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Reacrive Effects in Semiconductor Filaments Due to

Conducrivity

Modulation and an Extension of the

Theory of the Double-Base Diode*
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Summaty—The effects ol dulation o the inal
h low of m keond ﬁﬂummmﬂc
attention is paid to the sccompanying reactive effects. The solution
for the flow of added carriers ls based cpon the assumption of
guasi-charge asutrality and absence of trapping efects. A double-
base diode structure is selectsd to investigate the translent and
ac uteady-state effects lated with © Y

sinte conductivity modulation by injected carriers proves ta be
wirong in this devies. The input characteristica of the double-base
diode are considered in this paper. Reactive affects | hﬁlldun‘n
and capacitive) ia pen diodes, pr ¥
Ihtluuudtn.mulhduhl‘.ulwﬂnudhm
eneral structure siudied here,

Two models are employed in the analysis. One model is used to
tudy double-base diodes made of extrinsic flaments. Hete, dus to
1e externally applied electric field, injected carriers are transported
msentinlly by the drilt mechantsm. The second model describes
avices constructed of high resistivity material such that excess
arriers are transported primarily by diffusion, ss in an trinsie
structure. However in both models drift currents are responsible
for inductive and negative resistive effectn. The input wtatic char-
acteiistics, tramalent effects and impedance predicted from theory
are in good agreement with these observed sxperimentally.
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HE SURBJECT of this paper is the transpory of
injected carriers in a siconductor Alament when
conduetivity modulation i important. More spe-
cifically, the effects of econductivity modulation on the
terminal characteristics of a particular semiconductor
devico are analvaed. Considerable atteution is puid to the
mduetive-type transient, which seems to be an Insepy-
rable part of conduetivity modulation phenomens.
Inductive-type transients and inductive reactances in
forward-binsed p-n junctions and in semiconductor de=
viees incorporating them huve attraeted much sttention
in the literature.' For o good secount of the origin of
indurtive effects in p=n junctions and an extensive bibliog-
raphy the resder is referred to an esrlier paper by Spenke.”

' T, Einsele,

Lhor din Troeghait des Flusleitwerts v Ger-
mnndumidodin, " & angew Phge, vol, 1. pp. 180-185; May, 1852
G Kokn snd W Monnenmscher, “lnduktives Verhalten won

pei Urbergarngen in Flowriehtune " Aech,  Elokt
val. 8, {:p 21288 May, 1085,
anal, (i the inductive
the semdeonductor diodes,”
TH August, 1035
W, Guggenbarehl,

beriragung,

part in the n, o characieristies of
. Sae. Japan, vol 1, pp T10-

Theoretimche 1
wlischmn Begroendung des Ersutaschaltidl
bed Hohen Steomdichton,” Arch Kokt
AR 485, November, T8
W L Armwtrong, “Ohn the switchin
eoudietion o -rluvlril'ilﬂ o diodes,
Deviees, vol I L =110 Apnl, P
LG Il T 11'( semiconchictor ob-mﬁll.l- and their appdi-
Tan Im1lll‘IP\‘l IRE Traxa ox Muarany Eise-
LL-5, pp. 0200 July, 1191
| “Lina Induktive Verhalten von PN
bd Starken Durchlasbelastngen,” 2. angeie Phys
G408, February, |95

mgrn aur  Phiviek.
von Halbleiterdlwden
Uhertragung, vol. 10, pp

trapstent in the (orward
IHE Tiuu % Evpormox

leichriclitern
wval M, pge



?(1}#3?[11‘{)

70 = BUO| e S e

pN + Duy(M)  ~
" (1.0 — exp (E(M)Ax))_
(N + Dun(M)
[:] 0 — exp (—FE(M)Ax))
(N )pu (M)
(1.0 — exp (E(M)Ax)




Hole and Electron concentrations, electric field and terminal current and
voltage (point in cycle indicated by o ) at four points in time, Note the slight

tilt of phase plot, indicating microwave negative resistance. Frequency 12.4

Ghz and efficiency of 12%.
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Point of minimum voltage has maximum particle current
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Hole and Electron concentrations, electric field and terminal current and
voltage (point in cycle indicated by o ) at four points in time, Note the slight

tilt of phase plot, indicating microwave negative resistance. Frequency 12.4

Ghz and efficiency of 12%.
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