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HOLOGRAPHIC OPTICAL ISOL~TOR UTILIZING OPTO-ELECTRONIC 
~RANSMI~TER AND RECEIVER DISPOSED IN A PACKAGE 

Baqkg-round Qf the Inffntign 

5 The present invention relates, in general, to optical 
devices and, more particularly, to optical coupling of an 
opto-el.ect:onie transmitter and :receive:. 

Opto-isolators are used where it is desirable to . 
electrically isolate two sections or an electronic circuit, 

10 for example, to provide improved noise isolation or to 
prevent user contact with a hi9h-voltaqe power supply. One 
prior opto-isolator provides a light-emittinq diode (LED) 
and photo-detector on electrically separated halves of a 
leadframe so that the I.En.and the photo-detector are in a 

15 common plane. An optically transparent material surrounds 
the LED and photo-detector, and this material ia disposed in 
a cavity that is surrounded by an optically reflective 
packaging material. Light from the LED is r;eflected off of 
the reflective walls of the cavity onto the photo-detector. 

20 A problem with this p~ior opto-isolator is that light 

strikes the photo-detector only after.typically several 
reflections off the surface of the cavity's reflective wall. 
As a result cf this stray light scattering, a large 
percentage of the liqht from the LED never strikes the 

25 active surface of the photo-detector, and the efficiency of 

the opto-iaolator is greatly decreased. Accordingly, it is 
desirable to have an opto-isolator in which stray scatterinq 
of liqht from the LED is significantly reduced so that the 
efficiency of the opto-isolator is improved. 

30 

Brief pegQription pf the prawlng 

The sole.figure is a cross-aeetional view of an 

optical isolator accordinq to one embodiment of the present 

invention. 
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Detailed pescript1on pf the Drawing 

Briefly stated, the present invention provides an 
optical isolator Calso known and referred to herein as an 
opto-isolator) for transmittinq an optical signal trom an 

5 opto-electronic transmitter to an opto-electronic receiver. 
The transmitter and receiver are disposed on separate 
portions of a lead.frame, and a planar optical waveguide is 
physically connected to th• transmitter and the receiver to 
provide an optical link therebetween. The wavequide has at 

10 least one holographic elemen~ disposed on it to direct a 
beam of liqht from the transmitter to the receiver throuqh 
the waveguide. A package surrounds at least the portions of 
the leadframe that support the transmitter and the receiver. 

The p~eaent invention can be more fully described with 

15 reference to the sole figure, which illustrates a cross­
sectional ~iew of an optical isolator 10. An opto­
electronic transmitter 12 is.disposed on a first leadfraine 
portion 14, and an opto-electronic receiver 16 is disposed 
on a second leadframe portio~ 18. A p1anar optical 

20 waveguide 20 has a bottom surface 30 disposed on both 
transmitter 12 and receiver 16. Holoqraphic elements 22 and 
26 are dispo~ed on a top surface 28 of wa~eguide 20, and a 
holographic element 24 is disposed on bottom surface 30 of 
waveguide 20. Holoqraphic elements 22, 24, and 26 are 

25 aligned relati~e to one another and to transmitter 12 and 
receiver 16 so that a beam of light 34 is transmitted from 
transmitter 12; reflected by holographic elements 22, 24, 
and 26, and sensed by an active region of receiver 16. A 
packaqe 32 encapsulates transmitter 12, receiver 16, 

30 leadframe portions 14 and 18, waveguide 20, and holoqraphic 

elements 22, 24, and 26. 
Accordinq to the present invention, first leadframe 

portion 14 and second leadframe portion 18 are disposed in a 
substantially common plane. In a preferred embodiment, this 

35 is accomplished by forming portions 14 and 18 trom a common 
sheet of conductive material such as, for example, a 
conventional leadframe. As an alternative, leadframe 
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portions 14 and 19 can be provided from separate metal 
sheets. An advanta9e to using a common sheet of conductive 
material is that transmitter 12 and receiver 16 can be 
bonded to a single leadfrarne during assembly and prior to 

5 the formation of package 32. This simplifies assembly and 
reduces the manufacturinq cost of optical isolato~ 10. 

Waveguide 20 is genera1ly a photo-transmissive 
electrical insulator sueh as, for example, plastic or glass, 
and waveguide 20 is provided so that leadframe portion 14 

10 and leadframe portion 18 ean be electrically isolated while 
still p~ovidinq a siqnal path between transmitte• 12 and 
receiver 16. 

Boloqraphic elements 22, 24, and 26 are formed from 
conventional materials usinq known processing methods. More 

.15 specifically, each holo9raphic element is preferably inade 

with a photo-sensitive film (also sometimes referred to as a 
holo9raphic material) havinq_a thickness of less than about 
100 microns. This film is commercially available, for 
example, in the form of a dichromated gelatin, a ~i1ver 

20 halide gelatin, or a photopolymer. The film. emulsion is 
preferably coated on waveguide 20 and then exposed to 
conventional laser recordinq processing to pro~ide the film 
with its directional reflective properties. Alternatively, 
instead of exposinq the film emulsion while disposed on 

25 wavequide 20, un-exposed holoqraphic elements 22, 24, and 26 
may be disposed on a separate optically transparent 
substrate (not shown) such as mylar. Th_en, elements 22, 24, 
and 26 are exPosed to conventional laser processinq to 
provide their directional reflective properties. After this 

30 exposure, elements 22, 24, and 26 are transferred from the 
optically transparent substrate to wavequide 20. 

One ot skill in the art recognizes that the relative 
positions of holoqraphic elements 22, 24, and 26, 
transmitter 12, and receiver 16 determine the an~les of 

35 reflection that must be imparted by holographi.c elements 22, 
24, and 26. These anqles of reflection are determined using 
conventional techniques and are fixed durinq laser exposure 

Ill 



of the photo-sensitive holographic film as is known. 
Further details r&9arding the use of holographic elements in 
a related optical applioation are described in U.S. Patent 
No. 5,061,027 (issued to F. Richard on October 29, 1991, and 

5 titled nsolder-Bump Attached Optical Interconnect Structure 
Utilizing Holographic Elements and Method of Makiog Same"), 
and in U.S. Patent No. 5,101,4.60 (issued to F. Richard on 
March 31, 1992, and titled "Simultaneous Bidirec~_ional 
optical InterconnectM), which are both hereby ·incorporated 

10 by reference in full. 

Transmitter 12, receiver 16, an6 holoqraphic elements 
22 1 24, and 26 are attached. for example, to waveguide 20 
using an optically clear adhesive. Transmitter 12 ean be 
any of many conventional optical transmitters including LEDs 

15 and semiconductor laser diodes, and receiver 16 generally 
can be any photo-sensitive circuit such as, for example, a 
conventional photo-detector. 

Electrical connections such as wire-bonds from 
transndtter 12 and receiver 16 to their respective leadframe 

20 portions 14 and 18 may be made by providing openinqs_ (not 
shown) in waveguide 20 as required such as by cutting or 
etching of wavequide 20. Alternatively, an end of either 
transmitter 12 or receiver 16 can be extended past the edqe 
of waveguide 20, and the wire-bond can De made to this 

25 exposed end. Package 32 preferably fully encapsulates 

leadframe portions 14 and 18, transmitter 12, receiver 16, 
wavequide 20, and holoqraphic elements 22, 24, and 26. The 
material used to form package 32 ia, for example, a 
conventional molding compound such as a plastic. An 

30 advantaqe of this encapsulation by package 32 is that 
optical isolate= 10 is not influenced by ambient liqht. 
Another advantaqe of isolator 10 relative to prior opto­
isolators is that the material used to form package 32 need 
not be formed ·of a reflective material. This is so because 

35 beam of liqht 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 packaqe 32 is 

required. 
The manufacturing techniques use6 to assemble optical 

isolator 10 and the formation of package 32 are both 
5 conventional. Package 32 is preferably formed around 

leadframe portions 14 and·1s prior to their being 
electrically isolated. When a common ieadframe is used, 
leadframe portions 14 and 18 are electrically isolated, for 
example, by trimminq away the non-essential portions of the 

10 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 pa:ticu1ar application. However, it is desirable 

15 that opticai isolator 10 have a small size in which, for 
example, transmitter 12 and receiver 16 are separated by a 
~istance of less than abou~ S millimeters. Also, the 
thickness of planar optical waveguide 20 will vary, but 
preferably has a thickness less than about 3 millimeters. 

20 Although a single opto-electronic receiver 16 is shown 
in the sole figure, in other embodiments multiple receivers 
(not shown) may be optically coupled to sinqle opto­
electronic transmitter 12. This is accomplished hy 
splitting beam of light 34 into two or more rays of liqht 

2S usinq, for example, holographic element 26. In such an 
embodiment, each ray of light is reflected to impin9e on a 
different opto-electronic receiver. Por example, a second 
receiver (not shown) can be disposed on leadf~ame portion 18 
proximate to receiver 16 and also in contact with bottom 

30 s~rface 30 of waveguide 20 so as to be impinqed by a second 
ray of light split off from holographic element 26. 

In ad.Clition to the above, a.s an alternative embodiment 
of the present in~ention, one of skill in the art will 
recognize that a single holographic element (not shown) can 

35 be used instead of three holographic elements. ~his is 
accomplished by placing the ~ingle holographic element on 
surface 28 of optical waveguide 20 so that beam o~ liqht 34 
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is reflected directly from transmitter 12 through wavequide 

20 to the single holographic element and back throuqh · 

waveguide 20 to receiver 16. In this alternative 

embodiment, the single holographic element is placed on 

S surface 28 and positioned horizontally sOJnewhere between 

transmitter 12 and receiver 16. · This embodiment typically 

requires different angles of reflection for the single 

holographic element, as compared to the use of three 

holographic elements above, and these angles can be 

10 determined using- standard geometric computations. It is 

believed that the use of a single holographic element as 

just desci:ibed may provide an optical ef:Uciency for optical 

isolator 10 that is greater than with the use of three 

holographic elements as described in the first embodiment 

15 above. 
By now, it should be appreciated that there has been 

described a novel optical isolator that has a siqnificantly 

improved efficiency because it does not depend on li9ht 

scattering from a reflective cavity wall for its optical 

20 signal path. Instead, the liqht transmitted by the opto­

electronic transmitter of the present invention is directed 

by reflection from holographic filma in a controlled, 

repeatable manner. One advantage is that optical losses due 

to scattering are minimal, Also, it is another ad.vantaqe of 

25 the present invention that both the opto-electronic 

transmitter and receiver can be formed on the same 

leadframe, thus reducing 1nanufaeturing complexity and cost. 

Because a common leadframe may be used in this manner, 

conventional, low-cost packaqing can be used to encapsulate 

30 the optical isolator • 
. The foregoing discussion discloses and deseribea 

merely exemplary methods and embodiments of the present 

invention. As will be understood by those famil~ar with the 

art, the invention may be emhodied in other specific forms 

35 without departinq from the spirit or essential 

characteristics thereof. For example, more than three 

holoqraphic elements can be used with appropriate chanqes in 
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their aliqnment and angles of reflection: Accordinqly, the 

disclosure of the present invention is irltended to be 

illustrative, but not limitinq, of the sccpe of the 

invention, which is set forth in the followinq claill\S. 
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CLAIMS 

1. An optical isolator comprising: 
a first leadframe portion and a second leadframe 

5 portion, wherein said first leadframe portion and said 
second leadframe portion are electrically isolated and 
disposed in a su~stantially common plane1 

an opto-electro~ic transmitter disposed on said 
first leadframe portion; 

10 a first opto-electronic receiver disposed on sai~ 

15 

. \ 

20 

second leadframe portion; 
a planar optical waveguide having a top surf ace 

and a bottom surface, wherein said bottom su:face is 
disposed on said transmitter and said first opto­
electronic receiver; 

& first hol09raphic element disposed on said top 
surf ace of sai~ optical waveguide and ali9ned with 
said transmitter s~ that a beam of light emitted from 
said transmitter is reflected by said first 
holo9raphic element into said optical wavequide; 

a second holographic element disposed on said 
bottom surface of said optical wavequide and aligned 
relative to said first holographic element so that 
said beam of light is reflected by said second 

25 holographic element into said optical waveguide; 
a third holo9raphic element disposed on said top 

surface of said optical waveguide and aliqned relative 
to both said second holographic ele~ent and said first 
opto-electronic receiver so that said beam of li9ht is 

30 reflected by said third holographic element onto said 

35 

first opto-electronic receiver; and 
a package encapsulating at least said first 

l&adframe portion, aaid second leadframe portion, s~id 
transmitter, and said first opto-electronic receiver. 
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2. The optical isolator of claim 1 wherein said 
optica1 wa~~~uide is selected from the qroup consistinq of 
glass and plastic. 

5 3. The optical isolator of claim 1 wherein said 

10 

package is formed from a molding compound. 

4. The optical isolator of claim l 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 l wherein said 

15 first leadframe portion and said second leadframe portion 
are formed from a common sheet of conductive material. 

7. The optical isolator of claim l wherein said 
f i.rst hOlographic element has a thickness of less than about 

20 100 microns. 

8. ~he optical isolator of claim l wherein said 

opto-electronic transmitter and said first opt~electronic 
receiver are separated by a distance of less than about 5 

25 millimeters. 

9. The optical isolator of claim 1 wherein said 
package further encapsulates said optical wave~uiae, said 
first holoqraphic element, said second holc~raphic element, 

30 and said third holoc;rraphic element. 

10. ~he optical isolator of claim 1 whe~ein at least 
one of said first, second, and third holo9raphic elements 
splits said beam of liqht into a first ray and a second ray, 

35 said first ray impinges said fi:st opto-electronic receiver, 
and said second ray impinges a second opto-electronic 
receiver. 
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11. Ad 6~tical isolator comp:risi~g: 
a first lead~rame-portion and a second leadframe 

portion, whe~ein said first leadframe portion and said 
5 second leadframe portion are electrically isolated, 

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

an opto-e1eetronic transmitter disposed on said 
first leadframe portion; 

10 an opto-electronic receiver disposed on said 
second leadframe portion, wherein a distance between 
said opto-eleetronic transmitter and opto-electronic 
receiver is less than about 5 millimeters; 

a planar optical waveguide of a thickness less 
15 than about 3 millimeters and having a top surface and 

a bottom surface, wherein said bottom surface is 
disposed on said opto~electronic transmitter and said 
opto-electronic receiver; 

a f i~st holographic element having a thickness of 
20 less than about 100.mic::rons, disposed. on said top 

surface of said opticai wavegu.ide, and aligned with 
said opto-electronic transmitter so that a beam of 
liqht emitted from aaid opto-electronic transmitter is 
reflected by said first holographic element into said 

25 optical wavequide; 
a second holographic element having a thick.ne$s 

of less than·about 100 microns, disposed on $&id 
bottom surface of said optical waveguide, and aligned 
relative to said first holoqraphic e1ement so that 

30 said beam of l1qht is reflected by said second 
holographic element.into said optical wavequide; 

a third holo~raphic element having a thickness of 
less than about 100 microns, disposed on eaid top 
sur~ace of said optical wa~e~uide, and alilfJned 

35 relative to both said second holographic element and 
said opto-electronic receiver so that said beam of 
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liqht is reflected by said third holographic element 

onto said opto-electronic receiver; and 

a packa9e encapsulating at least said first 

leadframe portion, said second leadframe portion, said 

5 opto-electronic transmitter, and said opto-electronic 

.:receiver. 

12. The optical isolator of claim 11 wherein said 

package further encapsulates said optical waveguide, said 

10 first holographic element, said seeond holographic element, 

and said third holographic element. 

13. The optical isolator of claim 12 wherein said 

first leadframe portion and said second leadframe· portion 

15 are encapsulated by said packag-e prior to being electrically 

isolated. 

14. An optical isolator comprising: 

a first leadf rame portion and a second leadf rame 

20 portion, wherein said first leadframe .portion and said 

second leadframe portion are electrically isolated and 

disposed in a substantially con'lmon plane; 

an opto-electronic transmitter disposed on said 

first leadframe portion-; 

25 an first opto-electronic receiver disposed on 

said second leaOframe portion; 

a planar optic~l waveguide having a first surface 

and·a second l!lurface, wherein said second surface is 

disposed on said opto-electronic transmitter and said 

30 first opto-electronic receiver: 
a holographic ·element disposed on said tirst 

surface of said optical waveguide and aligned with 

said opto-electronic transmitter and said first opto­

electronic receiver so that a beam of light emitted 

35 from said opto-electronic transmitter is reflected by 

said holographic.element through said optical 
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wave'IUide onto said first opto-electron!c receiver; 
and 

a packaqe encapsulatinq at least said first 
leadframe portion, said second leadframe portion, said 

5 opto-electronie t~ansmitter, and said first opto­
electronic ~eceiver. 

15. 'l'he optical isolator of claim 14 wherein said 
optical waveguide is selected from the qroup consistinq of 

10 qlas$ and plastic. 

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

15 17. The optical isolator of claim 14 wherein said 
opto-electronie transmitter is a light-emitting d!ode. 

18. The optical isolator of claim 14 wherein said 
first leadframe portion and said second leadtraine portion 

20 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 

25 millimeters. 

20. The optical· isolator of claiJn 14 wherein said 
holoq~aphic element splits said beam of light into a first 
ray and a second ray, sai~ fi~st ray impinges said first 

30 opto-electronic recei~er, and said second ray impinges a 
second opto-electronic receiver. 
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