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ABSTRACT ·. 

This report outlines'. the activities of the consult alt during his thrc~ 
! . 

nonths assign rrent at CEER>, Filani. Project involve nent was in the develop ni-
• ! ! 

ent of Power Darlington Transistor Dev!ces, and nore specifically in are~ 

relevant to device design, package design, material selection, fabrication 
i 

proce;
i 
i sses and facility evaluation. ! 

I 

! 
I 

As a whole, the processes and facilities that are utilized in this project 
! 
• 

are quite satisf acfory:, however, so me probl~ ~-:; still exist in the areas of : 

i - Silirn availability 

! i- Packag~ availGbdity 
j 

- Al1'1ying Equip rrent 

Alloying Process 
I 

Quick actions are required to find solutions to 

to preserve the continuity of :the project. 
i 
! 

I 
i 

these prob le nr:; m urrler 
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I. INTRODUCTION 
i 

This consultancy assign rrent at the Central Electronics Engineerin~ 

Research Institute (CEERI) in Pilani, Rajastban, India, wa~ established within 

the fra rrework of the UNOP Froject: "Se rriconductor Devices and Electronic · 

Sub-Syste IT6 for Tr~nsport.ation" (IND/84/0 l 5). 

Its purpose was to provide assistance to the Institute in Research and 
i 

Develop ~t of Power Transistors for Power Control in Electric Devices for 
i 

Transportation. ! 
I 

The consultant arriv~ 

; 
! 
i 

in Delhi on February. 17, 1987 , and started his 
; 

ating May 15, 1987; 

lcr nanr 

I 
a~ign IJL"fll in Pil•mi on Ft~br\.ary 19, 1937, for .:i period o( thrcl.• numh~ 

I 

2. PROJECT INVOLVEMENT &: SCHEDULE 

After discussion with Dr. G.N. Acharya, Institute Director , Or. \V .S~ 
! 

I 

Kholde, Deputy Director~ ~d variou:: pre.jeer related scientists, a work progrr 

a mrre was established as shof~ in Appendix I. 
I 

This sc.:hedule include~ the following rmjor tasks: 
' I 

Review of present device design, package design, and rraterial 

' 
I 
I 
I 

i 
selei:tion. 

Evaluation oi the fabrjcation processes for Fower Transistor O~vices. 

Evaluation of the facilities i11 use at CEERI to produce Fower Se rricond .. 

uctor Devices. 

t 

Eva!uation of a new~ process for the dif flision of Gallium into Silicon'.. 

Co rrputer si rrulation in relation to Transistor Switching Speed. 
: 
i 

Serie.-; of lectures on Power Semiconductor Devices such as Power Tr:insi!>,.. 
! 

tor Modules, Darlington Transistors, Gate Turn-off Thyristors, etc. 

Assistance in power: semi conductor device related f ieids as requested 

by the rrie M>ers of the Institute and within the knowledge of the consul;. 

tant. 

, 
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l. FROJECT ACCOMrUSHMENTS 

Acco rrplish ncnts have :been li rrited Clld below the exp\.-C.:ted level • 
. 

Various delays in install'1tion and repair of processing equip rrent have slowed 

down the planned prograo .. 

l.l Review of Device Design, Fackage Design, and Materials 
i 
I 

3.1.1. Devitt Design j 
' ' The present design to be used with the 300A Transistor 
! 

is basically an ~largerrent of the IOOA Transistor desiiil. It 

uses circular s~g rrented interdigitation · as shown on figure I. 

The technology :is planar a.'ld requires an especially shaped rroly-

bdenu m shim tQ mike contact to the e nitter fingers without 

shorting the b.lSe'. ek ~rents of the devi~e. 

The new device is provided with an ex:ra base connection · 

(B2 on figure 2): to be used to speed up the device desaturation 

during turn-off. ; 

The frcr--wheeling diode (DI on figure 2) is presently integra-

ted with the transistor itself. This diode shares its own base 

'with the collect~r of the transistor (see figure 3). The Recovery 

* Farameters of this diode nay be too large to be acceptable 
' 

in inverter circuit applications, and it nay be necessary to separ

ate the diode from the transistor (in the application, a selected ' 

discrete diode · would then be connected across the tramistor 
. . 

outside of its package). 

Ther'?fore, as .lr: alternate, a new mask was designed without 
i 

the by-pass diode for the IOOA device. A cop1 of this rrosk 1 

1,. shown on figure 4. The six diffused •esistor R821 to R826 I 
I 

fo, m an equivalc~nt resistor, R62 on figure ~, which is about : 

2Sl in value. 
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The new rn<fik is aval.Ole, but it h~ to be cvalu01ted. U 

~ 
satisfactory, this mask design will be extended to the 300A 

transistor device. '. 

• Note: 

This is based on the ncasured lifeti rre in the transbtor 
. 

collector· region ~z io psec). No recovery rreasure nents were 
l 

made of the integ~ated diode at the ti rre of this writing. 

A full evaluation of the recovery characteristics of the d1\Jde 
! 

should be perfor rred. 

3.1.2. Fackage· Design 

The lOOA Trr'sistor utili'.ies a standard design package availa

ble fro rn a US Co ~any (LATRONICS). 
! 

The 300A Transistor Package is not co mrrercia!ly .1vai1Jble 
• ! 

and had to be designed by CEERI. This design was already availab-

le at the :i rre of krival of the consultant at CEERI. 
i 

This design t includes an extra base connection as shown on 
I 

figure 5 to be u~ed to speed up the device desaturation during. 

turn-off. 

I 
The packa~e supplier appears to have originally provided 

a quote for this type of package. 
i 

An order was; placed for the following ite ~=-

lte m I - 100 X 3.l mm Transistor pac·kagt>s 

lte m 2 - I 00 X 40 mm Thyristor packages 

! 
: . 

!· 

i 

. . ,. 
I 

lte m 3 - I 00 X 40 mm Transistor packages. J 
Todate, only! item . 2 (40 mm Thyristor pack~ges) is satisfact- I 

I 

ory. ! 
Due to errors in nu rrbering and sizing, item I was received 
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.:ti 3 "JO mrn-t!!Yristor p.'.K:k'E,e" (Jld not "33 mm tr~1nsi::.tor p~·-
< 

kage") :, itc m J was not delivered because of lac..-k of infor mat-

·. 
ion as noted by the supplier. 

Since thes•! co rrponents are critical lor project co nplctiun, 

so me actions should be quickly taken to solve the present delivery 

proble rrc 

CEEIU should reorder 160 x 33 mm transistor petck.l.ges, 

and negotiate with the supplier the return of the 100 wrong thyris-

..!!!!. packages. Conf act should be again e:!'tablished w!th the suppl

ier to find out amout the status of the 40 mm tr~nsistor packag~. 

Without i mrrediate action, this item will not be availabJe 

on ti me for project '.co rrpletion. 

3.1.3. Materials 

The critical ice rra in the list of material b silicon. 

Silicon wafers have been ordered fro.m Wacker in Ger rrony:, the 
I 

specified diameter is 2.0·". I 

Although Wacker has; accepted an order for 700 wafers of this size, 

it appears that this sup~lier will not be able to deliver this rmterial 

on ti me and with the specified quantity. 

With the Ii nited availability of small size silicon wafers, and the 

lack of interest from the silicon suppliers to continue the production 

of silicon wafer~ with a diarreter less than J.C'J inches, it beco nies obvious 

that silicon device processing f acilitics shoula gear their equip rrcnt 

to handle at least 3.0" wafers. Although 4.0" diameter wafers would 

b~ a better choice, the , equipment available at CEERI Ii rrits the size 

of the wafers to be processed to 3.0" maxi rru m 

In orrlN to pc-r rri t th!' c.ont inuation or ac-t ivi t ""> in power sc· rnic-ond-

uctor device proc.:<>sing, ,it -.ppears therefore th.:.it the present facilities 
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should be nodilico· b> h<lldlc 3.0" wafer'>. 

ate the require ~ts for· J.O" w af cr processing. 

Other !;iliron sourc~s should be contar.:tcd. Pos::.ibll• ~urcc::. ~.1n·: 

Komatsu (Japan), Topsil (Den mark), 5EH (US-Japan), Monsato (US) 

r • 

J.2 Frocess ct Faciliti~ Evaluation 

A batch of 33 wafers -: 19 x 33 mm+ 14 x 40 mm - was processed from 
I 
; 

diffusion to alloying (not incl':fded). The goal was to evaluate the processing . 

steps involved and establish SQ rre yield figures ior technology transfer. Since 

the batch was !'ot fully proc~ssed, the yield figures could not be established. 

Process evaluation was· b~edi on the processing done on the wafer batch and 
! 

a few additional experi rrents. ! 
i 

Th~ following is an .evaluation of the processes and facilities ~vJil~blc 

at CEERI for the fabrication of Power Darlington Tr~sistors. A su mnury 

of the facilities evaluation b given in Appendix II. 

3.2.1. Tube Sealing 

The tube sealing operation is p{-rfor rred with a Varian Evacuat-

ion System whic~ operates in a satisfactory manner. 

A new rrultiple nozzle torch system was installed to facilit

ate the sealing operation:, it appeared however that the old syste rn 

( rrore nooual th0sn the new one) is pl·rfor ming better. i\l:tivity 

to i rrprove the systc m was therefore disc.:>ntinued. 

3.2.2. Calliu m OiHusion (Closed Tube) 

The Calliu m diffusion (closed tube) was pcrfor rrcd in a furn ace 

tube· availi.iblc outsid<- t)f the power devic·c processing area. 

A l•1rn•1n· tube (T11br. # 3 ,1n I it;11rc 6) i:, •lVail;.ibl'-" in tlw 
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P'>Wcr device .rc<.l Jld sl\\>uld be U!)cd for !)Ub!)cquent G.Uliu111 

diffusion. 

An. Aiu !'Tina tube liner (l\!ullite Tube) should be· used to give 

support for ~he walc-d quartz tub~ durir1~ closed tube difhasion. 

Thi!) liner wculd also provide support for the quar:tz - tube to 

be used for the open-tube Gallium Diffusion that CEERI is piano-

ing to investigate. 

?,n Alu rrina liner of this kind can be obtained from the M111 
! 

Dan.I Ref~ .ict~ry Co. , in USA. 

3.2.3. Oxidation 

At ti me of processing no oxidation system was availatile 
I 

I I 
(operational) ~in the power device area. 

I 
The wafer batch w·as 

; . 
I 

therefore oxidized by wet oxidation in other proce::.sing faciliti.:-s. 

Since_ ttlen, a Pyrogenic Oxidation System has bet-n installed. 

lhe Hydrogen Injector required for the system has be.:11 '1uilt 

by CEERI. 

Pyrt)genic Oxidation expcri rrents are still bt;ing per for nl!d 

to evaluat\? the system operation. 
i . ' 

There : is a need in the oxidation area for reliable sources 
' 

of High Puri~y Hydrogen and High Purity Oxygen (see paragraph 

3.2.17 - Supporting Facilities). 

Phnrn ma~king is pc:rfor ncd in the "Y<.•llow l~l>\) nt' ol the 

Fower l ·'vie.! Arca~ and in other photo masking !acilities when 

precise .ilign rrent is required. The equipment of the power device 

area is outdated, and the space available is Ii rrited. There is 
i 

therefore a need for rrore space and better equip rrent in this 
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.::.-ca ~Noc(': the purch<r>c \lf a double ~1dc n~k aligner i~ being 

pl~m:d by CEL:H I). 

·. 
1.2.j. POCl30iffusion 

1\t ti rre ol processing, the POc1
3 

system of the power device 

area was not ope_rational:, the batch of wafers was therefore 

processed out~idc of this area with other facilities. 

Since the_n, th~ Poc13 system in the power device area has 

been installed and is operational:, this syst\! m is still under e\·aluat-

ion. 

Here again ; there 1-s a need for a reliable source of oxygen 

(see paragraph J.2.~ n: 

).2.6. Lapping 

lJpping w<ss done in a satisf.ictory nonner, Jnd th'-· 1.:u.:illli'-•s 

avai_lable for this; operation are sufficient and adeql!.lte. lTi1c 

space available is however Ii rrited). 

3.2.7. Slice Cutting (laser Cutting) 

Slice cutting: is j)erfor rred by rreans of the Tri miring Laser 

of the Hybrid Fac~lities. This laser lacks power to perform eff ic

ient cutting:, •it is: how.ever the only laser tool available at CEERI 

to cut silicon wafers. 

The sol twarc necessary to co mrrond the circular nove irent 

of the la:>er bc!a m has been developed by Cf.El~ l and is now in 

operation. 

The ti me required to cut one pellet with a di.l rreter of 40 

mm from a 2.0" wafer - 20 nils rhick is about JO rrinutes. (A 

dedicated laser would do the operation in 2-3 ninutcs). 
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3.2.3. Alloying 

The alloying process, and. its associated equip rrent, have 

been a pro!>le m.arca for sev~ral nonths. The new Vanau rn Furn.i- · 
I 

ce which was received in 19~6 has been ir:a state of repair until ; 

the end of April 198"7. 
i 

A few te nperature runs were then per for-, 

rrcd to procc.cd ! ·Ni th the necessary control adjust ncnts. A vacuum; 

' 
leak developed again in the vacuum cha rrber in the sane location: 

I 
I 

as before. Repair-5 were nade with a high te nperature weld i 
! 

' -6) i alloy. Good vacuum\~ 10 can be now achieved at room te npcr- i 
~ ! 

ature:; high te rrperature tests have to be conducted ta verify' 

! 
I the quality and reliability of the new weld. 

i 

The goals ~n_ this area were to co mrrission the alloyirg equip-I 

rrent, .;!nd establish the process for alloving the diffu:>~d tr:msistor 

pellets to the _ nolybdenu m substrate using various ~lloy S)"Ste m' 
such as: 

- Original ;Ag-Pb-Sb preform 

Alu rrinu in Prefor m 
I 

- · Atu rrinu rr{Silicon Preform 

- Evaporated Alu rrinu m t)n Silicon ·:>illy 
. : 

Enpo;at•?d Alu ninu m on Silicon an-:1 ~v1olybd•mu rn 

co rrpared to the Ag-Pb-Sb sys!'~ m ~1'lich seem; to ~rodu:;e. 

un\v1ned s:.:-esses on the silicon during th•? high terrper:it•1rn 

allo;ing prn,.~ss. 

T ,,? j>•?nalt y for the use of the alu ninu m ~.yste in resi:les. 

i 
in th·~ difficulty in nt>taining a go:>d o!'l 'llc c111ltact O'l n-ty!>cl 

silicon mit.erial, 

Sin:I? th:? vacu·J •n furnace was not availanle, P1'j>cri in.mts. 

I I 
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'lie-;~ .,erfor m:·! . .11!th the ..Jld .illoying fu·nace usng Hyjrog~•l 

as a Tbieilt:, _f11rthcr ex~ri l'n:!'tS were also CO'.'lduc:ed by CEa:RI 

scieo~is~s at BHEL in B3:'"'l~alore. The· results ot these '.~iperi m::nts 

The alloying Op>!•ation is b-?o> ~ng ·1 critic;.i.! c;tep in dt"vice 

p:-ocessing, an:I .iOlu:ions rrust be provided quickly • 
. 

First,· ~h,~ eq•Jip rrent shoul:I be mide fully o~rational an:I 

::o moissio1wd. The j>r<>cess sh:>:.1'd then be establi:;hed u;ing 

the origin;il Ag-Pb~S~ alioy s7ste m, 01· the Alu rrin:i m syste ;n 

Recognizing that alu rrinu m is ;lilt the IJ.?3t choice m:.terial for 

oh rric conia::t to n-rype sili::on, one sha>1J!d furth•!:" investigate 

the use 'lf Al/Si eutectic allo/ in •'lrder to Ii uit the p:?netration 
I 

of alu rrim1 rn into si[icon. The addition of a d~~p n -t- enhalla:e m:~nt 

diffused layer on the colle.::cor side of th·~ dilf1.Jsea ·.w.lier could 

.ils-:> help in avoiding 9-ty?e con 1ersio:t due to r\lu minu m. r\lso, 

since a hig!'ler Le~L-'1 content in the ternary Ag-Fb-Sb .;illoy decrea

ses the ·liquidus te rftlerature, one 5ho>ul:I investigate the use ..Jf 

alloys with higher percentage of Lea:I. Tungsten, as a "ilJ'>str3te 

material instead of :Molybdenum, could also help in Ii mting the 

alloy penetration. 
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J.2.9. Metallization 

The m~tallization operation is pcrfor m~d with .'\lu rrinu m 

t•y ro .. 'at\S of a Slo-.in Electron ~a ni ~vaporator Systc m, 

and should not presen-~ any problem There are however 
·. 

s'J rre q~sions concerning the CO"ltrol of the deposited m;-tal 

thickness and the repeatability of the process. The intcrcsted 

CEERI personnel :SOOuld investieate the pro~le rr6 associated 

with this o~ration~ 
i 
' 

3.2.10 Sint~ing 

..\"> specified, this process calls for a heat treat rrent 

at 45'JOC for 20~ rrinutes in a Nitrogen at rrusphere. The 

single tube TH :.RM~:o furnace to be used for this operation 

is not yet functional. The quartz tube is broken and should 

be fixed. The gas distribution system should be connected. 

3.2.11. Bevelling 

The bevelling operation is done o:i a SWA~ M:tchinc:, 

this equip rrent i~ operational and the process is satisfactory. 

3.2.12. Final Etch (Spin Etch) 

The installation of the Spin Etch Machine required 

for the fin al etch operation has no N i>ee11 co m;:>leted (th1? 

exhaust system mJst still be installed). 

Sin1:1~ DI water is not available in this area, a !')~ water 

tank pressurisation syste rn had to be designed and was 

built by CEERI to permit water distribution t•> the Spin 
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r:~ch M~hine. This: equipment i; ~w1 operational. The 

evaluation ol the tin~ etch operaton 'Fl.~ to be co nl>lcted. 

·. 

3.2. ll. F assiv ation 

Fas~ivation is perforrred at CEERl using a Silicon Elast-

r 

0 !rCr Co RfOWld (S~). This operation is done mlllually 

I 

and iQpears t.l be well controlled. 

0 ."\er passivat~on systeilb such as those usi."lg RTV, 
i 

Varnishes, and Polyi ~de stM>uld be investigated. 
I 

l 
I 
f 

3.2.1 If. Junction T c5ting and Final Tests 

The eq•Jip meni available for device testing includes 

a Tektronix 576 Curve Tracer with a High Current Plug-In 

Unit Fixture, a Transl~tor- rrctcr fr\l m the LE.\\ G> nt>.JOY, 
I 

and a Press Fixture · from LEM to be used with the for rrer 

equipment •. 

The Curve Trac.er is used to check the voltages BVCB0 , 

BVCE
0

, BVEB
0

, <snd. the associat!d leakages, the saturation 

voltage VCE (SAT), and the current gain hFE. This equip~ 

ent is in operating .Jrder. 
' 

The switching para meters s~J·:h as turn-o:l tine, storage 

ti rre, fall tim?, crossover ti me can be 1wasured on the 

LEM Tester. This equip m?nt allows llSO the m?asure nent 

o! VCE (SUS). The tester i!> operational, but in :>rder 

ti:> perform the t~sts 1.>n junction a~~e nblics, or packaged 

devices, the Press Fixture nllst be CO:'lnl?cted to the test 

equip~nt. To reduce stray inductance to a mini mJ m, 

the "Driver Ra:k" of the tester has to be located is close 

as pos!>ible to the test point in the Press Fixture (See 
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Fig. 7). 

Tht.·~ rmdiltc:ations have yet to ht.- oorw. A~lu n-quin.·d 

for the testing of j~ction asse rrblies .• Hf the lfO mm ;>a<:kage 

is not available) would be a test ji~ to hold the junction 

asse rrblies, and provide the proper electrode contacts to 

the device Wlder test. 

Additio11.:il equip rrent could be m:.de available in this 

area to per rrit full device characterization. Safe Operating 

Area, Ther mil l rrpedance, Thermal Fatigue are so rre of 

the additional te~ts .that would be required for full evaluation 

of the ~;,ices being; developed. 

J.2.U. JIHlrocrss Control 

,.!\ll rt:quin:d in-?roc.:css control eq.1ip nrnt is available 

in this area. 

The Sreading Resistance Profiling Equipment (SRF) 
I 

has been however out of order for several rronths (years'). 

A co rrp.Jter rmlfunction seem; to be th.e cause of the 

problem. 

An extension board was built by CEERI to check the 

co rrputer boards. The co rrputer inanual was obtained 

from the DEC Corporation in the US. The personnel, who 

has been trained in the US to take care of the m1inten.lflce 

of the equipment, has not been available long enough to 

acco rrplish any seriou:i; progress in repairing this equip rrent. 

Repair work is ~.till in progress. 

Additional visual inspection equipment should be added 

in this ~rca. This includes a Stcr!'o Microscope and .l 
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3.2.l'- Assenbly (Fack4ilig) 

The prl~inl! .;;>er ario11 is pc~scntly done by neats 

of arc welding. A better technique would be Cold Welding 

by rrec.1~ of special Press. 

CEERI ha-; r'eceived information 10:1 q1.11>tation about 

such equip ncnt from a US Co fll>ClllY (ASSOCIATES GENERAL 

LABORATORIES). This equipment should be added to th~ 

present facilities. 

The her rretic;ity and the quality of the package weld 

can be verified with a Leak Tester. lnfor mation about 

this equip rmnt will ,be sent to CEERI. 

3.2.17. Supporting Facilities 

During the course of project cxperi rrents, it was not 

unco mnnn to run out of Oxygen, Hydrogen and Nitrogen 

gases. The supply of the~ gases is critical to the processing 

operations and therefore should be available where and 

when needed. 

Since a gas plant with purification units is not yet 

in the planning, a solution to the gas shortage would be 

to in~tall g~ t.:inks with manifolds:, the S)St'-"n&> sl"K>uld 

be designed to provide enough supply and reserve. 

DI water is not yet avail.lbic in the Power De:v1~c 

Area. This creates 'SO rre difficulties ~d problems in chl' rri

cal processing. The 01 water supply should be m.:ide availa

ble where need<.•d in the Fower Devic~ Area. 

3.3. New frocess Evaluation 

So me work was done: in preparation of a new system for open-
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tube Gallium diffusion. 

U ~atislactory this process could advantageou:)ly be used to repl.i.ce 

the expensive closed tube process presently-.in use at CEERI. 

The Gallium Source (Ga
2
o

3
) could not be procured during this 

01SSign nent and therefore there was oo activity in experi rrenting 

in this areo. 

3.'- Lecture Program 

The Lecture Frogra m was established as follows: 

Lecture I - Fower Modules 

Lecture 2 -- Triple Diffused ~lington Fabrication Frocess 

Lecture J - Gate Turn-Off Th1ristors 

Lecture 4 - Se fri·-:o~uctor Device Tner na1 Meanage rrent 

Lecture 6 Re~iew of CEERI Fower Device Facilities & Froccss. 

In addition to these lectures a presentation about A~y mm?trical 

Thyristors (AS':Rs) was 1n.1de at the first N;itional S.: ninar on :\C 

Motor Devices for Transportation an:I Industrial Applications that 

was held .lt CEERI on April 1.5-17, 1987. The paper is available in 

the Se rrinar Procee.1ings. 

Various ~=~tings were also conducted with nr 1rbers of the Solid 
! 

State Grou;> to discuss '. subjects related to device design , processing , 

an·:I testing. 

3 • .5. Co nputer Si rrulation 

The .1i rn of thi~ si rrulati\>n was to corr<-latc tlw co rrpuh.'r n·~ult~ 

wirh actual test re-;ullS, and verify the a::-curacy d the Cl) nput<'r 

rrodelling as far as switching s;>eeds are c:onc:~rned. 

The ·;i fl'Ulation was done by Cf.F.RI Scientists with ;~lect<.•d values 

of lifeti m-:\, bas~ driv~~, Jnd loads while aw .. uting for the te>t re;"sult:.. 
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I- d · th 0 t"'ble of App~ndix Ill. 
The co rrputer res:Jlts are aste an - ... · 

.. re that tht~ turn-oil ti n't i~ practically 
The gcnc.-al t.:onr:lu ... ions ... 

. ( ~) rru::h dcpc:ldcnt \ll the 
independent ol the collt·ct';lr lllett rn? •C ' 

~ · - d - (I ) - decreasin=- as 
base lileti rre ( GI\) and negauve base nve 62 ., 

,.,.. I is increased - and is .:illc..:tcd by the ty~· 
G

3 
is reduced and 62 

load tha"l with resistie l:>.:id). 
af load (being larger with in.1uctive 

effect of these n;11ram:ters ca"l be s"!en in the 
The quantitative .--

table of App-~dix-111. 

In inductive load application' t~ resulting V\ltage which app;:ars 

mly "'"xceed the device vu~ !~ge rating <llld create 
during turn-off " 

breakdown prob I~ rm. 

Were ar;lable at the ti m~ of this writing, 
Since not te~c results uo 

-bl to ver·1fy the a=curacy of the co 11\)Uter predictions. 
it was not pos:i.t e 

1
-
5 

ne--'cd ·an cha· 5 area to evaluate the pedor nonce 
Furth~r v.'Ork L"U 

and precision of the co rrputcr nodel. 

3..6. Co npcrison between SCR/ AS~R/GTO/TR Inverter Syste ns 

A co rrp..-ison betwel.-n inverter syste n-6 utili~ing SCR~, ASCth, 

-· GTOs, aid TRANSISTORS w JS n1os:ie in order to CW\~wer so ne questians 

concerning the develupmeot of an electric vehicle using MICROPRO-

CESSOR BASED A.C. MOTCR DRIVE. The relev.mt infor m~ti1Jn 

is contained in Appendix III. 

The syst~ m is a 30 KV A PWM INVERTER which requires d!!vkes 

r:ated at 200A RMS. A safety mQrgin uf al 11ost 100% hdS be~r. includ

ed in this rating (See Exhibit A in Appendix IV). Fl.lr the dimensioning 

uf the co mnutatiun Cl.l .rpcments, it h& been assu rred that the current 

to be turned off w~ only 2COA. A turn-off ti rne of 20 f~ec for 

the SCR devices, and 10 rsec for the ASCR devices wiA used to 

size the L-C cu mnut<&tion circuit of the SCR .llld ASCR syste n~. 
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The volt&l(;c r.iti.1g ·wJ.S selected l\l be: l200V for the SCll, ASCR, 

and GTO devices, end .lOOOV for the tr:.ansistor devices (the choice 

of a lower voltage rating for the transist\lrs reflects the reduced 

.ivailability o{ these Q nponents in the high voltage range). 

The various syste·m configurations (one inverter leg) are shown 

in Exhibit B of Appendix-Ill). 

The SCR and /~SCR Sf?te ni; require a co mn1Jr ation circuit (L, 

C, Al and A2) to turn-off the main s~itching devices (Ml and M2). 

There are non-pol.arize~ snubber circuits (RS, CS) across each switch-
. 

ing co nponent-. TI.e by-pass diodes, D 1 and 02, handle the reactive 

current provided by the= inductive load. Four gate drivers are needed 

to activate the four switching devices. 

Thi:! GTO Srste r11 has the adv~tage of not rl!quiring the ca mrrut,u-

ing circuitry of th~ forner systems. The nuin swit1·hing d~vicc:., 

GTO I and GT02, are turned on and turned-off by their associated 

gate drivers (The power consu rrption of these gate drivers is rruch 

higher than that of the SCR/ ASCR Gate Driver~ since the turn-on 

current is rruch higher,. and tiley also have to provide a large negative 

gate current to turn-off the device). A l~ge polarized snubber circuit 

(OS, RS, CS) is required across each GTO in order to Ii mit the dv/dt 

to a safe value. The by-pass Dfodes,Dl and 02,have the sane funt:t-

illn as before. 

The TRANSISTOR System b"'5icall)· has the s.a rrc con!igureiion 

as the GTO Syste 1n, except that the n!Gin switching devices are the 

Darlington Trc.nsistors,·n and T2, .ind the basic drivers ha~e less 

power cllnsu rrption than the GTO. drivers (but rrure than the SCR

/ ASCR gate drivers). 

Th~ nu 11ber uf co npunents required for each systc m is shown 

I 

I' 
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in Exhibit C oi AplJcndix. Dt.:c l..> the r"-"l(Uirc 1u.:11t::. of lite t:v 111ru.1l .it-

ion dn:uit, the $Cl~ J11d A'iCR sy:ltl~116 c11t>l1Jy 11un: t.:~ lllNlh:nts 

than the GTO <and TR Systen;is. 

EA.HIBIT D gives a Summary of the f'OWER LOSSES for each 

sy~tcm with the: over.ill sy~tcn1 dfo.:i~nt:y. The nuubcrs slhlwn on 

the table of EXHIBIT D rr~t be divided by two to reflect the !act 
I 

that each co rrponent of the system is active only t:.alf the ti me. 

The final results -.re gi\'en; in the last two lines of exhibit D:, these 

results are repeated below fo~ clarification: 

. 

!system SCR ASCR GTC TR 

I Po~ ; 

I . 

1
Ef f icency ! 

I : 
! TOT AL Power I 
'Dissipation (W) 3729 2342 249.5 2361 
PT/2 

: ' ' 
E ff idencv S7.6 

; 

I 92.2 91.7 

' I 
92.l .. 

> 

(., % ) I : 

From the @ov~ results, the nost efficient system dppcars to 

be the ASCR System (j = ~2.2%). The second rrost efficient syst~ rn · 
I 

would be the Transistor Sntem ( ') = 91.1%), followed by the GTO 
i 

Syste rr( 9 = 91.7%), and f~n ally by the SCR Syste rn ( ry = S7.6%). 
! 

Considering the approxi rrutions i1wolved in this estimate, one 

should consider that the ASCR - GTO-TR Systerr6 are equivalent 

in efficienty for this particular application. 

The selectiun of one system over the others will depend then 

on the AVAILABILITY, COST, and RELl~BILITY uf the a:ti've co rrpon-

ents. Referring to EXt'llBIT E of the Appendix-Ill, which gives 

a su nim"y of the for 11cr re$ults and other pertinent infor nldtion, 

and ccn:>idcrint; the AVAILABILITY COLUMN, it JPpcJr!i thoit the.: 



-19-

second choices for this ~plic~tion. 

Note: 

A precise conclusion- on this rnat!er wuld require a "Papc-r Design" 

of \!ach SV'>l~m with Jll:cs:ir11.1l\! uf pc1·form111\:-, '11\d C\lst. l\uil,fint; 

and evialu.'."lting actu.il systems would l:>e lhe best_ way to a precise 

estimue. 

3.7. Trends and New Devict.as 

The trerids in the Fower Conversion Industry is t\>w .irds the 

use of "turn-off" devic~s in converter applications. This excludes 
I 

therefore the "convt:ntiunal thyrist:.>r devices. The latter ~wever 

will still be used for 111any years to co m: in high puwer conversion 
' 

dpplications without any risk of being replacl!d by other devices. 

In rrediun1 power applications - up to about 300 KVA - the "turn-

-off" dt:vices arc bcrn rrfog the workhorse~ of the Industry. The cundi-

dates are here the Power. Darlington Transistors and the Gate Turn-Oif 
' 

Thyristors of' GTOs. <T~e Power FETs have: been here excluded as 

being low power devices iO our power classiEc.ttion). 

The advantages and disadvantages of the 0Jrlingtons and GTOs 

hJvc l.Jcc.:n cxlcn:.ivcly ~v alu..ih.:d in thl.'Ory Jlld pr ~tk;c, but there 

is no universal rule availabl~ to decide which device should be prefe-

rred over the other. This can only be establisht:d for a specific applic-

iltion as described, for exan-pl!?, in pi:ir~raph J.6 of this report. 

In general, however, for applications where th~ vulti:ige exceeds 

about 1200 volts, the GTO devices bcco m: the pri rrc c<sndid.:.tes 

du(: to thl! Ii rr~tcd avJIJi:l.Uility of Transistors at this voltage lc!vd 

and above. 

Therefore, in .:.ddition to Transistors, GTO devices should be 

part o( drly dcvc:lop nent concl?rning pwcr conversion co n-pone:nts. 

t-lowcvcr, it is ft:lt th.it GTOs 11re only "tr.,,,sition" devices th;;L 

will probably be used until rrore dficit:nt "turn""" ff" devices b«?co me 
I I I 
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av.ail.bie. A c-ro p'."uj..:..:l ~hvulJ tiicrd.,n: lw J ··~1i\irt h:I 11/
1 

prvjl."\.'.l wilh 

a m.ax.i na.a rn 0> 11ple\iun ti ra:: 11\lt exceeding twv ye.--s. 

The next g\!nerati\lr. of po-..-~r devices sh1..luld offer power haldling 

c~ilbility co rrbined with iligh switching speeds. Thes~ devices will 

nli':lke use of "field EH~t Contr\>I" or "Static Inducti\>n C\>nlr\ll" 

to operate efficiency at devated switchir.s ~eds and powers. TI1ere 

are now so rre devices of this kind avail&ble in Japan. 

The devel.:>p ment of such; devices would involve LSI processing 
I 

techniques oo nbined with large'. area device processing. Due to the 

processing oo nplcxities involved here, a st .:.tic Jnductior. Device Project 

would be a long tcr m (3 to 5 years) program and would r~uire new 

types of cJi.perLises. . . 
In addition to "turn-off" ~evices, the Mediu n1 Power Conversion 

Industry dppeJrs to ha'le selected the Power Module Packaging oonfig-

urdtion as the preferred device: encapsulation ')ystE "'- These Mi>dules 

may o>ntain Transistors, Thyristors, Diodes, GTOs, Power FETS, 

or co rrbination of these devices. They offer electrical isolation which 

meike the na convenient to use and, whenever possible, they are gencr-

ally selected over i:Ji\y other form of device p<iekaging. Therefore 

Power Modules should dlso be part of the power 0) 1rponents family. 

The- development of Power Modules is relatively si rrvle dlld a project 

in this field could be a "Short ter nl' program ( 2 year max.) 

At the present ti rre, it eippears that the Power Conversion Industry · 

ne<:d=t: 

Pow~r Transistors 

GTO~ 

f-ower Module~ (Cont\si1ling Transistl)rs ur GTO') 

and, SI Devices for the future. 

CEERI has now acquired the expc:rtise in Power Transi~tor Tct:hnl)I-
' 

.· 
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ogr. the GTO Techoology a>uld be derived from the Transistor Technol
! 

ogy without any major difficulty. The Fower Mc..dule Technology 

requires Se ma>nductor Device Tekchnology, .Hybrid Circuit Technology, 

and Plastic Packaging T~hnology. The first two Technologies .are 

available at CEERI:, the latter could be easily acquired. 

The co r.-ponents of~ the SI Device Technology exist at CEERI. 
i 

They will have , oowever ~ to be a> rrbined t\> produce the specified 

devices.· ~ efforts re9uired to rmke this technology integration 

will be at a nuch hig:-ter; level than those required for making GTO 

or Power Module Devices. ~ 

•· CONO.USIONS &. RECOMMENDATIONS 
I 

Project acco rrplish rre~s were 
! 

Ii mited due tc various causes mainly 

related to equip rrent install.ition and repair. In s~v~ral inst.J.flc..~s, 

lack of high purity gases was the CdUSe of th~ delay. Li nited silicun 
~ 

supply restricted th<- nl! rrbei; of processed wafers • . 
At the rm rrent, there are several identified problem areas: 

The package availability problem rrust be quickly ~lved in ordl!r 

to preseve the continuity of: the project. 

The Silico~: . .:iv<illabiiity shoul.:f be confir ned by the present supplier, 

and other silicon sources should be investigated. 
I 
i 

To Ii mit the i rrpact o! the Ii nited ~upply of s 01.Jl size silic\.ln 

wafers, processing capability for 3.0" wafers should be i rrple mented 

at CEERI. 

A satisfactory alloying process should be developed and i.applied 

to transistor processing. (The new vc1Cuu m foJrndCe sh\.luld be available 

to perform this operation). This is a critical process area and solutions 

to the associated pruble ms rrust be found quickly in \.lrdcr to cillow 

pr\.lject continuation and co rrplc:tion. 

The test facilities ~ho~ld be fully installed to p~r nit devic~ chsir~t-

erizatil)n. 
I 
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The repair o( the profiler equip na--nt (SRF) should be L"U rrpletcd. 

Supporting facilities should be m.lde· available where m.-eded. 

A detailed list of actions to be t&Jken is given in Appendix-V. 

In view of the fut~re needs of the Industry and the Silicon 

Device O> fl\>etence dev~loped at CEERI, it is recc mrrenried that 

future work on advanced power devices be supported by UNIDO. 

The concerned lnc;tustry could be involved at the inception . 
of the Project to per rrit ~ s m10th transfer of Technolcgy. 
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APPENDIX V 

ACTION~ TO BE TAKEN 

l. DEVICE DESICN 

Evaluate Design without By-Pass diode 

If s.itisfac:t.,ry, apply dcsil;n to JOOA Trunsist..>r 

2. PACKAGE 

Provide detuiled drawings of all p.srts 

Re-order I OOA .tr ansist"r pcic:kages 

Return the wrung 30 mm p~.u...:kag..:s 

Discuss 40 mm :Transistor Pcic:kage and order 

Evaluate other package S1>urces 
i 

J. SILICON 

Get a state rnent from Wacker about present order 

Find out wh..it is the prospect for future orders 

of this size (2.0") 
I 

Evaluate other silicon Sl:>urces 

Retrofit facilities to handle 3.0" w.Uers. 

4. PROCESS 

Investigate Al ~s Ag-Pb- Sb alloying syste 01 

Investigate use :of Tungsten as Substrate 
' 

ln"v~stigate Mesa Etch 

Evaluate Pyrogenic Oxidation syste n1 

Evaluate POC13 diffusion syste rn 

Evaluate new Open-Tube diffusion System 
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EvJluat\! Sµin-Etchin~ 

Ensure that Al EvJPOration is opcr.uing prnpc:rly 

Frovide det~led pr-ocess instructions. 

5. EQUIPMENT 

Co mmi.ssion Vcjcuu m Alloying Furnace 

Co rrplete Spin Etch Machine lnstallat!~m 

Co rrplete Sintering Furnace Installation 

Co nplete Test. P'acilities 

Supply Mask Aligner 

Supply Stera:> ~licroscope 
I 

Supply Metallurgical Microscope 

Supply Addition<d Test Equiprrent 

6. SUPPORTING FACILITIES 

Provide DI Water supply where needed 

Provide N2 supply where needed 

hovide o2 supply where need~d 

Provide H2 supply where needed 

7. DEVICE CHARACTERIZATION 

Evaluate available devices 

Procure equivalent C\l nanicrcial cevices 

Co rrpdte CEERI devices to co mnerci11l devkes 

Est iiilish precise specifications 

Establish t~st pr\>cedures. 

8. COMPUTER SIMUtA TION 

Correl~t\! rieusured results t\> co rrputcd re:tulh .md ~valuO£te 

• 

• 
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9. M~CELLANEOUS 

-- Docu Ol?f\t all experi rTl?f\tS ald reJl'>rt. 

' 
' ,, 




