
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/


- -

RESTRICTED 

155 9 2.. 
SEKICONDUC'IOK. DEVICES A.HD ELECTKOHIC 

SUB-SYSTEMS POil TRAllSPORTA'lION 

DP/INDi84/tlS 

INDIA 

DP I "ID/SER.A/702 
22 May 1~86 
liliGLLSll. 

Technical report: Power seaiconductor devices for 
transportation equ1f!!!Dt (part IIf )i 

Prepared for the Govenment of India 

by the United Nations Industrial Development Organization, 

acting as executing agency for tbe United &'llations Dev~lopment Pro&r8111U! 

Based on the work of P. lai-Qaoudhury, 
expert in power ••icoaductors 

United Nation• Industrial Development Organization 

Vienna 

* 'rhh document has been reproduced without formal editing. 

V.d6 566J6 



~. 
I 

' 

- l -

1. ABSTRAC'l' 

The present; mission consisted of' giving lectures, participating 
in discussions and initiating experiments. Lectures vere given on 
lithography for VLSI technology, latchup in CMOS and epitaxial silicon 
siibstrates, and intrinsic getterjng. Discussions ·were held on 15 HP AC 
motor drive for electric road vehicles, device specifications as defined 
by tbe application, device design, and issues related to processing. 
Problem area was identified in the alloying ste:9 and a number of options 
and experiments suggested. lfev masks for the modified lOOA darl:!ngton 
vi.th f'iner geaaetey have been fabricated. Design work for t!ie l&.O 11111 

device flas been initiated. Package design and requirements have been 
est&blished f'or both 3lnm and ken devices. ".a.1ority of' the equipment 
f'or large diameter waf'er processing are operational. 

2. nrrRODUCTl.01' 

The project is aimed at developing semiconductor devices 
and electronic sub-system for transportation. This includes four 
major tasks, which are pover devices, by'brid circuits, monolithic 
integrated circuits, and inverters for the electronic subsyste:m. The 
present mission was primarily concentrated on paver devices, specifically 
the issues of tbe transistor design and specifications for a 15 HP AC 
motor drive, and related to process develapment problems for the power 
transistor fabrication. 

The four tasks on vhich investigation has started are: 

Task l 

Task 2 

Task 3 

Task 4 

Design of 100 A Darlington Transistor 
(Nov. 1984 - June 1986) 

Fabrication of 100 A Darlington '!'ransistor 
(?eb. 1985 - Sept. 1986} 

Process Capability for Large (2 inch) Devices 
(Nov. 1984 - May 1986) 

Design of 300A Darlington Transistor 
(July 1985 - Dee. 1986Y 
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3. DmIGB OF 100 A D.ARLillG'l'Olf TRAllSISTOR 

In order to improve the switching behaviour and thermal 
stabi1ity of the 100 A darlington the emitter finger vidth has 
been reduced f'rca 500 /um. to 350 /um. The mask 1ayout for the 
nev design bas been made and the masks have been fabricated. They 
are being inspected f'or defects and errors. 

la.. PABBICATI<ll OF 100 A ~ TRAISISTOR 

Pabri~ion of the lOOA darlingtcn is h.Purpered due to the 
una'YBilability of two key- process equipments, na 'lei:r the allaying 
f'Urnace and tlie spin etcher. 'l'beir status vill .le discussed under 
its la.. All.oying of the silicon wafer to molybdenum disc is a critical 
process step. l'he water alloying has been done on an equipment which 
is not Edequate in temperature control and flat zone resu1ting in voids 
8lld non vetting of allayed smirp1es. This has been confirmed through 
ultrasonic scan method. Bopef'ully, sane or the problem or •bient 
gas and temperature non- uniformity vill be removed vith the nev furnace 
being installed. 

Polloving tlle alloying operation, the f'usion needs- to be 
bevelled for edge contouring. This is being done by sand blasting. 
Due to the unavailability of finer povder initial bevelling vas done 
vi.th 50 /wa powder. TfJe bevelled surface vas then etched to remove 
all mect.mical 4-age and then passivated vith an organic material. 
T"..is process resulted in devices vith high leakage current. Possible 
reasons tor high rnerse leakage current are inadequate remOV"al or 
mechanical dalage, surf'ace cont•ination by metals (solder} during 
etching, and microcraclt in silicon due to poor alloying. Experiments 
vere made using 21 /m and then 12 /m [preferred particle s1ze} 
particles. This sequence or experiments vas necessitated due to the 
unavailability or tbe proper particle size at the time or experiment. 
All 1'c!Ve~ling and etching experiments resulted in devices vith high 
leakage current. At the present, the most likely cause is that the 
poor alloying process, leaving large areas or unvetted and unsupported 
silicon near the edge, and the bevelling process as vell as stresser. 
due to uneven allo/ing are causir.g microcracks in silicon. 

The process or remOYing the sand blasting damage by dip 
etching could also cause surface contamination that could result ir. 
high leakftge. This problem will be overcome through use or spin etching 
whi~h is a -elatively clean process, and does not require war~r m~sking 
with wax and k~eps all dissolv~d solder mlrtals away rrom the bevelled 
irurrace. As soon as a few adequate quality alloyed fusions are 
produced attempts will be made to spin etch and passivate the devices 
using BffEL facilities in Bangalore. 

.. 

r 
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5. PROCESS CAPABILITY FOR LARGE (2 llCH) DEVICES 

Significant progress has been made in the installation of' 
equipnent f'or large di•eter (2 inch) devices since my last mission 
in Bovember, 1985- Open tube diffusion, pyrogenic oxidation, and 
sintering furnaces have been installed and are operational. Tube 
seal.ing facilities for closed tube dif'f'usion have been installed and 
are ready for verif'ication rum;. This vas made possible by f'abricating 
the tube sealing attaclaents inhouse at CE!RI. The vacuum alloying 
furnace bas been received and the installation to be ccmpleted. The 
operation of this furnace is expected in the April - Mq time frame. 
'l'he">ther cri.tica1 equipaent that remains is the spin etcher, which 
bas been shipped fl'Olll UsA in mid-February. 'l'vo important items 
remain to be added to the facilities. These are a mask aligner and 
a super Q system f'or D.I. water.polisher. 

6. DESIGB OF 300 A DABLIBGTOlf TIWISISTOR 

Extensive ~iscussions vere held vith the power electronics 
group to establish the device requirements for 15 BP AC motor drive. 
For the 12 KVA drive, a starting current of 225A and a sustaining 
voltage (VCE Csus \} of' 350V are the major requirements of the 
darlington 'tnms1itor. Other parameters, such as the base drive, 
transistor gain, turn off' time and thermal impedance vere discussed 
and tentative values established. Protection against surge current 
is not important because of' inductive load. Protection against surge 
voltage is P.rovided by an extemal free wheeling diode. The free 
vheeling diode should be capable of switching on before VCE reaches 400 V. 

The removal of charge from the transistor during tum-off is 
of concern and was discussed in detail. For the removal of the charge 
carriers rapidly, a negative base drive can be provided through an 
extra base terminal. This generally needs two base terminals, one is 
used for turning on the transistor through the darlington pair, and 
the other for removing the charge carriers fran the output transistor 
by giving a negative pulse dire=tl)· at the base of that tran~istor • 
Alternately, either gold diffusion or electron radiation can b~ used 
for fa.st recovery of the transistor • 

• 
Tests on available low current commercial two-base transistors 

have been planned to evaluate the requirements ~or two bases. 

With these inputs design ror a 40mm device has been initiated. 
The darlington pair will have two base leads. This approach will provide 
us valuable infonnation on the dynamic characteristic~ of the transistor. 
Regarding processing of the larger diameter device, once ve have the 
lOOA darlington proce~s op~im{zed it will be a straightforvurd extension. 
or course, all the new equipment must be operational and calibr~ted. 
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Package f'or the 4C.. transistor with tvo base leads has 
been designed and discussions will be held vith the supplier after 
the author retums to USA. llo dif'f'icul.ty in obtaining the package 
is anticipated. 

T. MATERIALS, DEVICES DD ECIJIPMEl'l'S· 

In tbe previous report it vas mentioiled that Wacker Chemitronic 
was reluctant to suppl;y the epitaxial silicon va.f'ers needed ·tor 
transistor fabrication. ~s problem. has been overcaae and Wacker 
bas accepted the order for the material. Information on the 33mm and 
4Qm device packages has been obtained and an order will be placed in 
the near future. 

AnUlllber of darlington transistors and GTO's have been 
identified for purchase to provide t.be power ~evice and paver electronics 
groups with experience in testing and using these nev devices for 
inverter applications. These devices have been ordered. 

Previously, a mask aligner was identified for the facilities 
fraa Oriel Corporation. Unfortunately, they vere unable to provi~e 
the capabilit7 for back slicfe a:J.ignment. A nev supplier has been 
identified and quotation and literature will be obtained as soon as 
the author returns to USA. Quotation is also needed for the DI water 
super Q system polisher from M/s Millipore, U.S.A. and will ee 
expedited by the autho~. 

8. LECTURES ARD DISCUSSIONS 

During this mission the First National symposium on 
Microlithography was held in CEERI. A plenary address was given on 
lithography for VLSI technology. 

Lithography requirements can be broadly divided into two 
categories. <:ne is for the high volume memory and microprocessor 
circuits, where millions o: chips are required and the other is for 
the application specific integrated circuits needing only a few 
hundred chips. 

Optical lithogr.aphy 3hould offer adequate resolution 
{0.6 /um) and throughput for volume production of !C'g through 19'90. 
Significant research and de·tfelopment activities are in progress on 
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both equipnent developnent and resist technology. Optical lithography 
could continue to daainate dovn to 0.25 /um through improved optics 
(eg. vacmm uv-illumination and :immersion lenses) and photoresists. 
Resist technology (eg. trilevel resist) thus far has plqed a maJor 
role in bringing optical lithography to the submicron range. 

For lov volume custc:m IC's and f'or f'abrication of' masks, 
el.ectron beams are the CJptimum choice. Eltposure cost with el~tron 
beam is at least an order of' milgnitude higher than it is with optical 
method9 and theref'ore electron beams are restricted to tasks vhere high 
cost can be ottset by other savings in the process. 

X-nq lithograpQ' of'f'ers the best, advantage over other 
methods in that the exposing radiation is not scattered in the resist 
or dif'f'racted. This leads to higher aspect ratio resist patterns 
than can be produced with optics, and no proximity ef'fect as vith 
electrons. Signif'icant equipment developaent activities are in 
progress and X-rq lithography" could dominate iu the range of' 0.25 /um 
and belov f'or high volume production. 

A lecture vas given on materials and process issues of CMOS 
technology. CMOS is emerging as a leading VLSI technology because 
of' its inherent advantages such as lov power consumption, high noise 
margin and higt"!r packing density. One of the main drawbacks of 
OfOS technology is its susceptibility to latchup. Latchup can be 
p1.!Vented by either caapletely isolating the tvo transistors of' the 
CMOS structure and/ or providing a shunt path for the carriers to nov 
through a highly conducting substrate. Various developments in the 
substrate materials were discussed. These include Czochralski silicon 
with denuded zone f'or active region and oxygen precipitation for 
intrinsic gettering, epitaxial silicon, silicon-on-sapphire technology, 
and sili'!on on insulator (SIO) technology. Current status of' these 
technologies and development trends vere discussed. The processes 
anC' equipment for the.se f.'!lllerging materials were outlined in some detail. 

A lecture vas given on intrinsic gettering, an important 
technique that provides substrates for high quality silicon (or epitaxial 
layers) for VISI as well as for power devices. Oxygen cont.ent and its 
distribution in siHcon are critical to th~ intrindc gettering process. 
Method of achieving this in Cz silicon Qsing magnetic field was discussed. 
Various heat treatmen~ cycles for effective or..rgen precipitation were 
outlined. Processes for the growth of defect free epitaxial silicon, 
and evaluation techniques w~re discussed. Some of the useful measurements 
are impurity profile by spreading resistance technique, carrier 
lifetime by MOS, and non destructiv~ surface photovoltage method for 
diffusion length measurement. 
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A discussion was held on isolation techniques for VLSI, 
in particular,. for CHOO structures. Some of currently used isolation 
techniques are the LOCOS process and the trench isolation. LOCOS 
process uses selective oxidation for the growth of field oxide and 
is not scalable to submicron dimensions. In addition, one has to be 
concerned with inversion lay-ers under the field oxide and its prevention. 
Trench isolation is scalabl.e to sulnicron dimensions and is done by 
etching a trench between tvo adjacent transistors b".f reactive ion 
etching (RIE). Methods of trench etching, its effects on defect 
generaticn and some process optimisation vere discussed. A number of 
nev methods of isolation techniques, such as, selective epitaxial 
grovth (SEG),. silicon on insulating substrates, and other f'uturistic 
concepts vere discussed. 

9. TASK SUMMABY 

The masks for the improved design lOOA darlingtou having,, 
350 /um vide emitter fingers have been fabricated. These masks are 
being inspected for defects and possible ~rrors. 

. 
In the processing area major problems vith allaying and the 

subsequent etching of the bevelled surf"ace remains. With the installation 
of the nev alloying furnace and the spin etcher these problems are 
expected to be solved rapidly. 

For the fabrication of large area vafer m~jority of the 
equipment, such as, diffusion, oxidation, and sint ... _·ing furnaces, 
vacU\Dll tube sealing, 't'-e"1elling and lapping fiM:ilities are all in.stalled 
and operational. 

The device and package requirements for the 300A darlington 
have been established, and work on the initial design for the transistor 
has begun. 

10. CONCWS!OWS Am> RECOMMENDATIONS 

Progress has been made in the modified design of the ~ooA 
darlington and a set of new masks have been fabricated. Fabrication work 
is being delayed due to laboratory renovation and missing key pieces of 
P.quipment that are to be either installed or ~eceived. A major problem 
in alloying step has been identified to be +,he presen~e of extensive 
voids. This may a.l~o 'he causing problems in down streMI steps, such as, 

• 

.. 
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bevell.kg and etc:hi.ng. Devices fabricated to date sbov excessive 
leakage probably due to- poor al1oying • particularly in the device 
perimeter. 

The problem vould bopef'ully" be solved on installation of' 
vacuum alloying f'urnace and spin etch machine. The pover device 
vork bas slipped by about 6 months due to non-availability of' this 
critical. equipaent. Design for the JOOA darlington bas been initiated 
with inputs from the power e1ectronics group. Packaging requirements 
have been established and a modified package has been designed. 

The reccmnendation essentially remain the s•e as in the 
author's last report. These were related to: 

1. SuI>er Q system f'or DI water. 

2. Mask aligner to handle large di•eter vaf'ers with 
provisions f'or back side alignment. 

3. Assured source of' epitaxial silicon vaf'ers. 

Actions on these items vill be t8.Iten as soon as quotations can 
be obtained from equipment vendors. en the supply of' epitaxial silicon 
waf'ers it is recoamended that a second source of the material be 
established. 

It is also recODlllended that the alloying te• be strengthened 
to overcome the problems associated vith alloying, so that, this does 
not become a bottle neck in the future. 




