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LOW–FREQUENCY NOISE MEASUREMENTS USED
FOR QUALITY ASSESSMENT OF GaSb BASED LASER

DIODES PREPARED BY MOLECULAR BEAM EPITAXY
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The paper reports on a non-destructive method of reliability prediction for semiconductor lasers diodes GaSb based
VCSE (vertical cavity surface emitting). Transport and noise characteristic of forward biased were measured in order to
evaluate the new MBE (molecular beam epitaxy) technology. The results demonstrate that the lasers prepared by new MBE
technology have higher quality than the samples prepared by using the classic MBE technology.
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1 INTRODUCTION

Excess noise is for a long time use as a diagnostic
tool in device research (from 1966) [1–4]. Some funda-
mental noise sources such as thermal and shot noise are
well understood, and deviations can often be understood
due to local heating or local carrier multiplication. 1/f
noise is also fundamental but it is not clear understand-
ing of physical origin of the 1/f noise. Because it is om-
nipresent, and it is a conductance fluctuation in bulk of
material, it is very sensitive for current crowding phenom-
ena and therefore an ideal diagnostic tool. Generation-
recombination noise and random-telegraph-signal noise
(burst noise) is not fundamentals and can be avoided of-
ten by avoiding traps at the Fermi-level, therefore this
noise is a “poor” device indicator and can be avoided
by improving technology [5]. The defects are the natural
sources of the excess current and the excess noise and
they are responsible for the changes of several measur-
able quantities. Physical processes in electronic devices
can give a useful piece of information on the device reli-
ability provided there is a correlation with failure mech-
anism [6–12]. It is known that most of failures in the flat
region of the “bathtub curve” of the failure rate result
from the latent defects created during the manufacture
processes or during the operating life of the devices.

High sensitivity of excess electrical noise to this kind
of defects is the main reason of investigation and use
of noise as a diagnostic and prediction tool in reliabil-
ity physics for the semiconductor devices lifetime assess-
ment. It is generally accepted that there are some fun-
damental sources of noise which generate the noise back-
ground. This is the case of the thermal noise, shot noise

and, as was shown recently, of the fundamental quan-
tum 1/f noise. Besides the fundamental noise, which can-
not be eliminated from any device, there exists excess
noise which is believed to carry information on the de-
vice technology and structure defects which are either
non-intentionally introduced during the device produc-
tion or appear as results of the degradation processes dur-
ing the device operation. As it is well known, the noise
spectral density increases with stress and damage and
varies among nominally identical devices. Therefore the
excess noise is not of fundamental origin.

2 SAMPLE DESCRIPTION

On the GaSb substrate first a DBR (Distributed Bragg
Reflector) mirror was grown, followed by the semicon-
ductor laser structure consisting of n type base region,
multiple quantum well active region and Buried Tunnel
Junction in order to limit the area of current through
the structure. On top of the structure another DBR layer
composed from Si and SiO2 was deposited. This con-
struction allows to decrease the necessary current needed
to obtain laser emission and the high reflectivity of both
mirrors and amplification of the multi quantum well ac-
tive region allow the laser to emit in the direction per-
pendicular to the device surface. Our samples represent
two development stages of the MBE (molecular beam epi-
taxy) technology used in VERTILAS GmbH Company.
The first set comprising of samples 12440, 12441, 12443
and 12444 was prepared with improved MBE technology
and classic MBE technique, and second set consists of
lasers diodes prepared by classic MBE technology and
bonding technique with representatives of pulsed laser
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lunak@dp.fce.vutbr.cz,
∗∗

Faculty of Electrical Engineering and Communication, Department of Electrotechnology, Brno University of
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Fig. 1. Structure of VERTILAS laser diodes 12440–12444
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Fig. 2. Plot of intensity versus wavelength for continuous laser
diode No. A1847
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Fig. 3. Plot of log I versus log V for laser diodes No. 12440 and
12441 and 12443 and 12444 in forward bias direction
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Fig. 4. Plot of log I versus linV for laser diodes No. 12440 and
12441 and 12443 and 12444 in forward bias direction
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Fig. 5. The noise spectral density as a function of forward voltage
for laser diodes No. 12440 and 12441 and 12443 and 12444. The

value of load resistance was RL = 1kΩ.

diode Nos. A1883 and A1884 and continuous laser diodes

Nos. A1847 and A1853. The structure of these lasers, pro-

duced by VERTILAS GmbH Company, can be made as

single mode lasers with very low threshold current emit-

ting single mode with a wide tuning range for usage in

the gas detection systems. In Fig. 1 is a cross section of

such a laser. In Fig. 2 is a plot of the spectral intensity of

laser No. A1847 at IF = 6 mA and temperature 293 K.

3 EXPERIMENTAL RESULTS

Lasers diodes GaSb based VCSE (vertical cavity sur-
face emitting) prepared by molecular beam epitaxy were
measured in order to evaluate the new MBE technology.
Figure 3 shows I − V characteristics of all of the speci-
mens 12440 through 12444 in log-log scale. Linear regions
of these characteristics in voltage interval VF = 0 V to
0.1 V imply PN-junction parallel resistances to be present
in all specimens. We can see that shunt resistances by all
specimens 12440, 12441, 12443, 12444 should be equal
to RSH = 106Ω. From Fig. 4 we can see that exponent
β in the exponential dependence IF = I0 exp(−βV ) it

is β = 21.9V−1 . Given that β = 1/nkT than value of
n is equal to n = 1.76. It follows that current IF has
primarily generation-recombination component.

From Fig. 4 we can see that exponent (β) in expo-

nential dependence IF = I0 exp(βU) it is β = 21.9V−1 .
Given that β = 1/nkT than value of n is equal to n =
1.76. It follows that current IF has primarily generation-
recombination component.

Figure 5 reports for all 12440, 12441, 12443, 12444
specimens the noise power voltage spectral density versus
forward DC voltage plots. The noise voltage was picked
up across a load resistance RL = 1kΩ, at a pass band
mean frequency of 1 kHz and a bandwidth of 20 Hz. This
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Fig. 6. The noise spectral density as a function of forward voltage
and load resistors RL = 100Ω, 1 kΩ, 10 kΩ and 100 kΩ for laser

diode No. 12443
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Fig. 7. The noise spectral density versus frequency for laser diode
No. 12444, RL = 1kΩ, at VF = 0 V, VF = 0.37 V and VF = 1.1 V
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Fig. 8. Plot of log I versus log V for laser diode No. A1883 and
A1884 (pulsed lasers) and A1847 and A1853 (continuous lasers) in

forward bias direction
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Fig. 9. I–V characteristic for laser diode No. A1847 and A1853 and
A1883 and A1884 in forward bias direction
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Fig. 10. The noise spectral density as a function of forward voltage
for laser diodes No. A1847 and A1853 and A1883 and A1884. The

value of load resistance was RL = 1kΩ

noise characteristic measured across the load resistance
versus the forward bias has its extreme value if a dynamic
resistance RD of a p-n junction under test is equal to the
load resistance RL . The curve maximum shifts to a lower
forward voltage region when the load resistance increases.

The measurable quantity is the noise voltage VN

across the load resistance RL . The voltage power spectral

density SV is given by

SV =
V 2

N

∆f
, (1)

where ∆f is the bandwidth of the measuring apparatus.

The current power spectral density S1 can be calcu-
lated as

S1 =
SV

R2

P

, (2)

Where

RP =
RD

RL

RD +RL , (3)

RD is the p-n junction dynamic resistance, for which
it holds and can be expressed as RD = 1/βIF , where
β = q/nkT .

n low injection mode, the load resistance RL < 1/βIF .

Putting β = 20V−1 and RL = 100Ω, the low injection
current region extends up to IF < 5 × 10−4A. In the
low injection region, the current noise spectral density is
given by

SI =
SV

R2

L

. (4)

The voltage noise spectral density across the load re-
sistance will reach a maximum value, SVM , if the noise
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source internal resistance equals the load resistance (in
low-frequency region).

At voltages of up to VF = 0.2 V, specimens 12440
through 12444 feature a noise component corresponding
to the thermal noise background of the measuring appa-
ratus only. Subsequently, the noise spectral density starts
to grow up to reach a value of SVMAX = 6 × 10−16V2 s
at voltages of about VF = 0.35 V. This maximum is
reached at a voltage at which the junction dynamic resis-
tance matches the load resistance. A monotonous growth
of the noise voltage is observed in all specimens at volt-
ages over VF = 0.6 V. It reaches SV = 1 × 10−14V2 s
to SV = 3 × 10−14V2 s at the voltage VF = 1.2 V, be-
ing most pronounced for specimen 12444. The source of
this noise type locates in the additional series resistance
and contact resistance regions. Specimens 12440, 12441,
12443 and 12444 feature a comparable quality from which
specimen 12443 features the best parameters.

In Fig. 6 results are shown for the noise voltage power
spectral density versus DC voltage plots. The noise volt-
age was measured across load resistance RL = 100Ω,
1 kΩ, 10 kΩ and 100 kΩ respectively. The pass band cen-
tral frequency was 1 kHz, the band-width being equal
to 20 Hz. A marked excess current component can be ob-
served at higher voltages, reaching maximum at the power
match point, where the PN junction dynamic resistance
equals the load resistance. This peak is shifting towards
lower DC voltage if the load resistance is increased.

Figure 7 reports the noise voltage power spectral den-
sity versus frequency plots for the laser diode No. 12444.
The noise voltage is measured across the load resistance
RL = 1kΩ. The characteristic for voltage VF = 0 V
shows background noise of equipment. The characteris-
tics for voltage VF = 0.37 V and VF = 1.1 V show volt-
age power spectral density ie in the power match region
respectively in the contact region. In both these areas
(VF = 0.37 V and VF = 1.1 V) are the excess noise of
type 1/f .

Figure 8 displays the I–V characteristics of reference
specimens, which have been prepared using classic MBE
technology. The shape of the linear function it follows that
parallel resistances are shunting the PN junction. The
shunt resistances of samples A1883 and A1884 (pulsed

lasers) are equal RSH = 104Ω and 5× 105Ω respectively
and for specimens for specimens A1847 and A1853 (con-

tinuous lasers) are higher and equal R − SH = 106Ω.
At Fig. 9 we can see that exponent β for samples A1853
and A1847 (continuous lasers) are β = 20.8V−1 . From
these follows that current IF has primarily generation-
recombination component. By other samples A1883,
A1884 (pulsed lasers) we can see at voltages VF < 0.4 V
a high pronounced excess current component.

In Fig. 10 we observed the noise power voltage spec-
tral density SV versus the applied DC forward voltage
plots for specimens A1847 and A1853 and A1883 and
A1884 which had been prepared by using the classic
MBE techniques. We can see a markedly higher mag-
nitude of the PN junction excess noise than in speci-

mens 12440 through 12444. Specially for samples A1884
and A1883 (pulsed lasers). Spectral density reaches by
sample A1884 at voltage of around VF1 = 0.2 V value
SV max = 1.2 × 10−12V2 s and for sample A1883 value
SV max = 1 × 10−13V2 s. Similarly, the excess noise mag-
nitude at the voltage VF = 1.1 V, where the predomi-
nant role played by the additional series noise and the
contact region noise type, exceeds SV = 10−13V2 s for
specimens A1883 and A1884. It follows from both the
I–V and the noise characteristics that the technology of
the group of specimens, which have been prepared using
the improved MBE technology and sample classic MBE
technique, results in higher-quality laser diodes (samples
12440–12444).

4 CONCLUSION

We have presented two development stages of the MBE
technology. The set of samples 12440, 12441, 12443 and
1244 prepared with improved MBE technology and sam-
ple with classic MBE technique and set comprising of
samples continuous lasers A1847 and A1853 and set of
samples of pulsed lasers A1883 and A1884 prepared by
classic MBE technology. Transport and noise character-
istics of both specimen groups were studied. A marked
excess current component was observed in the I–V char-
acteristics of specimens pulsed lasers A1883 and A1884 in
the forward voltage interval from VF = 0.1 V to 0.4 V. In
the group of specimens A1883 and A1884, the noise char-
acteristics corresponding to the PN junction region fea-
tured an excess noise magnitude, which was by more than
three orders of magnitude higher than that of the group of
samples 12440–12444, namely SV max = 1.2× 10−12V52s
for specimen of pulsed laser A1884. It follows from both
the I–V and the noise characteristics that the technol-
ogy of the group of specimens, which have been prepared
by using the improved MBE (samples 12440–12444) have
higher quality than the samples prepared by using the
classic MBE technology.

The structure of these lasers, produced by VERTILAS
GmbH Company, can be made as single mode lasers with
very low threshold current emitting single mode with a
wide tuning range for usage in the gas detection systems.
On top of the structure another DBR layer composed
from Si and SiO2 was deposited. This construction allows
to decrease the necessary current needed to obtain laser
emission and the high reflectivity of both mirrors and
amplification of the multi quantum well active region
allow the laser to emit in the direction perpendicular to
the device surface.
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