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Supplementary Materials 

A Three Dimensional Porous Silicon p-n Diode for Betavoltaics and Photovoltaics 

Pore Parameter Analysis:  The morphology of selected macroporous Si samples was 

observed in detail with a scanning electron microscope (SEM). Figure 2 presents a top view 

(a) and a side view of a cleaved Si chip (b) showing representative pore channel cross 

sections. The SEM data were used to estimate the geometrical parameters of the randomly 

distributed pores. The area of the SEM view was 337.5 µm2. A manual count showed 135 

well-focused pore openings and 55 blurred openings giving a total of 190 pores. This gives 

the average surface area containing each pore as 1.78 µm2. A selection of 50 pores in this area 

gave the average pore diameter, davg, as 0.84 ± 0.12 µm. A total of 17 pore channels were 

randomly selected from the SEM cross section view to estimate the average pore depth, havg, 

as 43.1 ± 1.2 µm.  

Wafer Test Fixture:  Both porous silicon and planar silicon p-n diodes were exposed to tritium 

within the confines of Wafer Test Fixtures (WTFs). Each WTF consisted of two steel plates 

6.35 cm in diameter bolted together and tightly clamping a 1.91 cm diameter copper disc 

(silver soldered to a 0.32 cm diameter copper fill pipe), a 0.1 cm diameter indium wire seal 

ring, and a 2.54 cm × 2.54 cm square Si wafer. The indium wire seal was a 1.52 cm diameter 

circle that compressed to a thickness of ~0.02 cm when the assembly was completely sealed.  

PEEK insulators placed between the top and bottom plates and the central components 

provided electrical isolation. An electrical conductor, entering via a hole in the bottom plate, 

was attached to the backside of the Si wafer with silver epoxy. The other end of the conductor 

was soldered to a BNC bulkhead feedthrough mounted on a standoff connected to the bottom 

plate. The p-n junctions on the front-side of the Si wafer faced the fill pipe. The circuit to the 

measurement equipment was completed by an electrical conductor clipped to the fill pipe. 
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Each assembled WTF was installed on a high vacuum system and standard techniques used to 

confirm vacuum leak tightness of less than 10-8 atm·cm3/s. Thereafter, 232 mCi of tritium gas 

at a pressure slightly above 1 atm was loaded into each WTF. The WTFs were separated from 

the Tritium Handling System by cold-weld pinching of the Cu fill pipe at the mid point. Wipe 

tests following loading and subsequent measurement operations verified minimal residual 

contamination. Accepted radioactive handling procedures were used when handling, shipping 

and storing the WTFs containing tritium. 

Efficiency Analysis:  The analysis of the I-V data followed established methods to determine 

the device performance. The energy conversion efficiency, η, given by the following 

expression: 

(1)    η = Pex*FF/Pβ 

where Pβ is the volumetric power produced by the radioisotope and Pex is the product of the 

short circuit current and the open circuit voltage. The fill factor is given by: 

(2)    FF = Pm4/Pex 

where Pm4 is the maximum “power rectangle” in the 4th quadrant of the I-V response.  

The available tritium beta power per unit radioactivity is Pβ = 33.7 µW per curie (Ci). In the 

WTFs, there was 106 mCi of tritium activity above the Si diodes and the pore channels 

contained 6.04 mCi. Note that it is common practice to define Pβ per unit area for betavoltaic 

power.2 However, in this work Pβ is the total available power contained in the reservoir 

volume. The main point of interest is how much of the complete solid angle of 4π steradians 

contributes to the energy conversion process in the pore channels, and thus the potential 

utilization of the available power. 
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The tritium power parameters extracted from two I-V response data sets are presented in 

Table 1. WTF1 contained a 3D porous diode and WTF2, a 2D planar diode. The notation, 

“both” for WTF1 refers to the fact that the p-n junction for the porous diode was fabricated 

both on the planar surface and on the walls of the pore channels. Since the pore openings 

occupied 31% of the planar surface area of the porous diode, the power developed in the pore 

channels, “P in pores,” was estimated with the relation, Pp = P1 – 0.69*P2, and similarly the 

pore current, “I in pores,” via I p = I 1 – 0.69* I 2. The subscripts 1 and 2 denote the porous 

diode WTF1 and planar diode WTF2, respectively. 

Table S1. Tritium power and efficiency parameters from I-V data analysis. 

†See text for nomenclature.  

 

 

 

Location 

(Investigator) 

WTF(Contents) Isc 

(nA) 

Voc 

(mV) 

Pex 

(nW) 

FF Pβ 

(µW) 

η η3D/η2D

Houston (Gadeken) 2(planar) 150 22.8 3.41 0.26 3.57 0.249×10-3  

 1(both)† 219 17.3 3.78 0.26    

 1(P in pores)†   1.43  0.203 1.92×10-3 7.7 

 1(I in pores)† 116 13.2 1.53 0.27 0.203 2.05×10-3 8.3 

Toronto (Kherani) 2(planar) 145 15.6 2.25 0.33 3.57 0.206×10-3  

 1(both)† 236 13.1 3.09 0.32    

 1(P in pores)†   1.54  0.203 2.40×10-3 11.6 

 1(I in pores)† 139 13.7 1.91 0.26 0.203 2.45×10-3 11.9 




