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DYNAMIC STRUCTURAL COUPLING MECHANISM FOR
REDUCING OPTICAL DEGRADATION IN VIBRATING
ENYIRONMENTS

The application is a continuation-in-part of copending application serial
No. 09/248,783 filed February 12, 1999-for Dynamic Structural Coupling Mechanism for
Reducing Optical Degradation in Vibrating Environments. '

BACKGROUND OF THE INVENTION

This invention relates generally to the use of optics for testing
semiconductors and integrated circuits for defects, and more partiéularly the preferred
embodiment of this invention relates to use of a video microscope assémbly for emission
microscopy comprised of an objective lens, optic tube, video imaging system (CCD or
similar imager) and a microscope movement on a vibrating integrated Circuit Test Head
(ATE, Automatic Test and Evaluation) test head.

Light emission microscopy is used fo detect defects in integx'ated circuits.
See U.S. Patents 4,680,635, 4,755,874, 4,811,090 and 5,475,316 for example. Briefly an -
emission microscope operates on the principle of detection of recombinant radiation. In
an excess current drawing condition electron hole and pairs recombine and relax giving
off cold photon emissions which can be detected using specialized CCD based sensors.
The procedure is performed on wafers and on decapsulated (mold compound removed) or
de-lidded ceramic packages viewing the die traditionally from the frontside but also
through the backside of the silicon.

The procedures primary function is failure localization. The test can be
run as simply as providing power and ground to the chip to evaluate standby leakage.
The preferred embodiment of this invention particularly relates to the use of ATE test
heads to send streams of test vectors to exercise the chip and bring it into a failing logic |
state. But any vibrating environment could apply. Without the capability of dynamicaily
sending test vectors to “bring on” the defect state via the ATE head, the chip will not fail.
Inherent to this operation is the use of ATE test heads, which when running are cooled

with fans or liquids and run often on raised computer floors. ' In the use of an emission
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microscope on a tesf head magnifications to 1500X are produced by bringing objective
lenses close to the chip to collect light and pass ii on the CCD dstector. The vibration
inherent on test heads limits significantly the overall magnification achievable due to
optical degradation. '

A portable emission microscope was described in U.S. Patent 5 475,316
for example which is used by conjunction with ATE test heads but separate from the ATE
head when operating through the use of an offset. Means must be provided to for
damping or coupling vibrations to eliminate distortion due to refative motion between the
microscope and the test head. . : o

U.S. Patent 5,764,409 discloses the use of interlocking cylinders that
telescope in front of the objective lens and couple the vibration of the ATE head into the
cylinder by means of simple friction thereby reducing vibration between microscope and
test head. Shown in Flgurc 1, the microscope 301 is threadably coupled through collar
401 t6 cylinder 406 which in turn ﬂnfeadably engages a second cylinder 403 which
contacts test head surface 408 in pressure attachment through simple friction. : _

~ Copending application serial no. 09/248,783, supra, is directed to couple
optics (optical tube and or objective lenses) in use on vibrating ATE test heads thereby :
eliminating relative motion between the two with the net effect of eliminating optical
distortion in the CCD or sensor image plane. The preferred embodiment also simplifies
focusing and provides greater access to the regmn within the field of view of the optic for
microprobing or exchange 6f_ the devices from within test sockets. Further, to.any one
skilled in the art of semiconductor analysis, access to the devices under the field of view
of the optics is essential for microprobing individual lines, junctions or bond pads.
Microprobing with needles is achievable through the application of the preferred
embodiment of this invention and is an improvement over the prior art.

The present invention is an improved embodiment of the invention
described in copending application serial no. 09/248,783. -

SUMMARY OF THE INVENTION

Briefly, in accordance with light emission microscope already established,
the objective lenses must be within its working distance (typically 12-75 mm) of the
device under test (DUT) semiconductor. The DUT is on top of a vibrating ATE test head,
in a socket, or in wafer form; is on a chuck in a wafer sorter docked to the ATE head. In

all case vibration is present through the floor to the tester and by fans and cooling within
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the test head itself. The (;bj ective and the optical tube to which they are attached are
coupled to a motorized drive to allow for X and Y positioning and Z axis control of focus.

This assembly is referred to as the microscope movement. The movement itself is rigidly
attached to a solid mechanism that fully supports the static load of the optics and
microscope movement. This rigid mechanisms provides an undesirable path for -
transferring vibration (either test floor, test head or both) into the objective lens through
the path described above. _

A vibration coupling assembly is provided which is dynamic in nature and
which operates under computer control. This mechanism is composed of a rigid assembly
which provides on one side, direct coupling to the microscope .a.nd- secondly, direct
coupling to the test head when actuated. This rigid assembly and its points of
engagement provide a vibrati_on damping coupling of the microscope to the test head.

In a preferred embodiment, the vibration coupling assembly includes a
pturality of piston driven rods coupled to the microscope with the rods engaging the test.
head when the pistons are actuated. The pistons can be driven pneumatically,
hydraulicaily, or by solenoid, for example. A mount is provided for attaching the =
plurality of piston driven rods to the microscope, and the mount can include a plurality of
of pivotal arms on which the plurality of piston driven rods are attached whereby the
plurality of piston driven rods caﬁ have variable spacing when engaging the test head.

The invention and objects and features thereof will be more readily
apparent from the following detailed description and appended claims when taken with
the drawings. -

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a side view partially in section illustrating vibration damping
between an emission microscope and a test head in accordance with the prior art.

Fig. 2 is a side view partially in section of the MOD Microscope Optic
Decoupler in accordance with one embodiment of the present invention.

Fig. 3 is a side view partially in section illustrating the OCP Optical
Coupling Point and TCP Tester Coupling Point and its relation to the test head, optics,
device under test and MOD (see Fig. 2) in accordance with one embodiment of the
present invention. | '

_ Fig. 4 is a top down illustration of the present invention showing the
relationship of the OCP, TCP to the test head and the accessibility provided to the area
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under the field of view of the optics to allow for microprobing of the semiconductor die,
in accordance with one embodunent of the present invention.
Fig. § is a perspective view of vibration damping apparatus in accordance
with another embodiment of the invention, -
Fig. 6. is a perspective view of another embodiment of vibration damping
apparatus illustrating a swivel mount of the apparatus to 2 microscope.

- DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
Referring now to Fig. 1, from the prior art under U.S. Patent 5,764,409,
disclosed is the use of interlocking cylinders that telescope m front of the objective lens
and couple the vibration of the ATE h:a_d into the cylinder by means of :'sixhple friction
thereby reducing vibration between mi_croscépe and test héad. As shown inFig. 1, the
microscope 301 is threadably coupled thrmigh collar 401 to cylinder 406 which in turn

_ threadably engages a second cylinder 403 whlch contacts test head surface 408 in

pressure attachment through snnplc fnctxon.

Refemng now to F1g 2, an emission n:ucroscope compnsed of an optic
tube assembly 3, objectwe lens2 and camera 1 mounted on a ngxd mechamsm 8 are
positioned above a test head and a device under test DUT. Asis conventlonal in
microscopes the movement of the mcroscope to namgate above the DUT is accomplished
in 3 axes (X, Y, Z) for focus and has been descnbed in prior patent 5,475,316 (not shown
in drawing). R S
' In accordance with one embodiment of the inveniio_n, the MOD

Microscope Optic choupier includes a rigid mechanism 8 which supports a microscope
movement 5. The o_bjecﬁve 2 is mounted onto the optic 3 andin turn the camera 1 is
mounted to the optic tube c;o_mprisi_rig an assembly referred to herein as the optical path.
The optical path is rigidly attached to an assembly 4 that is offset from the microscope
movement through a set of springs 7. These springs are designed to be conipliar_lt while at
the same time providing static support of the optical path. During Operaﬁﬁn of the MOD,
decoupling of the rigid mechanism by releasing electromagnet assemblies 6 allowing the
microscope movement § to float on the springs 7 decoupling the optical path from its
rigid support 8. Such magnets are well known and commercially available such as a
-Multacc™ 90-280 electromagnet which is operated remotely via computer control of a 6

volt power supply in our preferred embodiment. An alternate embodiment could be
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pneumatically actuated clampmg remotely actuated via con ﬁuter and would work equally
as well. During any movement of the stage for positioning of the optical path the
electromagnets 6 are clamped attaching the microscope movement to the optical path so it
can be effectively moved as 2 single structure and without compliance. During imaging
when vibration is critical the MOD is decoupled. Specifically, electromagnet assemblies
6 are released allowing the camera 1, optical tube 3 and objective 2 to float above the
microscope movement 5. In a second preferred embodiment the assembly 4 could be
directly attached to the CCD sensor 1 instead of to the CCD through the optical tube with
the identical affect. Decoupling removes the contribution of low frequency vibration
(building, structural vibration) contributed by the rigid support mechanism 8.

Fig. 3 provides this illustration provides a descriptive cross sectional view
of one preferred embodiment of the invention. The MOD 9 is described above and -
attached to the rigid support mechanism 15. The objective 11 is viewing the device under .
test DUT 12. The objective 12 is attached to the optic tube 16 and not shown is-the CCD
(see Fig. 2, number 1). This assembly we will refer to for simplicity as the optical path.
The optical path in turn is attached to the MOD 9 from which it can decouple remotely -
under computer control by electromagnet release 6 (Fig. 2). When the MOD is decoupled -
the contribution of the vibration from the rigid mechanism 15 is removed by allowing the
optic tube to float freely on its compliant springs 7 (Fig. 2). A rigid member 17 supports .
an XY stage movement and in turn is rigidly attached to the objective 11 or optical tube-
16 at any point via a plate 17A attached to the optic tube. Bearing assembly 13 provides
freedom of Z-axis motion to allow the rigid member to slide facilitating focus of the .
microscope. Electromagnet assembly 18 similarly described in Fig. 2 provides dmetho_d
of clamping the rigid member 17 directly to the optic tube 16 or objective 11 through its
rigid attachment point 17A. This point is referred to this embodiment of the invention as
the OCP or optical coupling point. The electromagnet 18 when released allows the
microscope to be focused allowing the bearings 13 at the OCP to move in the Z-axis.
Similarly the electromagnet assembly 18 under remote control could be a pneumatically
actuated clamping device with identical performance. '

The test head 10 supports rigid member 17 which in turn supports an XY
stage movement through bearings 14 aligned in the X and Y-axis (only one axis is shown
in the drawing) at a point we refer to as the TCP, Tester Clamping Point.- This is the point

of attachment to the vibrating structure or ATE test head in our preferred embodiment.



WO 00/48232 . PCT/US00/01489

6
The test heads vibration will be transferred into the objective 11 or optic tube 16 from the
TCP thereby eliminating relative motion. The TCP comprises a rigid attach point to the

~ testhead for this primary purpose. The X and Y movement of the rigid stage is - -
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_comprised of member 17 floating on bearings 14 aligned in two axis Xand Y and
provides the function of allowing the microscope movement to navigate over the surface .
of the DUT 12 without resistance. Electromagnets already previously described in Fig. 2
are used to clamp the TCP o a ferromagnetic plate affixed to the test head. In our

- preferred embodiment the attachment point is at the test head but can have alternate attach -
_ points on the tester chassis, load board of framework of the test head.

- In the-descﬁbed embodiment as an emission microscope on an ATE head,
the invention allows for three modes of operatlon involving the MOD, OCP and TCP
described in detail below: - .

a.- Coarse microscope movement - -

_ Refemng to Fig. 2 the MOD 9 is clamped using electromagnets 6
under remote control coupling the microscope movement 5 to the optical path 4 and -
prov1de the needed rigidity for XY posmonmg and focus. -

Refernng to Fig. 3 the OCP 13 and TCP 14 are unclamped by

. _remotely releasing electromagnets 18 and 19 allowing the bearing assembly at the OCPto -

.travel in Z and the bearing assembly 14 at the TCP to freely travel in XY facilitating
focus and navigation functions. f
‘b, Focus Mode -
Referring to Fig. 2 the MOD 9 1is unclamped using electromagnets
6 under remote control uncoupling the microscope movement 5 from the optical path 4
thereby eliminating the contribution of vibration from the rigid mechanism 8. - .
- Referring to Fig, 3 the OCP 13 is unclamped by remotely releasing
electromagnets 18, allﬁwing the bearing assembly at the OCP to travel in Z. The bearing
 assembly 14 at the TCP is clamped using remotely controlled electromagnets. 19 thereby
preventing XY movement of the objéqtive 11 and optic tube 16. .
c. Imaging Mode (Full Vibration Coupling)
Referring to Fig. 2 the MOD 9 is- unclamped using electromagnets
6 under remote control uncoupling the microscope movement 5 to the optical path 4

thereby eliminating the contribution of vibration from the rigid mechanism 8.

i
>4
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Refemng o Fig. 3the OCP 13 is cla‘inped by remotely clamping

electromagnets 18, preventing the bearing assembly at the OCP to travel inZ. The
bearing assembly 14 at the TCP is also clamped using remotely controlled electromagnets
19 thereby preventing XY movement of the objective 11 and optic tube 16. The XYZ
stage acts as  rigid assembly to transfer vibration from the test head 10 through the TCP.
14 jts rigid member 17 into the OCP 13 and onto plate 17 which is rigidly affixed to the
optic. Vibration is transferred in this manner from the ATE head to the optic 16 or -
objective 11 and similarly to the CCD camera sensor 1 (Fig. 2). Referring to Fig. 3 with
the MOD released the entire optical path including the objective 11 optical 16 and CCD
sensor 1 (Fig. 2) are allowed to move with the vibration provided from the test head atthe
TCP 14, The net effect is that relative motion between the test head and optics is:
eliminated, provxdmg undlstorted opncal images of the DUT 12 in this embodiment.

Refemng now to ﬁg 4 the ability to have access to the optical field of
view without obstrucnon and to vxsuahze the DUT without distortion is an apparent
advantage to any one skilled in the art of semlconductor analys1s as it allows the .
placement of microprobes in the following manner. Without the vibration coupling™
providing for the relative motion between the ATE head and the optics to be canceled, -
mlcroprobmg is’ unposs'ble to.achieve. Needle placement, which is a precise procedure
and is unachievable as the unage of the DUT relative to the miscroscope field of view, is .
in constant motion. - _

In this embodJment ferromagnetic plate 30 is affixed rigidly to the ATE
test head, chassis or load board by obvious means. A polished finish platen assembly 31
is attached to this using electromagnets which can be manually engaged or obviouslyina =
secondary embodiment of the patent with pneumatics. The purpose is to rigidly attach the .
platen 31 to the ferromagnetic plate 30 for the purpose of complete vibration coupling. A
microprobe assembly 27 with a magnetic base or in a secondary embodiment a pneumatic
or vacuum source is similarly affixed rigidly to the platen in a means intended to optimize
vibration transfer. The probe arm assembly 28 is used to reach junction lines or bond
pads on the DUT 25 for the purpose of biasing or measuring current and voltage from the
DUT 25. As described vibration is transferred from the ferromagnetic plate via the
electromagnetically 29 attached platen 30 transferring vibration into the microprobe
assembly 27 and its related probe arm and needle 28 so that relative motion between these

assemblies is eliminated. These structures in effect move in unison. To achieve
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xmcroprobmg the followmg is performed using the vxbratlon mechanism previously

* described in Fig. 3. More partlcularly described above as the 1magmg mode for full

vibration couplmg _

This embodiment of the invention allows the user perspective clear
imaging of a vibrating test head and now vibrating platen 30 miéroprobes 27 and related
probe arm and needle 30 act to mirror the vibration from the tester identically. This
vibration is effectively canceled by eliminating the relative motion through the OCP 20

 and TCP 21 which are rigidly transferring vibration into the optic tube 23 (includes the
- objective 1) and optical'_mb,e 16 (Fig. 3). The user sees his needles without distortion and

the optics move together via the vibration produced at the TCP 21. A critical element of -
the invention is the access provided to the DUT 25 for microprobing by allowing free
access beneath the optics 23 and is an obvious improvement in the prior art seen in Fig. 1.

Other embodiments of the invention illustrated in Figs. 5 and 6 will now
be described. In Fig. 5, the vibration damping apparatus comprises a collar 40 on which
are mounted a plurality of pﬁeum_aﬁc cylinders 42 from which piston driven rods 44
‘driven by internal pistons (not shown) depend. Pneumatic cylinders 42 are driven by air
provided through conduit 46 for actuating the pistons. The pistons are spring biased to be -
in a raised position with the rods 44 drawnmto the cylindrical housings with the pistons
moved pneumatically to extend the rods 44 for engagement with a testhead. Collar 44
has an annular conﬁgur_atién with an internal opening for positioning around the video
microscope optics with set screws at 48 fé.stening collar 44 to the microscope housing.

While one cylinder can function for vibration damping, at least three
cylinders are preferred whereby the extendmg rods of the cylmders engage a test head in
planar arrangement.

In Fig. §, the pneumatic cylinders are ng:dly affixed in mount 40, but other
arrangements can be provided wherein the cylinders can be moved relative to the test
head, as illustrated in Fig. 6. Fig. 6 again illustrates three pneumatic cylinders 52
attached to the housing of microscope 60 by means of a mount 50 which supports a
plurality of pivotal arms 54 which are pivotally attached to mount 50 whereby the
cylinders can be pivoted about mount 50 for variable positioning with respect to a test
head 56. In this view a device under test 58 is provided under microscope 60 for light

emission microscopy testing.
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A smfable pneumatic cylinder for use in the Vibration damping apparatus
is available from Clippa.rd Instrument of Cincinnati, Chio, sﬁéh as their minimatic model
SSROS5-1 cylinder. Other suitable piston driven rods can be employed such as
pneumatically driven pistons and solenoid driven pistons. This embodiment of the
inveﬁtion again allows the user access for microprobing by allowing free access beneath
the optics. _

While the invention has been described with reference to specific.
embodiments, the description of the invention is illustrative and not to be construed as
limiting the invention. Various modifications and applications may occur to those skilled
in the art without departing from the true spirit and scope of the invention as defined by

the appended claims.
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1. Test apparatus comprising e s st
a) an mtegrated circuit test head,
b) a vrdeo optical microscope comprising an obJecnve lens, and a
video imager,
_ c) .a mroroscope movement apparatus for posmonmg the video optrcal
mzcroscope over the mtegrated circuit head, .
_ _ d) a mounting means for holdmg the wdeo optlcal rmcroseope and
| .mlcroscope movement apparatus _ :
_ e remotely controlled clampmg means attached between the video
.opncal microscope and the mtegrated c1rcu1t test head, sard clarnpmg means bemg

_ dxsabled during mrcroscope movement but sthched into a hard ngld mode durmg video

__1mage acqursmon thereby ﬁrmly couplmg the video ophcal mloroscope to the integrated

. _cn'emt test head and reducmg the relatlve motron between the vrdeo optzcal mmroscope
- _and the 1ntegrated c)rcmt test head.

2. 'Thetest apparatus as defined by claim 1 wherein the remotely

' controlled clamping means are controlled by computer means.

.3 The test apparatus as defined by clalm 2 wherein the movement

2 apparatus mcludes electrical motors, wherein the enabling of the electrical motors is .

3. coordinated with the enabling of the remotely controlled clamping means. -

4. The test apparatus as defined by claim 3 wherein the remotely

2 controlled clamping means comprises at least one piston driven rod coupled to the video

3 opncal rmcroscope and which engage the test head when actuated.

N

[ R S N

s. The test apparatus as defined by claim 4 wherein the pistons are
driven pneumatically.

6. The test apparatus of claim 4 wherein the pistons are driven
hydranlically. | |
| 7. The test apparatus of claim 4 wherein the pistons are driven by

solenoid means.
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1 wherein the remotely

;. The test apparatus as defined by clai
2 -controlled clampmg means comprises at least one plston driven rod coupled to the video

"optical microscope and which engage the test head when actuated.

9. The test apparatus as defined by claim 8 wherein the pistons are
2  driven pneumatically.

1 10.  The test apparatus of claim 8 wherein the pistons are driven
2  hydraulically. - '

11.  The test apparatus of claim 8 wherein the pistons are driven by

N

solenoid means.

- 12, A method of microprobing a semiconductor device on top of a
integrated circuit tester, said method comprising:
a) viewing the semiconductor device through a video microscope,

“said video microscope comprising an objective lens and a video camera,
_ b) connecting the video microscope to a2 microscope movement means |
which in turn are connected to'a mounting means, |

_ | c) microprobing using microprobing means which are ngxdly placed

on top of the integrate circuit tester, and

W 00 9 O it h W N =

d) vibration damping using a remotely controlled clamping device

[
o

which couples the vibrating tester to the video microscope, said clamping device being

p—
[y

disabled when the video microscope is to be moved, and the clamping device being

-
N

enabled when the movement is complete, allowing the video microscope to vibrate in -

b
w

unison with the tester, thereby reducing the relative motion between the two.

13.  The method of claim 12 wherein step d) includes using at least one
piston driven rod coupled to the video microscope and which engage the integrated circuit
tester when actuated. |

w

14,  Vibration damping apparatus for damping vibrations between an
integrated circuit test head and a video optical microscope comprising at least one piston

driven rod coupled to the video optical microscope with the rods engaging the test head

HOW N -

when the pistons are actuated, and means for remotely controlling the piston driven rods.
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15. = The vibration damping apparatus as defined by claim 14 wherein
the plurahty of piston driven rods is three

16.  The vibration damping apparatus as defined by claim 14 wherein

the pistons are driven pneumatically.

17.  The vibration damping apparai:us as defined by claim 14 wherein
the pistons are driven hydraulicall_y.

'18.  The vibration damping apparatus as defined by claim 14 wherein

the pistons are driven by solenoid means.

_19. The wbrauon dampmg apparatus as deﬁned by claim 14 and
including computer means for remotely controllmg the plston driven rods

20. 'I_‘he-vibration dam'ping apparatus of claim 14 and further including

a mount for attaching the plt_iraiity of piston driven rods to the video optical microscope,
said mount including a 'plikality of pivotal arms to which'the pli:rality of piston driven

' rods are attached whereby the plutallty of plston dnven rods can have vanable spacing

" when engagmg the test head.



