Lecture #12

OUTLINE

— pn Junctions
* narrow-base diode
» charge-control model

Reading: Finish Chapter 6
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Carrier Concentration Profiles
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Narrow or Short-Base Diode

» We have the following boundary conditions:

Apn(xn) :pno(quA/kT _1) Apl‘l(x':xC') - 0

» With the following coordinate system:

NEW: X -— 0 0_> X
ANEE | |
P | | n
l L
0 X',

* Then, the solution is of the form:
Mp(x)=Ae"""" + "
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Applying the boundary conditions, we have:
Ap,(0)=4 +4,
0= Alex’“/L” + Aze_x’“/L”

* So, we have:

_ e—(x;, —x')/LP

xL,/LP _ e—x;/LP

(x; —x')/ Lp

Dp,(x') = pyo(e”™ _1)(6 ] 0<x'<x,

e

« Note: Sinh(f):%
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* So:

Dp (x')=p (e~ 1)( Sinh[(x; - x')/-LP]

sinh|x. / L,|

J, 0<x'<x,
* If we write:
[=1,"(e"" -1

* Then
! Dp n? coshlx./L
1, = gA-+——F=*
0 q Lp Np sinhlx, /L,

where cosh(f) = %
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Note: sinh(&) ~ & as & - 0 and cosh(f) -~ 1+&* as &0

° Y .
If .’ << Lp:
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Narrow Base Diode: /I-V Equation

Let W, =width of n-typeregion
W, = width of p - type region

and W]'v =W, —x, <<L,
Wy=W,=x,<<L,

Then, J=qnl{ D, N D, :|(quA/kT_1)
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Current Flow in a One-Sided pn Junction

* Note that the diode current is dominated by the
term associated with the more lightly doped side:

qAni{ D, J long n —side

P'D

p*ndiode: 7, 07,(x,) :{

D .
gAn’| ——| shortn —side
WNND

qAni{LDX]J long p —side
pn* diode: 1, DIN(—xp):{ N

D
An’ N short p —side
o)

P T4

i.e. current flowing across junction is dominated by
carriers injected from the more heavily doped side

Spring 2003 EE130 Lecture 12, Slide 8




Excess Carrier Profiles: Limiting Cases

Long base (x.' — o):

Ap,(x') = p,o (e =1) e(xc_xv)/LP —e_(x“_x')u”
pn - leO ex;,/LP _e_-x;‘/Lp

/L, —x'IL -x./L, x'/L,

_ qVA/kT_l e’ﬁ ro P —p X Po 0
_pnO(e ) /L
et

_e—x;/LP

Op,g(e” " =D
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2. Short base (x.’ - 0):

Bp, (x) = p,o (e - D(Sinshh[g([x_' ;62/ ]LP]j
¢/ Lp

= pno(quA/kT _1) (xC _'X)/LP = pnO (quA/kT _1) l_i'
x, /L, X

c

Ap,, is a linear function of x

— J, is constant (no recombination)
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Minority-Carrier Charge Storage

* When V>0, excess minority carriers are stored
in the quasi-neutral regions of a pn junction:

o, = —qAJ’__x An , (x)dx 0, = qAL Ap, (x)dx
=—qAAn ,(-x,)Ly =qAlp,(x,)L,
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Derivation of Charge Control Model

+ Consider a forward-biased pn junction. The total
excess hole charge in thg n quasi-neutral region is:

0p =4[ Bp, (x.t)dx
» The minority carrier diffusion equation is (without G|):
b, _, b, _bp,

a T’ T

P

+ Since the electric field is very small,

0p,

Jp =—qDp ="

» Therefore: d(¢dp,) __0J, _qbp,
ot Ox T

)
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(Long Base Diode)

* Integrating over the n quasi-neutral region:
Jp(»)

gt{qAIApndx} =-4 .[dJP —:{qAIApndx}

J,(x,) )4

* Furthermore, in a p*n junction:

Jp ()
-4 J.dJP =—AJp(0) + AJp(x,) = AT p(x,) Uiy
7,
Dt M2l 0

= Ippr ~
dt 7,
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Charge Control Model

We can calculate pn-junction current in 2 ways:
1. From slopes of An(-x,) and Ap,(x;)

2. From steady-state charges Qy, Qp stored in each
excess-minority-charge distribution:

dQ, _ O
= ATy (x,) 0

P

= AT, (x,) =1, (x,) =2

“On

n

Similarly, 7, (-x,) =
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Charge Control Model for Narrow Base

» For a narrow-base diode, replace T, and/or
1, by the minority-carrier transit time 1,
— time required for minority carrier to travel across the
quasi-neutral region

— For holes on narrow n-side:
Wy 1 ,
0, = qAL Ap,(x)dx = qAEApn (x, )Wy

1,=4J,=-4AD, —dgf = gAD, %)

WN
WI 2
oo =2 -()
IP 2DP r\2
- | _m)
— Similarly, for electrons on narrow p-side: T, = D
N
Spring 2003 EE130 Lecture 12, Slide 15

Summary: Narrow (Short) Base Diode

+ If the width of the quasi-neutral region (e.g. x.’) is not
much larger than the minority-carrier diffusion length
(e.g. Lp), then the solution to the minority-carrier

diffusion equation is ,
X —x
smh( s j

P
[
c

Mp,(x")=Dp,(x,)—F—=
sinh( i j

* Ifx; <0.1Lp:
Dp, (x') Oip, (x, >(1 . ]
X

c
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* If Ly >> X/, negligible recombination occurs
= hole current is constant throughout n-type region

dAp” :qD ﬁ(quA/kT _1 i
dx "N, X,

c

J,==49D,

« Compare this to the hole current contribution in the

long-base diode: ne (oo 1
— av 4 —
J,=qD, N (e 1 7
D P
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