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I. Introduction

This is the final report for a contract to develop superluminescent LEDs

(SLEDs) for use with graded-index multimode fibers. The basic technical ob-

jective is to develop a SLED which can couple at least 500 VW of power into a

standard 0.20 NA 50-Um core graded-index fiber at a drive current not exceed-

ing 200 mA. The program objectives have been met and exceeded. Three devices

mounted in a standard package with thermo-electric cooler (TEC) and graded-in-

dex fiber pigtail have been shipped to the customer.

II. Antireflection Facet Coatin,

The principal new task for this project was to develop a technique for

depositing high quality antireflection dielectric coating on the facet of va-

por-phase regrown buried heterostructure (VPR-BH) lasers. Initial efforts

concentrated on the plasma-assisted chemical vapor deposition of silicon ni-

tride films on test wafers and subsequently on mounted devices. Low reflec-

tivity silicon nitride coatings could be achieved on individual devices by ad-

justing the coating thickness with chemical etchants after deposition.

However, the absence of a thickness monitor in the deposition system and the lot

poor spatial uniformity of films deposited on large area wafers represented a .

significant limitation of this approach.
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Subsequent work was based on the use of electron-beam evaporated

zirconium dioxide films having a refractive index of 1.80 to 1.95. Initial

runs were made using large area silicon wafers to establish the proper deposi-

tion conditions and optimal film thickness. The development was completed by

depositing films on the facets of mounted devices.

The quality of the coating deposited on a device facet was evaluated by

monitoring the power-current output from front and rear facets of the device,

both before and after deposition of the coating. A typical result is shown in

*, Figure 1. The device had a cavity length of 200 Um and cavity width of 14 Um.

The initial threshold current was 70 mA and the differential quantum efficien-

cies (DQE) from the front and rear facets were equal. After deposition of the

zirconium dioxide film, the threshold current of the device exceeded 200 mA,
.1-

and the ratio, x, of the DQE from front and rear facets was 12. From the ex-

pression

nDf r1 R f
x = = (1) 1

R 1 R
rb ~ frr

where Rr = rear facet reflectivity = .3.,

where Rf = front facet reflectivity,

it can be determined that the corresponding front facet reflectivity of the

. coated device is 0.4%. This represents a typical value that has been

* achieved, with best efforts yielding reflectivities of 0.1%. These values for

the front facet reflectivity are adequate for the present application.
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III. Wafer Processing
'-

The SLEDs have been made by forming VPR-BH devices by the same basic

process used to make lasers. The mask set used for processing produces de-

vices with active layer widths of 14, 18, 22, and 26 Um. Standard double het-

erostructure laser wafers were grown using liquid phase epitaxy with InGaAsP

active layers 0.2 Um thick. Double channels were etched in the wafer surface

to form mesas with tops 14 to 26 pm wide. A preferential etchant was used to

etch away the outer 1 to 2 Um of active layer, and vapor phase regrowth was

used to fill in the etched groove. The resulting active layer completely bur-

ied in InP can be seen in the SEM photograph of Figure 2. The wafer was sub-

sequently processed by standard methods to make a Zn/Au alloyed p-contact to

the mesa top and a Au/Ge/In contact to the n-InP substrate side.

The first wafer processed for this study produced no lasers for reasons

which could not be determined. The next two wafers produced excellent quality

wide-stripe VPR-BH lasers with average threshold current densities of 2.0 to
-4/.2

2.5 kA/cm . These are equivalent to broad area thresholds typically achieved

for 200-um cavity length devices. All subsequent SLEDs for testing or packag-

ing have been taken from these two wafers.

IV. Optical Characteristics

Table I contains typical results obtained from SLEDs made from wafer

522. At 200 mA drive current, the total output power varied between 2.4 and

3.5 mW, and the temperature sensitivity of the output varied from 2.0 to

'4 3.4%/OC.
4.
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The front facet reflectivity, inferred from the ratio of front and rear

facet DQEs, varied between 0.2 and 2%. From the standpoint of temperature

sensitivity, the devices with wider active layers have smaller temperature

coefficients. This is the expected result since the wider devices operate

lower down on the output power curve where the temperature sensitivity of the :1
gain coefficient is less important. As discussed in the following section,

the narrow devices afford higher power coupling efficiency and thus appear to

have the overall best performance characteristics.

Figure 3 shows the cw output characteristics from a typical 14-pm SLED 
.'y

operated at 20*C. The power-current characteristic is only slightly superli-

near, and a total output power of 2.4 mW is achieved at 200 mA. The tempera-

ture dependence of the output power is indicated in the inset of Figure 3.

Figure 4 shows the full width at half-maximum (FWHM) of the output spec-

trum of an 18-Um wide SLED as a function of drive current. The spectral width

decreases from 62 nm at 50 mA to 32 nm at 200 mA.

V. Fiber-Coupled Power

A study has been carried out of the fiber-coupling efficiency of these

SLEDs as a function of stripe width and drive current. The fiber is 0.20 NA

50-um core graded-index fiber with a hemispherical epoxy lens formed on the

fiber end. A typical example of the fiber-coupled power-current curve is

shown in Figure 3. At 200 mA, 700 UW of fiber-coupled power is achieved with

a coupling efficiency of 29%.

Figure 5 contains data on the fiber-coupled power achieved at 100 and

200 mA as a function of the active layer width of the SLEDs. At 200 mA, the

4

%-

A1



;-

fiber-coupled power decreases by almost a factor of two as the active width

increases from 14 to 26 Um. This corresponds to a drop in coupling efficiency

from 29 to 16%.

Figure 6 shows the temperature dependence of the output power as a func-

tion of active layer width. At 200 mA drive current, the temperature depen-

dence decreases from 2.7 to 2.0%10C as the width varies from 14 to 26 Um.

In spite of the reduced temperature sensitivity and the lower operating

current density of the devices with wider active layers, the predominate de-

sign consideration for the present application is high fiber-coupled power.

On this basis, Figure 5 makes it clear that the narrower devices should be se-

lected. Accordingly, 14-pm wide VPR-BH SLEDs have been chosen as the devices

to be used for final packaging.

VI. Packaging

A number of 14-pm wide devices have been mounted in the standard dual-

in-line package used for laser sources. Devices are mounted on a Au-plated

copper submount which is in turn mounted on a TEC. The graded-index fiber

with a hemispherical lens is epoxied in place and the lid is welded on in a

dry nitrogen atmosphere. The temperature of the copper submount is monitored

with a thermistor and the temperature can be maintained at a designated set

point over an ambient temperature range of -30* to 80*C.

A number of 14 pm wide SLED chips were bonded to gold-plated copper sub-

mounts and given a 50C-200 hour burn-in at an operating current of 70 mA in

order to eliminate devices with high initial degradation rates. After initial

burn-in ZrO2 anti-reflection (AR) coatings were applied to the front facets of

U-55
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the mounted devices. The AR coated SLEDs exhibited pulsed threshold currents

of 130 to 150 mA, as compared to 70 mA for uncoated devices. The increase in

threshold current implies that the front facet reflectivity of these devices

is approximately 2%.

AR coated SLEDs were mounted in GTE Laboratories DIP-TEC-PACs and

coupled to standard 0.2 NA 50 Um core multimode fiber. Figure 7 displays a

representative power-current characteristic of a packaged fiber-coupled SLED.

A cw output power of 500 UW, satisfying the contract goal, is obtained at a

drive current of 120 mA. Figure 8 shows the variation in spectral width and

peak emission wavelength as a function of drive current. At 120 mA the spec-

tra: width is 45 rnm centered at a avelength of 1.275 pm.

The temperature coefficient of the fiber-coupled power is plotted in

Figure 9. At 120 mA the temperature coefficient is 6%/OC. The temperature

coefficient of the fiber coupled power is a factor of three higher than the

temperature coefficient of the total output power previously reported for un-

packaged SLEDs. The increased temperature coefficient of the fiber-coupled

SLEDs is of no practical importance since the built-in thermoelectric cooler

will hold the device temperature at 200 C over an ambient temperature range of

-30* C to +800 C. The higher temperature coefficient results in part from the

fact that stimulated emission couples more efficiently into the fiber than

spontaneous emission.

The packaged SLEDs described above have been burned in for 200 hours at
200 C with no significant change in power-current characteristics. Three of

these packaged devices have been shipped to the customer.
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VII. Conclusions

The vapor phase regrowth process has been demonstrated to be a success-

-.- ful, reproducible method for producing wide cavity double heterostructure

chips suitable for making superluminescent LEDs. The required antireflection

facet coatings have been produced by use of electron-beam evaporated zirconium
oxide films and facet reflectivities of 1-2 % have been reproducibly demon-

K. . strated.

Fiber coupled powers well in excess of the 500 VW required by the con-

tract have been achieved at drive currents of 200 mA. Three devices have been

supplied to the customer mounted in the GTE DIP-TEC-PAC coupled to 0.20 NA 50

Uim core graded-index fiber. The packaged devices satisfied the contract goal

of 500 VW at a drive current of 120 mA.
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Figure Captions

'S '

Figure 1. Power-current characteristics for a 14-Um SLED before and after ap-

plication of the ZrO 2 facet coating. The ratio of front-to-rear

slope efficiency provides a measure of the facet reflectivity.

Figure 2. An SEM micrograph showing the cross section of a VPR-BH SLED with,"

an 18-pm wide active region.
-S., 

ii
Figure 3. Power-current characteristics for a 14-pm SLED showing the total

output power and the power coupled to a 0.20-NA, 50-Um core graded-

index fiber with a hemispherical lens.

Figure 4. Full width at half-maximum of the output spectrum as a function of

drive current.

Figure 5. (a) Fiber-coupled power at 100 and 200 mA.

(b) Coupling efficiency.

(c) Total output power as a function of active layer width.

Figure 6. The temperature dependence and operating current density is shown

as a function of active layer width.

S..

Figure 7. Power-current curve of fiber-coupled SLED.

Figure 8. Spectral width and peak wavelength of fiber-coupled SLED emission.

Figure 9. Temperature coefficient of fiber-coupled SLED emission.
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~Tabae Capt-ons

,.-..Table I. Stripe width, output power, temperature coefficient and facet re-

~flectivity for a number of SLEDs from wafer #522.
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