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The values used in this problem set are listed in Table 1.

Aly.40Gag 60 As GaAs
x [eV] 3.63 4.07
By leV] 1.92 1.42
€r 11.6 12.9
Ng [em™3] 5.0 x 1017 4.7 x 1017
Ny [em™3] 8.0 x 108 7.0 x 108
ne 2] 600 4000
Hp, [‘iﬁ'ﬂ 100 400

Table 1: Values used for this problem set

Problem 3.1

Figure 1: The MESFET

Part a: Design a GaAs MESFET:
The MESFET must be designed such that ¢'= a when vggs = 0.
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Figure 2: Cross-section of the MESFET.
a: equilibrium depletion depth.
@’ Non-equilibrium depletion depth.
q®Py,,: Barrier Height.
q®Pp;: Built-in Potential.
q®y;: Non-Equilibrium Built-in Potential.
V,: Applied Voltage.

9Py, = qPp; + (Ec — EF) =0.8 eV
kgT Nc)
FEc—Fr = —in|—
c F ; <ND
= 39.62 meV
2
q
q®y; = iNDCLQ = q®p, — (Ec — Er)
, 2e 2¢ e
@ = \/quD qPpi = \/quD (¢Ppn, — (Fc — Er)) = 1041 x 107° ¢m
ada = a=104.19 nm

Part b: What is the maximum conductance, where vgs = 0.5 Volts?

e

Figure 3: Position and size of the area in question.

Forward biasing will shrink the depletion depth, a. However, the gate is no longer isolated from the



drain/source channel if vgs > 0.5 Volts.
2

4P = 3-Npa® = g — (Ec — Br) - Va
3 2¢ 3 _g
a = “qQND q®Py; = 6.097 x 107° em
a—d = 432x10"%cem
0 = qnu.+qppy = qnjl.

Area  (a—a)W

= = 55.3 mU
OLength 7 L m

Part c:
i: Find the maximum drain current and the corresponding vpgs.

The maximum drain current occurs when that the carriers are traveling at the saturation velocity.

kA
J = qnse; =160 —— 22
cm
I = J-A=J-(a—a)W =691 mA
If the field is uniform, then Ohm’s law should hold.
1
V= el 125 mV

ii: Is this assumption valid?

Ifvgs =05V and vps = 125 mV, then vgp = 375 mV. If we evaluate the depletion on both sides of
the device, we will find that the depletion width is deeper on the drain side.

a—d(Va=05) = 43.2nm
a—da(Va=0375) = 304nm

The channel depth was assumed to be uniform when the saturation current and voltage were calculated.
The carriers cannot leave the source with the saturation velocity because they must accelerate as they
approach the drain (the cross-sectional area decreases as the carriers approach the drain, so the current
density (velocity) must increase in order to maintain current continuity).

Problem 3.2

Part a: Draw the circuit schematic for a direct-coupled FET logic (DCFL) in-
verter

The circuit schematic is shown in Figure 4.

Part b: Plot the v;, v, transfer characteristic if the output terminal is open
circuited

First, v;;, is limited by metal-semiconductor junction at Q1. Thus vy, € [0,0.8] Volts. Also there should
be 4 regions of operation:

1. @1 is in cut off region, Q2 is in triode region
2. Q1 is in saturation region, ()9 is in triode region
3. Q1 is in saturation region, ()2 is in saturation region

4. (1 is in triode region, () is in saturation region



4 >VDD

Qs
o
Q1 Vout
Vin
[ L g

NV

Figure 4: DCFL Inverter

Boundaries between regions:

1f Q; is in cut off region, vgs1 € [0,0.1] Volts and Ip; =0 A. Since Qs is in triode region:

v
Ips = Kp (UGSQ — Vpa — D;Q) Vps2
v — Vou
= K3 <_VP2 — %) (DD — Vout) =0
Vout = Upp = 2 Volts

If Q2 is in triode region:

vps2 < vUgs2— Vp2
VDD — Vout < 0— (—05)
Voutr > 1.5 Volts

If Q1 is in the saturation region:

vps1 > vagsi1 — Vpi
Vowr > Vip—0.1 Volts

()1 is in saturation region, ()2 is in triode region:

K v
— (vgs1 — VP1)2 = K (vagss — Vea — =2 ) vpss
2 2
K v - V;m
— (vin — VP1)2 = Ky —Vpy— B2 _Tout (oD — Vout)
2 2
0 = V2;—3Vouw+ (201 +V7iy —0.2V;y)
Ve = 15+ \/0.24 — V2 —02Viy
In this region, V,,; > 1.5 Volts
Ve = 15+ \/0.24 — V2, — 02V
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Figure 5: Transfer characteristic of an open circuit DCFL inverter.

()1 is in saturation region, (), is in saturation region:

K K.
71 (vgs1 — Vpl)2 = 72 (vgs2 — VP2)2
(vin — Vpl)2 = (_VP2)2
Vin = Vp1—Vp2
Vi = 0.6 Volts
1 is in triode region, Qs is in saturation region:
is in triod . e . turati .
K v
72 (vgs2 — VP2)2 = K; (UGSI —Vp1 — DSI) Ups1
Vou
(_VP2)2 = 2 <Vm —Vp1 — 2 t) Vout
0 = V2,-(02—2Vi,) Vour +0.25
Vo = (Vi —0.1) £ /VA —0.2V;y — 0.24
In this region, V,,; < Vi —Vpy
Vour = (Vi —0.1)— \/VI%\, —0.2V;y — 0.24

Part c: Plot the v;, /v, transfer characteristic if the output terminal is connected to another
DCFL inverter.

The input terminal of the next terminal is essentially a metal-semiconductor junction. If V;, > 0.8 Volts,
then the output of the first inverter is pinned at 0.8 volts, as shown in Figure 6. If the output is less than
0.8 volts, the transfer curve should be the same as the previous case.
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Problem 3.3
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Part a: Calculate the emitter defect of the HBT
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Part b: Calculate the sheet resistance of the base region
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Part c: Calculate the depletion

i BO

Tp,B

Tp,c

o8

capacitance between the collector/base junction.

NagN
kgT - In (W) =1.371 eV
ni B

\/ 2Np ceB (Pp — qVa)

¢*Na,g (Na,p+ Np.c)
N,
A8 b B = 309.285 nm
Np.c
F
B __ B a5 0
wp  ITp,B+ZIpc cm?

Part d: Calculate the base transit time.

2

Wg
= — 122.07
"T 9D 5 fs

= 1.546 nm



