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Assumptions
• In quasi - neutral regions, majority
carrier concentration = doping density
→ Mno = ND

, Ppo = NA

• Minority carrier concentration at - xp

and xn are ( see Law of the Junction
,

next page) :

→ npf- xp) = npoe.dk/kT(npo-- n÷ )
→ pm (xn) = pnoedh.lk' ( pm. = MI, )
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Long-Base Diode (w  >> x  , w  >> x  )n n p p

Forward Bias (V  > 0):A
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- Reduced electrostatic (E-field) barrier in the depletion region causes
  excess minority carriers to be injected across the depletion region
  (after which they become minority carriers)

- Excess minority carriers then diffuse into quasi-neutral region and
  recombine with majority carriers

- pnoe9HkT
-

,

i
pn =p,@HKT - II. exp [-4-232] ten,i

.

i

. I

÷!:-. !÷÷i- ire

ft
diffusion minority

nplx ) -- ne.@EVAIKT - I] . exp ) + npo coefficient fiarfeifirme

• Pdx) and nplx) above are obtained by solving
continuity equation subject to appropriate boundary
conditions (see Muller / Kamins Ch

. 5)
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* Jp (xn) = Jp C-xp) (assuming no recombination of

and injected carriers in dept reg)

Jnfxp) -

- Jn (xn)

• Fromdiffusioneqni
Jp (xzxn) = -qD.dk#)-=qDpfjIp(e9VA/kT-l)expf-G-Y-nYJn(xe-x)--

-qDndnd¥n = qDnf÷n(e9VA/kT - 1) exp f-G÷x)
Jat = Jn (xn) t Jp(xn) = Jntxp) t Jekn)

J-iot-qniaf.nl?Intn.DIp)le9HkT-D--Jo(e9YkT
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J-iot-qnifnDI.tn?Ip)le9HkT-l)--Jo(e9YkT
Jn (xn) -- 9nnin.IT?n(e9ValkT - l )
Jean) -- en÷¥ee¥ , - y ) ianjedcth.dk

through depl . reg .

Jr¥ DnLpND_
Jp (xn)

=

De Ln NA

• Effects of doping one side much more

heavily than the other (e.g , nt- p
-

junction)
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Reverse Bias (V  < 0):A
⑧

pn =p,@VHKT - if .exp[HY÷]tpno

npoe9VA/kT Pho- - - - - - n - n . - . . . .
. . . .-

. . . . . .fm. ¥a↳,
←

note : emt"

->x
-Xp 0 Xn

npCxJ-anpo@9VAlkT-lJ.expf-GYnxl_Jtnpo.Re
verse bias current results from minority

carries in the quasi - neutral regions diffusinginto the depletion region and being swept
across by the E- field

• Jtot = Jo (e9VA/kT - l) ( same as forward bias)

• Any additional carriers (e- 's or ht 's) introduced
into the depletion region , or in quasi - neutral
region but within a diffusion length of the

depletion region , add to the current

( operating principle of photodiodes and BJTS)
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Short-base diode (w  << L  )n p

Forward Bias (V  > 0):
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Jp (xn) = - qDpdd¥ = 9nj÷¥feEHkT - l)
same

"
as Iona - base diode

only with w! replacing Lp


