Solid State Devices: Assignments for Lectures 19-42

Lec 19: P-N Junction — Structure and charactestics to be modeled

1) Sketch the following for a small-signal p-n junctito scale: (a) cross-section and top view of the device
structure; (b) DC current-voltage curve at two elifint temperatures.

Lec 20, 21: P-N Junction under equilibrium

2) Based on energy bands or otherwise, explain whétieebuilt-in voltage of a p-n junction decreases o
increases with temperature.

3) Sketch the energy band diagram for an’ function in silicon under equilibrium.
4) Sketch the distributions of p, o, E andy for an n-fi junction in silicon under equilibrium.
Lec 22, 23: P-N Junction under forward bias

5) Determine the pn product as a function of distandbe space-charge region of a p-n junction under
applied bias.

6) An abrupt Silicon p-n junction has a junction acéd0? cm and operates at 300 K. The p-side Nas
=1x 10" cm® andz,= 10" s, and the n-side h&t = 1 x 10° cm® and 7, = 10° s. (a) Calculate the
depletion width on either side of the junction. @galculate the maximum forward bias and the
corresponding current for which the low-level ifjen approximation in the lightly doped region
remains valid. (c) Calculate the location of thang with reference to the depletion edge at wihieh t
majority and minority carrier currents are equatragnitude for this forward bias.

7) Assume that all approximations of the ideal diodedet apply, and that the lifetime in the n and p
regions is the same. Establish the validity ofdtiusion approximation for holes in the n-regiarntlze
edge of the space-charge layer in a genéraljpnction as follows.

(a) Show that the ratio of the relevant drift to diffus current densities of holes isEk/V; whereE is
the electric field., is the hole diffusion length and is the thermal voltage.

(b) Assuming the electron current density to be unifarrthe space-charge layer, and to be
predominantly due to diffusion at the spakarge layer edge on the p-side but due to drifiet
space-charge layer edge on the n-side, shatthe electric field is given &y = (Vi/Ln)(Np/Nno).

(c) Using the results of (a) and (b), show that themaitthe hole drift to diffusion current densitiiss<
pn / Nno, Which is the injection level on the n-side, and<s< 1 under the approximations of the ideal
diode model.

8) A Silicon diode forward biased at a fixed curresibeing used as a thermometer. The diode voltage is
0.62 V at 300 K. (a) How much will this voltage dge when the temperature is varied 8% %.
(b) Estimate the diode voltage at’®60 Comment on the utility of the diode as a therratanfrom these
calculations.

Lec 24, 25: P-N Junction under reverse biasd small-signal conditions

9) A symmetrical abrupt Germanium p-n junction hasnapurity concentration of 8 cm®on both sides.
Calculate the avalanche breakdown voltage if theimmam electric field at breakdown is 250 kV ¢m
Calculate the breakdown voltage if the impurity cemtration on the n-side remains the same, buten t
p-side it becomes tbcm?.



10)An abrupt silicon p-n junction at 300 K has an anéd mnf. The measured junction capacitarige
(UF) as a function of the reverse bias of magnitddéV) is given by the relatioﬁ:,-'2 =2x16 (0.6 +
Vg). Estimate the built-in voltage, and the dopingels on the two sides of the junction.

11)The depletion region capacitance of a GaAs junction diode is measured as a function ofréwerse
bias, and the following data are obtained. Chedkisfa uniformly doped abrupt junction diode.

Ve (V) 0 0.5 1.0 3.0 5.0
C; (pf) 19.9 17.3 15.6 11.6 9.8

Lec 26, 27: BJT evolution, device structureral transistor action

12)Trace the evolution of the BJT from the idea obbdsstate triode.

13)Sketch the following for a typical modern smallfsad) bipolar junction transistdo scale: (a) cross-
section and top view of the device structure; (1) B - Vce curve for four different base currents.
Mention whether the transistor is n-p-n or p-n-p.

14)In a p-n-p BJT, the emitter-base junction is forvarased by connecting a current source between the
emitter and base, and the collector is shortecse bExplain the transistor action by drawing theess
Carrier profiles in base and emitter, and discug#e variation of various current flow componeats,
the base width is reduced from very large to vemglsvalues compared to diffusion length in theebas

15) SketchJ,, J, andJ as a function of distance from emitter to colleatoa p-n-p BJT, wherein the emitter
junction is forward biased and the collector juostis (a) shorted, and (b) reverse biased (wiheaet
to the base).

Lec. 28-31: BJT- DC Model

16) The base region of a silicofi pmn" power transistor has a width of 1@, a minority carrier lifetime of
10 ps and a doping of 5 x ¥bcm?®. Calculate theB of this device when the reverse bias across the
collector-base junction is (a) 0 V and (b) 300 \at&lthat, in this device, the collector junctiomplédion
width is entirely on the base side of the junction.

17) Consider a p-n-p transistor operating in the a&ctegion at room temperature. Explain based orcdevi
physics, how the base currdgtwill decrease and eventually change direction,hastémperature is
increased gradually keeping the collector curtembnstant.

18)Consider a p-n-p transistor in which we h&ge>> Ng >> N¢ and negligible recombination in the base.

The device is operating with a base curtgrand an emitter to collector voltayec.

(a) Derive expressions for the following voltages imnte of Iz and physical parameters, namely —
doping levels, lifetimes and diffusion coefficientsvarious regions, and base width: \{(gs when
Vec =0; (II) VEc Whenlc =0.

(b) Calculate the voltages in (a) fty = 100pA and the following parameter values: emittdg= 5 X
10" ecm®, 7= = 0.1ps; base Ng = 1 x 16° cmi®, Wg = 1 pm; collector Nc= 1 x 13° cm®, 7c = 10
us;A =1 mnf. Ws is between the depletion edges in the base amgpémtient of bias conditions.

Lec. 32: BJT — Small-signal model

19)What are the typical values of the components@iramon-emitteh-parameter equivalent circuit and a
hybrid-rt equivalent circuit of a bipolar junction transis®



20)How will you determine the parametéxsandhge from a family of £-V ce characteristics?

Lec 33-35: MOS junction under DC conditions

21)A MOS junction has a p-type substrate, a positixed charge g = 0 andVy < 0. Sketch its space-
charge, electric field and potential disttibas from gate to substrate, under zero gate liolas.

22)For the junction in (21), sketch the band diagremmfgate to substrate, under zero gate to bulk bias

23)An Aluminum gate MOS capacitor is fabricated omasilicon substrate withly= 10 cm?, tox = 0.12
pm andQ /q = 3 x 10* cm?. (a) Estimaté/rg and the electric field in the oxide at threshélt. Sketch
the energy band diagram from gate to substrateeadriset of inversion to scale, showing the ctitica
values on the diagram.

24)A 0.5 um thick gate oxide is grown on a uniformly dopedilicon sample witiNg = 1.5 x 16° cm®.
Assuming the oxide to be charge free, calculatestintace potential and the gate voltage for makieg
surface intrinsic.

Lec 36,37: MOS junction under small-signal aaditions and body effect

25)High frequency capacitance measurements of a tmartal Aluminum gate MOS junction yielded the
following results: maximum capacitance occurring farge negative gate voltage is 18 nF<m
minimum capacitance occurring for large positivéegeoltage is 70% of the maximum capacitance,
Vr = 2 V. Determine the following: (a) oxide thickisegb) polarity and concentration of doping in the
substrate; (c) flat-band voltage; (d) fixed chacgacentration.

26)A p-channel MOSFET hasg, = 0.1um, Qs /q = 8 x 13° cmi? Ng = 1.5 x 16° cmi® and the gate is heavily
doped with boron. Calculate the bulk to source begsiired to geVr =- 2.7 V.

Lec 38: MOSFET — Evolution, device structureind characteristics to be modeled

27)Trace the evolution of the MOSFET from the discgwafrthe BJT.

28) Sketch the following for a typical modern smallysag) MOSFETto scale: (a) cross-section and top view of
the device structure; (b) DIg — Vps curve for four different gate biases.

Lec 39-41: MOSFET — DC and small-signal models

29) An Aluminum gate enhancement type n-channel MOSE&SN, = 6 x 10° cmi®, tox = 0.1um, Qs /q =
1 x 10° cm?, WIL = 100, 4, = 500 cndV's?, L = 10pm. (a) When the transistor is in the linear region
with Vps= 0.5 V, calculate th¥ss to obtain a drain current of 2 mA. TakWgs = 0. (b) Estimateyy, and
Om in (a). (c) Estimatdp and gy, in saturation assuming the value \&ds obtained in (a). (d) What
changes will occur in the characteristics of the SFKBT when the gate metal is replacedpeyoly
silicon doped with\, > 1 x 13° cmi® operated at the same current in the linear regitnVps= 0.5 V?

Lec 42: JFETs, MESFETSs, HFETS, Solar Cells

30)Sketch simple schematics ofJBET, a MESFET, a HFET and a Solar Cell, and emplae operation of
these devices briefly.



