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CLAIMS

1. A laser system comprising:

at least one semiconductor laser; and

at least one bi-stable resistive system operating as a reversible switch is electrically connected in series with
the at least one semiconductor laser, wherein the at least one bi-stable resistive system operates in

a high resistive state in which at least one semiconductor laser is below a lasing threshold and emitting in a
spontaneous emission regime, and

alow resistive state in which at least one semiconductor laser is above or equal to a lasing threshold and

emitting in a stimulated emission regime.

2. The laser system of claim 1, wherein the at least one bi-stable resistive system operating as a reversible

switch is electrically connected in series across two independent chips.

3. The laser system of claim 1, wherein the at least one bi-stable resistive system operating as a reversible

switch is electrically connected in series on a single wafer.

4, The laser system of claim 1, wherein the at least one bi-stable resistive system is formed using insulator-to-

metal transition (IMT) materials.

5. The laser system of claim 1, wherein the at least one bi-stable resistive system is formed using threshold-

switching selectors.

6. A vertical wave guide laser semiconductor device comprising:

a seminonducior substrate, and a [ayer structurs formed tharson with a quaniization axis of an active medium
layar paralisl with a vertical axie of an optical cavity, the laver structire including

afirst wave guide layer with a first doping type disposed over a semiconductor substrate,

the active medium layer disposed over the first wave guide layer, and

a second wave guide layer with a second doping type;

amesa type structure with a top surface and a side wall formed from the first wave guide layer, the active
medium layer and the second wave guide layer; and

a bi-stable resistive system (BRS) formed i) in the first wave guide layer around or adjacent to the mesa type

structure or ii) on the top surface of the mesa type structure.

7. The vertical wave guide laser semiconductor device of claim 6, wherein the layer structure is a vertical-cavity
surface-emitting laser (VSCEL).
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8. The vertical wave guide laser semiconductor device of claim 6, wherein the bi-stable resistive system is

formed using insulator-to-metal transition (IMT) materials.

9. The vertical wave guide laser semiconductor device of claim 6, wherein the bi-stable resistive system is

formed using threshold-switching selectors.

10. The vertical wave guide laser semiconductor device of claim 6, further comprising:
afirst contact layer formed over the bi-stable resistive system;
an aperture formed in the second wave guide layer; and
a second contact layer formed over the second wave guide layer and having an opening over the aperture,

the second contact layer is electrically isolated from the first contact layer.

1. A vertical wave guide laser semiconductor device comprising:

a samiconducior subsirate, and & layer structure formad thereon with a quantization axiz of an aciive medium
fayer parallel wilh & vartioal ais of an oplical cavily, the layer sinuciure including

a first wave guide layer with a first doping type disposed over a semiconductor substrate,

the active medium layer disposed over the first wave guide layer, and

a second wave guide layer with a second doping type and;

amesa type structure with a top surface and a side wall formed from the first wave guide layer, the active
medium layer and the second wave guide layer;

a bi-stable resistive system (BRS) formed on a bottom side of the semiconductor substrate;

afirst contact layer formed over the bi-stable resistive system; and

a second contact layer formed over the second wave guide layer, the second contact layer is electrically

isolated from the first contact layer.

12. The vertical wave guide laser semiconductor device of claim 11, wherein the at least one bi-stable resistive

system is formed using insulator-to-metal transition (IMT) materials.

13. The vertical wave guide laser semiconductor device of claim 11, wherein the at least one bi-stable resistive

system is formed using threshold-switching selectors.

14. An edge-emitting laser semiconductor device comprising:
a samiconducior subsirale, and alayer structure formad thereon, tha tayer siruckire including
afirst cladding layer with a first doping type disposed over a top side of a semiconductor substrate;
afirst wave guide layer disposed over the first cladding layer,
an active medium layer disposed over the first wave guide layer,

a second wave guide layer disposed over the active medium layer, and
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a second cladding layer with a second doping type disposed over the second wave guide layer;

amesa type structure with a top surface and a side wall formed from the second cladding layer and an oxide
layer formed on either side of the mesa type structure; and

a bi-stable resistive system (BRS) formed

i) on the top surface of the mesa type structure with a first contact layer formed thereon and a second contact
layer formed on a bottom side of the semiconductor substrate, or

ii) on a bottom side of the semiconductor substrate with a first contact layer formed thereon and a second

contact layer formed on the top surface of the mesa type structure.

15. The edge-emitting laser semiconductor device of claim 14, wherein the at least one bi-stable resistive system

is formed using insulator-to-metal transition (IMT) materials.

16. The edge-emitting laser semiconductor device of claim 15, wherein the at least one bi-stable resistive system

is formed using threshold-switching selectors.

17. A vertical wave guide laser semiconductor device comprising:

a seminonducior substrate, and a layer structurs formed tharson with an quantization axis of an antive
meadium layer perailel with a verlical axis of an optical cavity, the iayer structurs including

afirst wave guide layer with a first doping type disposed over a semiconductor substrate,

the active medium layer disposed over the first wave guide layer, and

a second wave guide layer with a second doping type, with at least one layer of a bi-stable resistive system
(BRS) formed i) within the active medium layer or ii) within one of the first wave guide layer and the second wave guide
layer; and

amesa type structure with a top surface and a side wall formed from the first wave guide layer, the active

medium layer and the second wave guide layer.

18. The vertical wave guide laser semiconductor device of claim 17, further comprising:
afirst contact layer formed over the first wave guide layer; and
a second contact layer formed over the second wave guide layer and having an opening over the aperture,

the second contact layer is electrically isolated from the first contact layer.

19. The vertical wave guide laser semiconductor device of claim 17, wherein the layer structure is a vertical-cavity
surface-emitting laser (VSCEL).

20. The vertical wave guide laser semiconductor device of claim 17, wherein the at least one bi-stable resistive

system is formed using insulator-to-metal transition (IMT) materials.
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21. The vertical wave guide laser semiconductor device of claim 17, wherein the at least one bi-stable resistive

system is formed using threshold-switching selectors.
22. The vertical wave guide laser semiconductor device of claim 17, wherein the at last one layer of a bi-stable

resistive system (BRS) is formed within the active medium layer at a node of a stationary electromagnetic field

oscillating in the optical cavity to minimize light absorption.
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