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Academic cities of Russia
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‘RuUssian mignt will pe adaed oy
Siberia and Arctic Ocean”

M.V. Lomonosov
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Scientific Potential
of the Siberian Branch
of the RAS

Metwork of Field
Stations of SB RAS

A geo-cosmophysical

L seismic
Y permafrost
® geographic
o biospheric
System of Science Q» Mechanics and Mathematics p Chemistry Q Earth Sciences
Centres and Institutes | <> Physics and Engineering W Life Sciences P Social Sciences
v International research centres founded under % Universities with chairs formed on the basis of SB RAS
the auspices of the SB RAS institutes




Siberia share In Russian natural resourses:

= Qll - 65%:
= (Gas - 85%:
= Coal - 75%:;

= Hydro-energy - 45%;
= Timber more then 50%;

= Significant deposits of ores of iron, non-ferrous metals, nobile
metals, diamonds

Some Statistics

Russia Siberia Canada USA CHINA
Area, 17075 9653 9976 9373 9597
(sq.km)
Population, 148306 25530 28434 263814 1.203097
(x1000)
Population
density 8,7 2,7 2,9 28,1 125,4

manflca kkm))






The General Features of the LTG Cz Technique

Pull Rod
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*During the entire process the grown crystal stays inside the crucible

*Weighing control at all the stages of the process including the seeding

*Temperature gradients within 0.05-1.0 deg/cm. Temperature fluctuations in the melt, usually
causing crystal inhomogeneities, are practically not developed

eEvaporation and decomposition processes are suppressed by the pipe socket, which works as a
diffusion barrier

*The faceted interface develops and layered growth mechanism prevails



NEW LASER MATERIALS

TUNGSTATES: M 'Ln(WO,),, ; Ln=Y, La, Nd, Gd, Ho, Er
Formula Crystal Temperatur Method of Crystal size Laser parameters
type eof gr (())W'[h, growth (mm)
C
KY(WO4)2 1017 Fluz-Cz 40X40X80 Nd; | =1.0688 mkm, Dn_,m=20 cm™,
5=4.1x10"cm™
KGd(WO04)2 1005 Fluz-Cz 70X70X150 | Nd; | =1.0672 mkm, Dn_ym=24 cm™,
s=4.3x10cm™
KDy(WO4)2 1025 Fluz-Cz 30X30X80
KHo(WO4)2 Monoclini 1025 Fluz-Cz 20X20X60
o
KEr(WO04)2 “a- 1040 Fluz-Cz 20X20X60 Er: 1 =2.8070 mkm
KLu(WO4)2 KY(WO,), 1025 Fluz-Cz 20X40X100 Nd; | =1.0702 mkm, Dn_ym=11.5 cm™,
" 5=3.3x10"cm™
RbNd(WO4)2 type 830 Fluz-Cz 10X20X30 Nd; | =1.0650mkm, Dn ym=20 cm ™7,
t=10 msec
RbGd(W0O4)2 | 2/c 820 Fluz-Cz 10X10X10
RbDy(WO4)2 825 Fluz-Cz 10X15X20
1035 Fluz-Cz AE10X30 Nd; | =1.0575 mkm, Dn_ym=3 cm™,
s=1.7x10%8¢cm™
Tetragona
I
Scheelite
Na5Nd(WO04)4 Ca(WO,), 735 Fluz-Cz 15X20X20 Nd; | =1.0630 mkm,t =90 msec,
| 4s/a s=2.4x10"cm™




NEVV LAER IVIATERIAL S

MOLYBDATES VI Ln(MoOy)s, ; Ln=Y,La Nd, Gd, Ho, Er
Formula Crydaltype | Tempeau| Mehodd Cryda 9ze Lasy paramde's
reof gonth (mm)
growth, C°
NaLa(MoQy), ! Tetragonal 1163 Melt-Cz 60x60x150 | Nd: | =1.0653 mkm, Dy ,m=50 cm?,
Scheelite, $=3,3x10°cm?
NaGd(MoQy), Canv4 1170 Fux -Cz 10x20x20 Nd; | =1.0667 mkm, D =45 cm™,
NaY(MoO,), 141/2 1110 Flux-Cz Nd; | =1.0674 mkm, Dny ;=45 cm’?,
KLa(MoQy), ' 1050 Melt-Cz Nd; | =1.0587 mkm, Dny =48 cmi,
|
KY(MoO,). 4+ Rhombic 970 Flux-Cz A0x150 | Nd; | =1.0669 mkm, Dy =12 cm?,
mica-like s=2.0x10 cm’®
KHo(MoQy), structure of 965 Flux-Cz A30x20
KY(MoQy),

KEr(MoQy), type 955 Hux-Cz AAB0x20

860 Hux-Cz 2x5x20

» Rhombic 930 Hux-Cz ABOx15 Nd; | =1.0638 mkm, Dn ;=20 cm+1,
CsNd(MoO4)2 mica - like t=5 msec
structure of
CsGd(MoO4)2  |CsPr(MoQy), 1030 Hux-Cz AB0x15
type
M Pccm




Nd-doped Potassium Gadolinium Tungstate Single Crystals
a-KGd(WO,), - Nd® (KGW:Nd)













MUV TITVIN TIAND UDINTOTALO TTUINDUU VETU OlNliLLy \1LJJJ9)

of the Imager IBIS as one of two main gamma-ray instruments on board of the ESA
mission INTEGRAL - The International Gamma-Ray Astrophysics Laboratory.

e The area to be shielded is about
8000 cm?

» 20 krad radiation environment
(induced by ionizing particles)
for the lifetime of 5 years

* Due to features of light
collection, top-quality transmission
properties

are needed.

Attenuation length has to be better than 3 m

[P. Ubertini et al., The IBIS Telescope On Board INTEGRAL, Proc. 2" INTEGRAL Workshop,
1997, ESA SP-382, p. 599;

http://www.ias.rm.cnr.it/ias-home/imager/imager.htm]



-1gh Resolution X-RAY Ditfractometric and | opographic Studies (NPL, India) of BGO
Crystals Grown in [1Ch (Russia)

Diffraction curves for BGO crystals
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-1gh Resolution X-RAY Ditfractometric and | opographic Studies (NPL, India) of BGO
Crystals Grown in [1Ch (Russia)

Diffraction curves for BGO crystals
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CWO properties
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Example No 2 — Power electronics

*Production of electricity

AC® DC

22222299 AC® DC
299992227
[ |
2292227777
' DC® DC

7?7?7777

RP????°7? 2?77???°7?°7?77°77

kil

*Transport of electricity

*Use of electricity

22222222272
DC® DC

DC® AC

?2?7??7?7?7?7?

DC® AC

ararardrarardrd




Present schemeat KMC

O, ==>SIHCl, =3 Poly * SICl, => S monOPSi wefers == S goices == S system

Present schemeat NCC

iCl, +LiH=S H4~Si* Poly === S* ) §* gfosmm) FF

| mono devic

= S

system:

Alternative schemeat NCC

ioz +LiH-*4- Si* Paly #SI *mono- Sl *wafers- Si* devices-Si systems



Contribution to Silicon processing

_ Study of new types of raw materials
aw material

ﬁ < | New processes of SiO2reduction
Metallurgical silicon
", [Direct hydration of M-Silicon

l_ . [eowsrsorewess)

'| Optimizing of reduction process
Poli-silicon pand regycling of products
l \ Perfection of single crystals growing
Single crystalline
S Utilization of byproducts

New processes in technology of 1Cs




Conversion of SICl4 under

electr on beam
SiC, +H,® SIHCL+HCI,..DH® =165?77%/ ? 2??

SIC, ® SICL +Cl,.............. DH® =111?2?27?% ? ?7?7?
Ho® H+H,.oooooriiiie, DH® =105???7% ? ???
Content of different hydrochlorides in reaction SiCl, + H,
products as a function of irradiation dose.
(10 M rad= 4,1 Kcal/mol) |
7074
6011
50': 1 @ SicCl4
401 SiHCI3
30 H SiH2CI2
207 O SiH3Cl
1071 SiH4
O_-
20 60 320
2 27?

SCl, +9Cl; +H" +H
Cl™ +ne” +aw

TATCTAT AT T

AT TR T TR T Tk
SCl, +SHCl , +SCl ; +
SHCI ; + §CI, + SH ,Cl,
HCl +H™ +H +me” +aw

SIHCI3 + HCI + H2
SiCl,+SiH,Cl,+SiH,CI+SiH,




| CQOUNGSYSTEM

__ FREQUENCY

 CONVERTER

DEFLECTING SYSTEM

HIGH VOLTAGE




oam of thermally expanded graphite (other angleand
magnification)

16kY 100pum S639

Caterpillar's particl%of_ther mally expanded Pop cor n particles of thermally expanded
graphite graphite




INSTITUTE OF SEMICONDUCTOR PHYSICS, RUSSIAN ACADEMY OF SCIENCES,
ﬁ SIBERIAN, BRANCH

FZ-Si crystals of 4° diameter oriented on <111>

Crystal Parameters:

p=1-2 kQ-cm
n<10" em”
= (1-2)10" ps
[0], [C] <10" e¢m”

The relation of pull rate (v) to axial temperature gradient (G)
is nearly 2-10~° ecm’/sK
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Divisions of Program
“Power Electronicsof Siberia”

e Starting materials

e Wafers and structures

 PE devices

« PE Systems

o Application of PE
- System planning
- Economics

- Legal support

- Ecology



Systems of power electronics

Universal frequency convertors for
Industrial applications

| fes grwngy =_-II'F||" -I |
Cerd CTRUENR
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Electric motorscontrollers
ERATON

The  semiconducting electric
drives ERATON continuously adjust
a rotational speed of AC and DC
electric motors

They are used everywhere, where
it is necessary to expand technical
feasibilities of the equipment, to
increase service life of drives, to
save the electric power and raw
materials, to increase productivity
and quality

11 —-132 2,2—-3157?7?7| 11 -2007??? 200-16(
77?7 1-100 ?? «K?2?2?7?7?» «?2?2?7?7
1-457?7? ?7?77?7




e prgjecisin aslage or - =&

realization
(automobile electronics) cubup

Electramechanical Electronic mirror et W
Power drive ntelligent Wiper
| conraller Lithium batteries
Intelligent heater Active €electromechanic:
Conditioner suspension
A :i)“‘"i
Head lights corrector | : N
T —ie = - Fuel cells
- 5 i . _
%, 2 % "
Engine control system e (R - o
Motors-wheels
Integrated
starter-generator
Window drives
Inition system Electronic voltage Electromechanical brakes

controller



The projects in a stage
of realization

electromechanical power steering




SNeRTPONTXA

The new projects @
Starter - generator - c=f=r




New Projects @

Power electronics for Ministry of Transport Cubup:

Gasturbo-locomotive: The thrust electric drive, starter-
generator system

Intellectual wiper

Intellectual heating

e
Air conditioner
Pl :
o Head lights corrector
e T3P
o
-

Gas turbine control e e ——. 4 L
system
= 5l
—— s .
generator system

Generator system
Li-batteries The thrust electric drive




Possible directions

of International cooperation if field of ‘@
POWER Electronics Cubup:

High quality silicon
= Thermoelectric materials
Storage batteries
Portable phone communication systems
Automobile electronics engineering

Crystal chi
Crystal chi
The house

DS production
0S Incapsulation

nold electrical appliences



Present main participants

27?7

Novosibirsk factory Chemical concentrate (MinAtom RF)

P??? 7?7?77,

Inst. Inorganic Chem. SB RAS

PP 77?7 7?7?27,

Inst. Nuclear Physics, SB RAS

’?’7’?’?’?’?’?’?’?’7’?’? 77?7,

Krasnoyarsk Mining Chemical combine , MinAtom RF

?27?7? ?7? 7?77

Inst. Semicond. Phys. SB RAS

?2?7? ?2?2?7?-«7?7W,

JSC “NEVZ-Soyuz”

P77 7?7,

State enterprise “Novosibirs semiconductor devices plant”

State enterprise “V ostok”

?? ??? ?, Research Inst. for power electronics
27?7?27, Novosibirsk state technical University
272 "2 Production assiciation “ Sever” MinAtom RF

JSC “ERASIB”

Science-Production Association “ELSIB”

??? ?27?27? ?, JSC “BEMZ-Berdsk electro mechanical plant”
?27?7? "? 7?7 ? ?27??7?7°27?27?", Science-production company “ Zheldortrans”
Weetisesdsssdds JSC “ SibElectroTherm”

JSC “ SibStankoPrivod”

JSC “Electrosignal”

I nstitute of economics and industrial management SB RAS

???

Institute of energy SB RAS

e d s dddddaleataras
P00 707?

Administration of Novosibirsk region and Siberian
OKRUG




Program divisions, projects of thefirst step, required investments, present

participants
Program Projectsof thefirst step Required Present main participants
divisions investments
(estimation)
Starting materials | Organizing of production of monosilane and —280 min. Rubles | ? 7?2?, 2?7?27 27?7, 2?2°2?227?°?7??7?7?7?
polysilicon (up to 20 tons/year). 2?27, 292 27 777 2272 27 2727?
Silicon single Organizing of pilot scale production 16 min. Rubles 2?2?2722 727?7
crystals
Wafers and Organizing of department for production of - 150 min. Rubles | 2?2?72 - «??2?2?», ?2?? ?2? ?2??, ?2??
structures epitaxial structures for MOSFET 2?7?77
Power electronics Development of new types of PE devices and 217 min. Rubles. ?2?? 2?2 2?7?27, 2?2 «Q?272-277?>,

devices

organization of their production.

1. IGBT transistors and modules,

mIn. Rubles. 297 27 2727, 2272 "2227 - 2777"

2.Driversfor IGBT transistors with working - 30 mIn. Rubles 2?27?2727 ’?’7’? , 222727272727,

voltage 1200 V. 2?2?7227, 7777

3. Drivesfor MOSFET - -25min. Rubles. | ??7? 2?2 2?72, 2?2?22 "?2?2227?7?",
2?7?7277, ’)’77’)

4. Development of optoelectronic devices for - 40 min. Rubles ??? 2?2 ?7?7°, 27?72, 2?2 " 227277

drivers of high voltage PE devices.




5. Development of controllers - 23 min. Rubles. ???72°?,272?? ?222727272,?2?2?7
&P
4 | Power electronics | Modernization of some of participating enterprises | —180 min. Rubles | ??2? "?22??2?227%",272? "??272?27?",
systems in connection new products ( awide variety of PE P2 2727272,272 "7

systems including high voltage systems).
Design of systems and or ganization of their
produdion: P22 "?2227",22 "2, 2727

- 70 min. Rubles "2,

1. High voltage controllers for high power motors "RV
(more then 400 kw).

2. Frequency converters for metal work machines. | - 20 min. Rubles 27?7, 2?2 "2, ??

"??????????????????????"

3. Power electronics for automobiles (ignition -150 min. Rubles | 2?7?27, 2?2 "?2227°?7?", 2?2 2?2?22, ??7?7
systems, engine control systems, voltage - «’)’?’?’?» " ’????’?????????"
controllers for 42 V and higher,
electromechanical power steering, starter-
generator system).

5 | 7?27?77 27?7?7772, ??2-222??272?2 27?7
PVV07000007°00? | 0707072, ??7?
277?777 VPPV 20000777, P20 2 2 2?0?°°°°77

P00 07?0?0707

Total

1083.0 min Rubles/ 31= 35 min USD




Frogralim -
0 Power Electronics of SIBERIA™

O

Founders: Reg. Gov.
SB RAS
MinAtom
MinElectron.
(o) )
Program
council
Producers
I | [ | | .
Materi
aterials Executive body % Development
| foundation
AV.VV\V,VAVAV, Education
Devices JSC
J PES

> Competitors

Foreign
partners

Customers
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