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(54) Abstract Title 
lesnng oprtcai/eiecirortic iniegraiea circuits 

(57) Test apparatus for testing the optical and electronic functionality of an integrated circuit die, prior to 
packaging, comprises a movable chuck 24 for supporting and locating a wafer containing one or more dies; 
probe pins 26 for electrically contacting the die; and an optical source 28 for illuminating a test area of the die 
with an optical signal. In one form the optical signal may represent an optical dock for simulating optical 
docking of the die when mounted in a package containing an off chip light emitter. One or more lenses may be 
provided to focus the light on the surface of the die, or the light may be directed onto the surface of the die by 
reflectors. A tight shield 30 may be provided during testing to protect the device under test from ambient light. 
•Light" may be interpreted as visible, infra red or ultra violet radiation. 
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2332775 
METHOD APPARATUS FOR TESTING 

OPTICAL/ELECTRONIC INTEGRATED CIRCUITS 

This invention relates to testing integrated circuits which include electronic 

signal inputs and one or more optical inputs. The technique is especially suitable for 

testing integrated circuit dies which receive optical signals not generated on the die 

itself. For example, co-pending UK application no. 9712177.6 entitled Low Skew 

Signal Distribution of Integrated Circuits describes an integrated circuit die which is 

clocked by an off-chip source mounted within die package. Such optical clocking can 

provide very low skew across the die, and the amount of skew is not dependent on 

stray capacitive effects which are difficult to predict. 

In contrast to existing electronic testing techniques, one aspect of the invention 

is to enable functional testing of an integrated circuit die having both electrical and 

optical inputs, prior to packaging the die. In accordance with the principles of the 

invention fone or more test connectors are used to provide electronic connections to the 

die, and an optical source is provided to illuminate the die with an optical signal. 

In developing the invention, it was appreciated that existing techniques for 

testing integrated circuit dies can only be used to test an optically sensitive die if 

additional parallel circuitry is incorporated in the die to permit injection of electronic 

clock signals. However such parallel circuitry would occupy valuable chip space. 

Moreover, an electronic-only test does not provide a comprehensive testing of the 

optical receivers in die die. 

" In a specific aspect, die invention provides test apparatus comprising means for 

supporting and locating an integrated circuit wafer containing one or more circuit dies, 

means for contacting one or more areas of the wafer to apply signals to and/or to 

receive electronic signals therefrom, and optical means for illuminating at least a test 

area of the wafer with an optical signal. 

In a closely related aspect, the invention provides a method of testing an 

electronic/optical integrated circuit die, the method comprising contacting the die with 

one or more electrical contacts for applying electronic signals to the die and/or for 



ft**'?' receiving electronic signals from the die, and illuminating at least a test area of the die 

(  with an optical signal. 

The term "optical" as used herein is not limited only to visible light, but refers 

to any electromagnetic radiation which substantially obeys the laws of optics. The 

5    terms includes, but is not limited to, infra red light, visible light, and ultra-violet light 

In a preferred form, the optical signal is modulated to represent anoptical clock 

signal incident on the die. 

An embodiment of die invention is now described by way of example only, with 

reference to the accompanying drawings, in which:- 

10 Fig. 1 is a schematic side section showing an optically clocked integrated circuit 

installed in its package; 

Fig. 2 is a schematic plan view showing photosensitive areas on the surface of 

the die; and 

Fig. 3 is a schematic diagram illustrating an electronic and optical test 

15 apparatus. 

Referring to Figs. 1 and 2, the structure of an optical integrated circuit 10 is 

first described briefly. The integrated circuit 10 is generally as illustrated in the 

aforementioned UK application no. 9712177.6, and comprises a semiconductor die 12 

mounted on a package base 14. The upper surface of the die 12 has a number of 

20 photo-sensitive regions or window&^fo tor receiving an optical clock signal from an 

off-chip LED soiree 18 mounted Wthe/package. The region above the die 12 is filled 

with optically translucent materis^MB, and is topped with an opaque cover to prevent 

the optical interference from ambient light or between adjacent integrated circuit 

packages. The LED source 18 is driven by an electronic signal applied through 

25 particular ones of the package pins 22. The remaining pins form conventional 

connections (not shown) to the die 12. 

Fig. 3 illustrates test apparatus capable of testingjhe electronic and^optical 

functionality of the die 12 prior to packaging.  The apparatus comprises a movable 

chuck support 24 for supporting and locating a wafer containing one or more dies to be 

30    tested. Above the chuck 24 is positioned a set of probe card pins 26 for forming direct 
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electrical contacts to the pads of the die (for clarity only two pins 26 are illustrated in 

Fig. 3). 

The test apparatus further includes an optical source 28 positioned to illuminate 

the region of the wafer under test Although not shown in he figure, one or more 

5 lenses may be provided to focus the light on to the surface of the wafer. Additionally, 

or alternatively, if the source is not positionable in line of sight of the wafer surface, 

one or more reflectors may be provided to reflect die light to the wafer surface. The 

source may comprise any suitable source generating sufficient incident light, and being 

modulatable to simulate an optical modulation signal. Suitable devices include LED's 

10 (either single high brightness types or arrays of LED's), lasers, etc. The light is 

preferably of about the same wavelength as that of the package source 18, but any 

wavelength known to be photodetectable by the die's optical receivers may be used. 

As depicted by the broken line 30, a cover or shield may be provided to isolate 

the die from die effects of ambient light (or at least to reduce the effect of ambient 

15 light). 

The pins 26 and the source 28 arejdriven by a test control circuit depicted 

schematically by numeral 32. The test circuit is similar to conventional test circuits, 

but includes additional circuitry, as necessary, to drive the opticajjource 28. 

I It will be appreciated that the invention, particularly as described in the 

20 preferred embodiment, can provide comprehensive testing of the optical and electronic 

functionality of an optical/electronic integrated circuit. If the die is found to be faulty, 

either optically or electronically, then the die can be discarded, thus saving the cost of 

the package and of the built-in light source. The invention is especially suitable when 

the die is intended to be mounted directly on a circuit board as a so-called "chip on 

25 board" without being first mounted in a package; such an implementation requires fiill 

testing of the integrated circuit before the die is mounted on the circuit board. 

The invention is also particularly suitable for enabling testing of integrated 

circuit dies intended to receive signals from one or more off-chip optical sources. 

It will be appreciated that die above description is merely illustrative, and that 

30    many modifications may be mack within die scope and/or principles of the invention. 
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features believed to be of particular importance are recited in the appended claims. 

However, the Applicant claims protection for any novel feature or combination of 

features described herein and/or illustrated in the drawings, irrespective of whether 

emphasis is placed thereon. 
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CLAIMS 

1.      Apparatus for testing electronic and optical functionality of an integrated circuit 

having one or more electrical contact areas, and one or more optical receivers areas, 

5    the apparatus comprising: 

means for establishing one or more electrical contacts to the die; and 

optical means for illuminating at least a test area of the die with an optical 

signal. 

10    2.      Apparatus according to claim 1, further comprising means for supporting and 

locating the die, or a wafer containing the die. 

3. Apparatus according to claim 1 or 2, further comprising means for controlling 

modulation of die optical source. 

15 

4. Apparatus according to claim 1, 2 or 3, further comprising means for focusing 

light from the source on to the surface of the die. 

5. Apparatus according to any preceding claim, wherein the electrical contact 

20    means comprise probe card pins for contacting contact pads on the die. 

6. A method of testing electronic and optical functionality of an integrated circuit 

having one or more electrical contact areas and one or more optical receivers, the 

method comprising: 

25 contacting the die with one or more contacts for establishing electrical 

connections to the die; and 

illuminating at least a test area of the die with an optical signal. 

7. A method according to claim 6, wherein the optical signal is generated as a 

30    modulated signal representing an optical clock signal. 
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> 8,      Test apparatus, or a test method, substantially as hereinbefore described with 

reference to Fig. 3 of the accompanying drawings. 
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