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Overview of Thin Film Transistors (TFTs)

■ Individual pixels of LCD and OLED 
displays are controlled by a TFT 
backplane

■ Controls voltage applied to liquid 
crystal or current to OLED

■ Majority of TFTs in production are 
made from amorphous silicon (aSi:H)

■ Devices are limited to NMOS only 
and have electron mobility less than 
1cm2/Vs
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TFT Overview Continued

■ Next generation displays require TFTs 
made from higher mobility materials

■ CMOS TFTs allow for incorporation of 
external control circuitry to be 
incorporated onto display 

■ Devices fabricated using flash lamp 
annealed polysilicon (FLAPS) have 
CMOS compatibility, high mobility, 
scalability, and are compatible with 
existing manufacturing
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Carrier mobility requirements for 
different display configurations[2]



Overview of Flash Lamp  Annealing (FLA)

■ The sample, amorphous Si on glass, is 
heated and exposed to a pulse from 
broad-spectrum Xe flashbulbs 

■ Si film absorbs light, rapidly heating 
and melting

■ Glass substrate doesn’t absorb light, 
staying below the thermal limit

■ Si recrystallizes resulting in a 
polycrystalline film

■ Flash lamp system is scalable allowing 
larger displays to be fabricated
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Illustration of FLA setup[3] 



Previous Work at RIT

■ FLAPS TFT have been fabricated with the 
source/drain implant prior to FLA, being 
activated during 

– Large devices worked but had significantly 
reduced effective channel length due to 
dopant diffusion during the Si melt

■ Devices were subsequently fabricated with the 
implant occurring after FLA

– Devices worked but the performance 
suffered due to low dopant activation in 
the source/drain

– This was especially bad in PMOS devices
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Best-case linear & log scale CMOS 
transfer characteristics from FLAPS TFTs 
with Lmask = 32 μm and W = 100 μm. [4] 



Problem Statement

■ Boron ions have difficulty creating Si 
displacements, which assist in 
activation, due to the small atomic 
mass and film limitations

■ Diffusion processes are limited by the 
thermal limitation of the glass

– This is why PMOS devices have 
activation problems
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Thermal 
limit of 
glass

Boron activation vs temperature[5] 



Activation Through Pre-Amorphisation

■ Previous work with crystalline silicon 
shows that the addition of fluorine ions 
through implant increases the boron 
activation at low temperatures [6]

■ Implant results translated well to thin 
film crystalline Si

■ The fluorine ions are hypothesized to 
amorphize the Si resulting in higher 
activation during the anneal

■ For this study fluorine implant doses of 
1x1015 cm-2 and 5x1015 cm-2 at 75 keV
were chosen
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Anneal: 600°C, 120 sec

B11

B11+F2

BF2

Implanted Dose

Activated Dose

Boron Activation

831116884297667

1000000000000000

854412000000000

202479000000000

3341354454554.09

1000000000000000

2796720000000

744538000000000

5565937586974.92

5000000000000

4367020000000

23836995466430.6

5000000000000

19860300000000

47793455769392.8

10000000000000

31780600000000

2.26381791255176E+15

10000000000000

2.21701E+15

2.32154669196907E+15

100000000000000

2.27103E+15

206130105308631

100000000000000

129578000000000

764945430827214

100000000000000

542547000000000

1.01295401252068E+15

100000000000000

712297000000000

4E+15

4E+15

8E+15

8E+15

1000000000000000

1000000000000000

4E+15

4E+15

8E+15

8E+15



Boron Furnace Activation, no F
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Boron Activation
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F+ comparison
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Boron Implant

BF2 Implant

Fluorine and Boron

Silicon and Boron
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F+ comparison B&W
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Arsenic

Phosphorus
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Boron Active Dose
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Boron - Furnace

Boron - RTP
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Boron data

												Oxide												Implant						Anneal

		wafer		initial Rs		std. dev		min		max		TEOS Thickness		std. dev.		min		max		pre-amorph		energy		Implant Dose		Si Dose		Energy		Type		Ver		Temp		Time		final Rs		std. dev		non-uniformity		Simulated Dose		Si Dose		% activation

		n20		207.27		2.038														3.00E+15		75		1.00E+14		7.11E+13		34		RTP		2		600		120		338.749		100.12								0.00%

		n21		204.261		2.376														5.00E+15		75		1.00E+14		7.11E+13		34		RTP		2		600		120		203.53		2.19								0.00%

		n22		206.229		3.243														3.00E+15		75		5.00E+14		3.54E+14		34		RTP		2		600		120		638.047		184.483				2.02E+14		1.43E+14		40.52%

		n23		207.648		2.447														3.00E+15		75		1.00E+15		7.08E+14		34		RTP		2		600		120		214.268		40.77				7.45E+14		5.27E+14		74.51%				1.00E+11

		n26		833.73		28.126		778.3		881.9		1000.2		20.56		953.22		1061.3		3.00E+15		75		1.00E+15		7.08E+14		34		RTP		1		600		60		202.77		51.676		48.76%		7.92E+14		5.60E+14		79.21%				1.00E+15

		n27		834.753		26.5316		785		885		1010.8		20.02		966		1063		3.00E+15		75		1.00E+15		7.08E+14		34		RTP		1		600		120		189.431		3.17422		3.43%		8.54E+14		6.04E+14		85.41%				1.00E+15

		n28		835.928		28.2126		787		886		985.74		18.726		942		1025						5.00E+12		3.55E+12		34		RTP		2		600		60		11530		1121.94		19.71%		2.41E+12		1.71E+12		48.20%				5.00E+12

		n29		826.21		23.85		784		880		986.52		19.214		943		1024						5.00E+12		3.55E+12		34		RTP		2		600		120		10240		911.84		19.28%		2.80E+12		1.99E+12		56.00%				5.00E+12

		n30		823.393		24.063		782		874		999.71		21.076		851		1062						1.00E+13		7.10E+12		34		RTP		2		600		60		7877		890.43		23.45%		3.97E+12		2.82E+12		39.70%				1.00E+13

		n31		825.99		22.74		792.5		874.7		981.96		22.37		931		1036						1.00E+13		7.10E+12		34		RTP		2		600		120		7350.1		751.79		23.15%		4.37E+12		3.10E+12		43.70%				1.00E+13

		n32		825.42		19.94		791		866		976.21		19.837										1.00E+14		7.11E+13		34		RTP		2		600		60		2863.1		325.99		25.96%		1.98E+13		1.41E+13		19.78%				1.00E+14

		n33		818.08		149.453		784		857		976.94		21.46		926		1028						1.00E+14		7.11E+13		34		RTP		2		600		120		2856.3		290.22		25.63%		1.99E+13		1.41E+13		19.88%				1.00E+14

		n34		835.98		22.742		778		877		977.78		19.734		931		1025		3.00E+15		75		1.00E+14		7.11E+13		34		RTP		2		600		60		3123		1384.4		58.85%		1.70E+13		1.21E+13		16.98%				1.00E+14

		n35		828.86		21.368		794.9		866		976.48		20.288		931		1041		3.00E+15		75		1.00E+14		7.11E+13		34		RTP		2		600		120		2178.5		443.17		42.31%		3.18E+13		2.26E+13		31.77%				1.00E+14

		n36		821.07		21.552		786		870		975.33		20.217		930		1037		3.00E+15		75		4.00E+15		2.82E+15		34		RTP		2		600		60		77.93		5.5939		13.57%		2.29E+15		1.62E+15		57.33%				4.00E+15

		n37		824.11		24.675		784		884		976.76		22.236		928		1037		3.00E+15		75		4.00E+15		2.82E+15		34		RTP		2		600		120		80.405		5.9139		13.70%		2.22E+15		1.57E+15		55.58%				4.00E+15

		n38		827.8		24.188		789		884		985.7		21.715		938		1048		3.00E+15		75		8.00E+15		5.64E+15		34		RTP		2		600		60		77.094		5.5889		11.13%		2.32E+15		1.64E+15		29.09%				8.00E+15

		n39		830.751		22.743		781		877		977.34		20.525		931		1027		3.00E+15		75		8.00E+15		5.64E+15		34		RTP		2		600		120		78.692		6.2601		16.68%		2.27E+15		1.60E+15		28.46%				8.00E+15

		p26		606.067		4.107		600.3		613.97						2.00E+12		34		B11		furnace		600		60																										1.00E+16

		p27		639.941		5.10809		632.02		652.62						5.00E+12		34		B11		furnace		600		60

		p28		626.428		4.01884		619.98		634.65						1.00E+13		34		B11		furnace		600		60

																		Si Dose																				Sim Dose		Si Dose		% Activation

		n46		838.48		21.708		801		886						2.00E+12		1.42E+12		34		B11		furnace		600		60		24534		1977.69		20950		28380		1.02E+12		7.24E+11		51.00%

		n47		832.373		22.3805		794		888						5.00E+12		3.55E+12		34		B11		furnace		600		60		15031		1264.55		12490		17530		1.75E+12		1.24E+12		35.00%

		n48		823.71		22.016		786		870						1.00E+13		7.10E+12		34		B11		furnace		600		60		11370		256.565		10820		12060		2.45E+12		1.74E+12		24.50%

		n49		823.51		24.267		781		873

		n50		825.81		25.55		781		874

		wafer																																										Sim Dose		Si Dose		% Activation

		n83																						5.00E+13		3.55E+13		34		Furnace				600		3600		5294.39		102.82				7.12E+12		5.06E+12		14.22%

		n84																						1.00E+14		7.11E+13		34		Furnace				600		3600		4565.25		110.337				9.02E+12		6.41E+12		9.01%

		n85																						5.00E+14		3.54E+14		34		Furnace				600		3600		3027.42		69.5098				1.80E+13		1.28E+13		3.61%

		n40		827.57		19.593		785		869						1.00E+15		9.92E+14		155		BF2		RTP		600		60										613.62		923.996														1.17E+14		1.32E+14		13.30%

		n41		828.08		22.015		788		871						1.00E+15		9.92E+14		155		BF2		RTP		600		120										624.16		92.684														1.14E+14		1.29E+14		13.00%

		n42		850.65		21.128		816		886						4.00E+15		3.97E+15		155		BF2		RTP		600		60										193.1		27.098														5.39E+14		5.72E+14		14.40%

		n43		825.3613		24.0528		796		876						4.00E+15		3.97E+15		155		BF2		RTP		600		120										203.36		28.631														5.07E+14		5.39E+14		13.58%

		n44		832.45		28.3485		763		888						8.00E+15		7.94E+15		155		BF2		RTP		600		60										167.25		14.596														6.38E+14		6.73E+14		8.47%

		n45		845.47		29.931		798		900						8.00E+15		7.94E+15		155		BF2		RTP		600		120										159.943		10.4273														6.72E+14		7.06E+14		8.90%

																																1/27/06

		Wafer								P_Species		P_Dose		Si Dose		Dose		Energy		Species		Type		Temp		Time		Final Rs		Stdev		Sim Dose		Si Dose		% activation

		B18														1.00E+13		34		B11		Furnace		600		60		1498.2		158.27

		B9												2.84E+13		4.00E+13		34		B11		Furnace		600		60		2757.6		103.27		2.11E+13		1.50E+13		52.73%

		B19												7.11E+13		1.00E+14		34		B11		Furnace		600		60		2320.8		124.7		2.85E+13		2.03E+13		28.48%

		B8												2.83E+14		4.00E+14		34		B11		Furnace		600		60		1170.6		76.736		8.69E+13		6.18E+13		21.81%

		B21												7.08E+14		1.00E+15		34		B11		Furnace		600		60		1628.7		74.66		5.19E+13		3.69E+13		5.22%

		B1												2.82E+15		4.00E+15		34		B11		Furnace		1000		60		37.886		0.5394						0.00%

		B2														4.00E+15		34		B11		Furnace		650		60		580.12		9.836

		B3												2.82E+15		4.00E+15		34		B11		Furnace		600		60		652.34		13.052		1.97E+14		1.40E+14		4.95%

		B10														4.00E+15		34		B11		Furnace		600		60		716.59		16.042

		B4														4.00E+15		34		B11		Furnace		550		60		891.39		21.286

		B6								Ar		5.00E+14		170		4.00E+15		34		B11		Furnace		600		60		99.106		1.4362

		B7								Fl		1.00E+15		75		4.00E+15		34		B11		Furnace		600		60		127.03		4.1073

		B20														4.00E+15		34		B11		Furnace		600		60		889.09		16.766

		B24								Fl		3.00E+15		75		4.00E+15		34		B11		Furnace		600		60		96.17		1.9679

		B22								Ar		1.00E+14		170		4.00E+15		34		B11		Furnace		600		60		175.74		6.5742

		B23								Ar		1.00E+15		170		4.00E+15		34		B11		Furnace		600		60		244.26		3.5079

		B25								Fl		5.00E+15		75		4.00E+15		34		B11		Furnace		600		60		99.61		1.7074

		B5												5.64E+15		8.00E+15		34		B11		Furnace		600		60		375.29		6.9745		3.90E+14		2.77E+14		4.91%

		Wafer		F+		Energy		Species		Energy		Dose		Anneal		Temperature		Time		Initial Rs		Rs after Implant		Rs-1st anneal		Std Dev		Simulated Dose		% Activation				Rs- 2nd anneal		Std Dev		Simulated Dose		% Activation		In-active Dose

		n53		3.00E+15		75		B11		34		1.00E+14		Furnace		600		3600		828.875		822.41		1306.55		3.15%		7.36E+13		73.59%		2.64E+13		n/a				n/a		n/a

		n57		3.00E+15		75		B11		34		1.00E+15		Furnace		600		3600		819.444		819.54		178.505		3.50%		9.14E+14		91.41%		8.59E+13		n/a				n/a		n/a

		n59		3.00E+15		75		B11		34		4.00E+15		Furnace		600		3600		820.75		821.22		102.39		3.07%		1.70E+15		42.44%		2.30E+15		n/a				n/a		n/a



Measured to be p-type.

Wafer was measured to be n-type after the anneal.



Damage Study

		Wafer		F+		Energy		Species		Energy		Dose		Si Dose		Anneal		Temperature		Time		Initial Rs		Rs after Implant		Rs-1st anneal		Std Dev		Simulated Dose		Si Dose		% Activation		Si Activation		Rs- 2nd anneal		Std Dev		Simulated Dose		Si Dose		% Activation				In-active Dose

		n51		3.00E+15		75		B11		34		5.00E+13		3.55E+13		Furnace		600		3600		815.175		813.4		2030.33		9.17%		3.60E+13		2.56E+13		71.90%		71.98%		n/a				n/a				n/a

		n52		3.00E+15		75		B11		34		5.00E+13		3.55E+13		RTP		600		120		827.02		813.3		1299.16		25.33%		7.42E+13				148.39%		0.00%		2020.91		7.92%		3.61E+13		2.57E+13		72.25%		72.18%		1.39E+13

		n53		3.00E+15		75		B11		34		1.00E+14		7.11E+13		Furnace		600		3600		828.875		822.41		1306.55		3.15%		7.36E+13		5.23E+13		73.59%		73.58%		n/a				n/a				n/a

		n54		3.00E+15		75		B11		34		1.00E+14		7.11E+13		RTP		600		120		823.38		n/a		1844.6		10.23%		4.22E+13		3.00E+13		42.17%		42.17%		1325.09		3.01%		7.21E+13		5.13E+13		72.05%		72.08%		2.79E+13

		n55		3.00E+15		75		B11		34		5.20E+14		3.68E+14		Furnace		600		3600		820.31		818.14		352.733		2.68%		4.21E+14		2.98E+14		80.85%		81.01%		n/a				n/a				n/a

		n56		3.00E+15		75		B11		34		5.00E+14		3.54E+14		RTP		600		120		815.66		n/a		569.108		23.70%		2.35E+14		1.67E+14		46.93%		47.12%		368.787		3.36%		3.99E+14		2.83E+14		79.83%		79.86%		1.01E+14

		n57		3.00E+15		75		B11		34		1.00E+15		7.08E+14		Furnace		600		3600		819.444		819.54		178.505		3.50%		9.14E+14		6.47E+14		91.41%		91.41%		n/a				n/a				n/a

		n58		3.00E+15		75		B11		34		1.00E+15		7.08E+14		RTP		600		120		816.775		n/a		178.78		3.63%		9.13E+14		6.46E+14		91.35%		91.31%		175.353		2.74%		9.33E+14		6.60E+14		93.32%		93.30%		6.68E+13

		n59		3.00E+15		75		B11		34		4.00E+15		2.82E+15		Furnace		600		3600		820.75		821.22		102.39		3.07%		1.70E+15		1.20E+15		42.44%		42.57%		n/a				n/a				n/a

		n60		3.00E+15		75		B11		34		4.00E+15		2.82E+15		RTP		600		120		818.582		n/a		84.27		4.84%		2.11E+15		1.49E+15		52.70%		52.83%		86.6805		4.88%		2.04E+15		1.44E+15		51.07%		51.08%		1.96E+15

		n61		3.00E+15		75		B11		34		8.00E+15		5.64E+15		Furnace		600		3600		834.987		827.3		100.734		3.43%		1.73E+15		1.22E+15		21.59%		21.70%		n/a				n/a				n/a

		n62		3.00E+15		75		B11		34		8.00E+15		5.64E+15		RTP		600		120		821.01		n/a		80.535		4.26%		2.22E+15		1.57E+15		27.72%		27.84%		86.3223		4.17%		2.05E+15		1.45E+15		25.66%		25.71%		5.95E+15

		n63		3.00E+15		75		B11		34		2.00E+15		1.41E+15		RTP		600		120		828.1		n/a		100.715		1.53%		1.73E+15		1.22E+15		86.42%		86.51%		101.268		1.60%		1.72E+15		1.22E+15		86.01%		86.01%		2.80E+14

		n64		3.00E+15		75		B11		34		2.00E+15		1.41E+15		Furnace		600		3600		814.78		n/a		111.565		3.03%		1.54E+15		1.09E+15		77.15%		77.01%		n/a				n/a				n/a

		n65		3.00E+15		100		B11		34		1.00E+14				Furnace		600		3600		817.91		n/a										0.00%												0.00%

		n66		3.00E+15		100		B11		34		1.00E+14				RTP		600		120		816.47		n/a		1727.46								0.00%												0.00%

		n67		3.00E+15		75		B11		34		2.00E+15				Furnace		600		3600		801.285												0.00%												0.00%

		n68		3.00E+15		75		B11		34		2.00E+15				RTP		600		120		831.94												0.00%												0.00%







Device Fabrication

■ Devices were fabricated using a previously 
developed FLAPS TFT process

– Patterned a-Si mesas
– 100nm SiO2 capping layer

■ Samples were preheated to 500°C on an 
enclosed hotplate

■ They were flashed at 505V for 250µs resulting 
in an exposure energy of 5.1 J/cm2, measured 
by bolometer

■ As part of the source/drain implant, fluorine 
was implanted before the boron
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Device cross section 



Fluorine Amorphization in Source/Drain

■ SRIM simulation was performed 
to verify implantation settings

■ Peak of the fluorine implant is 
below the silicon

■ SRIM displacement profile 
suggests complete 
amorphization at fluorine dose 
1015cm-2

■ May offer boron activation 
enhancement as demonstrated 
in thin film crystalline Si
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Impact of Fluorine on Sheet Resistance

■ Sheet resistance was measured using 
van der Pauw test structures

■ The sheet resistance increases as 
fluorine dose increases

■ Source/drain mesa regions and 
van der Pauw structures are not 
perfectly analogous due to the 
directionality and area dependence of 
FLAPS

■ What about TFTs?
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TFT Results
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Linear VT -3.5 V -4 V -2.4 V

ΔVT 0 V 0.3 V 2 V

µlin 24 cm2/Vs 13 cm2/Vs 28 cm2/Vs

µsat 140 cm2/Vs 70 cm2/Vs 220 cm2/Vs

IDmax 131 µA 58 µA 280 µA



Fluorine related subthreshold degradation

■ Presence of fluorine entering 
the channel may be the source 
of subthreshold degradation 

■ SRIM simulation confirms this 
possibility

– Tail of fluorine implant 
made it through the 
blocking oxide
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Location Dependence

■ Device characteristics change 
consistently depending on 
location on wafer

■ Most likely cause is variation 
in crystallinity due to non-
uniform exposure condition

■ Direct comparison between 
treatments difficult 
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Conclusion

■ Increased current of devices with higher 19F+ dose indicates lower series resistance
– Formal separation of series and channel resistance is not possible due to 

inconsistencies in device operation 

■ High dose devices have less off-state gate control, high leakage and DIBL-like behavior 

■ Interpretation of the impact of fluorine on boron activation is compromised due to the 
likelihood of fluorine entering the channel 

■ Non-uniformity in the exposure window complicates direct device comparisons and 
statistical analysis

– Improved system control needed to mitigate this issue

■ Study is ongoing:
– 19F+ experiment replication with thicker blocking oxide
– Additional investigation on 28Si+ pre-amorphization
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