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1.1.1 Nanocrystalline silicon devices and two-junction devices grown by modified pulsed PECVD technique: 

In our previous reports, we reported an efficiency of ~ 7.5% (FF of 0.69) using an i-layer thickness of ~ 1.4 (m. Cross-sectional TEM measurements revealed that the texture of the Asahi TCO substrate (which is optimized for a-Si:H solar cells) is improper for nc-Si:H type devices as the neighboring grains collide which may lead to poorer (defective) grain boundaries. Therefore, there is significant room for further improvement in device efficiency by developing a proper TCO texturing. Figure 1 shows the TEM of a nc-Si:H device deposited on etched ZnO.  From this, it is noted that the grain collision behavior is greatly reduced.  This fits well with our previous observation of improved nc-Si device performance on ZnO as compared with TCO substrates.
In an attempt to improve device performance, we have and altered the deposition during the growth of the nc-Si:H.  Figure 2 shows that  with the new pressure condition, the QE shows a significant improvement in the 500-800 nm range.  It should be noted that both devices have only an evaporated Ag as a back contact and not ZnO/Ag back contacts. VOC and FF remain unchanged (460 mV and 0.65, respectively), while the JSC increases from 21.5 to 24 mA/cm2.  Further work is required to incorporate ZnO/Ag back contacts, as well as to optimize the deposition pressure.

Work has started on the incorporation of nc-Si devices into a two-junction a-Si/nc-Si devices device structure.  After only a few devices, the conversion efficiency achieved so far is in excess of 9%. We will provide a fuller report next time. 
1.1.2 Development of nc-Si over large areas: 

We have begun deposition of nc-Si intrinsic and p-type material in our prototype large-area system (30 cm X 40 cm substrate size).  This system is equipped with a cassette for multiple substrate depositions, and is fully computer controlled.

Intrinsic nc-Si:H films were deposited under conditions similar to those used in the small-area cluster tool system.  The thickness was 1200 Angstroms, with a uniformity of +/- 5% over an area of 28 cm X 38 cm.  However, another crucial parameter is not only the thickness uniformity but also the crystalline fraction uniformity. (The crystalline fraction was measured by the UV reflectance method.)  As shown in Fig. 3, nc-Si films exhibits good uniformity in terms of crystalline fraction.  The conductivity also shows a similar small variation with an average light conductivity of  1 X 10-5 (Ohm*cm)-1 and dark conductivity  of 5 X 10-7 Ohm*cm)-1, and are equivalent to the values  obtained for device-quality nc-Si:H materials in our small area cluster tool system.

P-type nc-Si:H films were also deposited in this system, and showed a conductivity variation of 0.1 to 0.3 (Ohm*cm)-1 over an area of 28 cm X 38 cm.  Previously in this project, it was found that rapid nucleation of the i-layer on the p-layer was important to achieve proper device performance.  The p/i interface over large areas has also been studied, and it appears that using a similar modification to the p/i interface allows us to grow nc-i on top of the nc-p with no detectable amorphous incubation layer.

1.1.3 Further modification of Pulsed PECVD Technique

In order to further improve efficiency, it will be necessary to increase the VOC of nc-Si devices from the present 460-500 mV range to >600 mV.  This may require an attainment of a larger grain size (>1000A) of the nc-Si material coupled with improved passivation. To that end, we have further modified the Pulsed PECVD technique to allow us to manipulate both the plasma conditions as well as the growing film surface in a very rapid way.

.

Figure 4 shows the variation of the H and SiH emission peaks (measured via OES), as a function of time, during the growth of the nc-Si:H film plasma. It can be seen that the peak ratio of H to SiH, in the plasma, can be manipulated during film growth. The rapid cycles of deposition/etching allow the growth to be altered in a controllable way. We shall be making a systematic study of this and hope to report fuller details in the future.

2.0. Personnel: the following personnel have been involved in the project during the reporting period: A. Boza, A. Madan, U. Das, E. Valentich, and S. Morrison.  
3.0. Summary of the fourth reporting period: 

Work has begun on the incorporation of nc-Si devices into multi-junction devices. After only a few devices, conversion efficiency of >9% has been achieved. The nc-Si p and i layers developed in the small area system have been transferred into our in-house large-area system, and an examination of the p/i interface appears to show no measurable incubation layer over areas of 30cmX40cm.  Work was also started on a further modification of the Pulsed PECVD technique in order to gain better control of the growth of nc-Si, with a quest to increase the Voc>600mV.

Paper entitled “ Thin film silicon materials and solar cells grown by pulsed PECVD technique” by U.Das, S. Morrison, E. Centurioni and A.Madan appeared in IEE Proc.-Circuits Devices Syst. Vol 150, No4, 282, August 2003. (Attached with this report).
4.0. Work plan for next reporting period;  optimization of multi-junction devices (aSi/ncSi) and single-junction devices.  In terms of materials research, we plan to further examine the effects of the modified Pulsed PECVD technique on both single films and in devices.  We also plan to begin work on nc-p/i/n devices in our large area system.  

[image: image1.wmf]0

0.2

0.4

0.6

0.8

1

1.2

400

500

600

700

800

900

1000

Wavelength (nm)

QE

Original Pressure, 1.5 micron

New Pressure, 1.25 micron


Figure 1:  nc-Si device QE for two different deposition pressures.  Both devices are deposited on ZnO, and have just Ag evaporated back contacts.
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Figure 2:  Cross-Sectional TEM image of nc-Si:H pin device deposited on textured ZnO substrate.  Image courtesy of Dr. Eli Sutter of Colorado School of Mines.











Figure 3:  Crystalline Fraction Measured on large-area nc-Si:H film.
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Figure 4:  H/SiH peak ratios measured via OES for plasma with further modified Pulsed PECVD technique
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																		Thickness variation at 7 T

		Low Dep rate devices (1 A/s)

				NRCT1350		NRCT1347		NRCT1352		NRCT1354

				7T, 1.5 um		6T, 1.5 um		7T, 1.25 um		7Tp-i, 1.25 um

		WL (nm)		QE_test cell		QE_test cell		QE_test cell		QE_test cell

		400		0.783918384		0.8371778346		0.7493086013		0.665653135

		500		1		1		1		1.0021118399

		550		0.9422288977		0.885854088		0.9532309534		0.9908349686

		600		0.865050822		0.7636597805		0.877460051		0.9212943767

		650		0.7861251281		0.6825487416		0.8093286054		0.8679391855

		700		0.6876377251		0.5636561857		0.6959446642		0.7283043015

		750		0.5982403615		0.5196785156		0.6123750578		0.655299055

		850		0.3788654805		0.3525759343		0.3683799895		0.3981168405

		1000		0.0857104042		0.1004307654		0.0865211319		0.0938040595

				7 Torr		6 Torr		7 Torr, 1.25 um		7 Torrp-i, 1.25 um

		Voc		442		455		462		457

		FF		0.616		0.6		0.632		0.646

		Jsc (meas)		15.92		15.2		16.07		15.328

		Jsc (QE)		26.85		21.56		22.38		24.31

		Rs		15.1		35.4		19.2		18.5

		Rsh		1390		1230		1430		1720

		SN#		Date		Type		Temp		Power(W)		Pressure		SiH4		TMB		H2		Time (min)		Thickness (A)		void (%)		a-Si (%)		c-Si (%)

		1332		10/7/03		ncp/nci		350		60		1900		4		5		460		4		325

		Repeat of #1323				ncp/nci		210		40		6000		0				50		2

						ncp/nci		210		40		6000		0.7				50		1				10		30		60

		1353		10/22/03		ncp/nci		350		60		1900		4		5		460		4		300

						ncp/nci		210		40		7000		0				50		2

						ncp/nci		210		40		7000		0.7				50		1				10		30		60

		MVSystems Inc. Confidential						10/23/03
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