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FOUR LEAD ELECTRICAL RESISTANCE

MENSWMEﬂﬂTES IN BRIDGNAN AHVILS

Harold Stromberg and George Jura

Bepartment of Chemistry and Inorgenic Meterials Division
of ILawrence Radiation Laboratory
University of California, Berkeley, California

A geometry is described which perﬁits four lead electrical determiné-
ﬁions of the pressure'coefficient of résistance of metals in Bridgmen anvils,
.. It is also possxble in this geometry to mount more than one semple and to
~meke independent mea¢urements on each sample simultaneously.

When Br;dgmanl develoPQd the anvils for the_determlnation of electrical !

1. PM. Bridgman, Proc. Amer. Acad. Arts and Sci., 81, 165, (1952).

‘_resistandefmeasurements, he found 1t esseantial to run all of the necessary
) N :; -\' . . o ‘
leads through the anvil faces. This introduced en unknown contact resistonce

for which no exact correction could be made. In most systems, however, the
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contact resistance was negliwlbly small compur°d to the total resiatance.

% o Brldgman made several atteths to run leads through the sides of the pyrophylite

fﬁ__ . ring directly into the sample, but the leeds were pinched off at such a low

Af i o pressure that this technique wes discarded.
o .The apparent reason for the pinching was the very large pressure gredient

;V-:‘ that exists in the gasket. In an earlier papera by the present authors it was

2‘.4 PW. MOﬁﬁgOﬁé?ﬁ,_ﬁ. Stromberg, 8. H. Jura and G. Jura, in Press
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% ) :-. : " shown 'thé.t‘ in the 1/52 in. wide pyrophylite ring, that the pressure gradient
LT -

in the gasket went from e few kilobe.rs at the outside edge to a pressure

o : roughly 20% higher than the avera.ge applied load in 0.025 in. This pressure

R gradient is above ’che shear ‘strength of any wire, a.nd consequentlyv breakage
- ';ﬁy'shea.r occurred. We have found that by 1ucreasing the width Of the ring to
, - .3/52 in., and increa.sing the thickness of the ring from 0 010 to 0.020 in.,
that it is possi'ble to insert electrical leads thxroug,h the 1'1!18 "ith‘)‘-‘t in-

".-;troducxng sufficient. shear to cut the wi*e to an applied average 1oad of about
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e 200 kilobars. The ring desigx ha.s also been found to cha.nge the pressure-load

,,,,,,

,'relationships due to the increased gasket vidth. Also, because of the increased

thickness of the silver chloride, 11: 15 possi‘ble to mount. more’ than one sample '
l | in the some cavity, and xna.ke ind.ependent measurements on eache. : '

' Flgure l shows ina schematio m.nner the method of moun'bing a single

‘sample‘ '.l'he two silvez' chloride discs, A, are punched from prerolled sheet,
Lof caremlly controlled thickness, toza diameter 0. 010 in. less than the ine

terne.l diameter of the pyrophylite ring. Gold electrical contacts, B, are in~

serted in 0 020 in. holes drilled near tha edge of the r:lngs- ‘I’hese plugs are

such a thz.ckness that contact is made between the anvils and. the vire M, when
;ithe assembly is under load. The wire M 13 usualhr 0.005 in. in diamzter and is )
“’ ) / _'bent 1n ) circular arc, flattened a.t the ends to abowb .002 in' and mounted cone
RS centric ’co the conter of the amril face, which insures mininmm pressure gradient

v

in the smnple. 'I'he ends of the lead virea, I., are also flattened at the ends

4/’

‘ where contact is made with the smnple wire in order to reduce 'c.endency to pinch
at the contac‘b point. In order to facilitate mounting of the lea.d wires the
containing pyrophlite gasket ia nede in tvo sections, o.oz.o in. thick end 3/32 in.

wide. On ﬁnal assem’bly one gasket is ploced on the anvil fa.ce, next the silver

"!n
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" the center disc o connect the two semp&e wires’ 1n series. To obtain more o

f’]time within the silver chloride cell, ;'“T“

ES B - + UCRL-10333 .

:'chloride assembly céntaining the éample ang lead wires is placed Qithin<this ‘

:"ring;-aﬁd'theﬁ_the'geégpd_iipg ié'place&l9§§fﬂfhe'ieads. The fo§ end side
'Viéws 6§‘a‘éoﬁ§lete&'ée£ﬁ§ are'shown in‘Fig;‘é. ‘The dimensions given are for
:1/2 dlameter anvil faees. For smaller anvil diameters same gasket thickness

and sample clearances are used. -

It'is“reldtiveiy éasy to'mOUnﬁltﬁo Eepéraie‘sambles in'the.éaée:bhpéﬁle‘

ey using three thinner silver chloride’ discs with an appropriate 8°ld plug in

e

"accurate voltage drop data aéroas each sample, separate leads are used.‘ ‘This

reqpires that four leads pass through the gasket for a double sample ‘test.

’Severalatmmes ve have attempted to mount 3 separate aemples 1n 'the seme capsule;

but ve have not as yet been able to make a successful run due to the complexity

‘j of the asgembly. An electrical short or breaking of the circuit occurred each

4 .

It was found that metals with hxgh modulus of elaaticity such as tungsten,

=‘molybedenum and platinum make the most successful lead through wires. 0.005 in.
'}*diameter wires did not un&ergo shear failure. Platinum is ;he most desifable
"}sxnce_lt;can-beveasily soldered,however, i1t has the disadvantege of lower shear
>"“: st:éngth than éitheg-tungsten brimélybedenum and it fails at.abodt 125 kilobars.
, Tunéstén has thé disadﬁantagé of ena ffaying duriﬁg.the flattening'éroceés.?'
v"b'Mechanically molybedenum is superior and has been uged for most ‘of our tests
;despite its poor seldering qualities. A crimping procedure has been develoPed

ffor connecting external lead wires to molybedenum and tungsten, which introauces.'

relatively small contact errors. Both of these metals will successfully resist

.
Voo ey -
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shear breakage to pressures of 200 kildbars.'-f“}ﬂf"5'



5

& éR_h:bridge'manﬁfdé%uiéd by'Béldwin Lime Hamilton Corporation.

[

"UCRL-10333

- Electrical resistance measurements of the samples are mode by pessin:
a constant current through the entire sample stack comnected in series. Current

connections are mede through the snvil faces:. The IR drop is measured ocross

" %he individuél‘sampieéiwith.ééyarafe lecds that pess through the split pyrophylite

rings, Ohms' Lew is then used to compute the resistance of the somple. Pressures

s

are determined with a strain goge instrumented steel load cell in conjunction with

. Lt
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- Pigure three shows a bypicel determination using this technigue. This was

‘a'twd sexmple assembly One bismuth, the other. mangehin. The bismuth 1-2 and 6-8

trengitions are used as an internal pressure calibretion. The S8R k readings

have been converted to pressures on the assumption that the 1-2 transition occurs

at 95.5 kilobars, -and that the pressure is proportional to the load. There is

some evidence that this latter escumption is not valid until pressures of ebout

30 to 35 kilobars are reached.
Due to the use of a wider gaskel giving a higher gasket to silver chloride.

area ratio, the effective area of the anvil over which the load is distributed

"is grEatly decreaged. With the standard rings es used, by Bridgman, the load

requiréd t0 attein the same pressures in 1/2 in. faces is about %0% greeter

than the required using this technigue. In the l/k in. face anvils, the load

required to sttein a given pressure is roughly l/h‘of the calculated reguired

load. In this case the bismuth 1-2 transition occurs at an indicated load of

between 6 and 7 kilobars.
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FIGURE LEGFHDS

 Fig,=l.f-Schematic sketch of setup using leads through gasket.
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op and side views.of ssscmbly for multilead measurcmento.
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esistences of bismuth and manganin as determined simultaneocusly

and independently using four leesd measurements.
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