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MFIA and HERA DLTS systems

MFIA based system

PhysTech “HERA” DLTS 
system

Reviewer
Sticky Note
Here are presented images of our MFIA-based system and commercial Hera DLTS system. For an MFIA-based DLTS system, besides MFIA itself, one needs a PC, thermoregulator with cryostat, and sample holder. 
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T=95K T=150K

Detection of transients using UI of MFIA

Reviewer
Sticky Note
one can observe capacitance transients using a user interface installed on a PC inside lab-one software. On these images we see clear transient at 95 K and only noise at 150 K on the user interface. Before the actual DLTS spectra measurements, we can recommend choosing all MFIA settings like biasing, timing, frequency, and so on from the user interface. A separate measurement program is necessary for temperature management, recording a data file, and automation of the whole measurement routine.
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Block diagram, measurement routine, data treatment

[1] G.T. Nelson, et al., IEEE Trans on Nuclear Phys., 67 (2020) 2051
[2] C. Matre, MSc thesis, Uni Oslo (2019)
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Reviewer
Sticky Note
This slide shows connections, 
measurement routine, and 
data processing for the whole DLTS measurement process. At the start, we used information and a soft that was kindly provided by Professor Eduard Monakhov from the University of Oslo, Norway.  One can also find useful tips in the listed here publications. 
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Interface of the LabVIEW program

Reviewer
Sticky Note
This slide shows the user interface of our DLTS measurement program designed in LabVIEW. Here one can input necessary measurement parameters and monitor the measurement process. 
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MFIA vs. HERA
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Sample: B-doped (Na=1×1015 cm-3) FZ-Si sample contaminated by gold. Gold was introduced from 
the pre-deposited Au layer during 60 min annealing at 750˚C in the Ar atmosphere. 

Reviewer
Sticky Note
. We started by comparing measurement results from MFIA-based system to well-established HERA DLTS system results. This slide shows DLTS spectra registered by MFIA and HERA systems on the very same Schottky diode of a p-type silicon sample doped with gold. The details about the sample are presented above the figures. In both cases, two signals are seen, the signal from the gold donor at lower temperatures and a signal at higher temperatures. The spectra are presented for similar rate windows. The results of a standard procedure of a DLTS peak evaluation are presented on the next slide.
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Extracted trap parameters

TRAP Ena, eV na, cm-2 Ct, cm-3

Au(0/+) MFIA 0.34 6.2×10-14 9.8×1012

Au(0/+) HERA 0.334 7.5×10-14 8×1012

Au(0/+) [1] 0.34 6.2×10-14 (1×1013) [2]

DH6 MFIA 0.23 2×10-19 2.9×1013

DH6 HERA 0.33 3×10-16 1×1013

DH6 [3] 0.35 1.7×10-16 Unknown

[1] K. Gwozdz, et al., JAP, 2018, 124, 015701.

[2] N. Stolwijk, et al., Physica B, 1983, 116, 335. 

[3] V. Kveder, Et al., PSS(a), 1982, 72, 701. 
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Reviewer
Sticky Note
The figure shows an Arrhenius plots for both traps and both systems.  Data for the gold donor closely coincides. 
The summarizing table also shows a very good coincidence of trap signatures and defect concentrations between the systems and the published and expected data. 
For the higher temperature peak, which apparently originates from the DH6 center of reconstructed dislocations, the data points differ.  From the table we see a good coincidence between the published data for the DH6 center and Hera results. Actually that was the first reason to ascribe detected signal to dislocations. However, both these differ from the results of MFIA measurements. We will try to explain the reasons for the difference.
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Reviewer
Sticky Note
To clarify what is different with MFIA measurements for the DH6 traps let‘s look on transients at various temperatures and settings.
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MBW=13.4 kHz, SR=13.4 kSa/s, 
tDEL=75 µs, tW=0.2 s

MBW=6.6 kHz, SR=6.6 kSa/s, 
tDEL=2 ms, tW=1.02 s

MBW=54 kHz, SR=53.6 kSa/s, 
tDEL=75 µs, tW=0.2 s
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Transients under various MFIA settings

MBW – maximal bandwidth
SR – Sampling rate
tDEL – delay time
tW – total sampling time

Reviewer
Sticky Note
This slide presents recorded capacitance transients detected by MFIA at various temperatures for various settings of our MFIA system. 
We varied the maximal bandwidth which is the reverse value of the time constant, and the delay time. The sampling rate parameter followed the bandwidth. 
One can see that for the temperature range 130-180 K in all cases transients have the same amplitude. 
But there is a huge difference for the 200-280 K range where the transient related to the second trap was detected.




TU Bergakademie Freiberg | Institut für Angewandte Physik | Teimuraz Mtchedlidze | „Pros for using MFIA in deep level transient spectroscopy studies” 12

100 150 200 250 300

0.000

0.005

0.010

0.015


C

/C

T, K

MBW=6.6 kHz, SR=6.6 kSa/s, 

tDEL=2 ms, tW=1.02 s

Rate window, s-1

 2.5

 5

 12.5

 25

 50

 100

 200

100 150 200 250 300

0.000

0.005

0.010

0.015


C
/C

T, K

MBW=6.6 kHz, SR=6.6 kSa/s, 

tDEL=75 ms, tW=0.97 s

Rate window, s-1

 3

 6

 12.5

 25

 50

 100

 200

100 150 200 250 300

0.000

0.005

0.010

0.015


C

/C

T, K

MBW=13.4 kHz, SR=13.4 kSa/s, 

tDEL=75 ms, tW=0.2 s

Rate window, s-1

 12.5

 25

 50

 100

 200

 400

 800

100 150 200 250 300

0.000

0.005

0.010

0.015


C

/C

T, K

MBW=26.7 kHz, SR=26.7 kSa/s, 

tDEL=75 ms, tW=0.485 s

Rate window, s-1

 5.2

 12.5

 25

 50

 100

 200

 400

 800

100 150 200 250 300

0.000

0.005

0.010

0.015


C

/C

T, K

MBW=54 kHz, SR=53.6 kSa/s, 

tDEL=75 ms, tW=0.2 s

Rate window, s-1

 12.5

 25

 50

 100

 200

 400

 800

Variation of MFIA settings

MBW – maximal bandwidth
SR – Sampling rate
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Reviewer
Sticky Note
The variety of DLTS spectra obtained after processing the transients for various settings are presented on this slide. 
For all cases, the gold-related trap gives a very similar peaks in temperature position and intensity. 
But the DH6 peak changes from a situation where it can be barely detected to that where that signal is prevailing in the spectra.  The spectra detected by the Hera system can be closely repeated on MFIA with settings for bandwidth of 27 kHz and a delay time of 1 ms.
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TRAP Ena, eV na, cm-2 Ct, cm-3

Au(0/+) MFIA 0.34 6.2×10-14 9.8×1012

Au(0/+) HERA 0.334 7.5×10-14 8×1012

DH6 MFIA (107 kHz) 0.23 1.9×10-19 2.7×1013

DH6 MFIA (54 kHz) 0.23 2×10-19 2.9×1013

DH6 MFIA (27 kHz) 0.25 5×10-19 3.1×1013

DH6 HERA 0.33 3×10-16 1×1013

DH6 [REF] [1] 0.35 1.7×10-16 Unknown

Extracted trap parameters

[1] V. Kveder, Et al., PSS(a), 1982, 72, 701. 

Reviewer
Sticky Note
Further spectra processing gives ideally the same parameters for gold-related signals for all settings. Variation of system parameters produces different "signatures" for DH6 defect. 
However for 54 kHz and 107 kHz bandwidth and the shortest delay time the trap signature is the same. 
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Reviewer
Sticky Note
Let‘s look at the initial portion of the transients especially since the MFIA system easily allows one to register this segment. In the capacitence-bridge based DLTS systems this segment cannot be observed.
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The edge between pulse/transient for various settings
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Sticky Note
Details of the transients for two temperatures are presented in this slide. In each of these figures,  the end of the filling pulse and  the subsequent transients are  presented for  various settings of bandwidth. The sampling rates again follow bandwidth values.  For the plots on the left the Y scale is enlarged at the start of transients, the time scales here are  logarithmic.  On the right plots symbols are shown. These symbols represent each sampling point registered by MFIA. Time scales are linear and significantly enlarged.
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The edge between pulse/transient for various settings

Reviewer
Sticky Note
The figure on the left presents details of the edge segment for 107 kHz bandwidth at 155 K. Symbols represent  experimental sampling points. 
The measurement error is half of the sampling duration. 
The arrow shows the necessary delay time for these settings and it is 35-40 µs. 
The right figure presents dependencies of necessary delay time for various bandwidth values. The difference between measurements on 155 K and 250 K is interesting. This may be related to the differences in the filling kinetics for the DH6  and point-like traps. If I still have some time left, I would like to show you another example where the MFIA system shows advanced possibilities.
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Experimental setup with
the external pulse generator 

Keysight 33500B

𝐶 𝑡 = 𝐶𝑆 + ∆𝐶𝐴𝑢 1 − 𝑒
−
𝑡−𝑡𝑑
𝜏𝐴𝑢 + ∆𝐶𝐷 1 − 𝑒

−
𝑡−𝑡𝑑
𝜏𝐷

𝐶𝑆+ ∆ 𝐶𝐴𝑢+ ∆𝐶𝐷= 𝐶0
𝜏𝐴𝑢= const.
𝜏𝐷= const.

Fitting:

Dependence of signals on filling pulse duration

Reviewer
Sticky Note
We performed measurements of the dependence of the DLTS peak amplitudes on the duration of the filling pulse. Such a dependence helps to separate point defects from extended since filling kinetics for them is different. 
For this task, we need to use an additional pulse generator for filling pulses less than 1 ms. We used Keysight pulse generator. 
From the same gold-dopped silicon sample we detected capacitance transients at 180 K for various filling pulse lengths.  At this temperature transients from both traps are present and  the curves can be fitted by combined function with fixed time constants. After the fitting, the dependence of amplitude parameters on the filling pulse duration were analyzed.
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Fitting for point defects, i.e., Au(0/+):

[H. G. Grimmeiss and C. Ovren, J.Phys.E 14(1982)1032]

[R. Wu and A.R. Peaker, Sol.St.Electr. 25(1982)643]

∆𝐶 𝑡𝑝 =
𝐶0𝑝𝑇 𝑡𝑝

2𝑁𝐷
exp(−𝑡2𝑒𝑝) − exp(−𝑡1𝑒𝑝) =

= ∆𝐶𝑀𝐴𝑋 1 − exp(−𝑝 𝑣𝑡ℎ 𝜎𝑝𝑡𝑝 , 𝜏𝑝 = Τ1 𝑝 𝑣𝑡ℎ 𝜎𝑝

[V. Kveder et al., PSSa 72(1982)701]
[T. Wosiński, J. Appl. Phys. 65(1989)1566]

For extended defects, i.e., DH6, The DLTS peak 
amplitude increases linearly with the logarithm of the 
filling pulse duration (yellow dotted line in the figure).

Dependence of signals on filling pulse duration

Reviewer
Sticky Note
The results are shown on the graph. Seven orders of magnitude changes in filling time duration result in fast saturation for the gold donor (red dots). This is characteristic for point-like defects. The dependence can be well fitted using expressions shown at the right. For the DH6 trap, the reported dependence for the extended defects was observed in the range from µs onward. 
For shorter pulses, the dependence looks different and was not reported previously to our knowledge. Investigation of this part may provide additional information on the properties of the defects.
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Summary

• One can set up a DLTS system from scratch using MFIA from ZI in a couple of months.

• Above all, the system is revealing and instructive with powerful interface and a lot of 
possibilities. It even can be used to teach DLTS to students.

• The system allows measurements shortly after the filling pulse, minimizing the delay 
time used in the standard DLTS setups from 1-2 ms to 40-80 µs.

• The short delay time opens new possibilities for accurate measurements of trap 
signatures for defects with the strong temperature dependence of the carrier capture 
cross-section and defects with extended structure.

• New possibilities and higher precision can be achieved also for various types of  
transient measurement and evaluation, e.g. measurements of dependence on filling 
pulse duration, etc.  
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