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ABSTRACT 

 Dichromated gelatin is a photosensitive film that has been used for making holographic films for more than 50 

years. The film has excellent optical qualities such as high transparency, high index modulation capacity, and a wide range 

of film thicknesses. The film also has the unique property of broadened spectral and angular bandwidth using a non-linear 

film swelling effect and can be prepared using inexpensive materials and processes. Unfortunately, the film is also known 

for being difficult to work with and to obtain repeatable results. Although there are many examples of research groups and 

companies that attained repeatable processes, there is a surprising lack of data and analysis in literature describing the 

factors that influence the repeatability and uniformity of the material and potential solutions for improving the process. In 

this study, the environmental humidity during the film drying process is controlled between 25% and 75% and the resulting 

holograms are analyzed to determine the effect on repeatability. A strong correlation between the drying humidity and the 

variation in the spectral diffraction efficiency of the holograms is determined. An optimal drying humidity of 65% is found 

to reduce the variability in the Bragg-matched wavelength for normally incident light from +/-100nm when dried at 25% 

humidity to +/-15nm when dried at 65% humidity.  
 

Keywords: dichromated gelatin, repeatability, uniformity, optical materials, holography, photopolymer, humidity, 

augmented reality 

 

1. INTRODUCTION 

Volume holographic optical elements (VHOE) are diffractive optical elements with unique properties that make them 

useful in a variety of applications, including solar energy, display, and medical imaging systems1. In solar energy 

applications VHOEs are used as a low-cost solution for providing spectral filtering2 or broadband concentration3. VHOEs 

are used in heads-up displays and near-eye-displays for redirecting images from a projector to the eye4-5. VHOEs are used 

in medical applications to provide in-vivo three-dimensional images of tissue samples6.  

VHOEs are advantageous since they diffract light with high diffraction efficiency (DE) into a single order and the angular 

and spectral bandwidth can be optimized for the application. They can incorporate focusing and be used as lenses in 

imaging systems or as spectral-spatial filters7-8. High spatial frequencies can be recorded, allowing for the large diffraction 

angles necessary in applications such as edge-lit holograms used as pupil expanders. Additionally, VHOEs have potential 

to be manufactured reliably and precisely9 and a variety of inexpensive roll-to-roll processes have been developed5,10. 

A popular holographic material that was developed in the 1960’s and is still used today is dichromated gelatin (DCG)11-12. 

DCG is advantageous for its low cost ($3/m2), high index modulation capacity (0.1), and optical transparency (>98%)3. 

DCG holograms can be made using basic laboratory equipment, a variety of film deposition techniques, and a simple 

chemical development process. In addition to the excellent optical qualities, the chemical development process can be 

modified to provide enhanced bandwidth by imparting a non-linear refractive index modulation profile13. Despite its 

advantageous qualities, many have commented on the material as being unreliable and have found it difficult to obtain 

consistent or “repeatable” results. A recently developed commercial photopolymer, Covestro Bayfol HX, has a simpler 

and more reliable curing process14. Rather than curing the holograms in a chemical process, the holograms are cured using 
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UV light. While the material has important advantages in simplicity and repeatability, its index modulation capacity (0.03) 

is less than DCG and the film is more expensive and degrades over extended periods of solar illumination15. 

Despite the potential advantages for using dichromated gelatin films, commercial photopolymers have been favored in 

recent years due to their simplicity and reliability. Given that the unreliability of DCG is an important reason for the 

popularity of photopolymer films, there is surprisingly little information in literature available on the variations observed 

in DCG, the causes of the variations, and solutions for improving the reliability. Although some have mentioned that 

humidity and temperature are important parameters for attaining reliable results16, they did not identify the specific 

holographic parameters which vary, quantify the extent of variation, identify which processing step is the most important 

to control, or determine the optimal environmental conditions for attaining reliable results. 

In this paper the relationship between the drying humidity during the DCG film preparation process and the variation in 

the resultant hologram formation is studied. Several sets of slanted transmission holograms are fabricated and by analyzing 

the experimental data it is concluded that the primary cause for the observed inconsistency is variation in the film swelling 

ratio and is strongly influenced by the environmental humidity during the drying stage of the film preparation. The variation 

in the Bragg-matched wavelength for normally incident light is reduced from +/-100nm to +/-15nm and from +/-19% to 

+/-2% for DE by increasing the drying humidity from 25% to 65%. This improvement in DCG reliability is sufficient for 

many applications. 

2. EXPERIMENT 

DCG film is fabricated using a mold coating process with the process parameters listed in Table 1. First, the solution is 

formed by mixing water with 300 bloom strength type-B gelatin in a 50oC oven until the gelatin is fully dissolved. Next, 

ammonium dichromate, which acts as the light sensitizer, is mixed into the gelatin until fully dissolved. A few drops of 

the gelatin mixture are placed on a mold as shown in Fig. 1. The DCG mold is formed on a glass substrate using layers of 

tape of a known thickness surrounding the edges. Different tape thicknesses can be used to achieve the desired film 

thickness. In this experiment 7mil electrical tape is used to form the raised edges on the borders of the mold. A mold 

release agent is applied to the glass/tape mold to prevent the DCG film from sticking to the mold and encourage the film 

to stick to the glass cover plate substrate. After placing the gelatin on the mold, a glass substrate is placed against the mold, 

forcing excess gelatin mixture out the corners of the mold. The mold and substrate are held together on the edges by clips. 

Next, the dichromated gelatin molds are placed in a refrigerator set at a temperature of 13oC for 45 minutes until the gelatin 

has a firm and rubbery texture. The mold and the substrate are then carefully separated, with the DCG film adhering to the 

glass cover plate. 

Table 1: Values for fabrication the dichromated gelatin film. 

Deionized water 25g 

Type-B 300 bloom gelatin 3g 

Ammonium dichromate 0.5g 

Gelling temperature 13oC 

Gelling time 45 minutes 

Curing time 24 hours 
 

At this stage the DCG film is still soft since it contains most of its initial water content and must be dried. Drying is 

accomplished in a “drybox” that also contains a beaker of water to provide a locally controlled environment with adjustable 

humidity (Fig. 2). Standing water in the beaker evaporates to increase the humidity within the box. Once the humidity in 

the box and DCG film reaches a prescribed humidity value the film is dried out using a desiccant. Using this method, the 

humidity can be controlled between 25% and 75% during the drying process. Air flow is provided within the box by 

placing a fan underneath the DCG film. The film is left in the box for 24 hours before recording holograms. 

For this study, 6 sets of holograms are recorded with drying humidity levels at 25%, 35%, 45%, 55%, 65%, and 75%. Each 

set has 10-16 samples and are exposed using the same recording beam angles. Exposures are made with laser light at 
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457nm and recording angles of 8.9o and 29.5o with respect to the surface normal of the film. The beam angles are selected 

to provide maximum DE with normally incident light at 600nm after undergoing film swelling. It was found that the 

sensitivity to exposure energy density increases with higher curing humidity. Therefore, the exposure energy density was 

reduced for film cured at higher humidity levels to keep the diffraction efficiency similar for each set. The exposure energy 

density for the different humidity sets was 180mJ/cm2, 180mJ/cm2, 60mJ/cm2, 60mJ/cm2, 60mJ/cm2, 60mJ/cm2, 

respectively. Each substrate is cut into four pieces and 2-3 holograms are recorded on each piece before processing the 

film.  

 
Figure 1: The dichromated gelatin mold consists of tape surrounding the edges of a glass plate. A mold release agent is applied on the 

surface of the mold to prevent the film from sticking to the mold. 
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Figure 2: Humidity controlling drybox with the DCG film rack on top, a fan providing uniform air flow in the middle, and a water beaker 

providing an evaporative water source on the bottom. 

The film is processed using a typical DCG chemical processing procedure as shown in Fig. 3. First the exposed DCG film 

is placed in a Kodak Rapid fixer bath. The fixing property of the bath helps remove dichromate from the null regions of 

the interference fringes, providing a modulation in the refractive index. The hardening property of the bath increases the 

strength of the film to withstand the effects of rapid dehydration during successive baths of isopropyl alcohol (IPA). Next, 

the film is placed in a water bath to wash out the weakened gelatin in the unexposed regions. The final three IPA baths 

have increasing concentration and are used to gradually dehydrate the swollen film. After these steps the film is dried using 

compressed air and placed in an oven for 15 minutes to remove any residual water content. The exposure and chemical 

processing were done in an uncontrolled environment, with room humidity and temperature typically varying between 

20%-30% and 27-29oC. 
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Figure 3: Flow diagram for DCG chemical processing. After film exposure, the DCG is immersed in Kodak Fixer A+B, placed in 

running water, and then immersed in a series of IPA/water solutions with increasing IPA concentration. All solutions are at room 

temperature. Lastly the hologram is placed in an oven set at 60oC to remove any residual moisture. 

Data from each hologram is taken by measuring the spectral transmittance. In this measurement, light from a collimated 

halogen lamp passes through the hologram at normal incidence. A fiber connected to an Ocean Optics 2000+ spectrometer 

is used to measure the transmitted light. The measurement is normalized to the transmitted light value through the glass 

substrate so that the effect of Fresnel reflections is not included in the measurement. If it is assumed that the absorption 

and power diffracted into higher orders is negligible, then the DE can be obtained using the spectral transmittance, 𝑇(𝜆): 

𝐷𝐸(𝜆) = 1 − 𝑇(𝜆) (1) 

The spectral transmittance of each hologram that was recorded for the different humidity levels as shown in Fig. 4. The 

spectral transmittance plots show that there is significant variation in the DE, even though the holograms were fabricated 

using the same exposure beam angles. While some of the curves have reduced DE which can be observed as shallower 

dips in the spectral transmittance, The greatest variation is observed as a shift in the spectral transmittance curves along 

the horizontal axis. This type of variation in the spectral transmittance curves is highest for the 25% humidity samples, 

decreases until it reaches a minimum for the 65% humidity samples, and increases again for the 75% humidity samples. 

Based on coupled wave analysis17 it is known that changes in the refractive index modulation produce only small 

wavelength shifts (+/-10nm) in the spectral DE curves, which is less than the variation observed in the plots. Since the 

holograms were recorded using stable optical mounts without changing the construction beam angles, the variation must 

be caused by a change in the Bragg condition resulting from a change in the longitudinal component of the K-vector, which 

is a well-known effect of holographic film swelling13. 

These results are summarized by computing the standard deviation of the Bragg-matched wavelength for normally incident 

light and the standard deviation of the maximum DE for each curve (Fig. 5). The Bragg wavelength is estimated as being 

the wavelength that has the highest DE for each hologram. The data shows that the variation in the Bragg wavelength 

decreases from +/-100nm to +/-15nm when increasing the drying humidity from 25% to 65%. The variation in the 

maximum DE decreases from +/-19% to +/-2% when increasing the drying humidity from 25% to 65%. A substrate with 

3 holograms recorded on film dried at 65% humidity is shown in Fig. 6. 
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Figure 4: spectral transmittance for hologram samples recorded in DCG film dried at 6 different humidity levels. The largest variation 

is observed in the film dried at 25% humidity, while the smallest variations are observed in the film dried at 65% humidity. 

 
Figure 5: Standard deviation in (a) Bragg wavelength with normally incident light and (b) the maximum DE attained at the Bragg 

wavelength for normally incident light. The results indicate the highest variation for 25% drying humidity and the lowest variation for 

65% drying humidity. 
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Figure 6: 3 holograms recorded on DCG film that was dried at 65% humidity. 

3. CONCLUSION 

This paper evaluates the effect of relative humidity during the film curing stage on the repeatability of the diffraction 

efficiency and spectral bandwidth of dichromated gelatin transmission holograms. The variation is primarily observed as 

a wavelength shift in the spectral DE curves. This can be explained if the film undergoes a large variation in film swelling, 

which changes the Bragg condition and makes it challenging to obtain a repeatable process for making holograms in DCG. 

Further study also shows that the variation is minimized by drying the film in a controlled 65% humidity environment. 

The variation in the Bragg wavelength for normally incident light decreased from +/-100nm to +/-15nm when increasing 

the drying humidity from 25% to 65% and variation in the maximum DE reduced from +/-19% to +/-2%.   
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