Jan. 12, 2022
固態電子元件期末考
The Final Exam of Solid-State Electronic Devices
Constants and Parameters
q = 1.6 x 10-19 C ; m0 = 9 x10-31 kg ; h = 6 x 10-34 J•sec ; c = 3x108 m/s ; kT(300K) = 0.026eV ; c = 3x108 m/s ; 
Si (300K): ni = 1010 cm-3 ; Eg = 1.1eV, NC (Si) = NV (Si) = 2.5 x1019 cm-3 ; ε0 = 8.85 x 10-14 F/cm ; εsi /ε0 = 11.8; 
Εox /ε0 = 3.9. Si bulk mobility, un=1350cm2/V.sec, up=450cm2/V.sec.

1. [20pts] Consider an one-sided n+/p junction with its cross-section shown in Fig. 1, where p region is doped at NA=1x1017cm-3, its J0 = 3.5x10-12A/cm2, and JGRO=100J0. 
(a) Assume the WB << Ln, what is WB in m? 
(b) Find the bias voltage, Va, range where recombination current > diffusion current?
(c) When Va= -4V, assume the maximum electric field = 1x106V/cm at x=x0, find the minimum tunneling distance (in nm) between valence band and conduction band?
(d) When Va = -1V at reverse bias, find the junction capacitance density (fF/m2)? 
(e) When Va = 0.7V at forward bias, find the total small-signal capacitance density (fF/m2)? 
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2. [20pts] Consider a high frequency CV of MOS capacitor in Fig. 2, with p+ doped poly-Si gate on a uniformly doped substrate. The capacitor area of 100m x100m. 
(a) What is type of substrate, n or p?
(b) Find the oxide thickness (nm), Tox?
(c) Estimate the maximum depletion depth into the substrate(m), VG << threshold voltage. 
(d) Plot the energy band diagram of this device at VG=0.
(e) Plot a new CV curves against the original CV curve when oxide thickness increased to 2XTox. Label the new maximum and minimum capacitance.
 
3. [16pts] Consider an n-channel MOSFET with the following parameters: Tox=5nm, VFB= -1V and NSUB=1x1017cm-3, its gate-length, Lg=0.5m. 
(a) At VDS=0, what is its surface potential (SiO2/Si interface) at threshold?
(b) Let its threshold voltage=0.6V, find the vertical electric field across oxide (MV/cm) at threshold.
(c) What is the vertical electric field at Si/SiO2 surface when VG= -1V ? Assume VS=VD=float.
(d) Find the lateral e-field across channel when VDS=0.1V, when the transistor is in linear region.
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Consider an NPN transistor with WE: 0.5 μm, WBE 0.2 μm, WC-2 μηη, DB-10 cm
/s.
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4. [10pts] Consider an p-channel MOSFET with the following parameters: μpCox=50A/V2, W/L=10 and VT= -0.5V. Let VS=VB=VDD=2.5V. Find the drain current for (a) VG=1.7V, VD=2.3V and (b) VG=0V, VD=0V. Assume long channel model with transverse field effect on mobility, where =0.3V-1. 

5. [10 pts]ID-VG characteristic of a MOSFET at 360K is shown in Fig.3.
(a) What is the subthreshold swing (S)? 
(b) Decrease the temperature to what level, the subthreshold swing, S=60mV/decade, what is the temperature (K)? 

6. [8 pts] If the n-channel transistor gate length, Lg = 90nm, its cutoff frequency, fT= 100GHz. Assume short channel model on MOSFET, when velocity saturation dominates and fT~gm/CGS.
(a) Under the same technology, when Lg is scaled to 45nm, what is its cutoff frequency? 
(b) [bookmark: _GoBack]When strain-engineering is applied, the saturated velocity of electrons in channel is improved by 30%, what is the expected cutoff frequency at Lg=45nm? 

7. [16pts] Consider a npn transistor with WE=0.1m, WB =0.1m, WC=2m, LnB=1m, NE=1x1019cm-3. Ignore bandgap narrowing effect in the following analysis. Based on the Gummel Plot in Fig. 4, answer the following question.
(a) What is the maximum common-emitter current gain, ? 
(b) The base transport efficiencyT=? 
(c) Let the collector efficiency, M= 1, and base is uniformly doped of NB, estimate NB.
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8.7 Consider an NPN transistor with W = 0.5 um, Wp = 0.2 um, W =2 um, Dp = 10 cm?s.
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FIGURE 8-27
(a) Find the peak B from Fig. 8-27.
(b) Estimate the base doping concentration Np.

(¢) Find the VpE at which the peak minority carrier concentration in the base is
about to Ng = 10!7 em™.

(d) Find the base transit time.




