
Answers, Exam High-Speed Devices, 2009-12-14 

1) 

XNO=410nm, XPO=0.4Å, bi=1.52V. Use Boltzman for N-side, and Joyce-Dixon for p. Note that there is no 

band discontinuity at x=0. 

 

2) 

The collector current, Ic, is evaluated at the base end. Here the excess minority carrier concentration is 0 

 only diffusion contributes to the current! This allows us to calculate the current, without knowing 

explicitly the quasi electric field (which, for the given n0 is not constant over the base region) 

a) Ic=qDndn(x)/dx+qµn (x)n(x) (Ic is evaluated at x=Xb, where n(x)=0)  Ic=qDnno /(2XB) 

b = n(Ic/QB), where   . This gives . 

c) The total minority charge in the base region, QB, is, for the same current, smaller for the n0 given in 

question compared for a HT w/o a quasi field. The slope has to be equal at x=XB, as illustrated in the 

figure below. Since ~ 1/QB, the quasi-field transistor has a larger ! 

 

 

 

3a) CB. Breakdown occurs when Ic∞, i.e. the multiplication coefficient M ∞. This requires a large 

Vcb. (Input is emitter current, multiplied current runs between collector and base) 

CE. The input current is the base current, which is kept constant. Breakdown here occurs when b ∞, 

i.e. Ic=Ie. This occurs when the avalanche current equals the base current, i.e. M T =1. Since T are 

both close to unity for a HBT, this only requires that M slightly above 1, which requires a smaller base-

collector field that for the CB case. 



 

b) Either effect due to ballistic transport for velocity saturation. 

Velocity saturation: For a large enough channel electric field, the electron velocity does not increase any 

longer.  The current doesn’t increase with increasing Vds  Ids saturates. 

c) ft is proportion to gm/Cgg. Cgg=WLCox, and gm is proportion to Cox. By decreasing L, Cgg decreases while 

gm remains constant.  ft increases. Also ,the transistor takes up a smaller space, which allows for 

increased integration. 

d) The base emitter charging time, e~1/Ic, which decreases with increasing Ic. For moderate Ic, the rest 

of the delay terms are constant. For high Ic, device self heating lowers the electron velocity. Further, the 

Kirk effect causes field reversal, which increases the effective base thickness (more charges in the base). 

This increases both the base transit time and the collector transit time. This reduces ft.  ft peaks for a 

certain Ic! 

4 

a)  Ndb=2.97×1017cm-3 

b) Ids=41mA, gm=82mS,  gd=0. 

c) Cgg=68fF, Cgd=0, Cdg=27fF, Cdd=0, Cox=4.08×10-7F/cm2 

d) Rs=Rd=3.51  (use distributed contact resistance). Rg=1.87  (single ended gate contact) 

e) ft=90 GHz. (Note that Cgg,t=Cgg+Cgs,p+Cgd,p, and that Cgd,t=Cgd,p) 

f) fmax=252 GHz. 

 

 


