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The present mission consisted of g1v1ng lectures, participating 
in discussions, initiating experiments, and a visit to potential user 
of the technology. A lecture vas given on the theory and recent 
developments on gate turn-off thyristors (GTO). In viev of the many 
application advantages, the developmen~ of this device in India should 
be considered. Discussions vere held on various process steps needing 
further development. These include open tube Aluminium and gallium 
diffusion, epite.xial grovth of high resistivity silicon, bevelling 
and junction passiviation, alloying, and testing of the 100 A darlington 
transistor. The progress to date on the process development is 
satisfactory and on schedule. 

A number of improvements of the existing facilities vere identified. 
Need for a mask aligner is quite urgent and a~~ropriate equipment has 
been identified. 

Visit to EEEL consisted of a seminar on GTO and discussion on a 
nU!llber of production problems. Detailed discussion vas held on the 
status of 100 A darlington project and the ~acilities needed for its 
implementation in E~EL. 



1. Introduction 

The project is aimed at developing semiconductc·r devices and 
electronic sub-system for transportation. This includes four major 
tasks, vhich are pover devices, hybrid circuits, monolithic integrated 
circuits, and inverters for the electronic subsystem. Prior to this 
mission the author visited CEERI tvice under the present project. 
Significant 1rogress has been made d~ring this period. In the short 
span of about a year and a half, the power device grc~p at CEERI has 
built up working capab5.lity from small mm size devices to rela":.ively 
larger devices of several c~ in diameters. The fresent mission was 
concentrated primarily on the issues related to frocess development 
and materials problems for the power device developr.:ent. 

The three tasks on which in•estigation has started are: 

7ask 1 

7ask 3 

Design c:- ~ ~= ft. I'a?"lington Tra.ris i ::otor 
(~o~. :9~~ J~ne 1986~ 

Fabrica" :-:-:-.. "' ..... 
(Feb. l :1 :5 

:cc A Darling~c~ 
~e;-: .. i9e . .::;; 

Process ca~abi:ity for Large (2 inch) Device 
(Nov. 19c~ May 1986) 



2. Design cf 100 A Darlingtcn 7ransistor 

The design of the 100 A dar~ington has bee•1 modified to decrease 
the emitter vidth ~rom 500 /um to 350 /l11fl • This vill improve ~he 
switching behaviour and thermal stability of the device. The mask 
layout for the new design is being fabricated. 'fhe epitaxial layer 
thickness has been changed to 90 /um as part of the design optimization. 

3. Fabrication of 100 A Darlington Transistor 

Processing of 100 h darlingtor. transistors has been discussed and 
the folloving problem areas identified: 

, 
~. 

2. 

3. 

4. 

Lav surface concentration of Ga diffused vafers 
at 970°c diffusion temperature. 

~inority carrier li~etime i.mprovenent and control. 

High reverse leakage cur:::-ent in ·)evelled collector -
base junction. 

Jigging for fusion testing. 

In order to adj~st the vorking point after base diffusion vithout 
having to etch the ·.•afer a lover temperature gallium diffusion was 
attempted. Forty ~afers have been diffused vith gallium at 970°c. 
These wafers have surface concentration of 9 x 1017 cm-3 , which is 
considered too low. In ordP.r to salvage these wafers a boron 
reinforcement diffusion has been carried out using ten of these wafers. 
The diffusion cycle has been chosen to achieve the required base charge 
for the present design. These wafers are being pre?ared for the 
pho5phorus emitter diffusion. Unfortunately, due to breakdown of the 
spreading resistance equipment the dopant profiles cannot be measured 
at CEERI. Selected samples will be taken to Westinghouse for profile 
measurement and results transmitted to CEERI within a few weeks. 

Minority carrier lifetime enhancement during processing has been 
discussed. Precleaning of wafers and furnace tube using HCl gas before 
diffusion and oxidation has been suggested. At present the process is 
sufficiently under control to yield good carrier lifetime for the 
present transistor. However, further impr~vement in carrier lifetime 
for higher voltage device~ is desirable. 



Diffused vafers have beer. allo~·ed to molybdenum discs using 
tvo lead-silver-antimony prefor~s, each ? mr.i thick. Prior to use, 
alloy preforms and lapped moly discs have been annealed in hydrogen 
at 8oooc. Alloying has be~n done at 8500C and involves, slov {10°c/min} 
heatir.g and cooling and a soak time of ~ mins. The present equipment 
has several limitations and result= in reproducibility problems. Delivery 
of a nev vacuum furnace is expected in the near futu:.:-e. This furnace 
should provide satisfactory process cc.ntrol for the alloying operati :m. 
In the meantime, four vafers are being alloy~d in tr.e prestnt furnace 
for analysis of bond integrity and ·.raids. These waf.~rs vill be exM.ined 
at 'Westinghouse using ultrasoni.: void detector. 

Ten fusiuns have been facricated up tc. alloying and are ready for 
bevelling. The bevelling and passivation operation vill be completed 
as soo~ as the process is optimized. Experiments with bevelling have 
been carried out vith previously processed fusions. Bevelling using 
the air a~rasive system vith 50 /UI"l aluminium particles produces 
surface d3I?lage. Inadequate etching of this damaged layer due to the 
unavailability of the spin etcher has resulted in to leaky junctions. 
Experiments are being c~r.ducted using 10 /um alumina particles, air 
pressure, speed of rotation, bevel angle, povder flov etc. 

~he high reverse leakage proble~ is suspected to be due to inadequate 
remuval of the surface darn.age and is expected to be solved as soon as 
tr.e bevr.lling process is optimized. 

Four fusions have been COll'pleted by perforating the alloying and 
passivation steps at 'Westinghcuse, and are ready to be tested. A nev 
fixture has been desigr.ed and fabricated for testing the device. It is 
undergoing some modifications and should be available for device testing 
in the immediate future. In order to package ',hese fusions cold velding 
facilities are nonnally used. Due to a lack of such facilities resiste.nce 
velding vill be attempted as soon as equipment is modified and tested. 

4. Process capability for large (2 inch) Devices 

Process capability of large diameter (2 inch) devices is near 
completion. oten tube diffusion, sintering furnace, sealed tube diffus~on, 
all these facilities are being install~d. 'With the additional equipment, 
such as, vacuum alloying furnace, spin etcher, varian tube sealing system 
etc. which is expected to be delivered in the near future, large device 
processing capability should be adequate within the next six months. There 
are some items needing attention, hovever, that vill be discussed under 
'Materials, Devices and F.quipment'. 



S. Materials, Devices and F.quipment 

A number of items in the materials category need some attention. 
CEERI has been unable to obtain any quotation for the epitaxial silicon 
vafers from Wacker Chemitronic. Attempts vill be made to persuade wacker 
to supply CEERI vith vafers. Since ve have a significant data base on 
their material it is not advisable at this time to change supplier. Also 
the quotation on moly dis~s, 1.5 mm thick, 33 and 40 mm diam~ter, vill be 
expedited fro~ USA. These moly discs are needed for the fusion fabrication. 
Also packaging specifications for 33 mm and 40 mm devices vill be discussed 
vith the vendor and quotations obtained. All the above materia)s items 
will be expedited by the author on his return to the U.S.A. 

·i'vo types of darlington transistors dild t-.:o tY!1es of GTO~ have bee,1 
identified for purchase ':.o provide the ?Over elec':.rcmics group with 
e)("f·erien•::e in using these new de·rices for inverter appli·::at ions. ~aractec­

ization and analysis of tr.ese devices ·•ill also 1.Je very valt.iabl:: frn· the 
paver device group in designing future devices. 

Regarding facilities requirem~!r:t, a suita':.le r::ask alig:1er :'..~; needed 
for the poYer de·1ice group that ·::a:1 handle la:-gf~ diar.:e«er Yai'er~, is abl·~ 
to align both front and back of vafer and is ef:'icier.t t~ o~erate. .3·.lch :.r; 

aligner has been identified and informatior: give~ to C::ER:. ~'~e pu·~e-r 

device facilities area also needs a super ~J. syste:r. tc rai Sf. t·:1.:· quaJ.:: t:: 
of the D.I. va.ter to 18 mega ch.'!ls. Epitax'..al silicon reactor has not bee:-. 
operational for quite sOI!le time for lack o::· rectang-..ilar quar:z reac':.o:r ':.uoe 
•.rith appropriate end caps. It is an impor:ant item tr.at r.eec.s t(' b? 
p'...lrchased. Other accessories for the epit u:ial system that are needed 
are an improved RF coil, a laminar flov bu1ch, and substre'-.e silicon 
vafers. 

6. Lectures and Discussions 

A lecture vas given on the theory, design and fabrication of GTO. 
Some of the points covered in the talk vere current status, turn-off 
processes, desigr. considerations, <':evice geometry, •orking point 
optimization, device faPrication and recommendation. This device has 
the advantages of both t!'::."ristorand transistor. Unlike thyristor, GTO 
does not require col!DDuting circuits and therefcre has lover losses. 
The manufacture of the device is hovever, complicated because of fine 
geome' ry and requires seven or more masks. The details of the process 
are available at CE.E:RI. 



A talk was given on the trend of power devices and comparisons made 
between transistors, thyristors GTO and other emerging devices. Some oft!":~ 
major points are summarized below. 

Transistors are levelling off at 1200V, 200-300A. At 400 V/300 A 
darlington is a preferred device (GTO has higher VF). Darlingtons are 
used for electric vehicles and in aircraft paver. Fr::T's vill switch 
faster but not needed for low frequency operation. Trends for transistor 
development are for higher voltage (1600 - 2000V), higher frequency, 
integration, modules and stacks. In comparison vi th transistors, paver 
MOSFET's have major application at 120 V/60-lOOA. At nigher voltages 
("\/'1000 V) only lov current (4-6A) devices are available. 

Thyristor develop~ent is levelling off at 4-6 kV. Trend is towards 
larger size ( N' 5" devices). Fast switching thyristc.rs are bein~ 
replaced by GTO's. Thyristor development is being carried out in the areas 
of light triggering, self protection and high current (i.e. large area). 

Gate turn-off thyristor (GTO) is a rapidly developing device. 
Fabrication of this device requires fine geometry control and clean room 
processing. One of the primary reasons for the take off of this "old 
device" is the availability of superior lithography and VI.SI related 
process developments that have taken place. The trend for the GTO 
development is tovards higher voltage ( 4. 5 KV - 8 KV), higher frequency 
( 2 kHZ - 5 kHZ, 10 kEZ), reverse conducting, integration, irodule, 
light triggering and s::ubberless devices. Current increase has been 
levelling off at about 2500 - 2700 A. In comparison, static induction 
thyristor (SIT) looks like GTO and the only advantage over GTO is its 
high dv/dt capability. A typical SIT has a turn off current of about 
600 A, 300 A (R.fS) and has high forvard drop. The device is normally 
on, and VAVAL is reverse bias sensitive. 

It is recommended that the GTO vould be the next important device 
after darlington (for low voltage applications only) that should be 
developed in India. 

A number of discussions vere held on current problems and their 
solutions, in particular, detailed discuss~ons were held on open tube 
diffusion of gallium and aluminium, surface passivation and epitaxial 
grovth of high resistivity silicon. 

It is often difficu:Lt to control the vorking point and the surface 
concentration during gallium diffusion by the sealed tube method. Open 
tube gallium diffusion that allow:; control of surface concentration over 
a fairly vide range ~as been developed elsewhere. It is recommended that 
CEERI vorkers investi gat.f: the possibility of developing the process 
capabi).ity for open tut•e gallium. Sealed tube aluminium diffusion often 
results in the degradat.i.on of carrier lifetime in silicon. Im open tube 
diffusion techniqut! th:u, uses hydrogen as a ca1·rier gas and Al.203 d.i 1 S 

as the aluminium source gives relatively high minority carrier lifetime. 



At the present development of this process in CEEP.I is not recommended 
in viev of other items of higher priority. 

Surface passivation is very important for reliable operation and 
stability of paver devices, and the critical issues of the passivation 
process vere discussed. The role of primary passivation layer to reduce 
in~erface states and the secondary passivation layer to protect the 
surface against mech~nical damage vere discussed. Other active and 
passive roles of the dielectric layers vere also outlined. Thennal 
oxide is generally not used for passivation of high power devices, because 
of drift effects and high fixed charge density. Details of a number of 
important organic passivation materials (elastomers, polymej:S and 
copolymers) vere discussed. Some passivation material vas brought from 
the United States for use at CEERI. Surface preparation prior to 
ap~lication of the polyr:er material and the polymer itself are significant 
factors in determining initial device properties, and device stability. 

Availability of high resistivity thick epitaxial silicon is very 
important in the fabrication of darlington transistors. For this an 
in-house capability, particularly for India, is important. In order to 
obtain high resistivity, thick epitaxial layer one must have an ultraclean 
dedicated system that vill produce about 100 oru:;-cm (n-type) material 
which can then be doped do'Wtl to 50 ohm-cm or so. The substrate must have 
a built-in gettering capability such as back damage, enhanced, or intrinsic 
getter:ng. ~ubstrate surface reust be very carefully prepared to avoid 
gro;;th spik.:-s. ~igh temperature hydrogen firing, as well as, HCl etching 
prior to epitaxial growth should be attempted; hydrogen firing might be 
preferred. These above issues have been discussed in detail v.ith the 
C'.''D group. 

1. Task Summary 

The design of the 100 A darlington transistor has been further 
improved through computer modelling that includes narrower finger width 
and high ecitter efficiency. Nev mask sets are being fabricated in 
CEERI. 

A number of processing steps need further optimization. These are 
sealed tube gall~um diffusion, bevelling and passivation. All these 
problems are being investigated actively. Several devices have been 
fabricated up to the passivation step, .and expected to be completed soon. 
Four devices from a previous process have been successfully fabricated, 
and attempts are being made to package and test them. 

For the fabrication of large area wafers, a number of equipment items, 
such as, diffusion and sintering furnaces, bevelling machine, and laser 
sutter equip!!lent for silicon to device dimension are being installed. 
Remaining equipment for spin etching, alloying, tube sealing, press for 
testing and dynami~ tests are expected early in 1986. 
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8. BHEL Visit 

Visited BHEL, Bangalore, a production organization for 
interaction on power device development wor~. Discussions were 
held with Dr. E.S. RamBJ.'11.urthy and his group. A seminar was 
given on GTO, a rapidly emerging power device. The technology 
was reviewed inclujing design and fabrication of the device. 
BHEL expressed keen interest in the device because of its many 
applications advantages. A detailed discussion was held to assist 
them in solving some of the proeessing problems, in particular, 
device stability in reverse blocking end lifetime control. 

The status of the darlington transistor development activity 
was described and various process steps were explained. Possibilities 
of packaging these dev~ces in FHEL were explored. 

9. Conclusions and Recoimnendations 

Work on the design and processing of the 100 A darlington 
transistor is on schedule. Significant progress has been made 
on the process development. Work to date has resulted in a number 
of completed fusions awaiting testing. Process development for 
bevelling and passivation is needed. Work is somewhat handica!Jped 
due to the 1.U1availability of the spin etcher. Lack of adequate 
D.I. water supply and wafer handling materials limit the batch 
size to five or six wafers, which is insufficient for process 
optimization. Procurement and installation of the remaining equip­
ment are proceeding without any unexpected delay. 

The following recommendations are being made to strengthen 
the capability of the group for timely completion of the proje~t: 

1. Super Q System is required to raise the quality 
of the ~.!. Water. 

2. Mask Aligner is needed to handle Large Diameter 
Wafers with provisions for Back Side Alignment. 

3. Selected accessories for the epitaxial system 
are to be purchased in order to get it operational. 




