
EP 0 268 404 B1 Description Background of the Invention 5     This
invention relates to the interconnection of devices on large scale chips,
and in particular, it relates to the optical interconnection of devices on
chips. Integrated circuit chips are becoming larger and larger and the
devices on them are decreasing in size thereby resulting in the creation of
a problem as to how to interconnect devices at remote areas of the chip
without incurring substantial delay in the transmission of information
between these devices. One solution to 10 this problem is to interconnect
the devices optically. See, for example, the proposals presented in the
article entitled "Optical Interconnections for VSLI Systems" by J.W.
Goodman, et al., Proceedings of the IEEE, Vol. 72, No. 7, July, 1984, pps,
850-866. In FIG. 11 of the Goodman et al. article, the light emitted by a
source on the surface of an integrated circuit chip is reflected by a
hologram which is mounted a predetermined distance from the surface of the
chip. A central problem with this approach is that the 15 position of the
beam directed back to the chip is critically dependent on the position of
the external optical component. This is true not only of a vertical
displacement of this component but also for lateral displacement of the
component. For example, if the hologram is behaving like a curved mirror in
reimaging the emitting device onto the detector, displacement of this
hologram by a distance of Ax will cause the image to move by the distance
of 2Ax. This sensitivity is a major disadvantage in such optical
interconnec- 20 ting schemes. According to the present invention there is
provided apparatus as defined in claim 1. In accordance with an embodiment
of the present invention, the sensitivity to lateral alignment of the
external component in a system that connects optical sources and detectors
on a chip is completely eliminated, and the requirement of vertical
alignment is easily met by techniques well established in the 25
semiconductor processing art. The holographic elements used to direct the
beam of light from the optical sources are formed directly on the surface
of the chip over the optical sources. They are fabricated directly on the
surface of the chip using alignment techniques already common in
microelectronics. The external component that is used to reflect the
directed beam is a plane mirror that is mounted a predetermined distance
from the surface of the chip. In the specific embodiment disclosed, the
holographic element 30 consists of a grating that is lithographically
formed on the surface of the chip over the optical sources, and the plane
mirror is a reflecting surface on a transparent spacer whose thickness may
be very accurately predetermined and which can be mounted or glued to the
surface of the chip. Brief Description of the Drawing 35 The invention will
be more readily understood after reading the following detailed description
in combination with the drawings wherein: FIG. 1 shows a pictorial view of
an optical connection apparatus and chip constructed in accordance with the
present invention; 40    FIG. 2 is a cross-sectional view of an optical
source with a holographic element which is useful in describing the
operation of the present invention, and FIG. 3 is a second embodiment of
the invention wherein there are a plurality of optical sources and
detectors on the surface of the chip. 45 Detailed Description A specific
embodiment of the invention is shown in pictorial form in FIG. 1. In FIG. 1
an integrated circuit chip 10 is shown having an optical source 11 and an
optical detector 12, fabricated on a surface designated as 13 in FIG. 1.
The term "optical means" includes an optical source 11 which may be a 50
surface emitting laser or light-emitting diode, or as shown in FIG. 1 and
FIG. 2, may be a quantum well modulator illuminated by a laser 14, the
latter being external to the chip. A cross-section of the chip 10 in the
area of optical source 11 is shown in FIG. 2. As indicated in FIG. 2,
optical beam 15 from laser 14 passes through an area of chip 10 which has a
quantum well modulator 21 fabricated in the chip near the surface 13 of
chip 10. Quantum well modulator 21 is a series of epitaxial growths having
different bandgaps 55  of the type described in U.S. Patent 4,525,687
issued to Daniel S. Chemla et al. on June 25, 1985. As further indicated in
FIG. 1 and FIG. 2, a grating 19 Consisting of stripes of photoresist
material 22 is 



fabricated over the quantum well modulator that has been grown within chip
10. The grating 19 is developed on the surface of chip 10 in a manner to be
described hereinafter. This grating causes the light 2    EP 0 268 404 B1
beam 15 from the laser 14 to be diffracted in several directions
corresponding to the different orders of the grating as shown in FIG. 2.
When the light beam 15 is substantially perpendicular to the surface of the
chip 10 on which the grating 19 is formed, these light beams at the output
of the grating are positioned at angles relative to the perpendicular
corresponding [err] and so on, where [err] satisfies the equation 5 Sin
[err]       (1) where m = a positive integer, L = the period of the
grating, [err]= the wavelength of the incident light in free space, and n =
the index of refraction of the medium above the grating (i.e. the spacer
medium 17 in FIG. 10  1, which could be of a suitable transparent material
such as glass or sapphire). As shown in FIG. 1, the period of the grating L
is chosen such that light beam 15 after being modulated by quantum well
modulator 21 in chip 10 is deflected by the grating 19 such that optical
source 11 has a beam 16 which is emitted from the surface 13 at an angle
[err]. This beam 16 proceeds through a spacer block 17 having a thickness t
and is reflected by a plane mirrored reflecting surface 18 which has been
15  formed on the top surface of spacer block 17. This reflecting surface
18 is provided by a suitable reflecting deposit, such as silver, over the
spacer block 17 which may be sapphire or may alternatively be fabricated
from a glass material. After reflection by the plane mirrored surface 18,
beam 16 proceeds to an optical detector 12. As shown in FIG. 2, a grating
19 has photoresist stripes having a width of L/2 separated by a distance 20
of L/2 thereby resulting in a grating having a period of L. This grating is
formed (using a lithographic mask and a process to be described
hereinbelow) such that it covers the entire area of the quantum well
modulator 21 in chip 10. Where the spacer block 17 has a thickness t, its
refractive index is designated by n, and the separation between source 11
and detector 12 is a distance d, the grating period L should be chosen
according to the following formula: 25 [err] 30 where X is the wavelength
of the illuminating light beam 15 in free space. This causes the first
order diffracted light beam 16 which is positioned at the angle [err] from
the perpendicular to be reflected by surface 18 such that it impinges on
detector 12. 35     As indicated hereinabove, the grating 19 consisting of
photoresist stripes 22 is formed on surface 13 of chip 10 by using standard
lithographic techniques. As a result this grating can be very precisely
positioned over the optical source with its stripes running along a
direction that is perpendicular to a line drawn between the centers of
source 11 and detector 12. In the embodiment shown, the grating is formed
by the photoresist material itself. It should be understood, however, that
gratings can also be formed by etching 40  the surface of chip 10. This
surface of chip 10 alternatively may be of some dielectric material, such
as polyimide or silicon nitride or silicon oxide prepared by thermal
evaporation. To deposit the photoresist material, the substrate is first
baked at 130 degrees C. for thirty minutes and then allowed to cool at room
temperature. A positive photoresist, for example, AZ41 10 from the American
Hoechst Corporation is then spun onto the substrate at 7,000 RPM for thirty
seconds. The whole structure is 45  then baked at 90 degrees C. for twenty
minutes. The photoresist is then exposed through an appropriate grating
mask having stripes with a periodicity L selected by the above equation
(2). Alter exposure, the photoresist is developed for three minutes in
AZ400K developer (also available from the American Hoechst Corporation)
with the developer diluted with four parts of deionized water for every one
part of developer. The photoresist is then rinsed in deionized water. 50
Details of the photoresist deposition, and exposure and development
techniques are contained in the 



publications [err] 4000 Series Positive Photoresists for Semiconductors and
Microelectronics" and [err] 400K Developer Aqueous Developer for [err] 4000
Series Positive Photoresists", both available from American Hoechst
Corporation, AZ Photoresist Products, 3070 Highway 22 West, Somerville, New
Jersey 08876, U.S.A. 55     The diffraction efficiency of the grating thus
formed may be adjusted by adjusting the thickness of the grating. A
systematic way of choosing the grating thickness to give the desired
diffraction efficiency for a given wavelength is to make several gratings
using different spin speeds between 3000 and 7000 rpm and to choose the one
that gives best diffraction efficiency. Additionally, other AZ 4000 series
resists can be 3    EP 0 268 404 B1 used, such as AZ 4040 for thinner
gratings or AZ 4210 for thicker gratings. Again the spin speed may be
varied to optimize the thickness. Another technique is to make several
gratings using different dilutions of an AZ 4000 series resist using AZ
2131 thinner, and choose the one with the best diffraction efficiency. Such
gratings can be employed in the visible and near infrared spectral regions.
What has been described hereinabove is an embodiment of the invention
wherein a single source and detector are optically connected. It should be
apparent to those skilled in the art that several optical sources and
detectors can be interconnected on the same chip. In FIG. 3, gratings 31,
32 and 33 are fabricated over optical sources in chip 34. These optical
sources, as pointed out hereinabove, may be surface emitting lasers,
light-emitting diodes, or external lasers with quantum well modulators of
the type shown in FIG. 2. 10  Each of the gratings is fabricated in
accordance with FIG. 1 hereinabove such that they diffract the beams of
light before coupling them to the reflecting surface 36 at the top of
transparent spacer block 35. By choosing the correct grating periodicity
for each of the gratings the light is reflected from reflecting surface 36
such that the beams impinge upon the optical detectors 37, 38 and 39, each
of which is fabricated on the surface of chip 34. 15     Other materials
and techniques can be utilized to position the reflecting surface a
predetermined distance from the holographic elements that are fabricated on
the surface of the chip. Claims 20  1. Apparatus comprising a chip (10)
having a surface (13), said chip (10) having on said surface (13) at least
one optical means which provides a light beam (16) out of said surface (13)
and at least one optical detector (12) for receiving light coupled onto
said surface (13) at a point that is spatially remote from said optical
means, said apparatus further comprising a structure attached to said
surface (13) for coupling light from said at least one optical means to
said at least one detector (12), and a diffraction 25     grating (19) for
directing a light beam from said optical means along a predetermined path;
CHARACTERIZED IN THAT said diffraction grating (19) is fabricated in
materials grown over said at least one optical means, and in that said
structure includes a mirror (18) positioned a predetermined distance from
said surface (13) for reflecting the directed light beam to said optical
detector (12). 30 2. Apparatus as defined in claim 1 wherein said
diffraction grating (19) is fabricated from stripes (22) of photoresist
material which are deposited on the surface (13) of said chip (10). 3.
Apparatus as defined in claim 1 wherein said mirror (18) comprises a
transparent spacer block (17) 35     having a reflecting material deposited
on one surface of said spacer block. Patentanspruche 1. Vorrichtung aus
einem Chip (10) mit einer OberflAche (13), wobei der besagte Chip (10) auf
der 40     besagten Oberflache (13) mindestens ein optisches Mittel, das
einen Lichtstrahl (16) aus der besagten OberflAche (13) abgibt, und
mindestens minen optischen Detektor (12) zur Aufnahme von Licht, der auf
die besagte OberflAche (13) an einem Punkt aufgakoppelt wird, der rdumlich
entfornt vom besagten optischen Mittel liegt, besitzt, weiterhin aus einer
an der besagten OberflAche (13) angebrachte Struktur zum Einkoppeln von
Ucht von dem besagten mindestens einen optischen Mittel in den besagtan 



45     mindestens eanen Detektor (12) und aus einem Beugungsgitter (19) zum
Ausrichten eines Lichtstrahls vom besagten optischen Mittel entlang eines
vorbestimmten Weges, dadurch gekennzeichnet, daS das besagte Beugungsgitter
(19) aus Stoffen hergestellt ist, die auf dem mindestens einen optischen
Mittel aufgewadisen sind, und dal die besagte Struktur einen Spiegel (18)
enthglt, der in einem vorbestimm- ten Abstand von der besagten OberflAche
(13) zur Reflektion des ausgerichteten LichtstrahIs-zum 50     besagten
optischen Detektor (12) positioniert ist. 2. Vorrichtung nach Anspruch 1,
dadurch gekennzeichnet, daB das besagte Beugungsgitter (19) aus Streifen
(22) aus Photolackstoff'hergestellt ist, die auf der Oberfilche (13) des
besagten Chips (10) abgelagert sind. 55 3. Vorrichtung nach Anspruch 1,
dadurch gekennzeichnet, daB besagter Spiegel (18) aus einem durch-
sichtigen Abstandsblock (17) mit einem auf einer Oberfldche des besagten
Abstandsblocks abgelager- ten reflektierenden Material bestelet. 4    EP 0
268 404 B1                *   C   L   M   S    * used  such as AZ 4040 for
thinner gratings or AZ 4210 for thicker gratings. Again the spin speed may
be varied to optimize the thickness. Another technique is to make several
gratings using different dilutions of an AZ 4000 series resist using AZ
2131 thinner, and choose the one with the best diffraction efficiency. Such
gratings can be employed in the visible and near infrared spectral regions.
What has been described hereinabove is an embodiment of the invention
wherein a single source and detector are optically connected. It should be
apparent to those skilled in the art that several optical sources and
detectors can be interconnected on the same chip. In FIG. 3, gratings 31,
32 and 33 are fabricated over optical sources in chip 34. These optical
sources, as pointed out hereinabove, may be surface emitting lasers,
light-emitting diodes, or external lasers with quantum well modulators of
the type shown in FIG. 2. to  Each of the gratings is fabricated in
accordance with FIG. 1 hereinabove such that they diffract the beams of
light before coupling them to the reflecting surface 36 at the top of
transparent spacer block 35. By choosing the correct grating periodicity
for each of the gratings the light is reflected from reflecting surface 36
such that the beams impinge upon the optical detectors 37, 38 and 39, each
of which is fabricated on the surface of chip 34. 15     Other materials
and techniques can be utilized to position the reflecting surface a
predetermined distance from the holographic elements that are fabricated on
the surface of the chip. Claims 20  1. Apparatus comprising a chip (10)
having a surface (13), said chip (10) having on said surface (13) at least
one optical means which provides a light beam (16) out of said surface (13)
and at least one optical detector (12) for receiving light coupled onto
said surface (13) at a point that is spatially remote from said optical
means, said apparatus further comprising a structure attached to said
surface (13) for coupling light from said at least one optical means to
said at least one detector (12), and a diffraction 25     grating (19) for
directing a light beam from said optical means along a predetermined path;
CHARACTERIZED IN THAT said diffraction grating (19) is fabricated in
materials grown over said at least one optical means, and in that said
structure includes a mirror (18) positioned a predetermined distance from
said surface (13) for reflecting the directed light beam to said optical
detector (12). 30 2. Apparatus as defined in claim 1 wherein said
diffraction grating (19) is fabricated from stripes (22) of photoresist
material which are deposited on the surface (13) of said chip (10). 3.
Apparatus as defined in claim 1 wherein said mirror (18) comprises a
transparent spacer block (17) 35     having a reflecting material deposited
on one surface of said spacer block. Patentanspruche 1. Vorrichtung aus
einem Chip (10) mit einer Oberfl~che (13), wobei der besagte Chip (10) auf
der 



40      besagten OberflAche (13) mindestens ein optisches Mittel, das einen
Lichtstrahl (16) aus der besagten Oberflache (13) abgibt, und mindestens
einen optischen Detektor (12) zur Aufnahme von Licht, der auf die besagte
OberflAche (13) an einem Punkt aufgekoppelt wird, der riumlich entfernt
vorn besagten optischen Mittel liegt, besitzt, weiterhin aus einer an der
besagten OberflAche (13) angebrachte Struktur zum  Einkoppeln von Licht von
dem  besagten mindestens einen optischen Mittel in den besagten 45
mindestens einen Detektor (12) und aus einem Beugungsgitter (19) zum
Ausrichten eines Lichtstrahls vom besagten optischen Mittel entlang eines
vorbestimmten Weges, dadurch gekennzeichnet, dal das besagte Beugungsgitter
(19) aus Stoffen hergestellt ist, die auf dem mindestens einen optischen
Mittel aufgewadisen sind, und dal die besagte Struktur einen Spiegel (18)
enthilt, der in einem vorbestimm- ten Abstand von der besagten OberflAche
(13) zur Reflektion des ausgerichteten Lichtstrahls zum so     besagten
optischen Detektor (12) positioniert ist. 2. Vorrichtung nach Anspruch 1,
dadurch gekennzeichnet, daB das besagte Beugungsgitter (19) aus Streifen
(22) aus Photolackstoff hergestellt ist, die auf der Oberfldche (13) des
besagten Chips (10) abgelagert sind. 55 3. Vorrichtung nach Anspruch 1,
dadurch gekennzeichnet, daB besagter Spiegel (18) aus einem durch-
sichtigen Abstandsblock (17) mit einem auf einer Oberfliche des besagten
Abstandsblocks abgelager- ten reflektierenden Material bestelet. 4    EP 0
268 404 B1 Revendications 1. Appareil comprenant un circuit integr6 (10)
ayant une surface (13), ledit circuit integre (10) ayant sur ladite surface
(13) au moins un moyen optique gui fournit un faisceau de lumiere (16)
provenant de s      ladite surface (13) et au moins un d6tecteur optique
(12) pour recevoir la lumiere couplee sur ladite surface (13) en un point
qui est spatialement 6loign6 dudit moyen optique, ledit appareil comprenant
en outre une structure attach6e a ladite surface (13) pour coupler la
lumiere provenant dudit au moins un moyen optique audit au moins un
detecteur optique (12) et un reseau de diffraction (19) pour diriger un
faisceau de lumiere dudit moyen optique le long d'une trajectoire
preddtermin6e; 10         CARACTERISE EN CE QUE ledit r6seau de diffraction
(19) est fabrique en des materiaux formds au-dessus dudit moyen optique et
en co que ladite structure comprend un miroir (18) positionn6 a une
distance pr6d6termin~e de ladite surface (13) pour r6flechir vers ledit
detecteur optique (12) le faisceau de lumiere dirige. 15  2. Appareil tel
que d6fini a la revendication 1 dans lequel ledit reseau de diffraction
(19) est fabriqu6 a partir de bandes (22) de mat6riau photoresistant qui
sont d6posees sur la surface (13) dudit circuit int6gr6 (10). 3. Appareil
tel que defini a la revendication 1 dans lequel ledit miroir (18) comprend
un bloc d'espace- 20      ment transparent (17) ayant un mat6riau
refl6chissant d6pos6 sur une surface dudit bloc d'espacement. n 25 30 50 55
5    


