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Clamp Cell for High Pressure- Low 
Tempera:ture X-Ray and 
Mossbauer Resonance 

Studies* 

C. \\'. CIII!lSTrJF: .\:-:ll H. G. DllICKA~IE.R 

{J,p,lrtmellt (Of Plrysics, IJepartmt?lIt ",- Clrem istry ,lnd ClicJlliCtl/ 
t:1l~i/leering and .tf tltcr[(}/s Reseafeill.aboralor)" l'lIh'ersity 

Qf ]lliJll>is, Crballll, Illill vis 61801 

(12 .·\ugus t 1968; and in final form, 2i September 19681 

T HE clamp cell for obtain in;! high pressures at low 
tempcratures was first dcwloped by Chester and 

J()l\e~.1 Buckel anel Cey2 haYe extended its use to pressures 

in L' XC ('SS of 160 kilobars. This note describes a cell ior 

\ ray and .\Ji.issbauer resonance sludies at high pressure 

;\11<1 low tempt:rature. The pres5ure is generated het"'ee:n 

t\l'll Bridgman am'ils wi th thts ().203 cm in diameter, made 

fro m grade 999 Carboloy, work hardened, and loaded as 

dl:~dibed in a. previous paper:; on .\lOssbauer resonance 

t"ltlip l1len t ior use nea r room tcmperature. The pistons 

l!lake a slip tlt in the cell, which is shown in exploded vie'" 

in Fig. 1. The body contaii1s an inlet hole and a 90° slot 

i'.'r egress of x rays or 'Y rays. It can be pinned precisely in 

I'l:tce in the x-ray spectrometer or .\/6ssbauer apparatus 

hy means of three equally spaced holes in the base. 

The. cap is hexagonal to permit application of torque. 

The cell.can be made of hardened beryllium copper or of 

hardened alloy steel depending on the amount of pressure 

intensification desired in cooling. :\bove and beloll' the 

p(j~itions . are shims. In Fig. 1 th e contact parts of these 
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shims arc Carboloy> but other materials are possible. The 
design minimized the possibilit:· of rotating one piston 
with respect to the other. The pistons and cells can be made 
in a variety of dimensions without affecting the Gtlibra
tion as long as the fht diamcter of the pistons is main tained 
at 0.203 cm. Two sets arc shown in Table r. 

Pressure is applied hydraulically \\'ith a Carboloy piston 
through the 1.2iO cm diam hole in the cap. Torque is 
obtai ned through an hexagonal nut fitting over the cap 
'which is turned by a torque wrench. The pressure calibra
tion procedure used was as follows. The cell was loaded 
as described in a previous paper3 on high pressure 1\16ss
bauer techniques, then the x-my spectrum of the marker 
was obtained. The cell was placed in the press, and pres
sure, then torque was applied, and a second spectrum 
taken. If the ratio of torque to applied force was kept in 
the range of 0.2- 0.27 cm. (i .e" a ratio of torque to pressure 
on the ft.at of 0.006- 0.008 cm3), the exact value did not 
affect the calibration. The pressure obtained in the cell was 
O.82±O.07 tin1es the pressure obtained by direct measure
men t under pressure3 using a hydraulic press. Substances 
used include AI, NaF, ::\1 gO, and CaO. The cell was then 
cooled in place to liquid nitrogen temperature. Because of 
differences in thermal expansion, a pressure intensification 
resulted, which was more reproducible than the applied 
pressure-clamp pressure correlation discussed above. Ex
amples for a beryllium.,-copper cell and a steel cell are 
shown in Fig. 2. It is quite practical to reach pressures of 
240 kilobars. The limitation is the bl~'~~'out of the sample 

during cooling. The use of other pressure media, or of the 

supported taper cell,4 could well permit much higher 

pressures. 

TABLE 1. Typical cell dimensions. 

Dimension Large cell Small cell 
I 

r\ 7.303 cm 5.397 cm 
B 2.381 cm 2.381 cm 
C 3.175 cm 
D 6.180 cm 3.925 cm 
E 0.952 cm 0.900 cm 
F 4.330 cm 2.857 cm 
G 1.270 cm 1.2iO cm 
H 0.100 cm 0.100 cm 
J 4.128 cm 4.921 cm 
K 3.334 cm 3.33-l cm 
L 2.540 cm 2.85i cm 
M 0.635 cm OAi6 cm 
N 0.430 cm 
P 0.635 cm 0 .635 cm 
Q 7.620 cm 6.509 cm 
R 4.763 cm 3.-192 cm 
S 0.952 cm 0.952 cm 
T 0.635 cm 0.635 cm 
C 3.651 cm 2.5-tO cm 
V 8.414 cm 6.350 cm 
W 6.350 cm -l.128 cm 
X 4A-15 cm 2.85i cm 
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Simple Design for an Ion Source of the 
Oscillating Electron B.eam Type 

BILLY L. CROlrDER '-\~l) X. A. PE)'''EDlU: 

IB.l! WotSOIl Researclt Gellfer, York/o .. '" IIeigltts, /I,-ew r ork 10598 

(Recei\'ed 23 .-\ugust 1968) 

A ~r.-\JOR requirement of ion implantation doping of 
semiconductors is the production of stable ion beams 

of sufficient intensity in the desired ion species to allow 
one to achieve the doping le\'els required in semiconductor 
de\-ice fab rication in a reasonable time period. The accel
orator we are using is a 300 kY Cockcroit-'Yalton machine 
m anufactured by T exas Xuclea r. Such machines are ofkn 

equipped \\ilh a low power rf source (120 ,,'), " 'hich is 

quite adequate for gases which do not decompo'c into 

condensable species. Such a source is not adtquate for 

extended operat iun \\·i th gases such as B F3 or PF,:; since the 

output quickly degradcs-presumably due to the honing 

elTtct of the condeJlsed lilm on the walls of the sou rce. In 

this note wc wish to report on the design of a lightwcight 

source which is simple to constmct and which can be used 

as a direct n:piacclllcnt for the conYl'ntional rf source. 

The source that wc are de cribing is an 0 cilbting elec

tron source, In this source, electrons emitted from.a 
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FIG. 1. Schematic drawing of the o5cillating electron source. 

heated filament oscillate in helical paths through a hollow 
anode between two ground planes under the combined 
action of the electric field and a magnetic field from a 
solenoid. The theory of operation of such a source has 
been studied in detail.l,2 

The mechanical construction of our source is shmYIl in 
Fig. 1. The body of the source is quartz tubing (3.5 cm 
diam and 9 cm length) \\'hich is sealed to a stainless steel 
or aluminum flange with epoxy. This flange is made to 
fasten directly onto the ion source base flange supplied 
for use with the rf ion source. The only modifica tion neces· 
sary in the latter flan ge is the use of a circular aperture 
(2 .5 mm diam) instead of the metal exit canal and 
quartz sleeve used "'ith the rf source. The filament (0.18 
mm W) and the anode (0.635 nU11 ~ro) are attached to 

feedthroughs fastened in a stainless steel end plug. The 
vacuum seal to the quartz tubing at this end is made by ,I 
Vi ton O-ring as shown. The anode is made in the form of 3 

FIG. 2. Schematic dra\l'in~ of the wiring diagram for th.: 
oscillating electron source. . 
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