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AiodoL EkTtopTtiig Pwtog (LEDS) (10 Movasdeg)

To TElpapa AuTo OXESLACTNKE yLa TNV SLEPEUVNON TWV BEPPLKWY KAL TWV NAEKTPLKWY LELOTHTWY PLAG
LED. Ma tig petproelg Beppokpactiag tou tou Tunwpévou KukAwpatog (printed circuit board ry PCB) Ba
TIPETIEL VA XPNOLUOTIOLAOETE TLG TLPEG TWV CUVTEAECTWVY TIOU BPAKATE 0TO pwTnpa B.1 tou Nelpapatog-
1. To NAEKTPLKO KUKAWA TIOU XPNOLUOTIOLELTAL O QUTO TO Tielpapa palvetat otny Ewk. 2.1. Ma tov 0dnyo
TIou oxetidetal pe tov eEomMALod Selte TNV TEPLYpAWn yLa TNV epwtnon 1.
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Thermal equlibrium
of the thermostat (PCB)

Ewkdva 2.1. Melpapatikn Slatagn tou MELpApatog ou Slepeuva tig SLodoug LED. Ot Slodol
LED tpogodotouvtal amo otabepd pevpa (ETE ETIAEEETE TNV KATACTAON ASLAKOTING AELTOUP-
ylag n tnv katdotaon Asttoupylag SLAKPLTWY TIOAPWY PEVPATOC) Kat amo taon opong moAw-
oNG (M€ auTrVv Kat JOVO ETILTPETIETAL OTO PEVMPA VA TIEPACEL, EVW HE TNV AVTIBETN TO peUpA Sev
Tiepva aro tn §(odo), n omola peTpLétal e BoATOPETPO TIOAU UPNAAG avtiotaong. OL peTpn-
o€LG BeppotnTag Kat Beppokpaciag Exouv RéN paypatormolnBet oto Melpapa 1 kat prtopolv
va xpnotpotonBouv Kal edw av xpetaotel. H Beppikry Loopportiia Statnpeitatl petafu dAwv
Twv e€aptnudtwy otnv MAaketa tou PCB.

OL 6{odoL LED tuttikd AeLtoupyolv Tpo@odotoUpeveg amnd otabepd pevpa o€ avtiBeon pe tnv otabepn
TACN TIOU XPNOLUOTIOLELTAL OTA AKPA AQUTITIPWY TIUPAKTWOEWG. H JETPOUEVN TACN 0TA AKpa Twv LED
eEaptatal amo Tig pubuioslg oto pevpa Kal tn Beppokpacia Tou nulaywyou. H pabnuatikn ekgpacn
TWV XOPAKTINPLOTIKWVY volt-ampere (V-1 tdong-pelpatog) elvat TieEpLTAOKN Kat €aptdtal amod PUOLKEG
KaL TEXVOAOYLKEG TIAPAPETPOUG, OL OTIOLEG oLUVNBWG eV Elval YWWOTEG. ETTOPEVWG, O auTO TO TIELpapa N
Slodlaotatn e€dptnon trng tdong ota dkpa TG WG CUVAPTNON TOU PeUPATOC TToU SLappéeL tn 6lodo LED
Kal tng Beppokpaociag adlakotng AsLtoupyiag Tou NuLaywyLdou UALKoU T; Ba TipeTeL va StepeuvnBeL:

ULED - funCtlon(ILED, j])

H Beppikry avtiotaon peTagl Tou NuLaywyLlpou UALKoU tng LED kat tou PCB oxetidetal e TNV NAEKTPLKN
LoXU P OTwG TIEPLYPAPETAL AKOAOUBWG (YLa SLaYopEG TLUEG Tou peVPaTtoq (1 gp)):

AT (1)~ Tpcg)
P P

Mpocoxn: OL 6iodoL LED pmopolv va tpogodotolvtal pe otabepd pevpa elte o€ Katdotaon adLakoTng
AeLtoupylag r) o€ KaTAoTAoN SLAKPLTWY TIAAPWY PLKPNG SLAPKELAG. ZTNV TEAeuTaia mepimtwon, Bewpeitat
OTL N SLAPKELA TOU TTAAPOU elval apKETA PLKPN yla va arto@euxBel n auto-Bpuavon tng Stdédou LED (yLa
apadelypa, Bewpeital KatdAANAN Stdpkela TIAAPOU 1 ms PE PHETPROELG 0 andotacn TouAdyLotov 100
ms). Ertlong, BewpoUpe OTLLoXVEL T} = Tpcg. Kata tnv adidkotn Asttoupyla LoXVeLT) > Tpcg KAL N BEPULKN
avtiotaon 5% prmopel va unohoyLotel.
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Mépog A. Xapaktnplotikég Volt-ampere o€ SLapopetikeg Oeppokpaocieg (5.0 Movasdeg)

H puolkn dtepyacia Bépuavong eival kowvr) ota SUo TELPAPATa. ZUVETIWG, PTIOPELTE va XpnoLYoTIoL)-
OETE TO ATIOTEAECA TIOU TIpoEKUE oTo Melpapa 1 yla va CUCXETLOETE TNV TACN Tou BepioTop Pe TNV
Beppokpacia tou. EVOAOKTLKG, UTIOPELTE VA XPNOLUOTIOLOETE TNV akOAOUBN €KPpaoN):

B 3500
©9.9-In($ —0.3)

)

omou T elvat n Beppokpacia tou Bepuiotop, petpnuevn oe kelvin, kaw U elval n tdon tou Bepuiotop,
HeTpNHEVN o€ volt.

MeTprote Kal oxeSLACTE TNV YPAPLKH TIAPACTAON TOU pEVPATOG WG TIPOG TV Tdon tng LED o€ Beppo-
Kpaoleg ou Kupatvovtat amd Bepuokpacia Swuatiou pexpL 80 °C ot katdotaon Aettoupylag TOAPWV.

A1 Na Tdpete KATAANAEG HETPAOELG KAl Va OXESLACETE TNV ypaWLKr Ttapdactaon  2.5pt
g GUVdPU]GT]C ILED_puIsed (ULED_puIsed, T) yua tLIJéC pSUpGTOQ aro 3 mA Wwe 50 mA
o€ Beppokpaoia Swpatiou kal og Beppokpaoieg 40, 60, kat 80 °C. Na oxedLaoete
OAEC TLC YPAWPLKEG TIAPACTACELG OTO (8L0 cUoTnua aEovwv.

A.2 210 ®UANO ATIAVTIOEWV VA CUUTIANPWOETE TOV TILVAKA HE TLG TLPEG TNG Tdong  1.0pt
ULep_pulsed YL@ TLHEG TOU PEVHATOG [ ¢p puised 30 10, 20, kaL 40 mA oe Beppokpacia
Swpartiou kat og Beppokpaoieg, 40, 60, and 80 °C.

A3 Na oxedlaoete ta kUpLa onueia tnG ouvaptnNong U ep puised (ILep puiseds T) (@uta  1.5pt
Tou TEpAapBavovtal oto epwtnua A.2) KAl va UTIOAOYLOETE (KaTd TtpooeyyLon
amd 1o ypagnua) TNV YpauuLkr e€aptnon tng téong amd Tov ouvieAeotr Bep-
pokpaoiag (AU(I)/AT) ywa 3, 10, 20, and 40 mA.

Mépog B. METpnon XapaKTnPLOTLKWVY otnVv KapumuAn Volt-Ampere ywa tn §io8o LED mou
Bploketal o€ KataoTacn adLtakomng AsLtoupyiag (3.5 povasdeg)

B.1 Na Tiapete KATAANAEG PETPNOELG KAl va oxeSLACETE TNV ypa@Lkn apaoctacn  1.5pt
L[S GUVGPU’](?V]C ILED_continuous(’ULED_cont’inuous> yua UHE'C p’ELl)lJO.'EOC Cl‘l',[(') 3mA WG 5[0
mA, xwplg Beppavaon, yla pevpa adltakoring Asttoupylag. 2to PUANO Amtavth-
OEWV VA CUPTIEPINABETE TLG TLHEG TNG TAONG Ukp continuous: TNG BEPHOKpaciag
TPCB Tou PCB (eEleOCtd‘El]), Kat ng SLGLPOPdC AU = ULED_puIsed - ULED_continuous
ywa 3, 10, 20, and 40 mA.

B.2 AeSopgvou 6tTL n avtiotaon twv LED Sev tapapével otabepn (aAAd e€aptatal  0.5pt
amd to pevPa), XpPNoLUoTIoLelTal TO YUOLKO pEyeBog Auvapitkr) Avtiotaon Tou
tooUtat e §¥. XpnolpoToLwvtag To ypagnua Tou epwtripatog (B.1), va ektt-

HACETE TNV TLpr Tou avtiotpoou tng Auvaptkig Avtiotaong 1/(9Y) = & g
LED. £to ®UAO ATIQVTICEWY VO CNUELWOETE TLG TLUEG TOU peyEBoug S yia 3,
10, 20, and 40 mA. Na oXeSLACETE TLG epantopeveg ¢ oe autd ta onpeia tou
ypag@nparog.
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B.3 Na uttoAoylogte Kat va oxedLlacete tnv stapopd AT (P) pyetafu tng Beppokpa-  1.5pt

olag adlakorng AsLtoupylag Tou nuLaywyLpou VALKoU (7)) kat tng Beppokpaciag

ToU PCB (Tpcg) WG OUVAPTNON TNG NAEKTPLKNAG LOXVOG (yLa 3, 10, 20, kat 40 mA).

Na uttoAoy(oETE (TIPOCEYYLOTIKA aTtd TO YPAPNHQA) TNV YPAUULKN BEPULKD avTi-

otaon 5% tng LED, kat va tnv ypaete 0to ®UAO ATtavtrioewv.

Inpelwon: Na uttoBEoete TIWG OAN N NAEKTPLKNA EVEPYELA TIOU KATAANYEL OTNV

LED petatpEmetal og BepUOTNTA KAL N EVEPYELA TIOU EKTIEPTIETAL UTIO LOPYN

PWTOC pTopel va ayvonbel.

Mé£pog C. YITOAOYLGHOG TNG HETAPBOANG TOU peUpatog tng LED Adyw tng Oeppokpaciag (1.5
HOVASEQ)

ZtnVv Eloaywyr) ava@épBnke 0TL Katd TNV TUTILKH Toug Asttoupyia ot LED tpowodotouvtal amd otabepd
pevupa Kat oxL amd otabepry taon. Na utobeoete 0Tl amowaciloupe va tpopodotriooupe tnv LED pe
OVOMAOTLKY TLPA pevpatog 20 mA uTto tnv otabepr TLUr TAONG TIOU PETPrOATE yla pevpa évtaong 20
mA oto epwtnua B.1.

C.1 XPNOLUOTIOLWVTAG TLG XAPAKTNPLOTLKEC TG LED TNG pEpoUE B, va ektipnogte v 1.5pt
TIPAYHATLKA TLUNA TNG évtacong Tou peuatog Tou Stappéet tnv LED, av n taon
Slatnpeital otabepn (n Tdon Tou PETPrBnKe oTo epwinua B.1, U(20mA)), yla
Beppokpacia tou PCB og 0 °C kat o€ 40 °C.
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AiodoL EkTtopTtiig Pwtog (LEDS) (10 Movasdeg)

MeEpog A. XapaktnpLoTtLkEG Volt-ampere o€ SLapopeTLkEG Beppokpacieg (5.0 Movasdeg)

A.1 (2.5 pt)

Na KaTAOKEVAOETE TNV YPAPLKT) TTAPAOTACH TNG 0LVAPTNONGT e pyised (Uiep puised> I') O€ BEppOKpacia
Swpatiou kat o Beppokpaaieg 40, 60, and 80 °C (o€ Asttoupyia SLAKPLTWY TIOAPWY) XPNOLHOTIOLW-
VTOG TO XaPTL PLALYETPE:
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A.2 (1.0 pt)

Na CUUTIANPWOETE TOV TIVAKA PE TLG TLUEG TNG TAONG YLA TLG AVTIOTOLXEG TLUEG PEVPATOC Kal Beppo-

Kpaolag ULED_puIsed (ILED_puIsedv T):

"@eppokpacia 40 °C 60 °C 80 °C
Awpatiov”
°C
3 mA
10 mA
20 mA

40 mA
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A.3 (1.5 pt)

Na oxedidoete ta kupLa onpeia tng ouvaptNong Uiep puised (Iiep puised: T) (A.2) 0TO XaPTL PLALLETPE.
Na XpNOLUOTIOLOETE YPANHLKN TIPOCEYYLON yLla TNV €EAPTNON TNG TACNG Ao TOV CUVTEAEDTH) Bep-

: ; AU,
Hokpaoiag yla va tpocdlopioste T =57

FPAPYLKA TIPOCEYYLON ATIO TO Ypa@na:

ILED

3mA

10 mA

20 mA

40 mA

AU(I
AT




Experiment

" -
||
IPhO ;ggluqmq Greek (Greece)

Mépog B. Métpnon XapaktnpLloTLKWV otnVv KapumUAn Volt-Ampere ywa tn 6iodo LED mou
Bploketal o€ Kataotacn adltakomng Asttoupyiag (3.5 Movasdeg)

B.1 (1.5 pt)
Na KaTaoKEVAOETE v ypachKr'] ﬂapdcmcﬂ L1418 GUVdPU]GFIC ILED_continuous(ULED_continuous> o€ esppo—
Kpaoila Swpatiou (otnv Kataotacn adlakotng Asttoupylag) XpnoLHoTIoLWVTAg TO XapTl UALUETPE:

Na cCUPTIANPWOETE TOV TIlVAKA E TLG AVTLOTOLYEG TLHEC:

Iiep 3mA 10 mA 20 mA 40 mA
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B.2 (0.5 pt)
Lo 3mA 10 mA 20 mA 40 mA
dr
du

B.3 (1.5 pt)

Na oxedLaoete TNV ypa@Lkn iapaoctaocn tng AT (P) oto Xaptl HIALPETPE:

Na CUPTIANPWOETE TOV TIVAKA PE TLG AVTIOTOLXEG TLHEG:
Lo 3mA 10 mA 20 mA 40 mA
AT

Fpapptkr Bgppikn avtiotaon tng SLé5ou LED 6Twg Tpoékupe amd to ypagpnua 5L
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Mépog I'. YItoAoyLopoG tnG peTaBoAng tou pevpatog tng LED Adyw tng Oeppokpaciag(1.5
Movada)

C.1 (1.5 pt)
Liep(Uzgma; 0°C) =

Iiep(Uzyoma,40°C) =
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Light Emitting Diodes (LEDs)

Volt-Ampere characteristics of the LED have to be measured in two modes: pulsed (part A) and
continuous (part B). Running LED continuously produces a noticeable amount of heat, while
running it in the pulsed mode allows minimizing and neglecting self-heating effect.

Students have to be able to run the automated /Lep(ULep) measurement procedure and extract the
required point by visually interpolating data for required values of I ep.

The temperature of PCB is controlled by changing the current of the heating circuit. The heating
and temperature measurement parts of this Experiment are identical to the Experiment 1.

Part A: Volt-ampere characteristics at different temperatures (5.0 points)

A.1(2.5 pt.)
Graph I gp(ULgp) has to be accurate (in right range) and smooth.
] L 80 60 22
40 °C
} —— 60 °C
40 1 —— 80 °C
< 301
e ]
20 1
10 -
1.6 1.7 1.8 1.9 2.0 2.1 2.2
u,v
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A.2 (1.0 pt.)
Urep ULep, T):
T | “Room” 22 °C 40 °C 60°C 80°C
I gp
3 mA 1.844 V 1.818 1.785 1.754
10 mA 1.954 1.925 1.888 1.855
20 mA 2.048 2.02 1.982 1.945
40 mA 2.186 2.15 2.108 2.07
A3 (1.5 pt.)
Graphed Upgp (I gp, T) from A.2 data. U gp(T) should show clear linear trend and be
approximated graphically. The slope (#) should also be calculated.
2.2 eI
§~‘§*§h‘.-
2.1 T
1 TT=-¢40 mA
JER I e
2.0 e
> T ~@-
S T o 20 MmA
1.9 -
‘q.‘“hm —
| ——_, ‘w? S =
1.8'_ LY W T
- w”““-m»..,A 3 mA
20 30 40 50 60 70 80
T; °C
Liep 3 mA 10 mA 20 mA 40 mA
AU(I,T)
T -1.55 mV/K -1.7 mV/K -1.8 mV/K -2.0 mV/K
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Part B: Measurement of the LED Volt-Ampere characteristics at continuous
driving current (3.5 points)

B.1(1.5 pt.)
Graph I gp(Urgp) has to be accurate (in right range) and smooth.
] — 3 mA
2 10 mA
] 20 mA
407 — 40mA
£
20 1
10 1
0 _: hd B M«vﬁ
T LI T L ) -
1.6 1.7 1.8 1.9 2.0 2.1
u,v
ILep 3 mA 10 mA 20 mA 40 mA
Ugp | 183V 193V 2.00 V 2.08 V
AU 0.014V 0.024 V 0.048 V 0.106 V
T; ~323°C ~43 °C ~49 °C ~76.5 °C
Tpcg | ~25-30°C ~30-35°C ~33-37°C ~35-40 °C
B.2 (0.5 pt.)
The dynamic resistance of the LED has to be calculated as derivative at the asked values of
I Ep.
ILep 3 mA 10 mA 20 mA 40 mA
dI
au 41.6 mA/V 100 mA/V 166.7 mA/V 400 mA/V
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B.3 (1.5 pt.)

Graphed AT (P).
AT for each I gp has to be calculated as AT = U(pm(s;,dg;)lg(cw) — (Tpcg(CW) — Tpcp(pulsed))

AT

from the data of A.2, B.1 and A.3.

Caution: during the measurement of B.1, the temperature of the PCB is not constant and rises
up to 7 °C above the “room’ temperature at higher currents. This has to be taken into account
when calculating AT.

The generated heat is taken as electrical power: P = [ gp X U gp. The energy emitted by the
escaping light is neglected.

The graph should have a clear linear trend and approximated graphically. Thermal resistance is

calculated as linear slope % (AT(P)) =400 K/W.

35 1
30 A

25 _: ‘ ("‘,,

AT, K
|

20
15

10

51 6
10 20 30 40 50 60 70 80
P, mW

) 3 mA 10 mA 20 mA 40 mA
AT 5.0 K 12K 20 K 37 K
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Part C: Calculation of the LED current drift due to the temperature
(1.5 points).

C.1(1.5 pt)

The I gp under constant U gp = Uyoma is calculated:

Ligp (Uzoma, T) = 20 mA — (T — Troom) X <

AU(20mA, T) 9 dI(20 mA, U)
AT dU '

ILED(UZOmAr OOC) S 133 mA, ILED(UZOmAr 400(:) S 257 mA
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Light Emitting Diodes (LEDs)

Depending on how far participant’s measurements are from the correct ones, an extra multiplier
n is applied to reduce the points for the task.

For each task (for example, A1, A2, B2, ...) the final score has to be rounded up to a single decimal

digit.
Part A: Volt-ampere characteristics at different temperatures (5.0 points)
A1 |Graph I gp(ULgp), 4 curves at different temperatures. 2.5 pt
(2.5 pt) 0.1 pt. for the axis and ranges correctly marked,;
0.6 pt for each curve (4 x 0.6 max).
-1 pt penalty if Iy gp(ULgp) curves are not smooth and have less than
15 points per curve.
A.2 |Table 4 x 4 cells. Each cell is worth of 1/16 pt = 0.0625 pt. 1.0 pt
(1.0 pt) [ Marking is based on the average of five biggest errors of all U values.
Correct if within 3%;
n = 0.7, if error within 4-7%
n = 0.5, if error within 8-10%
n = 0.2, if error within 11-12%
At final step, the sum of cell points multiplied by n has to be averaged to a
single decimal digit by general averaging rules.
A3 |Graph U gp(I1gp, T): 4 curves with linear approximations; 1.0 pt
(1.5 pt) 0.2 pt for the axis and ranges correctly marked;
0.2 pt for each curve (4 x 0.2 max).
-0.25 pt penalty if U gp(ILgp, T) if linear approximations not shown.
Table 1 x 4 cells. Each cell is worth of 0.5/4 pt = 0.125 pt. 0.5 pt
AU(LT) o . ,
Correct —-= value (within 5%). Marking is based only on the biggest error
of all four values.
n = 0.7, if error within 6-10%
n = 0.5, if error within 11-15%
n = 0.2, if error within 16-20%
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Part B: Measurement of the LED Volt-Ampere characteristics at continuous
driving current (3.5 points)

B.1  |Graph I} gp(Upgp): single curve with derivatives at certain points: 0.5 pt
(1.5 pt) 0.15 pt for the axis and ranges correctly marked;
0.6 pt for the smooth graph with at least 15 points.
-0.25 pt penalty if I;;p (U gp) curves are not smooth and have less
than 15 points.
Table 4 x 4 cells. Each cell is worth of 1/16 pt. = 0.0625 pt. 1.0 pt
Correct I gp(ULgp) values (error under 5%) Marking is based only on the
biggest error of U gp (other values are not evaluated at this point since they
can depend on room temperature etc.)
n = 0.7, if error within 6-10%
n = 0.5, if error within 11-15%
n = 0.2, if error within 16-20%
B.2 |[Table 1 x 4 cells. Each cell is worth of 0.4/4 pt. = 0.1 pt. 0.5 pt
(0.5 pt) 0.1 pr for the graphical representation of the derivatives on B.1 graph.
Correct 5—:} values (within 5%). Marking is based only on the biggest error of
all four values.
n = 0.7, if error within 6-10%
n = 0.5, if error within 11-15%
n = 0.2, if error within 16-20%
B.3 |Graph AT (P): 4 points with linear approximation. 0.5 pt
(1.5 pt) 0.1 pt for the axis and ranges correctly marked;
0.2 pt for the correct P points on X axis (~6, ~20, ~40 and ~83 mW);
0.2 pt for the linear approximation visually correctly shown.
Table 1 x 4 cells. Each cell is worth of 0.5/4 pt = 0.125 pt. 0.5 pt
Marking is based only on the biggest error of all four values.
Correct AT values (error under 10%).
n = 0.7, if error within 11-15%
n = 0.5, if error within 16-20%
n = 0.2, if error within 20-30%
Correct % (AT(P)): value (within 10%). 0.5 pt
n = 0.7, if error within 11-15%
n = 0.5, if error within 16-20%
n = 0.2, if error within 20-30%
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Part C: Calculation of the LED current drift due to the temperature
(1.5 points)

C.1 |Correct I gp values (within 5%) 1.5 pt
(1.5 pt) n = 0.7, if error within 6-10%
n = 0.5, if error within 11-15%
n = 0.2, if error within 16-20%
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