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HIGH PRESSURE CLAMP CELL FOR DILUTION REFRIGERATOR 

GENSHIRO FUJII, YASUKAGE aDA, AND HIROSHI NAGANO 

The Institute for Solid State Physics, University of Tokyo 
Roppollgi 7, Millato·ku, Tokyo 106, japQlI 

Two small high pressure clamp cells using at about thirty millikelvin 
region are devised. These consist of one couple of Bridgman-anvils and two 
flanges. One is used for a d.c . electric resistance measurement and anoth­
er is used for an a.c . magneti c s us ceptibility measurement under high pres­
sure . The sample is placed between two smal l anvils and a hydraulic press 
pressurizes it at room temp erature. To maintain th e pressure applied to 
the samp le, the anvils are clamped by three bolts. The highest pressure 
attained by these clamp cells is fifty kbar . The clamped higb pres s ure 
ce ll is att ached to the undersi de of the mixing chamber of a helium 3/ 
helium 4 dilution refrigerator and is coo l ed down to thirty millikelvin. 
Several design points of the clamp cell and its cooling process are 
described. 

1. Introduction 

Hi gh pressure experiments at the liqid 
he lium t empera ture region have been con- . 
ducted and seve ral pressure-induced super­
conductors have been discove red(l) in 
r ecent years . As th ere are the interes t s 
that whether there is s till any other pres­
su r e-induced superconductor or not, whether 
th e superconducting properties a re destroy ­
ed by the application of very high pressure 
or not(2) a nd what is the pressure depend­
ence of th e s uperconducting transition 
tempera ture of low Tc superconductors, high 
pressure experiments at further low temper­
ature region are required. 

In order to cool the high pressure 
apparatus down to the several tens milli­
ke lv in region, the following technical 
probl ems have to be solved. 

First: The heat leakage from the out­
side have to be reduced. 

Second : Th e small s ize apparatus must 
be designed. 

Third: Whether hydrostaticity of the 
pressure transmitting medium 
ex i sts at low temperature in 
the case of the small apparatus . 

In recent years, several papers of 
high pressure exper iments at t emperatures 
lower than 1 kelvin are reported. Those 
are as follows. Levy and Olsen(3) cooled 
a clamped apparatu s of 21 kbars using a 
helium 3 cryostat. Brandt and Ginzb~rg(4) 
tried to cool a small ice bomb cell down 
to RO millikelvin by an adiabatic demagnet" 
i za tion method and measured the supercon­
ducting tran s ition temperature of Cd under 
27 khars. Renoit et a1. (S) tried to coo l 
a small clamp cell of 10 khars down to 16 
mil likelvin a l so by the adiabatic demagnet­
ization method and studied a nuclear ori­
entation experiment. Stri t zker et al. (6) 
reported to coo l a high pressure cell 
using a dilution refrigerator down to 70 
millikelvin for studying the pressure 
effects on the superconducting materials . 

In order to study the pressure effects 
on low transition temperature superconduc­
tors, two sma ll high pressure clamp cells 
are devised . These are originally design­
ed for the experiments at the liquid helium 
temperature(7) and are redesigned for the 
experiments at temperatures of th e seve ral 
tens millikelvin region. 

In this paper, the details of two 
clamp cells, the cooling method, the pres­
sure calibrations and the temperatur e 
distribution of th e cell during the coo lin g 
process are described. 

2. Small high pressure clamp ce ll 

Among several types of high pressure 
apparatus, it is bes t to use the clamp 
eel] for attaining temperatures lower than 
100 millikelvin, because of it s small heat 
capacity and it s s mall heat l eakage during 
the exper iment. In this method, the sample 
is placed betwe e n two small anvils and a 
hydraulic press pressurizes it at the room 
temperature. To maintain th e pressure 
applied to the samp l e, the anvils are 
clamped hy the screw mechani s m. In Figs . 
1 and 2, two clamp ce ll s are shown which 
are originally designed a t liquid helium 
temperatures(7), and are rede ;;igned for 
this purpose. The sample is placed be­
tween the anvils and these anvils are he ld 
between two flanges and thes e f l anges are 
tightened by three bolts. As two flan.ges 
are used in this type of clamp apparatus, 
it is very easy to replace the sa mple, to 
avoid th e twisting of the samp l e and the 
breaking of lead Wires, and it is conven· 
ient to fix the measuring coils for an 
a.c. magnetic susceptibility which is 
shown in Fig. 2 . For attaining the accu­
rate and reproducible pressure, several 
torque wrenches are used. 

The sample assembly for a D-J type 
cell is s hown in Fig . 3. The pyrophyl1ite 
ring is heated to 650°C for 30 minutes in 
order to incre ase its hardness, and then 
is fixed with an insulating cement to th e 
face of the anvil . A sample is placed 
in the talc disc which is a pressure 



Photo. 2 High Pressure Oil Vessel 

Photo. 3 A.Scanning Electron Micrograph 
of the As-grow Diamond Crystals 
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Table 1 Practically Available Pressure and Volume Relations for These 4pparatus 

HO-type OH-type OO-type 

edge length 0.5 10 15 25 15 35 45 1,, 16, l 
~----~ac~m~--~--~--~~ __ ~ __ ~ __ ~! ___ t--1 
~:i!ped 0.059 0.47 1.59 7.366 3.375 20.21 I 42.96 ', 78.43 I 129.5 1 
space Vo cm; 

I pressure I 

medium 0.129 0.53 1.04 16.18 7.425 44.40 94.38 172. 31 284.4 i 

~vo_l_u_mLr~1~311)3~V~oc~m.3~ ______ +-____ -+ ______ i-____ -1r-____ -t ______ t-____ -t __ ----li--- ---
achieved 
practical 
pressure Pl kb 

250 180 130 100 100 90 75 65 i 55 


