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Measurement of Work Function of Practical Fluorescent Lamp Electrodes with Emissive Oxides
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ABSTRACT

In this paper we propose a method for measuring work function of practical fluorescent lamp electrodes with
emissive oxides. The work function measurement is based on the matching between the zero-field thermionic
emission currents and various dc lamp currents set in a normal glow discharge by means of a lamp voltage
monitoring procedure with an electrode-heating device for thermionic emission measurement. Measuring the
work function of practical fluorescent lamp electrodes is a promising approach because changes that occur in the
work function of aged-lamp electrodes in some lighting systems will be helpful in evaluating the system.

The paper points out the doubtful approach of taking a rather small value of the Richardson constant. To solve
this issue, a temperature-dependent work function is introduced. In the first stage of the paper, the Richardson
constant is taken as the theoretical value. As a result, work function ¢ [eV] of a fluorescent lamp electrode halfway
through its lamp life was measured and given as:

$=0.80+1.36x107> T' (computed from equation with 7'%)
where 7' was the electrode temperature [K].

Second, an attempt is made to measure a temperature-dependent work function taking a realistic value of the
Richardson constant. The smaller the value of the Richardson constant, the smaller the estimated work function
is. Finally, the paper examines how to take a realistic value of the Richardson constant.
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Fig.1 Electrons in the vicinity of metal surface and their potential.
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Fig.2 Circuit diagram for measuring work function of electrodes
according to the lamp voltage monitoring procedure.
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a thermionic emission point throughout the FR/R,
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DEEEF TRE ERODORFELFER T O LT TER. K
O T2 EE LD RMEAEDOEEZIZRET.

4.4 HEEHOBEKRFMEL Richardson B

AT ZhE TOERIL, Richardson EICE&MOEE
EEATA LW REIGHBE-TWA. AETIE, EBEED
RE(EEM L Richardson EHOBFEIZ oW THRETT 55, K
XicBNT THEFREIEEREEREEShERE] LOEZ
EHOIESHFREPIRIERS, I THEREOKRFORHFT
3 (o="—HAEH (BiE) ThyoiHEEHRELTO
Richardson B3] ## 5T L &T5.

£, BT AR T AT I v A& BEOLFEICHE
TAHXRRIEER 2 EET D, BEKFEEZFT IR 99 (X06) &
(17)) offic, BE= I v & O4EMEENL, 267 7 RITHH
DHOT 1.9~2.1eV, AITHH & B TIL 2.3~2.6eV THD L
TB3Hk M5B, £ JFWaymouth (1960) X, 77N
O HAIAY 22RO Richardson E¥# 4 X

A = 0.25A-cm>K?

T, FOHEEHE 1.33eV THB L L= 19,

RAFHAY T o7 O OHBT, = v ZICBERETIEFE
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#4 IZVEARE, LEPOLEENE KU Richardson B8 () W
Table 4 Work function and Richardson constant of elements and
compounds for emissive materials.

W HEEE (eV] Riclffdson
i WE EH
i HeIR(E, fth [Arem™K?)
Ba 1.19~ 2.49 60
2.55
It | Sr 2.06~ 235 —_
E 2.74
Ca 224~ 2.80 6.02, 60.2,
3.33 0.12
BaO 0.99~2.7 | 1.4+7x10*T | 107, 2x107,
.1) | 1.2+52x10°T 10"
1.600.08
SrO 127~ 1.6 +7x10°'T 107
2.58 (1.4) | 1.37+4.5x10*T
CaO 1.60~ | 1.86+6.5x107T 107
2.37(1.9) | 1.32+4.5x10°T
(Ba,Sr)0 1.20+0.05 1.20 ~1
(Ba,Sr,Ca)O 1.10£0.05 —
BaO+SrO 0.71~ 1.1 (1.2~9)x
2.10 10211
BaO~+Ca0 —_ —
ﬁ BaO + SrO + 1.9 =
=2 | Ca0
¥ [ Ba;WO, 1.02~ (1~34)%
1.25 10°,10%
SrCa, WO, 1.77 5.73x10°
Ca; WO, 2.13 2.82x10"
Ca,BaWOy 1.99 8.70x10°
BaSr, WO, 1.82 4.80x107
Sry WO, 1.85 9,14x10°
Ba, sSro s WO 1.11 2.57x10"
Ba,StWO, 1.25 7.60x10™
Ba, sSr sWOg 1.49 6.76x10"
Sr1.5Ca; sWOs 1.68 1.26%10™
SrCa, WOy 1.77 5.75x10°
Ca, sBa, sWOy 1.55 426%10™
CaBa,WO; 1.33 1.35%107
CaygsBa; sWOy 1.18 3.80x10™
BaSrCaWO, 1.52 4.07x107
g | W-CaO 2.1 —
a5 | W-S10 1.1~12 —_
/| W-BaO 1.0~2.0 1.1
4 | W20-Ba 1.1 3x107
ﬁ WzO-BaO 1.0~1.1 =
W,0-Ba/BaO 2.43 —

R{bEHOHIEIE 2 Richardson B3 4 234, FEROMEMRIZ,

AEBY T NVTEEY ATz, IERRESHRIET
BZIDICTEDEFTZOXMBERELELTHDH L, EOIM
W LSMTIBE R 2 R TR Z R L e XM FERES

BT 5B ThoT.

#EHATI, #POBa0, Sr0 H5 L CaO THLHRE D
Iz, A CHRICH L OEL R EDRERFECSHS cTHZALT,
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Richardson E 4 RS ABREICRKEREOEAEZH T L4
Il &4 5k 20 &, EFRIC Richardson FH A WIS/ S Ug
EEZDB U OWNERFEETH LN 5. EREZBZLITR
WNTIREE IR LA WHEEBSE S Bubh, 1950 FRICA - TH
6f‘t$E§ﬁ®iﬁﬁfﬁﬁﬁt"§r{&'ﬂ"éiﬁzﬁﬁhﬁé&b1‘: LokR
ZiTeha. [

L2 AT, AHEEEORERTFEEZERES OV T HE
2HRHBE, FLIZHE, HEEEDO LUBEETHEALERT oy
o OREFFEIZONT,

o EBOBHEED(LFERT ¥y X Fermi #fiz L
SEL<, BRBRETLFOETEIHEVEDLLTHEY
MORERFETIERTE N, BRTIHEERT &
¥ eu ONBIZZEDLYED

o BRI EEEDO(LERT VY v /by OMERR, BERT
I P —HEOEEICH AN, BRI A LEEERE
DILERT v vy ONBERILEFMIZEZ T3

ZLBREIRTHA D (EBERT UV vy OREST hOKH
X, RElCONTHFEHS AT FRERLTHS.

LLEX D, Richardson FEHlci@igic/ hER{EXE L 5ERE
i3, HEESICREREEEZRDRo D LEmAT TES
P R

—77, RERFMED T HERR T2 < T B9 EREIT
Richardson E¥ % 5 %2 5 Z L O TE A ODHEIZIT, (L5 H
FOBREKRFEEIZERIC/IENZ LBTFEEINS. P.GHlahd
& J.A.deLuca (1988) 9x# 7 AT ERMEHIH L TH, R
EEE D T THA % E L, Richardson EEICEREAZEALT

c=6x10" ev-K!
RAERO,BYH=I v FEBELY D LiIThSWEEER ST
LRBEEBHOR—AERTOIZ S LEENE, £ROLHM
BOBEREEIREDOTAI O b/IEWVIEBTFRTES.

Richardson EHICHEMIC/NEVWMEEZ 5425 Z LICERZEL
THEYEATEAIZRE, CEEEOEERFEEZR L SHIC,
B4z, Richardson F¥iZiIFoHEGEZEHLEZ. THTH
Wiz, TEEE&EL Y b/AhXVEEES & LT o Richardson E4
IZ2onWTEZL 5.

£ 5 13AEER R % TIcR(11) 2 AV T Richardson EHOfE
PEHBENOERBIINEL RBib o L0, HEBEKOELE
F4. ZOB T BT, HEHFEKICRERFEEZRO2VEE (c=0)
@, K@z E v Richardson E# &A1,

%5 Richardson EHOZEMAEEBREHICRIZFTES
Table 5 Effect of Richardson constant variations on work
function calculation.

&ﬂ?};ﬂ; Egé% g (V) |c (ev-K") | drooox(eV]
120.4 FEERIE 0.797 1.36x10™ 2.16
60.2 50% 0.797 1.30x10™ 2.10
12.0 10% 0.797 1.16x10™ 1.96
1.20 1% 0.797 9.60x10™ 1.76
0.25 0.2% 0.797 8.30%10™ 1.62
0.12 0.1% 0.797 7.60x10™ 1.56
0.012 0.01% 0.797 5.70x10™ 1.36

1.7x10°° — 0.797 0 0.80

FRI¥ESEE B9% W55 FHITHE
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Fig.8 Relationship between Richardson constant and c-value of
temperature—dependent work function.

£ Z AT, JF.Waymouth jZ= 3 v # {i & EHED Richardson &
A
A = 025A-cm™K?
ThHiEELED, BHIZZDEALA ZEALEEE, cfE@R
c=83x10" ev.-K!
EBZ B, k990 ¢ HEITEY. R/ EEEEoHE
LDEPeREVLOD, BiEE LTIRRYEDH S 1000K (2
WT 1.62eV & 5 SRS Z 187,

# 5 @ Richardson FE$ 4 LIREFEFE cHEE OMFREZE8 (TR
7. Richardson E#HOERE b OREBEILER O EIO L1 RIE
PERREBOEMES L EREH L LTI LR Z BN
M, M8 LVHLNELIIT, T fEMEoRERFEL LHE
B ehs.

(1D X 5 EIFESRITICBV T, REEFED cEE VI8
HEERFLAAETDIC, BHZiE Richardson EHEMARD 57
otz FFRRAICIZERR & EROFEH HIRERFED c [Ei%
K5 Z b, 0% OERBERARNT TREIETF LanEEE
& Richardson B A BRDEND LB EELD.

AL TIE, TFBEEOERERFEL

P=Go+CT ovversersvirsimninissionisiennenisionnenteneinens (9)
DEDICIHEFICEFMRE TR 7. 20, BisL EROME»
LM AZNARERERTFED c X, 74 v T4 I RFA—4
CRERNZ L ZERANICEMR L TR LERHS.

FRMLEHRZDICEL, F43H THERZR LTVRVRAD,

B v D=3 vi g VEREBERL LT, RE) LR
B0 b BREEN LVWIBERICHLT, EELOTRERAL
Rfgzik~5,

LS D(EERT v L ONE CHEREEZTRRTHZ &
ZHHRICT I, €BO Fermi MIZEBRT 2 LE X< Y, &
Bl & (Bt OBFRHOEZ FICKEENTRSARBED
CBbhs. 20X, H1ETERY Lifiz B> LOETFIK
) (BT 3R, T&RICET2HE) 02 ZHEALTY
ELXARVWEIICEZS. BN, (LEFETF Ty LOMEBEL
KT 3 REREOREELEFDAI=RLTHAE.

BFHHICRET 28I, 1901 4£ L 1911 4@ Richardson MR

J. Illum. Engng. Inst. Jpn. Vol. 89 No. 5 2005

BETIZ, 1920 FREZTILEL OWEERETHFNERE
Toi=29. FO#E, Richardson EHOERIE L & bicX@)Iix
FESLL=E RABZENTES. BEYM=I v iD= yir3
VEREEE LTRESLEREG)IE, R@PEREESL T,
720 ORISR L BICBHEhTWE 9Z L, HEEH
DRERFHEORVEED T, ROIEFRE<AES L 2THE
bl Y4 AN

5. £&H

AR, ERENT VI EROAFEESAETESILE
oM TB oL L, HEEERITOERZERTIZLEEN
LLTwmLehiz. LTFICENRLDELDETET.

(1) AAEFEERNERRE (= vyva VRESE) 0, =y
avEERAZ LS TERIRE BRI v a VEITLE L
RTIZENTES. 2mA LT (B L<IX 1L6mAUT) @
F 7B, £ O—REXT 7 TEHERS o —KEIR
BEEAELEEZMA LAWY, b—F 4 V78N MM
BT 4 5 Ay VER) OHEICHTHEZER LITR LR
FORER, EREET 7 EEBOAEFERENET I LN
A[HEIZ e o 7s.

(2 HHEHOBERTFHEIEBESDLTIRTOMETEDL
M, FRRHEEEO LS THHLERT v UICE
HTaLtnzd, £REBEDHO, (EFRT Y MILED
BEEEAI=XL0ENE, B—AERCORERFHED
ERHE: (fhocikiEs) 2ESHIC, CFEROBRERFEDT
ERIVEH=I v FEBTLYIRENVENZS.

(3 AEEKICRERFEEZBOZZLICLY, BRICASD
Richardson EHE@EA LT D L L iz, MIEEL-Z
okt A M ORHEEESm L35, £ TIRET
kT v ¥ ICE&BOEE LR CEFRED Richardson E
HErEz, BEKFEEZETIROLAEMEEZRDE. £0
%, B{ER Y #bh 3 Richardson E#ipiklEcHhs L
OBEOL &, BHEL Y b/ EV Richardson Ef&E R
Bi=DOFIERLEZF 2R LIE.
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