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In situ resistance measurement of the p-type contact in InP—-InGaAsP
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Scanning voltage microscogVM) is employed to measure the voltage division—and resulting
contact resistance and power loss—at phi@, 5:Ga, ,,AS—p-InP heterojunction in a working InP—
INnGaAsP laser diode. This heterojunction is observed to dissipa&% of the total power applied
to the laser over the operating bias range. Thisitu experimental study of the parasitic voltage
division (and resulting power loss and series contact resisjamghlights the need for a good
p-type contact strategy. SVM technique provides a direct, fastrastu measurement of specific
contact resistance, an important device paramete20@ American Institute of Physics
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To reduce unit cost and improve reliability, semiconduc-  Beyond the metallurgy of the metal-semiconductor junc-
tor lasers employed in short fiber optic communication linkstion, a buffer layer of highly doped InP-lattice-matched
are implemented without thermoelectric coolers. A cooleringsfGa 4As reduces the compound contact resistdrice.
adds to the overall cost and complexity of the laser packagklowever, the use of a-InGaAs contact layer does not en-
and often employs costly feedback circuitry. tirely resolve the contact resistance problem: the layer shifts

Thermal management in laser design becomes criticathe problem from the metal-semiconductor junction to the
nonradiative carrier recombination may prevail if carriers by-semiconductor—semiconductor  junction  between  the
pass the active region by way of their thermal energy. Heatp-InGaAs andp-InP. Holes must still surmount an energy
ing also causes threshold current to increase because mdparrier ~0.45 eV between th@-doped binary and ternary
carriers on average will be able to surmount the energy bafmaterials.
rier presented at the far side of the active region, leading to  Conventionally, contact resistance is estimated by simu-
thermionic carrier leakage and lowering internal efficiency. Itlation or by isolating the contact under study in a test
will be seen that a significant source of self-heating in InP-Structure’” an example of which is shown in Fig. 1 for
InGaAsP lasers is thp-type InP-InGaAs electrical contact. metal-p-InP via p-InGaAs. In the first instance, current is

In order to be considered ohmic, a contact must have 8assed from one electrode to the other via fRlnGaAs

linear current-voltage characteristic resulting from good enl@yer, yielding the resistance of the mefaaGaAs contact.
ergy band alignment from one material to the neideally, The InGaAs layer is then etched between the electrodes and

the specific contact resistanc&R.=V/J should be the resistance is measured for the combined contact from

1076 Q- cn? or less. Metalg-InP contacts are predominantly

nonohmic because the energy barrier from the metallic work (a) W) (b) W)

function to the InP Fermi level is-0.8 eV? leading to diode = ~

(Schottky current-voltage behavior. In particular, holes face @ @

a significant energy barrier from metal @InP and their S RS —_— S S

scattering causes Joule heating of the device. ‘e ——' | pinGaAs | ! I
Minimizing both the specific contact resistance and the frest l___,___}

nonohmic tendencies of the contact improves device effi- p-InP ltest

ciency and frequency response while lowering the operating

temperaturé.Much research during the last two decades I insulator I

.has focus.ed pn brldglng metal apan Ohmlca”y' employ- FIG. 1. Conventional method of measuring specific contact resistance of
ing combinations and alloys of Au, Zn, Ni, Pd, Pt, Mn, Sb, p-InP contact(not employed in this lett¢r (a) Measurement of the metal—
W, and Ti to achieve reasonably lineb#V characteristicsS p-InGaAs contact resistancén) The InGaAs between the electrodes is re-
with R.~ 10° Q- sz_2,6 moved by etching, allowing the combined contact resistangeltd® to be
measured. In either case, the contact resistance $anghe forward-biased
metal-p-InGaAs-p-InP cannot be isolated from the combined system and
¥Electronic mail: scott.kuntze@utoronto.ca must be inferred.
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FIG. 2. Voltage scanning a ridge waveguide laser. The conductive SVM 50
probe tip is rastered over the cleaved facet and the voltage recorded at eac Bias current [mA]

position. Position [um]

FIG. 3. SVM scans of wide-MQW RWG laser, 0:10:190 mA. The layer
metal top-InP. There is a severe limitation of this technique:Str“Ct“re is i‘ndicated. .Shot n_oise fluctugtions incrgasep-«o;pe me}teria!
the resistance measured is influenced by both the forwar%“e to the wide depletion region at the tip—sample interface at high bias.
and reverse contact heterojunctions of the structure. Addi-
tionally, minority electrons from vertical current leakage may Visible only as a small bump in the maximum voltage plateau
influence the total resistivity in a real diode laSedence, (the metal ang-InGaAs are essentially at the same voltage
conventional methods do not directly measure the resistanct all bias points, the voltage measured at the metal on the
of a single heterojunction in a real operating device. p-type side by the SVM probe is identical to the voltage

In this letter, we employ scanning voltage microscopymeasured across the terminals during a sepafateharac-
(SVM) to imagein situ the voltage division—and resulting terization.
contact resistance and power loss—at the Dominating each SVM profile is the voltage drop across

p-Ing s6Gay 47 AS—p-INP heterojunction in a working, cooler- thep-type Iny 55Ga 47As—InP heterojunction interface. Align-
less laser. ment of the Fermi levels at the interface produces a valence
Scanning voltage microscoﬁﬁl11 places a nanoscopic band tunnel junction-0.45 eV tall; thermionic emission is
voltage probe on an actively biased sample as illustrated ifxpected to dominateover tunneling since the barrier is
Fig. 2. A high-impedance voltmetedinput impedance~2  relatively wide. As holes scatter at this barrier, they contrib-
x 10 Q) ensures that negligible current is drawn from theute phonons to the lattice, thereby heating the ridge and sur-
sample and normal device operation is maintained. The voltounding regions. The voltage drop measured by the SVM
meter is simply used as a high-impedance buffer and its an&ircuit reveals the change of the hole quasi-Fermi level under
log voltage output passed directly to data collection hardforward bias as described in Ref. 10.
ware and software. By scanning the probe over the sample Dividing this voltage drop/,e by the total voltage drop
surface, voltage profiles are collected. across the devicey,y, yields the fractional voltage drop,
INP—InGaAsP ridge waveguidRWG) laser diodes were Power loss and series resistance at the heterojunction,
studied that emitted in the 1310 nm range and had 12 quan-

2 . Vhet Phet Rhet
tum wells eactt? Threshold current was around 20 mA with — ==,
a wallplug efficiency exceeding 0.24 mW/mA. Nominal dop- Vi Pt Reot
ing concentration was-10'® cm™ throughout the bulk InP plotted in Fig. 4; the solid line is a theoretical fit of the
regions; the p-InGaAs contact layer was doped to
~10" cm3. The laser cavity was cleaved at each end giving g
a total cavity length of 30@um and exposing the light-
emitting facets; a schematic of a light-emitting facet is
shown in Fig. 2(the ridge is~2 um wide). Each laser chip
was mounted on a separate heat-sinking carrier and wires
bonded to gold contacts electrically accessible to the samples
holder. ]

3 um line scans with 512 samples per line were taken
from then-type substrate to thp-type metal, shown in Fig.
3. The tip velocity was 0.3im/s giving 15 nm resolution on
n-type material and 150 nm resolution @rtype material,
limited by scan speed according to the transient analysis o
Ref. 13. i

SVM traces were captured over the bias range 10-19C3 [ cperaing range = . . . . .
mA in increments of 10 mAconstant current From left to O 20 40 60 80 100 120 140 160 180
right across the position axis in Fig. 3, we observeriHaP Bias Current [mA]
Igyer (the 120m-thick n_l-nP subStrat-e is not shoWnnuI-' FIG. 4. Fractional parasitic voltage drgpower loss, series resistanaef
tiquantum well(MQW) active region with expected potential p-InP—p-Ing s4G& 4AS heterojunction. The averageyvalue is 35% over the

drop, p-InP ridge, large voltage drop at tipelnP—-INGaASs  qperating range. The solid line is a theoretical it of the heterojunction volt-

interface, and transition fromp-InGaAs to the metal contact, age over the total diode voltagsee text
Downloaded 21 Feb 2005 to 128.100.138.22. Redistribution subject to AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp

1)

50 T T T T T T T T T

45 [ ]

es resistan

40 F % ]

sf o I ]
&

o _

ltage drop, % power loss

VO

o

%



081111-3 Kuntze et al. Appl. Phys. Lett. 86, 081111 (2005)

heterojunction voltage over the total diode voltage,sentially lossless, th@-InGaAs-p-InP heterojunction was
lo,neteXP(€Vhed KeT)/[1 g 1ot €XP€Viot/ NksT) — 1]. Primary un-  observed to dissipate 35% of the total power applied to the
certainty in the data arises from estimating the actual voltagéaser over the operating bias range, causing self-heating.
of the p-;ﬂoe InP which is subject to shot noise Equivalently, ~35% of the series resistance is due to this
fluctuations. heterojunction, increasing the devig&C time constant and

It is striking that over the normal operating range of this|imiting frequency response. This direct study of the parasitic
laser(20—-80 mA, approximately 35% of the wallplug power yoltage division—and resulting power loss and series contact
is lost before it ever reaches the active region. From th@esjstance—illustrates the need for a goodype contact
SVM profiles thep-Ing s4Gay 4AS layer yields a flat, rela- strategy.
tively lossless contact with the metal. However, a highly The authors would like to thank Dr. Shiguo Zhang for
nonohmic contact is formed subsequently with hénP helpful discussions.
ridge, degrading performance and wallplug efficiency. Over
the op_erating ra”ge_ t_he series r95i$t3”9€ is apprOXir_natEIy 1(?_‘). A. Neamen,Semiconductor Physics and Devices: Basic Principles
) (estimated by dividing the heterojunction drop of Fig. 3 by (mcGraw-Hill, Inc., New York, 2008 3rd ed.
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. . wide interfacial depletion region.
A method to reduce the hole barrier is to grade thelsT0 ensure that resistance is the correct interpretation, the incremental re-

p-InGaAs-p-InP junction by_ MBE: Grading smf)OtheS OUt  gjstance of total device current-voltage characteristic and the total bulk
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