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A Note on Carborundum.
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Sms :—During an investigation of the unsymmetrical passage
of current through a contact of carborundum and other sub-
stances a curious phenomenon was noted. On applying a poten-
tial of 1o volts between two points on a crystal of carborundum,
the crystal gave out a yellowish light. Only one or two speci-
mens could be found which gave a bright glow on such a low
voltage, but with 110 volts a large number could be found to
In some crystals only edges gave the light and others
gave instead of a yellow light green, orange or blue. In all
cases tested the glow appears to come from the negative pole.
a bright blue-green spark appearing at the positive pole. In a
single crystal, if contact is made near the center with the nega-
tive pole, and the positive pole is put in contact at any other
place, only one section of the crystal will glow and that the
same section wherever the positive pole is placed.

There seems to be some connection between the above effect
and the em.f produced by a junction of carborundum and
another conductor when heated by a direct or alternating cur-
tent; but the connection may be only secondary as an obvious
explanation of the e.m.f. effect is the thermoelectric one. The

writer would be glad of references to any published account
of an investigation of this or any allied phenomena.

New Yorx, N. Y.

H. J. Rounn.

Figure 1: (a) Photograph of Henry Joseph Round. (b) 1907 publication of electroluminescence published in the journal Electrical World (after Round, 1907).
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Figure 2: (a) Photograph of Oleg Vladimirovich Lossev. (b) Current-voltage characteristic of SiC LED. Lossev's labeling indicates that electroluminescence is
found for the forward- as well as in reverse-bias direction (Lossev, 1928). (c) First photograph of electroluminescence emanating from a SiC light-emitting

diode (after Lossev, 1924).
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Figure 3: Energy band diagram of a Schottky diode under (a) thermal equilibrium conditions, (b) strong forward bias, where minority carrier injection
occurs, making possible near-bandgap light emission, (c) strong reverse bias enabling light emission due to avalanche effect.” (E. Fred Schubert, Light-

Emitting Diodes, 2™ Edition)
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Figure 4: Photograph of Kurt Lehovec. Energy band diagram of a p-n
junction diode under (a) thermal equilibrium conditions, (b) forward
bias, which was referred to as the easy-flow direction. (Kurt Lehovec et
al., Phycal Review 83, 603 (1951))

2. 738 Sk A0 p-N HY 18
oIRE

19519, "= New Jersey9 Signal Corps
Engineering Laboratories®]l 918 Kurt Lehovecs} 212
828 dies) WAl gigk Fjael gﬂz\q_o_ U=
OLE‘r WA pn Aol SR vlolol & QI7KNE o,

T FN2lel7F pn A AAE AV Y= 2, o A
31019} WA A slAA Wge] dojdria AR st
t}¢ (Figure 4]

1950 thol] EAAHA TV Z 3l5k= 7
o] st HEEH]] SICE tAlska, ol & Ht
o7 Wbt 5498w - g4 e 59, -
VE SRk WhieA| 719k Faap/Aaeate] o 44l 7]
H(substrate) &2 A= GaAs ©2% 9 :IL??i
(Welker, 1952)2 g4zl A5<] 8714 o] wt

o] ¥J9).om, E3] General Electric (GE), IBM, Lincoln
Laboratoriesel] 28l F=% GaAs LED9} ¥H=A] #|o]A]
o] 27] el A2l breakthrough 71&EM A
At

I-V= sietEnteao] 7128 3 WAl 733499
o] Wi gaale QEAA GaP FE5HE=A A gelos
2, 19559 Signal Corps Engineering Laboratories®]
Wolffe} 19 FaEol oa Ad=3uct. 22, 5573t
A HTzolA FAols) didd ogh g AAF

A

N\FU o?t,

= = A% 03 el w0 £g0] 34 vl

1960@3]19} 70 el &= 75,*—'1‘, A A=A S
teket we] wsg-S 3= GaPAs, N-doped GaP, N-
doped GaPAs, Zn- and O-doped GaP ¢} 22 III-V=
SIRFEREEA ] NS Bl Wgial Aol Walffe] =
A ol 2= Hlal FA AT} 59,
Nick Holonyak Jr.= U] A7Ak50] A9 999
g2l JFslA] A7E wol], AEH] 2Ho] 7hegt
Ga(As~P) &A% & A7ste WS dgela, o)& 7t
AlFA G dgaas Adsked o]Esisith 19
A d5g tho] e T FH o] A8AQl AR
iy Qle" 1980 ddell o EHA Hewlett-Packard <k
Toshiba® FA 02 & & W4 A2 AlGalnP 3F5t

EWt=Ad ek ket A3rt JPEgon o
AlGalnP= A7 713 g 4o (A~
Aol v EE& WgaAE g o] &5t}

Elasy]

_4

ne JZi

3. GainN 718t A4 2kt 10| R=

7B L] Db 4o S A~ A gl O
3 A= 196090 F8F RCAIA A1ZHEQIEt, Paul
Maruska® %2 2% GaN BEHs Ads1910H, o]
= A dsgaaate] At Arlel|] 28] breakthrough®

w3 Siet. v, A% GaN uhehe AR ATl
ofef A2 n-g EAS YEhiglen pador &
3 dlart dhe BE Alee AdEith. Paul Maruska

o FEES pn A W] o= il a5 AA-
WA (metal-insulator-semiconductor, MIS) ‘3}01 A
£ A|Z o] A dsg-e Adsle] o) g0 |E

1, 28 TRAEE 19709 2o

FTEEAT
I 32 GaNe pd =L il WA R Hol glle
59 VI & et 2

), B AFAEE ZnSe
T 58 A7l Ao, ZnSew Reliabilityel] &

A7E e Ao dEAA, e AN TELAtEA
ZnSedl] tigk A= Ao FEEAT 1989d U<
Isamu Akasaki®} 2-5 ATFAEE FARARIN 02
TS MgZ =44¥ GaNellA] p-3§ ﬂt*éol Atk

AMEE $A38] wAs en, o] WHE low-energy

14H3s oIl 5



Wk 333 cho] 224 o)

(a)

R Phosphor- Blue
Bond |
wire ,Phosphor escence lumines-

/ / /LED chip

L(b) ' —
Lo | YAG:Ce
08l phosphor-based | |
: white LED

Blue luminescence
Phosphorescence |

Optical power P (arb. units)
=
B

1 | " 1 L 1
400 500 600 700
Wavelength A (nm)

Figure 5: (a) and (b) Structure of white LED lamp consisting of a GalnN blue LED chip and a wavelength-converting phosphor introduced by Nichia
Corporation (Anan, Tokushima City, Shikoku Island, Japan). (c) A spectrum of a white LED lamp consisting of GalnN blue LED chip and a wavelength-

converting phosphor.
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Future Liglht Sources
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Figure 6: Controllable parameters of solid-state sources include the emission spectrum, polarization, color temperature, modulation, and far-field emission
pattern
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