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METHOD AND APPARATUS PROVIDING SINGLE STEP CADMIUM
CHLORIDE VAPOUR TREATMENT
FOR PHOTOVOLTAIC MODULES

FIELD OF THE INVENTION

[0001] Disclosed embodiments relate to the manufacture of photovoltaic modules, and more

particularly to methods of performing cadmium chloride treatment of photovoltaic modules

including cadmium telluride.

BACKGROUND OF THE INVENTION

[0002] Photovoltaic devices can include semiconductor material deposited over a substrate, for

example, with a first layer serving as a window layer and a second layer serving as an absorber

layer. The semiconductor window layer can allow the penetration of solar radiation to the absorber

layer, such as a cadmium telluride layer, which converts solar energy to electricity. Photovoltaic

devices can also contain one or more transparent conductive oxide layers, which are also often

conductors of electrical charge.

[0003] Processing of photovoltaic cells can include heat treatment of cadmium telluride coated

plates with cadmium chloride, which can improve crystalline quality and transport properties in

cadmium telluride. In conventional multi-step methods of cadmium chloride treatments, cadmium

chloride is applied to a cadmium telluride coated plate in a first step by a technique such as solution

spraying, dipping the plate into solution, vapor application, or atomized mist application. The

cadmium chloride is then activated by heat treatment in a second step.

[0004] However, the various known multi-step methods include several drawbacks including a

lack of control over humidity, which could facilitate formation of cadmium telluride-chlorates, and

longer processing times due to the multi-step process. Accordingly, a simplified process for

cadmium chloride treatment is desired.



BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a schematic of a photovoltaic device having multiple layers.

[0006] FIG. 2 is a schematic of a vapor deposition oven according to an embodiment described

herein.

[0007] FIG. 3 is a is a schematic of a vapor deposition oven according to another embodiment

described herein.

[0008] FIG. 4 is a schematic of a photovoltaic device having multiple layers.

DETAILED DESCRIPTION OF THE INVENTION

[0009] A method of manufacturing a photovoltaic device may include introducing cadmium

chloride vapors to an oven to deposit cadmium chloride on a cadmium telluride layer while

maintaining the oven at a temperature suitable for simultaneously heat-treating the deposited

cadmium chloride. In one disclosed embodiment, application of the cadmium chloride and heat

treatment are combined into a single step on moving plates.

[0010] As shown in FIG. 1, a photovoltaic device 100 can include a transparent conductive

oxide stack 170 adjacent to a substrate 110 and layers of semiconductor material 180.

[001 1] The substrate layer 0 can be the outermost layer of the device 100 and, in use, may be

exposed to a variety of temperatures and forms of precipitation, such as rain, snow, sleet, and hail.

The substrate layer 110 may also be the first layer that incident light encounters upon reaching the

device 100. It is therefore desirable to select a material for the substrate layer 110 that is both

durable and highly transparent. For these reasons, the substrate layer 110 may include, for example,

borosilicate glass, soda lime glass, or float glass.

[0012] The transparent conductive oxide stack 170 may be formed adjacent to the substrate

layer 110 and may include a plurality of layers. For example, the transparent conductive oxide

stack 170 may include a barrier layer 120 adjacent to the substrate layer 110, a transparent

conductive oxide layer 130 adjacent to the barrier layer 120, and a buffer layer 140 adjacent to the



transparent conductive oxide layer 130. The transparent conductive oxide stack 170 may be formed

through a series of manufacturing steps where each successive layer is formed adjacent to a

previous layer on the device 100.

[0013] The layers of semiconductor material 180 can include a bi-layer, which may include an

n-type semiconductor window layer, for example, a cadmium sulfide layer 150 or, more

specifically, a cadmium zinc sulfide layer, and a p-type semiconductor absorber layer, for example,

a cadmium telluride layer 160. The cadmium sulfide layer 150 and the cadmium telluride layer 160

may be positioned in contact with one another to create an electric field. Photons can free electron-

hole pairs upon making contact with the cadmium sulfide layer, sending electrons to the n side and

holes to the p side. Electrons can flow back to the p side via an external current path. The resulting

electron flow provides current, which combined with the resulting voltage from the electric field,

creates power. The result is the conversion of photon energy into electric power.

[0014] Cadmium zinc sulfide may be used as the material in the cadmium sulfide layer 150.

Cadmium zinc sulfide has proven more robust than cadmium sulfide for its ability to withstand high

anneal temperatures during cadmium chloride annealing of the absorber layer. The cadmium zinc

sulfide may be deposited using any suitable technique, including any of those described in U.S.

Patent Application No. 12/833,960 filed on July 10, 2010, which is hereby incorporated by

reference in its entirety. The cadmium telluride layer 160 can be deposited on the cadmium sulfide

layer 150 using any suitable means, including vapor transport deposition.

[0015] Following deposition, the cadmium telluride layer 160 may undergo a single step vapor

cadmium chloride treatment, thereby increasing grain size and improving device 100 efficiency.

Referring to FIG. 2, by way of example, a device 100 is transported through an oven 200 on a

transport mechanism, for example rollers 210 in a continuous process. In various embodiments, the

transport mechanism may be rollers, a belt, or other conveying means. The oven 200 may include a

plurality of heaters 230 to maintain the temperature of the device 100 at a desired temperature for

the vapor cadmium chloride treatment.



[0016] The oven 200 of the embodiment shown in FIG. 2 includes an in-situ vaporization unit

220 to vaporize the cadmium chloride inside the oven 200. Cadmium chloride may be provided to

the vaporization unit 220 through a cadmium chloride input line 250, for example, in powder form.

A carrier gas may optionally be supplied to the vaporization unit 220 through an optional carrier gas

input line 240 to distribute the vaporized cadmium chloride. The carrier gas used can be hydrogen,

helium, nitrogen, neon, argon, krypton, and mixtures containing these gasses. Alternatively, the

carrier gas may be omitted and the cadmium chloride vapor may diffuse under ambient conditions.

[001 7] Cadmium chloride vapors are introduced through a diffuser 260 in an amount and at an

appropriate location over the moving device 100 to deposit a desired amount of cadmium chloride

onto the cadmium telluride. An apparatus and method for depositing a vaporizable semiconductor

material as a film on a glass substrate is described, for example, in U.S. Pat. No. 7,910,166, the

disclosure of which is herein incorporated by reference in its entirety. In one embodiment, the

process may be continuous and may include transporting the device 100 through the oven 200 at the

same time as depositing the cadmium chloride and heat treating the cadmium telluride layer 160.

[0018] Referring to FIG. 3, by way of another example, an oven 200 includes an ex-situ

vaporization unit 280 to vaporize the cadmium chloride outside the oven 200. The vaporized

cadmium chloride may then be injected into the oven 200 through a vaporized cadmium chloride

input line 270 and a diffuser 260. Cadmium chloride may be provided to the vaporization unit 280

through a cadmium chloride input line 250, for example, in powder form. A carrier gas may

optionally be supplied to the vaporization unit 280 through an optional carrier gas input line 240 to

distribute the vaporized cadmium chloride. Alternatively, the carrier gas may be omitted and the

cadmium chloride vapor may diffuse through the vaporized cadmium chloride input line 270 under

ambient conditions. Cadmium chloride vapors are introduced through a diffuser 260 in an amount

and at an appropriate location over the moving device 100 to deposit a desired amount of cadmium

chloride onto the cadmium telluride.

[0019] The ex-situ vaporization unit 280 provides good control over the source temperature and

the vapor amount of the cadmium chloride vapor, for example, through the use of a throttle valve to



regulate carrier gas flow. Use of the ex-situ vaporization unit 280 also allows for distribution of the

vaporized cadmium chloride to be controlled by the use of a manifold, which improves efficiency.

The ex-situ vaporization unit 280 also allows for independent control of the source temperature of

the cadmium chloride vapor and the temperature within the treatment oven 200 and specifically

allows for the operation of the vaporization unit 280 at a much higher temperature than the oven 200

and the device 100. This, in turn, allows for better control of the heat treatment process. In one

embodiment, the source temperature of the cadmium chloride vapor may be about 400 to about 900

degrees Celsius.

[0020] The ovens 200 shown in the embodiments of FIGS. 2 and 3 are maintained at an

appropriate temperature for heat treatment of the applied cadmium chloride layer. Thus, the heat

treatment occurs simultaneously with the deposition of the cadmium chloride layer. In one

embodiment, the oven 200 may be operated at a temperature of about 350 to about 600 degrees

Celsius. In another embodiment, the oven 200 may be operated at a temperature of about 385 to

about 500 degrees Celsius. In another embodiment, the oven 200 may be operated at a temperature

of about 400 to about 450 degrees Celsius. The oven 200 may be a controlled ambient oven, in

which load/exit locks or gas curtains are used to control internal oxygen levels to keep oxygen out

and cadmium chloride in. Optionally, forming gas could be used in the oven 200 to control oxygen

at very low levels.

[0021] Using a combined vapor cadmium chloride deposition and heat treatment process, as

described in the embodiments, provides several advantages over the previously known methods. As

discussed above, the method of the disclosed embodiments combines application of the cadmium

chloride layer and heat treatment into a single continuous process step. Further, the embodiments

provide improved control over the cadmium chloride deposition and the heat treatment parameters.

Direct control over the amount of moisture in the oven may be achieved. The cadmium chloride

amount is independently controlled from the substrate temperature, and very small amounts of

cadmium chloride can be injected when the substrate is at the optimal annealing temperature. The

vaporization of high amounts of cadmium chloride can lead to condensation and, hence, a dry

cadmium chloride deposition on the substrate, which will perform an anneal in a subsequent thermal



bake. Additionally, the conventional stations used specifically to form the cadmium chloride layer

in a first step may be eliminated from a processing line.

[0022] Following the cadmium chloride treatment, a back contact metal 190 may be deposited

onto the cadmium telluride layer 160, as shown in FIG. 4. A back support 192 may be deposited

onto the back contact metal 190. The back support 192 may include any suitable material, including

a glass, for example, a soda-lime glass.

[0023] Photovoltaic devices/modules fabricated using the methods discussed herein may be

incorporated into one or more photovoltaic arrays. The arrays may be incorporated into various

systems for generating electricity. For example, a photovoltaic module may be illuminated with a

beam of light to generate a photocurrent. The photocurrent may be collected and converted from

direct current (DC) to alternating current (AC) and distributed to a power grid. Light of any suitable

wavelength may be directed at the module to produce the photocurrent, including, for example,

more than 400 nm, or less than 700 nm (e.g., ultraviolet light). Photocurrent generated from one

photovoltaic module may be combined with photocurrent generated from other photovoltaic

modules. For example, the photovoltaic modules may be part of a photovoltaic array, from which

the aggregate current may be harnessed and distributed.

[0024] The embodiments described above are offered by way of illustration and example. It

should be understood that the examples provided above may be altered in certain respects and still

remain within the scope of the claims. It should be appreciated that, while the invention has been

described with reference to the above preferred embodiments, other embodiments are within the

scope of the claims.



CLAIMS

What is claimed as new and desired to be protected by Letters Patent of the United

States is:

. A method of manufacturing a photovoltaic module, the method

comprising:

forming a cadmium telluride layer on a substrate;

depositing cadmium chloride on the cadmium telluride layer in an

oven; and

heat treating the cadmium telluride layer in the oven,

wherein depositing the cadmium chloride occurs at the same time

as heat treating the cadmium telluride layer.

2. The method of claim 1, further comprising transporting the

substrate through the oven at the same time as depositing the cadmium

chloride and heat treating the cadmium telluride layer.

3. The method of claim 2, wherein the substrate is transported through

the oven on a belt or a plurality of rollers.

4. The method of claim 1, wherein the cadmium telluride layer is heat

treated by at least one heater arranged in the oven.

5. The method of claim 1, further comprising vaporizing the cadmium

chloride in a vaporizer arranged inside the oven prior to deposit the

cadmium chloride on the cadmium telluride layer.

6. The method of claim 5, further comprising inputting the vaporized

cadmium chloride into the oven through a diffuser.



7. The method of claim 1, wherein the oven is maintained at a

temperature of about 350 to about 600 degrees Celsius while heat treating

the cadmium telluride layer.

8. The method of claim 1, wherein the oven is maintained at a

temperature of about 400 to about 450 degrees Celsius while heat treating

the cadmium telluride layer.

9. The method of claim 1, further comprising vaporizing the cadmium

chloride in a vaporizer arranged outside the oven prior to depositing the

cadmium chloride on the cadmium telluride layer.

10. The method of claim 9, further comprising inputting the vaporized

cadmium chloride into the oven through a diffuser.

11. The method of claim 1, further comprising vaporizing the cadmium

chloride in a vaporizer and supplying a carrier gas to the vaporizer to

distribute the vaporized cadmium chloride.

12. The method of claim 11, wherein the carrier gas comprises at least

one of hydrogen, helium, nitrogen, neon, argon, krypton, and mixtures

thereof.

13. The method of claim 1, wherein a cadmium sulfide layer is

arranged on the substrate, and wherein the cadmium telluride layer is

arranged on the cadmium sulfide layer.



1 . The method of claim 13, wherein the cadmium sulfide layer

comprises cadmium zinc sulfide.

15. The method of claim 1, wherein the oven is a controlled ambient

oven, the method further comprising activating loading and exit locks or

gas curtains to control internal oxygen levels of the oven.

16. A method of treating a cadmium telluride layer, the method

comprising:

depositing cadmium chloride on a cadmium telluride layer; and

heat treating the cadmium telluride layer,

wherein the steps of depositing the cadmium chloride and heat

treating the cadmium telluride layer occur simultaneously.

17. The method of claim 16, further comprising performing the steps of

depositing the cadmium chloride and heat treating the cadmium telluride

layer in the same oven.

18. The method of claim 17, further comprising transporting the

substrate through the oven at the same time as depositing the cadmium

chloride and heat treating the cadmium telluride layer.

19. The method of claim 16, further comprising vaporizing the

cadmium chloride in a vaporizer at a vaporizing temperature that is

higher than a temperature at which the cadmium telluride layer is heat

treated.



20. The method of claim 19, wherein the temperature at which the

cadmium telluride layer is heat treated is about 385 to about 500 degrees

Celsius.

21. The method of claim 19, wherein the temperature at which the

cadmium telluride layer is heat treated is about 400 to about 450 degrees

Celsius.

22. The method of claim 16, further comprising depositing the

cadmium chloride on the cadmium telluride layer using a diffuser.

23. The method of claim 22, further comprising using a carrier gas to

distribute the vaporized cadmium chloride.

24. The method of claim 17, wherein the oven is a controlled ambient

oven, the method further comprising activating loading and exit locks or

gas curtains to control internal oxygen levels of the oven.

25. An apparatus for manufacturing a photovoltaic module, comprising:

an oven comprising a heater for heating the interior of the oven;

a vaporization unit arranged outside the oven for vaporizing

cadmium chloride; and

a diffuser arranged inside the oven for diffusing vaporized

cadmium chloride within the oven.

26. The apparatus of claim 25, further comprising a transport

mechanism arranged inside the oven for transporting a substrate through

the oven.



27. The apparatus of claim 26, wherein the transport mechanism

comprises a belt or a plurality of rollers.

28. The apparatus of claim 25, wherein the temperature of the

vaporization unit and the temperature of the heater are controlled

separately.

29. The apparatus of claim 1, wherein the oven is a controlled ambient

oven comprising loading and exit locks or gas curtains to control internal

oxygen levels of the oven.

30. An apparatus for manufacturing a photovoltaic module, comprising:

an oven comprising a heater for heat treating a cadmium telluride

layer arranged on a substrate;

a vaporization unit for vaporizing cadmium chloride; and

a diffuser arranged inside the oven for diffusing vaporized

cadmium chloride within the oven and depositing cadmium chloride onto

the cadmium telluride layer, wherein depositing the cadmium chloride

occurs within the oven at the same time as heat treating the cadmium

telluride layer.

31. The apparatus of claim 30, further comprising a transport

mechanism arranged inside the oven for transporting the substrate

through the oven.

32. The apparatus of claim 31, wherein the transport mechanism

comprises a belt or a plurality of rollers.



33. The apparatus of claim 30, wherein the vaporization unit is an in-

situ vaporization unit arranged within the oven.

34. The apparatus of claim 30, wherein the vaporization unit is an ex-situ

vaporization unit arranged outside of the oven.

35. The apparatus of claim 30, wherein the oven is a controlled ambient

oven comprising loading and exit locks or gas curtains to control internal

oxygen levels of the oven.
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