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HOLOGRAPHIC OPTICAL ISOLATOR UTILIZING OPTO-ELECTRONIC
TRANSMITTER AND RECEIVER DISPOSED IN A PACKAGE

Background of the Invention

The present invention relates, in general, to optical
devices and, more particuiarlyp to optical coupling of an
optb-electronic transmitter and receiver. |

Opto-isolators are used where it is desirable to
electrically isclate two sections of an elect:onic'éircuit,
for example, to provide improved noise isolation or to
prevent user contact with a high-voltage power supply. One
prior opto-isolator provides a light-emitting dicde (LED)
and photo-detector on electrically separated halves of a
leadframe so that the LED and the photo-detector are in a
common plane. An optically transparent material surrounds
the 1LED and photo-detector, and this material is disposed in
a cavity that is surrounded by an optically reflective
packaging material. ' Light from the LED is reflected off of
the reflective walls of the cavity onto the photo-detector.

A problem with this prlor opto-isolastor is that light
strikes the photo-detector only after typically several
reflections off the surface of the cavity's reflective wall,
As a result of this stray light scattering, a large
percentage of the light from the LED never strikes the
active surface of the photo-detector, and the efficiency of
the opto-isolator is greatly decreased. Accordingly, it is
desirable to have an opto-isolator in which stray scattering
of light from the LED is significantly reduced so that the
efficiency of the opto-isoclator is improved.

B‘En :'!.: EI]ED 4
The sole.figure is a cross—sectional view of an
optical isolator according to one embodiment of the present
invention.
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Briefly stated, the present invention provides an
optical isolator (also known and referred to hereiln as an
opto-isolator) for transmitting an optical signal from an

opto-electronic transmitter toO an opto—electronic receiver.

The transmitter and receiver are disposed on separate
portions of a leadframe, and a planar optical waveguide is
physically connected to the transmitter and the receiver to
provide an optical link therebetween. The waveguide has at
least one holographic element disposed on it to direct a
beam of light from the transmitter to the receiver through

the waveguide. A package surrounds at least the portions of

the leadframe that support the transmitter and the receiver.
The present invention can be more fully described with

‘reference to the sole figure, which illustrates a cross-

sectional view of an optical isolator 10. An opto-
electronic transmitter 12 is. disposed on a first leadframe
portion 14, and an opto-electronic receiver 16 is disposed
on a second leadframe portion 18. A planar optical
waveguide 20 has a bottom surface 30 disposed on both
transmitter 12 and receiver 16, Holographic elements 22 and
26 are disposed on a top surface 28 of waveguide 20, and a
holographic element 24 is disposed on bottom surface 30 of
waveguide 20, Holographic elements 22, 24, and 26 are
aligned relative to one another and to transmitter 12 and

‘veceiver 16 sc that a beam of light 34 is transmitted from

tranamitter 12, reflected by holographic elements 22, 24,
and 26, and sensed by an active region of receiver 16, 2
package 32 encapsulates transmitter 12, receiver 16,
leadframe portions 14 and 18, ﬁaveguide 20, and holographic
elements 22, 24, and 26. _ '

According to the present invention, first leadframe

'_po:tion 14 and second leadframe portion 18 are disposed in a2

substantially common plane. In a preferred embodlment, this
is accomplished by forming portions 14 and 18 from a common
sheet of conductive material such as, for example, a
conventional leadframe. As an alternative, leadframe
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portions 14 and 18 can be provided from separate metal
sheets. An advantage to using a common Sheet of conductive
materiasl is that transmitter 12 and receiver 16 can be
bonded to a single leadframe during assembly and prior to
the formation of package 32. This simplifies assembly and
reduces the manufacturing cost of optical isolator 10.

Waveguide 20 is'generally a photo-tranamissive
electrical insulator such as, for example, plastic or glass,
and waveguide 20 is provided so that leadframe portion 14
and leadframe portion 18 can be electrically isolated while
still providing a signal path between transmitter 12 and
receiver 16. . _

Holographic elements 22, 24, and 26 are formed from
conventional materials using known processing methods. More
spec¢ifically, each holographic element is preferably made |
with a photo-sensitive film (also sometimes referred to as a
holographic material) having a thickness of less than about
100 microns. This £ilm is commercially available, for '
example, in the foxm of a dichromated gelatin, a silver
halide gelatin, or a photopolymer. The film emulsion is
preferably coated on waveguide 20 and then exposed to

‘conventional laser recording processing to provide the film

with its directional reflective properties. Alternatively,
instead of exposing the film emulsion while disposed on
ﬁaveguide 20, un~exposed holographic elements 22, 24, and 26
may be disposed on a separate optically transparent
substrate (not shown) such as mylar. Then, elements 22, 24,

‘and 26 are exposed to conventional laser processing to

provide their directional reflective properties. After this
exposure, elements 22, 24, and 26 are transferred from the
optically transparent substrate to waveguide 20,

One of skill in the'art recognlzes that the relative
positions of holographic elements 22, 24, and 26,
transmitter 12, and receiver 16 determine the angles of
reflection that must be imparted by holographic elements 22,
24, and 26, These angles of reflection are determined using
conventional techniques and are fixed during laser exposure
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of the photo-sensitive holographic film as is known,

Further details regarding the use of holographic elements in
a related optical application are described in U.S. Patent
No. 5,061,027 (issued to F. Richard on Octcber 29, 1991, and
titled "Solder-Bump Attached Optical Interconnect Structure
Utilizing Holographic Elements and Method of Making Same™),
and in U.S. Patent No. 5,101,460 (issued to F. Richard on
March 31, 1992, and titled “Simultaneous Bidirectional
Optical Intercoanect"), which are both hereby incorporated
by reference in full.

Transmitter 12, receiver 16, and holographic elements
22, 24, and 26 are attached, for example, to waveguide 20
using an optically clear adhesive, Transmitter 12 can be
any of many conventional optical transmitters lncluding LEDs
and semiconductor laser diodes, and receiver 16 generally
can be any photo-sensitive circuit such as, for example, a
conventional photo-detector,

Blectrical connections. such as wire-bonds from
transmitter 12 and receiver 16 to their respective leadframe
portions 14 and 18 may be made by providing openings (not
shown) in waveguide 20 as required such as by cutting or
etching of waveguide 20. 2Alternatively, an end of eitherx
transmitter 12“or receiver 16 can be extended past the edge
of waveguide 20, and the wire-bond can be made to this
exposed end. Package 32 preferably fully encapsulates
leadframe portions 14 and 18, transmitter 12, receiver 16,
waveguide 20, and holographic elements 22, 24, and 26. The
material used to form package 32 is, for example, a
conventional molding compound such as a plastie. An
advantage of this eancapsulation by package 32 is that
optical isolator 10 is not influenced by ambient light.
Another advantage of isolator 10 relative to prior opto-

- isolators is that the material used to form package 32 need

not be formed of & reflective material. This is s¢o because
beam of light 34 is solely reflected by holographic elements
22, 24, and 26, and no reflection of beam of light 34 from
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the interface between waveguide 20 and package 32 is
required. _

The manufacturing techniques used to assemble optical
isclator 10 and the formation of package 32 are both
conventional. Package 32 is preferably formed around
leadframe portions 14 and 18 prior to their being
electrically isclated. When a common leadframe is used,
leadframe portions 14 and 18 are electrically isolated, for
ekample, by trimming away the non-essential poztions of the
common leadframe such as the interconnect rails, damn~bars,
and cross-bars after encapsulation. _

The physical dimensions of package 32 and the distance
between transmitter 12 and receiver 16 will, of course, vary
with the particular application. However, it is desirable
that optical isolator 10 have a small size in which, for

~example, transmitter 12 and receiver 16 are separated by a

distance of less than about 5 millimeters. Alsoe, the
thickness of planar optical wavequide 20 will vary, but
preferably has a thickness less than about 3 millimeters.

Although a single opto-electronic receiver 16 is shown '
in the sole figure, in other embodiments multiple receiverxs
{(not shown) may be optically coupled to single opto-
electronic transmitter 12. This is accomplished by
splitting beam of light 34 into two or more rays of light
using, for example, holographic element 26. In such an
embodiment, each ray of light is reflected to impinge on a
different opto-electronic receiver. Por example, a second
receiver (not shown) can be disposed on leadframe portion 18
proximate to receiver 16 and also in contact with bottom
surface 30 of waveguide 20 so as to be impinged by a sacond
ray of light split off from holographic element 26.

In addition to the above, as an alternative embodiment
of the pfesent invention; one of skill in the art will
recognize that a single holographic element (not shown) can
be used instead of three holographic elements, This is
accomplished by placing the single holographic element on
surface 28 of optical waveguide 20 so0 that beam of light 34
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is reflected directly from transmitter 12 through waveguide
20 to the single holographic element and back through -
wavéguide 20 to receiver 16. In this altexnative
embodiment, the single holographic element is placed on
surface 28 and positioned horizontally somewhere between
transmitter 12 and receiver 16. ' This embodiment typically
requires different angles of reflection for the single
hologzaphic element, as compared to the use of three
holographic elements above, and these angles can_hé
determined using standard geometric computations, It is
believed that the use of 2 single holographic element as
just described may provide an optical efficiency for optical
isolator 10 that is greater than with the use of three
holographic elements as described in the first embodiment
above. '

By now, it should be appreciated that there has been
described a novel optical isolator that has a significantly
improved efficiency because it does not depend on light
scattering from a reflective cavity wall for its optical
signal path. Instead, the light transmitted by the opto-

‘electronic transmitter of the present invention is directed

by reflection from holographic films in a controlled,
repeatable manner. One advantage is that optical losses due
to scattering are minimal. Also, it is another advantage of
the present invention that both the'opto-electronic
transmitter and receiver can be formed on the same
leadframe, thus reducing manufacturing complexity and cost.
Because a common leadframe méy be used in this manner,
conventional, low-cost packaging can be used to encapsulate
the optical isolator.

. The foregoing discussion discloses and describes
merely exemplary methods and embodiments of the present
invention. As$ will be understood by those'familtar with the
art, the invention may be embodied in other specific forms
without departing from the spirit or essential
characteristics thereof. For example, more than three

holographic elements can be used with appropriate changes in
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jes of reflection. Accordingly, the

disclosure of the present jpvention is intended to be
but not 1imiting, of the scope of the
orth in the following claims.

their alignment and ang

{llustrative,
invention, which is set £
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a first leadframe portion and a sacond leadframe
portion, wherein said first leadframe portion and said

. second leadframe portion are electrically isolated and

disposed in a substantially common plane;

an opto-electronic transmitter digposed on said
first leadframe portion; ' .

a first opro-electronic receiver disposed on said
second leadframe portion; .

a planar optical waveguide having a top surface
and a bottom surface, wherein said bottom suxface is
disposed on said transmitter and said first opto-
electronic receiver;

a first holographic element disposed on said top
surface of said optical waveguide and aligned with
said transmitter so that a beam of light emitted from
said transmitter is reflected by said first
holographic element into said optical waveguide;

' a second holographic element disposed on said
bottom surface of said optical waveguide and alignéd_
relative to said first holographic element so that
said beam of light is reflected by said second
holographic element into said optical waveguide;

a third holographic¢c element disposed on said top
surface of said optical waveguide and aligned relative
to both said second holographic element and said first
opto—-electronic receiver so that said beam of light 4is
reflected by said third holographic element onto said
first opto-electronic receiver; and '

a package encapsulating at least said first
leadframe portion, said second leadframe portion, said
transmitter, and said first opto-electronic receiver.
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2. The optical isolator of claim 1 wherein said
optical waéééuide is selected from the group consisting of
glass and plastic. : '

3. The optical isolator of claim 1 wherein said
package is formed from a molding compound.

4. The optical isolator of claim 1 wherein said
opto-electronic transmitter is a light-emitting diode.

5. The optical isolator of claim 1 wherein said
first opto-electronic receiver is a photo-detector.

6. The optical isolator of claim 1 wherein said
first leadframe portion and said second leadframe portion
are formed from a common sheet of conductive material.

7.  The optical isolator of claim 1 wherein said
first holegraphic element has a thickness of less than about
100 microns.

8. The optical isolator of c¢claim 1 wherein said
opto-electronic transmitter and said first opto-electronic
receiver are separated by a distance of less than about 5
millimeters.

9. The optical isolator of ¢laim 1 wherein sald

package further encapsulates said optical wavequide, said

first holographic element, said second holographic element,
and said third holographic element.

10. The optical isolator of claim 1 wherein at least
one of said first, second, and third holographic elements
splits said beam of light into a first ray and a second ray,
said first ray impinges said First opto-electronic receiver,
and said second ray impinges a Second opto-electronic
receiver.
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11, Aﬁ?éitical isolator comprisiig: :

a first leadframe portion and a second leadframe
portion, wherein said first leadframe portion and said
second leadframe portion are electrically isolated,

disposed in a substantially common plane, and formed
- from a common sheet of conductive material;

an opto-electronic transmitter disposed on said
first leadframe portion; ' '
an opto-electranic receiver disposed on said

' second leadframe portion, wherein a distance between

sald opto-electronic transmitter and opto-electroanic
receiver is less than about 5 millimeters;

a planar optical waveguide of a thickness less
than about 3 millimeters and having a top surface and
& bottom surface, wherein said bottom surface is
disposed on said opto-electronic transmitter and said
opto-electronic receiver;

-a £irst holographic element having a thickness of
less than about 100 microns, disposed on said top
surface of said optical waveguide, and aligned with
said opto-electronic transmitter so that a beam of
light emitted from said opto-electronic transmitter is
raflected by said first holographic element into said
qpticai waveguide; _

a second holographic element having a thickness
of less than about 100 microns, disposed on said
bottom surface of said optical waveguide, and aligned
relative to said first holographic element so that
said beam of light is reflected by said second
hologzaphic element into sald optical waveguide;

a third holographic element having a thickness of
less than about 100 microns, disposed on said top
surface of said optical waveguide, and aligned
relative to both said second holographic element and
said opto-electronic receiver so that said beam of

il
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light is reflacted by said third holographic element
onto sidill opto-electronic receivey; and

a package encapsulating at least said first
leadframe portion, said second leadframe portion, said
opto-electronic transmitter, and said opto-electronic

receiver.

12, The optical isolator of claim 1l wherein said
package further encapsulates said optical waveguide, said
first holographic element, said second holographic element,
and said third holographic element.

13. The optical isclator of claim 12 wherein said
first leadframe portioh'and said second leadframe portion
are encapsulated by said package prior to being electrically
isolated. |

14. An optical isolator comprising:

a first leadframe portion and a second leadframe
portion, wherein said first leadframe portion and said
second leadframe portion are electfically isolated and
disposed in a substantially common plane;

an opto-electronic transmitter disposed on said
£irst leadframe portiony _ )

an first opto-electrohic receiver disposed on
said second leadframe portion;

a planar opﬁicql waveguide having a first surface

" and a second surface, wherein said second surfacé_ia
disposed on said optO*electronic.transmitter and said
first opto-electronic receiver;

a holographic-element disposed on said first
surface of said dptical waveguide and aligned with
said opto-electronic transmitter and said first opto-
electronic receiver so that a beam of light emitted
from said opto-electrenic transmitter is reflected by
said holographic element through said optical
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waveguide onto said first opto-electronic receiver;

and _
a package encapsulating at least said first

leadframe portion, said second leadframe portion, said
opto~electronic transmitter, and said first opto-
alectronic receiver,

15. The optical isolator of claim 14 wherein said
optical waveguide is selected from the group consisting of
glags and plastic.

16. The optical isolator of claim 14 wherein said
package is formed from a molding compound.

17. The optical isclator of claim 14 wherein said
opto-electronic transmitter is a light-emitting diode,

18. The optical isolator of claim 14 wherein said
first leadframe portion and said second leadframe portion
are formed from a common sheet of conductive material.

19. The optical isolator of claim 14 wherein said
opto-electronic transmitter and said first opto-electronic

receiver are separated by a distance of less than about 5

millimeters.

'20. The optical isolator of claim 14 wherein said
holographic element splits said beam of light into a first
ray and a second ray, sald first ray impinges said first
opto~electronic receiver, and said second ray impinges a
gecond optO*eleCtronié receiver,
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