d carrier temperatu

Junction temperature

< Junction temperature : temperature of the active region
crystal lattice

¢ Why relevant?

1.1QE depends on junction temperature

2. Shortening of device life time caused by high temperature
3. Degradation of the encapsulant by heat

—) It is desirable to know the relation of
junction temperature vs. drive current

« Heat generation : contacts, cladding layers, active region

Low current : heat generation in parasitic resistances of
contacts and cladding layer is small (I2R)

High current : contribution of parasitics becomes important and
dominated
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Carrier temperature and high-energy slope of spectrum

« High energy part of the emission Expon_entl_al dep_endence of the
R . emission intensity on energy
: Boltzmann distribution of carriers
Carrier temperature can be directly

| oc EXp(—hV/ kTC) inferred from the slope

d (|n |) -1 400 nm 690 680 670 660 650 640 630 620 nm

——F— oC —— (b) AlGalnP ~235°C

4 L ODR-LED 4
dthv)  kTo ot FORRLE
g ]
. £ 3
-Carrier = i S Ty
temperature z | oo
. z 3
increases along 2 11
with the carrier o : S 15
|eVe| 1 ol } 4.5 Alem* (DC) e ]
2:4 * 2:6 ’ 2?8 ’ Rfﬂ ’ 32 1 _;ur 1 .;;5 1 .‘IJ:] 1 .\.?ﬁ 2.[‘J[J

- Upper limit of Emission energy fiv (eV) Emission energy v (eV)
the carrier Fig. 6.1. Carrier temperatures in (a) GalnN blue and (b) AlGalnP red LEDs inferred from

the high-energy slope of emission spectrum. Due to the alloy-broadening effect. the
measured carrier temperatures overestimate the true carrier temperature (after Chhajed er
af., 2004; Gessmann &f af., 2003).

temperature
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Alloy broadening

« Alloy broadening

: Semiconductor alloys exhibit substantial broadening of the
emission spectrum and its high energy slope

- Statistical fluctuation of the chemical composition in ternary
and quaternary semiconductors

(Schubert et al. 1984)

- De-convolution of the alloy-broadening effect and kT-
broadening effect

mmmp Estimation of accurate T,

* Determination of T, using the high slope works

: best for binary compounds such as GaAs or InP
(No exhibition of alloy broadening)

445.664 (Intro. LED) / Euijoon Yoon




Junction temperature and peak emission wavelength

« Dependence of bandgap energy (and thus the peak emission
wavelength) on temperature

* Method

Calibration measurement + |Junction temperature
measurement

e Calibration measurement : peak energy at different ambient
temperature (typically 20 ~ 120 °C) with a range of pulsed currents
and a duty cycle <<1

Junction-temp. vs. emission-peak-energy
m— for arange of current
« Junction temperature measurement
: peak emission energy vs. DC injection current
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Junction temperature and peak emission wavelength

* The shift of the emission energy with respect to
temp is due to the fact that Eg is function of

temperature
297.5 T T T T T T T T T T T
— : : AlGaN
2 2970 L| AlGaN UV LED s ] 1o} -
= 297.0 Pulsed current UV LED
2 296.5 | 0.1 % duty cycle i = DC current | £/
P o —— v Z 09p
£ 2960 s ] §"[® /
5 2955 $ = = Ti° \
e | . i ] 3 - 10mA; 26.1 °C
5 — == [;=50mA |1 = 0.8 0/ 0 mA: 34,6 °C
g Falsh 3 —e— 40mA g . A
g - A % - 30mA; 41.0°C
= 2945 & 4- 30mA |4 z 07l -
= ’/ —~— 20mA | z 07 /-0 mA: 457 °C ;
& 2940 [ ¢~ 10mA J//—S0mA; 523 °C \
2035 s s s . { 1 L 1 0.6 . " . . AL
’ 200 30 40 50 60 70 BO 90 100 110 300 202 294 206 208 300 302 304
Oven temperature T, (°C) Peak wavelength A (nm)

Fig. 6.2. (a) Peak emssion wavelength versus oven temperatureof an AlGaN UV LED for
pulsed current injection with 0.1 % duty cycle . (b) Emssion spectra and junction
temperatures for different DC currents (after Xi er af., 2004).
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* The accuracy of the method is limited by
the ability to determine the peak wavelength.

150 T T T T T

ilGaTiUV LED Fig. 6.3. Junction temperature
peak = 295 nm i i

ool ] inferred from emission peak
energy as a function of DC in-

jection current fora 1 mm x 1

Junction temperature 7j (°C)

T j mm deep UV LED emitting at
S0 I I/.r—-““""_l T 295 nm. The error bar stems
s l l from an uncertainty in the
peak energy (after Xi er al.,
0f ‘—A— Emission peak shift ‘ b 2004).
1 1 ] 1 1
0 10 20 30 40 50 60

DC forward current /p (mA)
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Theory of temperature dependence of diode forward voltage

J — J (eer /(nidea|kT) _1) J p q D q n e E(_;/ZkT
) B No V7 N 2 ka
N, = 2( il j

For non-degenerate

semiconductors and V;>>kT/e dv, g d |deaIkT In J_
dT dT e I

« Saturation current density depends on Experimentally
-2.3 mVIK for
I. Diffusion constants of electrons & holes deep-UV LED

IIl. Lifetimes of electrons & holes
lll. Effective density of states at the each band edge
IV. Bandgap energy

all of which depend on the junction temperature
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Temperature dependence of the energy gap

Varshni formula
(Varshni, 1967)

=S 200 300 B0 &0

Varshni formula

aT?
T+p

ar?
T+ B

E,= Eg|T:OK -

E = EJoK) -

) 4 ‘: ) Biky|

: fitting parameters

= CaN | 347 600 |
2 o . {
aand ﬁ o GaAs[1519 | S,

E WP |14z | 4s0 | a7 |
. S| LI 73 P
ES Ge |0.744 47 25
F] Ge 0M4] 47 |35 |
-]

Fig. 6.4, Fundamental bandgap
encrgy of GaM, GaP, GaAs, InP,
$i, and Ge as o fun o

s approximated by the Varshni
formuls which uses the Ftting
| | i h i i i porameters o and [ (from data
o 00 300 ] B0 1000 compiled by laffe, 2004),
Temperatare T (K}

See Table 6.1
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Theory of temperature dependence of diode forward voltage

3 - Red LED ’ £
= GaPAs/GaAs | T=295K ]
E r _I ) I ) - 1“ E Fig. 6.5. Current—voltage char-
~ 6F ] acteristic of GaAsP/GaAs LED
= F T=T7K - E emitting in the red part of the
E s g ) a ﬁ = visible speetrum, measured at
S e 3 77 and 295 K. The threshold
3 R L Ry Ly W i L I G R - \"Uhﬂgﬂ!‘i are 20 HT'I{I ]6 V‘ at ?T
[ ] and 300 K, respectively.
0F ]
Freobanbirertaneches vobis soded sbes b oot

Voltage V (V)

Series resistance and V;
increase as the diode is cooled
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V; calibration measurement under pulsed-current injection

b

V; measurement under DC-current injection

(a) Calibration
Pulse generator

Device in oven

Oscilloscope

I

P 3]

U

£

(b) Junction

temperatue measurement

DC current source

Device in 20°C ambient

Fig. 6.6. (a) Pulsed calibration
procedure establishing the forward
voltage versus junction temperature
(Fr vs. Tj) relation and (b)
determination of junction tempera-

DC Volt meter ture for

120 mA] 4

currents.

[I.AE51 V| ¥;

different

DC forward

Measurement of junction temperature using forward voltage
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Measurement of junction temperature using forward voltage
* V; calibration
— Devices in temperature controlled oven (junction temperature is
known)
— Temperature range of 20 ~ 120 °C
— Pulsed mode with very small duty cycle (e. g. 0.1 %)
— Heat generated by the injection current becomes negligibly small.
8.0 - T T ™ ™ 150 - -
=73 Tt g THTA @) AlGaN UV LED
e I —— 4; . e Apeak = 295 nm
o L - mA =Yookl r=20°C .
L~ —r—d " [ . Relation
3 B, e JDmMA E a:
g et e g — between V¢
B ol —t——. ok £ S0f —
E 6 —— 20m = . .
:§' are Pulsed current (0.1 % duty) *~ E 1?‘ndtr-:—]uricllon
B P — 10 mA g of or the I
sof] s ] 3 | level of
20 40 6l 80 (1] 120 0 T} 0 30 40 a0 60 A
Oven temperature T, (°C) DC forward current / (mA) Interest
Fig. 6.7. (a) Pulsed calibration measurement (duty eyele 0.1 %) and (b) junction
temperature (7j) versus DC current of an AlGaN UV LED (afier Xi er al., 2004)
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e Junction temperature measurement

1. Room-temperature ambient
Series of DC current

3. Forward voltages are measured once thermal steady state
has been reached.

4. Measured DC forward voltages and calibration
measurement data

mmmmd Junction temperature for different current level

Measurement of junction temperature using forward voltage

13

» Accurate to within a few degrees

* More accurate than the peak-wavelength method

210F g3

3[]55&

270F(2) GalnN UV LED
&= High energy slope

o T\‘ﬂ":;%,g'

» ] 450} (b) GalnN blue LED

Accuracy

§-+ 2°C
4-t10°C

[| Accuracy a1
350F |-+ 2°C e
-115°C] 4
250 - Tearrier
F EA
150 1
&8
L = o8-8 ]
50F oo 1

Junction temperature Tj (°C)

900} (¢) GalnN green LED
[ Accuracy

100f o gg-g-g8-8° |

"] 200f @ AlGainPred LED 2 ]

40F g
B;-B'

0 20 40

60 80 100

DC current { (mA)
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0 20 40 60 8O 100
DC current / (mA)

Fig. 6.8. Junction and carrier
temperature of devices pack-
aged in conventional 5mm
packages as a function of DC
injection current. The mea-
sured  carrier  temperature
over-estimates the true carrier
temperature  due to alloy
broadening (after Chhajed ef
al., 2004).
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Constant-current and constant-voltage DC drive circuits

« Constant-voltage supply
: Battery or the rectified AC output of a transformer

—Two drawbacks

I. The diode current depends exponentially on the voltage,
—small variation in the voltage results in a large current
change.

Il. Threshold voltage of a diode depends on temperature
— any temperature change results in a significant current
change

« At constant current, the emission intensity decreases
with increasing temperature.

A constant-voltage with series resistance can be used to
reduce the temperature dependence of emission intensity
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Constant-current and constant-voltage DC drive circuits

f,=7)4  Fig. 6.9. LED drive circuit with
series  resistance  Rg.  The
intersection between the diode
1=V characteristi 1 the load

] 5 of operation.
tances result in
pde current at
high temperatures, thus
allowing for compensation of a
lower LED radiative efficiency.

Current [ (mA)

o=y

sl | 1 i 1 il | 1 i
0 0.5 1.0 1.5 20
Volage V¥ (V)

« At high temperature : The emission intensity of LEDs |
(higher non-radiative recombination probability)

« Threshold voltage decreases with increasing temperature

« For a constant-voltage supply, diode current increases as
the temperature increases.

=P Series resistor can be used to compensate for the
emission intensity decreases at elevated temperature
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Constant-current and constant-voltage DC drive circuits

e The temperature dependence of LED intensity
: important factor for LEDs used in outdoor applications
4 Hot summer day
— Temperature and ambient light intensity are high
— LED intensity drop due to high temperature
— High required brightness to overcome high ambient light level

This effect can be compensated for by driving the LEDs
with a higher current as the temperature increases.

« Constant-current drive circuit
— Transistor with the LED as a load

— Constant-current drive circuit does not compensate for the
decrease of LED emission at elevated temperatures.
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