Answer to Question #53. Measuring Planck’s constant LED to 0.7Q for a 940-nm IR LED. At =10 mA in a green
by means of an LED LED, V=V,,—0.09 V, about half the observed voltage dif-
ference at that current for a green and orange LED pair,

The experiment which attempts to use light-emitting di—v%_vmozo_20 V. This resistance term is only negligible

odes(LEDs) to obtain Planck’s constanh, has been mis- . CEDs at ts below 1 MA
represented since at least 19Mith distressing regularity. ™ S at currents below 1 mA.

These experimental descriptions indicate that there is either @ As the question noted, the erroneous experimental proce-
“ " e . ure described at the beginning of this answer dsE=mto
turn on” or a diffusion potentialVy, nearly equal to the

band gap energy of the semiconductor divided by the elecg've t?ﬁ ctorrect rtesult I:"d Th'f‘/ IS be(r:]auste studlentths usually
tronic charge, that can be found from a tangent td &s Vv raw the tangents on In€Irvs v grapns at nearly the same

graph of the diode’s characteristics. These descriptions alggHrrents for each diode of a set. Theintercepts of these

assume direct recombination of charges within the semicori2ngents, except for an additive constant, are then identical to

ductor to produce the light, so tha¥/y=hv, wheree is the mgas_uring all diode voitages at a single, constgnt purrent.

electronicpcharge and ig the frequeDncy of the light. Then This is the key to the apparent successful determinatidn of

effectively, h=eVp\/c, they say " from the slope of tha/ intercept vs\ ~! graph. That slope
Herrmann andDSéhzéie3 questié)ned the possibility of ob- eliminates the additive constant. The result from the intercept

tainingVp, by plotting thel vs V characteristics for an LED, data is identical to voltage measurements taken at a single

because the rectifier equation describes the diode current as?':‘:{”ent’ and the bulk of the data collected for the original

function of the voltage across the diode junctign This Vs V graph is irrelevant. .
In a proper measurement all the diode voltages are ob-

equation is served at a single current, e.g., a set of diodes are connected
in series. Then the quantity/(- V) is a constant because
lcexd (V=Vg/V4]. If the value ofl has been selected to
\% avoid unwanted complications from the one in the rectifier
1(V)=lo exp(vt)—l}, equation and fronR, i.e., 0.1 mA=1=2nA, thenVeV,.

The slope of the graph of vs A~ for a set of direct recom-
bination LEDs ishc/e. It is interesting to note that most red
_ _ i LEDs emit light after first trapping the electrons and holes in
which appears to contain né, and has no othe¥ intercept  ghallow traps s@\V,>hv. These red LEDs cannot be used

except wherl andV equal zero. . to obtainh. Their electrical characteristics are nearly identi-
Their objection is well founded because that is the correcty) to those of green LEDs.

efquation.. However, their questio_n misirjterprets the applica- A petter way to measurh, because it gives the student
tion of this equation to the experiment in three places. 416 insight into the operation of LEDs, is to measure the
1. The constanv/ should have beewkT/e, _vvheren_ IS\ of an LED of each color for 0.LA<I<300xA. A
about 1.62 fc_)r typlcal I__EDs. If _aII charges diffuse directly graph of In() vs V., for each LED allows the student to see
across the diode junctiony=1; if the electrons and holes ho aynonential form of the rectifier equatiofif the mea-
recombine in the diode junction area to produce the currenty rements are extended to 30 mA. the effect® afan also
7=2. This constant characterizes the diode current for a palse gpserveq.The slope of the linear portion of these graphs
ticular type of semiconductor and cannot arbitrarily be set tqg 7kT/e so thaty may be obtained, and the intercept of

unity. .
. . . these graphs is If). Then, for the whole set of LEDs, plot
2. For LEDs, the inverse saturation currégtis not the In(ly) vs A~ L. The slope of this graph ic/kT. This

appropriate constant to consider because it obscures ﬂi)z?ocedure yields a value about 8% larger than the accepted

ﬁhysr'](; oef t(?aerr(ijelgcr)ddeén!@ﬁﬁgigﬁ;ﬁm ttr?i;mje?wfs?mg:d value ofh. To do better one needs to look more closely at
y 9 : Y, y ' but that is a different question.

thus, I, depend exponentially on the temperature and the
band gap energy. The quantities that remain constant in the
semiconductor are the impurity atomic density, the charge
diffusion properties, and the diode area. The expressions
get bulky, but after collecting all the constants, 'P.J. O'Connorand L. R. O’Connor, “Measuring Planck’s constant using
a i i a light emitting diode,” Phys. Teach.2, 423-425(1974).

.IOO(Cje)f(_p( dvg/l;/t), Whe_-revg s the b?nd gap pOEeéTtlalfahd 2. Nieveset al, “Measuring the Planck Constant with LED’s,” Phys.
is defined above. Sincky rarlgﬁs rom 1.510 " A for a Teach.35, 108—109(1997.
typical green LED to 2.810 " A for a 940-nm IR LED,  3F. Herrmann and D. Séhae, “Question #53. Measuring Planck’s con-
most student labs cannot measugedirectly to obtainh 4scta[t Zy means of ar: LEE,”'AT-E f Phys4 s((lv?f 144’1\18(1936-k 1067

’ H H . L. Hemenwayet al,, ysica ectronic ey, New York, ,
from ,the Vg S', However’, |f,|>2 nA so that the one in the p. 280; J. C. Sprott/ntroduction to Modern ElectronicgWiley, New
rectifier equation is negligible, therxexf (V—Vy)/Vi]. That York, 1981, p. 123.
expression does contay, and could yieldh.

3. The junction potential differencé is not directly mea-

surable due to ohmic resistance within the LED package. Roger Morehouse

The V can be _replaced in the rect_ifier_ equation Yy Vn_] Department of Physics
—R, whereV,, is the voltmeter reading in the external diode California State Polytechnic University, Pomona
circuit. The internal resistance of the diod®, is itself a Pomona, California 91768
function of V. Typically, R varies from 9() for a green rimorehouse@csupomona.edu
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