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EE 612:  Nanoscale Transistors 

 

HW5 SOLUTION 

 

Ballistic FETs and VT 

 

 

1) For a p-MOSFET with 18 -32.7 10 cmDN   , a p
+ 

polysilicon gate with (EV – EF) = 0.0, an 

EOTelec of 1.1nm, and charge at the oxide-Silicon interface of 10 -2/ 5 10 cmFQ q   , 

compute the threshold voltage at 0, 0.5, 0.5 VSBV    . 

 

Solution 1) 
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Therefore,  

0.2444( 0), 0.1588( 0.5), 0.3124( 0.5)T SB SB SBV V V V        
 

          

( It is ok that you properly consider VT increase by  poly depletion effect ) 

 

2) Assume that the off-current of a MOSFET at T = 27ºC and VSB = 0.0 is0.1 A/ m  .  

Estimate the off current at T = 100ºC.   

Solution 2) 

In the subthreshold region,  
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Assuming that the mobility is approximately independent of temperature, the off current at 

100C can be approximated as,  
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Temperature coefficient can be obtained from eqn 3.45.  

Using m=1+3tox/Wdm =1.15 from prob 1, dVt/dT = 0.5 mV/K.  

Vt (100C) = -0.210V,  Vt(27C)= - 0.244V.  

 Therefore,  

(373 ) 1.68 /offI K A m   

If we assume that both the mobility and threshold voltage are approximately independent of 

temperature, the off current can be approximated as, 
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off DS GS DS DDI I V V V T e

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From the results of problem 1,  VT =0.244V, m = 1+3tox/Wdm =1.15.  

Ioff   at 100C is,      
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3) As derived in Taur and Ning, 
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 describes the I-V characteristic of a MOSFET in the subthreshold region.  Explain how to 

modify this expression to describe the subthreshold region of a ballistic MOSFET. 

Solution 3) 
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4) Electrons moving in the x-y plane of a MOSFET channel have a +x-directed velocity of 

cosx   where  * 2

12m E   , where 1  is the energy of the first subband (think of 

this like the bottom of the conduction band). 

 

a) Show that at a given energy, the average +x-directed velocity, 2x  . 

b) Show by integrating over energy, that the overall average +x-directed velocity is  
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Solution 4 a) 

Electrons are free to move in the x-y plane, and they enter the device with a spread of 

velocities, so we need to use the average velocity in the x-direction (or average cos θ) 
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Solution 4 b) 
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Where gamma function 1
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5) Assume Boltzmann statistics and compute the ballistic mobility for an L = 50nm MOSFET 

with silicon channel (m* = 0.19m0) vs. GaAs channel  (m* =0.063m0).  Compare the two 

numbers and discuss the significance.   

 

Solution 5)  

Assuming Boltzmann statistics,  
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It is clear the light effective mass helps boost mobility.  

 

 

6) At T = 0K in a ballistic MOSFET, the density of inversion layer electrons with positive 

velocities is given by 
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where 1  is the energy of the first subband (think of this like the bottom of the conduction 

band).  At T = 0K in the ballistic MOSFET, the average velocity of the electrons with 

positive velocities is 
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a)   Use the two equations above to develop an expression for the on-current of a ballistic 

MOSFET in the fully degenerate limit. 

b) Assume 1310Sn  per cm
2
 and *

00.19m m  (silicon) and compare the ballistic injection 

velocities under non-degenerate and fully degenerate conditions. 

 

Solution 6 a) 

The on-current of a ballistic MOSFET in the fully degenerate limit consists of I
+
 alone.  
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Solution 6 b) 

In the non-degenerate condition  
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7) The transconductance of a MOSFET in the saturation region of operation is frequently used 

to estimate the velocity in the channel according to 
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a)  Show that this expression gives the velocity at the top of the barrier for a ballistic 

MOSFET in the non-degenerate limit. 

 

b)  Show that under fully degenerate conditions (T = 0K), this expression does not give the 

velocity at the top of the barrier. 

 

c) Compare a) and b) to the result from the complete velocity saturation model. 

 

Solution 7 a) 

From current expression, intrinsic transconductance can be written as,  
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In the non-degenerate limit,  
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Solution 7 b) 

 

In the degenerate limit, using a result of 6 (b), 
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Solution 7 c) 

The complete velocity saturation model is ( ) ( )D ox G t satI on WC V V  
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8) Explain in words (no more than three sentences) why the subthreshold current increases 

exponentially with gate voltage. 

 

Solution 7 c) 

The probability of thermionic emission over the barrier is exp(-Eb/kBT) and the barrier 

height decreases linearly with  gate voltage. Therefore, the subthreshold current 

exponentially increase with the gate voltage.  


