
Exam in High-Speed Devices (FFF115), December 2009 

 

Question 1 (5p) 

For the graded p+N heterojunction, calculate XNO, XpO 

and bi, and sketch the resulting band diagram at 

thermal equilibrium. For the given design, XNO>Xgrade. 

 

 

 

 

Question 2 (5p) 

A HBT with a quasi electrical field in the base region is biased in the forward-active region. The device 

has an area AC, an electron diffusivity Dn and a minority life time n. Due to the quasi-field, the resulting 

base minority charge concentration inside the base can be written as  

 

where XB is the base thickness. 

(a) Derive an expression for the collector current IC. (2p) 

(b) Derive an expression for the current gain , only taking recombination inside the base into account.  

(2p) 

(c) Explain why  is improved compared to an HBT without any quasi-field, which have = n2Dn/XB
2. (1p) 

 

Question 3 (8p)  

Explain: 

(a) Why is the breakdown voltage lower for a HBT in common emitter configuration as compared 

with common base? 2p 

(b) What is the origin of the current saturation of a short gate-length HFET? (2p) 

(c) Why is it of importance to scale the gate length for a high-speed FET? (2p) 

(d) Why ft has a maximum for a certain Ic for a HBT. (2p) 



 

Question 4 (10p)  

Consider the long-channel InGaAs/InAlAs HFET below, with the 

device width W. The source and drain resistances are set by the 

source and drain contact resistance. The gate contact is single 

ended. 

 

 

Calculate: 

(a) Ndb, so that the transistor has VT=0 V (2p) 

(b) Ids, gm, gd. (2p) 

(c) Cox
’, Cgg, Cgd, Cdg, Cdd (2p) 

(d) Rs, Rd and Rg. For Rs and Rd, is the contact resistivity and RSH the sheet resistance of the 

channel below the contact. (2p) 

(e) ft (1p) 

(f) fmax (1p) 

 

Good luck everyone! 

14 December, 2009. Erik Lind 

 

 

 

Important parameters: 

B 0.5 eV 

Ec 0.5 eV 

Ef0 50 meV 

tb 6 nm 

r 12 

µn 2000 cm2/Vs 

W 50 µm 

Cgs,p 30 fF 

Cgd,p 30 fF 

10-7 cm2 

gate 5.6×10-8 m 

RSH 3.12 k Sq 

Vds 2 V 

Vgs 1 V 

 


