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- BACKGROUND OF I:HE INVENTION
15 1. Fn:ld of the Invention.

This invention relates in general to semiconductor lasers, and in particular to a
tunable laser source with integrated optical modulator.

2. Description of the Related Art.

20 Modern day usage of optical components and lasers has made communications and
data transfer more efficient and more cost effective. The use of semiconductor lasers has
made the fabrication and packaging of optical soutces mote cost effective, as well as

reducing the size of the overall device.
Hoﬁrever, the réquifemeht's for eomhudeaﬁons and data transfer systems have

25  alsoincreased. Widely tunable lasers are essential components for a wide vatiety of
wavelength-division multiplexing (WDM) and packet switching netwotk architectures.
They can be used as replacement sources in long haul dense WDM communication
systems or for wavelength routing in access networks. They ate also important devices

for next generation phased array radat systems that use ttue-time delay beam steering.



2 In order to achieve a wide tuning range, these devices require fairly
I'ar ge passive tuning elenents. This makes the devices four to five tines
| ar ger thawomnssesmti onal fixed wavel ength |asers. Howev®CT/USBZ3Y t hi s

| arge anmount of passive material in alaser cavity reduces the speed with
whi ch they can be turned on and off by direct current 5 nodul ation.
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20 The three most successful types of widely tunable lasers are the super structure
grating distributed Bragg reflector laser (SSGDBR), the grating assisted codirectional
coupler with sampled grating reflector laser (GCSR), and the sampled grating DBR laser
(SGDBR). All of these devices are capable of continuous tuning ranges greater than 40
nm. However, SGDBR lasers and other widely tunable designs have long active sections

25  and fairly large optical cavities that limit theit direct modulation bandwidth to between 3
and 4 GHz. This enables them to be used in OC-48 data transmission systems under
direct modulation, if some wavelength chirping can be tolerated. However, this
bandwidth is insufficient for use in most phased attay radar systems or in OC-192 data
transtmission netwotks operating at 10 Gb/s.

30 In these applications, external modulators ate frequently used to apply a radio
frequency (RF) signal or data to the optical carrier. Even for long-haul OC-48 systems,

external modulators are frequently used to minimize frequency chirp. However, external



30 In these applications, external nodulators are frequently used to apply
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RIEF DESCRIPTION OF THE DRAWINGS

Referring now to the drawings in which like reference numbers represent
corresponding parts throughout: |
20 FIG. 1 is a perspective view that illustrates the structure of a widely tunable
semiconductor laser with an integrated electro-absorption modulator according to a
preferred embodiment of the present invention;
FIG. 2 illustrates a cross-section of the laser and modulator according to the
preferred embodiment of the present invention;
25 FIGS. 3A and 3B are chatts that illustrate the tuning curves for wide wavelength
tuning according to the preferred embodiment of the present invention;
FIGS. 4A, 4B, and 4C illustrate the Franz-Keldysh effect in the modulator
according to the preferred embodiment of the present invention;
FIG. 5 is a chart that illustrates the response cutves for initial tests of the
30 integrated laser and modulator device over a 50 nm tuning range according to the

preferted embodiment of the present invention; and



FIGS. 4A, 4B, and 4C illustrate the Franz-Kel dysh effect in the nodul ator
according to the preferred enbodi nent of the present inv%’n%‘%‘ 5is a
chart that wodiastipat es t he response curves for initial tests omtﬁhog 30

i ntegrated | aser and nodul-ator device4over a 50 urn tuning range accordi ng
to the preferred enbodi nent of the present invention; and WO 411181919 PC
TIUS00123710 4 FIGS. 6A and 6B are flowharts illustrating the steps used
in the fabricati ofIGpldmad §Baredlomghany illvstrating thesteprvsed in thafabdéaiemt of t he

present inventiaon. l;}'gg%ﬁj ﬁTIFQN | 5 In the
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t he acconpanyi ng drawi ngs which forma part hereof, and in which is shown
by way of illustratio L § o, | ' e invention nmay be
practiced. It is to berb%g%s%r%c? ﬁoﬁg&%@w |ﬁ2¥1@5 may be utilized
and structiural chamtedollvynghlescripiien ofuhd frefatrediaiaxineng réferemetitveadecope of t he

present inveniion. 10 .Overview,.Th resent invention. provides a sinple and
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can be rapidly.tuned over a w de range, of .wavel.engths, 15 thereby .enabling
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mul tipl exed fwithet: dpirtifs SaREEtSRI GRPrésentphag@@d, array radar. Integrating
the nmodul ator wth the | aser provides a highly desirable nmethod for

nodul at i n’g? the intensity of the output fromthe |aser w thout perturbing
its node stabilitDvekiet roduci ng high levels of frequency chirp. It also

enabl es nmuch hi gher nodul ati on frequencies to be reached than 20 with the
| aser al one. Devi B¢ BiersgEinyensiorprgvitles asimgplp andsgftestiverethaddor ¢PAYO8 R | | ust r at es

the struct ur gufibledasti vl 4 ihebRAR SpricASBIRARS Wit Qh He 2ttt Sd}u &ilid Nt €grat ed

el ectro-absorptjon nodul ator” according to a 25 preferred enbodi nent of the
present i nverfefispnduriechinsEre laser qag berapiglyytuned ovprarwiesapgepf wavelengths,

15  thereby enabling it to be used in a variety of applications from waveleﬁgth division

multiplexed fiber optic communications to phased array radar. Integrating the modulator

with the laser provides 2 highly desirable method for modulating the intensity of the

output from the laser without perturbing its mode stability or introducing high levels of

frequency chirp. It also enables much higher modulation frequencies to be reached than
20  with the laser alone.

Device Structure
FIG. 1 is a petspective view that illustrates the structute of 2 widely tunable
semiconductor laser with an integrated electro-absotption modulator according to a
25  preferred embodiment of the present invention. The laser 10 is a fout-section buried-
ridge sampled-grating distributed Bragg reflector (SGDBR) laser. The four separate
sections of the laser 10 comprise tuning sections and include: a sampled grating back
mirror section 12, a phase control section 14, a gain section 16, and a sampled grating
front mirror section 18, An electro-absorption (EA) modulator 20 shares a common
30  waveguide 22 with the back mirror section 12, phase control section 14, gain section 16,
and front mirror section 18 of the laser 10, wherein the waveguide 22 is designed to

provide high index tuning efficiency in the laser 10 and good reverse bias extinction in



ri dge sanpl ed-grating distributed Bragg reflector (SGDBR) |aser. The four
separate sections of the |laser 10 conprise tuning sections and include: a
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regi on24 and p- ed regi 4 are,typicgally of .different, dopant types. 10
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| aser 10, .and_fqr the nodul ator 20. The |ateral waveguide 22 structure may
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ridge.

20 The p-doped region 34 also includes proton implants 40 above and beside the
waveguide 22 that are blé;king junctions that act as isolators to block lateral current
leakage in the laser 10, as..'w'gll as to provide isolation between sections in the laser 10, to
reduce parasitic junction capacitance of the modulator 20, and to provide isolation from
the modulator 20, | |

25 The active region 32 includes offset multiple quantum wells (MQW) that provide
the laser 10 output. When an electrical current passes from the p-doped region 34 to the
n-doped region 24 through the active region 32, a laser 10 light oﬁtput is produced from
the MQW. The active region 32 and the waveguide layer 26 are separated by the stop
etch layer 30 to enable the active region 32 to be removed with a selective wet etchant

30 during fabrication, . |

Both the back and front mitror sections 12 and 18 comprise a set of periodically

sampled gratings that are etched into the waveguide layer 26 with 2 period 42. Gratings

|

1




| eakage in the | aser 10, as.well as to provide isolation between sections
i-n the | aser to reduce parasitic junction capacitance of the nodul ator
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spaci ngs of adferesrptheinl S|gnal carrled by the maveQU|de 22. The Iaser 10

can be rapidly tuned Qver 2 wi de vel th [ Op ustnent of
control currents ?ﬁ “Fﬂﬁ ‘8?”?@%6 @%ﬂ “%L °@£¥&$5Fa Qﬂﬁﬁ
descri bed i nisldleavedRat 6fthe Mafer. 4, 896, 325, which is incorporated by reference

herein. The anti-reflective coating 28 is applied to each end of the device
after the device is cleaved out of the wafer. 10 Tuning Curves FIGS. 3A

and 3B ane chartsq&ﬁﬁ%c&&ﬁystrate the tuning curves for w de wavel ength
tuning according to e preferred enbqgdi nent of  the present |nvention. I n

FIG 3A the X ald@ P4 ang\db prscharithat dostae the paingcurvpgdpr Widlg warengthayj s
hi ghest wave ABcde@f) to thdlp ret%txga edbbahbf oKﬂlaistéentﬁmtdtenf rmte Bhrder 18
current (md) t he axrs hi ghest 15 wavel ength (nm. shomn in FIGS.

3A and 3B, t heaxr?rir the barkmizes Rrosget () end the Va@e ihlg!tet wsvetqaavh (pp). 1
FIG. 3B, the X-axis is the front mittor 18 cutrent {mA) and the Y-axis highest

15 wavelength (nm).

As shown in FIGS. 3A and 3B, the principal advantage of this laser 10 is that it
can be rapidly tuned over 2 wide wavelength range by proper adjustment of control
cutrents for the mirrors 12 and 18. This is a highly desirable feature that makes the
device of the present invention useful for curtent and next generation fiber networks.

20

Franz-Keldysh Effect

FIGS. 4A, 4B, and 4C illustrate the Franz-Keldysh effect in the modulator 20
according to the preferred embodiment of the present invention. In these diagrams, E,
is the energy level of the valence band (E,), E, is the energy level of the conduction band

25 (EJ, A Eis the bandgap between E, and E,, and A x is the thickness of the waveguide
layer 26.

In the present invention, petrformance is optimized by using a thick, low bandgap
waveguide layer 26. This provides good index tuning efficiency in the mirror sections 12
and 18, and a reasonzble extinction ratio and chitp patameter in the modulator 20.

30 The operation of the modulator 20 is based on either the Franz-Keldysh effect in
a bulk semiconductor waveguide 22 or the quantum confined Stark effect in 2 MQW .
When 2 strong electric field is applied to the waveguide 22, the band edge of the material



can be rapidly tuned over a wi de wavel ength range by proper adjustnent of,
control currents for the mrrors 12 and 18. This is a-highly desirable
feature Woringeakes the device of the present inventionpogessmhksfier current
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opti caliol oslssotpiof ¥lgeg dieNMQMNarRttkeUt | i ght intensity by nore than 20 dB,
even over a wde 5 wavel ength range. For narrower ranges of operation, the
nodul at or 20 coul d conprise an MQN nodul ator grown into the center of a

hi gher bandgap pewessdiciesesayer 26. This would provide |ess efficient
‘tuning in the | aser 10, buf would al]low for |ower _v,qltage operation in the
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that illustrates the response curves for initjial tests-of the
15  preferred embodiment of the present invention. These initial tests of the bured

heterostructure electro-absotption modulator 20 integrated with a sampled grating
distributed Bragg reflector laser 10 were conducted to demonstrate the operation and
benefits of the present invention. In these tests, a2 400 nanoﬁ:et'_er thick waveguide 22
with a bandgap wavelength of 1.4 microns was used. The lasér' 10bada tuning range of
20 more than 47 nanometers. The modulator 20 was able to produce more than 26 dB over

this entire tuning range with only a 4 volt bias.

Fabrication Process
FIGS. 6A and 6B ate flowcharts illustrating the stepé used in the fabrication
25  process according to the preferred embodiment of the present invention. FIG. 6A
shows the steps used when a lateral waveguide is being formed as a simple ridge, while
FIG. 6B shows the steps used for other types of lateral waveguiding structures, such as a
buried ridge stripe. |
Referring to FIG. 6A, Block 44 reptresents a first growth step, with an n-InP
30 buffer layer 24, Q-waveguide layer 26, stop etch layer 30, active MQW region 32, and
small portion of the p-InP cladding layer 34 being grown.




I ntegrated | aser 10 and nodul ator 20 device over a 50 nmtuning range
according to the 15 preferred enbodi nent of the present i | These
initial tesWOWhe buried heterostructure el ectro- absorb’ﬁ“gﬁ&*’fr%z{?l ator 20
integrated with a sanpled grating di$tributed Bragg reflector |aser 10
were conducted to denonstrate the operation and benefits of the present

i nvention. In these tests, a 400 manoneter thick waveg |(2ﬁ ZE wth a
bandgap wavel engt kﬁb&%ﬂ?ﬁﬁqe@qsmamwdﬂq%lﬂ%’é‘g°%(9 ®R#®i ng range

f 20 th - . . |
O st s, et o 1

ntire tunin e wth only a 4 volt bias.
Fabri cation Pesepds the| @B segindhdf @Blaggrd0f | owcharts illustrating the steps

used in the fabri c%#o&%%s@%?ﬁgﬂg&%fﬁ% & JuP8: Rbkfsek bed enbodi ment

of the present invention e steps used when a |ateral
wavegui de §s pedddipallyoampled gstiagssvitypedod #2figahe miniok eectimsd2 288B1&hows t he steps

used for other typgs pf .l ateral vegui di t buri ed
ridge stripe. Ref ef?ri'ﬁﬁm?glcﬁfl@ Bié% ﬁ%rti'c fq%éfé ?Jé%"(r:‘{éi?é‘ﬁ’?’é ﬁg"yf‘?}’r‘@?"ﬁ%m h
step, W th anyétitahRrocBie gokherf tegyP cRddinglayedé gud de piagpaactger 36t op et ch

| ayer 30, active %%Vre lon,32, and small portion of the p-I1nP cladding

| ayer 34 bei nb“{f? £ coprctsWh01/ 18919 PCT/ USOQ 23710 8 Bl ock 46 represents
the patterni ng andBpek STieprésehis tod grbion Gmplindts 40 beidpepetthinmedito olpte stqtiPugc| addi ng

| ayer 34 and active regiqns 32 down.tq the stop-gich,la 0, .gverywhere
except i n Phe ofeips éﬁﬁ“gﬁ"ﬁ’@wﬂ‘?‘SVYR%OW%%F"%ﬁ.“?%f“%?ﬁzéé'}/‘féﬁ%%%éﬁ'ts t he

patterning and et chicB5Pfatiee tielcofiiRdte38; Edntoved the p+ Ratithcd iyarcds ltherdatweked
gratings with period 42 in_the mrror sections 12 and 18. For the sinple
ri dge, Block bpeickipgeadmeslizehbe se¥atitPeyrowth that conpl etes the vertical

structure growt h ofjotiss fecledPri Latlle PAYBbe Sdwipiddhd REvdXEgicOBE ahe | ayer 36
beneath the contacts 38. Block b2 represents the proton inplants 40 being

perforned to iwewigadelages@bi ons 10 of the laser 10, and to provide isolation
bet ween th@ modul agRkk g@d@t@& tf-x@l@se}: #6514 odd8ulator 20 device out of the wafer, and then

applies antireflective (AR) coatings 28 on each end of the device.

Referring to FIG. 6B, Block 60 represents a fitst growth step, with an o-InP
buffer layer 24, Q-waveguide layer 26, stop etch layer 30, active MQW region 32, and
thin p-InP cladding layer 34 being grown.

20 Block 62 represents the patterning and selectively etching off of the thin top p-

InP cladding layer 34 and active regions 32 down to the stop-etch layer 30, everywhere
except in the gain section 16 of the laser 10.

Block 64 represents the patterning and etching of one or mote sets of

petiodically sampled gratings of period 42 in the mirror sections 12 and 18 that are
25  coupled to the active region 32.

For the butied ridge, Block 66 represents the second growth step, which
comptises only a thin additional growth of the p-InP cladding layer 34 to cover the
petiodically sampled 42 gratings in the mitror sections 12 and 18.

Block 68 represents a patterning and etching of the buried ridge waveguide 22

30  stripe, which is etched laterally to beneath the waveguide layer 26.
Block 70 represents a third growth of the p-InP cladding layer 34 and the p+

contact layer 36.



Bl ock 54 patterns the contacts 38, renpves the p+ contact |ayer 36 .
t herebetween by etching, and netalizes the contacts 38. Block 56 etches a
ri dge waWePIMIBI22 stripe down to the active region 32 BETUHW2ITByequi de
| ayer 26. 15 Bl ock 58 cl eaves the | aser 10 and nodul ator 20 devi ce out of
the wafer, and then applies antireflective (AR) coatings 28 on each end of
the device. Referring to FIG 6B, Block 60 represents a first growh step,
with an n-1nP Blsvk:k&relpepymtsmton@nphmg@bdngpq@gnemlsqhtwcmhfI ayer 30

active M\, .
Bl ock 62 ré%ﬁ%gg{\bt’gfﬁ%ew t%%#’ﬁ?‘%t&%&gég% sfng v?y agtt% I'ng g‘gf%“?‘ t he th| n
top p- | nPlekagedi ng | ayer 34 and actlve regions 32 down to the stop-etch-

| ayer 30, every eﬁ?%gﬁéms%econ Lh 1%“38’"5 (i_%;non J?GFT%}F%SE@F?%SH 10. Bl ock

64 represents the patterning an
peri odi 6al lbyeehmglaadlngfahtdsﬂgs:oﬁfactpem od 42 in the mrror sections 12 and 18

that are 25 coypl to th C n 3 For th burled ri dge, Bl ock
66 represents t#g’cgzgﬁlﬁﬁesg'%%f léta%%m%ﬂ)ﬁf%’fﬁ) C}f’lﬁlr‘ff)f"i‘ thesratss apd;

addi ti onal applhievhdtuéfectivR@AR) ddathg|28dfliesth ehdyihe ddvitep cover the periodically
sanpled 42 gratings in the mrror sections 12 and 18. Bl ock 68 represents a
patterning and etching of the buried ridge wavegui de 22 30 stripe, which

i s etched | ater gbhalusigh beneath the wavegui de | ayer 26. Bl ock 70 represents

athird gromh of the p-1nP_cladding |ayer 34 andthe contact | ayer 36.
WO 01/ 18919 PCTAbisgabessthe descrigon of thopi ‘B‘h’“?"?’l‘ﬁ?%mts 40 bei ng

performed to i Se) RkfinaskHe p@&&tmveduonuﬂaoae%%c&%eﬂ%waﬂa%&ﬁ%@ the nodul at or
20 and the laser, as well as_to limt lateral current Ieakage Bl ock 74 '

patterns t FRenBiacHs selagedg a ringhlsJaser sppise With inmgrasd ontisa) srodulawr: Fes ebet ween 5
by et chi ng wibd 14EBhiZ 8% Willly CRIMIAkmfoR@ictor laser that is comprised of an active

region on top of a th;ck low bandgap, waveguide layer, wherein both the waveguide layer
15 and the active region are fabricated between a p-doped region and an n-doped region.
An electro-absorption modulator is integrated into the senn_con_ductor laser, wherein the
electro-absorption modulator shares the waveguide layer w1th the semiconductor laser.
The foregoing description of the preferred embodiment of the invention has been
presented for the purposes of illustration and desctiption. Itis not intended to be
20  exhaustive of to limit the invention to the precise form disclosed. : Many modifications and
variations are possible in light of the above teaching. It is intended that the scope of the
invention be limited not by this detailed description, but tather by the claims appended
hereto. o




Bl ock 76 cl eaves the |laser 10 and nodul ator 20 device out of the wafer, and
then applies antireflective (AR coatings 28 on each end of the device.
Concl usi on widoi/isst9 concl udes the description of the pref RCRESORATHII nent
of the invention. In summary, the prggent invention discloses a device,
nmet hod, and article of manufacture related to a tunable laser source wth

integrated optical nodulator. The tunable |aser y tunabl e
YR ARAMEIAER > =
a

sem conduct or | asexwWHARIS CBAMEIS:Sed of an activ

t hi ck, | ow bandgap \;&gw‘gg | ayer, wherein both the¢ vva!veglw yer
and the active reg?on ajez SPEF WEPHERS a p- doped region and an
n-doped regi on. V\zQﬁd’aﬁh SRS b O adIPEMRL QS ofla8 adthE ?&fdﬁt(ﬁ%ﬁ b0 the
sem conduct or Iaser erein the electro-absorption noddl ator shares the

wavegui de | aydfckylortbapggs PSEATFEMit daven wherria beth thevryeguidedayot #ngl theassivd ption of
the prefer Sedr@m%ﬂﬁz&fate%e&%dﬂwf& %fbn%ﬁmpﬁ-ﬁg}gedﬂg &Eg&?d for the
loff. It 1sn |rﬁenedtobe20

purposes of illustration and descr C )
exhaustive or to |#h¢lectropsbsorpfipemadylator mtwmmgmwnm@réﬁhmwbd@ Many

nmodi fi cations | & vddlids f t eachi ng.
It is mtendeélﬁt at tg%eq)tsﬂégg%d%% rﬁ‘9&§?%\7%ﬁ%‘g|& hggt‘v%th%é%“ ?cg(il this
det ai | ed deschsestion, but rather by the clainms appended hereto. |. WO
01/10919 PCTI USO0/ 23710 10 WHAT IS CLAIMED IS 1 11 11111111111 s 1. A
tunabl e | aser source conprising a widely tunabl e sem conductor | aser

conpri sed186f an acive Tlegmmednsertsoancoéfcdaimuhdzmkmnthe\aethds\ﬂigatpxlawvegui de

| ayer, wherei thth v a andt active . 5 ion are
fabricated be V\eer?aasarf)lglax\%e%‘%r%agi% %’r"i‘(? ﬁ?cﬁm&gﬁ 801?’é§l“8ﬁ°°“ grdu%\ﬁ

el ect r o- absor pimphed ginly frahioniniont egr at ed i nto t he sem conductor | aser,
wherein the el ectro-absorption nodul ator shares the wavegui de |ayer with
the sem conductor l|aser. 10 2. The tunable | aser source of claima1,
wherein the seni colductThe thriable laser source of claim 2, wherein the waveguide layer is a

P

15 single common waveguide layer used for the sampled grating back mitror, phase control
section, gain section, sampled grating front mitror, and modulator.

4. The tunable laser source of claita 1, wherein the waveguide layer is
designed to provide high index tuning efficiency in the laser and good reverse bias

20  extinction in the modulator.

5. The tunable laser source of claim 1, wherein the waveguide is a buried
heterostructure waveguide that includes offset multiple quantum wells (MQW) that

provide the laser’s output.
25
6. The tunable laser source of claim 1, wherein the waveguide is a ridge
waveguide that includes offset multiple quantum wells MQW) that provide the laser’s
output.
30 7. The tunable laser source of claim 1, wherein the waveguide layer includes

a blocking junction that blocks lateral current leakage in the laser and reduces parasitic

junction capacitance of the modulator.



|ncI udes a sarrpl ed grating back mrror, a phase control section, a gain -
section, and a sanpled grating front mrror. 3. The tunable Iaser source
of clai nwgm,mia\j ein the waveguide |layer is a 15 si ngl e PCTASINIWY egui de
| ayer used for the sanpled grating,pack mrror, phase contTot—sestion,

gai n section, sanpled grating front1 mrror, and”mjl e tunabl e

| aser source of claim1, wherein the waveguide ”ms"',% gﬁd to
provide high index tuning efficiency in the | aset ahd goe se bias 20
extinction in the nodulator. 5. The tunable | aser source of claim1,
wherein the wavigui debejtanahletiyses sorce ﬁ@@ds?hﬁé‘?ﬁh@%?@@!ﬁ?!éﬂsmat i ncl udes
of fset nul LUQH4E ]&P@\;\] Elurren put. 25 6.
The tunabIIea ?lzggtgi%u?gurce o#ﬂchszel arm 1ngkvﬁgmg g&v?/gefeacé)hlﬁge S tgﬂ-rrrl dge
wavegui de thhmitremc| udes of fset nultiple quantum wel |s (MW that provide
the lasgr's output. 30 7. The tunable |aser source of claim1, wherein the

wavegui de | ayer includes a blocking junction that blocks |at eral current
| eakage in the % aserA smwethoddonfelmEatigradtsinabledases wittc4s ioregatdasiduhmee of t he

nmodul at or . “'":]1/18919 PCT/ US00/ 23710 11 11ttlillililliilll CL
LTIt 11 988 The tunabl e | aser source of claim 1, wherein the
sem conduct or I(a)spltfonmnglaﬁpitgtwﬂl sxqedrhma lmffmldm,wambgmytldyer, ange by

proper adj yst nent of el trro currents. fo nmet hod for
fabri cati ng RSFURED & Fasers W R %nermxﬁ?uénérhgfleﬁe ﬁ%’&'ﬂl%’ta sfmm‘&%%fl sing: (a)
per f or nd ngwsakes: i rst grow h step, wherein a buffer |ayer, a wavegw de | ayer,
a stop etch la (% an act,v r |on andategmnatlngé are grown on
a sem conduct or®) pitterningand etchi ¢ terminating layer and active region do

stop-etch layer, everywhere exceptin a gain section of the lases;

to the

(c) patterning and etching of one or more sets of periodically sampled gratings in
one ot more mirror sections of the laser; _ -
15 (d) performing a second growth step that completes a vertical structure growth of
the terminating layer and a contact layer beneath one or more contacts of the laser;
(€) isolating sections of the laser from one another, and between the modulator
and the laser;
(f) patterning the contacts of the laser, removing the contact layer therebetween
20 by etching, and metalizing the contacts;
{2) patterning and etching a ridge waveguide stripe down to either the active
region or the waveguide layer and;
(h) cleaving the device out of the wafer, and then applying an antireflective
coating on at least one end of the device. -
25
10.  The method of claim 9, wherein the laser includes a sampled grating back

mirror, a phase control section, a gain section, and a sampled grating front mitror.

11.  The method of claim 9, wherein the waveguide layer is a single common
30  waveguide layer used for the sampled grating back mirror, phase control section, gain

section, sampled grating front mitror, and modulator.




10 wafer; (b) patterning and et m H ting layer and active
regi on down to the stop-etch Ij u "ﬂw ﬂntﬂgnexcept in a gain section of
the | aser; wopupsig erning and et c’hi g of n_es or nore setsPCY/USUVIIBEI cal | y
sanpled gratings in one or nore mrrog, sections of the laser; ' 15 (d)

perform ng a second growh step that conpletes a vertical structure growth
of the termnating |ayer and a contact |ayer beneath one or nore contacts

of the laser; (e) 12s0l gk B@thSRCE LAY, Ghedir@hd Waepuidd 5@ © Baigredicher, and

bet ween the nodul ator and the |aser; kk.  (f) _patierning the contacts of the
| ases, renoviRgvidekich despning sifisengy pruthe sttt soosiretare biss ArtingonIA g“e
ngtalizing thgo&dhtacts; (g) patterning and etching a ridge wavegui de
stripe down to either the active region or the wavegui de | ayer and; (h)

cl eaving the device out of the wafer, and then applying an antireflective

coating ong at | easfs onerpepfidh of BSimIE WheRin tROwaBeuidd16a Bled ReteRstrided@e M 9,

wherein the |aser includes a sanpled grating bac mrror, a phase control
section, a gawsreguids thyrncluferioffsesmvifiple duagtame wells (MQR) thatiproside the lase'The net hod
of claim9, \Agﬁ,élﬁl n the wavegui de layer is a single common 30 wavegui de

| ayer used for e sanpled grating back mrror, phase control section, gain
section, sanpled grating front mrror, and nodul ator. fi

i
111111121121111212173,111 L C QX / 0 12
2. ‘The mothod of Hi ai A8 euka S REhanap et s B et il
provi de hi@h inclddes offsat mwlfiplf fupmtivarvalls (MQTH ehat proeide thedhsgrb@dtpuever se bi as
extinction in the nodul ator. 5 13. The nmethod of claim9, wherein the
wavegui de is a buried heterostructure waveguide that includes offset

mul tipl e quantum visl | s Thivkafhotl létlaipr Q) wheleintthewivagidde layer inttgbds tone or
motre blocking junctions that blocks lateral current leakage in the laser and reduces
parasitic junction capacitance of the modulator.
15
16.  The method of claim 9, wherein the laser is rapidly tunable over a wide

wavelength range by proper adjustment of control cutrents for its mitrors.

17.  An article of manufacture comprising a tunable laser with integrated
20  optical modulator fabricated according to the method of claim 9.

18. A method for fabricating a tunable laser with an integrated modulator,
comptising:

(a) performing 2 first growth step, wherein a buffer layer, a waveguide layer, 2

25  stop etch layer, an active region, and a cladding layer are grown on 2 semiconductor

wafer; .

(b) patterning and selectively etching off of the cladding layer and active region
down to the stop-etch layer, everywhere exceptin a gain section;

(c) patterning and etching of one or more sets of petiodically sampled gratings in

30 one or mote mittor sections of the laser;



14. The method of claim?9, i uide is a ridge wavegui de that

10 includes offset nmultipl e%ﬂﬁtmmlmumnﬂ t hat provide the |aser's

out put . Mo offiestaret hod of cl ai m°9, “wher &i n *t he wavegui depdyy®biri¢! udes one
or nore blocking junctions that blegks lateral current |eakage in the . |
| aser and reduces parasitic junction capacitance of the nodul ator. 15 16. ?
The nmethod of claim9, wherein the |aser is rapidly tunable over a w de :
wavel engt h rangQa)hérBREL sedGid b @B MtepOvh&AR hh Rddifdtal RO Jf@ke i LS M rrors.

17. An article of 'manufacture conprising a tunable | aser wth. integrated

20 optical daddiog leyerds granp feevedonss sog pryiodisallyisempled gradngsin e gliven. 18. A

met hod for fahpi.cating a tunable laser with an integrated nodul ator,
conprising. (a) performng a first growth step, wherein a buffer |ayer, a
wavegui de | ayer (e)@attaging apshetehiegn busied ridgevavagnidestripecyhesein therwrveguideaddi ng -

| ayer ar, ;gyyg ) i ) patterning and sel ectively

et chi ng sgff% T ?ﬁged?f%g i%gﬁl;%)%@ggﬁ agﬂa éé;bregi on down to the stop-etch

| ayer, ever ywher(® pesferpng 3 third groguh stes that dompletdsa)veptinalisamnetimegrewtt obt chi ng of

Sect Pons oftnf Aeiding et A Bbink SR e ShBb ROk chilucs S B0G T T T
perform ng a sedgnrsblagngwichomstaof the lasaciren onamotlitteiand bemieergthe middulafor t he
cl addi ng la%@rtheilg rown to cover one or nore periodically sanpled gratings

inthe mrr SECEi ons; (e) patterning and etching a buried ridge
wavegui the stri pdh) paftethiignhd doataoa vwé digilder, remosing ithe dostaedigfeethetehéteral |y t o

beneath th equi de |l ayer., { f erformng a third growh step that
conpl et es :by\\'/\égc}f;in%&ﬂ%% %ﬁmeemﬁ\)’g%th of the termnating |ayer and a
contact |ayer bejelivingahedaice ot & thowifad il dén igpbidganttefledtiyd cdasifigsat i NQ

secti ons of th? | aser rfotgn ne anot her, and between the npdul ator and the
Iaser; on at least one end o € device.

15 19.  The method of claim 18, wherein the laser includes a sampled grating

back mirror, a phase control section, a gain section, and a sampled grating front mitror.

20.  The method of claim 18, wherein the waveguide layer is a single common
waveguide layer used for the sampled grating back mirror, phase control section, gain
20  section, sampled grating front mirror, and modulator.

21.  The method of claim 18, wherein the waveguide layer is designed to
provide high index tuning efficiency in the laser and good reverse bias extinction in the

modulator.
25
22, The method of claim 18, wherein the waveguide is a butied
heterostructure waveguide that includes offset multiple quantum wells (MQW) that
provide the laset’s output.
30 23.  The method of claim 18, wherein the waveguide is a ridge waveguide that

includes offset multiple quantum wells (MQW) that provide the laser’s output.




10 (h) patterning the contacts of the |aser, renoving the contact |ayer

t herebetween by etching, and netalizing the contacts; (1) cleavi né; t he
devi ce out W@ oviseIwaf er, and then applying antireflectivePCHRWEIL on at

| east one end of the device. 15 19. Tiwe nethod of claim 18, wherein the

| aser includes a sanpled grating back mrror, a phase control section, a
gain section, and a sanpled grating front mrror. 20. The nethod of claim
18, wherein the weguiTdemethpdpf ¢lgmd 8swinydiethe srvagnidniyedndudes émyoer used for
t he sanpl ed I . [ hase . contral. secti qn in 0 section,
sanpl ed grat %%%E;b ?’glr‘ltpg ﬁr’mk?t{gg? ?B{al?llo ?ﬁf%ﬁ"]lg 'E)“'rn.E gaj‘fge '%ﬁlléeqar?e %’%&e%“’rcgscl ai m 18,
wher ei n t he vvslojuetidnaygpacitinge ofthe sodalatbo  provi de hi gh i ndex tuning
efficiency in the | aser and good reverse bias extinction in the nodul ator.
25 22. The method of claim 18, wherein the waveguide is a buried

het erostruct ure wageguiTdemkmad of dfinUdpshendin e laséFid dapiflyeurbia Biretnwises ( MQVU)
that provide thle Iaser'bs out pgé,. 30 23. Thﬁ net h?d,of .claim 18, wherein
the wavegui deVivEeosth Faagrby RIoRsy AT iEmet AF contRl RIS F5At SWFOS | t i pl e quant um
wells (MQVI) that provide the laser's output. is WO 01/18919 PCT/ US00123710
14 24. The nethod of claim 18, wherein the wavegui de | ayer, includes one or
more bl ocki ng j un@fi onénride of reawactpss cempyisng #tprahie lpseakithjategtted he | aser
and reduces  gmEAsdddhiGeol HBAdatAN AR BOBERS o dbfinARAUl at Or . 5 25. The
met hod of claim 18, wherein the laser is rapidly tunable over a w de

wavel engt ¥ range by proper adjustment of control currents for its mirrors.
26. An article of manufacture conprising it tunable laser with integrated
optical nodul ator fabricated according to the nmethod of claim18. 10 | Il 1
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