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Car Audio & Navigation
* Microcomputer Safety Control
« Middleware + Microcomputer
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(F==2'20f 111) Automobile Radar — System on Chip/Package
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Compound Semiconductors

Various Semiconductors
Table 1.2 Abbreviated Periodic Chart of the Elements.

I 1 v ¥ VI - Elementary : Si, Ge, C
4 5 6 7 8
o i ¢ N © (compound)
s | I |t s -1V : GaAs, InP, InAs,
= > = = = INSb, GaP, eeee
" Zn | Ga Ge As | Se - 111-Nitride : GaN, AIN, InN
- 11-VI1 : ZnO, ZnSe, HygTe,
48 49 50 51 52
Cd In Sn Sb Te ZnS, CdS, eeee
80 81 27 23 " - IV-_VI g PdS_e, PdTe
Hg Tl Pb Bi Po - Oxide (Semiconductor) : ZnO

InZnO, GaZnO. ZnSnO, eeee




Wide Bandgap Materials

Si GaAs GaP 3C-SiC 6H-SIC Diamond GaN
Eg(eV) 1.1 1.4 2.3 2.2 2.9 55 3.4
indirect direct indirect indirect indirect direct direct
Max. Operating 600 760 1250 1200 1580 1400 ?
Temperature
Physical stability Good  Medium  Medium  Excelent Excelent Verygood — Good
Thermal 1.5 0.5 0.8 ) 9 10 1.3
conductivity (W/cm)
1 (cm?Vs) 1400 8500 350 1000 600 2200 900
uk (em3Vs) 600 400 100 40 1500 150
vzt (107 cmis) 1 2 - 2 2 2 2.7
Breakdown voltage 0.3 0.4 - £ 10 5
(105 Wiem)
Dielectric constant 11.8 12.8 11.1 9.7 5.5 9
© Spectral selectivity @ Crystal growth = Grain boundaries
© Hardness and dislocations
© Radiation resistance ® Doping
© Stability at high temperature and © Contact technology
pressure * Oxide Semiconductors — ZnO (E,=3.35eV)
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ZnO : Wide-bandgap Oxide Semiconductor

e Why ZnO?
- Wide and direct band gap (E, =3.4eV atR.T.)
- Large exciton binding energy : 59 meV
- Band gap control by addition of Mg/Cd
- Quantum structure (ZnO/ZnMgO) fabrications
- Easy growth of high quality heterostructures
- Low temperature growth

ALO/TilAu

— ] nAu

ZnMgO: 2 nm

Sapphire sub.

(Ref.) Appl. Phys. Lett.

- Challenges: accurate control of n- & p-doping 89, 053502 2006
- Fabrications of high performance devices (LEDs & FETS) o e (1
e ZnO device applications o
- Light emitting devices g - N o
- Transparent electronic devices n-a1GZO ; ]

p-LaCuOSe

- Chemical and biological sensors | | ) EL |
| MgO (001) W I S0 60 00 50
' Wavelength (nm)
Tg?gzpfég]t w (Ref.) J. Electroceramics
17, 267-275, 2006
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High-k Oxides (|)

35nm
MOSFET
(Intel)

Choice of High K Oxide for Si MOS

High enough dielectric constant K
Stable - no reaction with Si
Oxides with high heat of formation
Preferred — HfO,, Zr, Y, La, Al
Stable up to 1050°C

Low diffusion, amorphous HfSiO,:N

Band Offsets

Wide band gap
Good interface

Few defects

High K Oxide for MIM Capacitor
- SrTiO,, BST for higher K
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High-k Oxides ( Il)

* Band offsets should be >1V
for small gate leakage current.

Energy (eV)
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World-Wide Compound Semiconductor Market

- Total Market for Compound Semiconductor Components :

18B $ at 2001 (78% - Optoelectronics)

* Most Popular CS Materials
e GaAs — most common
e INP - high performance RF & 1.3/1.55um optoelectronics
e GaN — new materials; blue/white LED & high power

- Total LED Chip Market : 3.4B $ at 2003
5B $ at 2007
Taiwan : more than 60% market
Highly Bright LED will dominate.
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Worldwide GaAs Device & MMIC Merchant Market

GaAs Device Merchant Market : 2001-2006
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GaAs MMIC Merchant Market by
Application : 2001-2006
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2004 2005 2008

2001 2002 2003 2004 2005
2006
Digital 79.8
MMIC 3532.1
FET 405.4
TOTAL 4017.3
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2006
Military 172.4
Wireless comms. 2168.9
F-O Communication 133.8
Consumer 119.1
Automotive & Misc. 937.9
TOTAL 3532.1
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New Markets for llI-V Electronic Devices

1. PA and Switch for Wireless LAN (5 GHz)
Wireless networking standards

Standard Frequency band (GHz) Data rate (Mbit/s) Typical range (m)
EEEBDZ.11b 24 11 100
EEEB02.11g 24 54 50
EEE&02.11a 5.0 54 20
Bluetooth 24 1-2 100

- 67% of the 177 million PAs in 2008 will be manufactured using GaAs
- All WLAN switch ICs will use GaAs technology.

2. Automotive Radar (24 GHz and 77GHz)

SRRS @ 24 GHz or 77 GHz

- 5 million radar units in 2006
(Strategy Analytics)

- 100 million units in 2010 (?)
FLRS @ 77 GHz

3. Satellite Communication Terminal
- release of 71-76, 81-86 and 92-95 GHz (70/80/90 GHz) bands
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Global Wafer Demand — Si & GaAs

Millions of Square Inches Per Year by Wafer Size
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The Lowest Cost Technology ?

Chart 31: Moore's Law with Depreciation cc n Ot always th e
smallest dimension”

Moore's Law with Depreciation

5-million- gigtor chi
$100 4 for a 25-million-transisior chip

$30 Chart 42: Moore’s Law with Depreciation
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Compound Semiconductors Materials for LEDs
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Applications of IlI-V Nitride Optical Devices

(3) Efficient High Density Optical
Hlumination Storage
Automotive (1) Light-Weighted Full-color
Dashboard Display

Display
@2 Billboards
% Battlefield Lasers

(2) Traffic I.ightawl/’
Surveillance ;lml%

Recognition of Spacecraft

A(nm) HI-Nitrides
200 - 300 AIN

and Missiles W 490 - S60
Space-to-Space 360 - 590 WA
90 - 630 (:as Detection

Communications

Major applications
(cellular phone, traffic light)
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GaN LED Structures/Material Challenges

Low p-type doping efficiency

Mg solubility limit

Piezo-electric and
spontaneous polarization
(Nate Gardner, B 6.1)

Si-doping causing tensile
strain and cracked layers

Impurities

Sapphire substrate | |

Materials challenges




ol

Various GaN Devices

Optoelectronic m

LEDs —-| RF/Microwave
- Blue - power (HFETs,HEMTs)
- Green - Small sienal( HFETs, HEMTSs)
- Violet — High power
-uv - Thyristors, HBTs
- White - Rectifiers
—-| LDs & VCSELs —~| Power switches
- Blue
- Violet » High voltage
- UV - Rectifiers, Thyristors
| Detectors o High Temperature
- UV photodetectors - BJTs, HBTs
- ﬁolzr blind - MOSFETs, MESFETs, HFETs
- High temperature . .
g P —-| Piezoelectric sensors
—-| Others - HFETs, SIS
- Acousto-optic modulator —-| Pyroelectric sensors
=» White LED (Sold-State Lighting) = High Power (RF) Devices (Military)
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Nichia’s Blue LED with GaN & Shuji Nakamura

Timeline

@ Early 1990s Nakamura
and colleagues at Nichia
report blue LEDs based on
Gal.

@ December 1999
MNakamura leaves Nichia for
the US, where he becomes
a professor at UCSB and an
aclvisor to Nichia's rival
Cree.

#® December 2000 Nichia
files lawsuit against
Nakamura over alleged
leaking of trade secrets.

@ August 2001 Nakamura
launches damages claim for
¥2 billion ($1 9 million)
against Nichia over blue

LED invention.

e September 2002 Tokyo
court rules that although
Nakamura does not own
key patents, he is eligible for
compensation.

e February 2004 Tokyo
district court awards
Nakamura $189 million;
Nichia appeals.

@ January 2005 Nakamura
and Nichia agree o settle
for $8 million at Tokyo high
court.

* Big Five in Blue & White LED
- Nichia, Toyoda Gosei (Japan)

- Cree, Lumiled (USA)
- Osram (Germany)
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USA’s GaN Electronic Device Program ( |)

Table 1. DARPA's three-track attack
Track/moculs type Primecontractor  Fundhg(Phasel)  Requredmodule  Companiss also on feam

1: ¥-band Raytheon 226.9milion B0Wecontinuouswave Crea

transmit/receive (up 1o £50.4 milkon)

modue

2: Q-pand nigh-power  Northrop Grumman S16.5million 20Wceontinuouswave  Monalithics, Emcone, Bosing,
ampifier module Space Technologles (up 10 553.4 milkor) Sirenza Micro Devicas

(mora than 40 GHz)

‘3: Widaband high-power  TriQuint Samiconductor  $15.8milion 100 W continuous wave BAF Systems, Lockhead-Martin,
ampifier module {up 10531.7 millon) V1, Nitronex, Emcora
(2-20GHz)

Tt v DAAPA Broad agency announcoear

- launched from 2005
- supported by DARPA
(from Compound Semiconductor(CS) magazine, May 2005)
http://compoundsemiconductor.net/articles/magazine
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USA’s GaN Electronic Device Program (1)

.T.hig;.t - Track 1 Track 2 RE:E.E
18months  B-12 GHz transistorwitha 1.25mm  Q-band transistorwitha 0.5mm  As for Track 1
gate pariphery operating at 40V gate periphery operating at 25V
with 38 dBm continuous-wave with 382 dBm continuous-wavea
output power, 12 dB gain, a PAE output power, 8dB galn, a PAE
of 80%, awaler yleld of 50% and of 35%, a wafer yield of 50%
10F hours' projected performance 10° hours' projectad parformanca
30 months  B-12 GHz power-amplifier MMIC Q-band MMIC operating at 28V 2-20GHz powar-ampliiar MMIC

operating at 48V with 15W with 4 W continuous-wave operating across a decade of
continuous-wave output power, output power, 7.5dBgain, a PAE  banawidthat 48V with 15W
16d8 gan, a PAE of 55% and of 37% and awaleryield of 50%  confinuous-wave output power,
awaler yield of 50% 168 gain, a PAE of 30%,
and awater ylald of 50% (at least
12 threa-Inchwafers)

Tahmm y_— — "_a.ﬂ_;l" e me e

(from Compound Semiconductor(CS) magazine, May 2005)
http://compoundsemiconductor.net/articles/magazine
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