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TO THE THEORY OF VOLT-AMPER CHARACTERISTICS OF THE
THREE-LAYER STRUCTURE OF SEMICONDUCTORS IN DIODE
SWITCHING
Mamatova Mahliyo Adhamovna

Senior teacher at the Department of Physics, Fergana State University

Annotation. A generalized theory of the current-voltage characteristics of a three-
layer semiconductor structure in a diode inclusion is proposed. It is believed that the
base of this structure is made of compensated semiconductor. The results obtained are

generalized for structures with different conductivities.
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The volt — ampere characteristic (CVC) of the three-layer structure of
semiconductors in a diode inclusion, in which the base is made of a compensated
semiconductor, has been considered in a number of works (see, for example, [1-4]
and the references therein). In [4], in particular, a number of phenomena are listed
that explain the appearance of a section of negative resistance (OC) in the volt —

ampere characteristic in the through direction in p — n — p structures.

In this paper, following [2], expressions are obtained for the distribution of
current densities and concentrations of current carriers along the length of the base.
To determine the relationship between these parameters, the Poisson equations, the
conditions of electroneutrality and continuity of flows for current carriers in the
stationary case are taken into account [1-3]. Then the distribution of current densities
along the length of the base of the three-layer structure is described by the equation
(in the one-dimensional approximation, i.e., along the axis Ox):

2 2n+ 80, +n, d’j, . b(n+ny)

. >~ I+ 1=0,
(1+b59)p+59(p0+bn0) dx (b+;9jp+nob+ Po

(1)

where the notation of [1, 2], j= j, + ], is the density of the total current of electrons

and holes are used. Here it is believed that the base of the structure is made of a
semiconductor compensated by impurities that create deep levels in the forbidden
zone. Then in the region of strong injection (1) takes the form
2 2
2L, djzn—jn+ b i=0.
1+bs0 dx (b 1 ) )

+7
o0
To solve the latter, it is convenientto gotoy=j, /j= jn/(jn +J,). Then it’s easy

to get
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dly bof+1{  béA )
dx 2 bof+1
whose solution we are looking for in the form
ho
y= 250 1 +r:1r:hx«f5 +r:2r:}1x«f5 (4)
_beB+l. [ 21,
2 7 béf+1

Where From the condition y(0)=j (0)/j=m

(electron fraction of the total current density inx=0) we have

(my +1)b38 + my — bS8, ~1) - ml]ch%

Cl = 5
[b55'+1)3h% ®)

Then, introducing the electron fraction in the total current density at x=d (d

is the base length), i.e. we get the expression for

jn _ boo +(ml+1)b56?+mlshd—x+(m2+1)b56?+m2 X

] boo+1 (b59+1)shdL L (b59+1)shdL L ®

Then, in the diffusion approximation, the electron distribution along the length
of the base of the structure has the form
1 d

_ L _ X_ a7 (1)
=D, J3030) {[( 1)bs6 + m2]sh [ (m, —1)bs6 + ml]sh }

JL, sh

whence the electron concentrations in the contacts are determined by the relations
(see table 1)

(0) = iL, {[( ~1)b60-+m, i [ (m b§0+ml]}

D, \/2(1+b506) shi ®)
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[ (m, —1)bs6 + mZ]ﬁhdL—[(ml ~1)bs6 +m, |
n

n(d)=

(0)

(m, —1)bs6 +m,—[ (m, —1)bs6 + ml]ﬁhi

Hence the distribution of electrons over the thickness of the base for structures of the

type, p*-n-n*, n*-n-p* and n*-n-n* is written in the form

n(x)= L [chimﬁachd:}
e D, \/2(1 + bﬁﬁ')sh%

L, [ch =% _bepch E}

n(x)= £
e D J2(1+ bhoysh —

i f2( ) 7 ©)
j’L{Ch£+chd—x}
L L
n(x) =

o
e 201+ béfsh—
20+ boB)sh

The current — voltage characteristic of a three-layer semiconductor structure,
determined by the voltage drop at the base of the structure, in the diffusion

approximation has the form

d
V= [Edx =V + 1] (10)
]

d

I S (m, ~1)b50 —m;

= — -In I} N]_: ]
' e bso+1 1—Chi-N1 (m, —1)bsG +m,
1—N-exp(—d|_) § 1—N-exp(—ﬁj (11
V, = a! arctg -e/L —arctg )
d d 1—t~¢-exp9 1—t~<¢-exp9
1—z~<-expE 1-X-exp s L L

(my-1)b60+m; ' e afl+bs)

For example, for the structure n*-n-p* we have
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V_k_T.4‘5h%. 1, -bS6
e 1+Dbso ’ ] % (12)
[1+ béeexp} 1+ b5(9exp(—)
L L
4/ \ 2
Kb549+e%)(b5¢9+e %H q
where n, = arct th— .
h : 1+bso 2L
Then the electric field strength in the structure has the form
ol (b emfx  ydx] .
5 \/2(1+b)r:h£ (13)
L 1
and for the minimum value of the voltage drop at the base
_ ) e
() P
ﬂ-shﬂ- aret,
CESR A (1-% Jethd/ L
1w (14)
me:k_? = - = b1 k—Tln—d L

) [[I—N -E%](I—N -e_%ﬂ%-((mz—l)berl) b1 CHE_N

In conclusion, we note that the discussion of our theoretical results on specific
three-layer semiconductor structures in a diode inclusion requires a separate

consideration.
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AHHOTanusA. MHOTOYKCIICHHBIC JaHHBIC, IOJIyYeHHBIE B OO0JACTH HayKH,
MO3BOJISIOT TPUHTH K BBIBOAY, YTO OHOJIOTHYECKAS KUIKOCTH (CIIOHA) SIBIISCTCS
YHUKAJIbHBIM BELIECTBOM C OrPOMHBIM TMOTEHIIMAJIOM Il HCMOJb30BaHUS B
OCHOBHBIX HUCCJICIOBAaHUAX U MEIMIIMHCKOW TMarHOCTUKE. bruonornueckas KuaKoCTh
(croHa) MOXKET CIYXKUTh MCTOUHMKOM uisi u3ydenus JIHK uenoBeka u mpoBeaeHus
KJIMHUYECKAX aHAJIU30B, TaK KaK COCTAaB OIPEJICIICHHBIX MOJIEKYJ B CIIFOHE OTPaXaeT
MX KOHIIEHTPAIHIO B KPOBH.

KiarwueBsble c10Ba. Ononornyeckas KuaKOCTh, HCITApSHHUE, KPUCTAITH3aIIHs,
OpTaHu3M.

AKTYyaJIbHOCTh  HCCJIeOBaHUA. buonormueckas KHUAKOCTh  SIBIISIETCS
CJIOKHBIM CPEACTBOM, OTPAXAOIIUM JUHAMAYECKOE PABHOBECUE BHYTPEHHEN CPEbI

opranu3ma. [Ipum »TOM clltOHa 1MOA BO3ACHCTBUEM PA3IUYHBIX (PAKTOPOB MOXKET
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