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Currents in p-n Heterojunctions
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From Law of the Junction :

pnfxn) = Nae
- EOIBPIKT = Nae

-

ftp./kTe9VA/kTPnopn(xE-Xn)=Nae-9oIBpo/kT(e9VAlkT-iJ.expf-t×n)t Nae-ftp./kTJp(xE-Xn)=qDpddPf=9mDNe-e-9IBpo/kT(e9VA/kT
- l) .e×p[t×n)

Lp

Jpl-Xn) = qDpddP÷/*n = IDEA e- ftp./kT(e9VA/kT - 1)

Similarly for Jn :

Jn (xp) = 9DNND-e-9QTB.no/kTfe9VA/kT - 1)
"

Ln

II = infinite.ae#seo-oIsndkt=Eni;na.D
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Abrupt Heterojunction (N   << N  ):D           A
#
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From Law of the Junction :

pntxn) = Nae
- EOIBPIKT = Nae

-

ftp./kTe9VA/kTPnopn(xE-Xn)=Nae-9oIBpo/kT(e9VAlkT-iJ.expf-t×n)t Nae-ftp./kTJp(xE-Xn)=qDpddPF=9mDNEe-9IBpo/kT(e9VA/kT
- l) .e×p[t×n)

Lp

Jpl-Xn) = qDpdd¥/*n = 91¥ e - ftp./kT(e9VA/kT - 1)

Similarly for Jn :

Jn (xp) = 9DNND-e-9QTB.no/kTfe9VA/kT - 1)
"

Ln

II -- in;fiee*mi$sndkt=,%;n÷etE
• Jp is suppressed relative to Jn

by a factor e-bEv/kT
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Graded Heterojunction (N   << N  ):D           A
#
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From Law of the Junction :

pnfxn) = Nae
- EOIBPIKT = Nae

-

ftp./kTe9VA/kTPnopn(xE-Xn)=Nae-EoIBpo/kT(e9VAlkT-iJ.expf-t×n)t Nae-ftp./kTJp(xE-Xn)=qDpddPf=9#-e-9IBpo/kT(e9VA/kT
- l) .e×p[t×n)

Lp

Jpl-Xn) = qDpddP÷/*n = 91¥ e - ftp./kT(e9VA/kT - 1)

Similarly for Jn :

Jn (xp) = 9DNND-e-9OIB.no/kTfe9VA/kT - 1)
"

Ln

Jae -- jennie.ee#seo-oIsndkT=i3ni;n.ee-sE
• Jp is suppressed relative to Jn

by a factor e-SEIKI
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What if grade extends beyond the edge of the depletion region?
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• Less suppression of Jp relative to Jn



Copyright © 2020 by Ilan Ben-Yaacov                                                 8

Quasi-Electric Fields

n-type Graded Al  Ga     Asx       1-x p-type Graded Al  Ga     Asx       1-x

Undoped Graded Al  Ga     Asx       1-x
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