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1 Introduction

Semiconductor devices have revolutionised the world inctvhwe live and have become such
a part of our everyday lives that we often take it for granteak they can and will perform

the task that they were designed for. However, due to thegin lquality the semiconductors
wafers used are extremely sensitive to defects arising rontamination, from impurities and

ion bombardment.

In this experiment you will examine how the static capa@tarusing Capacitance-\Voltage (C—
V)- and transient capacitance -using Deep-Level Trans$@atctroscopy (DLTS)- of a metal-
semiconductor diode (Schottky diode) varies with applieasbtemperature and time. These
measurement will allow you to gain a good understanding ®@ftdture and effect of the defects
present in the silicon semiconductor.

DLTS is a highly sensitive analysis technique that is used daily bases by the semiconductor
industry. If you have a spare moment you might like to ask P@wogle or Dr. Google Scholar
where it has been used. If you get around to doing this youse#l papers dating back to 1974
when D.V. Lang first pioneered the technique [1].

2 Somewordsabout third year labs

These notedon’t contain all the information you need - they're here to defireeterms for you,
and to give you an idea of the direction you should be takingu’l¥find that you need to go
foraging for more detailed information in other places eafin the references, and even more
often in the rubble of your demonstrators’ minds. You'rergpto learn a lot while you're doing
that, so don’t waste the effort - share all the work you'rendowith us in your report! Remember
that your report has to be self-contained. It doesn’t haveetbeautiful, but it should be clear
and detailed. Perhaps the most important thing to remermskibat when you write your report
you're trying toteach your reader what you did, why you did it, and what you learridtat way,
we get to learn something too! Enjoy!

By the way, these notes have recenlty undergone a majoraryand may be littered with typos
(and possibly more serious errors). We in part3 would lovieyibu could bring any mistakes to
the attention of your demonstrators, or email suggestiopait3@physics.unimelb.edu.au

3 Safety notes

Liguid nitrogen has two main hazards associated witfr dstbite andasphyxiation. These are
related to its low boiling point (-19€, 77 K) and its large gas to liquid volume ratio (682, at 1
atm and 15C).



Frostbite: The eyes are particularly at risk from frostbite (cold bymhse to their moisture con-
tent. Liquid nitrogen rapidly boils when it comes in contagth an object at room temperature
and will splatter or spit. There is a risk of frostbite not ypifilom direct contact but also from
indirect contact with a surface that has been cooled bydigitrogen. Objects less than about
-20°C will cause cold burns and if there is sufficient moisture omryskin you may become
frozen to the object.

Asphyxiation: When liquid nitrogen evaporates it displaces air and resltloe oxygen concen-

tration in the air. Symptoms of asphyxia can be sudden in #ise of a deep inhalation of air
with a low oxygen content or gradual asphyxia where the spmptare more subtle. For further
information please consult the MSDS (Material Safety Ddtae®s) for liquid nitrogen in the

safety folder.

The dewar must be placed on level surface at all times exagpigitransport, preferably the
ground.

The room in which the dewar is stored and experiments aréeedaout must be kept well ven-
tilated with all doors open while people are inside. Thisoighsure that the oxygen content of
the room does not drop below %&ue to ANY spill including the worst case scenario where the
entire contents of the dewar evaporates.

Per sonal protective equipment

The following safety equipment is required when there isosgal liquid nitrogen present (e.qg.
when the cap or cryostat is not inserted into the dewar, dugfilling):

Gloves: Appropriate gloves should be worn when handling the dewar.
Face and eye protection: A full face shield conforming to AS 1337 must be worn.

Clothing: Loose dry clothing that completely covers the arms and legsttne worn. Trouser
legs preferably should not have cuffs that may trap liquicbgien.

Footwear: Shoes that completely cover the feet must be worn.

4 Thetheory

4.1 Semiconductors
You will find a good introduction to this topic in Streetmarn,[®'s probably a good idea to have
a bit of a read of this text at some point (hmmm, even wikipédis.some interesting stuff on it).

So what is a semiconductor? Well you would probably be awsaeit turns up in pretty much
everything these days (shoes, cats... even the humblglapgsome inside), so what makes it
so special? Why is it essential to the modern electricaladvi
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...\Well, it's now ‘your time to shine’!

Exercise.1l Ok, so what is a semiconductor? Your first task is to answex dhestion, you
will probably need to include a diagram of the band structuvake your description relatively
comprehensive and cover topics like: band-gap, energydefegmi level, dopants, defects etc.
These topics are complicated but arguably the most intaigstuff in physics (well, | think so
anyway) so spend some time making sure you really undergtanstuff.

Exercise.2 In this experiment the semiconductor we will use is siliaghy is this? Don't get
bogged down with this, just give it some thought.

Right, so now we understand what a semiconductor is, timéf®next question: how can we
use it? And how can we measure all these great propertieddkiéestep at a time, lets not rush
things. Next we will need to consider the ‘Schottky barrigrd#’and how this device is affected
by a continuous and changing external bias.

4.2 Schottky barrier diodes

The electronic definition of a diode is a device that allowgeunt to flow in one direction (for-

ward bias) and not in the other (reverse bias), The same asftrua Schottky barrier diode.
To understand why this occurs one has to look at the bandtgteuof a metal-semiconductor
junction and what occurs when a bias is applied across trotiqum

Exercise .3 In this experiment we will be using n-type (phosphorous dppiicon as the semi-
conductor and the metal is gold. By keeping this in mind, des¢he Schottky diode effect. A
couple of well labeled diagram will be essential to this dggton, importantly:

e the band structure of both a metal and an n-type semicondsefmarated in space.

e the band structure when the metal is now brought into contattt the n-type semiconduc-
tor.

In your diagram you should include these important termsrnite_evel, Conduction Band,
Valance Band, Metal Work Functiog,(), Semiconductor Work Function ), Barrier Height
(¢»), Depletion Widthg), and Built in Voltage (4;).

It should be noted that the work function of a metal descrihesinding energy of the electrons
and is hence related to their Fermi level. Also when the mestdl semiconductor come into
contact it becomes energetically favorable for electranthe material to drift in such away



that the Fermi levels line up across the interface. Thig dréates a charge difference over the
interface which creates a Built-in Voltag®y(). In n-type silicon, if the work function of the
metal is larger than that of the silicon, the electrons iicail drift away from the metal-silicon
interface region leaving behind a net positive charge irstheon near this region. This region
is known as the Depletion Region (depleted of majority chargrriers) and characterized by a
width ().

In this experiment we will be looking at the electrical prapes of a single Schottky barrier
diode. This will be done by applying a voltage, or Externag®ior voltage pulses to the gold
contact.

Exercise .4 Using a similar diagram to that used in the previous exeraigescribe what occurs
when a ‘reverse’ External Bias (V) is applied across the s¢éaniconductor junction.

Exercise .5 By considering what happens when ‘forward’ and ‘reverseishbis applied to our
Schottky diode, what is the significance of the Built in \gute,; and the Barrier Heightp, in
relation to current flowing through our devices? How does tkad to the 'diode’ effect?

Exercise .6 What happens if we bring a metal with a smaller work functiorcontact with a
n-type silicon?

The Schottky diodes made for this experiment were fabritbyefirst cleaning the silicon wafer
with solvents to remove any organic contaminates on thexserfdegreasing’). Next the thin
‘native’ oxide (10-2(5\) that exists on the surface of bare silicon is etched ofhwit- acid
(very dangerous stuff!) and the sample is promptly tramsteto a thermal evaporator for gold
deposition through an aluminum mask.

4.3 Capacitance and the depletion width

Now, it should be understood from the previous section tepending on the individual prop-
erties of the material and if an external bias is applied, @eded region will form at a metal-
semiconductor interface. The width of this region is redai@ these material properties and is
given by [3]:

wz\/ﬁmi—(’%—T)—w 1)

Where:
e is the dielectric constant of the semiconductor
n the active dopant concentration in the semiconductor
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V4i Is the built—in voltage
andV the externally applied bias

An important effect of the Schottky diode is that a capaciéawill form across this depletion
region.

Exercise.7 Now let’s think back a bit, what is capacitance? What is thenida for a parallel
plate capacitor? How is our diode similar to a parallel platapacitor?

Exercise .8 By considering equation 1 find an expression for the capaceaover our device,
note that the area (A) of the diode is known and can be simpasared.

Right, so now we should have a direct relationship betweedpacitance of our devio€, and
externally applied bias, V. Armed with this expression wa o@easure many properties of the
semiconductor by slapping a metal layer on top of the santplies (forming a Schottky diode)
and measuring how the capacitance varies with the applas Bihis is the key of the C-V and
DLTS measurements.

Let's take a closer look at this relationship. What are thieghve do not know in Equation 1?
Well, here in this experiment we can precisely hold the diatla known temperature, we can
record the applied bias, and the importance of this equipnsetnat we can also accurately
measure the diodes capacitance. So all this leavestise doping concentration, and,;Vthe
built—in voltage.

Exercise .9 Let’s first consider the simple case wheré constant throughout the silicon bulk.
From our expression, how can we calculateand \,; from measured capacitances (C) and
applied biases (V)?

Hint: try rearranging the expression in terms bfC? and V.

Exercise.10 Right-o, what happens nowsif changes throughout the bulk of the silicon? How
cann be measured now?

Hint: We will be measuring the capacitance of lots of pointsliéferent applied voltage, how
will a changingn effect the ‘slope’ in our relationship? What does the ‘slapean between two
points? (hmmm, | really feel like | have given this away)

4.4 Defectsand Deep-Level Traps

At the heart of semiconductor physics is the idea that oneattan the electrical properties of
a semiconductor by the addition of impurities and defecttha semiconductor lattice. This
idea is the basis behind the doping of a semiconductor ae thgmurities or defects can create
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donor or acceptor sites in the semiconductor lattice. Hasaid this, it is not always desirable to
have additional donor or acceptor in the semiconductdcéats they may change the electrical
properties of a fabricated device in an undesired or unptalolie manner. It is for this important

reason that the task of electrical defect analysis has begertaken.

Exercise .11 Here you should comprehensive explain the effects of eliffempurities and de-
fects in semiconductors. You should make sure you covepphestof: lattice vacancies and
interstitial atoms, electrically active dopants and de$etshallow’ and ‘deep’ charge traps, and
the capture cross-section) of a dopant.

The silicon wafers used to create the diode in this experiinave undergone ion implantation,
the species of ion is either phosphorous or hydrogen depegrdi which sample is used for your
individual experiment. It is well understood that this pges introduces many defects into the
substrate [4, 5, 6]. This damage is initially of the form oferstitial atoms which have been
knocked off lattice sites leaving behind a vacancy [6] thasndge is known a Frenkel defects.
At room temperature the vacancy and interstitial can mégeaitd separate without recombina-
tion. This occurs for 4-10% of the Frenkel defects createthduon implantation [6]. These
defects can go on to cluster together or form stable defaoiptexes with impurities. About
10-25% of the Frenkel defects that survive recombinatiomfa di-vacancy cluster [7] which
is a characteristic defect for ion implanted silicon [4, & ,bond with impurities to form other
stable clusters.

The defects of prime importance for electrical deviceslansé that are electrically active, mean-
ing that they can trap charge carriers in the device. Eledtyi active traps are basically unoccu-
pied states in the band-gap of a semiconductor that tragetwarriers. This occurs mostly due
to defects having dangling bonds, or unpaired electrorssttamtraps exist with in the band-gap
of the silicon at some energy level depending on the stracitithe defect.

Defects can be characterised by their position in the bamded a semiconductor relative to the
conduction band (trap energy;), and their cross-section for trapping (capture crosssee).
The values reported for electron traps in ion-implantedail are found in table 1. This table
shows the average value for the trap energies found in #r@titre. Absolute errors in the last
digit are shown in parentheses, no error is quoted for oonasvhere there is only one reference
for the defect, nor is the error quoted for capture crosticsesthat have an error that is over an
order of magnitude difference. V indicates vacancy, otattets indicate elements, subscripts 2
& 3 indicate the number of vacancies in a cluster and supptsdéndicate the charge state of the
trap. Other subscripts indicate either substitutionahteristitial atomic positions in the lattice.

The silicon wafer implanted with phosphorus was implanteanaenergy of 450 keV at a dose
of 1x10° P/cn? while the samples implanted with hydrogen where implanteanaenergy of
70 keV at a dose of 10! H/cm?. Ask your demonstrator which one you will be using for this
experiment.



Defect type Trap Energy| Capture cross—sectign
[ev] [cm?]

H-related 0.10 -

H-related 0.13 -

HC 0.15(1) -

VO 0.17(1) 7(4)x10-1°

V-related 0.19(1) 3.5x10°17

Vi 0.22(1) 5(4)x10°16

V,0 0.27 -

V30 0.30 -

VO-H, other H-related 0.30(2) 3x10° 1

V-related 0.35(1) 5x1016

H-related 0.39(1) 1x10°17

H—related 0.41(1) -

VP 0.42(2) 5(3)x10°1°

" 0.42(1) 5(3)x10~1?

H-related 0.45(1) 1x10~%7

V,—related 0.47 -

H-related 0.50(2) -

Unknown 0.59 —

Table 1: Defect characteristics as published in the liteeafior defects relevant to ion-implanted
n-type silicon. Here the V corresponds to a vacancy and tbieafethe letters are standard
elements

The electrically active defects created in this implaotatvill alter the local doping concentra-
tion n, this will be observable using C-V measurements. Howevéntbout exactly what type
of defects are causing this altered doping concentratiowieeed to employ DLTS.

45 Deep Level Transient Spectroscopy (DLTS)

In DLTS a pulsing bias is applied to the diode, this fills andinds the charge traps that exist
within the semiconductor, figure 1 shows an example of suaisepycle. Figure 2 shows the
effect of changing the bias on the trap population in the danffigure 2 a) shows the effect of
applying the V,,;s. bias to the diode, here the traps begin to fill. We call thisteda trapping.

Figure 2 b) shows the effect of applying a lower offset bigs;\, (or reverse bias), here trapped
electron in the ‘increased’ region will be released, we call this electron emissione Tegion

defined byw during the ;5. bias and V.., bias is known as the measurement window, it will
be important to select appropriate values gf)\. and V, ;.. So that the measurement region in-
cludes all the deep level traps in your diode. The total cotraéon of traps in the measurement
region is referred to as-/Nwhile the concentration of full traps (or trapped electiasseferred
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Voltage Pulse

t, ot Time
Figure 1: A typical pulse cycle for DLTS.

Measurement region

Gold _|, a) — b)

contact S

V, o o j__ Vottset

pulse °

H

n-type Si
—] w [<— Depleted width —1] Increased w

le—

Figure 2: a) Deep level traps ‘full’, occurs when, .. bias is applied. b) Deep level taps
emptying, occurs straight after the V.., is reapplied.

to as 1.

Exercise .12 Write an expression for the concentration of filled trapshimtthe measurement
region straight after the )/,s. bias has been appliedi{:(¢ = 0)). This expression should be
written in terms of the time )V, bias is applied,, the rate the electrons are trappegd and a
total trap concentrationV,. Assume all the traps are empty before the pulse.

Hint: The trapping rate is assumed to be exponential andtdforget that there is a finite number
of traps to be filled .

The concentration of trapped electrons in the measureragitr (1) exponentially decreases
and is effected by the emission ratg ) of an individual trap:

np(t) = np(t =0)e (2)
Assumingn; ~ Np this becomes:

nr(t) = Np(t = 0)e 3)
e, depends on temperaturg the trap energy level; and the capture cross section of the trap

o,
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Ec—Ep
(52r)

en = Yn 0. T?e”

(4)

Where~, is a set of constants given by:

o = 2VBM,(27) 2k ®)

Wherel/, is the number of minima in the conduction band (6 for silicanfim* is the effective
electron mass in the conduction band [9]. Since the trapgrevel and the capture cross section
are different for different defects, the emission rgtewill be different for each defect.

It is important to note that as the electrons are emitted fi@ps in the measurement region,
during the time the V., bias is applied, the depletion widthwill be affected and hence the
diode capacitance will also be affected.

Figure 3 shows how the capacitance of the Schottky diodegdsaaver time as a result of the
traps emptying. This capacitance transient can be exgresse

nT(t)

C=0Cn/1-

(6)

For the case where the doping concentration is much greater than the trap concentration
(ny << n) we can say:
nr(t)
7
o) (7)

With DLTS we monitor the change in capacitance over some tmegval ¢, t,). The change

C%C()(l—

Transient Capacitance

Capacitance

Figure 3: The time variation of capacitance as traps empty.

in capacitance over this interval (from Eq. 7) is hence:
— . NT —en(T)ty —en (T)tq
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This change is capacitance is referred to loosely as the Sxignal’.

Figure 4 shows how the DLTS signal changes as a function gb¢eature when only a single
trap is present, this occurs due to the temperature depeaddthe emission rate. This change
in DLTS signal with temperature forms the DLTS spectrum.

|

i

I
Temperature

Capacitance Transients at Various Temperatures

|
0
Time 8C = C(t;) - Clty)

Figure 4: The temperature dependence of the DLTS signahgg the transient capacitance is
in negative units (are they?).

Traps with different energy levels in the band gap will progla peak at different temperatures.

Note that in equation 8., the DLTS signal is proportionalie toncentration of defects present
Nr, and can be expressed as:

AC Nr1l—
T = g ©)
CO 2n T‘r'fl
Wherer = ﬁ—f We can then write for the trap concentration:
AC|  r
Npr =2—— 10
T CO 77L(L:L'n1 —r ( )

Exercise .13 Differentiate Equation 8 with respect 6 and show that the emission rate at the
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temperature that the DLTS signal is greatest is given bydheving equation:

ln(i—i)
en(Tpear) = P— (11)

Hint: you will NOT NEED to explicitly differentiate,, just carry it through.
Exercise .14 Derive equation 9 by subbing equation 11 into equation 8.

Equation 11. shows that the measurement tilmesdt, sets what is known as a rate window
for the emission rate. It can be shown that different ratedeivs cause the peak in the DLTS

signal to shift in temperature. By taking DLTS spectra widigus rate windows we may obtain

a range of values for the peak temperature associated witheraission rate and hence each
defect. Using these values, and noting that at the peak ratupe the emission rate is given by
your answer to Equation 11, it is possible to calculate bo¢httap energy level and the capture
cross-section.

Since the temperature at which the DLTS signal peaks changlkghe rate window, we can
generate a plot of the temperature dependant rate agjahmng Equation 4, this is known as an
Arhhenius plot.

Exercise.15 Re-arrange Equation 4 to obtain(<4) in terms of1..
How can this be used to calculate the trap energy and captugscsection? Check with your
demonstrator as this will be important later in the DLTS gysas.

5 Experimental Work

The SULA DLTS system is a joint MARC group and Part 3 laboyadipparatus and is thus also

used for research. The research of the MARC group (and perbaen one of your demonstra-
tors) depends on the correct functionality of the equipnsent is especially important to treat

it with respect.

A rough experimental outline is as follows:

Week 1

e SRIM ion implantation simulation.

e C-V measurement at room temp and 79K.
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e Analyze data to determine active dopant concentration etc.
Week 2

e DLTS and C-T measurements.
e Analyze data to determine tap energy and capture crosesaiftdefects.

¢ Identify defects created in the implantation process.

5.1 TheRacks of Electronics

The box at the top of the rack is the ‘Lakeshore’ temperatardroller. This is primarily under
the ‘remote’ control of the PC and software. Do not play withfithere is an error message or
other problem consult your demonstrator.

Next comes the digital CRO for monitoring the applied biagh@sample.

Then there is the SULA DLTS electronics. Further informatom these units can be found in
the SULA DLTS user manual.

Underneath this is a rack of BNC connectors. Computers aon'te with BNC sockets, so this
rack is purely to interface the PC with all the electronics.

The last tray at the bottom is the variac for the diaphragmpo(ior adjusting the pump speed)
and the thermocouple vacuum gauge for the roughing linespres

5.2 TheCryostat and Sample Holder

Ask your demonstrator to load your diode. The sample mogrg@tup is shown in figure 5. The
InGa is a ‘eutectic’ which is liquid at room temperature. e ut because it forms an Ohmic
contact with the sample (unlike the gold contact on top, Wharms a Schottky contact). The
sapphire plate is an electrical insulator to reduce they siapacitance created around the diode
but still allowing good thermal contact to the copper stage.

Exercise .16 What property of In or Ga makes InGa a suitable Ohmic cont&ttiat about the
Au to create a Schottky contact?
Hint: It has nothing to do with resistivity/conductivity.
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Probe contact

Gold contact InGa Eutectic

Indium plate

Back Contact

~—— " LN,cooling coil

Figure 5: Sample holder schematic

Here we need accurate control of the temperature, for thsorethe stage is fitted with a heater
and two thermocouples (electric thermometers). Thermaleodiis used for temperature control
and is situated at the base of the copper stage in the charedethe heater, Thermocouple B
is situated at the top of the copper stage near the samplesaallen as the measured sample
temperature.

The cooling is provided by drawing liquid nitrogen up the @¢udt the bottom and through a
tube around the base of (and in intimate thermal contact)wlih cold head and out the side,
through the transparent plastic tube. This is achieved bygiog on the transparent plastic tube
with a diaphragm pump (the same as used at home in a fish tartks)diaphragm/h pump is
controlled by a variable voltage source. 70 V is good for captlown to 77 K (takes about 15
mins); 20 V will keep it there.

The sample chamber is also evacuated using a rotary roughing. It is kept under vacuum for
a couple of reasons. It keeps out any moisture, oils and dukeiair which may contaminate
the sample and sample chamber. Most importantly it is netatdtiermal isolation of the cold

head so that lower temperatures can be maintained.

5.3 SRIM Simulation

SRIM [10] is a software package written to tell us the Stoggmower and Ranges of lons in
Matter. Most of the information about SRIM can be found at wanm.org, as can the software
packages themselves. You will find a hard copy of the SRIM rahimuthe lab, which contains
an excellent introduction to the software. You should re@ough of it to feel comfortable with
what you are trying to use SRIM for.
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We will use SRIM to determine the penetration depth of thelamfgd ions and the vacancy, or
damage, profile created in this process. This is importacdune you will need to know how to
probe for defects later in this practical.

Using SRIM, run a simulation that represents the same intglim parameters as that of the
diodes used in the practical. Importantly you will need tbtee following parameters:

e lon element type and energy

e Target element and width (it is important that the width i$ tow large as there is a limit
to the resolution)

e The total number of ions (not too large/small... | use ab@@®,A00 ions)

From this calculation you will be able to find the depth probikeer which the vacancies were
created when the ions were implanted in the wafer. This \@cprofile can then be used as an
approximate for the depth that the deep level traps exist.

54 Making the C-V measurement

The C-V measurement will allow us to determine the barriegle depletion width and active
dopant density of the sample.

The bias is applied to the top diode contact of the samplen@atitput BNC connection on the
[Pulse generator] unit and the capacitance is read fromadbk bontact which is connected to
the [In] of the [Capacitance meter] unit.

Electronics setup

Typically the output of the pulse generatof7i§/ off to the CRO so that the applied bias can be
observed. The applied DC bias can be controlled in two wayt, the [Offset] knob and via
an input into the [Ext. Bias] connection. The software waktthe digital to analogue converter
(DAC) in the PC to apply a DC analogue bias to the sample vaitigut from [DACOUTO] of
the BNC adaptor.

Running the experiment

A voltage interval of around 0.1 V will be needed for a niceoteion data set for analysis.
Set the [Initial temp] to something around room temp, turrtt@diaphragm pump and set the
voltage to around 10 V.

Step-by-step:
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1. Flip the [Experiment] type to C-V

Click [Idle at initial temp] to set the temperature cofign

Set [Initial bias] and [Final bias] to 0V and -8V (or sometilike that)
The [Capacitance range] should be set to be set to 100 pF

Set the [Diode area]

o o M w DN

Click [Run experiment] to start the measurement.Notenteasurement will not start until
the temperature of thermocouple A is at the [Initial temp].

5.5 Analysingthe C-V data

Here you will need to re-examine your answers to exercisad9.40.

Exercise .17 To determine the built-in voltagé,; you should only fit the data over biases close
to zero. This is because the free carrier concentration aswill see) is not uniform over depth
and there is more leakage current at larger biases, makirggctpacitance measurements less
accurate. Do not calculat&), for each data point; this is not an accurate method. The SULA
Labview program can be used to calculate the built in volthgeyou should also be able to
calculate this yourself using Excel. Compare your answevhat the SULA program gives you.

Exercise .18 Calculate the barrier height which can be expressed as:

¢y = Vi + (E. — Ey) (12)

WhereL is the position of the Fermi level relative to the conductiamd and is given by:

(B, — B;) = ]%TTLoge[@] (13)

n
n. IS the Density of states in the conduction band of silicon:

kT
ne = 12 x 105(2rm* )2 (14)

Note: your answer should be expressed in eV and greater tleahuilt—in voltage but less than
the band gap of silicon.

17



Exercise.19 Now that you have the built-in voltage and the barrier hejgiketch a labeled
band diagram for the diode showing the values¥grand ¢y,

Exercise .20 Calculate the active dopant concentratioas a function of depth. You will need to
re-examine your answers to exercise .9 and .10 and conwedapacitance to a corresponding
depletion width (depth). You can use Excel or Genplot foadatalysis, this may take a bit of
time. You will need these results for DLTS section.

Exercise .21 Right, so now we have simulated the ion implantation proceS&IM which sug-
gests there is a region in the silicon which has been damagaawill have also created a profile
of the active doping concentration, what important conidngan you draw from these profiles?

Exercise .22 What voltages will you use for your DLTS measurement windéw;{, and
Vpuise) and why?

5.6 DLTS measurement

Electronics setup

The electronics can now be setup for a DLTS measurement. WteHing to do is set the

[Offset](V,/rse:) ON the [Pulse generator] to place the diode under reveese ihis should be

set so that the depletion region is at the end of range youdeean the previous section. Monitor
the voltage with the [V] setting on the [Capacitance met&ihce the bias output of the pulse
generator should also be connected to the CRO you shouldalable to observe this on the
CRO. To ensure proper operation check the leakage curreptdssing the [i] setting on the
[Capacitance meter]. The reading isuA, it should not be more than BA.

Next turn on the pulse generator with the [On/Off] toggletsi Press the { ] button on the
[Capacitance meter]. The display now indicates the voledgéhich the bias is pulsed to. Set the
pulse [Amplitude](V..sc) on the pulse generator so that the depletion width will bihatstart
of the region of uniform free carriers. You should be able ¢avrsee the pulse on the CRO. If
not, ensure that the CRO is set to the DC mode and externgétrig the trigger is set to normal
you may need to adjust the trigger level.

The pulse [Width] should be set to fill as many traps as possibhe pulse width affects how
many of the defects will be filled during the pulse since thayeha characteristic capture cross-
section (and hence capture rate). For the defects in iorambgd silicon this needs to be about
10-20 ms. The electronics does not monitor this and the CR@s® be used.

The [Initial delay] of the correlators need to be set to exanthe capacitance transient over the
correct rate windows. There are four correlators so we canlsaneously look at four different
rate windows. The correlators work such that 2.7x[Initial delay] andt, = 6.9x[Initial delay],
hencer = 2.56.
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| have found these [Initial Delay] setting to work well:

Correlator1: 10 ms
Correlator2: 2 ms

Correlator3:  0.5ms
Correlator4: 0.1 ms

The [TC] value of the correlators should be set to 10 seconds.

The [Period] of pulse repetition needs to be carefully sedrtsure the electronics have enough
time to recover, | recommend 200 ms.

The [Pre-Amp] should be set to 100.

The pulse generator is now setup for DLTS and the rest of tresaorement electronics can be
set up.

Softwar e setup

Change the front panel [Experiment] to [DLTS] and enterltadl hardware settings into the win-
dow. The [Initial Temp.] should be set to 78 K and the [Finaife] to room temperature. The
mode should be on [Step]. The stray capacitance is irretevashthe [Offset] should be set to
[use current valses] and the should be zero.

Once you have completed this you can click [Run experimerd]the scan will take approxi-
mately 1-2 hours to complete.

5.7 Perfoming a C-T measurement
You will need to know G at various temperatures to determine the defect concemtsgEq. 10).

You can do this on a case by case basis or perform a scan owehtie temperature range used
in DLTS.

5.8 Analysingthe DLTSdata

Note: this section, although it looks relatively short, will take a fare bit of time. Thisbit is
the most important section of thislab so please allow plenty of time!

Exercise .23 Calculate the defect concentration for each of the defeakp®bserved.

Exercise .24 Use Excel to find the location of each defect peak in termawgbéeature. Use this
information to find the trap energy;Eand capture cross sectian of each defect. See exercise
.15 for help here, don't forget to also determine the errorgour energy levels.
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Exercise.25 Which defect do you think your peaks correspond to?

In fact, DLTS offers rather poor energy resolution and hadeatifying defects from a single

DLTS studies is not that accurate. A more detailed study diamolve examining how the

observed defect peaks change as the sample is subjecteerteatrannealing. In your case
however please refer to the literature. There should bealepapers provided to you in the lab
somewhere. How do your results compare with the literature?

6 Appendix: Important Numbers

Diameter = 78Qum for a P-implanted diode
=850um for a H-implanted diode

q =1.60218&10 ' Electron charge [C]

€ =€y X € Permittivity of sample

€0 = 8.8541810°!* Permittivity of free space [F/cm]

€s =11.9 Dielectric factor for Si

Ky =1.38066<10°23 Boltzmann’s constant [J/K]

h = 6.6261%103* Planck’s constant [J.s]

m* =My X M, Effective electron mass [kg]

Meo =9.1095<10°3"  Electron rest mass [kg]

m, =(0.98x0.19")'/3 Effective electron mass in Si at 300K
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Safety in thethird year laboratory

This is to certify that the undersigned person has compléietbllowing:

e read and understood the “General Safety notes” for the twered year experimental
laboratories;

e read and understood the safety notes specific to the expdriisted below;

e been trained in the use of specialised equipment used iexperiment by the demonstra-
tor listed below.

Experiment: L

Specalised equipment: ...,

Student:
Printname e,

Signhature

Demonstrator:
Printname e,

Signature

Date
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