APPLICATION NOTES

ASSEMBLING 125mm THYRISTORS
FOR
PULSE POWER APPLICATIONS

1. BACKGROUND

1.1 Defini ng Pul se Power Applications

Pulse power involvesthe storage of energy until itisreleased a very
high power levels. Dethlefsen [1] has bracketed the requirementsfor suit-
ablesolid state power switchesasfalling withinthefollowing envel ope:

blocking voltage, 5to 60 kV
peak current, 5to 200 kA
pulsewidths, 0.1to 1000 s

Some of the applicationsencountered by the authorshave di/dt re-
quirement >1000A/nsrequiring specia condderationson devicedesignand
method of gating. Investigationsare currently performedintherange of 500
to 1000ms pul se duration and up to 200 KA.

Broad descriptionsof the potential market for Pulse Power Switches
aregiveninpublicationsof Dethlefsen[1] and Levy [2]. Most testing activ-
ity to date, however, has been to replace triggered spark gaps as clos-
ing switchesin support of electric gun programsfor theU.S. Army and
magnet or laser charging circuits used in government laboratories.

1.2 General Approach to Pulse Power Ratings

A combination of surge current testing (Fig. 1) and anempiricaly
based computer modd [3] areused. Theexact current waveform isusedin
both cases. Itisverified based ontest that thermal runaway (Fig.2 & Fig.3)
does not occur by observing the V; vs. time or the |+ vs. V; [oop. An
internal examination of the deviceismadeto ensurethat the mating surfaces
arenot arcingor spitting asduetoinsufficient metalization or flatness.

Next, DT, for the hottest portion next to the gate boundary isde-
termined by computer model, considering thefinite expansion rate of the
turned-on regionin combination with the gategeometry. Findly, lifeexpect-
ancy intermsof the number of shotsisdetermined asin[4], thatis.

# shots = ( 300/ DT)9 using °C
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Anexampleof ratingal2kV thyristor switch (using three 125mm
SPT402 thyristorsin series) isshown below. It ispresented for half sine
pulsesat threelevelsof life expectancy. The pulsewaveformwill vary for
specific cases, varying fromjobtojob.

12 kV PULSE POWER SOLID STATE SWITCH
Half Sine Pulses - single shot

Peak Current, It (kA)

250

Three series SPT402 (5000V) Thyristors
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Overdl descriptionsand referencesto these proceduresaregiven
in SPCO Application Notes[5]. However, achieving this predicted perfor-
manceand life expectancy isdependent on theattaining therequired flatness
and assembly of mating partswhich isthe subject of thisapplication note.

1.3 Design Concept for the SPT400 Series 125mm Thyristors

Exploringemerging eectrica power systems, military wegpons, ship
power propulsion & control and commercia venturesled to the devel op-
ment of alight weight low profile plastic disk package shown below:

LIGHT WEIGHT - LOW PROFILE
PLASTIC DISK PACKAGE

Dnension A .20in 5000V desi gns
B 07
A .20 2500V desi gns
B YA

Weight: 18 oz Clamping force: 25000-30000 Ib



A novel designfor theinternal junction assembly (silicontorefrac-
tory substrate) maintainsflatnessafter being alloyed at very high tempera-
ture overcoming thetendency to bow while cooling down. Thisisaccom-
plished by taking advantage of compensating forces using uniform thick-
nesses of silicon on both sidesof avery thinrefractory layer. Oneside has
electrically activesilicon; theother haspassiveor high conductivity silicon.

Bonding theanodeto ardatively thick substrate, which causesbow-
ing asused in conventional designs, isnot used for SPT400 series. Other
off-shore manufacturershave overcome bowing effectsby their "freefl oat-
ing" or "dloy freg" sliconjunctionsassemblieseiminating aloyingwith "dry”
interfacesonly. Thethermal advantage offered by maintaining abonding
interfacefor the SPT400typeisshowninFig. 4.

lightweight alloyed construction
( PATENT APPLIED FOR)

(alloyed interface needed for pulse duty )

active,
silicon
1 II
T‘ —=nC—nl = Tl InC—]
passive/
refractory silicon*

metal

* poth silicon thicknesses matched for zero bow

2. MECHANICAL CONSTRAINTS
21 Fundamentals

Notice that the SPT400 disk package has cupsrather than solid
poles. Becauseliquid cooling providesthe most advantagefor continuous
power dissipation, alowanceismadefor direct insertion of thechiller posts.
Otherwise, nickd plated copper posts of uniform thickness (.295inthick,
drw. 0215B8315) are provided tofill thesewells.

Itisimportant for achieving thefull pulse power rating, performance
and life expectancy, to maintain flatness of each mating part throughout the
mechanical system beginning with the external anode and cathode posts,
continuing with the heat diss pator surfacesbutting up againgt them and il
further onto therigid force spreaders. The mechanical flow of partscan
easly beseveral thousand'sof aninch.

After someheat cycling arecheck of clamping force may be neces-
sary if thedisplacement of theclamping systemisonthelow sde,e.g. fora
.030" displacement, aflow of .003 would result in 10% lossin clamping
force. Partslikely to"giveor flow" arethefiberglassinsulatorsand the pres-
sure pointsat theforce spreader.

parti
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dry vs. alloyed 7
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FHg. 4 Thernal i npedance of conparabl e 125nm
thyristorswth"dry" and bonded (a | oyed) anode
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2.2 Mating Surface Specifications

SPCO maintainsingpection of the posts (drw. 0215B8315) to thedimen-
sionsand tolerances shown below:

Itisessential that any other inserted post such asa water cooled chiller be
prepared to these same flatness requirements. Also it must be backed up by a
force spreader having the approriate flatnessand hardness. SPCO findsthat steel
spreader of 1.0" thick, 110 Bhn, minimum or equivalent in sturdy heatsink isessen-
tial. For onesown system trial experimentation using Pressure-Recording Film
[see page 6] between contacting surfacewill exhibit thedegree of uniformity being
achieved. [Film having microcapsule within which burst producing color
changes and a "topographical” image of pressure variation.]

2.3 External Clamping System

The clamping force specification which is 25000 - 30000 1b[111 - 133
kN] isto be supplied by amechanical system of spring clamps(leaf or belleville
washers) having adequate .030-.060" displacement [6] that maintainsthisforce
over theintended operating temperaturerange.
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2.3  Example of an assembly, a pulse power switch for a 12kV bus
using three (3) series 125mm thyristors

Nt es:
It isessetid for sted (SIL) farce spreaders as usedi nanassenll y showm

heretobeat least 1inthickandd proper herdness, e g 110-140Bn. For ot her
types of assenll i esthi s functi onnay beasarbedby arig dheat sink

Qsiderationfor cregpor flowof i nd vidud partswou dnake a | ovances
fapssdeimatainpessurepanisd thebdleville thet o thefiberd assimsu
| & ors and possi b y t he a unnnumcl anp.

(nsi derati ons under very highcurrent surge nost a soincl uded rection
o busbarsfar wench ngeffectsadpossid einductivel y coud edcircd aingcur-
rents and coronaeffectsinthe sypporti ng har dvare.
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2.4 Mating Surface Preparation
removal of oxideand cleaning

Plated surfacesare recommended for aluminum and copper heat dissipators.
Baresurfaces, however may beused if careful attentionisgivento cleaning
andtreatingisassured.
- Plated surfaces should be lightly sanded with 3M
"Scotchbrite”, then oil or compound applied asrecommended.
- Unplated a uminum surfaces should bevigorously abraided
withafinewirebrushor 3M " Scotchbrite" coated with Alcoa
EJC #2 compound. The EJC should be removed and the rec-
ommended compound applied or very thin layer of EJC reap-
plied.
final treatment
Apply siliconeoil* or avery thinlayer of grease or compound asindicated
below. Rotate the disk package so asto distribute the applied agent.
- bare copper use G322L or LS2037
-bareduminum  use EJC #2 or G322L on EIC pretreated surface
- tin plated copper or aluminum
preferably reapply DC 550 or SF1154
aternatively use G623 or G322
- nickd plated duminum. DC550, G623 G322L
- sllver plating is not recommended unless all parts are so
plated.
- common whitethermal grease or any powder or metal par-
ticlefilled grease should never beused
* Recommended silicone oilsare SF1154 or DC550
(200 centistoke)
Oilsand greaseareavailablefrom distributorssuch as:
- oils Eastech Chemical Co. 5700 Tacony St.
Philadelphia, PA, 19135 (215) 537 8575
- grease Smith of Philadelphia 811 CayugaAve.
Philadelphia, PA 19124-3893 (215) 743-8200
- EJC#2locd eectrica supply houses
- Pressurerecording film { FUJI Prescale Film]
McMaster Carr - part 31705K14
P.O. 7690 Chicago, || 60680 (908) 392 3200
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V. TEST RECORD/SPT407 2500V 125mm THYRISTOR

ITsv for 8.3 msec =100 kA

T case= 1259C ; VR=0

Test Recordings@T ., .. =125°C

CASE

V. versustimetrace meetsthe conditions
set forth is Section 11 and Fig. 6 for an
acceptablel. ., rating of 100kA, thatis
without evidence of thermal runaway as
defined by theauthors.

Corresponding | vs.V_loop

S 1i con Rwver @0 por arPdri con Pover porat i on



[Tg\m ratings
usud circuit conditions
coordinating withfuses,

TS\ réatingss
ing vendorsasthe stan
standing thisrating; co
Allowingthis, avendor
ated unfavorably comp

Predictability o
edge of thetemperature
and well beyond the 25
representing changeso
proper thermd represe

Pulsepower rat
peak currents: these shq
linked to anempiricall
resulting lifeexpectan

. Overall Comments

ust be properly understood. These apply for un-
ch assurviving when other componentsfail andfor

buld not be used ascriteriafor comparing contend-
ards provide only conceptual insight into under-
sequently it issubjected to broad interpretations.
ho providesaconservativerating would beeva u-
edtoonewithan optimisticrating.

burviving multi-cyclefault currentsrequiresknowl-
lependency of the on-state voltage beyond 1250C
)OC. A relationshipisneeded for on-state voltage
oy thisvery widetemperature range and used with
ationinacomputer model .

gsareusudly of sub-cycledurationandvery high
|d be backed up with proper test verificationand
pased computer mode! so asto determine DT jand



