
 

 

4. DESIGN 

To achieve the previously stated objective of creating Si wire junctions with diameters less 

than 50 nm, the SOI test-

supplied design rules. Instead, the layout and process design had to consider various equipment 

limitations and characteristics as well as physical effects occurring during the self

4.1. Starting Material 

Before any design can commence the properties of the starting material need to be taken into 

consideration. 

 

Table 4.1 shows the specificati

Consulting e.K.2. 

Table 4

Parameter Value 

Type Epitaxial Transfer SOI

DWafer 76.2 ± 0.3 mm 

Doping p (B) 

tDevice Layer 0.5 ± 0.1 µm 

ρDevice Layer 
20 - 40 Ω·cm 

(~ 4·10
14

 cm
-2

) 

tBox 1 µm ± 3 % 

ρHandle 0.01 – 0.02 Ω·cm 

tHandle 350 µm ± 10 µm 

Edge exclusion < 3 mm 

 

The 500 nm thick SOI active device layer above 

were implemented after its thickness was reduced to about 150 nm through thermal oxidation.

 

The 100 nm tolerance in SOI active device layer thickness might seem excessive, but is useful 

since a large variation in SOI light source thicknesses can be achieved with relative ease.
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D-52068 Aachen, Germany. 

To achieve the previously stated objective of creating Si wire junctions with diameters less 

-devices could not be manufactured in a standard process with 

supplied design rules. Instead, the layout and process design had to consider various equipment 

limitations and characteristics as well as physical effects occurring during the self

Before any design can commence the properties of the starting material need to be taken into 

shows the specifications of the SOI starting material wafers as supplied by Siegert 

4.1. Siegert SOI Starting Material Specifications. 
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The 500 nm thick SOI active device layer above the BOX is the region where the light sources 

were implemented after its thickness was reduced to about 150 nm through thermal oxidation.

The 100 nm tolerance in SOI active device layer thickness might seem excessive, but is useful 

in SOI light source thicknesses can be achieved with relative ease.
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in SOI light source thicknesses can be achieved with relative ease. 

25-27, Raum A 1.14, 

 
 
 



Chapter 4 Design 

Department of Electrical, Electronic and Computer Engineering 51 

University of Pretoria 

4.2. Lithographic Patterning 

As indicated in Table 4.2, the small geometries and precise pattern alignment of the current 

work required electron-beam lithography (EBL), but the single beam exposure scan of EBL is 

too slow to write all features across complete wafers. 

Table 4.2. Photolithography and EBL Comparison. 

Aspect Photolithography EBL 

Wavelength/spot-size ≈ 300 nm ≈ 2 nm 

Minimum feature size ≈ 0.5 µm ≈ 6 nm 

Alignment accuracy > 1 µm > 6 nm 

Exposure speed per wafer 
Whole wafer at once 

Fast: Minutes 

Serial scanning beam 

Very slow: hours 

 

While photolithographic patterning is possible at the CEFIM, the Microelectronic Research 

Centre (MiRC) of the Georgia Institute of Technology was visited to make use of their JEOL 

JBX-9300FS EPG. 
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4.3. Mask Definitions 

For the reasons in previous subsection, as Table 4.3 shows, different processing steps and 

geometry areas of the wafer selectively employed photolithography or EBL. 

Table 4.3 Photolithographic and EBL Mask Detail. 

Processing Document GDS Layout Mask Alignment 

Step Section No. Rendering Name Type Polarity Marker Align to 

3d 5.3 1 
 

Si Island Photo Positive - - 

4d 5.4 2 
 

Arsenic (EBL) EBL Positive Tone AlignmentMarkerEBL Si Island 

4j 5.4 3 
 

Arsenic (Photo) Photo Negative AlignmentMarkerPhotoNoOx Si Island 

5b 5.5 4 
 

Finger Spacing EBL Positive Tone AlignmentMarkerEBL Si Island 

6b 5.6 5 
 

Oxidation (EBL) EBL Positive Tone AlignmentMarkerEBL Si Island 

6c 5.6 6 
 

Oxidation (Photo) Photo Negative AlignmentMarkerOx Si Island 

7a 5.7 7 
 

Contact Photo Negative AlignmentMarkerPhotoNoOx Si Island 

7e 5.7 8 
 

Metal Photo Positive AlignmentMarkerPhotoNoOx Contact 

8 - 9 
 

Si Isolation Spacing Photo Negative AlignmentMarkerPhotoNoOx Si Island 

 

Six photolithographic plates and three EBL file masks were required. The photolithographic Si 

Island mask defines where Si islands remain on the BOX after reactive ion etching (RIE) 

removes the superfluous Si. The thin Si fingers are created by using the fine Finger Spacing 

EBL mask to RIE slits into the Si islands. The Oxidation mask was then used to selectively 

oxidize the Si between the slits into thin SOI fingers. 

4.4. Design Rules 

To facilitate the successful manufacture of the SOI light sources, self-made design rules had to 

be set-up. These design rules had considered possible mask alignment errors, limitations of the 

processing equipment and physical phenomena occurring during the wafer manufacturing 

process. These self-setup design rules are listed in Addendum C. 
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4.5. SOI Light Sources 

Two types of SOI light sources were designed and manufactured:

2D-confined light sources are thin in two dimensions, thickness and 

1D-confined light sources are only thin in one dimension, the thickness.

 

Both light source types were implemented for comparative purposes to investigate the possible 

increase in Si electroluminescence power efficiency improvement of 2D

1D-confined Si light sources.

4.5.1. 2D-confined SOI Light Sources

Three types of 2D-confined SOI light sources were implemented:

1) n+p finger junction avalanche light sources,

2) n+pn+ punch-through light sources and

3) Injection-enhanced light sources.

 

The design of these three types of 2D

this sub-section. 

4.5.1.1. n+p Finger Junction Avalanche Light Sources

Figure 4.1 shows the pre-oxidized avalanche SOI finger light source layout.

Figure 

The Si island regions above an

oxidation mask opening across the fingers allowed the selective thinning through oxidation of 

the SOI finger junctions. 

Department of Electrical, Electronic and Computer Engineering 

Two types of SOI light sources were designed and manufactured: 

confined light sources are thin in two dimensions, thickness and width. 

confined light sources are only thin in one dimension, the thickness. 

Both light source types were implemented for comparative purposes to investigate the possible 

increase in Si electroluminescence power efficiency improvement of 2D-confined de

confined Si light sources. 

confined SOI Light Sources 

confined SOI light sources were implemented: 

finger junction avalanche light sources, 

through light sources and 

enhanced light sources. 

esign of these three types of 2D-confined Si light sources is described in the remainder of 

p Finger Junction Avalanche Light Sources 

oxidized avalanche SOI finger light source layout.

Figure 4.1. Avalanche finger layout dimensions. 

The Si island regions above and below the fingers remained thick while an EBL

oxidation mask opening across the fingers allowed the selective thinning through oxidation of 
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Both light source types were implemented for comparative purposes to investigate the possible 

confined device over 

confined Si light sources is described in the remainder of 

oxidized avalanche SOI finger light source layout. 

d below the fingers remained thick while an EBL-written 

oxidation mask opening across the fingers allowed the selective thinning through oxidation of 
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The dimensioning of the devices shown in Figure 4.1 had to comply with the following 

specifications to ensure proper functionality of the devices: 

(4.1) 

(4.2) 

where wd is the reverse bias depletion region width at breakdown (see section 2.1.8), dOx is the 

worst-case As diffusion distance during all thermal oxidation steps after As implantation, 

∆R┴As is the transverse As implantation straggle (Figure 5.4) and the initial Si thickness before 

oxidation was assumed to be 100 nm ≤ tSi ≤ 150 nm. 

 

Relation (4.1) ensured that the fingers were long enough to accommodate the complete 

depletion region width after the implanted As (with its horizontal implant straggle) has 

diffused into the fingers after oxidation. 

 

Equation (4.2) aimed to create semi-circular round fingers by assuming isotropic finger 

shaping oxidation that would thin the Si fingers equally from all sides. 

 

Figure 4.2 depicts a 30 µm x 34 µm n+p junction device with 100 parallel finger junctions. 

Figure 4.2. Finger junction device layout on a 1-µm grid. 
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Table 4.4 shows the dimensions of implemented n+p avalanche SOI light sources. 

Table 4.4. Implemented n
+
p avalanche finger junctions. 

Chip Group Device Pin 
Type Oxidized? 

wJ lJ 

# Name # [nm] 

1 

FingerJunctions_Ox 

100FingerJunctions200nm 18 

n
+
p Avalanche 

Oxidized 

200 

230 

100FingerJunctions220nm 17 220 

100FingerJunctions240nm 16 240 

100FingerJunctions260nm 15 260 

100FingerJunctions280nm 14 280 

100FingerJunctions300nm 13 300 

FingerJunctions_NoOx 

100FingerJunctions200nm_NoOx 24 

Not oxidized 

200 

100FingerJunctions220nm_NoOx 23 220 

100FingerJunctions240nm_NoOx 22 240 

100FingerJunctions260nm_NoOx 21 260 

100FingerJunctions280nm_NoOx 20 280 

100FingerJunctions300nm_NoOx 19 300 

 

The common n+ terminal to all above devices is connected to pad 5. 

 

Figure 4.3 shows the 2D-confined finger junction avalanche SOI device layouts in Chip1 

(Figure 4.24) and the location of light source S with the narrowest pre-oxidized finger width 

(wJ = 200 nm). 

Figure 4.3. Finger junction devices layout. 
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4.5.1.2. n+pn+ Punch-through Light Sources

Figure 4.4 shows the designed layout dimension definitions of the punch

source fingers. 

Figure 4.4. n
+
pn

Similar to the avalanche breakdown devices the dimensioning of the devices shown in 

4.4 had to comply with the following 

devices: 

 

Figure 4.5 shows how 100 punch

between thicker and larger Si islands that allow electrical biasing through the interconnect 

metallization. 

Figure 4.5. Device layout incorporating 100 parallel 

w

l
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through Light Sources 

shows the designed layout dimension definitions of the punch

pn
+
 punch-through finger layout dimension definitions.

Similar to the avalanche breakdown devices the dimensioning of the devices shown in 

had to comply with the following specifications to ensure proper functionality of the 

shows how 100 punch-through fingers shown in Figure 4.4 are placed in parallel 

between thicker and larger Si islands that allow electrical biasing through the interconnect 

. Device layout incorporating 100 parallel n
+
pn punch-through fingers of 
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shows the designed layout dimension definitions of the punch-through SOI light 

out dimension definitions. 

Similar to the avalanche breakdown devices the dimensioning of the devices shown in Figure 

specifications to ensure proper functionality of the 

(4.3) 

(4.4) 

are placed in parallel 

between thicker and larger Si islands that allow electrical biasing through the interconnect 

through fingers of Figure 4.4. 
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5. MANUFACTURE 

Table 5.1 gives a brief summary of the processing steps, equipment and facilities involved in 

the manufacture of the SOI light sources. 

Table 5.1. Process flow overview. 

Step Section Action Equipment Facilities Graphical representation 

1 5.1 Si thinning 
Furnace, 

Reflective spectrometer 

CEFIM, 

MiRC 

2 5.2 Blanket B implant Ion implanter Core Systems 

3 5.3 Si island definition 

PECVD, 

Mask aligner, 

RIE 

MiRC 

4 5.4 As implant 

PECVD, 

EPG, 

Mask aligner, 

RIE, 

Ion implanter 

MiRC, 

Core Systems 

5 5.5 Finger definition 
EPG, 

RIE 
MiRC 

6 5.6 
Finger 

thinning oxidation 

PECVD, 

EPG, 

Furnace 

MiRC, 

CEFIM 

7 5.7 Metallization 

PECVD, 

Mask aligner, 

Sputterer 

CEFIM, 

Elume 

8 - Si isolation spacing Mask aligner CEFIM 

 
 
 










































































	00FRONT
	CHAPTER 1-3
	CHAPTER 4-5
	4. DESIGN
	5. MANUFACTURE

	CHAPTER 6-7
	BACK

