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(57) ABSTRACT

A heat spreader comprising a sheet of transparent diamond
with an aperture therein that accommodates a solid-immer-
sion lens (SIL). The heat spreader may be mounted within a
clamp which allows the heat spreader to move freely across
the Device Under Test (DUT) whilst maintaining a very high
degree of planarity and contact between the diamond and the
silicon substrate of the DUT. The DUT is secured to its
electrical interface with a low profile clamp, the DUT may be
held within the clamp by a mechanism that applies a pressure
to the sides of the DUT package.




Patent Application Publication

14

FIGURE 1

\./

19

Jun. 11, 2009 Sheet 1 of 5

US 2009/0146359 A1
21
17
15
10
1



Patent Application Publication  Jun. 11, 2009 Sheet 2 of 5 US 2009/0146359 A1

FIGURE 2

oS ALbEL

21

FIGURE 3

17 17 10 1314 11 17 17 45
NA bt
Y/ A— _—

/ / | |
/




Patent Application Publication  Jun. 11, 2009 Sheet 3 of 5 US 2009/0146359 A1

= o
® v
e '
;]
o~
[~ ]
=
3 .
=
s
[~
b=
= (o) -

FIGURE 4
¥
8




Patent Application Publication  Jun. 11, 2009 Sheet 4 of 5 US 2009/0146359 A1

37

-
- A
m '
AN
'
' @)
'
' §
m ]
-
Q M ,
0 ]
8
~F
. m
N 8
M ."

33



Patent Application Publication  Jun. 11, 2009 Sheet S of 5 US 2009/0146359 A1

FIGURE 6




US 2009/0146359 Al

LOW PROFILE CLAMP FOR USE WITH
APPARATUS FOR THERMAL CONTROL IN
THE ANALYSIS OF ELECTRONIC DEVICES

STATEMENT OF PRIORITY

[0001] This is a continuation of pending U.S. application
Ser. No. 11/953,630 filed on Dec. 10, 2007.

FIELD OF THE INVENTION

[0002] The present invention relates to methods and appa-
ratus for inspecting and analysing electronic devices such as
MiCroprocessors.

BACKGROUND TO THE INVENTION

[0003] One known method for inspecting and analysing
electronic devices such as flip-chip packaged microproces-
sors involves optical or infrared probing of the electronic
device. During probing, a device which includes a silicon
substrate: the device under test (DUT), is powered normally
and its response is measured through the back of the silicon
substrate by analysing the phase shift in a laser probe. For
example, a modulated 1.064 um laser probe may be used. The
laser illuminates the device through an air-gap lens or a solid-
immersion-lens (SIL) and the reflected beam is collected
through the same lens. As the DUT is under power, it gener-
ates a large amount of heat and needs to be actively cooled to
maintain its temperature and prevent it from entering thermal
runaway.

[0004] In another known method, photon emission during
switching is monitored. Such a method requires that the ther-
mal conditions during the analysis are stable and reproducible
in different locations. Consequently, active cooling is also
required in such a test method.

[0005] Current state of the art inspection tools either use a
fixed diamond heat spreader to remove heat from the device,
oruse liquid, such as water, sprayed on to the silicon substrate
ofthe device to remove the heat from the device. U.S. Pat. No.
6,836,131 discloses an apparatus for spray cooling. For
example, “Transparent Heat Spreader for Backside Optical
Analysis of High Power Microprocessors”, Proceedings of
the 26” International Symposium for Testing and Failure
Analysis (2000), pp. 547-551, to T. M. Eiles, et al., discloses
a transparent heat spreader formed from a polycrystalline
diamond window which is placed in contact with the die of
the DUT. The DUT is viewed through the heat spreader which
remains stationary relative to the DUT. Any point on the die
surface of the device can be viewed through the heat spreader.
U.S. Pat. No. 5,895,972 discloses an apparatus for contacting
a DUT with a stationary light-transparent heat spreader. U.S.
Pat. No. 6,760,223 discloses an apparatus for contacting a
DUT with a stationary light-transparent heat spreader and
maintaining a constant pressure.

[0006] Viewing through a diamond window is ideal for
high power dissipation during optical imaging of operating
semiconductors. However, viewing through the diamond heat
spreader with a SIL causes a substantial loss of image quality
and significantly reduces the improvement in numerical aper-
ture (NA). Such a heat spreader can be used satisfactorily to
analyse a 90 nm feature ona DUT butis incompatible with the
optical characteristics of SILs required to resolve features on
DUTs which have a higher resolution, e.g features of 65 nm
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and below that are currently being developed. Such SILs must
touch the silicon substrate of the DUT to achieve the required
image resolution.

[0007] The use of a high pressure liquid to spray cool the
device has limited thermal conductivity, especially near a
SIL. In addition, the method does not permit wide area imag-
ing because the turbulent liquid present in the light path
impairs the image quality acquired using air-gap lenses.
[0008] Consequently, an improved apparatus for analysing
semiconductor devices is required.

SUMMARY OF THE INVENTION

[0009] The present invention provides a heat spreader com-
prising a sheet of transparent diamond having a first surface
and a second surface and an aperture formed between the first
surface and the second surface.

[0010] The diamond sheet is preferably chemical vapour
deposition (CVD) diamond, and more preferably polycrys-
talline (PC) CVD diamond. The diamond sheet preferably has
a thickness of between 300 um and 1 mm, and most prefer-
ably a thickness of 500 pm.

[0011] The thermal conductivity of the diamond sheet is
preferably greater than 1000 W/mK, more preferably greater
than 1500 W/mK, more preferably greater than 1800 W/mK,
and most preferably approximately 2200 W/mK.

[0012] The transmission of the diamond sheet is preferably
greater than 70% at 10.6 microns and greater than or equal to
65% at 1.06 microns, and transmissive at 257 nm.

[0013] The aperture is shaped and sized to accommodate a
SIL. A SIL is typically 1-4 mm in cross section diameter, with
a conical or hemispherical shape. Consequently, the aperture
may have a cross section diameter of approximately 1-4 mm,
with a conical or hemispherical shape.

[0014] In order to improve optical access to the SIL, the
aperture in the diamond may be conical such that the area of
the cross-section at the first surface is larger than the area of
the cross-section at the second surface. The walls of the
aperture are preferably optical quality to allow imaging
through the walls. By providing a conical aperture, SILs of
various diameters could be used with the same diamond heat
spreader.

[0015] The diamond heat spreader may be mounted within
a heatsink. The heatsink may have a cooling ring. The cooling
ring may comprise a copper plate. The copper plate may be
plated with gold to prevent corrosion. The diamond sheet may
be attached to the cooling ring with Indium solder. The cool-
ing ring may be air or fluid-cooled and may include a base
having a plurality of cooling fins and a cover. The coolant may
be dry air or fluid in order to reduce the amount of conden-
sation forming on the cooling ring. The base of the cooling
ring may be separated from the cover by an insulating ring.
Preferably, no cooling fins are provided on the cover in order
to reduce the amount of condensation forming on the cover.
The insulating ring is preferably of comparable size to the
base and preferably formed of Teflon. The provision of such
an insulating ring reduces the amount of condensation that
forms on the cooling ring without impacting cooling perfor-
mance.

[0016] For inputairat -50° C.,a DUT at 0°C. and a device
input power of 100 W, the thermal resistance of a heat
spreader is 0.5° C./W. Preferably the thermal performance of
the heat spreader as a whole is in the range 0.4 t0 0.6° C./W.
Consequently, a 600 W device could be cooled using com-
monly available air cooling systems.
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[0017] In use, the heat spreader is placed with its second
surface in contact with the silicon substrate of a DUT so that
the highly effective cooling properties of the diamond heat
spreader are employed to cool the DUT. In order to maximise
the resolution of the analysis, a SIL. can be placed in the
aperture in the diamond heat spreader so that the SIL is in
direct contact with the silicon substrate of the DUT. Prefer-
ably the profile of the aperture matches that of the SIL in order
to minimise heat build up.

[0018] The diamond heat spreader may be forced against
the silicon substrate of the DUT with a uniform pressure. The
SIL may also be forced against the silicon substrate of the
DUT with a uniform pressure, although the pressure on the
SIL may be controlled separately to that on the diamond heat
spreader.

[0019] The heat spreader may be movable relative to the
DUT in a direction parallel to the surface of the silicon sub-
strate of the DUT, so that any point on the silicon substrate of
the DUT can be analysed at a high resolution with the SIL,
positioned in direct contact with the silicon substrate of the
DUT.

[0020] In order to maintain a uniform pressure on the sili-
con substrate of the DUT and move the heat spreader relative
to the DUT, the heat spreader may be mounted within a clamp
which allows the heat spreader to move freely across the DUT
whilst maintaining a very high degree of planarity and contact
between the diamond and the silicon substrate of the DUT.
[0021] The clamp may comprise a frame having rails in an
X-direction and a Y-direction which is perpendicular to the
X-direction. The X- and Y- directions may be parallel to the
surface of the silicon substrate of the DUT. The heat spreader
may be mounted to slide on the rails. Consequently, the heat
spreader can be positioned at any position within the frame in
the X-Y plane. The frame may be provided with one or more
springs for applying pressure to the heat spreader in a direc-
tion towards the DUT. The springs allow the heat spreader to
be forced toward the DUT with a constant force without
restricting its movement in the X-Y plane.

[0022] Theheatspreader and SIL may be movabletogether.
[0023] Sincethe diamond heat spreader may be moved with
the SIL, it is not necessary for the diamond sheet to cover the
whole silicon substrate of DUT. Consequently, the size of the
diamond can be reduced relative to known prior art devices,
and the cooling ring can be brought closer to the SIL and the
DUT.

[0024] The SIL lens could be movable out of the aperture,
and an air gap lens could be provided which could be used to
analyse a larger area of the DUT atalower resolution, through
the diamond heat spreader. In such a case, the diamond heat
spreader may be large enough to cover a portion of the silicon
substrate of the DUT or the whole of the silicon substrate of
the DUT.

[0025] Consequently, the arrangement of the present inven-
tion can be used in conjunction with both air-gap and SIL
lenses. Therefore, both global-imaging and pin-point mea-
surements can be achieved using the same heat spreader by
taking advantage ofboth the optical transparency and thermal
conductivity characteristics of diamond.

[0026] Index matching fluid may be provided between the
diamond and the silicon substrate of the DUT to eliminate
reflection losses associated with light passing through the
interface between dissimilar materials. In addition itis used in
this invention to minimise friction between the diamond and
the silicon substrate of the DUT and to improve the thermal
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contact and heat transfer. The index matching fluid may be
sufficiently displaced from under the SIL to avoid affecting its
optical performance.

[0027] In order to improve cooling of the SIL through the
diamond, the SIL. may be in intimate contact with the dia-
mond heat spreader, and/or index matching fluid may be
provided between the diamond and the SIL.

[0028] Analysis ofthe DUT is performed by connecting the
DUT to a socket which allows for easy insertion and removal
of the DUT. Such sockets use spring probes. Although the
force required to connect each probe is low, the number of
probes is very high (up to several thousand). Therefore,
assuming the maximum compression force is 250 1bs, the
DUT must be pushed downwards onto the socket with 250 Ibs
of downward force. This is generally achieved by holding the
DUT in a clamp which pushes down on an upper surface of
the DUT package.

[0029] Accordingly, the present invention also provides a
clamp for a DUT which overcomes this problem. The clamp
has a very low profile which enables the heat spreader to move
over alarge area without colliding with the clamp in which the
DUT is mounted. In particular, the clamp is provided so that
its uppermost surface is flush with the DUT package surface.
Typically silicon substrates are thinned to 100 um for such
analysis. Consequently the silicon substrate surface is posi-
tioned about 100 pm above the DUT package surface and,
about 100 um above the uppermost surface of the clamp.

[0030] Inorderto secure the DUT to its electrical interface
with a low profile clamp, the DUT may be held within the
clamp by a mechanism that applies a pressure to the sides of
the DUT package. In particular, the DUT clamp comprises a
frame having a first surface and a second surface parallel to
the first surface, and an aperture formed between the first
surface and the second surface for housing a device under test;
a first jaw and a second jaw; a first spring positioned to bias
the first jaw in a first direction towards the aperture for hous-
ing the device under test; and a second spring positioned to
bias the second jaw in a second direction towards the aperture
for housing the device under test; wherein the first direction is
perpendicular to and coplanar with the second direction and
parallel to the first and second surfaces.

[0031] Each spring forces each jaw against the DUT pack-
age, and each jaw forces the DUT package against a surface of
the frame. Preferably no part of the first or second jaw, or the
first or second spring extends above the first surface of the
frame. The spring force of each of the first and second springs
may be adjusted using a set screw. The spring force of each of
the first and second springs may be limited by limit posts
provided on the springs. At least two protrusions may be
provided on the first surface of the clamp frame. Such pro-
trusions ensure that the heat spreader is maintained at a con-
stant distance from the DUT package across the whole silicon
substrate. The protrusions may extend the same distance
above the first surface of the DUT clamp as the thickness of
the silicon substrate of the DUT to ensure a contact force
planarity between the heat spreader and the silicon substrate
of the DUT.

[0032] Both the clamp frame and the clamp jaws may be
formed from stainless steel. The springs may be formed from
beryllium copper which has a lower stiffhess than stainless
steel and consequently provides more control and feedback
for the user mounting the DUT. The surfaces of the frame and
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jaws that are in contact with the DUT package are treated with
a bead blast finish or coated with rubber to increase their
coefficient of friction.

[0033] If the number of spring probes is n and the force of
each spring probe is F,, then the total downward force
required is F n. Assuming the finish given to the stainless steel
jaws and housing raises the coefficient of friction against the
socket to L, this means that the jaws must provide a total
sideward force of F n/pi to resist movement from the spring
probes. For example, if the maximum downward force, F.n,
required is 250 1bs, the DUT clamp must provide 250 lbs of
downward force by clamping sideways to maintain the DUT
within the clamp. If the finish given to the stainless steel jaws
and housing raises the coefficient of friction, 1, against the
DUT to 0.4, the jaws must provide a total sideward force of
625 1bs to resist movement from the spring probes.

[0034] The DUT clamp controls the clamping force, main-
tains a very low profile and takes up a minimum amount of
electrical interface area.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Embodiments of the present invention will now be
described with reference to the following drawing, in which:
[0036] FIG.1showsaschematictop view ofa heat spreader
according to the present invention;

[0037] FIG. 2 shows a cross-sectional view of the heat
spreader of FIG. 1;

[0038] FIG. 3 shows a cross section view of the heat
spreader of FIG. 1 when positioned in contact with a silicon
substrate of a DUT;

[0039] FIG. 4 shows a perspective exploded view of a heat
spreader according to the present invention;

[0040] FIG. 5 shows a perspective view of the clamp and
frame;

[0041] FIG. 6 shows a top view of the DUT clamp with the
DUT in place.

DETAILED DESCRIPTION OF THE INVENTION

[0042] FIGS.1to 3 show a heat spreader 1 according to the
present invention. The heat spreader 1 includes a sheet 10 of
transparent diamond having a first surface 11 and a second
surface 12 and an aperture 13 formed between the first surface
11 and the second surface 12. The diamond sheet 10 prefer-
ably has a thickness of 500 pm.

[0043] Theaperture 13 is shaped and sized to accommodate
a SIL 14. The SIL 14 typically has a diameter of 1-4 mm.
Consequently, the aperture 13 typically has a diameter of
approximately 1-4 mm.

[0044] In order to improve optical access to the SIL, the
aperture 13 in the diamond sheet 10 is conical such that the
area of the cross-section of the aperture 13 at the first surface
11 is larger than the area of the cross-section of the aperture 13
at the second surface 12. The walls of the aperture 13 are
smooth in order to improve imaging through the diamond 10.
The provision of the conical aperture 13 allows the same heat
spreader to be used with SILs of different diameters.

[0045] The diamond sheet 10 is mounted within a heatsink
comprising a cooling ring. The diamond sheet 10 is attached
to the cooling ring with Indium solder in the area marked by
arrow 16 in FIG. 2. The cooling ring is air-cooled and includes
a base 15 formed from copper plated with gold to prevent
corrosion. The cooling ring includes a plurality of air chan-
nels and a cover 18 shown in FIG. 4. The air channels 17 are
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connected to an air source via inlet and outlet cooling hoses
19. The base 15 of the cooling ring is separated from the cover
18 by an insulating ring 18a. No cooling fins are provided on
the cover 18 in order to reduce condensation forming on the
cover 18. The insulating ring is the same size as the base and
preferably formed of Teflon. The provision of such an insu-
lating ring reduces the amount of condensation that forms on
the cooling ring without impacting cooling performance.
[0046] Inuse, the heat spreader 1 is placed with its second
surface 12 in contact with a silicon substrate 21 of the DUT 20
so that the highly effective cooling properties of the diamond
heat spreader 1 are employed to cool the DUT 20. In order to
maximise the resolution of the analysis, a SIL. 14 is placed in
the aperture 13 in the diamond sheet 10 so that the SIL 14 is
in direct contact with the silicon substrate 21 of the DUT 20.
The profile of the aperture 13 matches that of the SIL. 14 in
order to minimise heat build up.

[0047] The diamond heat spreader 1 is forced against the
silicon substrate 21 of the DUT 20 with a uniform pressure.
The SIL 14 is also forced against the silicon substrate 21 of
the DUT 20 with a uniform pressure. The pressure on the SIL,
14 is controlled separately to that on the diamond heat
spreader 1.

[0048] The heat spreader 1 is movable relative to the DUT
20 in a direction parallel to the surface of the silicon substrate
21 ofthe DUT 20, so that any point on the silicon substrate 21
of'the DUT 20 can be analysed at a high resolution with the
SIL 14 positioned in direct contact with the silicon substrate
21 of the DUT 20.

[0049] As can be seen from FIG. 5, the heat spreader 1 is
mounted within a clamp 30 in order to maintain a uniform
pressure on the silicon substrate 21 of the DUT 20 and move
the heat spreader 1 relative to the DUT 20. The clamp 30
allows the heat spreader to move freely across the DUT 20
whilst maintaining a very high degree of planarity and contact
between the diamond sheet 10 and the silicon substrate 21 of
the DUT 20.

[0050] The clamp 30 comprises a frame 31 having rails 32,
33 in an X-direction and a Y-direction which is perpendicular
to the X-direction. The X- and Y- directions are parallel to a
surface of the silicon substrate 21 of the DUT 20. The heat
spreader 1 is mounted to slide on the rails 32, 33. Conse-
quently, the heat spreader 1 can be positioned at any position
within the frame 31 in the X-Y plane. The clamp also includes
a plurality of springs 34 for pushing the heat spreader 1
towards the DUT 20. The springs 34 allow the heat spreader
1 to be forced toward the DUT 20 with a constant force
without restricting its movement in the X-Y plane.

[0051] The heat spreader 1 and SIL 14 can be moved
together.
[0052] Since the heat spreader lower surface is highly pol-

ished, the heat spreader can slide across the surface of the
silicon substrate 21 without scratching the substrate.

[0053] Since the heat spreader 1 can be moved with the SIL
14, it is not necessary for the diamond sheet 10 to cover the
whole of the silicon substrate 21 of the DUT 20. Conse-
quently, the size of the diamond sheet 10 is smaller than that
used inknown prior art devices, and the cooling ring 15 can be
brought closer to the SIL. 14 and the DUT 20.

[0054] The SIL lens 14 is movable out of the aperture 13,
and an air gap lens (not shown) could be provided which
could be used to analyse a larger area of the DUT 20 at a lower
resolution, through the transparent diamond sheet 10. In such
a case, the diamond sheet may be large enough to cover just a
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portion of the silicon substrate 21 of the DUT 20 or, alterna-
tively, the whole of the silicon substrate 21 of the DUT 20. A
preferred design is to provide imaging for the largest field of
view of all lenses installed on the inspection tool.

[0055] Since the arrangement of the present invention can
be used in conjunction with both air-gap and SIL lenses, both
global-imaging and pin-point measurements can be achieved
using the same heat spreader.

[0056] Index matching fluid (not shown) is provided
between the heat spreader 1 and the silicon substrate 21 of the
DUT 20 to minimise friction between the heat spreader 1 and
the silicon substrate 21 of the DUT 20 and to improve the
thermal contact and heat transfer. The index matching fiuid is
sufficiently displaced from under the SIL 14 to avoid affect-
ing the optical performance of the SIL.

[0057] In order to improve cooling of the SIL 14 through
the diamond sheet 10, the SIL. 14 is positioned in intimate
contact with the diamond heat spreader, and index matching
fluid is provided between the diamond sheet 10 and the SIL
14.

[0058] TheDUT 20 is held within a clamp 40. The clamp 40
has a very low profile which enables the heat spreader 1 to
move over a large area without colliding with the clamp 40 in
which the DUT 20 is mounted. In particular, the uppermost
surface 41 ofthe clamp 40 is flush with the back surface of the
package of the DUT. Typically the silicon substrate is posi-
tioned about 100 um above the DUT package surface and
consequently, about 100 um above the uppermost surface 41
of the clamp 40.

[0059] In order to secure the DUT 20 to its electrical inter-
face with a low profile clamp 40, the DUT 20 is held within
the clamp by a mechanism that applies a pressure to the sides
of the DUT package 20. In particular, the DUT clamp 40
comprises a frame 42 in which is mounted a pair of jaws 43.
Each jaw 43 is forced against the DUT package 20 by a spring
44. The first jaw 43 is forced by the first spring 44 in a first
direction and the second jaw 43 is forced by the second spring
44 in a second direction which is coplanar with and perpen-
dicular to the first direction. Each of the first jaw 43 and the
second jaw 43 forces the DUT package 20 against a vertical
surface of the frame 42. The spring force of each of the first
and second springs 44 is adjustable using a set screw 45. The
spring force of each of the first and second springs 44 is
limited by limit posts 46 provided on the springs 44. Protru-
sions 47 are provided on the uppermost surface 41 of the
clamp housing 42. These protrusions 47 ensure that the heat
spreader 1 is maintained at a constant distance from the DUT
package across the whole silicon substrate 21. The protru-
sions 47 extend 100 um above the uppermost surface 41 of the
DUT clamp 40, i.e. the same distance as the thickness of the
silicon substrate 21, to ensure a contact force planarity
between the heat spreader 1 and the silicon substrate 21 of the
DUT 20.

[0060] Both the clamp frame 42 and the clamp jaws 43 are
manufactured from stainless steel. The springs 44 are manu-
factured from beryllium copper which has a lower stiffness
than stainless steel and consequently provides more control
and feedback to the user. The surfaces of the frame 42 and
jaws 43 that are in contact with the DUT package 20 are
treated with a bead blast finish or coated with rubber to
increase their coefficient of friction.

[0061] Analysis ofthe DUT 20 is performed by connecting
the DUT 20 to a socket 50 which allows for easy insertion and
removal of the DUT 20. Such sockets 50 use spring probes. If
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the maximum compression force required is 250 1bs, the DUT
clamp 40 must provide 250 Ibs of downward force by clamp-
ing sideways to maintain the DUT 20 within the clamp 40
when it is connected to the socket 50. If the finish given to the
stainless steel jaws and housing raises the coefficient of fric-
tion (1,) against the socket to 0.4, this means that the jaws
must provide a total sideward force of 625 Ibs to resist move-
ment from the spring probes.

[0062] The DUT clamp 40 controls the clamping force,
maintains a very low profile and takes up a minimum amount
of electrical interface area.

[0063] It will of course be understood that the present
invention has been described above purely by way of
example, and that modifications of detail can be made within
the scope of the invention as defined by the claims.

I claim:

1. A clamp for use in testing an electrical device compris-
ing:

a frame having a first surface and a second surface parallel
to the first surface, and an aperture formed between the
first surface and the second surface for housing a device
under test;

a first jaw and a second jaw;

a first spring positioned to bias the first jaw in a first direc-
tion towards the aperture for housing the device under
test; and

a second spring positioned to bias the second jaw in a
second direction towards the aperture for housing the
device under test;

wherein the first direction is perpendicular to and coplanar
with the second direction and parallel to the first and
second surfaces.

2. The clamp of claim 1 wherein no part of the first or
second jaw, or the first or second spring, extends above the
first surface of the frame.

3. The clamp of claim 1 further comprising a set screw for
adjusting the spring force of the first spring.

4. The clamp of claim 1 wherein the first spring includes at
least one limit post for limiting the spring force of the first
spring.

5. The clamp of claim 1 further comprising at least two
protrusions provided on the first surface of the frame.

6. The clamp of claim 1 wherein any surfaces of the jaws
and frame that face the aperture through the frame have been
treated with a finish to increase the coefficient of friction.

7. The clamp of claim 2 further comprising a set screw for
adjusting the spring force of the first spring.

8. The clamp of claim 2 wherein the first spring includes at
least one limit post for limiting the spring force of the first
spring.

9. The clamp of claim 2 further comprising at least two
protrusions provided on the first surface of the frame.

10. The clamp of claim 2 wherein any surfaces of the jaws
and frame that face the aperture through the frame have been
treated with a finish to increase the coefficient of friction.

11. The clamp of claim 3 wherein the first spring includes
at least one limit post for limiting the spring force of the first
spring.

12. The clamp of claim 3 further comprising at least two
protrusions provided on the first surface of the frame.

13. The clamp of claim 3 wherein any surfaces of the jaws
and frame that face the aperture through the frame have been
treated with a finish to increase the coefficient of friction.
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5
14. The clamp of claim 4 further comprising at least two 16. The clamp of claim 5 wherein any surfaces of the jaws
protrusions provided on the first surface of the frame. and frame that face the aperture through the frame have been
15. The clamp of claim 4 wherein any surfaces of the jaws  treated with a finish to increase the coefficient of friction.

and frame that face the aperture through the frame have been
treated with a finish to increase the coefficient of friction. ok ow R



