative of n(x) gives us current in the p-emitter as measured from the origin at the base boundary. 
IEN(x) 
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 for x<xE , where xE is the width of emitter-base junction. 
IEN(x=-xE),  
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(40)
Using BJT parameters. 
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(f) Compute the ratio 
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From part (g) below, 
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(g) Show using two current expressions that injection  efficiency
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, using the approximation Ctnh(W/LP) ~ Lp/W when W<<LP. 
Using Eq. 40 and 35C, 
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(h) What is the expression for base transit time B? Calculate its value. (Notes page 264 in BJT Design). Notes page 253 shows base transit time in an n-p-n BJT. For a p-n-p BJT we use 
B= Base transit time
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erev(x) = velocity of minority carriers in the base.
Value of B = (0.25*10-4)2/(2*7.5) = 4.16*10-11s for a base width of 0.25 microns. 
Q. 3 Fig.4 shows the schematic of an n-p-n Si bipolar transistor with various device parameters given.
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	Emitter n+-side: Donor concentration ND=1020 cm-3, minority hole lifetime (pE=2(10-6 sec.


Minority hole diffusion coefficient Dp,E=12.5 cm2/sec.

Base p-side: Acceptor concentration NA,B=5x1017 cm-3, (nB=10-5 sec. Dn,B=40 cm2/sec                                                                                                                                                                                                                                                                                                             Effective mass: electrons me=mn=0.26mo, holes mh=mp= 0.64 mo,Junction area base-emitter ABE=10-3 cm-2, base-collector 8x10-3 cm-2
Collector n-side: ND,Collector = 1015 cm-3, minority hole lifetime (pC=2(10-6 sec. Minority hole diffusion coefficient Dp,C=15 cm2/sec.
ni (300K)=1.5(1010 cm-3. (r(Si)=11.8, (0=8.85(10-14 F/cm, (s=(r(0.  

	Fig. 4 An n-p-n transistor.
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[image: image67.png]Using pa = 0 /Ngs = 225 x 10° e, “W= 10" cm = Ium. Dy = 40 e, we get

Ta=[(16 X 1077 %107 x40 x2.25 X 10°¥10°] * (exp{0.7/0.0259} -1)

 44x 107 exp(0.7/0.0259} = 78.71 mA.




3(b) Find collector current ICN using the electron distribution np(x) at x=W at the base boundary at the base-collector junction.  
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[image: image69.png]Using Loy = (40 x 10%)"* =0.026m and W = 10" cm, we get oy = 0.9999875

And Ty = ar * Ty = 78709 mA. @




3(c) From above two components find the base transport factor T ICN/IEN. 


[image: image70.png]using equation 4 and 6





[image: image71.png]Using L= (401 10%) =0.02cm and W =10* cm, we get ay = 0.9999875




Q3(d) Obtain the common base current gain  (=T*for the BJT after computing emitter-base injection efficiency using computed value of transport factor T. 
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� EMBED Equation.3  ���
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