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Abstract

In this article, the forward and reverse biases chateristics of a p-n junction
diode using a Keithley 2400 source measure unit eveneasured and the important
parameters of diode such as, forward Voltage T@&t) for forward-bias were found
to be 0.625, 0.65, and 0.7V for different sweep aglellsec,0.01lsec and 0.1sec
respectively and for the reverse-bias, the Breakdovioltage Test (¥), and Leakage
Current Test (k),and Ideality factor (k) were found to be -11V,.@8nA,and 0.9857
and,respectively. The graphs of |-V Characteristiagere drawn for different sweep
delay time of 0.01s, 0.1s and 1s for both forwaiidsband reverse-bias.

Keywords:Diode, forward bias , reverse-bias, Keithley 2808akdown Voltage Test @), Leakage Current Test
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1.0 Introduction

The electrical characterization of p-n junctiond#s is critical to ensure compliance with manufieesti specifications and
to identify and weed out defective devices beftweytare brought to the international market. Thejpnction devices are
constructed by creating an n+ well in the p-typlesttate by thermal diffusion [1].

Most types of diodes undergo at least three basicp@rametric tests during this final inspectiongess: the Forward
Voltage Test (¥), Breakdown Voltage Test g, and Leakage Current Tesg)(IWhile the reliability of these tests is essdntia
to ensuring product quality, it's equally importdhat they be conducted quickly to maintain higbdurction output.

This functional test () involves sourcing a specified forward bias curmeithin the normal operating range of the diode,
then measuring the resulting voltage drop afteyexiéied period of time (e.g., 1ms).

In the (\R) test, a specified reverse current bias is souacetthe resulting voltage drop across the diodedasured after a
specified period of time (e.g., 1ms). The avalanotemkdown voltage is related to the doping conetion [2].The leakage
test verifies the low level of current that leaksass the diode under reverse voltage conditions.tifis test, a specified
reverse voltage is sourced for a specified perifditre (e.g., 10ms), and then the resulting lealageent is measured. The
Keithley's Series 2400 Source Meter instrumentsa® widely used for diode production testing bseathey enable test
engineers to configure a test system using a singteument that can source and measure both ¢wanehvoltage.

Generally, the p-n junction diodes will have larg@m-on voltages, lower leakage currents, largeakdown voltages, and
slower switching speeds as compared to Schottkgedig4]. Moreover, another important requirememntgdan diodes is to
have a highly conductive p-type layer with a higiels concentration [5-8].

The |-V characteristics of the p-n junctions magréfore be thought of as surface measurementsthi®mreason, all
characterization will follow the analysis of therapt junction diode [9].

In this study, the electrical I-V characteristidspen junction diodes were determinedusing a Keit2400 source measure
unit.

1.1  Theory

A semiconductor in the un-bias state equilibriumsiderations demands that the Fermi level¢eRergy bands) is constant
throughout the bulk of the material. This causesodiion of the energy bands at the junction amsdlts in an electric field
across the junction. The field is known as a buildield. At equilibrium, there is a small deplatidayer containing fixed
ionized atoms and substantially no mobile chargeesa.

Under reverse-bias conditions the depletion layereases with the electric field across the jumgtighich thus acts as a
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barrier to current flow. Thermally generated charggiers diffusion into the depletion layer swept across the junction |
the electric field and thus produce a small reveedaration curreni.
Under the forwardsias conditions the bu-in field virtually disappears and charge carriais attracted across the juncti
into the opposite poldsi type (where they become minority carriers andseaa current to flow in an external circuit. 1
current-voltage relationship of an ideahgromojunction under forwa-bias condition obeys an exponential relation:s

gy
I=I|:.(E' HT—]_] (1)

Where q is the electric charge, v is the diodeagdtapplied, K is the Boltzmann constant and Thésthermodynami
temperature.

This is the Shockley equatiqor ideal diode equation) and assumes that theeuis due to the diffusion of charge carri
across the junction that the injected minority ieasrdensity is small compared to the majority eardensity, and theris no
generation or recombinatiaf charge carriers in the depletion reg

In the practical point, this condition are always fulfilled, particularly in silicon where the inhsic carrier conceration is

a7 a7

qvy qv
low, and it is found that the Shockley equation rhaymodified so that the ter .f'JffT is replaced b ."I.IﬂKT , where n
has a valubetween one and two known as the ideality fa

2.0 Experimental Procedure

To measure the forward and reverse biases chasticteiof a |-n junction diode using a Keithley 2400 source measinit
to calculate the important parameters of the dithe Forward Voltage Test £, Breakdown Voltage Test ), and
Leakage Current Testjl Fill factor (FF), Ideality factor (n

2.1 Forward |-V Measuremen

The diode was connected in the forward biased tiiredo the Keithley 2400 measuremcconfiguration as shown in tt
above diagram of figure 1.1 above. With the aidaotomputer soft ware (Labtracer software), theedrpent was
programmed to source the voltage from@7 V with a stepsize of 0.05 V. With a 1 second sweep delayed o filtering,
the source measure unit was instructed from théraeér to measure the current while sourcing tHeage. The experimel
was then repeated with the following data: voltagd® — 1V, a sweep delay of 10 ms, and no filtering. Therent wa
measured again while sourcing the voltage. Theraxgat was performed again but this time sourchg durrent from
100 mA in 101 steps while measuring the voltagé &itompliance of 1 V, and a sweep delay of 10

2.2 Reverse | ¥ Measuremen

The diode was connected in the reversed bias motte tiethley 2400 source measure unit as showhdrdiagram abov
using the 4wire measurement configuratis

2.2.1 The Ideality Factor(k)

As with any product manufactured, the end prodsictever asood as the ideal design. It is for this reason thethods ar
employed to measuring the quality of each deviegus ascertain how good and how close to the ipemluct each en
product is. In real life, diodes do not behave noapletely ideal meéner, so a parameter need to be added to compdos

this nonideal behavior known as the ideal factor or sloammeter”f’j.
_ qAVieg (e)

KT @)

Where AV = Change in voltage across the junction per decadeuafent and e is the constant given by 2.71
. —13
Temperature, T was assumed at room temperatur@k ,The electronic charge, q:L-E"EIE 176 x10° ¢

The Boltzman's constaiftz = 1.38063x10° "7 /¢ The ideal diode factor is dod to be between 1.1 and 1.2 fr
literature [5]. As the ideality factor increasdse tnor-linearity of the diode decreases changing the gradif its -V plot;
the effect of this is to reduce all aspects ofdtamdard performance whether it is bi used forharmonic generation or ra
frequency mixed.he ideal diode equation and the electricalcharisties can be generally evaluated by using an temu
based on a welthown standard thermior-emission (TE) relation for electron transport fraimmeta-semiconductor contact
(for gV > 3 kT) [1041]. It can be given &

gV
[ =1y [exn(£5) - 1] ®3)

i

and when > 50 — 100ml we can ignore the first term and taking naturalddgoth sides of equation (3) git

it =1n, +(25) o
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The | is the current through the diode, V is thétage across the diode, lo is the saturation ctyri@md k is the ideay
factor. A graph of In (I) against voltage is usedleduce the ideality factor of the dio

av
k=7 () ®)
B
The slope of the graph is related to the ideadittdr by the following relatio
av
slope = = quBT (6)

where k is the ideality factor, T is the absoleperature E 3‘]‘]’1‘), and the Boltzman's constang is given by kg =
1.3806503 x16%/J .

3.0 Results
3.1 For Forward I-V Measuremen

After sourcing the voltage from 0V to 0.7V with &g-size of 0.05V, and the current measured the compliance limit set
to 100mAlsecond sweep delay, no filteri 4-wire remote mode, we obtained the following tharacteristics (see Fig

Graph of Current versus Voltage for diode in forward bias mode
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Figure 1: Graph of Current versus voltage for forward biasddiwith a sweep delay of 1 sec

A straightline approximation of the forward characteristit®®ws a resistance value (the forward slope resisjatocée
calculated from the slope of the straight li
Cross section (A)of junction diode = 1 i%.

The current density, [= : of all the experiments was determined. The cornedimgy current density graph from the d
is plotted in Fig. 2:

Graph of ity versus =e for diode in forward bias mode
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Figure 2: Graph of Current density versus voltage for forwias diode with a sweep delay of 1 sec
The experiment waepeated with the following values: 0 to 1V in 19#&ps, 200mA compliance, 10ms sweep delay ar
filtering. We saved the data which was used toioliay.3
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Ciraph of Current versus voltage for diode in forward bias mode
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Figure 3: Graph of Current versus voltage for forward biagld with a sweep delay of 0.01 second

105 Graph of current density versus voltage for forward bias diode
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Figure 4: Graph of Current density versus voltage for fodvaias diode using a sweep delay of 0.01 second

In the last case of forward |-V measurement, theert was sourced from O to 100mA in 101 steps #ed voltage
measured. The following additional settings weredudV compliance, 100ms sweep delay. This yields

the following |-V characteristic (see Fig.5):

a.7 o8

Graph of current versus voltage for diode in forward bias mode
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Figure 5: Graph of Current versus voltage for forward bield using a sweep delay of 0.1 second
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2 10* Graph of Current density versus voltage for diode in forward bias mode
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Figure 6: Graph of Current density versus voltage for fodvaias diode using a sweep delay of 0.1 second

3.2 For Reverse | =V Measurement

The source measure unit was programmed to souitzgedrom (0 —250V)in 101 steps, compliance of 20Gweep delay
of 100 ms, and filtering (average with 5). The euatrwas then recorded. The I-V plot in this casgiven in Fig.7:

S Graph of Current versus Voltage for diode in reverse bias mode
14 . -
—
12 - B - —
1o S A -
- SR TSRS NSNS RRE S S| (NS L RS U SIS il
z g
E s = . us
= 4
= T
L. e il
= B
/
J
|
ob il
“o so 100 150 =00 250
Woltage (V)

Figure 7: Graph of Current versus voltage for reverse biadadusing a sweep delay of 0.1 second
The current density versus voltage plot is giveRi;8:

w1o? Graph of current density versus voltage for diode in reverse bias mode
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Figure 8: Graph of Current density versus voltage for rexdias diode using a sweep delayof 0.1 second
The following plot shows Inl versus Voltage, V frommose slope the ideality factor is determinedim®
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Graph of natural log of current versus voltage
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Figure 9: Graph of natural log of current versus voltageféoward bias diode using a sweep delay of 0.1 sttcon
The slope of the linear portion of the graph ofifigg1.10 is calculated using the two points P(81235) and Q(0.44,-6.5).

_dinl _ -65-(-145) _
slope = " oaroas T 38.095/V @)

The slope( s) is calculated to be 38.095 per volts.
The ideality factor can be determine from slopeadation (7)
_4q (4av\_ q 1 _ 1602176 x10""° 1
k= m(ﬁ) T KgTslope 138065 x10~23x300 X 38095 0.9857 (8)

The ideality factor, k=0.9857.

4.0 Discussion

When the voltage on the p-type region of the paciion diode is greater (more positive) than thiage applied to the n-
type region, then the diode has a positive volegess it. This situation is commonly called foravaias.

When the voltage on the p-type region of the pratfien diode is less (more negative) than the geltapplied to the n-type
region, then the diode has a negative voltage adtobhis situation was determined commonly tdH#ereverse bias.

When the forward bias exceeds a threshold knowtheasurn-on voltage, the diode conducts large asoohcurrent. This
threshold is somewhat subjective, and is usualfinde in terms of the application to which the déad being put.

The current density versus the applied voltage.@Figields a similar graph like the I-V graph (Rijj. An initial reading of
the current density remains at zero until approx@iya0.4V where a further increase in voltage cawuse&apid increase in
current density. However, higher values of curstsities are obtained as compared to the valud®afurrent in the first
graph. There are higher values of current peraneia of 1mrh

For Fig. 3, An initial increase in voltage seems toocause any effect on the current, not untiladtrgetting to a voltage of
0.41 V where the current has been observe to vepgrentially with voltage. The forward voltage tést the experiment
can be estimated from the graph is 0.65V. Whervtittage was switched on in the forward-bias conditithe built-in field
virtually disappears and charge carriers were @#thacross the junction into the opposite polayipe where they become
minority carriers and cause a current to flow inexternal circuit. The corresponding current dgngérsus voltage plot is
shown in Fig.4.

An initial increase in voltage seems not to cause&ffect on the current, until almost getting tudtage of 0.30 V where
the current starts increasing exponentially witlitage. The forward voltage test for the experimeant be estimated from
the graph is 0.7V. The current density-voltage gregrresponding to this situation is shown in Fig.6

Since the diode has a very small cross secti@enctinrent density values for the different settinged are larger compared
to the corresponding current values. It is notif@an the above results that the voltage beyond lwiihe current starts
increasing from zero amperes varies from one ggttirthe other. The voltage is smallest when theepadelay is small and
we are sourcing the current and measuring the g®If&ig.5). It is largest when we have a higherepngelay time and we
are sourcing the voltage and measuring currenf(}ig.

The ideality factor is a unit less value typicdligtween 1 and 2, which accounts for non-idealgigsh as device geometry,
series resistance, etc. The ideality factor wasdao be 0.9857 or approximately 1. The deviatibthe ideality factor from
the ideal value indicates that either there aresuaurecombination mechanisms taking place thatréom®mbination
changing in magnitude. The derivation of the singitede equation uses certain assumption aboutdhe practice, there
are second order effects so that the diode doefolmiv the simple diode equation and the idediétgtor provides a way of
describing them.
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