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Review

s a student a vessel to be
filled or atorch to be |it?
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Itanium Microprocessor 0.13 mm 415

million transistors 1.5 GHz
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Even old technology has overwhelming complexity
and tremendous performance
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We better
learn fundamentals and

to solve problems
In order to work as engineers

with advanced degrees In
such competitive environment

So what did we cover?
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Materials systems discussed

Si

SiGe

1I-V

Ternary and quaternary
SiC

11I-N
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Devices Covered: Building blocks

Metal-semiconductor contacts
Schottky contact
Ohmic contact
P-N junction
MOS structure
Heterointerface
Quantum well
Superlattice
Quantum wire Quantum dot Quantum electronic island

SDM-2, ©Michael Shur 1999-2009
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Devices Covered: Transistors

BJTs

HBTSs

MESFETSs

HFETS

Pyroelectric devices

SDM-2, ©Michael Shur 1999-2009
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SiGe and lllI-V Materials Systems

Lattice constant (A)
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Energy Gap versus Ge
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AllnGaN Materials System
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More detailed

iInformation

M. E. Levinshtein, S. L. Rumyantsev, and M. S. Shur,
Editors, “Properties of Advanced Semiconductor Materials:
GaN, AIN, InN, BN, and SiGe,” John Wiley and Sons,

December, 2,000

Also please visit http://nina.ecse.rpi.edu/shur/GaN.html

SDM-2, ©Michael Shur 1999-2009
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o] Schottky contact
g — _— Energy Band
m 'quﬁg_____'____'_x_jv_?i_'_ Diagram

~ Energy diagram of GaAs metal-semiconductor barrier.
qQdp is the barrier height (0.75 eV)

Xs Is the electron affinity in the semiconductor
ds and dyy, are the semiconductor and the metal work functions
Vpi (0.591 V) is the built-in voltage.

Donor concentration in GaAs is 1015 cm-3,
(From M. Shur, Introduction to Electronic Devices, Wiley, 1996

SDM-2, ©Michael Shur 1999-2009
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Equivalent
Circuit

SDM-2, ©Michael Shur 1999-2009
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Ohmic Contacts

R. = 10-4 ohm cm?

Ohmic

Schottky/
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Best R, = 10-8 ohm cm?
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I-Vs of ohmic contacts to n-doped AlGaN (a)
and of the AlGaN photodiode (b).

Dashed line in the left figure shows the I-V curve for undoped AlGaN
layer.
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Gated Transmission Line

SDM-2, ©Michael Shur 1999-2009
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Resistance versus
distance
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BJT structure

npn-BJT
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From http://www.hl.pc.uec.ac.jp/~hays/electronics/lecture/chapter5.htm
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Input and Output

Input current Output current

Transistor O
+

Output voltage

SDM-2, ©Michael Shur 1999-2009
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Equivalent
circuit

emitter collector
base

Equivalent circuit of ideal n-p-n BJT

SDM-2, ©Michael Shur 1999-2009
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Band diagram of p-n-p
transistor
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Principle of Operation

Collector

SDM-2, ©Michael Shur 1999-2009
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Hole distributions in the base of p-n-p BJT

for active forward mode,

saturation, cutoff, and reverse active mode
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MOSFET/BJT Fabrication

FET BJT

Source Aluminum Baze Collector
Gate Emitter

e

n-type diffused p-type diffused

B p-type Si(diffused) I n-type Si{substrate) = Si02
B Aluminum Photoresist B n-type Si{diffusied)

The last step is to pattern aluminum Al
into appropriate shapes, After

annealinglbaking) at 475 degrees
ICelcius to improve the aluminum
contacts with the silicon, the devices firstl orevious| nextl last
are ready to be tested, I ! I I I

animation_next I

From
SDM-2, ©Michael Shur 1999-2009
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Typical BJT and HBT Doping Profiles
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Impurity profile in homojunction (a) and heterojunction (b) bipolar

transistors. (After Gao et al., Compound Semiconductor Electronics: The Age of
Maturity. Ed. M. S. Shur, (World Scientific, New Jersey, 1996), p. 89.)

SDM-2, ©Michael Shur 1999-2009
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InGaAs/AlInAs and InGaAs/InP HBTs

InF hlpnlﬂr transistors

Emitter contact

nt cap

il n emitter — : AllnAs AllnAs or InP

= il [ Gainds  IRRSSIRRARS
- colfector b contact

n+ subeollectr - T Y

Substrate - TR TS

[2] Single- and double-heterojunction bipolar transistors (SHBTs and DHBTs, respectively) are made using a combination
of materials, but start with an indium phesphide substrate. The ratio of gallium to indium in these transistors is 47:53, and
the ratio of aluminurm to indium is 48:52.

SDM-2, ©Michael Shur 1999-2009
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Basic MESFET Operation

Cdep = &/dd Cedge =e W
Capacitance per unit area (F/m”2) Capacitance (F)
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MESFET Models
|

Curtice model (1980): |14 = lqt (1+AVpg )tanh(aVpg )

BV
Statz model (1987): [l lsat = ﬁ

 2e VW
d (Vpo T 3\/L)

Shur (1987): S

SDM-2, ©Michael Shur 1999-2009
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UCCM for MESFETs

VeT —VE

Below threshold: Ngp ~ Ng exp[
MVih

Unified charge density expression:

. ~_sallsb  _ 1 1-
> ngg+Ngy | Ngd

Use same expression for V

SDM-2, ©Michael Shur 1999-2009
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HFET Band Diagram at Flat Band

metal AlGaAs GaAs

From T. A. Fjeldly, T. Ytterdal,M. S. Shur, Introduction to Device Modeling and Circuit
Simulation for VLSI, Wiley, 1998

SDM-2, ©Michael Shur 1999-2009
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Threshold voltage

VT = ¢p —angds /€ —AE¢ / g

SDM-2, ©Michael Shur 1999-2009
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Example: HFET Transfer Characteristics

i#n AlM-Postprocessor - [vidsitbranch vids#tbranch ]
File Edt Graph Format View Window Help

=& B & BlAl Q| 2]

MOSFET model

HEET model

Drain current [A]

0.2 0.4 0.6 0.8
Gate-source voltage [V]

SDM-2, ©Michael Shur 1999-2009
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Ga and N faces

- — |
|ml?r*1|f?

After Hellman, E. S., The Polarity of GaN: a Critical Review. MRS Internet J. Nitride Semicond. Res. 3, 11(1998)

SDM-2, ©Michael Shur 1999-2009
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AIN/InN/GaN HFETs

Sio,

/ Reducing the gate leakage
current (10% - 106 times)

MOSHFET (SiO,)

MISHFET Si;N,

Reducing current collapse,

: ) J Combining the advantages
Improving carrier confinement

/Si3N4/Si02

el

AlGaN/ InGaN GaN DHFET MISDHEET

SDM-2, ©Michael Shur 1999-2009
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RESURF HEMT

Silicon nitride, 0.3 um

n-AlGaN 1x 10®/cm® 0.02 pm

n-GaN 1x10%®/cm® 0.03 pm

w6, s 2-DEG, 1x10%/cm?
p-GaN, 1.5 x 10"/ cm

1x10%/cm® 0.05 um

From S. Karmalkar, J. Deng, M. S. Shur, R. Gaska, RESURF AlGaN/GaN HEMT for high voltage power switching,
IEEE Electron Device Letters, vol. 22, No. 8, pp. 373-375, August (2001)

SDM-2, ©Michael Shur 1999-2009 36
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SDM2 Spring 2009
Thank you for taking my class!

3 u
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