AR Im TEARL 2 F B4+

P ERIF R SRR
mEE
82305100
fhyang@red. semi. ac. cn
BENAERFESAXBREPHIRRTANA, ELANABESEM
RETHI B FREL . FARMANERIERENRMITAR, LURMBIIELHE
FEEH. XTRIK. XES. XFx. LD. LEDERGHhNA. E 784
FENDERFIBREREE (HEMT) , HIEBF_/E (RTD) , BT
RINERALF LG 3.

20100401 BRESYE-LRKERIE 1

HHR ML #A
HFEE TG o5 R B9

1. 5315 PR AEREZSFHF N
2. ¥R RFTRYNAR B AR K 2 A
3. PARKEAREF SRR FRINA
4. ZE5iE

20100401 BESYE-ERKERIE

2010-4-2



BASE
CONTACT

| GERMANIUM
SUBSTRATE

PRNE:
g E
s w
dercil ol

Fig.1 The first transistor.'

When do we start planning for next
wafer size transition?

200mm/199  300mm/200 450mm/201 675mm/20

7.0_(125/150mm - | 1 2
12 9yrs+ 2 yrs :;’.—_ 9yrs? + 2 yrs 9 yrs + ?yrs
2010040 delay* BERAEY Yelby X7 iks delay 4
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Why Double-gate Transistors?

Feature size => 32nm 10 nm

Bulk CMOS Gap Non-Si nano devices

~N

= DG-FETs can be used to fill this gap
s DG-FETs are extensions of CMOS

= Manufacturing processes similar to CMOS

= Key limitations of CMOS scaling addressed
through
= Better control of channel from transistor gates
= Reduced short-channel effects
= Better Ion/Ioff
= Improved sub-threshold slope

2010Q40Ng discrete dopant fidcttidtionsitls 6
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Scaling Down of MOSFETS

Gate length Lg (10 to Sub 100nm)
Oxide thickness t (200 to 2nm)

Lowered Voltage, Power & Cost
Raised Speed & Integration Level

1000

100

— 1000

E

100
\ |
e -

Smallest MOS (Lg=5nm)(NEC

E E
= 10 3 Q%\\;m 7
3 E 3
1 L, ~— i1
s :
‘-‘"“\‘-“
0.1 e ——t 0.1
1970 1980 &) 1990 2000
years Short Channel Effects
20100401 SRS AL b to Be Controlled

IR Sensors and Sources

Advanced Photodetectors
— Quantum Well Infrared
Photodetectors
+ Use electronic band engineering
and nanofabrication techniques
+ Multispectral IR imaging
— Uncooled Infrared Detectors
* Uses nanofabrication and advanced
materials
— Nanoparticle-Enhanced Detection
+ Increase light detection by 20X d

Quantum Well Infrared Photodetectors

spacer layer

Quantum Cascade Lasers

— IR Lasers for Target Designation
and Countermeasures
+ Objective: Compact, pulsed, high
power 300K IR lasers
— IR Lasers for Agent Detection

+ Objective: Tunable or multi-
wavelength, single mode IR lasers

20100401
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Photonic Crystals

« Photonic Crystals 1D Photonic Crystals
_ “Designer Mirrors” John Joannopoulos, MIT
+ Periodic arrangement of f
dielctrics and/or metals
+ Reflect radiation
— Over band of freguencies
— Transparent otherwise

e Types

— 1 D Photonic Crystals £
+ “Quarter wave stacks” 3D Photonic Crystal
Eli Yablonovitch, UCLA

e e T Foriaaen Gap ﬂ
Pl iy

+ New omnidirectional reflectors
— Omniguide
— 2 D Photonic Crystals
» Used in nanolasers, optical fiber
— 3 D Photonic Crystals
+ Reflect radiation

— From all directions
— From all polarizations PE8OCE0E009869

Transmission

142 13 14 15 15 17
Frequency in GHz
1443 12 11 1o 9
Wavelength in pm
Infrared Equivalent

20100401 BERAYH-L RSB 9

Photonics

e« Lasers
_ Smallest possible laser cavity

» Thin, 2D photonic crystal
+ Low Threshold

« Light Emitting Diodes
_ Improved emission efficiency
_ Improved collimation
« Waveqguide
— Omniguide fiber and coax
— Photonic crystal fiber
« Integrated Photonics

— Optical routing, filtering, and
processing on a chip

e« Laser Eye/Sensor Protection

— Enhanced nonlinearities for
optical limiting

20100401 BERESYHE-ILE KEiRE 0
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Key Devices in Silicon PICs

1) Light Source

4) Photo-detection  5) Low Cost Assembly ) Intelligence

ﬁzHﬁ' :7;1”" n 000 cnos

Why Silicon Why submicrometer
=*High index contrast =Strong optical confinement
*CMOS process compatible =Ultra-small bend radius
=Low cost =Small footprint

20100401 BRAWHE-JLITALIIE =sLarge-mass integration1 ,

Optical nano-circuits and nano-devices

“Optical nano-circuits and nano-
devices can play a very
important role in the future of
science and technology,”

one will be able to achieve
remarkable miniaturization. By
using optics in nano-circuits and
nano-devices, instead of
conventional electronics, one
would be able to increase the
bandwidth of operation, which in

Figure |:An example of optical nanocircuit. Seve-

turn W0u|d prOVide a h |g her data ral nanostructures arranged next to each other at the
H H nanoscale could become the present electronic circuits,
rate an d Slg n Iﬂ ca ntly la rger d ata allowing to rescale down radio-frequencies concepts
Stora ge 7 such as the one of resistance (R), capacitance (C) and
inductance (L).
20100401 Pora - Moy — 12
BERSWHE-RKFERIR
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Surface Plasma Polariton

Interconnect Research Direction oo =pp -
and Goals: i
> Plasmonic research is in its

infancy. A specific

application is for use in
chip-to-chip interconnects,
however it also has
promise for companion
technologies such as
metamaterials (negative

o . -
indices of refraction for ———
super-resolution in the = _  srwcwnen

optical regime). E— -

been demonstrated — no integration

> Research goals are to et [To date, only single components haveJ 20F zoeneizl

demonstrate chip to chip
data transfer and develop

FEIpONSIIS NECESSATy 10 3
Hully  functional  SPP wmopim-liRA IR
- tam 2N A}

trolab

| Boging Campany: ANANN

9001:2000

Scientists were working very hard to introduce “multi-junction” solar cells into
the domain of solar energy, building on the “dual-junction” technology that
was developed by the DOE.

IS FH KBS G W

8
High-efficiency solar cells made of lll-V materials used to power spacecrafts

20100401 BRSYHE - K% B
e
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Module

&
' White LE]
System LCDTVBL  Automotive Lamp
Traffic -
signal Display/Sign Architectural
I1lumination
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PRI TRAE T B4
1. 315 MREREESH R

2. SRR ETBY AR 35 K K Lz B
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4. Z5iE
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Raith150 8,7 W62 3 7%

EEM%
e FIEHS: WHK(<0.5um)
o WAH: 65FHLUT
o EEHIAKIEZ): RS (10-20nm)

P
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o SEM WEE: WX AR - o R 0
AR
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6~ ot T & (T8h)
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Nano-technology Applications in I0S

onic nanode

electronic di

SUSS MAG6
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T with gyrset

Microwave Plasma Batch System 300
Damage—free Resist Ashing and Wafer Cleaning for Semiconductor and
Microelectronics Manufacturing

Easy Resist Removal following High dose Implant or Dry Etching
Lowest Cost—of-Ownership of all Asher Technologies

High Productivity, Simple Operation

200 mm Wafer Capability

Minimum footprint, Flushmount Cabinet

Microprocessor Controller

Applications:

* Removal of photoresist after implant or
dry

etching
* Wafer and substrate cleaning
* Suitable for various substrate
technologies, like silicon, III/V-
compounds, quartz, ceramic, lithium niobate
etcs

2010-4-2
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Oxford ICP (III-VJ%)

R A g (01n[e1naT=] ) Am—
Coupled Plasma)g}!
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SaN I[ Si ! % I lﬂl Oxford ICP (III-V&)i &4t
N AY m

W

Oxford ICP (III-Vik)

A 2,
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O 5 2SI
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PERTR LI T

Substrate Holder

A SR HIEAT 2k R ()

O 55 BB A
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2010-4-2

16



2010-4-2

Oxford ICP (III-Vjk)

O fiiHCl2. BCI3.
CH4%E L &AM, w
PLZIhGaN.
AlGaN. GaAs.
InP. InGaAs.
InGaP/AlGalnP.
InGaAs/InGaAsP
SEMRL

O BEHEJE>85 deg,
A< +/-5%. TS —

AY
InP based triangle i / InGaAsPJI |7H|”

cavity laser

17



ICP GaAs/AlGaAs etch

- .l -

%%\ WGaAs e/r > 0.3 Hm/min
- %% % B Sel to Oxide >10:1, Sel to resist > 5:1
e Cans MGaAs 1:1
Anisotropic profile, Smooth sidewalls
Clean etch surface
Laser interferometry to monitor depth

GaAs/AGaAs DBR stack etch, 675nm laser, run 2 - raw data

A

>
»

<
Top mirror stack = 18 pairs "
Active Layer gottom mirror stack =205 pairs

time (secs)

ICP AlGaN/GaN etch

—
GaN e/r > 0.6 Hm/min

Sel to Oxide >7:1

Anisotropic profile
Smooth sidewalls

Clean etch surface

Systeml00 with ICP180 source

2010-4-2
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BT HRIEST R4 OPTOFAB3000

filters

R
&R F)
Rk

LA -
1) ‘R 2 R MR

2) BITEEROLH TR
3) R HEERR BT

BT RIS 4K 2 R I I L

(IBSD)HE A% S
;%%mai AL HELTFRT

> PG H B R T AR 10-20e VIR B
&, HZEREA10015, EIERRLH
HERBEEBERS

> EEM IR TR T2 B PREHE IR,
HEUETRRAK, BEF

Material | Deposition rate
Sio, 2.5A/sec
TiO, 3.1 Alsec
Ta,05 5.5 Alsec
Al,O, 2.5 Alsec
Zro, 3.1 A/sec

lon Beam Sputter Deposition System
(with ion beam assisted deposition capability)

Pre-clean & Substrate

Aszist lon Source " _____.---"Wage

Multiple Target
Carousel
|

Sputtered Atoms

Vacuum Pump’
Sputier Deposition
lon Source

2010-4-2
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BT RIRS R 2 R IR K N

InGaAsP 1.3mm F-P ¥OGESESTH B

n
AR R Ty 1]

Reflectance (%)
—

o P
ubstrate InGaAs . Wavelength (nm)

.

s

.

@ _ o
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N gl 2§
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£ 0§ H 203

204 Ea—
curteni(na) entm)
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BT RIRS R 2 R IR K N

Si0,/Ta,0: R R AT HEN K it K GaInNAs/GaAs RWG ¥t (st

16 GainNAs SOW RWG laser GalnNAs SQW laser (MBE792#)
2.8 g 30 with HR/HR coating
%\ é 25
=~ > 5 CW & Pulsed operation
5 20+
<) = from one facet
3 =3 o
S 8 o 15
= & o
z S E
8 8 5l Pulsed operation
from the other facet
0 30 60 90 120 150 00 20 40 60 80 100 120 140 160 180 200
Current (mA) Current (mA)
Fig. 1. RWG laser without Fig. 2. RWG laser with
coating coating
MBE792# Iy (Alcm?) My | @ thermal rollover
Without HR coating 25 0.19 130 mA
With HR coating 18-19 0.23 160 mA

BT RIRS R 2 R IR K N

33

0.48H/0.80L/
1.16H/1.89L/
2.11H/1.70L/
2.21H/0.51L

(9%)uoIssIWSUe. |

(HL)=A/4
Ta,05/Sio,
A=532nm

i BELERRERA,
SE2 AR S L E A0
 BERBEMLR

Wavelength (nm)

MZEBA & R RE
532nm

Run 1 93.3%
7R 10/~

Run 2 99.8%

Run 3 99.49%

1064nm

94.7%
99:40%

2010-4-2

23



FEL - R 2K AN

I = 1 S R /b i e S e
AR 5

O b. AT ATE = BIiA Ziie el 30 52
A& F AR IR 25

O 2. AR EME

O 2T, QUK

i L RO, HREE L RIE G

faragaTan
~3 3 o

. 1
L -
e L

CL200 & FiE vl SB6 i H A AL

2010-4-2

24



Before cleaning by CL200 After cleaning by CL200

 2in Si-Si @ALE (HREE 2inSi—INPRAZR (BN
HEHREIS%ALA) BEHAREIE85%)

Wafer Bonding Technology

wafer-bonding on
conductive Substrate

2 inch Sapphire lift-off
Yields is higher than 95%.

2010-4-2
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GaNESHEFIBEXERNKRE (HEMT)

FRK B AL H 98 0mA/mm HAME: Vgs=-15V, Vds=9V

1,, (Afmm)

169 1E10 €11

f(Hz)

Lk ER =50 B S A

= 37A1GaN/GaN HEMT

> BRMRFERE, TUEHIRSds, B/
LR [E]) . EFAEREIRR B ADEFE AR E, RS

B e Bl BRERBIIAE.
* =
| (3 ng oc Lg
- "> Lm0, 18umiBHR B¢, TRABBYE R N10, HAF
{ESME J365GHz.
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GaNEHEMTES BRI TR L 2

Tri-Layer Process

. = =~

1 Coat and baka hagh MY PUMA %, Diewelop -dayer stack

—— N}

|2 Coat and bake copolymer | B | Deposion 1"

e 2 RSB RLIZITRYT TR & B

| - | [ TR A B S i B

3 Coat andd bako low MW PUMA 7. S ressst stack

e 1) R=RE B FRIENE PMMA/Copolymer/PMMA

= 2) —RBFRERGETR M
- 3) BFREK : Ni/Au

4 Expom resst sk, conte can o, 4) SERIE (RE+IPA)

fhen side scan dose
20100401 R AR - IR S WA, FRER]. 4762
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RTD/HEMT Integration

InP based RTD

Output of single, 4and 5 RTD
series

HEMT Z&4}:

HEMT: high electron mobility transistor

BB

O FHLKIHE
@ FBRHMGETE
® WiER

@ FBREEE
® nBFHRTRMEE

® nBEB KBRS

EMECalsH K
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HEMT T/ J5 B2 A0 EL 3 L LR AR

Ves=0 HPgRRA R

(a) B THBHT

(b) B TFHBFEMEN Ve
() HEAFHEEV g

(d) FFATHR AR E

HEMT gpmax: 237 mMS/mm

In, 5362y 47AS 1e19 cm3

Ing oA lg 4gAS 20 nm

Si 3el12 om™ N/A

Ids (mA)

Ing A lg 4gAS 3 nm
In, 5,Ga, ,;,As 15 nm
Ing el ko o50mm | 0 e A M

8
L

InP#t JE 200um

8
I

£ 3000

gm (mS/mm)
8
1

k2750

—gm
Ids

b 2625

o <a
vgs (V)

P
wwyyw) sp|
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GaN Device Technology

[ G ® High sheet charge

: J density (>1 X 1013
cm-2)

m 10 X higher
breakdown voltages
possible

n Piezoelectric and
spontaneous polarization-

[0001]

GsptOpe

(surface or,
metaT) l

Substrate :
: boin har
O Wurtzite crystal 1 | ; dUCEd charge
structure ; - Ncp doping required
O Egp=3.4eV ; §
O V=2 X 107 cm/s | |
O F,= 3 MV/cm § i
=8.9 '
GaN-on-SiC Y et
s G D S ami High Efficiency " --. - Benefits
, Enables High oo Reduced: (1) size/complexi
GaN £ Low I”_,|Efficiency Circuit | _,| Smaller ) (2) cooling
N e Capacitance Techniques Heat sink /,/ (3) weight and
SiC B - - - s (4) cost
» sl High Power “\-\""\\ /
('( High Breakdown | | IHigh Power | | Compact \‘.
e Voltage Density HPAs 4
High Therma /
Conductivity
70
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HEMT and MMIC Process

TAITAY Ohmic Contnet it

Plated Au Airbridge
0.3 # e-beam Gate

L1 1 # GaN buffer lay¢

330 # 4-H SiC
substrate

ECR etched Mesa FETs and
resistors

Ti/Al/Ti/Au Ohmic Contacts
0.25 um E-beam mushroom
gates

20 nm PECVD Si;N, Passivation/

canacitor-dielectric
\-U'.IU\-ILUI AT TUCCUrTT

Plated airbridges

MIM Capacitor

O|o oo O

HBT ¥y A4 R} 46 W) R 58 9
BAPIN-p—nTY, 55 [A] TN &y
R n-p-n LI, H KRGS
EN"B NG “n"RIX Y,
KEFRING URIR B X Jyn
TIGEARTT ML /NG TR
ML B3R Rn-p-nlr] it
S8R [FIN=p—n L 57 J5T 45 BB s
HERRE . B4R HB
B3 R
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Quantum Information Science

- Quantum Mechanics
_ .. .is weird! Electron Waves
» Particles act like waves

+ Particles tunnel through
“impenetrable” barriers

+ Particles can be in two states at
once

+ Entangled particles are
correlated at all times

e« Quantum Info. Science
— Quantum computers

+ Solve problems classical
computers can't

Superposition and
Measurement

— Quantum communication
= Security guaranteed by > E
guantum mechanics
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Single Photon Emission Using
Single InAs Quantum Dot
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Z. Yuan et al., Science 295, (2002) C.Santori et al.(Stanford), Nature 419,
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Multi-element Superconducting
Nanowire Single Photon Detectors
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Physical Implementations for Quantum Computing
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Metal Rings as Quantum Bits
ESSDERC 2002

For n g-bits , the register state w can be
described by a linear combination of 2" g-bit
basis vectors

"-1

o= o

il

For the application of Shor’s algorithm [1], a
quantum computer would be exponentially
faster than a classical one.
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Scalable superconducting qubitcircuits using dressed states

Coupling between an LC circuit and a flux qubit

U M

Resonant frequency (GHz)

20100401 Delft, Nature, 2004 NTT, PRL 96, 127006 (2006)

=

Coherent control of a Josephson-Junction Flux Qubit
Y. Nakamura_1,2, I. Chiorescu3, C.]J.P.M. Harmans3 and J.E. Mooij3
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Nanomechanical measurements of a
superconducting qubit

Device and measurement circuit description, N
and driven frequency response of the
nanoresonator. )
c, Thenanoresonator’s amplitude (main
panel) and phase (upper inset) versus
excitation frequency, v, for nCPB biased on
and off a charge degeneracy and EJ/h<10
GHz. The solid black lines each denote a fit
to a harmonic oscillator response. Lower -
inset: magnitude of the nanoresonator .~
frequency shift, |DVvNR/2p| (black circles) as
a function ofV2 NRfor EJ/h<11-12 :.
GHzandVCPB biased at a charge degeneracy. : -
The solid blue line is a fit to |DvNR/ 2p| ° "
5AV2 NR, where A is a proportionality
constant St by it B
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