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ELEG 646 - Spring 09 
Electronic Device Principles 

Final Examination 
 

20 May 2010     NAME_______________________________ 
 
Time Limit: 120 minutes  

Closed Books and Notes. You may use your own calculator, but may not loan or borrow one (ask 

proctor if you have questions).  Put expression in a final form as best you can. 

 
Guidelines: 
I. Full credit requires the final dimensions/ units for all numerical quantities that you calculate. 

II. Show all work and calculations for full credit; accuracy to 2 significant figures is sufficient.   

III. Assume that the material is silicon at room temperature (300 K), unless otherwise stated.  

IV. At 300K temperature; thermal energy kBT=0.026eV, silicon intrinsic concentration ni =1x1010 cm-3, 

recombination lifetimes:  τn, τp = 1 µsec; dielectric constant κSi = 11.8;  

In general; permittivity of free space εo = 8.85x10-14 F/cm; electron charge |q| = 1.6x10-19 Coul;   

V. Equations: 

pop = iħd/dx    fFD(E) = 1/[1 + exp(E–EF)/kBT]  E = Q V 

n = niexp[(EF−Ei)/kBT]. p = niexp[(Ei−EF)/kBT] nopo = ni
2 np = ni

2e(Fn-Fp)/kBT 

n = NCexp[-(EC-EF)/kBT]  NC = 2.8 x1019 cm-3  p = NVexp[-(EF-EV)/kBT]  NV = 1.04 x1019 cm-3  

Jn = qµnnE + qDndn/dx  Jp = qµppE − qDpdp/dx   σelec = q(nµn + pµp) 

Un = (np−npo)/τn Up = (pn−pno)/τp  p' = p - po = goptτp n' = n -no = goptτn  

Cdep = κsεo A/W  Cdiff = qIτ/kBT  D/µ = kBT/q   L = √(Dτ)  

∂p/∂t = -1/q ∂Jp/∂x – p'/τp   ∂n/∂t = -1/q ∂Jn/∂x – n'/τn ;   

∂p/∂t = Dp ∂2p/∂x2 – p'/τp   ∂n/∂t = Dn ∂2n/∂x2 – n'/τn  

φbi = kBT/q ln(NAND/ni
2)  φ = (EF-Ei)/q + φref (φref =constant or )) ;  E = -dφ/dx 

I = qA(Dppn/Lp + Dnnp/Ln)[eqV/kT – 1] = Io[eqV/kT – 1];   Wdep = [(2κsεo/q)(1/NA + 1/ND)(φbi -VF)]1/2  

Emax= 2(φbi– VF)/Wdep  pn(xno) = pno(xno)eqVf/kT ;   np(-xpo) = npo(-xpo)eqVf/kT  
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VI. Equations: (note, kT, ε are on page 1) 
n = niexp[(EF−Ei)/kBT].    p = niexp[(Ei−EF)/kBT]  

Jn = qµnnE + qDndn/dx    Jp = qµppE − qDpdp/dx 

Un = (np−npo)/τn     Up = (pn−pno)/τp 

C = εs /W 

One-sided step junction: 

C = εs /W;  φbi = (kBT/q)ln[NAND/ni
2] 

 

Breakdown (for n+-p diode)  
Emax = [2qNA|VR|/εs]1/2  ;  BV = εsEcrit

2/2qNA      

 

Schottky junctions: 

IF = AJ A* T2 exp(-qφB/kT) [exp (qV/ηkT) – 1] ; where η = ideality factor 

 

pnp transistors:  

IE = IC + IB ;   IC = αF IE + ICBO   IC = β IB + ICEO   αF = γ αT M  

 

IpE = AEq2ni
2Dp/QB0 exp[(qVBE)/kBT ]   QB0 = q ∫0

WB
 ND(x)dx = q GN; (GN = Gummel number) 

αF = γ αT M   

Ebers-Moll model (for pnp):   IE = IES/pno(∆pE – αF∆pC);   IC = ICS/pno(αR ∆pE – ∆pC) 

∆pE = pno(eqVEB/kT – 1)     ∆pC = pno(eqVCB/kT – 1)  

Reciprocity:  αFIES = αR ICS = IS   

 

Junction Field Effect Transistors: 

pFET: VP = qNAa2/2εs or  nFET:  VP = qNDa2/2εs  φbi = (kBT/q) ln(NAND/ni
2) 

cutoff frequency: fT = gm/2πCGS  

 

Notes:   
CB = doping concentration in the bulk ≡ NA or ND 
 
 φB = φbi = built-in voltage (contact potential) 
 
AJ = junction area 
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note for Table 8.1, d = 2a(full channel  thickness)  the symbol φB is the magnitude of built in voltage    
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