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DIODNING VOLT-AMPER XARAKTERISTIKASI
BONbT-AMNEPHAA XAPAKTEPUCTHUKA OWOOA
CURRENT-VOLTAGE CHARACTERISTIC OF THE DIODE

Mamatova Mahliyo Adhamovna'
'Doctor of Philosophy (PhD) in Physics and Mathematics, Fergana State University

Yusupova Mahliyo Shavkatjon gizi®
*Master's Degree in Physics, Fergana State University

Annoiatsiya

Magolada yanmothazgich diodlarning voll-amper xarakieristivasi chugur tahiil giingan. Diffuziya fenglamalarn
va tegishil chegaraviy sharilardan foydalanib, yupga va galin baza gatlamian uchun zaryad tashuvehilar konsentralsiyasi
hamda fok zichiikiarning analitik fodalar hosil qiindi. Tadgigolda termik fokning roli alohida ko'rb chigial. U xususiy
tashouvchifar konsentralsivasiga kuchli bog'lig bo'lib, kremniy va germaniy diodlan orasida sezilarli farg gifadi. Natiada
ushbu diodiarning fo'g'ri otkazish kuchianishiar orasidagi farg odafda 0.3-04 V ni tashkil etishi isbotlandi va bu
jarayanning fizik mexanizmian tushuntinfdi. Shuningdek, emifter va bazaning xususly qarshilikian orgall ifodalangan
injeksiva koefMtsienti Kidfilib, tok otish jarayonining yanada anig favsili berldi. Olingan nalijalar dicdlarming ishlashing
chugurrog tushunishga yvordam beradi va wiaming elekironika amailyotidagi samaradorligini eshinsh uchun musiahkam
nazarny as0s yaratadi

AHHOMALUA

8 cmamee npedcmasnsd SCECMOpOHHUL aHANUS BONBM—aMISpHOU XapaxmMesucmuKy moRynoeeo0HLUKOSRN
duodos. © UCNoMe30SasUEM  ypasererul Odugbghysuy U COOMBEMCMEBYIOUY E0EHUYHLIX YOAOSUD MONyYeHs
GHANUMUUECKUE BRIDSXEHUR ORF KoNUeHMPaUWLY Hocumened U ANOMHOCMY MOoKoe kaX AnR MmoHKoes, mex U ans
moncmogo fazoeozc oioR Ocofoe eHuManue YiermeHD MeDMULECKOM)Y MOKY, BeMUYUHE KOMOPo20 CYLUBCITEEHHD
FEEUCLIM am coBemeerHol KOHUSHMPEUUL Hocumenel U SHEYUMENLHD PAZNUNEsMCA ¥ KPEMELSELX U 2e0MaHUSELX
duodoe. B uccnedosanuuy MoKkasaHo cCMBLLUERIe MPAMOE0 HENDAWEHUR NpuMenHo Ha 0.53-0 4 B Mexdy smumMu munaMu
Juodos ¢ DECKDRIME COOMEBSMCMEVDILLe uUsUYeCKUe MexaHusMal. Beederue ¥ospulUUeRMa UHMEBKLLL Yepes
yieneHsie cofpomueneHus Cashl U 3MUMMEDEa YMOoYHREm onucasus npousccoe npoecdumocmiy. MTonyueHHER
pesynemamel ciocobomeyram Banes anyBokoMy MoHUMaHL pabomel duodoe U co3darmm HadesHym Meopemuyeckyo
ocHosy GNA oImMUMUSELLY UX XaDSKMEpUCMUL & 3MekmoosHLIX NOUTCHEHURX.

Abstract

This article presents 8 comprehensive analysis of the cument—vaitage (I-V) characlerstic of semiconductor
diodes. Using difusion equations and appropriate boundary condifions, analylical expressions for carner concenfralions
and cument densities are derved for both thin- and thick-base approximations. Special aftention is given fo the rofe of
thermal current, which is highly dependent on infrinsic carmer concentration and differs significantly between silicon- and
germanium-based diodes. The study highlights the forward voltage shift of approximately 0.3-0.4 V between these diode
lypes and explains the underlying physical mechanisms. The introduction of the injechion cosfiiciert through specific
resistances of the base and emitter further refines the description of current flow. The results contribute fo a deeper
understanding of diode operation and provide a solid theorelical foundalion for opfimizing their performance in efectronic
appiications.

Kalir so'zlar: yarimo'thazgich diod, voli—amper xaraktenstika, aiffuziva, termik tok injeksiyva koeffisenti

Kmwyeskie CROEE: nomynposofHUKosEll 00D,  sSONeM—aMISOHAR  X8paKmMepucmuNs,  Ougdhysur,
MEpMUYeckUd MoK, Ko buyUeHT UHNeRLIUL

Key words: semiconductor diede, curreni—voltage characlenstic, difusion, thermal current. injection coefficient

INTRODUCTION
The current—voltage (I-V) characteristic of a semiconductor diode represents one of the
fundamenial dependencies in solid-state electronics and serves as the basis for understanding the
physical mechanisms governing charge transport across the p—n junction. The analysis of the
diode’s static volt—-ampere charactenstics not only provides insights into the distribution of charge
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carriers in the base and emitter regions but also forms the foundation for practical device modeling
and design.

The formation of the |-V charactenstic is directly related to the steady-state distnbution of
minority and majority carriers, which can be described through diffusion equations and
corresponding boundary conditions. Depending on the thickness of the base layer, approximations
such as thin-base or thick-base conditions are employed, resulting in simplified analytical solutions
for the carner concentration profiles. These solutions demonstrate that in real diodes the camer
distribution may be exponential or nearly linear, leading to distinct forms of current flow through the
device.

In this work, the diode’s current—voltage characternistic is systematically denved on the basis
of diffusicn theory, boundary conditions, and camer injection analysis. Special attention i1s given to
the differences between germanium- and silicon-based diodes, highlighting the influence of
matenal parameters on thermal current, forward voltage shift, and overall device performance.

LITERATURE REVIEW AND METHODOLOGY

To determine the static current—voltage characteristic of a diode, it is necessary to calculate
the stationary distnibution of electrons in the base region. In addressing this problem, the general
diffusion equation, which describes the steady-state distnbution of electron concentration, is

employed. By setting the time-dependent denvative of this equation equal to zero {i,i: =0), the

following stationary form of the equation is obtained:
dAn  An
dx? I2
The general solution of this equation is expressed in the form of a sum of exponentials:
X X
An{x) =A;el + A, L

Here, the coefficients 4; and 4. are determined from the boundary conditions. Denating the

base thickness by w, the following boundary condition is satisfied at the point x = w-
Anlyx=w) =0

In the ochmic contact regicn, the concentration of charge camers remains at the equilibrium
value regardless of the concentration distribution in the base. The physical essence of this
condition lies in the fact that, within the contact zone, the boundary value of the camer
concentration consistently maintains the equilibrium state.

To fully specify the boundary conditions, we now choose the coordinate x = 0. Taking into
account the assumption described in Section 3 and the expression, the concentration value at the
boundary—determined by the applied extenal voltage—can be wniten in the following form
through An(x = 0):

An{0) = ng (e"i’% - 1).

Based on the boundary conditions, the values of the coefficients 4, and 4, are determined

as follows:

Anfay W
- {13 el
z;n{z-

A W
e R
Zeh i’]'
As a result, An(x) takes the following form:

u sh (E
An(x) = n, (e*’f - ‘l)—L
sh(3)
If the base layer has a sufficiently large thickness, i.e., the condition w = (2 + 3)1L
Is satisfied, then for the purpose of simplifying the calculations, the base thickness may be
assumed infinite (w — co). Under this boundary condition, the coefficients
Ay and A, are simplified as follows:
Ay =0; A, = An(0)
As a result, the electron concentration in the base takes the following simplified exponential

Aj.:

A1=

form:
L

U
An(x) =n, (EE — 1) e L
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If the base is thin, Le., the condition w < 0.5L Is satisfied, the hyperbolic sine functions in
formula can be approximately simplified for small arguments as fﬂ"ﬂWSI
(%) w2 on(2) v
In this case, due to the thinness of the base and the dnmlnam:e of diffusion processes, the

distnbution of electrons becomes nearly linear. As a result, the electron concentration in the base
takes the following linear form:

An(0) =ng (31’“ ) (1— —J (&)

Such a distnbution 1s charactenstic of real diodes. Below, we dernve the analytical relation
describing the current—voltage charactenstic of the diede. In the general case, the electric current
consists of the sum of electron and hole flows, and the current density can be written in the

following form:
J(x) = j(x) +j,(x) (2)
Here, j,(x) denotes the distribution of the electron current density in the base, while j,(x)

represents the distnbution of the hole current density in the emitter. By differentiating expression
(2) with respect to the x -coordinate and substituting the result into expression, we obtain the
following relation for the distribution of the electron current density in the base, j, (x):

- anE L;- ch(wa—xj
Jn(x) = Lig (w 1) sn{;;) (3)

RESULTS AND DISCUSSION
To improve accuracy, the corresponding indices for the base layer and electrons have been
introduced into the above expression. Based on the same approach, the following expression can
be written for the hale current density in the emitter layer

- ~ _% Er - ch(’wg,—xj
o) = =22 (@ 1)—%—%&) (4)

Here, L,. denotes the diffusion length of holes in the emitter, while the x -coordinate is
measured mward from the boundary into the emitter. In expressions (4), by setting x =0 and
multiplying both sides by the surface area S, we then add the resulting currents [, (0) and [,(0). In
this way, we obtain the current—voltage characteristic of an idealized diode:

u
J=1o (e -1) (5)
Here
_ 905 qD,.5

b= Pos
Losth L m( )
(L, Lps

The current J; is also referred to as the “thermal current” since its magnitude strongly
depends on temperature. In addition, this current is often termed the “saturation reverse current”
because under reverse bias conditions (1.e_ |U| = @), the reverse current of the idealized diode is
exactly equal to —J; and remains constant, independent of the applied voltage. The static current—
voltage characteristic of the idealized diode 1s shown in Fig. 3.1
P .r.-’.n'EI
#0- /

30

20 -

1.
L

o s i a s
Fig. 1. Static cumrent—voltage characteristic of the idealized dicde.
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We now introduce the concept of the injection coefficient. This parameter makes it possible
to evaluate the relative contribution of the principal current component associated with electrons in
the diode. It is defined as follows:

_ (@ Ia(0)
V= homm @ ©)
For the purpose of simplifying subsequent analyses and ensunng convenience, the
injection coefficient can be expressed in terms of the specific resistances of the emitter and the
base. In this case, it takes the following form:

yL- e ()

For this purpose, it is necessary to apply expressions (6) at x =0, subsequently

transforming from diffusion coefficients to mobilities, from the concentrations of minority carriers to

those of majority camers, and then to specific resistances. As can be observed, in a unidirectional

transition the electron current plays the dominant role. Therefore, the first term in equation (7) may
be neglected, and the thermal current is expressed as follows:

D5
Jo=4q ﬁ:-.‘{j“u (8)
In particular, when the base is thin, ie, w <« L and th (%) &= the following simplified
expression can be obtained:
Jo=qong. 9)
If the base is “thick,” ie., w< L and th G) & 1, the thermal current takes the following

form:
Jo=a=np (10)
Since the equilibrium concentration ny is proportional to n? (the square of the intrinsic
carrier concentration), the value of n; in silicon is significantly smaller compared to that In
germanium. Therefore, the thermal current in silicon-based diodes is considerably lower than in
germanium-based diodes. One of the key features of the characteristic (9) Is its extremely steep
(exponential) form in the forward direction. As a result, in semiconductor diodes, large forward
currents—on the order of several amperes or higher—can be achieved at small voltages not

exceeding 1 V. Due to the very steep slope of the forward branch, it is often more convenient to
rewrite expression (9) in the following form:

U:@TIHG+1J (11)

It follows from this expression that the forward conduction voltages of silicon-based diodes

are considerably higher than those of germanium-based diodes. This effect 1s associated with the
fact that the thermal current in silicon dicdes i1s several orders of magnitude smaller. As a result,
the difference in forward conduction voltages between germanium- and silicon-based diodes is
typically around 0.23-04 V. Therefore, when the current—voltage characteristics of both types of
diodes are plotted on the same absolute scale along the current axis, their appearance (Fig. 1)

differs significantly: the characteristic of a silicon-based diode appears “shifted” along the voltage
axis by several tenths of a volt compared to that of a germanium-based diode.

ma [
4L
? Ge Si
2L

1L

U

1 1 1 1 1

) 01 02 03048
Fig. 2. Current—voltage characteristics of germanium- and silicon-based diodes.
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CONCLUSION

The study of the current—voltage charactenstic of semiconductor diodes provides a
comprehensive understanding of the physical processes underlying carrier transport across the p—
n junction. By employing diffusion equations and boundary conditions, analytical expressions for
carrier concentrations and current densities were derived for both thin- and thick-base
approximations. These results confirm that the carner distribution in real diodes may exhibit
exponential or nearly linear behavior, which directly affects the form of the |-V curve.

Furthermore, the introduction of the injection coefficient, expressed through the specific
resistances of the base and emitter, allowed for a more accurate description of the relative
contributions of electron and hole currents to the total conduction process. This approach
strengthens the theoretical framewaork and aligns well with experimental observations.

In conclusion, the results emphasize that the diode's |-V charactenstic 1s not only a
fundamental descriptor of device behavior but also a sensitive indicator of material properties and
design parameters. Understanding these relationships Is essential for optimizing dicde
performance in modern electronic applications.
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