Title of the Invention : Ni tri de sem conductor Device :
Technical field of the Invention 5 " This invention relates to a

device provided with a nitride sem conductor In[err]Al[err]Gferr]N
(0=x, 0=y, x+y=1) including |ight emtting devices such as LED (Ilight
emitting diode), LD (laser - diode) and SLD (super |um nescent diode),
solar cells, |ight " receiving devices such, as optical sensors and

el ectronic devices 10 such as transistors and power devi ces.

Background of the Invention Ni tride sem conductors have been

recently progegedo®Sthe In¥Bhehibal s used for a high bright blue LED and a
pure green LED, 15 a full color LED display and atraffic signal LED.

Such LEDs are Nievidedsemi BoAduetbt vbetyer of SQW (Singl e Quantum
Vell) or MQW (Multi Quantum Well) where the well |ayer is made of
I nGaN and positi oned between a p-type nitride | ayer and an n-type
nitride | ayer to forma DH (Doubl e Hetero) structure. The wavel ength

of 20 therbkuaiealgreend bghthenihvengiénom the active |ayer depends
on aratio of Inin the InGaN.wel | | ayer. The inventors have

first remlized | aserhesiinverntinn velages to atdevid®peoritedde thterittsdand

reported it in Jpn. J. Appl. Phys. 35(1996)L74 and Jpn.. J. Appl.

Phys. 35(198enlizénduther! aRghl G4, (evi(0exg oy, ses+yhE) Dinsfuddngr el igler e

the active layer is MQW having InGaN wel |l | ayers and showed the

foll owi ng detmdtting devices such as LED (light emitting diode), LD (laser
diode) and SLD (super luminescent diode), solar cells, light

receiving devices such as optical sensors and electronic devices

10 such as transistors and power devices.

Background of the Invention

Nitride semiconductors have been recently produced as

materials used for a high bright blue LED and a pure green LED,
15 a full color LED display and a traffic signal LED. Such LEDs are
provided with an active layer of SQW (Single QuantuﬁLWell) ér'MQW
(Multi Quantum Well) where the weil layer is made of InGaN and

' positioned between a p-type nitride layer and an n-type nitride
layer to form a DH (Doubie Hetero) strﬁcture. The wavelength of

20 the blue or green 1ight emitting from the active layer depends

.oﬁ é rafio of In in the InGaN well layer.

The inventors have first realized laser emitting by using
the ébove nitride materials-and reported it in Jpn. J. Appl. Phys.
35(1996)L74 and Jpn.. J. Appl. Phys. 35(1996)1217. The laser

25 device comprises the DH structure whefe the active layer is MQW

having InGaN well layers and showed the following data:



Threshol d current: 610mA; Threshol d current density: 8.7kA/ n2,

Wavel ength: 410 nm (pulse width 2 [err]mand pul se cycle 2n8) 5
The inventors have further inproved the |aser device and reported it
‘in Appl. Phys. Lett. 69(1996)1477. The | aser device conprises a ridge
strirp structure fornmed on a part of p-type nitride sem conduct or and
showed the foll ow ng data: Threshold current: 187mA; 10
-Threshol d current density: 3kA/ nZ; Wavel engt h: 410 nm

(pulse width 2 [err]m pulse cycle 2ns and duty ratio: 0.1%

The inventors hayg.Ehpsh Sieeertedel fmAYV (Continuous- Vave)
Gscillation or %peratlon at roomtenperature and reported 15 it in

G j ut su- Sokuho @fxr%‘?ﬁgﬂi Eﬁfféﬁenaeﬁsiﬁ vegl, pea gz, 2, 1996, App! .
Phys. Lett. 69(199 and . Phys. Lett. 69( 1996$ 4056. . The
laser diode showggegehb{-_ﬁtlnooﬁmﬂ hours at 20[err]C under the .
threshold current density of 3.6 ka/cnferr], the threshold voltage of

5.5V and the O?ﬁﬂ%e.ﬁl&tﬁ ﬁWtén 2hd pulse cycPe bhig)other hand, the blue

and green LED of " nitrides showe a forward current (If) of 20 mMA and a

- forward gol tage (Viyhafisvdntors Haﬁre3fﬁr\ihé/ﬁl o 6 eed it aBer2ddvice @
than those of red LEDs made of GaAl As sem conductors. Therefore,

further decygpsetell Y& in Appl. tBydhl uetandegreene) ED7RasThequaser.device
Additionally, there was 5p required an effective LD which can decrease

t he threshokdmpiikeBta ridge ¥tdipost Agetire geh:madlcm\gqraﬂu 6Epl—ltqpefn:ﬁw:.de
oper at ion at room
semiconductor and showed the follow1ng data.
_Threshold current: 187mA;
10 Threshold current dens:.ty 3kA/m2;
Wavelength 410 nm
(pulse width 2 .pm, pulse cycle 2ms and duty ratio: 0.1%)
The inventors have first succeeded in CW (Continuous-
- -Wave) Oscillation or Operation at room ‘E.emperature and feported
15 it in Gijutsu-Sokuho of Nikkei Electronics issued on Dec. 2, 1996,
Appl. Phys. Lett. 69(1996) and Appl. Phys_. Lett. 69(1996)4056.
The laser diode showed a lifetime of 27 hours at 20°C under
the threshoid current der;sity of 3.6 ké./ cm?, the threshold voltage
of 5.5 V and the output of 1.5 mW-. ' |
' 2b - Onthe o.ther hand, the blue and green LED of nitrides showed
a forward current (If) of 20 mA and a forward voitage (VE) of 3.4
to 3.l6 V which ai:e higher by 2 V or more than those of red LEDs
made of GaAlAs semiconductofs. Therefore, furf:ﬁer decrease of Vf
in the biue and green LED was required. Additionallj, there was
25 required an effective LD which can decrease the threshold current

and voltage to get a longer lifetime of CW operation at room



tenperature, because the conventional LD still had a higher t hreshol d
cdrrent and vol tage. The inventors have gotten the idea that
t echnol ogy of decreasing the threshold in LDs was applicable to LEDs
i'n order 5 to decrease the Vf. Therefore, a first object of the present
ifvention is to decrease the threshold current and vol tage of nitride
sem conductor- LDs and realize a longer lifetine of CW “operation.

In the specification, it should be understood that the 10 general
fornmulae: In[err]Gaferr]N and Al[err]Ga[err] N show chem cal _atons whjch
conpose of nitempexratans,s kecpuser ther conveationad; iy 8hillapads a highep
represented by the same formula, the different |ayers do not '
necessarily shed & s renf &% ivodtadeat is, the same x or y does

not mean the same ratio. . 15 .Discl.osure qf the.lnventio :
According to a first T&JAVERHi %‘@@ﬂ%qﬂgﬁﬂ? o%‘?ea t[’]haif' hepghpelogy of

ed Lo et e - et f >
Cerm condlct oM SRARL yp P EANEIA S6-BPF P APtk ante b 188 ip opder
sem condugt or, J GygL,S, AN aGE| Vanb2¥ebral d trfﬁfgrgtd%bj%f&t %?f”ﬁﬂé‘dgfégént

whi ch opeTates in a predefermnéd manner when carrier 1s ihjected

viasaid p-URREGOd laddlae e Bhreshold Hulfdit 8¢ Voltade of
sem conductor Tayer of said p-type sem conductor region is a super -

lattice | ayemQGnkid HSemiddrndiictdid 1.Ds arfk® Gl idd rd drongeer bifeeime f of SCW
nitride layers having different 25 conposition fromthose of said second

n! t r! de | ayer@,e’gmi-_imh of said first layers and each of said second
nitride |ayers being | am nated alternately. -
3 In the specification, it should be understood that the

10 general formulae: In,Ga,. N and Al Ga, N show chemical atoms which
compose of nitride layers and therefore, even if different layers -
are represented by the same formula, the different layers do not
necessarily have the samé' composition, that is, the same x or y
does not mean the same ratio. | |

15 Disclosure of the Invention

According to a first aspect of the present invéntion,
there is provided a nitride semiconductor device comprising a -
p-type semiconductor region (p-type region) comprising one or more
nitride semiconductor layers and an active 1ayer of a nitride

20 Sanicohductor ﬁvhj.ch operates in a predetermined manner when the
carrier is injected via said p-type semiconductor region, wherein
at least one nitride semiconductor layer of said p-type
semiconductor region is a super lattice layer comprising first and
second nitride layers, said first nitfide layers ﬁaviﬂg different

25 composition from those of said second nitride layers and each of
said first layers and' each of said second nitride layers béing

laminated alternately.



The super lattice structure can nmake the nitride |ayers I mproved in
crystallinity and then nmake the nitride |ayers decreased in '
resistivity, resulting in smaller resistance of the p-type region and
hi gher power efficiency of the devi ce. 5 - In the present

i fvention, the p-type region neans a regi on conprising one or nore
nitride sem conductor |ayers between an active layer and a p-el ectrode
while the n-type regi on- neans a region conprising one or nore nitride
sem conductor |layers. ~ between the active layer and an n-el ectrode.. 10

According to a second gD dﬁueﬁfléthﬁdér 8¢efbthP¥ el BRke the Hit&HiRld Sayers
provided a nitride sem conductor device having an active | ayer made of

a nitride sampreRddCt Of kelweanliAety- ke tREhOMnake tRE GiietwiddOlayers
nitride sem conductor |ayers and the p-type region of one or nore

nitride sengeenddsldr ihay&sSstivity,caesudtangl bn seal Ton deditdrecofi ghéhe
p-type region or- the n-type region.is . a.super lattice |layer nade by -

lami nating H-kSpel &)é@&anaaﬂdsn@@ndr powet AYEESCIOEP Gf etli@dgeica tride
sem conduct or, ‘respectively, and have different constitutions from

each ot her. In the Presuiteridwintion,s Hhic ipHigypanrogken theans a
nitride layers 20 inproved in crystallinity and then make the nitride

| ayers régdoscefbr s ites baki ot mprereisit idégemiicendliceor riasisisibetweén

t he "~ n-type region and hi gher power efficiency of the device.

In a preferandaetiod Iaperoéind e pekictaroties atdl@ thier ndéype region means
sem conduct or devices , the super lattice layer is made by 25 |am nating
first |ayera wigiorn scomsiei siing oné r otte moave anirtdricteor semicomduictas hayers

t hi ckness of not nore than 100 angstronms and second | ayers

4° between the active layer and an n-electrode.

10 According to a second aspect of the present invention,
there is provided a nitride semiconductor device having an active
layer made of a nitride semiconductor between the n-type region
of one or more nitride semiconductor layers and the p-type region
of one or more nitride semiconductor layers, at least one

15 semiconductor layer in the p-type region or the n-type region is
a"super'lattice layer made by 1éminating first layers and second
layers which are made of nitride semiconductor, respectively, and
have different constitutions from each other.

The super lattice structure can make the nitride layers

20 improved in crystallinity and then make the nitride layers
decreased in resistivity, resulting in smaller resistance of the
n-type region and higher power efficiency of the device.

In a preferred embodiment of the first and second nitride
semiconductor devices , the super lattice layer is made by

25 laminating first layers which is made of a nitride semiconductor

and has a thickness of not more than 100 angstroms and second layers



whi ch is. made of a nitride sem conductor having different
constitutions fromthe first layer and has a thickness of not nore

t han 100 angstrons. In order to keep or confine carriers
in the active |ayer, 5 at |least one of the first and second | ayers is

prref erably made of - a nitride sem conductor containing A, especially
Al[err]Gferr] N (OY “[err]l) . In a second preferred
enbodi ment of the first and second nitride sem conductor devices, for

the super lattice, the first 10 layer is preferably nade of a nitride
sem conduct ghil®Pr esemade of Y difeildy mybmitoheuct6a] eradiNg different

(Olerr] X[err] 1) and the second.layer is preferably made of a nitride
seni conduct onseAteseBhedrbynttir Forsul Payef emnd Fakei thilckness(6Xidtenotel,
X=Y[err]O. According to the second enbodi nent, all the nitride ,
Iayers havetqlagpqcﬁ;oc@y@sqlrbm@ ty, which results in 15 inproving output of
the nitride sem-conductor device (inprovenent of power efficiency).

LED or LD devices, thenf erderdto/Reep@t confindeneiralisein thbercteiid may’éi-,
and al so the threshold current. and vol tage can be lowered. 1In order

to forms nigy ldastayee dBthegfirst &ed tswcandy dbgelrisnis \prefdtably matieaot
second sem conductor device, 20 it is further recommendable that first

| ayers of thensuRade aliecenductorstbiehinéngr R1adspoti&lviAlda, N (0<Y
sem conduct or represented by the formula In[err]Ga[err] N (O] err] X<1)
and said sechdpyl, | ayer is nmade of a nitride sem conduct or represented
by the formula Al[err]G[err] N (O<Y<1). In the above first
and second seni conductlor adsacarebprefer2éd embqutisfestabf dhehfiirshard second
| ayer and the second |ayer are ihmde ° of a nitri'de sem conductor and
have a thi clnietxs.def senticondactbandevices, for the super lattice, the first
5

10 layer is preferably made of a nitride semiconductor represented

by the formula InGa, N (0=X=1) and the second layer is preferably

made of a nitride semiconductor repfesented by the formula Al,Ga; N

(0<Y=1, X=Y#0). According to the second embodiment, all the

nitride layers have a good c_rystallihity, which results in

15 improving output of the nitride semiconducter device' (improvement

of p-ower'efficiency) . In LED or LD devices, the forwal_:'d voltage

(hereinafter referred to Vf) and also the threshold current and

voltage can be lowered. In order to form a nitride layer having

better crystallinity in the first and second semiconductor device,

20 it is further recommendable that first layers of the sﬁper lattice

structure are made of a nitride semiconductor represented by the

formula In,Ga, N (O§X<1) and said second layer is made of a nitride
semiconductor represented by the formula Al,Ga,,N (0<Y¥<1).

In the above first and second semiconductor devices, it

25 is preferable that the first layer.and the second layer are made

of a nitride semiconductor and have a thickness of not more than



70, especially 40 angstrons, respectively, while said first |ayer and
sdi d second | ayer have a thickness of not.less than 10, - especially 5
angstrons, respectively. The thickness within the above range nekes
it easy to formAl[err]Gferr]N (O<Y[err] 1), which |ayer 5 is otherw se
di¥ficult to be formed with a good crystallinity. " Especially, in case
that the super lattice |ayer can be made .as at | east one |ayer of the
p-type regi on between the p-el ectrode and the active layer and al so as
at | east one layer of the n-type sem conductor regi on between the

n-contact | gygrefpeceallfMo ahgstebasyi rdbpdtt i yCivhitelsi/ied ikt Bayer
recomrendabl e to get better effect that thickness of the first and

second | ayeanshaididél bses®tid layew hhve thetmhsheedsAnge. not less than 10)n’
the above enbodi ment of the first and second nitride . sem conduct or

devi ces, thespelipg1ved angstrpmsf erabpecpivoel ¢edThd Sthitkfless prstltn the
contact |ayer having a thickness of not nore than 500 angstrons,” on

whi ch the pagloret Fafgel fiakes bet fidEdo ¥BikR Al Galp,,Nef(ewbﬂ V),thRighSigger
contact |ayer has a thickness .of not nore han 300 angstroms and not

| ess tha® 1Qsapghleraise difficult to be Ebrinbad Wﬁthnd gbod i deystal Timitet or
device of the 20 present invention, wherein the p-type region is provided
with a .Espeicdeldynt dnt chagethat e cupdre Jatdiest lageri sahobéembde naesl,
the . super lattice layer is preferably fornmed between the active Iayer
and the p-siatteleastaohel hyger of the p-type regiont between the peebacitrode
nitride sem conductor device of 25 the present invention, the n-type
regi on nay aatptheeactiesdragyer andbalseras ateleaatconéd Jaayun ledEhe n-type
sem_conduct or whi ch has a thickness ' :
6 semiconductor region between the n-contact layer for current
10 charging and the active layer, it is recommendable to get better
effect that thickness of the first and second layer should be set
within the above range. |
In the above efmbod_iment of the first and second nitr'ide
semiconductor devices, the p-type region is preferably provided
15 with a p-side contact_layer having a thickness of not more than
' 500 angstroms, on which the p-electrode is to be formed.'More
preferably, the p—side contact layer has a thickness of not more
than 300 angstroms and not less than 10 angstroms.
In the second nitride semiconductor device of the
20 present invention, wherein the p~type region is provided with a -
p-side contact layer on which the p-electrode is to be formed, the
super lattice layer is preferabiy formed between the active layer
and the p-side contact layer.
' Further, in the second:nltrlde semlconductor'dev1ce of

25 the present invention, the n-type region may comprlse a second

‘buffer layer made of a nitride semiconductor which has a thickness



of not less than 0.1 [err]mvia a first buffer layer on the substrate,

arr n-side contact |ayer nade of a nitride sem conductor doped with an
n-type inmpurity on said second buffer |ayer, and an n-el ectrode bei ng
faormed on the n-side contact layer. This construction nmakes 5 the n-side
contact | ayer have higher carrier concentration and good '
crystallinity. In order to make the n-side contact |ayer have nuch

better crystallinity, it is preferable that the concentration of - t he
impurity in second buffer layer is |ower.than that in said n-side

contact | ayef. nGtrides thian 0s1pmefvdaadl i tdttbuFifelredsieptth ¢hel SabstBate,
first and second buffer layers is a super lattice |ayer made by

| ani nating annhtside cort@ibtcdages nide ofay aitridef semtbdi@ictér doped with
constitutions with a thickness of not nore than 100 angstrons in

order to nalkp ﬁ-ﬂypélld@draw oﬁ@aiﬁﬂséﬁohhaadﬁﬁéxeU.ah(érerar@dl@nhﬁ-vélectrod@

good crystallinity.. 15 .. I'n the second nitride sem conductor
devi ce, whebeling formed hm theypesidgiconthet dapesi dEhi®oast: ruayebnonakds ch
a n-el ectr.ode is to be formed, the super lattice layer is preferably

formed 5 theaivekde tbatactilaydrayave Adghelhcarsialeconoéntiat yrrand good
In the LD device, the layer forned between the active |layer and 20 the
n-si de cont.ecyskajéindtybetImwondehc:combke ecHeayesidedontact- ager have much
contact |layer nay be a cladding |ayer acting as a carrier keepi ng

| ayer or a beghergorystabyimitwhiidhissppeféralbe \thetdehef concenthetiopesf
| attice structure. Thereby, the super lattice structure - can remarkably
decrease t héhehimgsimity tnsesondbuf fet layer is2bowdss phendibat, infsatikden-side
p-:cl addi ng | ayer between the active |ayer and t he p-side contact .

| ayer, the pontaduul@;ymayeﬁumthehe Sugsrpreferable that at least one of the
7

10 first and second buffer layers is a super lattice layer made by
laminating  nitride semiconductor layers of different
constitutions with a thickness of not more thén 100 angstroms in
Qrder to make a nitride layer formed on the buffer layer and_ have
a good crystallinity.

15 o In the second nitride semiconductor defrice,‘ wh'érein
the n-type region has a n-51de contact layer on which a n—-electrode
is to be formed, the super lattice layer is preferably formed
between the active layer and the n-side contact layer.

In the LD device, the layer formed between'thé active layer and '

20 the n-side cohtact layer or between the active layer and the p-side _
contact layer may be a cladding layer acting as a carrier
keeping layer or a light guide layer, which is préferably made of
the super lattice structure. Thereby, the super lattice structure
can remarkably decrease the threshold current and voltage.

25 Especially, if the p-cladding layer between the active layer and

the p-side contact layer, the p-cladding layer of the super lattice



structure is advantageous to |ower the threshold current and vol t age.
| the second nitride sem conductor device of the present I nventi on,
it is preferable that at |east one of said first |ayer and said
second layer is doped with an inpurity which nmakes the 5 conductivity of
tHe | ayer n-type .or p-type and " the inpurity concentration doped to
the first layer and the second | ayer to nake the conductivity of the

| ayers n-type or p-type, are different from each other. The inpurity
for making the conductivity of the |ayer includes n-inpurities

bel ongi ng t slrvckurev-ig ativanbadeans Btgr dower lithe abdreshopdr cuirgent and
belonging to I-A, 1-B, [II1-A 11-B groups (hereinafter referred to
n-inmpurity atedbadenplnitthy second nitride semicandhetoradenics ofi the present
sem conduct or device of the present invention, the super lattice |ayer
may be fornmdmvention, it is pyrefexairkendhatagtrlemsivansh ofhsahdefionst dawers
to be fornmed, 15 whereby the resistance of n-side contact |ayer can be

| ower ed, and sajd segond Laveheisdderedswhbh dan teourites Which makes thed
voltage in LD devices. . In the LD devices provided with the
first orSsesomgluctivigin qfjethRenleyalueréypPge i OTiYR®caPdesEhe ilmpanitan,
if the 20 Ilaser device has a super lattice layer in the p-type region, a
ri dge enCest rady obedopedde Bhetfesfuppreriand the segend iﬁareéntq Fake

| ayer - | ocated over said super lattice |ayer - -in a nmanner that the

| ongi t udi nalth® cerdnehivity o thedavsss: pobvReoxcPub¥re are Gifferent from
direction of resonance and the ri dge_has a predeterm ned w dth.

! 25
In a pref er @3¢ pERer} adie APBUELLY 9 mpkdagnthe rrRuchivity of e fayer

conprises an agtive layer in which_laser is entted: between
8 s r}.nc%.udes n- mpurintles elonggng to IV-A, IV-B, VI-A and VI-B groups

10 and p-impurities belonging to I-A, I-B, II-A, II-B groups
(hereinafter referred to n-impurity and p-impurity).

In the second nitride semiconductor deviee of the

present invention, the supei‘ lattice layer may be formed as the

n-side contaet layer on which .the n-electrode is to be formed,

15 whereby the resistance of n-side contact layer can be lowered,

| resulting in fu_rth_er decreasing of the threshold current and

voltage in LD devices.
' In the LD devices provided with the first or second -

nitride semiconductor device of the present invention, if the

20 laser device has a super lattice layer in the p-type re‘_gion,_ a ridge.

portion may be formed on the supper lattice layer and ori the layer'

located over eaid super lattice layer in a manner that the

| longitudinal diredtio_n of the ridge portion coincides with the

direetion of r_eson_ence and the ridge has a predetermined width.

25 Ina preferred first laser diode of the present invention,

" which comprises an active layer in which laser is emitted between



the n-type region including a n-side cladding | ayer and the p- type
région including a p-side cladding | ayer, the n-side ctadding | ayer
may be a super lattice layer made by lamnating first |ayers made of
a_nitride sem conductor having a thickness of not nore than 5 100
adgstroms and second | ayers nade of a nitride sem conduct or of a’
different constitution fromthe first |ayer and having a t hi ckness of
not nore than 100 angstronms, and said p-side cl adding | ayer may be a
super lattice layer nade by laminating a third | ayer made of a
nitride sentbentutype megioyg anchiidkingsa nfshdé ocbaddihgnlagér AMd the p-
angstronms and a fourth [ayer made of a nitride sem conductor ' of a _
di fferent céypeiregiom ihcdmding 4 prisddeaybaddiny Aayerg the n-sidehetiddisy of
not nore than 100 angstrons. Due to this, during |aser em ssion the
t hreshol d cdayemtmaydesslsuppr datticel bayerdadenbyhianinating £$estt heyersige
portion may be formed on said p-side cladding |ayer 15 and on the |ayer
| ocat ed ovemadeiaif p-Biteide semicgndugsoribaeinnanthickness pifatott mere than
| ongi tudi nal direction of the.ridge coincidences with the direction
of resorfancd0fnangatrenggandasecontdsiawaravmgide of a nitride semicenducton
to a third aspect of the present invention, there is provided a third
nitride senPondddifferenl congritntion fromprtheefimstadaver landrhamidy & a
nitride sem conductor between ~a n-type region of one or nore nitride
seni conduct §hirkpess efhaot more £han 10Q anagtyeomst, and spidipreideteliafdding
sem conductor |ayers, wherein . at least .one nitride sem conductor
layer in théaWeryRRyY Peg GuHey lattice laverduadefst lpninaténawmishbyd layer
| ami:nating first and second nitride 25 seniconductor |ayers which have
di fferent cBAIEiQ%RiBHEridR semicopdneteshawigitafitigknass of npthmpypdhan

9

i mpurity fromeach other. Due L .
- 10 100 angstroms and a fourth layer made of a nitride semiconductor

of a different constitution from the third layer and having a
‘thickness of not more than 100 angstroms. Due to this, during laser
emission'the_threshold_ current and \}oltage can be l’owered. In this
case, the ridge portion may be formed on said p-side cladding layer
15 and on the layer located over said p-side cladding iayer_ in al,manner
that the longitudinal direction of the ridge coincidences with the
direction of resbnance and the ridge has a desired width.
According to a third aspect of the present invention,
there is provided a third nitride semiconductor device which
20 .comprisgs_an.active layer made of a nitride semiconductor between
a n—;ype region of one or more nitridé semiconductor layers and
- a p-type regionof one.or mor'é nitride semiconductor layers, wherein
at least one nitride semiconductor layer in the n-type region is
-a n-side super lattice made by la.minating first and second nitride

25 semiconductor layers which have different constitutions and

different cohcgntrations of a n~type impurity from each other. Due



to this construction, the nitride seniconductor |ayer made of the
sgper lattice structure nakes the electrical resistance thereof
smaller and thus the total resistance of the n-type region can be

smal | er. 5 According to a fourth aspect of the present
I fventi on, there is provided a nitride sem conductor device conprising
an active layer made of a nitride sem conductor between the n-type

region of one or nore nitride sem conductor |ayers and the p-type

region of one or nore nitride sem conductor |ayers, characterized 10 in
that at | eatio ¢hésncénsteuctionomhechbtridy evenicdrttqiary peyer madegifobhe s
a p-side super lattice nade by lamnating third and fourth nitride
seni conduct Gugey dat tikiec stiractudefhakestthe elersitdalutriesistandedthereeft
concentrations of a p-type inpurity from each other. The super lattice
structure camaldlexr thd thusithe tofalseesisbance @f itheen-typprregion caa be
super. lattice structure have a | ower resistance and then total

resi stance amallem-type region . ~ can be decreased.

Pl ease note that the first and second and the third and fourth of

| ayers dbes not nean tAucdrahingtiong foweth aspect ozoth@msrertta@nmntlon.
According to a fifth aspect of the present invention, there is

provi ded a riheateld. ss grovdckdgl tromidanvidee S@@mpngluﬁgoéindeVlCGa@PFlPélﬁiW@ran
made of a nitride sem conductor between the n-ty regi on of one or
more nitri dactdvec dagest sadeapér 8 Bhride %ﬁlﬂﬁii@dlﬂﬂiorsé’rﬁméf@rn?%@%n
of one or nore nitride sem conductor | ayers, . characterized in that at
| east one ninegditn efnPremITOse RilEide femiconductor layers and the p-type

10
region of one or more nitride semiconductor layers, characterized

10 in t.:hat.at least one nitride semiconductqr layer in the p-type
region is é p-sidé‘ super lattice made by laminating third and
fourth nitride semiconductér layers which have different
constitutions and different concentrations of a p-ﬁype impurity
from each other. The super lattice structure can make the nitride

15 semiconductor layer comprising the super lattice structure have
a lower resistance and then total resistance of the p-type region
can be decreased. _ | |

. Please note that the first and second and the third and
fourth of layers does not mean the laminating order in the

.20 specification. |

According to a fifth aspecf of the present invention,
there is provided a nitride semiconductor device comprising' an
active layer made of a nJ.tr:Lde semiconductor between the n-type
region of one or more hitride semiconductor layers and the p—-type

25 semiconductor region of pne or more nitride semiconductor layers,

characterized in that at least one nitride semiconductor layer in

10



the n-type region is a n-side super lattice made by |am nating the

frrst and second nitride sem conductor |ayers which have di fferent
constitutions and different concentrations of a n-type i mpurity from
each other, and at |east one nitride sem conduct or 5 layer in p-type
région is a p-side super lattice nmade by |am nating the third and
fourth nitride sem conductor |ayers which have different constitutions
and different concentrations of a p-type i mpurity fromeach other. The
super lattice structure can nake the resistance of the nitride '

sem conduct Qhegxgi%ﬁé irBgiSHPES a i délkhipe® Bt ticdd! h8desy hamiaagihgusthe

total resistan the p-type regi on can be decreased.

In a case thatgtheadddi r ds@ihd | hlikr38E COBRICSREUEENTE CQayers @hEcHEVhERS
of optoelectronics such as light emtting devices and | i ght receiving

devi ces, thg;prardftsediesttitids bAea FRYroit déncdiiriticifs Alf hegstypae
of the group consisting of a buffer |ayer formed on the substrate, a

n-side cont i‘ﬁ&u&i‘iﬁ?r & ducl @the@deand at ldusti dneChaddias sanbéohdictor
confining or keeping carriers and n- side |ight guide layer for

gui di ng s2m 3ai,aR {r pALLPE Pedioteibay prside supdd 1biteiekhriddaydl aniniting
fourth and fifth sem.conductor device, 20 the p-side super lattice |ayer
maybe for megnhas tiirdeasid ofeusel eaiefide sehfiesniietgrolpyeessiviiidly lodvé he

p-side contact |ayer, the p-side . cl addi ng | ayer for confining carriers
and the p-sigdereeentotonetitutidmy ahdf 6f £feréhdrondasimt formotfhe petype
| ayer. In the third and fifth sem conductor devices of the

25 present impuetiyofrohosatheother de Thepsupkat Lateitaystrutteréi can make .
ni.tride sem conductor |ayer having a higher band gap may have a -
S the resistance of the nitride semiconductor comprising super
10 lattice -structure smaller and thus total resistance of the p-type
region can be decreased. | |
In a case that the third and fifth semiconductor devices
are devices of optoelectronics such as light emitting devices and =
light receiving devices, the n-side super lattice layer niay be
15 | formed as at least one of the grdup consisting of a buffer layer
formed on the substrate, a n-side contact layer for n-electrode,
n-side cladding layer for confining or keeping carriers and n-
side light guide layer for guidiﬁg emission from the active layer.
On the other hand, in the fourth and fifth semiconductor device,
20 thep-side supér lattice layer may l;e forméd as at least one selected
| from the group consisting of the p-side contact layer, the p—éide
cladding layer for confining éarriers and the p-side wave guide
layer for guiding emission from the active layer. |
| In the third and fifth semiconductor devices of the
25 present invention, for the n-side super lattice layer, the first_

nitride semiconductor layér having a higher band gap may have a

11



| arger or smaller concentration of the n-type inpurity than the - second
nktride sem conductor |ayer having a | ower band gap. The | ar ger
impurity concentration of the first layer than that of the second

| ayer makes carrier generate in the first layer having a 5 higher band
gap and then the carrier injected into the second | ayer havi hg a | ower
band gap to nove the carrier through the second | ayer having a snal |l er
i mpurity concentration and a |larger nobility. Therefore, this
construction nmakes the n-side super lattice |ayer decreased in

electrical ngshetrasgesmaller concentratidh ofdde midlypehdmpuridyi than the
concentration of the first | ayer is relatively larger than that of the

second | ayegecbhd hitside semicyeductor hbagawdiaviald iacdoweyreband ghp.f Thet
sem conduct or device may decrease the n or p-inpurity concentration at

a part closgatger implibhbtyeonubntmatri crooffiathedindth lalyar than {hat ofetbee
fromthe 15 second |ayer, which prevents the carrier noving through the

second skappd 1agerseakésrcagriyr tdenérghe iy thie tfiestalayerobevingt e
second ~ layer, resulting in increase of nobility of the second |ayer
and 5 t hus ghewssand gap de thesi shamermifert hrjeaped ilrdic the dexyerd layer
In the enbodi nent of the third and fifth nitride 20 -sem conductor
devi cés, ifnhbéng-d Ipwerthamdbgapnto mbverthencakeier thridugh theysecdnd/Layen
hi gher band gap becones larger, it is preferable that the n-inpurity
concentr at i havingt heshaidder| appurity coacgatrbtioseand z lefger] mebfdiky.
and 1 x 10[err]/cnferr] and the n-inpurity concentration in the second
| ayer 'i s snEheeefobepn this cohsthmction makes the or-side swpendattinenlayer
10[-err]/cnferr]. The n-inpurity concentration in the.second | ayer.
havi ng a sndekeeabeddipaplestpictdr ngsyshance.
12 . : : _ . .
10 In a case that the impurity concentration of the first
layer is relativeiy larger than that of the second layer, the first
layer of the super lattice layer in the first semiconductor;device
may decrease the n or p-impurity concentration at a.part close to
the second layer comparing with that at a part remote from the’
15 second layer} which prevents the carrier moving th;ough the second
layer from scattering by the impurity at the part close to the second -
layer, resulting in increase of mobility of the second iayer and
thus lowering of the resistance of the super lattice layer.
In the embodiment of the third and fifth nitride.
' 20 semiconductor devices, if the n-impurity concentration in the
first layer having a higher band gap becomes larger, it is
preferable that the n—impurity concentration in the first layer
ranges between 1 x 10/cm® and 1 x 10°/cm’ and the n-impurity
concentration in the second layer is smaller than that of the first

25 layer and not more than 1 X 10%/cm® . The n-impurity concentration

in the second layer having a smaller band gap is preferably not

12



more than 1 x 10[err]/cnferr], nore preferably not nore than 1 x

1 err]/cnferr]. Fromthe aspect of increasing the nobility of the
second | ayer, a smaller n-inpurity concentration is better and an
undoped | ayer or intentionally not doped |ayer is nost preferable.
5: If the inpurity -concentration of the first layer is

snﬁ_llér. t han t hat of the second layer, it is preferable that the
n-inmpurity concentration of the second layer is smaller at a part
close to the first layer than that at a part renote fromithe first

layer. For pyed¥han 11 % 108 gl e dleeprébatabg bt Mo tManlD x 10'7/cm® .

concentration in the first |ayer is not nore than 1.x 10[err]/cnferr] and
t he n-i npurikpom tHd aspectndfl dAnereashggsthetmsieil ity o [the [secohdr Lhyand
1 x 10[err]/cnferr]. The n-inpurity concentration in the first layer having.
a smal | er ban@&mgdfersnpimper bbby \comentativhabs bet tld and] anrdreioded fmyer -
preferably not nore than 1 x 10[err]/cnferr]. The nost preferable first
15 layer i omnintreitpechdldwemodr dopieentliageal iy mostdppefleralyke.
I.n order to forman n-side super lattice |ayer having a good _
crystallBnity in the thf rthaenimpufity seoncemihect ion def/i thke first lagefi ist
nitride sem conductor |ayer may be nmade of Al[err]G[err] N (O<Y<1)
capabl eof f emdlign thenathatl gfhthtaedomd] lgyer), ajerisgurepratile &hgtothe
crystallinity and the second nitride sem conductor |ayer. may be nmade
of In[err] Gaicimguei(t}f eonkEntyatipnbd e tife socondglayer|is smalyer at asparter
band gap | ayer having a good crystallinity. ~The best second | ayer of
the super | atkdsee toapke firsthdayerrthamdthat atfa fudrts semobadinen theefizst,
is.a GaN layer. This construction is 25 advantageous in nanufacturing.the
super |atticeyer.er Fogcagsamphe, it isanprefessbhercthal heusvdimpurstm
the first layer (Alferr]G[err]N and '
13 10 concentration in the first layer is not more than 1 x 10**/cm® and
the n-impurity in the second layer ranges between 1 x 10’/cm® and
1 x 10*°/cn®. The n-impurity concentration in the first layer having
a smaller band gap is preferably not more than 1 x 10¥/cm®, more
preferably not more than 1 x 10*/cm®. The most preferable first
15 layer is an undoped layer or intentionally not doped layer.
In order to form an n-side super lattice layer having
a good crystallinity in the third and fifth semiconductor dei(ice,
the first nitride semiconductor layér may be made of Al,Ga, N
(0<Y<1) capable of forming a relativelyhigher band gap layer having
20 a good crystallinity and the second nitride semicondﬁctor. layer
may be made of In,Ga, N (0=X<1l) capable of forming a relatively
smaller band gap layer having a goéd crystallinity.
The best second layer of the super lattice layer in the third and
fifth semiconductor devices, is a GaN layer. This construction is
25 advantageous in manufacturing the super lattice layer because the

same atmosphere can be used to form the first layer (Al,Ga;,N) and
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the second l-ayer (GaN). _ In the third and fifth nitride
séni conduct or devi ces, the first nitride semconductor |ayer nay be
made of AI[err]Ga[err]N (O<X<1l) and the second nitride sem conductor

| ayer may be nmade of 5 Aferr]G[err]N (Ox¥Y<1l, X>Y). In this case,
further, the first nitride - sem conductor |ayer or said second nitride
sem conductor |ayer is . preferably not doped with a n-type inpurity.
In the fourth and fifth sem conductor devices of the pr esent
invention, for the p-side super lattice layer, the third 10 nitride

senmi conduct dhd aeondnliayera (Gagher band gap may have a | ar ger or
smal | er concentration of the p-type inpurity than that of the fourth

nitride sem conductor Immydte thiirdgand sfeftlenitaride semicoaductdiredbeiges,
i mpurity concentration of the third |ayer than, that of the fourth

| ayer makes thar rijrst geierbde semidwndidtcr | Basr ndy bavimaged df GIEGaband
gap, and-the carriers injected into the fourth | ayer having a smaller .
band gap to (Gsxxif)handnilee tsetongr nitrfde semiddnduddiort haybeundy deaywade of
having a smaller inpurity concentration ~and a larger nobility,
resul ti ng i Aldeay @bsidxy<tlhe Xp¥per Imtthice case, fuethsirantte f2@st nitride
Further, in the fourth and fifth sem conductor devices of the present
i nvention, isemisomdaicéoablayehatr aapdrseannd hétrhdedsemiconductale layer is
sem conductor layer which is close to the fourth nitride sem conduct or
| ayer has apreferabdyceotr doped withha p-type impuritgpurity than a part
renote or farther fromthe fourth nitride 25 sem conductor |ayer, which
prevents the carrier rdovithe tiougthhand fifhk Semmhndilagi.aorfdemeeatd)érthng
by the inpurity at the part close 14
present invention, for the p-side super lattice layer, the thlrd

10 nitride semiconductor layer having a higher band gap may have a
larger or smalJ.er concentration of the p-type impurity than that
of the fourth nitride semiconductor layer having a smaller band

- gap. The larger impurity concentration of the third layer than
that of the fourth layer makes carriers generate in the third layer
15 having a higher band gap, and the carriers injected into the fourth
layer having a smaller band gap to move the injected.carriers
through the fourth layer having a smaller impurity concentration
and a larger mobility, resulting in decreasing the super lat;tice
resistance.

20 , - Further, in the fourth and fifth semiconductor devices
of the present invention, it is preferable that a part of the third
nitride semiconductor layer which is close to the fourth nitride
semigonductor layer has a lower concentration of the p-type
impurity than a part remote or farther from the fourth nitride-

25 Semiconducitor layer, which prevents the carrier moving through

the fourth layer from scattering by the impurity at the part close
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to the fourth layer, resulting in increase of  nobility of the fourth

| ayer and thus further lowering of the resistance of the super lattice
| ayer. I n the enbodi ment of the fourth and fifth nitride
5 sem conductor devices, if the n-inpurity concentration in the third
| ayer becomes larger than that-in the fourth layer, it is preferable
that the n-inpurity concentration in the third |ayer having a | arger
band gap ranges between 1 x 10[err]/cnferr] and 1 x 10[err]/cnferr]

and the p-inmpurity concentration in the fourth layer is smaller 10 than
that of therdhiHdrbayen 1a9er)otesBIEindan ihorek}eof Mobildty]of The fourth
p-inpurity concentration in the fourth |ayer having a smal | er band gap
i s preferablyyast an@r ehti§aputthed Oloweting] of r the noesi praics ahf ytheotsuper
nore than 1 Xx 10[err]/cn[err] From the aspect of .increasing the nmobility
of- t he secomgttg&grlageﬁnaller n-inpurity concentration is better 15 and

an undoped | ayer. or intentionally not doped |ayer is nost pref erabl e.
In the fourth and fifth nite i dbsemenndott dhe i fotbth and fifmhr initride
concentration of the third layer is smaller than that of the fourth

- layer, ig igeRiebraastert bavritbs, pifmhe ty- imdiridyncencentiration time the
fourth layer is snaller at a part close to the third | ayer than that
at a part renDte Lagertbhecsmes dldmger than thal%on.ne;theplfeurth layer &t dsl e
that the p-inpurity concentration. inthe first layer is not nore than

1 x 10[err] pesferablanthatiethe impmpunity concemtidadioncandtheayehirdnlgyer
between 1 x 10[err]/cnferr] and 1 x 10[err]/cnferr]. The 25 n- |rrpur|ty
concent r at i RAviiAgt4 4 arierdbang ayah rainge sabetweérrl anef®/ cm® andab xi $0%*/cm’
preferably not nore than 1 x 10[err]/cnferr], nore preferably not

15° and the p—lmpurlty concentration in the fourth layer is smaller

10 than that of the third layer and not more than 1 x 10%°/cm’ . The
' p-impurity concentration in the fourth layer having a smaller band
gap is prefefably not more than 1 x 10”/énf; more preferably not
more fha;n 1 x 10®/cm® .  From the aspect of increasing the mobility
of the second layer, a smaller n-impurity concentration is better
15 and an undoped layer or intentionally not doped layer is most
preferable. |
In the fourth and fifth nitride semiconductor, if the
impurity concentration of the third layer is smaller than that of
the fourth layer, it 1is preferable that the p—impufity
20 concentration of the fourth layer is smaller at a part close to |
the third layer than that at a part remote from the third 1ayer;
For example, it is preferable that the p-impurity concentration
in the first layer is not more than 1 x 10*°/cm’ and the n-impurity
in the seéo_nd layer raﬁges-betweén 1 x 10**/cm® and 1 x 102/cm®. The
25 n-impurity'concentration~in the third layer having a smaller'band

gap is preferably not more than 1 x 10'*/cm’, more preferably not
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more than 1 x 10[err]/cnferr]. The nostpreferablefirstlayeri sanundoped

| ayer or intentionally not doped | ayer. In order to forma
super lattice |ayer having a good crystallinity in the fourth and
fifth sem conductor device, the 5 third nitride sem conductor |ayer may
be made of Al[err]Gaferr] N (O<Y<1) capable of forming a relatively
hi gher band gap | ayer having a good crystallinity and the fourth
nitride sem conductor |ayer may be: made of In[err]Gaferr]N

- (O[err] X<1). The best fourth | ayer of the super | attice layer in the

third and fifdhe ﬁﬁahqwduvt/wdevrrf@ﬁostin%fe&%b%l\ﬂfw@iag&' i% an undope

constructi-on i's advantageous in manufacturing the at tice Payer

because t he Isaer st onil 1§ nesedoped affer . the third layer
(Alferr]G[err]N) and the fourth layer (GaN). In the -

fourth and fifth nitrilie cueddrtrdBdmd Mlestipeas lattice 1B§erhhadingt &i %od
sem conductor |ayer may be nmade of Al[err]&[err]N 15 O<X<l) and the.

fourth nitricleystalildoridyctior theyfourtly diri fadehosemicondhd s |datisd,] Nehe
(O<Y<1, X>Y)." In this case, further, the third nitride sem conduct or

| ayer or 5t hecHimdet hlit&‘&dendemitohd@c'e@mkayéiumaqr be madé }feAl|Ga,QNef(okFRILY
not doped with a n-type inpurity. In the fifth nitride |
sem conduct arapabdre bliefornsimteastegdeativily hather ddmygap Iadver havshgrd goode .
sem conductor |ayer may be -provided with a higher band gap energy and
a | arger comystbtadtliiority andothehfourtlpei tnjde i demitdariudters dayed matrbde
sem conductor |ayer, and for the p-side super lattice layer, the third
nitride masiEmicd by GaQEN | 49 & X<B)y. beTlpr dvesiedfoutth aldy@hesf bthd gaper
energy 25 and a larger concentration of the p-type inpurity than the
fourth lattdicee lagercbndthe dihingdy end £hfthi semboenductars davdfoersablies a
t hat ' '
10 GaN layer. This construction is advantageous in manufacturing the
super lattice layer because the same atmosphere can be used to form
the third layer (Al,Ga, (N) and the fourth layer (GaN).
' Ig.the'fourth and fifth nitride semiconductor déVices,
the third nitride semiconductor l-ayef may be made of Al,Ga, N
15 (0<X<1) and the fourth nitride semiconductor layer may be made of
Al,Ga, N (0<¥<1, X>Y). In this case, further, the third nitride
semiconductor layer or the fourth second nitride semiconductor .
layer is preferably not doped with a n-type impurity.
In the fifth nitride semiconductor, for thé n-side super
20 lattice layer, the first nitride'semiconductor layer may be
provided with a higher band gap energy and a larger concentration
ofthen—typeimpurithhanthesecondnitridesemiconductorlayer,
and for the p-side super lattice layer, the third nitride
semiconductor layer may be provided with a higher band gap energy
25 and a larger concentration of the p-type impurity than the fourth

nitride semicopductor layer. In this case, it is preferable that
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16 . : the concentration of the n-type inmpurity in the first

nftride - sem conduct or | ayer ranges between 1. x 10[err]/cnferr] and 1
x 10[err]/cnmerr] and the concentration.of the n-type inpurity in.the
second nitride sem conductor layer is not nore than

- 1x10[err]/cnferr], and the 5 <concentration of the p-type |npur|ty I n
the third nitride sem conduct or | ayer ranges between 1 x
10[err]/cmerr] and 1 x 10[err]/cnferr] and . the concentration of the
p-type inpurity in the fourth nitride sem conductor |ayer is not nore

“than 1 x 10f&er bodedtihtion of the n-ta[pe Rugdiarcy iih thee fE{£8L Dhiti8e
sem conduct or device, for 10 the n-side super lattice |layer, the first

nitride sengepiddallbtor layéAYingdybBEwBERVI dedoW/bl’ ardd 4her1 P8’ dsRd
energy and a | arger concentration of the n-type inpurity than said

second nitrite concenseationdo€t thel Ayeype aidiphipt tyhen ptisé dgcboR@r ni Bkidse
| ayer, the ~third nitride sem conductor |ayer may be provided with a

hi gher 15 sbandoflaiceoer JYapas aisSMdEr ws¥iceritzat | ak10M Ade, P- ¥@€ the
i mpurity " than the fourth nitride sem conductor |ayer. In"this case,

it is 5 cpnebatahtbtonhaif t lthecorelenpe atimpurdfcyt hénn-thepe thirdr i aytiidé he
first nitride sem conductor |ayer ranges between 1 x 10[err]/cnferr] and

1 x 10[err] ket ebhfluatdrt heyaw repgesaibebiedh 1 ke10™y Rt andPurk 10 fent*hend 20
second nitride sem conductor layer is not nore than 1 x 10[err]/cnferr],
and the conthet cahcentvatioe pftyhe prpwpe timpurite imitlde nféurtle nitride
sem conductor layer is not nore than 1 x 10[err]/cnferr] and the
concent r at i sembEohiachet ypayenpis ingt inordechdrour th 10°tfdnde '
sem:conductor | ayer ranges between 1 x 10[err]/cnferr] and 1 Xx
10[err]/cnferr]. 25 Further, in thpufifih nbteidernsamiscdridudton devdee, for
sem conduct or devi ce, for the n-side super lattice |ayer, the first
nitri dé-%entb@nﬂu%l-@? super lattice layer, the first nltrlde semiconductor
layer may be provided with a higher band gap energy and a larger
concentration of the n-type impurity than said second nitride
semiconductor layer, and for the p-side super lattice lajrer, the
third nitride semiconductor layer may be provided with a higher '
15 Dband gap energy and a smaller concentration of the p~type impurity
than the fourth nitride semiconductor layer. In this case, it is
preferable that the concentration of the n-type 1mpur1ty in the
first nitride semiconductor layer ranges between 1 x 10/cm® and
1 x 10*/cn’® and the concentration of the n-type impurity in the
20 second nitride s_erhiconductor layer is not more than 1 x 10*/cm?®,
and the concentration of the p-type impurity in the third nitride
semiconductor léyer is not more than 1 x 10*/cm’ and the
éoncentration 'of the p-type impurity in the -fourth nitride
semiconductor layer ranges between 1 x 10"/cm’ and 1 x 10%/cm’.

25 . Furthermore, in the fifth n‘itride semiconductor device, .

for the n-side super lattice layer, the first nitride s'emiconducto'r
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17 . | ayer may be designed to have a higher band gap energy

arfjd a smal | er concentration of the n-type inpurity than the second
nitride sem conductor |ayer, and for the p-side super |attice |ayer,
the third nitride sem conductor |ayer may be designed to have a

hisgher 5 band gap energy and a | arger concentration of the p-type

I mpurity than the fourth nitride sem conductor layer. In this case,

it is preferable that the concentration of the n-type inpurity in the

first nitride sem conductor layer is not nore than 1 x 10[err]/cnferr] and
t he concent Naljed may Yh@esignee iohave layhighéhdairr gap atidvgyland Dsmaller
sem conduct or | ayer ranges between 1 x 10[err]/cnferr] and 1 X : )
10[ err]/ cni eonkenttitdtion oft the ancleynpe atmpur Dy ¢ tikam- thpe sepondt pitpitdee
third nitride sem conductor | ayer ranges between 1-x 10[err]/cnferr].
and 1 x 10[ gemicotidectbrahdyer, and hioir theeptsite csupér tlxt ti-dey/ layerputhey
in the fourth nitride - sem conductor.layer is not nore than 1 x

10[ err]/ cni ehilrd nibride semicondudtivirt bayer imayt be deédidned toieve a higher
sem conduct or devi.ce, for . the n-side super lattice |ayer, the first

ni tri de 5embanddgaposnergy andagelanger korndesitoadd onoofiatkee p-Huyplee impandtygap
energy and a smaller . concentration of the n-type inpurity than the
second nitritthan the feenthamilucide semicmondmatofrolaybe. pisitte s gase,| dttise

| ayer, the 20 third nitride sem conductor |ayer may be designed to have a

hi gher. priefedabide thetghhendoncembtabion ik dite a-typeofimpheipyt gpethe
i mpurity than the fourth nitride sem conductor layer. In this case, it
i s pr effdratl rithidetsemiomhdticr lagenfis motnmoypetharpdr kth0* fcm’hand

first nitride sem conductor layer is not nore than 1-x 10[err]/cnferr] and

25 the condbet concentshtibo oft fbe nmbypet jmburiby incthe aecendenitride

sem conduct or | ayer-ranges between 1 x 10[err]/cnferr] and 1 X

10[ er r ]1@n{ eenlicoadiictor layer ranges between 1 x 10*'/cm® and 1 x 10*°/cm’, and
the. COncenijation of the p-type impurity in the third nitride
semiconductor layer ranges betweeﬁ 1 x 10%/cm® and 1 x 10%/cm® and
the concentration of the p-type impurity in the fourth nitride
semiconductor. layer is not more than 1 x 10*°/cm’.

15 Further, in the fifth nitride semiconductor device, for |
the n-side super lattice iayér, the first nitride semiconductor
layer may be designéd t_o.have a higher band gap energy and a .smaller
concentration of the' n—-type impurity thé.n the second nitride
'semicondﬁci:or layer, and for the p-side sﬁper lattice layer, the

20 third nitride semiconduct_or layer may be de_signed to have a higher .
‘band gap energy and a smaller concentration _of the p-type impurity
than the fourth nitride semiconductor layer. In this case, it is
preferable that ﬁhe c;.oncent'ration' of the n-type impurity in the
first nitride semiconductor layer is not more than 1 x 10*®*/cm® and

25 the concentration of ‘the n-type impurity in the second nitride

semiconductor layer ranges between 1 x 10'’/cm’® and 1 x 10*°/cm’, and
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18 _~the concentration of the p-type inpurity in the third

nitride sem conductor layer is not nore than 1 x 10[err]/cnferr] and
the concentration of the p-type inpurity in the fourth nitride

sem conductor |ayer ranges. between 1 x 10[err]/cnferr]~ 1 X
1Q[err]/cnerr]. 5 -~ Furthernore, in the fifth nitride

sem conduct or devi ce, - for the n-side super lattice layer, the first
nitride sem conductor | ayer may be nade of Al[err]Ga[err] N (O<Y<1)
and the second nitride sem conductor | ayer may be nade of

I n[err] Gal ereN ddRirfdrétlilon ¥H i ﬁ-l‘lf%pe impRrstyeisugre tRirdcaikeyee,

the third n|tr| de sem conductor | ayer may be made of Al[err]Ga[err]N
(O<Y<1) %e}[ﬁ {)n[cfu‘?:'{:"orzh ﬂh&éfdGls not SESEEORUEET 0f hayeo®yew’ banmdenef

Inferr] Ga[err err] X<1).” In this case, It is preferable that the
second and fenddhtitiatioge SEMtheNdpctWse impurhgyerin athemaftpurth Calkride
respectively : Further, in the fifth nitride sem conductor
device, for seln‘icotﬂamcjw dayeuPeanbakt beewbanel , xt N6 fEaSt N by 108/ e’

sem conduct or | ayer may be nade of Al[err]Ga[err] N (O<X<1l) and the
second ngtride FRIF thaieaieqr ih aper £1 stiimderdtie/d deiadridicior detrDs&<1,
X>Y),and for the p-side super lattice layer, the third nitride

sem conduct dod By€m-side super hettdde lafer) the fliGaitani N d¢ Oskitpndaatiorhe
fourth nitride 20 sem conductor |ayer may be nade of Al[err]Ga[err]N
(O<Y<1, X>Y)layer may be made diurAheagie (OKE<Lhe ahidf tthei secord nitride
sem conduct or devi ce, it is preferable that the first nitride
sem conduct Geni@¢@idudttorh@ayer magds®m@hdd bifi Mnx@[mcwwb)r, laaye forstha
undoped | ayer to which a n-type inmpurity is not doped. It is also
preferabl e phatidehsupes lattiice layery dehe dhirdoniibride samigendugton hayer
fourth nitride - sem conductor layer is an undoped |ayer which is not
doped wi0h may be made of AlGa, N (0<¥<1l) and the fourth nitride
semiconductor layer may be made of InGa, N (0=SXx<1). '_In this cése,
it is preferable that the second and fourth nitride semiconductor
layers are made of -GaN, respectively. |
Further, in the fifth nitride semiconductor device, for
15 the n-side supér lattice. layer, the first nitride semiconductor
layer may be made of Al,Ga; N (0<X<1) and the second nitride
semiconductor layer is made of Al,Ga, N (0<Y<1l, X>Y),and for the
p-side super lattice layer, the third nitride semiconductor layer
may be made of Al,Ga, N (0<X<1') and the fourth nitride
20 semiconductor layer may be made of Al,Ga, N (0<¥<1, X>Y) .
Furthermore, in the fifth nitride semiconductor device,
it is preferable that the first nitride semiconductor layer or the
second nitride semiconductor layer is an undoped layer to which
a n—tYpe impurity is not .doped. It is also preferable that the

25 third nitride semiconductor layer or the fourth nitride

semiconductor layer is an undoped layer which is not doped with
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19 a p-type inpurity. : In the third,
fourth and fifth nitride sem conductor: devi ce, the active |ayer
preferably includes a InGN | ayer. The InGaN | ayer in the active

| ayer is preferably in a formof a quantum 5 well layer. The active

| ayer nmay be SQW.or MW ' According to the present -

I nvention, there is provided - a second nitride semiconductor LD device
conprising an active |ayer bet ween a p-side cladding |ayer and a

n-si de cl addi ng | ayer, and .. at least one of the p-side and the
n-side cl addi pgtiypeetimpusit$0 the n-side super lattice |layer or the p-side
super lattice |ayer . respectively. The LD device can operate at a

| ower threshold clUrredn the thild,t feusthoaddl PideNi attride i Sepicdmduabdter

t hat an opti cal wave guide | ayer nmade of a nitride

seni conduct devidael, athengctiverlayer preféndlbloh imeduaesi apInGay layer. The
concentration of- not nore than 1 x 15 10[err]/cnferr] ,the optical wave
gui de | ayer Ih6aNgldyesmid the betdwvecidyer is prefaedbhipeintahdopnofia qisatdimg

|-ayer ‘and the active |ayer or .between t he p-side c|adding l'ayer and
the active Wwalédr layart hThecastiveéhbayer maydve QW cer MQW.prevent t he

em ssion generated from di sappeari ng due to a | ow absorption rate of
the optical wave gui dadccatrdéhgctaselse Pesentl Rrdentdiengaphbkre D$ pronidedit
alowagain. In this case, in order to further decrease the |ight
absor pti on amesond nitride sepvisondicter LD deviatcanpeiisipgran pctive layer
concentration of the wave guide |ayer is not nore than 1 x 10[err]

Icnierr], ebptéean|y protidmicdaddimgllayen|and|d arjsdde] claddingstayer, and
preferable |layer is_ an undoped one. The optical wave guide |ayer 25 -may
be made of the sapeleaskIneoft FhetRmside and the n-side ciaddibgnbryerstiy s

recommendabl e that ‘there is provided
_ 10 the n-side super lattice layer or the p-side super lattice layer

respéctively. The LD device can operate at a lower threshold current.
In the second LD device, it is preferable that - | an optical
wave guide layer made of a nitride semiconductor éontaining In or
GaN which has an impurity coﬁcentration of not more than 1 x
15 10"/cm’ , the optical wave.guide layer being formed at least either
befween _the p—-side cladding layer and the active layer or between
the.p—side cladding layer and the active layer. In this case, the
wave guide can prevent the emission generated from disappearing
due to é-low absorption rate of the optical wave guide, which causes
20 a LD device capable of waving at a low gain. In this case, in'order
tofurtherdedreasethélightabsorpfionrate,itismmrepreferable
'.that the impurity concentration of the wave guide layer is not more
than 1 x 10'*/cm® , especially not more than 1 x 10"/cm’. The most
preferable layer is an undoped one. The optical wave guide layer

25 may Be made of the super lattice structure.

Furthermore, it is recommendable that there is provided
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20 with a cap | ayer nmade of a nitride sem conductor between
t e opti cal wave guide | ayer and the active layer. It is preferable
that the cap | ayer having a higher band gap energy than the well |ayer
in - the active layer and also the optical wave guide |ayer and having
5: a thickness of not nore than 0.1 [err]mis fornmed between said optical
wave guide |ayer and said active layer. It is nore preferable that t he
cap layer contains an inpurity of not less than 1 x 10[err]/cnferr].

The cap | ayer can nmake a leak current | owered because of a higher

band gap. |twith &fdagclayer marle dhe mpttidd senieogdudeor stiwetthd dptdaal

| ayer are fornmed in the p-type region or the sem conductor regi on of
p- conduct i vidavesigiide layer and the achhierd Wiayért.oIthésfpiéferalile drhat the
sem conduct or devi ces of the present invention may be preferably :
forned on a c¢ug iayer -haviagnachibgher darsd s ehergi]hthantthelaveh‘mlcayahmnor
substrate can 15 be prepared by a nmethod of growing a nitride

sem conduct cthd ag¢tive layen amd also theyoptibsal alaarergdddef layentand dlavinkger
than nitride sem conductor, formng a protective filmon the grown
nitride 5 a shdicknedscdOmdtaperesthas 0t.d prpbs fqrared hetyeehesasid bptdcal

t her eof , . thereafter growing a nitride sem conductor |ayer to cover the
20 pr ot ect ived ghnﬂérbmyeh@r@(pasé(hcmtve deyeeni Loridumove. praferable that
nitride sem conductor substrate can make it better the crystallini ty
of every | aythes dap tllagetrhcodtamnshmflmpttrmy rofilmot lessetrthannbuctld’®/cm’.
device. In this case, the auxiliary substrate and the protective film
can be renm\VBiw tcapni ayer ntan makeseni eakdustrent Aoweriesk bacausefef & bigherer
the. device | ayers are forned on the nitride sem conductor substrate. The
cap. | ayer hahal’tsiatqa@r B& fisr pffective that the optical wave guide layer and

10 cap layer are formed in the p-type region or the semlconductor
region of p-conductivity side.

The third to the fifth nitride semiconductor devices of

. the present invention may be preferably formed on a nitride

semiconductor substrate. The.nitrj.de semiconductor substrate cafx

15 be prepared by a method of growing a nitride semiconductor layer

on an auxiliary substrate made of a material 6ther than nitride

semiconductqr, forming a protective film on the grown nitride

semiconductor layer so as to expose partially the surface thereof,

thereafter growing a nitride semiconductor layer to cover the

.20 protective film from the .expos'ec‘l nitride semiconductor layer. The

nitride semiconductor substrate can make 1t better the

crystallinity of every laye'rs in the tﬁifd to 'the fifth nitride
semiconductor deévice. In this case, the auxiliary substrate and N

the protective film ca'n-b_e removed from the nitride semiconductor

25 substrai:e before or after the device layers are formed on the

nitride semiconductor substrate. The cap layer had better be formed
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21 in the p-type region. In a preferred
ehbodi ment of the LD device according to the present invention,
wherein p-side cladding layer is a super lattice layer, it is
preferable that a ridge portion is forned on 5 the p-side cladding |ayer
and on the layer |ocated over the p- side cl adding | ayer in a manner
that the longitudinal direction ~of the ridge portion coincides with
the direction of resonance and the ridge has a predeterm ned w dth.
According to a sixth aspect of the present invention, 10 there is

provi ded a dnt thdepségpeondgiont |ight enitting device conprising an
active layer including a first nitride sem conductor | ayer containi ng
In between a n-side clladdipiefenmed embodimentdef the LB|daitigry acgpasding to
characterized in that the n-side cladding |ayer. Is a_super |attice

| ayer conprithenpresestoinventione wheretmdrtide clmddingedaysit AFndnFURET
and has a total thickness of not |ess than 0.5 [err] mand an average
conposi ti onlaktAkei hagerd it disdprefenabhg thatra ridgejroxkion i s fexprednan

t he product of said average Al- conposition in %contained in said

n-si de cbaddthegp-aide slpddpngedaygrt pad on thpi ¢avessleaatedrpviebf thairr
n-side cladding |ayer is not less than 4.4. 20 This causes the optical
confi nement séfieeciatdingelayerdinca apnner that theedopghipdénal dEEEEEH I n
along lifetime and a high rpsppnsibLIitg of the LD device due to a

| over wave ofctheaidge portippreainsgifes with the directipp ¢f reseRanFeRnGds
the LD device forned on the substrate, 25 wherein the n-side cladding

| ayer is uside yidgenbgsae prpdetermpsed widthe the substrate in the n-type

region, if the confinenment effect - - s
o ' According to a sixth aspect of the present invention,

10 there ié provided a nitride semiconductorflight'emitting device
comprising an active l'ayer including a first nitride semicqntiuctor
layer containing In between a n-side cladding layer and a p-side
cladding layer, characterized in that the n—éide cladding layer
is a'super lattice layer comprising a second nitride semiconductor

15 1layer containing Al and has a total thickness of r_10t less than Q.S
pm and an average composition of Al in said n-side claddin§ layer
is set in é way that the product of said average Al composition_
in % contained in said n-side éladding layer multip-lliéd by the
thickness in ym of said n~side cladding layer is noi: less than 4.4.

20 This causes the optical confinement effect by the n-side cladding -
lafer improved, resulting in a long lifetime and a high
reéponsibility of’the 1D device due to a lower wave oscillation
threshold. |

- Inan embodiment of the LD device formed on the .substrate,

25 wherein the n—-side cladding layer is usually foﬁned at a part close

to the substrate in the n-type 'region, if the confinement effect
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22, | o of the light is not sufficient, the light |eaked

t hrough the n-side cladding layer is reflected by the substrate,
resulting in di sturbi ng shapes of far and near field pattern such as
ohservation of nulti-spots of |aser beam However, the n-side
cl-addi ng | ayer 5 inthe sixth nitride sem conductor device, nekes the

| i ght confinenent effect inproved, which prevent the near and far
field patterns from being disturbed, that is, which can make a single
| aser spot. In a preferred enmbodi nent of the sixth nitride

10 sem con®fthe Mahtcésgiot sufficient, ithehigbh, ledked thirdughl thisinrgide
| ayer has a thickness of not less than 0.8 [err]mand an average Al -
conp05|t|on(§¥1rﬂﬂqlé‘§sth%§r5%s rebhecked cbyr adtheesubditrane, resultimy in
n-si de cladding | ayer has a thickness of not less than 1.0 pm and an .
aver age Al ingnsapes et £35 anidarear Gield patitstn stshmsbbsabivation

enbodi nent, the n-side cladding |ayer. has a thickness of not | ess
than 1.2 [eQd H‘P&ﬁ& §ROESePhglagar é@@ﬁbsﬁﬁwgﬁebf the H-esisle claddingnldysr%
In the sixth nitride sem conductor device, it is preferable that the
p-si de cPaddihg h‘%yélxitél anﬁ\':mel &ﬁ“ﬂé’@nﬂuy‘épr pvigeyprinakeg dheni Lilght
nitride sen conduct or cont al ning Al and has a thickness snall er
than sai d nSoPdeNErSRg; ﬁé Fﬁ?élmp ’ Whlcbr!é?%‘f%tm fhet neap-aridifael fildldg

I ayer has a_thicknes L [err] mand the thickness of the
n-si de cl adéﬁ’fé"elrﬁ‘?eirﬁﬁd ging §;§tla§bed, tl’tﬁtad(ﬁrng’ﬂl&}ﬁeﬁann@ﬁhﬁl agstngle

active Iayer I s _set 5:0 range between 25 200 angstrons and 1.0 [err]m
. laser spot.

In a preferred embodiment of the sixth nitride
10 semiconductor device of the presenf invention; the n-side cladding
layer has a thickness of not less than 0.8 pm.ar.ld an average Al
compositionof not less than5.5%. Inamorepreferable embbdiment,
the n-side ;:J.adding-iayer has a thickness of not less than 1.0 ym
and an average Al compositior_l of not 1ess' fhan .5 2. In a most
15 preferable embodi;nent, the n-side claciding layer has a thickness
of not less than 1.2 ym and an average Al composition of hot less
than 4.5 %. '
In the sixth nitride sernj.éonductor device, it 1is
preferable that the p-side cladding layér is.a super lattice Iayer
20 comprising a third nitride semiconductor layer containing Al and
has a thickness smaller than said n-side‘ cladding .layer. More
preferably, the p-side cladding layer has a thickness of less than
1.0 ym and the thickness of then-side cladding layer and.said p-side -
cladding layer including said active'layer is set to rangé between

25 200 angstroms and 1.0 pm.
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23 Bri ef Expl anation of the Draw ng Fig. 1
iS5 a schematic sectional view of the nitride sem conduct or device
(LED) structure of the first enbodi nent according to the present

i nvention, 5 Fig.2 is a schematic sectional view of the
nitride sem conductor device (LD) structure of the second enbodi nent
according to the present invention, _ ~ Fig.3 is a schematic
sectional view of the nitride sem conduct or device (LD) structure of
the third enbodinent 10 according to the present invention,

Fig.4 is a Beispdixplamatiion off tthe Irashiongn in Fig. 5, . Fig.5
Is a graph show ng the rel ation between the t hi ckness of the p-side
contact |ayer and theFigrkshel @ withemptic sedctidnalpvriew of tthe pridsdde

i nvention, 15 Fig. 6 is a schematic sectional view of the LD
‘i n Exanpl e semicosiudtonedevisent(LEN erstimicture of the  firstFiegpbbdimemt
schematic sectional view of the LD in Exanple 28.of the present -

i nvention, according to the mixgserts imvenitdoat,i ¢ sectional view of the LD in
Exanple 20 33 of the present invention, . Fig.9is a
schemat B¢ vi ew of theFhgi2i d8 serdahematdicorsectiontliviey LOF theuatihrddef
the fourth enbodi nent according to the present invention. 25
PREFERRED B@&UNMENICIORr THEVie®/ENEPDNstructure of thef seceddeemdbdidiment of

the nitride sem conductor device . .
according to the present :!.nvention,

Fig.3 is a schématic sectional view of the nitride
semiconductor device (LD) structure of the third embodimént
10 édcordiﬁg to the present invéntion, |
Fig.4 is a perspective view of the LD shown in Fig.5,.
Fig.5 is a graph showing the relation between the
thickness of the p-silde contact layer and the threshold voltage
in Example 1 of the present invention,
15 Fig.6 is a schematic sectional view of the LD in Example
26 of the present invention, |
Fig.7 is a schematic sectional view of the LD in E:;ample
28 of the present invention, |
Fig.8 is a schematic sectional view of the LD in Example
20 33 of the -present invention,
Fig.% is a s_chematic view of the nitride' semiconductor
device (LD) structure of the fourth embodiment according to the

present invention.

25 PREFERRED EMBODIMENT OF THE INVENTION

Preferred embodiments of the nitride semiconductor device
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24 according to the present invention wll now be descri bed
bel ow with reference to the acconpanyi ng draw ngs. Enbodi nent
1 ' Fig. 1 is a schematic cross sectional view show ng the 5
configuration of the nitride sem conductor device according to. t he
first enbodi ment of the present invention. The nitride sem conduct or
device is an LED devi ce having such a basic configuration as a buffer
| ayer 2 made of GaN, an n-side contact =~ |ayer 3 made of Si-doped n-type
GaN, an active layer 4 made of 10 |InGaN of single quantumwell structure,
a p-side cl addiorglinagydo the presend ahvantdperwhiaithow beydescoibedsbelod

first layer and a second | ayer of different constituti-ons being
| ami nat ed, aithareferemceyte thet accomppayifgnditewdhghly- doped GaN are
| am nat ed successively on a substrate 1 made of sapphire. In the

‘nitride 15 semmboddmendr ldevice of the first enbodi nent, nearly entire
surface of the p-side contact layer 6 is covered with a planar - .

el ectrode 7 formed fFHer.ednishiaclschemptdei dedswi sachipnal eviegdshowinggther
t he purpose of bonding install.ed on the surface thereof, whil e an n
el ectrod® 9 domfiinsiraltion of the sitride seminendustds dewiceoacgerdingeko?
whi ch is exposed by renoving a part of nitride sem conduct or | ayer by
et chi ng. Thé&he afitrste| enbodimentaldfovikhe preseght inyentindni t The nitride
The nitride semiconductor device of the first . enbodinent has the
p-type cl addiemjidongmcteormageviica lisw arsildDardevics hayisgnpsachng Pasdher
lattice | ayer made by lam nating the first | ayer which is made of

Al [ er r] Ga[ eradnfigunatipy] asr & Hukkgedavath 2vgads %%/ (faN, an n-side contact

layer 3 made of Si-doped n-type GaN, an active layer 4 made of

10 InGaN of single quantum well structure, a p-side cladding layer

5 made of a super lattice laYer comprising a first layer and a

second layer of different constitutions being laminated, and a

p-type contact layer 6 made of Mg-doped GaN are laminated

successively on a substrate 1 méde of sapphire. Ir_1' the nitride

15 semiconductor device of the first embodiment, nearly entire

| surface of thé p—side contact layer 6 is covered with a planaf

l.electrode 7 formed thereon which is provided with a p electrode

8 for the purpose of bonding installed on the surface thereof,

while an n electrode 9 is iﬁstalled on the surface of the n-side

20 contact .layer 2 which is expoéed by removing é. part of nitride

semiconducto'r 1ayerlby etching. The planar electrode 7 allows
light to transmit.. |

The nitride semiconductor device of the f£first

embodiment has the p-type cladding layer 5 having a low resistance

25 and comprising a super lattice layer made by laminating the first

layer which is made of Al,Ga,,N (0=Y=1) doped with Mg as a p-
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25 - type inpurity, for exanple, and has a thickness of

30 angstrons and a second |ayer which is nade of p-type

A [err]Ga[err] N (O[err]Y[err]l) doped with the sane anount of My
as in the first layer as the p-type . i mpurity and has a 't hi ckness
of! 30 angstrons, and therefore Vf 5 can be made | ower. WWen the super
| attice layer is forned.on the p .l.ayer side as described above,
the super lattice layer is rendered , "p-type conductivity by doping
the first |layer and/or the second | ayer wi t hap-t ypei npuritysuch
asMy, Zn, Cg ,mgmltyTheoi:l éghmpl @y aindithd hetheerndss aryEBOTEyig’rstroms,

| am nated eit in the order 10 of 1st, 2nd, 1st and so on, or in the
order of ZnCEné-%tse@&HdelfH%/er which 1§Qné2{b oﬁrpvtﬁpél Aheh, _at (oesigts i1 Weoped

| ayers are | am nat ed. he first |ayer and t he second

| ayer whi ch ysthagee faridieamount of My tas dm e e leyeandsc thet pHtlype
the super lattice |layer are not limted to the |ayer made of

I n[ err] Ga[ erigph O erand[ess Jal )tartkidss lofy @0 angstrommpdanaf therefore VE
Alferr]Gferr]N (O[err]Y[err]1l), and nmay be other |ayers provided that

t hey ar esmadeawbenmbdedboweni coidiuc thessaperdi fdteriard layrest isuformsd on the
The first layer and the second | ayer may or nmay not have the sane

band gap engs g;yerlamrdaaaardelse,rl\hed”abMI ithetsuprelatticadayer is rendered
Inf[err]Ga[err]N (O[err]Y[err]1) and the second |ayer is nade of .

Al [ er r] Ga[ erp4tyeOconductddriteby] dppibgnthgafiestrigyer and/ oredded sespad
becones hi gher than that of the first layer, although when the
first |ayer layemwéthfa pnEype]iBgwrifNsuch as Mg, (ZI!.eCd} Ber eft) dPhe fhAgst
second layer is made of In[err]Al[err]N (0<Z[err]1), the © first

| ayer and t hieawec @t Itémpesemyxdbéayeronnairebenlamted writther in the orgetr
have the sanme band gap energy. Also when the first layer is 25 nmade of
Al [ err] Ga[ eraf NSO[ énd) YL skr pnil sednhewdsothel ayderi ef Rud, dist, 2nd and
Inferr]Al[err] N (O<Z[err] 1), the first layer and the second

| ayer may beswfonyi forgwiged that at leéast two layers ‘are laminated.

The first layer and the second layer which is made of the
nitride éemiconductor and constitute the super lattice layer are
not limited to the layer made of In,;Gal_xN (0=X=1) and the layer

15 made of AlGa, N (0SYS1), and may be other layers provided that
" they aremade of nitride semiconductors of different constitutions .
The first layer and the second layer'may'br'may'not have the same
band gap energy. For example, when the first layer is made of
InGa, N (0=Y=1) and the second layer is made of Al,Ga, N (0<Y
20 =1), band gap énergy of the second layer becomes higher -than that
of the first layer, although when the first layer is made of InGa, N
- (0=X=1) and the second layer is made of In,Al,,N (0<Z=<1), the
first layer and the second layer may be of different con_stitutions
but have the same band gap energy. Also when the first layer is
25 made of Al,Ga, ,N (0SY=1) and the second layer is made of InAl, N

(0<Z=1), the first layer and the second layer may be of different
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26 constitutions but have the sane band gap energy.
That is, according to the present invention, the first | ayer and the
second | ayer may or may not have the sanme band gap ener.gy, provided
that they constitute a super lattice |ayer which 5 has a function to be
dé@scribed.later. As described above, the super ~lattice layer referred
to herein is a |ayer nade by | am nating extrenely thin |ayers of
different constitutions, which is free | fromlattice defects
acconpanying lattice m smatch, because every - layer is very thin,
havi ng br oadongyiituttiionss butc havienghichsameabbnd gap enelrlystruct ure.
Al t hough the super lattice |ayer does not have I nner defects, it
usual |y has a strai Thatcdspargicogdiabt toethe presemit thyeahilong bhecﬁlrst
called also a stained |ayer super l|attice. According to the present
i nvention, tlagdd aad thyeseaondtleyseamydor mayl agerhawssihe samecbantr gap
sem conductors as long as they include 15 N-even when part of N
(n| trogen) an@ryygrpreuvbdedtihaid thieyhcohgtbimpte a supkenkatsicridayas weiahd
" According to the present invention, because the thickness
of t he f5rsthasay Eunatdonhs becEmstdiled l1abech dondescxtloed bBbovepdihe super
| attice | ayer reaches the elastic strain limt or greater when 20 it is
greater tharlatGdcendsyeonse fended tooberpiv dsaekiayercmgdeaby laminaténgs
are likely to be generated in the film and therefore the t hi ckness is
preferably sxtremediyt thinldeyengsef otbffexnmt ddandtritutions, whdchhiiskfee
of the first layer and the second | ayer is not limted and nay be of
any val ue prfoomidatthae detfecstsmqgamp&nzmq&slatltaiy:@rma;sm@hmk&eca»z@@oeﬁeﬁg
to the first enbodi nent, the first | ayer and the second |ayer are
pr eferabl y maygggsw@mythlnmhﬁﬁéngbroad1mp11catlons1nc1ud1ngt equantum

10 well structure. Although the super lattice layer does not have
inner defects, it usually has a strain acéompanying lattice
mismatch, and is hence called also a stained layer super lattice.
Acéordi-ng _to the present ii.'nventio,n, the first layer and the second
layer remain to be nitride semiconductors as 1qng_as they‘inclﬁde'

| 15 N even when part of N. (nitrogen) atoms are substituted with V group
elements such as As and P; | | | |

According to the present invention, because the thicknéss
of the first layer and t;.he second layer which constitute the super
lattice layer reaches the elastic strain limit or greater When

20 it is greater than 100 angstroms, and microscopic cracks or crystal
defects are likely'to be generated in the film, and therefore the
thickness is preferably set to within 100 éngstror_ns. Lower limit
of the thiékness of the first layer and the second layer is not
limited and may be of any value provided thét it is monoatomic

25 layer or thicker. .Accordiﬁg to the first embodiment, the first

layer and the second layer are preferably 70 angstroms or thinner
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27 to obtain better quality of crystal and, nore
prieferably, further thinner in a range from 10 angstrons to 40
angstrons. According to the present invention, although the thickness
y be 10 angstrons or |ess (forexanple, nonoatom c [ayerordi atonic
| ayer), 5 setting the thickness within 10 angstrons | eads to | am nation
of " too many layers in case a cladding |ayer having the thickness of
500 angstrons or greater is formed.in super lattice structure, . for
exanpl e, resulting in longer formng time and increased | abor in the
manuf act ur i rigp pbtadasbet Taénqudid ty oftct sl and, t ers qxwfbrallly,l fyethere
preferably set to be thicker than 10 angstronms. In the case
of the nitritleirgen dandurange dénomn & Mangiséroms tof40 stngtragistenAcebpdbngn
Fig. 1, the p-type cladding |layer 5 made of super lattice layer is
fornmed bet wden the aresent! aimventiow, althotgh [khe dehickiess mayerbes 10
which is a current injection |ayer,. 15 and functions as a carrier '
trappi ng | ayargstitfomrs ar deser ( fer ekemple, mdmpadoniic lapelr ax di adandicelayer),
trapping layer in this way, nean band gap energy of the super lattice
| ayer nuSt  [Eettiigiethehthickness within tlifeaagstvrembaleads [to daninaitden of
sem conduct or device, therefore, a nitride sem conductor which
i ncl udes Al tiap maply daferm tm ¢us¢ a 2daddiaggNLayer ritawn nigntheg théchknesel gf
hi gh band gap energy is used as a carrier trapping |layer. Among such
| ayers, Al hangshneomse pry greatery igeformedc Aackupeur Lagticgssbrugtaneng
process when grown to be thick as a single |ayer. In the
first enbodififdhexampéeefrraulingjer longer donmiyg tipg andningyeased tabeks
w th excellent quality of crystal is fornmed and used as a_cl addi ng
| ayer havi ndtathegremHaryupinghprggesgy Thus the first layer and the second

10 layer are preferably set to be thicker than 10 angstroms.

In the case of the nitride semiconductor device of the
first embodiment shown in Fig. 1, the p—-type cladding layer 5-made
of super ]'.att_ice'layer is formed between the active layer 4 and
the p-side contact layer 6 which is a current injection layer,

15 and functions as a carrier trapping.layer. When a sﬁper lattice
layer is used as a carrier trapping layer'.in this way, mean band
gap energy of the supér lattice layer must be higher than that
of the active layer. Ina nit_ride _semicoﬁductor_ devi.ce, therefore,
a nitride semiconductor whi.ch includes Al in such a form as AlN,

20 AlGaN or InAlN having relétively high band gap energy is ﬁsed as
a carrier trapping layer; Aﬁtong such layers, AlGaN has a tendency,
to deve'lop.cracks during crystal growing process when grown to
be thick as a single layer. |

In the first embodimeht, therefore, a super lattice layer

25 having less cracks with excellent quality of crystal is formed

~and used as a cladding layer having a high band gap energy, by
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28 : maki ng at | east one of the first |ayer and the second

| gyer from a nitride sem conductor which includes at |east Al,

pref erably Al[err]Ga[err]N (O<Y[err]1), and growing the first |ayer
aqd t he second | ayer alternately with the thickness within the
el-astic strain limt. 5 : In this case, when a nitride

sem conduct or | ayer which does not include Al is grown as the first

| ayer to the thickness within 100 angstrons and the second | ayer made
of- a nitride sem conductor which includes Al is grown thereon, the

first |ayer makingadtsQdastcionenefathe Piifserldyercandhehedsenbngd 1ives ewm
|l ayer 10 so that cracks are less likely to develop iin the second | ayer,

meking it posshbteide senicendupesr |whiclseiteledeshiicldmst |KSS prefematioks’
with excellent quality of crystal. Thus according to the first

enmbodi nent, At dag Neeo<wdig ,t Bad gfftﬁu&tgoehel £itd€Q aya¥esnd the Bécéﬁam%cyer

fromthe flrst Iayer (the second ayer) made of In[err]Gferr]N 15
(gerr] X erraltermatébe wictivrithd apdickhicss Withtinl ayer¢lastibcodtrain limit.
Alferr]Gferr]N (O[err]Y[err]1l, Xerr]Y=0). Also in the
nitride §en1conductoIndEhlsecaée;rwhénrannltrldeHﬂEMMGnnduc&nrIkayﬁr(whicﬁ
the first layer and the second | ayer whi ch constitute the p-side
cl addi ng | aydoe$ ndthdindlundeh@lsiipegrodd ad athte dd risdydayeirsterie rddilckrdmsed
with a p-type inmpurity which makes the conductivity of the |ayer
p-type, for whthijurpofe amgystromsadindttig skeondr rliagrerc owaxbnt ofit Bomitnide
case the first layer and the second | ayer are doped with a p-type -
i npurity, theeficendicler which dndludes sk dsdgrayertheredin dbpefirst layer
different concentrations. 25 This is because, when the first |ayer and
the second |alse fumctions duperl WL LY flaryan vdmmmavatnmrme ceqorgl layer
concentration in one
so that cracks are less likely to develop in the second layer,
making it possible to form a super lattice layer which has less
cracks with excellent quality of crystal. Thus according to the .
first embodiment, it is desirable that the super lattice layer
be formed from the first layer (the second layer) made of’InkGébgﬂ
15 (0=X=1) and the second layer (the first layer) made of Al,Ga, N
(0SY=1, X#Y=0).

Also in the nitride semiconductor device of the first
embodiment, at least one df"the first layer and the second layer
which constitute the p-side cladding layer 5, that is the super

. 20 lattice layer, is preferably doped with a p-type impurity which
makes the conductivity of the layer p—type; for the purpose of
adjusting the carrier concentration. 1In case the first layer and
the second layer . are doped with a p-type_' impurity, the first layer
and the second layer may be doped in different concentrations.

| 25 This is because, when the first layer and the second layer are

doped in different concentrations, carrier concentration in one
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29 : of the layers beconmes substantially higher, thus making

i f possible ~to decrease the resistance of ‘the super lattice |ayer as a

whol e. Thus according to the present invention, the first |layer and

t he second | ayer nmay be doped in different concentrations, or 5

alternatively, only one of the first |layer and the second | ayer - may ‘be
-doped. . K " Concentrations of the inpurity doped in the first

| ayer and the second |l ayer are preferably controlled in a range from

1X10[err]/cnferr] to 1 1X10[err]/cnferr], nore preferably from
1X10[ er r]/ coffettid 1agets btomélfebstdnti £l 1y highd motiupmekénglitypbssible

1X10[err]/cnferr] to 2X10[err]/cnferr] in the case of p type inpurity,
al t hough t heopdesesiasé nitantresd sitanoet of the Isuperedatticki bayenfasggarehoba.
This is .because, when i.npurity . ~concentration is | ower than

1X10[ err] / crhesr Accordbrgornestht biresent: inventionpt the fisteflayetr ehd the
reducing Vf and the threshold voltage and, 15 - when inpurity concentration
i-s hi gher -t seaochdlOlayet / malyerbé, dpred t gnofdifferentystcancentrationser or
lattice |ayer deteriorate. Concentration of n type inpurity is also
desired 50 bdtexnttdvedyg, wohhiynomesofiithee first dayps, ahdi theessaardrbaygen.
The super lattice |layer constituted as descri bed above 20 is fornmed by

| am nati ng mhy ber sibpedyer and the second | ayer alternately with the
t hi ckness within the elastic strain limt,- and therefore lattice
defects of the crysCahcenhrbtippgucédtbedimpurity capsshgine theafksstalayer
reduced, thus inproving the quality of crystal drastically. As a
result, theaadodhe seconduleygrdspedpreferahhybeontredlisddinhereapge from
‘increasing the carrier concentrations in the n-type nitride

serii conduct arX La¥fécminkbl ril XHD*H.am’pemoirer pdeferably from 1X10"/cm’ to 1
10 X10*/cm’, and most preferably from 1X10"/cm’ to 2X10%°/cm® in the
case of p type impurity, although the present invention is not
limited té this configuration. This is because, whep impurity
concentration is lower than 1X10/cm®, it becomes difficult to
obtain the effect of.reducing VE and the threshold voltage aﬁd,
15 when impurity con_centration is higher than 1_10%/ cn’, quality of
crystal of the super lattice layer deteriorate. Concentration of
"n type impurify is also desired i:o be éontrolled within a similar
range, for the same.reason. | |
| The super lattice layer constituted as described above
20 is formed by laminating the first layer and the second 1ayer-
alternately with the thickness within the elastic strain limit,
and therefore lattice defects of the crystal. can be reduced and.
microscopic cracks can be reduced, thus imprbving the quality of
crystal drastically.- "As a result, the amount of impurity doped
25 can be increased thereby increasing the carrier concentrations

in the n-type nitride semiconductor layer and in the p-type nitride
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30, : sem conductor | ayer w thout substantially deteriorating
t he quality of crystal, thus allowing the carrier to nove w thout

bei ng scattered by crystal defects, and therefore it is nade possible
tq reduce the resistivity at |east one order.of magnitude |ower 5 than
that of the p-type or n-type nitride sem conductor which does not
Have.super |attice structure. - . Thus in the nitride _

sem conduct or device (LED device) of . the first enbodinent, Vf can be -
reduced by form ng the p-type cl addi ng | ayer 5, of a sem conductor
regi on 251 osepiconductoyi thayer0 witheutt mbsdgimniaddipr detagiohet pndythe
cladding layer 5 and the p-type contact layer 6 in the first

enbodi nent ) @helbtyofhesyseah, thus alléwingthetcaxhier boanovd without being
sem conductor |ayer having a | ow resistance in the prior art, by

usi ng the supeatfereddey icnystal defealisor e thdueifoget bt issisieapossibliehe
p-type cladding layer 5. 15 That is, nitride semconductor is a

sem conduct oko wedlce the resigtiidiy att dealbtapnei ordér. ¢Hmagitmdey fewer
crystal and, if ever obtained, resistivity is usually at |east two
‘orders of nebper ddat of theypghypecwhpatamet bl brigesemitondecsernr winirh does. -
Ther ef ore, when a super |attice layer of type p is forned on p-type
conduct i vi t yRopchave giipeRrslathige sfrueturesype | ayer constituted fromthe
super lattice | ayer can be reduced to an extrenely |ow |evel,.

resul ting in a Fasadmbhe phtride seniconsiichion deyice (LED device) of

t echnol ogyt ogbt ai p a p-type crystal, such a process has been known -
where a nitritR Tirst sempedipeRtor Vi agar Bepsadured Bypfeypéngnthei pytype

it de  CAAR a0 5¢ Job nBEBLPARAHETH, DY 85, oPawevBAiCE ALy

p-type 10 side (the region comprising the p-type cladding layer 5 and the

. p-type cqntact layer .6 in the first embodiment) where it has been

difficult to obtain a nitride semiconductor '-layer having a low

resistar_lce in the prior art, by usinc_.f the sup_er lattice layer,

thereby :eciucing the resistance of the p-type cladding léyei: 5.

" 15 That is, nitri.de ;semi.conductor is a semiconducfor which is
difficult to obtai_n in the form of p-type crystal and, if ever
obtained, resistivity is usually at least two orders of magnitude
higher compared to n—-type nitride semiconductor. Therefore, when
a super lattice layer of type p is formed on p-type conductivity

20 side, resistance_of the p-type layer constituted from the super
lattic;e layer can be r.leduced to an extremel-y low levei, resulting
in a remarkable decrease in Vf . As aprior art technology to obtain
a p-type crystal, such a ;c.>r'ocess.has been known where a nitride
semiconductor layer doped with a p-type impuritylis ahnealed and

25 hydrogen is removed thereby manufacturing a p-type nitride

semiconductor (Japanese Patent No. 2540791). However, the p—-type
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31 nitride sem conductor thus obtained has resistivity as
high as several ohmcentineters at the lowest. By turning this p-type
| ayer into p-type super lattice |layer, better quality of crystal can
be obtained. According to the study of the present inventors, 5
resistivity of the p-type layer can be reduced to a | evel at |east one
order of nmagnitude |ower than that of the prior art, resulting in a
conspi cuous effect of decreasing Vf. o According to the first
enbodi nent, a super lattice |ayer whi ch has good quality, of crystal
and is freenitpiniersakscondudieor lfhud wbtalinyd dons trdgitsthigritthe s teifgh aser
(the -second | ayer) nade fromin[err]Ga[err]N (O[err]X[err]1) and the
second | ayese¢éhzl f olimtcényimotemsieat the flowest [ eBy GurevinjgNthis p-type
(O[err]Y[err]l, X err]Y=0) as described above, and therefore service
i fe of thelaperdamttap-ttypel sugatrethttice layer, betkew ¢rhal ptpsehicrystal .

i nvention will be conpared with exanples 15 of the prior art disclosed in
literature &ambe bbtabhredublAasgording toadthalshodyapt thecpFesent iBventoatsi,on
filed by the present i nventors in the past. - As a o
t echnol 6gy mesistivity tdfetheqgeerpe layelri can beheeducedptesehevehvantleast -
proposed the technol ogy di sclosed in Japanese 20 Patent Non-exam ned .

Pat ent Publ émetdrgderof &a@eidond: lowshi than thateofirtieopyiburast a nesuditingy er
filmmade of Al GaN, GaN, I n@&N, - etc. as a |laser beamreflecting film
on the out sinea ofomspiceype effect|efidienrdaniorg MW or the outside (on the
side farther from an active layer) of a p-type cladding |ayer which

i nt erpose the activiccEdingter thacEbrat mphosliment t ectvbeppat tbamdoyerhe
mul.ti-layer film is formed as the light reflecting film each layer is
designed  which has good quality of crystal and is free from cracks can be

10 formed by constituting the first layer (the second layer) made
from In,Ga, N (OéXéi) and the second layef (the first layer) made
from Al,Ga, ,N (0=SY=S1, X#Y=0) as described above, and therefore
service life of .the device can be elongated.

Now the present invention will be compared with examples

15 of the prior art disclosed inl literature known to the public,
including Japanese Patent Publication filed by the present
inventors in the past. | |

As a technology similar to the present invention, the
present inventors proposed the technology disclosed in Japanese

20 Patent Non-examined Patent Publication No. 8-228048. This

| technbiogy forms a multi-layer film made of AlGaN, GaN, InGaN,
etc. as a laser beam r_eflecting film on the outside of an n-type
- cladding layer and/or the outside (on the side farther from an
active layer) of a p-type cladding layer which interpose the active
25 layer. Accordin'g to this technology, because the multi—.lay_er film

is formed as the light reflecting film, each layer is designed
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32 ' to have a thickness of [err]/4n (n is a refractive index

of the nitride sem conductor and [err] is a wavel ength) and becones
very thick. Thus each layer of the multi-layer filmhas the thickness
not within the elastic strain limt. US. Patent. 5,146,465 discloses

a. 5 laser device having such-a constitution as an active |ayer is

i nterposed between mirrors made of Al[err]Ga[err] N A [err]Ga[err]N. Thi s
technol ogy, simlarly to that described above, makes Al GaN Al GaN act
as mrrors, and therefore requires each-layer to be thick. _
Parti cul ar | o iHavesavishicklidds ofl 1/4w (naisretrefracy iveyindexobihbhe nitrid
sem conduct or such as Al GaN wi t hout generati ng. cracks. : _ -
Accordi ng $enitdmdudtosandenticiamanelengii)i ked bdeomes vergcbinbtbgi dhus
descri bed above, the first and the second | ayers are set to have such.
t he t hi cknesacl pta&fer aif \the multitlayergsidmnbas the thbekyess toth wikdhin
critical filmthickness for both layers) so as 15 to constitute a super

| attice | ayehe eIaaticsstrhénpldwént U.S.iRaérnton5ullidl6, 466 dhiscdbsest aof
strained | ayer super lattice of a nitride sem conductor which _
const it B eslaber sdgeice abavirg| ayeh, a consthtnébynt esi apr ectiviee layari tiy of
crystal and reduce Vf. , Japanese Non- exam ned Patent

Publ i cat i onihbsrpésed XEtwekdl38izndrs- mMadso ofi sBlisa M/ AiGadN.0 ofdisn a
crystal of- Al[err]Gferr]N by laminating thin film of AN and GaN.

Thi s t echnotegnology; ssimi Jaaishioeta bl dencmdiied above, ikkes HERW RGN

tens of angstrons thick thereby to obtain a mxed crystal of .

Al [ err] Ga[ eact Napamingors, andsgherefexe medwikgmreadn lajer ite o tdick.
framthe technology 25 of this invention. And because the_technol ogy does
not i ncl udeParticahanrtyiteipayery mhidefisrulthtaN anirate many spyeEs ‘P%g’éﬁ-’q s

i abl e ' : :
10 semiconductor such as AlGaN without generating cracks.

According to the first embodiment, unlike fhe
technologies deécribed above, the first ar;d the second layers are
Set_ to have such the thickness (preferably within 100 érigstroms,
namely within the critical film thickness for both layers) so as
15 to constitute a super lattice layer. That is, the present
invention utilizes the effect of_strained layer supef 'latt_ice of
a nitride semiconductor which constitutes the super lattice layer,
thereby to improve the quality of crystal and reduce VI.

Japanese Non-examined Patent Pilblication Nos. 5 -

20' ‘110138 and 5-110139 disclose a method to obtain a crystal of '
Al,Ga, ,N by laminating thin films of AIN and GaN. This technology
is to _1aminate AIN and GaN layers which are several tens of
angstroms thick thereby to obtain amixed crystal of Aj.;Ga;_,N having
a specified mix proportion, and is different from the technology
25 of this invention. And because the technology does not include

an active layer made of InGaN, the super lattice layer is liable
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33 to cracks devel opi ng therein. Japanese Non-exam ned
Pat ent ‘Publ i cation Nos. 6-21511 and No. 6-268257 al so disclose a
light . emtting device of double-hetero structure having an active
| ayer of multiple quantum well structure nmade by | am nating GaN and
InGaN 5 or InGN and InGN. This technology is also different fromthe
present invention which proposes a technol ogy of nmaking a “multi-Ilayer
structure other than the active |ayer. Japanese Non- exam ned Pat ent
Publication No. 2-288371 (U.S. patent 5, 005, 057) discl oses a
struct ure hatPngrackpedevaioping| dhereinher JdPanesan Nohe examined aPztent
However, the suEper | attice disclosed in Japanese Non-exam ned Pat ent
Publ i cati on Rubl2cagdgniNesnsés21%kl and NoBP 6-2p8257andsGadisclasera highte
the supper lattice of present ~invention consist of nitride
senmi conduct ofMiE{éRg drRigryof doublgthetern stowstiuret havirgan achiéve layer
Therefore, this technology is different fromthe present " I'nvention
Wwth regard ©8 milGiale guanunwedilf skructure made by lamfnathing GaN ahd HeSdN e
of the present invention, the effect of the super lattice |ayer _
becoimes cbnsPFcliBEaNwwed FnMealhict Thds techhajogyi $spabsd ddiif fexént fromitthe
sem conductor, which includes 20 at |east indium such as InGN |nGN
active | ayerPR@SePEsdsinygnfion whighesiqposesl es bechnelogwbod fmakihe a
active | ayer oi a nitride sem conductor device. = Therefore, when
super |atti cBuibistaver strpgppre; efhes] dharcathe r prtive Aryer.| Galamatiage
are fornmed tQ interppse the active . layer, difference in the band gap
energy and olls‘??'e?’éﬂ‘g%n?ﬁ Bafentr PabliiratingexNpr on2t288237bf (heS actbatent .
the super lattice |ayer capable

| ayer can be_i eased, . . thereby makin
of YT unctioni ‘Lr-ﬁg&ié' gg’?) (_ilscloses a‘st¥ucture aving a super lattice layer other

10 than thé active later. However, the supper lattice disclosed in
Japanese Non-examined Patent Publication No. 2-288371 consist of
BP layers- and GaAlN layers while the supper lattice of present
inv_ention consist of nitride semiconducfor laye‘rs having
different constitution each other. |

15 Therefore, this technology is different from the-present ;
invention with regard to structure and an effect. '

Further in the device of the present inventioz}, the effect

of the super lattice layer becomes conspicuous .when the active
layer is provided with a nitride semic_onductor, which includes

20 at least indium, such as InGaN. -IﬁGaN active iayer has less band
gap energy and ié most suitable for the activé 1aﬁrer of a nitride
semiconductor device. Therefore, when super lattice layers
comprising InGa,; N and Aleal_,_N are formed to interpose the -a_ctive
layer, differencé in' the band gap energy and difference in

25 refractive index from tho’se of the active layer can be increased,

thereby making the super lattice layer capable of functioning as
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34 an excellent light trapping |ayer when formng a | aser
devi ce (applied to the nitride sem conductor device of second

enbodi nent) . Moreover, because InGaN has quality of crystal of being
softer than other nitride sem conductors which include Al such as .
AFGaN, 5 wuse of InGaN as the-active |layer nakes the lamnated nitride
sem conductor layers less liable to cracks. Conversely, use of a
‘nitride sem conductor such as Al GaN as the ‘active | ayer mnakes it

i kely that cracks develop in the entire crystal because the crystal
is hard in rat wecellidht light treppimy npyer twiren i formimdodi heaer device
desirabl e that t he thickness of the p-side contact |ayer 6 be .
control | ed t{applidito the BDEr ey sembgenducter gesfimeadf pemond; entgptiment) .
angstronms and nost preferably within 200 angstrons.. This is because
resistivityMomreover, hedarsehdnGdt hass epaby tyootfr crystglt pE brilagneester
the p-type 15 nitride sem conductor which has a high resistivity of :
 several thdmotheti mt eide Gerticgpmauckionsi whi0h ingjsideohd, sualas 8dGaNng
t he threshold current and voltage. - It is also made_possible to

i ncr ease5t haiseoadit InGalfiydsofbe matdved Kaven makes tthe lapbpated nifgidepy
further reducing the resistivity. 20 - ~As descri bed above in
detail, in tdemidanduttaediaversudess liablgetpcerackd dEanversslwhase pt
enbodi nent, the p-type cl addi ng |l ayer 5 is constituted fromthe super
lattice | ayer nidiridsy semicongwcketri gychhes AlGaN| gy dhaEtive ééé'&ﬁdmﬁggér
and therefore resi stance of the E-type cl addi ng | ayer 5 cgn be magﬁ
extremely 28 lidtelshdhake cracksr develeRgen \Ehefertidg Oyvahal Decanssethe

reduced. Al 't hough the first enbodi ment uses the super l|attice
| ayer crystal is hard in nature. :
10 According to the first embodiment, it is desirable that
the thickness of the p;-side contact layer 6 be controlled to wit_hin
-500 angstroms, more preferab'ly within 300 ang_strpms and most
preferably within 200 angs.tromé . This is because resiétivity can’
be. further decreased b.y controlling the thickness of the p-type
15 nitride semiconductor which has a high resistivity of .se,veral.
ohm-centimeters or higher within 50.0 angstrozﬁs, thus reducing the
threshold current and yoltage. It is also made possible to
increase the amount of hydrogen removed from the p-type layer,
thereby further reducing the resistivity.
20 o As described above J.n detail, in the nitride semiconductor
| device (LED device) of the first embodiment, tﬁe p-type cladding
layer 5 is constituted from the super lattice layér n:_tade by
laminating the first léyer- and the second 1aye_r, and theréfdre '
resistanc.e of the p-type cladding layer 5 can lbe made extremely
25 low and the forwafd voltage -Vf of the LED device can be reduc_ed.

Although the first embodiment uses the super lattice layer
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35 in the p-side cladding layer 5, the present invention.

IS not limted - to this configuration and a p-type super lattice |ayer
may al so be used in the p-type contact layer 6. That is, the p-type
cont act | ayer 6 to which current (positive holes) is injected may

al-so 5 be made as p-type super lattice layer fornmed by | am nating the
first layer made of In[err]Ga[err]N and the second | ayer made of
Al[err]Gferr] N When the p-type contact layer 6 is nade as a super
lattice |ayer and the band gap energy of the first layer is |ess
than that ofin the p-slideseladdingleyeril, theprefsemdbinvemtion e Mot $imlitpdr
made of 10 In[err]Ga[err]N or GaN having a | ow band gap energy be pl aced _
on the top to thlanﬁopﬁngunablonnaadtavpttwpémsqpeﬁeiahtmmg lsyerhaayt Béso
cont act resistance with the. p electrode becones | ower thereby

provi ding be usedtirethetpritypesoatactThaver 6 .bethatd s,htheip-dtydeagentantch
has - -l ower band gap energy has a tendency to provide a nitride 15
~seni conduct davexy & tof whiighe cugaxeniter(positiner Aoles)t haninfeched may aise
of the second layer. Al so according to the present invention, when a
p-type nPtribde mage esndurdyee saper dewsicehdayere fpruedeby lama;naaélnggthe
| ayer and the p-side contact layer is further formed on t he

seni conduct (irlrrségﬂ-éMGQEIflaQﬁ of TBsthucdl andithe secondelavey padepof Ihlyﬁlan-dﬂ
sem conductor | ayer be constituted froma super lattice

Al t hough t h@hbrery heerm wraeeentach kaken fHds madei2e 3 @o@rer lattnﬁet héyer
p-side cladding |ayer 5, the present invention is not |im

confi gur at i @l&‘gﬁ%é’a§énﬁéﬁn§%€¥ﬁl’ PEGERA QB‘lS‘bflafYQ%/Gé" 12§S @BRBUEPF§| ?§
and.-an n-type super Ia&tlce Iaéer may al so be used in the n- t%.ag
contact | aydhe3sgconde la¥Rr cohbuts RTeERFIAL QL) the £irst layer made of

10 InxGal_xN or GaN having a low band gap energy be placed on the top
and pﬁt into contact with the p electrode, so that the contact
resistance with the p electrode becomes lower thereby providing
better oﬁmic contact. This is because the first 1aye_r which has
lower band gap energy has, a tendency to provide a nitride

15 semiconductor layer of higher carrier c_oncentl_:ation .than in the
case of the second layer. Also according to thé present invention,
when a p-type nitride semiconductor layer other than the p—side
clédding 1ayer_ and the p-side contact layer is further formed on
the semiconductor region 251 of p conduct_ivity.side'., the p-type

20 nitride semiconductor layer may be constituted froma super lattice
layer. _

Although. the first embodiment uses the super lattice layer
in the p-side cladding 1ayer'.5 , the present invention is not limited
to the configuration' ‘'of the semiconductor region 251 of p-type

25 conductivity, and an n-type super latticellayer'may also be used

in the n-type contact layer 3 of the semiconductor region 201 of
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36 n conductivity side. In such a case as the n-type

contact | ayer 3 is used as the super lattice layer, the first |ayer
and/ or the second | ayer can be doped-with an n-type inpurity such as
Si and CGe, for exanple, thereby formng a super lattice |ayer having
5:n-type conductivity as the n:type contact |layer 3 between the

substrate 1 and the active layer 4. In this case, it was verified t hat
maki ng the n-type contact layer 3 in the formof super lattice | ayer
having different inpurity concentration, in particular, decreases the
resi stance nncomductiwiversislali r 3ot suchandasmas the ntbyHeceeRERCE Hayer

t hreshol d voltage and current in a |aser diode, for exanple

" This is supposediser s the supen batbicesiayems the fiwst layer and/or the
(Hi-gh-El ectron Mbility Transistor) as described below, in case

super | attisecongelayenicsn be d@ﬁsdbylﬂbpamgl'dimmmé?\ltﬂgsﬁpﬁhﬁ Sll@nd
band gap energy with greater -anmount of n-type inpurity, is fornmed

n-type cont@ei Fayeexamplepetbepebyl formiad & euperddaifice laves HHWW
the first layer (the second |ayer) which is doped with .an n-type

i npuri typ and-hieeacgndackivilidagashenatypes coptgtajayer 3 Ratyesn e
| ayer) which is undoped (state of 'being not doped will 20,6 be called
undoped her ethatraty haachbhe |ackivuAaygapd - ( He Ehjsrcase, lﬁaVPﬁd’?ﬁ’gﬂeerd

band gap energg is depleted in the interface betmeen

ped
with the n-thpk naiging tklearh-otmceﬁ&éﬁédlwé%ﬁ in the Sﬂalné?feg??%g{%%e

di mensi onal _el ectron gas) ,accunul ate in the I.nt rface aroueggz & h(a1 | ayer -
whi ch has | 6?&‘?r bRAYiggp ddfLegenindmparity qonaenise ar,
angstroms. I s supposed tha becausge the two JITE Jonal l,ect

gas is genegggggaﬁﬁst Ege| §9§}sﬁggzpﬁgln the transverse irection c? tenc{ _

10 to decrease the threshold voltage and current in a laser diode,
for example. |

This. is supposed to be due to an effect similar to HEMT

| (High-Electron Mobility Transistor) as described below, in case

a super lattice layef, which is made by doping a layer having higher

15 | band gap energy wi.th greater amount of n-type impurity, is formed
as n-type .contact__'lay'er. In the super lattice layer made by
laminating the first layer (the second layer) which is c_lopéd with

an n-type impurity and has a greater band gap a_.nd the second layer
(the first layer) which is undoped (state df being not d.ope'd wi_ll_

20 bé c-él]_.ed undoped hereinafter) and has less band gap, thé layer
having higher band gap 'energy. is depleted in the ini_:erface between

the layer doped with the n-type impurity and the undoped layer,

and electrons (two dimensional electron gas) accumulate' in_ the
interface around the layer which has lower band gap en‘ergy_an_d

' 25 a thickness of about 100 angstroms. It is supposed that, because R

the two dimensional electron gas is generated in the layer having
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37 ' : | ower band gap energy, the el ectrons. nove w thout being
séattered by the inpurity, and therefore el ectron nobility in the
super l'attice | ayer increases and resistivity decreases. :

Al.so according to the present invention, when an n-side 5 cladding |ayer
is installed on a sem conduct or layer 201 of n conductivity side, the
n-si de cladding layer nay be made in super ' lattice layer. I'n case an
n-type nitride sem conductor |ayer ot her than the n-side contact '
llayer and the n-side cladding |ayer is installed in a sem conductor
region 201 oIOWﬁt(kmmbgaplelyergne thel@letctroms move withode being sedttered

| ayer nmay be made in the form of super lattice |layer. However, it is
a matter of k¥urke I-Ihmirltyl andntherefote eléctdensmobibhtycinr theySUper
conprising the super . lattice layer is installed in the sem conductor
region 201 ckakfice layemdinctedses sintb resistdividyi deldreasest. either the
n-type cladding - 16 layer acting as a carrier trapping |layer or the n- type
cont act Iayer Blag agaoding tentheepresennsinvent igmcmderbanadeide
super | attice structure. " In case a super lattice
layer 8 fokadding nlayere is installedneluce osembgomingtdr olayeroR@iicofvnt y
side placed between 20 the active layer 4 and the substrate 1 as
described atRrAuGtierity sigey sthe srsidmeladdingchayer mpar baiade donsupent e

t he super lattice- | ayer_ may not be doped with inpurity. This is -

because nit riatdice 1%3é$ﬁ~corgdhc5€5tﬁe s 2 bperel bride coemhgondugher elayer

when undoped. | s desirable, however, to dOﬁe the first layer and

t he second %‘e‘? &P@P F\P?Hl rﬁlt%é’opﬁﬁﬁr-l lgyer emdathsinesidesladdingelayer |

di-fference | E &51_ ur| te\/ concentration as_descri bed above, even when
s installed iconductor region 201 of n conductivity side,

form ng

10 the n—tirp_e ni'tride semiconductor layer may be made in the form
of super lat_tice layer. However; it is a matter of course that,
in case the nitride semiconduétor layer comprising the super
lattice layer is i_nstalled in the semiconductor region 201 of n
conductivity side, it is desirable that either the n-type cladding

15 1layer acting as a carrier trapping layer or the n-type contact
layer 3 to which current (electrons) is injected be made in éupe_r
lattice structure.

In case é super -lattice layer is férméd in the
semiconductor region 201 of n conducfivity_side placed.between

20 the active layer 4 and the substrate 1 as deséfibed above, the
first layer ahd the second layer which co'n.stitute the super lattice
layer may not be doped with .impurity. This. is becaﬁse nitride
semicohductor has a nature of becoming n-type even when undoped.
It is desirable, however, 1‘:o'd_ope the first layer and the second

25 layer with n-type impurity such as Si and Ge to maké_ a difference

in the impurity_ concentration as described above, even when forming
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38 on the n |l ayer side. ' When a super lattice
|ayer -is formed in the sem conductor region 201 of n conductivity
side, the effect thereof will be an i mprovenent in the quality of
crystal simlarly to the case of 5 formng the super [attice layer in the
sem conductor region 251 of p-type conductivity side. Specifically, in
the case of a nitride sem conductor device which has hetero junction,
carrier trapping |l ayers of n-type and p-type are usually constituted-
from Al GaN whi ch has a band gap energy which is higher than the active
10 |ayer. oftryheah daydrGabdes very difficult to grow, and cracks ‘tend

to develop in the crystal when a |ayer having the thickness of 0.5 .
[err]mor greater i@hen@awsuperhlattiogllaysonisi foxmed inHbheagniconduGhash a
super lattice layer is nade by lamnating the first |ayer and_t he
second- | ayeregach 201 tofan kiooknetd vityhshdehethe sfiflects thereof1willdpe ams -
in the case of the present invention, the first |ayer and the second

| ayer can bimpmovementl dit hhgogualibyiof ofystgbtaimilarlwnkp tihe Fave of

cl addi ng | ayer having good quality of crystal can = be grown. Thus
because & heformindetbensupen uatdrices lgivean igoshie semigopduefosfregian 451 |
over the sem conductor region 201 of n 20 conductivity side, nobility can
be i ncreasedft préypeowondugkivity ssideondireeiieajilah 2bn Bhepcase of a
conductivity side and therefore Vf of a device wherein the super .
lattice | ayBitrideysemigenductardieiice which daschatpecdidpehier B3R
when the super lattice layer is doped with an inpurity su¢ch as Sl and
Ge and the tupbpingtlayers of nriyee and psEyPgsaredusilaccopgyatuted ffé’m |

supposed that the effect simlar to that  of !—IEMI’,-%escr'hbed ﬁr evi ously
appears narR&GpY which has a band gap energy which is higher than the active

10 layer. Crystal of AlGaN is verydifficult to grow, and cracks tend
~to develop in the crystal when a layer having the thickness of
0.5 pym or greater is grown with a single constitution. However,
when é super lattice ‘layer is m_ade by laminating thé first layer
and the second layer each wiﬁh a thickness within the elastic strain
15 limit; as in the case of the present invention, the first layer
.and the second layer can be laminated with good quality of crystal
and therefore a cladding layer having good quality of crystal can
be grown. Thus because the nitride semiconductor is given good
quality of crystal all over the semiconductor region 201 of n
20 conductivity side, mobility can be increased throughout. the
semiconductor region 201 of n'conductivity sidé and therefore V£
of a device wherein the super lattice layer is used as a cladding
layer can be decreased. Further, 'when the super lattice layer is
doped with an- impurity such aé Si and Ge and the super lattice
25 layer is used as the contact layer, it is supposed that the effect |

similar to that of HEMT described previously appears markedly,
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39 making it possible to decrease the threshold voltage and
VI further. Al so according to the present invention, the
super lattice | ayer may not be doped with the inpurity which '
det erm nes the 5 conductivity types of the first |ayer and the second

| ayer. The super lattice layer which is not doped with the inpurity
may be - formed as any of the |ayers between the active |ayer and the
substrate, in case the layer is in the sem conductor region 201 of n
conduct|V|ty side, and may  be forned as any of the layers 10 between the
carrier trappkagd ai;terp?ﬁ%et?iﬁpﬁﬁﬁ'gela&;ﬁer‘} enghraghold veditage 1andkrV
provided that the layer is in the sem conductor region 251 of p
conduct i vi t Fugther- According to the present invention, as
descri bed above, because_t he super lattice |layer is used elther as t he
cladding 15 |ayer §8t4qf‘g3r‘%9§19 o the present dgmanigonsale suRsdattice
the sem conduct or I on, 201 of, n cqonductivity side or .in the

seni conduct 8RYEEGMGY Z‘QT - farsdh ekt i Ehe siRur iy kel detkernines Jfhe o
| ayer, .or as an o thal wavegui de | ayer of _the active |ayer or as_a
current nj E@FF’HFF Axy&Y EYB??Q%%I the I?léﬁteP-éé’FFoﬂ’édb‘éF?\gse%d L3YeEd |T1he
contact therewith esirabl e that nean band ener of t

T e senPRBRELLRbELERNLEYPE TALCR NP SUoraBaY MASh the (ERGFLEY may

trolled to b h her ‘than that of th t |
the region CORBERSAT X ttﬁl%el%xﬁreﬁhaﬁw%ﬁ the et %defeoaft%\h then
th t | dth d
seni contluct 5%555%?}% £ Ladntns O%W ddn B RRR RPEoBRELY Fegipn 201

this does ng% ”E%gnhﬂg 1%£%yt2§d2Lt£h may be formed as any of the layers

10 betﬁeen.the carrier trapping layer (light trapping layer) and the
active la}er, provided that the layer is in the semiconductor
- region 251 of p conductiVity side. |
Accerding to the present invention} as described above,
because the super lattiee layer is used either as the cladding
15 layer acting as a carrier trapping layer fdrmed in the
semiconductor region 201 of n conductivity side or in the
_semiconductor'region 251 of p conductivity side interposing the
active layer, or as an optical waveguide layer of the active layer
or as a current injection layer provided with an electrode being
20 formed in contact therewith, it is desirable that mean band gapl
energy ef the nitride semiconductor constituting t-'he super lattice
layer be controlled to be hlgher than that of the active layer.
While the region compr1s1ng the nltrlde semiconductor
layers placed between the active layer and the p electrode is
25 referred to as the semiconductor region on p conductivity side

in this specification, this does not mean that all the nitride
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40 sem conductor |ayers constituting the sem conductor

r égi on have the p-type conductivity. Simlarly, the region
conprising . nitride sem conductor layers between the active |ayer and a
GaN substrate 100 is referred to as the sem conductor region of n-side

5. conductivity, this does not mean that all the nitride sem conductor
| ayers constituting the regi on have the p-type conductivity. ' -

Enbodi nent 2 Now t he second enbodi ment of the present

Lnvention wil| . be described below. 10 Fig. 2 is a schematic
cross secti osemicorndugtondaysns constitutpagpthdi sembconducter dewicn havef
propagation of |aser |ight) . showi ng the configuration of a nitride .
sem conduct dthelep-dype condectivityto tSiailamiy, eftbedi regionf comprisdnent
i nvention. The nitride sem conductor device is, for exanple, a nitride

15 sem concuiktoide smaniqtingductoy ileyens betweenabhecactive aleyenand a GaN
conprising a nitride sem conductor interposed by a sem conductor )
regi on 202 csubsioaicrdO0vis reflarredcbassthegenmicondugtar regioacef n-side
|l ayer 12, a crack preventing layer 13, an n-side cladding layer ~ 14 and
an n-si dé opronduchibviiy thisgdoas not nead thakalddhnipibrideenisgndmnctor
of p conductivity side (consjisting of a cap |layer 17, a p-side optical
wavegui de | al@yen cepghifwling dde pgigrehape the potone wosiductdaiitaot
| ayer 20) provided on a C plane of a substrate 10 made of sapphire or
the |ike. Embodimeni the nitride seniconductor device of the second
25 enbodinment, threshold voltage of the nitride sem conductor device .
which is a laser di JWRYithessecondaerbRdinesl of Fof BIRFIHe invgidon will
be described below.

10 'Fig. 2 is a schematic cross sectional view (cross section
perpendicular to the direction of propagation of laser light)
showing the configuration of a nitride semiconductor device
according to the second embodiment of the present ihventiop. The
nitride semiconductor device is, for example, a nitride

15 semiconductor laser diode device which has an active layer 16
comprising'a nitride semiconductor interposed by a semiconductor
region 202 of n conductivity side (consisting of an n-side contact
layer 12, a crack preventing layer 13, an n-side éladding layer
14 and an n-side optical waveguide layer 15) and a semiconductor

20 regi_on_' 252 of p conductivity side (consisting of a cap layer 17,
a p-side optical waveguide layer 18, a p-side cladding layer 19

. and a p-side contact layer 20) providedon a C plane of a substrate
10 made of sapphire or the-_like.
In the nitride semiconductor device of the second

25 embodiment, threshold voltage of the nitride semiconductor device

which is a laser diode is set to a low level by forming the n-side
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41 cl adding layer 14 in the sem conductor region 202 of n

conductivity side in the formof super lattice |ayer and form ng the
p- si de cladding layer 19 in the sem conductor region 252 of p
canductivity side in the fornofsuperlattice |layer. The

ni-tri desemni conduct or 5 -device according to the second enbodi ment of the
present invention wi Il be described in detail below by referring to
Fig. 2. In the nitride sem conductor device of the second

enmbodi ment, first the n-side.contact |ayer 12 is forned on the

substrat e 10claddingdpyer 14 jarthe sendcanducbott tagifasr 202\t n tohductd vitbyen
the crack preventing |layer 13, the n-side cladding |ayer 14 and t he
n-si de opti cideaiegihelefoEy oL Biper latkiice dhyver tend forming dihde powdidect
layer 12, thereby to formthe sem conductor region - 202 of n o
conducti vit Wlsa%%mgtéaafea Phinhe gericendurtoneenisini252 of p copdugdi viidyer
12 exposed on both sides of the crack preventing 15 layer 13 are n-side
el ectrodes ZidmiBrthmkersis supertlatitige haver. Thenitside sepviconducipar
12, whil e an_n-side pad €l ectrode for the purpose of wre bonding,
for exanpl e, 996 ¢®2FERTEIANGHO fhe second epbogizentit the prerent Aavestiva
| ayer 16 made, of a nitride ., sem conductor is formed on the n-side
opti cal wavelthlbde frscuibed Jdn dafpihdelqy Iy aeferring te Fiige @ptical
wavegui de | ayer 18, the E-side cl addi ng_l ayer 19 and the p-side
contact |ayer 20 ar e ofth€d nitridg (3pmiganductor edevice: nef etliha o SeSPRA

b e cont MR Eingy: e ot BRI devsE Wh df akBecnm bhe
contact W Ll 2% o 4% SRILAC LSEET £OE o SLTEC, ange 1S B g pa
the 10 then thé crack preventing layer 13, the n-side cladding layer 14
" and the n-side optical waveguide layer 15 are laminated on the
n-side contact layer 12, thereby to form the semiconductor region

202 of n conductivity side. Formed on the surfaces of thé n-side
contact layer 12 exposed on both sides of the crack preventing

15 layer 13 are n-s_i_de 'ele,ctrodes 2l3 which make ohmic conta.ct with
the n-side contact layer 12, while an n-side pad electrode for

‘the purpose of wire bonding, for example, is formed on the n-
side electrode 23. Then the active layer 16 ﬁade of a nitride
semiconductor is formed on the n-side optical.wav.eguide layer 15 ’

20 and the cap layer 17, the p-side optical wax}eguide layer 18, the
p-side cladding layer 19 and the p-side contact layer 20_ are formed

on the active layer 16, thereby to form the semiconductor region

252 of p conductivity side. _Further on the p—siae contact layer

20,_ the p-side electrode 21 which makes ohmic contact with the

25 p-side contact layer 20 is formed, and the p-side pad electrode

for the purpose of wire bonding, for example, is formed on the
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42 o p-side el ectrode 21. Formed on the p-side contact |ayer

20 and the p-side cladding layer 19 is a ridge which extends long in

t he direction of resonance, thereby to trap light in the active |ayer
16 in the transverse direction (direction perpendicular to the 5

direction of propagation) and forma resonator which resonates in the .
| ongitudinal direction of the ridge by using a cl eavage pl ane whi ch

is at right angles to the ridge,-thus maki ng the | aser oscill ate.

Conmponents of the nitride sem conductor device of the 10 second

enbodi ment pvsidecalertrde rdbedFbrmed. on the pSsibde reontakt) layer 20 and
The substrate 10 nay be made of, in addition to sapphire havi ng i
princi pal pthe®-iside pladdingabayer dhdwi agridgeshiah pkisnds longniRghgne
or Apl ane, insulating substrate such as spinel (MgAl[err]O[err]), 15 or

ot her seni cdieretion afhsesanansachtherelyto hrapdi FghtsHn actiwmdayer,
ZnS, ZnO GaAs and GaN. (Buffer layer 11) The "buf fer
layer 11 i slé cimelthetrpnayersendreginom (@inection pegpendicalan §o the
exanple, at a tenperature within 900[err]Cto a 20 thickness of several

tens toSsevdizgchion el Pripagafsiamand \fanme a resonadoyhdch Fpsonatess

formed for the purpose of relaxing lattice constant m smatch_ between
the subst rit henkongiardinak idigections@f ddwiuddge vt usdhpdbe Ghepvage
dependi ng on the npethod of gr.ow ng the nitride sem conductor, type of

substrate NERRE MBLCHoAiat Sight angles dacbhe Bidger thifopaking the laser

The second buffer |layer 112 is a |ayer nmade of a single
oscillate.

Componenﬁs of the nitride semiconductor device of the
10 second émbodiment will now be described below.
(Substrate 10)
The substratéllo may'be made of, in addition to sapphire
ha'iring principal piane in Cplane, sapphire having principal plane
in Rpiane or Aplane, insulatiné’ substrate such as spinei (MgAl,0,) ,
15 or other semiconductor substrate such as SiC fincluding 6H, 4H
and 3C), 2nS, ZnO, GaAs and GaN.
(Buffer layer 11) |
The bu-ffei: layer 11 is lformed by growing AIN, GaN, AlGaN,
.InGaN, etc., for example, at a temperature within 900°C to a
20 thickness of several tens to several hundreds of angstroms.' .-While
_ the buffer layer 11 is formed for thé;purposé of relaxing lattice
constant mismatch between the éubétrate and the nitride
semiconductor, it may be omitted depending on the method of growing
the nitride semiconducto.r, type of substrate and other conditions.
25 (Second_buffer layer 112) | |

The second buffer layer 112 is a layer made of a single
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43 crystal nitride senm conductor which is. grown on the

buffer |ayer 11 at a tenperature higher than that of the buffer |ayer,
and is .fornmed to be thicker than the buffer layer 11. The second

buf fer | ayer 112 is nade as alayer which has a concentration of
n:type 5 inpurity lower than that of the n-side contact layer 12 to be
gr own next, or as a nitride sem conductor |ayer which is not doped
with an n-typei npurity. The second buffer |ayer1l2 maybe constituted

-as In[err]Al[err]Gferr]N (O[err]5X, O [err] Y, XtY [err] 1), for exanpl
of which = crystahpuditidem semigconducert ¢hich isngzoraner kHeedubigr taye
conposition 10 is preferably in the formof AlJerr]G[err]N which is, .
undoped andlhaat @ tempengtyer highesfthan (khatuefothe) buffarnlayer: AR icst
preferably undoped GaN. Wien nade in such a conposition, the _second
buffer ~ formgdrtabe hhickgrithandhecbyféan bavef din affe SRerRd R ESTond
buffer layer 112.is nmade in the form of undoped GaN, the second . 15  buffer
| ayer 112 hbayey Ik mesleeassackavere whidhehasagsgopgentration oy npe
preferable that the n-side contact |ayer 12 be fornmed in

.super
| atti ce Sst rimpurdty lower than thatypf £he\a-sddePhattel 2Veyel 2 i:i)ggﬁagﬁ‘?‘lﬁ‘

| ow i mpurity concentration and few defects is grqwn befor rowi,ng
t he n-si de ne®t, Yhiascd mh?%*dQEeWO@é’é’@rtioﬁeHaﬁﬁﬁ\)@l&hésnngfgd‘goﬁ%‘ﬂt"g&%
| ayer 12 having a high carrier-concentratjon-and_few defects .can b
formed ~ angtivee FepRrity; y The gerorfputies .amﬁ%‘,‘a Flceor{%%}?cﬁcge
~contact layer 12 having a high carriér concentration needs top be : ch
formed by gedwilmgAkGakrddelEsKcolmNorXsY =1k gk t ¥ Hpur PEy WHigh -

concentration, i s, di f£i~cul t. row ., a i ck

seni conduct GPmPQ#FiﬂBv‘.i $hig° arﬁ'%?nt?%%&:r RPEB%%% P‘?ﬁ?i’ cﬁri‘{%\nit’%ecfoé“\)? osition

10 1is preférably in the form of Al,Ga, ,N which is undoped and has a

€,
r

proportion of Al (value of Y) within 0.1, and most preferably

undopéd GaN. When made in such a composition, the second buffer

layer 112 havihg few defects .can .be grown and, when the second

buffer layer 112 is made in the form of undoped GaN, the second

15 buffer layer 112 having fewés't defects can be fqrmed. Also it i;

:' further preferable that the n-side contact layer 12 be formed in
super lattice structure.

| When the second buffer layer. 112 having low impurity

concentration and few defects is grown before growing the n-side

- 20 contact layer 12, as deécribéd above, the n-side qontact‘ layer |

12 haviné a high carrie'r conceﬁtration and few defects canbe formed

Qith a relatively lérger thickness. That is, while the n-side

contact layer 12 having a high carrier concentration needs to be

formed by grov»iirig é.nitride seniconductor of a high n—fype impurity

25 concentration, it is difficult to grow a thick nit;‘ide

semiconductor layer having a high impurity concentration with few
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44 : defect. Thus when the n-side contact |ayer 12 is forned
W t hout formng the n-side buffer layer 112, not only the n-side

cont act | ayer 12 having many defects is forned but also other nitride
sem conductor such as active layer cones to be grown on the n-side 5
contact |ayer having many defects, causing the |ayer to be forned

thereon to include crystal defect extending fromthe |ayer bel ow,

making it inpossible for the |ayer (active layer or the like) to be
formed thereon to grow with few-defects. Therefore, the second buf f er
layer 112 rdefeapor (Thins wheastha praidecantaqt ia&@rcéataetfomed |m¢é»outo
be formed thereon with few defects as well as in formng

seni conduct prming dihe ngide budfisti tayer kId net ppdy the n"%ﬂéiﬁ mtor
device with few defect. Thi ckness of the second 'buffer |ayer.
112 .i s preft2¥®ryl2 havipgmany| defestsels. formed] bubr adsat @thegpnd tride
preferably 0.5 [err.Jmor grater, ‘15 and nost preferably in a range from1
pmto 20 [e‘i?I]‘h?OWé%tQJhéUQcéﬁcﬁCtl"e Bavesrcomse tolhe growmpanke tirgdds 1
pm substantlal | Mprovenent | - in the qcuallty of crystal of the n-side
cont act 2| aye®n43ct d@yar havinganany dafactsyneaushag sk davest Farbe fpamed) 2
I's thicker than 20 - m, on the other hand, the second buffer |ayer 112
i tsel f tendhezePn e MEEBG% GRFEa) defsctoextending fpom kBei kayrE bed oud

ef fect of buf fer, | ayer, %? second buffer |ayer 112 is ovvn to
be reI’%ﬁ’F’vFéqultc HF“PPSF&b&ﬁ g?Fe et]'rf"'o\Yelao(ésFtﬁ‘nYte ¢R¥EEOB R rikR! £Rere

i d d heat di t
device s meidoriied BRERESR cBiGkoy N hidasedts « nobesbinben iepecond
I 2 heref h d | d.. :

oy cover TR g 117 O HebPECRRE e hhrire e RIR wide qantact

10 layer to be formed thereon with few defects as well as in forming
the semiconductor la_yers' which constitute | the nitride
semiconductor device with few defect. _

Thickness of the second buffer 1ayér 112 is preferably
controlled to be 0 1 ym or grater, more preferably 0.5 ym or grater,

15 and most preferably in a range from 1 um to 20 um. When the second
buffer layer 112 is thinner than 0.1 um, -substantial improvement
in the quality of crystai of the n-side contact layer 12 cannot
be expected. When the second buffer layer 112 is thicker than 20
um, on tﬁe other hand, the second buffer layer 112 itself tends

20 to include much crystal defects resulting in decreased effec;t of
buffer layer. When the secongi buffer layer 112 is grown to b_e
relatively thick to an ektent that does not éxceed 20 pm, there
is an advantage of improved heat dissipation. That is, whena laser
device ismade, heat ismore easily transmitted in the secondbuffer

25 layer 112 and therefore life of the laser device is elongated.

Moreover, leaking light from the laser light diffuses in the second.
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45 buffer layer 112, thereby making it easier to obtain

| aser beam havi ng near elliptical configuration. The second buffer

| ayer 112 may be onitted when an electrically conductive substrate
such as @GN, SIiC, ZnOor the like is used as the substrate. 5
(n-side contact |ayer 12) ' The n-side contact |ayer 12 acts as
a contact |ayer whereon a negative electrode is fornmed, of which
thickness is preferably . controlled within a range fromO0.2 [err]mto 4
[err]m When the thickness - is less than 0.2 [err]m it becones

difficult tbufferrdayenell? chthrrely makimg tidr eesiesi g ohtalnybaser heam
subsequent process of form ng t he negative el ectrode. \Wen the '
t hi ckness i bayipgingan ﬁ&hlptféal]qqnflgura@nomhe Bhaaeaeasbugfer layesrll2
~crystal tend to becone poorer due ~to inpurity. The n-side contact
| ayer 12 i smandee oimittgd shemppe, electrigal v andyativs subsgra§e such as .
concentration of: rJ-tyEe inmpurity in the 15 nitride sem conductor of the
n-si de cont &8N,| 8§46 %ZROj erptheelikeyis usedjasathangabstrate. X
10[err]/cnferr] to 1 X 10 err]—/crrg.err], and nore preferably from
1X10[ er 1§ / ckpepipet sonkagtela¥eEntélr]: Wien the concentration is |ower
than 1° X 10[err]/cnferr], sati sfactor%/ ohm ¢ contact with then
el ectrode material Then-sigmeenbachiederctz asts: 32t achLlayRs| hexRIRnt
and voltage 20 cannot_ be decreased in _a | aser, devicge, Wen, the
concent r at i Brggative eieffdiodeds IxIBEd, (97 e«ﬁilﬁ} Fhickness b s Rreferahy
devi ce i ncreases and ... the quality of crystal deteriorate,.resujting in
a shorter degptgolledvyithinpr @%géﬂ“apolze FEaiMmM e imm&lckngss -
concentratign jn th n-si de, contact | . 12 hi.gher tha hat of., i he
n-cl addi ng p.gyi?sszéaaqz{) °tzné‘1meb§rtt]_6e?‘?f&?%é@éte’{]ﬁ§%cra &P™ Bﬂge{'wl??a?tr%r?%
ﬁggi gii{gg rate 8? %%iao's‘i‘XSr tIlug’ 1Ia3r}egr9§ratgulr>§g&&gné hlgrggen%é: gfnfc‘;ir%ing |

the negative electrode. When the thickness is greater than 4 um,
on the other hand, quality of crystal tend to become poorei: due
to impurity. The n-side contact layer 12 1s made 6f, for example,
GaN doped with Si. Doping concentration of n—.type impurity in the
15 nitride semicondu;:tor of the n-side contact layer 12 is preferably
. in a range from 1X10Y/cm® to 1X10#/cm?®, and more preferably from
1X10%/cm® to 1X10%/cm’. ‘When the concentration is lower than 1
X10Y/cm?®, satisfactory ohmic contact with then electrode material
cannot be-c')btained and therefore threshold .current and voltage
20 cannot be decreased in a laser defrié:e. When the concentration is |
higher than 1X10#*/cm®, leak current in the dévicé increases land.
| the quality of crystal deteriorate, resulting in a shorter device
life. It is desirable to set the impurity concentration in the
n-side dontact layer 12 higher than that of the n-cladding layer
25 14 thereby to increase the carrier concentration in the n-side

contact layer 12, in order to rediice the ohmié contact resistance
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46 W th the n electrode..23. Wen an electrlcally

conducti ve substrate such as GaN, SiC, ZnOor the like is used as the
substrate and the negative electrode is installed on the back of the
substrate, the n-side contact |ayer 12 acts as a buffer layer, not as
a. cont act 5 | ayer. - At least one of the second buffer layer
11 and the n- side contact layer 12 may al so be made in super lattice
structure, in which case quality of crystal of the layer are
drastically i nproved and the threshold current can be_ decreased.

Pref er abl y With ttﬁbe nns&ﬂeeféfcﬁﬂc&bt 2BayerWhenwarchel sCERi ALYt rFé?qufé'-l"e
second buffer yer 11 is made in super lattice structure. Wen t

n-si de s%ﬁtaetewagréw as 53y Fide 400 endihenlikpdss uae@.%teerﬁ}&iﬁ@%at
the first layer and the second | ayer, having_different Ievels of band
gap ener gy aRd themmegative edacherdeds snahetladon thabackef the subsigatss
can be decreased and the value of threshold can be decr eased

exposi ng t hERe erldmGPRERFb@Yatakd aghs afd Byfier lavenepot &5 Fcﬁ%qa}%‘: n
el ectrode 23. As materials to-make the n el ectrode 23 for providing
favor abl% oh@¥®Teontact with the n- type nitride sem conduct or, there

When the n- 2?32 23n@AIEc%e?%i?e?nﬁéofsthﬁdégi‘:ﬂngugé el dpger 11 50 Fhets
ARG RT T UNACS SRE B ETIE Ty WU e s&rrq%w
i LR, Aok et Sl 1eb W1 ERRLENL

o improved and the threshold current can be decreased. Preferably

10 the n-side contact layer 12 which is thinner than the second buffer

layer 11 is made in super lattice structure. When the n—side

contact'iayer 12 is made in such a super lattice structure that

the first layer and the second layer having different levels of

band gap energy are 1aminated, contact resistance with the n

15 electrode 23 can be decreased and the value of tnresho'ld can be

| decreased by exposing the layer having lower band gap energy

thereby to form the n electrode 23. As materials to make the n

electrode 23 for providing favcrable ohmic contact with the n-type

nitride semiconductor, there are metals such as Al, Ti, W, Si,

20 Zn, Sn and In, and alloys thereof.

When the n-side contact layer 12 is made in super lattice

structure of different impurity concentration, resistance in the

| transverse direction can be reduced due to an effect similar to

that of HEMT described in conjunction with the first embodiment,

25 'thereby making it possible to reduce the threshold voltage and

current of the LD dev.1ce
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47. . (Crack preventing | ayer 13) o The crack
preventing layer 13 is made of, for exanple, Inf[err] Ga[err] N doped
with Si in a concentration of 5X10[err]/cnferr] and has - a thickness
of., for exanple, 500 angstrons. The crack preventing 5 layer 13, when
formed by growing an n-type nitride sem conductor ~which includes In,
preferably InGN, is capable of preventing cracks from developing in a
nitride sem conductor |ayer which - i ncludes Al to be fornmed thereon.

The crack preventing |ayer 13 is preferably grown to a thickness in a
range from 1(@ragkpremntitgg ayver 5L3Im Wien the thickness is | ess than
100 angstrons, the |ayer Is difficult to function as a crack )
preventing |ayer. Wihe t¢rack preventbinedaver driedisemaden9fn. Fore expmplene
crystal tends to be bl ackened. The crack preventing |ayer 13 nay be
omtted in cheagGdeNndepdd with Siain actcdmmemtritiion wdd X h0¥ipet and hiase
structure as in the case 15 of the first enbodi nent, or when the n-side

cl addi ng | ayethigkngss of, fergesamplewxd0i0sangderoms s updhe| exack Preventinde.
(n-side cladding |layer 14 nmade-in n-type super lattice structure) - _
The n-si fe claxrk r’:g"xl when fermedovuremipgeanpperypedtidinide gepdgonductart n
Si in a concentratjon of 5X10[err]/cnferr]_in super lattjce structure 20
made by | aniVibkGhgingides sing speefeorahhysineal, t hf ckapablenefspegygnting

| ayer nmade of undoped GaN 20, angstrons thick alternately, and has .an
overal | thi GRS ofron (feveloping tnsa[ siErife TRemhcengducErEqdpygr which

e O es R 56 e Frped bt SEndoer el RrAvORELTE 1ayer 13
it udes A L PERHSIAR AEHNE Tch WNESAS TroagroNpe L ah 100 aRgstrons
10 -to 0.5 um When the thickness is less than 100 angstroms, the layer

is difficult to function as a crack preventing layer. When the

thickness is greater than 0.5 pm, the crystal teﬁds to be blackenéd.

Th_e grack preventing layer '13 nay _be omittéd in case the Ill—side'

contact layer 12 is made in super lattice structure as in fhe' case

15 of the first embbdiment, or when the n-side cladding layer 14 to

be grown next is made i-n super lattice structure.

(n-side cladding layer 14 inade in n-type super lattice structure)

The n-side cladding layer is made of n-type Al, ,Gay N doped

with Si in a concentration ofl 5X10%/cm® in super lattice structure

20 made by laminating the first layer 20 angstroms thick and the second

- layer made of undoped GaN 20 angstroms thick alternately, and has

an overall- thickness of, for example, 0.5 pym. The n-side cladding

layer 14 functions as a carrie; trappirig layer and light trapping

layer and, when it is made in super lattice structure, one of the
25 layers is.pre_ferably made by growing a nitride semiconductor which-

includes Al, preferably AlGaN. When the layer is grown to a
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48 t hi ckness not |ess than 100 angstrons and within 2 pm
ngr e preferably in a range from 500 angstrons to 1 [err]m a good
carrier trappi ng |l ayer can be fornmed. Wile the n-side cladding | ayer
14 may be made by growng a single nitride sem conductor, it may al so
5. be nmade in a super lattice layer which enables it to forma carrier
trappi ng | ayer of good quality of crystal w thout cracks. (n-side
optical . wavegui de | ayer 15) . The n-side optical waveguide

| ayer 15 is made of, for exanpl e, n-type GaN doped with Si in a
concentratloﬁhmkwqof[l@tr]]ﬁ@lﬁé?hqn 1@0 ahashaems @midc WHd3E b1 2 OHm, pMOTEhe
n-side optical wavegui de | ayer 15 functions as an optical waveguide
layer for tHerekerally @ range fremi20Q rafastams ey feldlbya FRd ﬁ@re&ﬁror
InGaN to a thickness usually in a range from 100 angstroms to 5

nore pref eraH@PPlng laveracrange 11)8( %OOWBh§§t¢W1SGd§ ﬁl’@dcihﬁgo]gﬁY%Il‘l
wavegui de layer 15 15 may al so be made in super lattice structure. :
case the n- Jpap be maded?y GFPWiRFey FinglieapdEride sapkgpnducticre éltdts%ﬁ'ﬁ&so

| ayer 14 are in super |attice structure, mean band gap ener

the nitrPde Pe mad?eﬁ?cﬁnﬁ&ﬁ’@f-’o]‘a‘%’;@ dayercrhieh anabies %-Fnet%éﬁé?“ 3 &4k

| ayer is set, to pe higher than that of the active Iayer form ng
a 20 supert¥aRRiRg {ayer ohi99ed quakidipiof rrygtak wikfigu at‘ﬂ@'second
| ayer may or, may, ot be, doped wit n n-type inpurity. Then- : si de
optical wavefRiT?iie [RF1q n%@‘/"%ﬂ‘é’cffl %llﬁérf’a single | ayer of

' nati ng. undoped e HesLder RRLER 3&@473&%‘ #e%m | Sgcpads) b, for
The active | a’¥ plle6 ’ Ins-trry%deeGgﬁ c?olpteeci Qg%:gl gl ll%mangérllc tratlon of 5X10*¥*/cm’
10 and has a thickness of 0.1 ym. The n-side optical waveguide layer
15 functions as an optical waveguide layer for the active layer
and is preferably formed by growing GaN or InGaN to a thickness
usually in a range from 100 angstroms to 5 um, ‘more preferably
in a range from 200 angstroms to 1 ym. The optical waveguide layer
15 15 may also be made in super lattice structure. Iﬁ case fhe n-side
optical waveguide layer 15 and the n-side cladding layer 14 are
made in super lattice structure, mean band gap energy of the nitride
semiconductor layers which constitute the super lattice layer is
set to be higher than that of the active layer. When forming a
20 super lattice léyer, at le_alst one of :t.he first layer and the second
layer may or may ndt be doped with an n—type.impurity. The n-
side optical waveguide laye;: 15 may also be either é single layér
of undoped nitride semiconductor or é super lattice layer made

by laminating undoped nitride semiconductors.

25 (Active layer 16)

The active layer 16 is made by alternately laminating a

49



49 guantum wel | | ayer which is made of, for exanple,

In[err]Ga[err] N doped - wth Si in a concentration of 8XlO[err]/cnferr]
and has a thickness of 25 angstrons and a barrier |ayer nmade of .
Im[err]Ga[err] N doped with Si "in a concentration of :
8X10[err]/cnferr]and has a thickness of 50 angstrons, 5 thereby formng
a layer of nultiple quantumwel| structure (MW : havi ng a specified
thickness. 1In the active layer 16, either both or one of the quantum
wel | layer and the barrier |ayer nay be doped with the inmpurity. Wen

doped wit h gunantumppeel hpayvery whiichetsalatde of, foal exsamphes Iy GagpNadeped
Wien the active layer 16 is made in 10 nultiple quantumwel| structure as
descri bed awdtbk, Sitinsa atomyentration asfreaiXhp'd/am’nahdnyas he thibcknessvedt

| ayer having a | ower band gap energy and a barrier |ayer having a .
band gap engﬁgayng@hmms land a barrientlayer madgueiit Img el JMadopedawiith Si .
t herefore distingui shed fromsuper lattice layer. Thickness of the
quant um wel inleagencestrd&ion bfi X108 /zm] sinddnss aprhef akosds /0 HiGthangstroms,
angstrons and nost . preferably 50 angstrons. 'Thickness of the barrier.
| ayer i ® wi thereby formbug andevesnef miklinlsgpantum weldos trgstuoes(MOW
most preferably 70 angstroms. For exanple; the quantumwell| structure
active hayangra grseified Biicknratse INokhe rativedl #yerdi6,Pebthenthath
No. 20 9-148678 (U.S. Patent Application 08/ 743,72). (p-side cap

| ayer 17) ©x one of the qméltpmvswqgl dayarmpad tie hagrigndlayper awet B darprdr

t han that of the active |layer 16, and is nmade of, for exanple, p-type
Al [ err] Ga[ eV iR the dBPHELE YV When domecki ERian R-dyPexanperi F¥n{idings |
has 25 a thjckness of, for exanple, 200 angstrons. _\VWile the cap | ayer
17i spr ef er abPy B BFRERi ERafscrERErN gt FReRERBNAERBYEI AgWer 16 is made in

10 multiple quantum well structure as describe_d above, it is always
formed by laminating the quantum well layer having a lower band
~gap energy and a barrier iayer having a band gap energy lower fhan
that of the quantum well layér, and is the'refore distinguished
from super lattice layer.- Thickness of the quantum well layer is
15 within 100 angstroms, preferably within 70 angstroms and most
preferably 50 angst_rorﬁs . Thickness of the barrier layer is within
150 angstroms, preferably within 100 angstroms and most preferably
70 angstroms. For example, the quantum well structure active
layer disclosed by Japanese Non-examined Patent Publication No.

20  9-148678 (U.S. Patent Application 08/743,72).

(p—-side cap layer 17)

The p-side cap layer 17 has band gap ‘energy higher than
that of the active layer 16, and is made of, for example, p-type
Al, s Ga,,N doped with Mg in a concentration of 1X10¥cm® and has

25 a thickness of, for example, 200 angstroms_. -While the cap layer |

17 is preferabl_y used in this way according to the second embodiment,
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50 the cap Iayer'is formed wwth a small thickness 'and

t Her ef ore may be of i-type wherein carriers are conpensated by doping
n-type i mpurity. Thickness .of the p-side cap layer 17 is controlled
wi.thin 0.1 [err]m nore preferably within 500 angstrons, and nost 5
pr-eferably within 300 angstrons. Wen grown to a thickness greater
than 0.1 [err]m cracks tend to develop in the p-side cap |ayer 17
meking it difficult to grow a nitride sem conductor |ayer of good
quality of crystal. Wen the thickness of the p-side cap |ayer 17 is
great er thant®e capnlaver dgr foerpedafith psmalilhtbighness and thexethre may

| ayer 17, which acts as an energy barrier, through tunnel ' effect. .

When the perfe®r@fibrtype ciherein igarpiers are campensatiesh by doping a-type
consideration, the thickness is preferably set to w thin 500
angst roms antPPRFELYr ef BHeHIRESH t9f nthoopanider 6ap. layer 17 is confpelled
p-side cap-layer; 17 is preferably formed by using AlGaN 15 having a high
proportion dfitin 0o} JeR, t BoRakRreRerablcvithiBaS08r angstromg, og&d ,
and the I,r:rD devi ce %gcomas easier. to oscillate when . the Al GaN | ayer. is
made t hi AnerPTERTBLApVIthiR 300 @Restroms.  Whepegrpem e | N Whdiskness
val ue of Y being O. @or rfater, t he thickness s preferably -
control | ed vIX$RTES 38N st HlrsCroRks Sankk tpslpsrelon in the p-sidereap laves
cap layer 17.is not specified, it is preferably , formed to a thickness
nor 1 ete! ¢ nak R B i et 1 Bra s Rt e e AR GhRe LAET OF
The p-side optical equi de | r has, ‘band gap ene . hi gher, than
Chat of the S RuaiTEVis FvaLEl , et fng H VaRss S the poside S35 Loyt
GaN doped wi I.n congentration of .1 X 10[.err]/c rr and. h a
t hi'ckness offJG.JJI\Lég[%’ﬁa] r%iéarb-dg‘i-]démbpttih(,ealc i%@%&yé’!ﬂss through’ the
10 p-sidecaplayerl?, which acts as an energybarrier, through tunnel
effect. When the penetration of carrier by tunnel effect is taken
into consideration, the thickness is preferably set to within 500
angstroms and more .preferably within 300 angstroms.
The p-side cap layer 17 is preferably formed by usihg AlGaN
15 having a high proportion of Al in order to make the LD device easier.
to oscillate, and the LD device becomes easier to oscillate when
the AlGaN layer is made thinner. For example, in the case of
Al,Ga, N with the value of Y being_ 0.2 or greater, the thickness |
is preferably controlled within 500 angstroms. While the lower
20 limit of the p-side cap layer 17 is not specified, it is preferably
formed to a thickness not less than 10 angstroms. |
(p~side optical waveguide layer 18)
The p-side optical waveguide layer 18 has band gap energy
higher than that of the p-side cap layer 17 and is made of, for
25 example, p-type GaN doped with Mg in a concentration of 1X10%/cm’®

and has a thickness of 0.1 um. The p~side optical waveguide layer
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18 functions as an optical waveguide |ayer for the active |ayer 16,
and is preferably fornmed by growing GaN, InGaN sinilarly to the n-side
optical waveguide layer 15. This layer functions also as a buffer

| ayer when growi ng the p-side cladding |ayer 19, and 5 functions as a
favorabl e optical wavegui de | ayer when grown to a thickness in a range
from 100 angstrons to 5 [err]m and nore’ preferably in a range from
200 angstrons to 1 [err]m Wile the p-side optical waveguide [ayer is

usual |y rendered p-type conductivity by doping a p-type inpurity such
as My, altedfaff u@é’lt}olnls Ay apoPPtical jeaviewetde, kavem ql?r&gl@i ﬁ?tlxﬁdXﬁﬁér_

p-side optical waveguide | ayer al so be nade in _super lattice
structure. Weenamgdasi Hrgﬁggably fOFIA?éi% FfowWinq G@N seipidagiyvt ke
first layer and.the second | ayer nmay be doped with .a p-type inpurity,-
or may not B'@edBpéélde othegfaJamavegpg.de laver dle5-cl gééﬁnbal’%lg/éunﬁm%ﬁéﬁo
|attice |ayer) The p-side cladding, layer 19 is _nade of p-type
~Alferr] Gaf e8] R bUffeHon%ﬁeW‘fhﬁWﬁor‘f’lélgc§H@eﬁfﬁb@¢d#-ﬂﬁdMG-[aé(@rl] ﬂ-gn{ é‘?lé
in super_lattice structure made by alternately |amnating the first

| ayer 20° funéﬂ’dé’tqsoﬁs‘" ehifayoxstp L ﬁwé’%é&&%dwlaél%#llﬂﬁl dRYPE WRER 8F°Hnt 1Be
GN 20 and |s doped vmth My in concentration of 1X10gerr [cne ci

havi ng a Qore%’@?t AR HiQ egsHEORS of y f1q glmore

~functions arrier trappin er simlarly to the n:-si ecladln
| ayer fzeﬁfag% 184 aﬁpgefﬁmf? ?Bﬁﬁa%%s%rmmpy% I ERES .tgxf- Pratde"
resistivity s of

073 o6 ol auai o, BavPaRanE Threthie fusudl 1€ snddt etk BERERg cifiguctivity

Lormed o ay (i Gknces, ot eSS AN APQ2B9L A" AE e HSH) Bt may not

10 be doped with any impurity. And the p-side optical waveguide layer
may also be made in super lattice structure. When made in super
lattice structure, at least one of 'the first layer and the second
1ay¢r may be doped with a p-type impurity, or may not be doped
at all. |

15 (p-§ide cladding'layer 19 = super lattice layer)

The p-side cladding layer 19 is made of p-type Al, ,Ga, ¢N
doped with Mg in a concén_tration of 1X10*/cm’ in super lattice
structuré made by alternately laminating the first layer 20
angstroms thick and the second layer which is madé of p-type GaN

20 and is doped with Mg in a concentration of 1.><].-02"/cm3 haw}ing a
thickness of 20 angstroms. The p—sidé clédding'laye'r 19 functions
as a carrier trapping layer similarly to the n-side cladding léYér '
14 and particularly functions as a layer for decreasing the
resistivity of the p-type layer. While limits of thickness of the

25 p—side cladding layer 19 are not épecified, too, it is preférably

formed to a thickness not less than 100 angstroms and not greater
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than 2 m nore preferably not |ess than 500 angstrons and not ' greater

than 1 {err]m (p-side contact. | ayer 20) The p-side
contact layer 20 is made of, for exanple, p-type 5 GaN doped with My in a
concentration of 2 X 10[err]/cnferr] and has a t hi ckness of, for
exanpl e, 150 angstronms. The p-side contact | ayer 20 can be made in a
constitution of In[err]J]Al[err]Gferr]N (O[err]X, O [err]Y, X+Y[err]1l):
of p-type, and the nost preferable ohmc contact with the p el ectrode

21 can be obtained by using GaN doped with My as 10 descri bed above.

Thi ckness othame2p-mypeorenpreferalply net less gihan i angsirans apd ot
wi thin 500 angstrons, nore preferably. wi thin 300 angstrons and nost
pref erabl y greater2bidannskreons. ~ This is because resistivity can be -
further decreased by controlling = the thickness of the p-type nitride
seni conduct ¢p—akdehcombagt higier120) resjstivity of several ohmcentineters
or ‘higher within 500 angstrons, thus reducing the threshol i current
and voltage. -1t Thepssddscontrchdavies 20 i mﬁgﬁ 0fs LM EXGRBL Ry RTLYPE
hydr ogen renoved fromthe p-type |ayer, thereby further rieducing the
resistiVityGaN doped with Mg oinii agcencentratiernefi B8R0 diem’t pBdp hasy&
contact 20 |ayer 20 may al so be made in super lattice structuyse. en
maki ng thigkpess| afvi £on sFerplene 190 ﬁnQ%m%ndTpﬁe%'e?é?d ‘FQ\Q{}'@Ct
havi ng different values of band gap epergy are | am nated in

successi on layerp20igan bagmadst ?—nzﬁdc‘aﬁﬁtéBugh?ns%ftﬁ%&%ﬁél-kﬂe?o% iy

25" onm . cOXa WL h AhP) PR CERa B BB R PR SRRt} Gl or R pRcE Witk ©
glectrode 24, 1% SfedBidad 21 'h BE20BES1ndl by Usilld Yin bBed with Mg as
' 10 describéd above. Thicknesé of the p-type contact layer is
- preferably controlled to within 500 angstroms, more préferably
within 300 angétroms and most preferably within 200 angstroms.
This is because resistivitycanbe furthér decreased by controllir_lg
the thickness of the p-type nitride semiconductor which has a high
15 reéistivity' .of several ohm-centimeters or higher within 500
angstroms, thus i‘educing the threshold current and vblt'age. It |
is also made possible to increase the amount of hydrogen removed
from the p-type layer, thereby further reducing the resistivity.
| According to the preseni: invention, the'p—sid.e contact
20 layer 20 may also be made in super lattice stru'ctu;e. When making
a super lattice layer, the first layer and the second layer having
different values of band gap energy aré laminated in a succession
of 1st, 2nd, 1lst, 2nd and so on; so that the layer having lower
band gap energy is ‘exp'osed at the last, in which case preferable
25 ohmic contact with the p electrode .21 ‘can be obtained.. The P

electrode 21 may be made of, for example, Ni,lPd, Ni/Au, etc.
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According to the second enbodi nent, an insulating film 25 made of
SiJerr] is formed on the surface of nitride sem conductor | ayer
exposed between the p electrode 21 and an n el ectrode 23 as. shown in
Fig. 2, while the p pad electrode 22 which is 5 electrically connected to
the p electrode 21 via an aperture forned in the insulating film 25
~and an n pad el ectrode 24 connected to the n el ectrode 23 are forned.
The p pad el ectrode 22 increases the substantial surface of the p pad
el ectrode 22 so that the side p el ectrode can be w re-bonded and
di e- bonded, and t heRRCpEEAingotoethet $e§@n<24erpb@%me§tt hennipselatbeg DHhlm
fron1peeI|n of f The nitride sem conductor device of the
second enboaﬁn%ﬁ@e of SiQysig Horped pa thedripsapd nibridegoemi eerdueionf
crystal which is a super lattice |layer made by lanminating the first -
| ayer and" 1aYth§"B@§SﬁdbP§‘y'§Pn\AH1ﬁ BE Fﬁ??ﬁﬂ@k%is%n% 2 h eheckrede 23
strain 15 lim.t With this configuration of the nitride sem conductor
devi ce accofgi rﬁj"Q"B‘ tHe Fddond entiBdlfethe (RsPefaRledirqdn p2smpdch 1is
claddlng_blaéiE 19 caE be decreased tq a |evel at |east, one order

magni t u FErhsh imormec‘at%i F95§1 Gfgode el Wi am a@@§§ure fomﬁd
have super Iat£$ce struct ure, %. %ﬁ fore t hreshol d voltaﬂe an
current can*Be lating film 25 ap s%n|W1HQQBQ%99§n$QeS§ E%ﬂﬁﬁﬁ?%

device of t de se uct or _having a | ow

SEC
banfll gap eﬂgﬁﬁ ct?’%“ﬁ*‘o%&r&s Ph’@ea | éb e1pGEEPIS02Aath éazes
21 addi ng Fagﬁsss%staf‘éti U AR PROIE PR cﬁar”pb%%éaf%%a%etﬁéis'w&at

st oot [;ﬁ{ag p el&CLES érc‘"‘éﬂ Pe %rteh%c%ds n%oﬁt 2%hppak8, 484’ fne n pad

10 electrode 24 prevenfs the n electrode 23 from peeling off.
The nitride s'enlliconductor device of the second embodiment
" has the p-type eladding layer 19 of good quality of crystal which
is a super lattice layer made by ;aminating the first layer and
the second layer with a film thickness within the elastic strain
15 limit. With this configuration of the nitride semiconductof
device according to the second embodiment, resistance of the p—side
cladding layer 19 can be decreased to a level at least one order
of magnitude lower than that of a p—type cladding layer which does
not have super lattice structure, and therefore threshold voltage
20 and current can be reduced: |
Also in the nitride semiconductor device of the second
embodiment, a nitride semiconductor having a low band gap energy .
is formed as the p~side contact layer 20 having a small thickness
of 500 angstroms or less in contact with the p-side cladding laYer
'25 19 which includes p-type Al,Ga, N, so that the carrier

concentration of the p-side contact layer 20 is substantially
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~increased and favorable ohm c contact with the p el ectrode can be
obt ai ned, thereby meking it possible to decrease the threshold current
and voltage of the device. Further, because the second “buffer Iayer
112 is installed before growing the.n contact layer, 5 the nitride

sem conductor |ayer to be grown on the second buffer - layer 112 can be
rendered good quality of crystal and a | ong- |ife device can be made.
When the n-side contact |ayer which is grown on the second buffer

| ayer 112 is nade in super lattice structure, resistance_in the
transverse dinaraased jand favesableo ohmisr epptagki Watht theswi slectsorfgkean
devi ce having | ow threshaol d ~voltage and threshol d current

In case a nibke phéadnetledritrrely mMakisng {haasfidla tpedeerease W%Fﬂﬁﬁsgﬁéﬂ
as InGN, is provided in the active |la 16 .in the LD device of th
second enbodiurnanty and vod tager efabhe %ﬁ\ﬁ%cﬁ sUpithep; begayiseet ﬁ&y@?cﬂﬁge
by alternately |l-am natin In[err]Ga&err]N and Al[err]Ga[err s used
as |ayers wiuffeamiaypsskl? ie instadlpdyeefare @novifg the ngqgg:a(gtahayﬁg,

| ayer 14 and the p-side cladding |layer 19). Wen conflgured in t%@
way, di f5eréﬂiﬁé@lltﬁltdﬁessﬁh@@ﬂ\éc‘éﬁﬁrjg%y%dm be gF@Y’Pa%?l d,RPREER
the active |layer 16 and the super Iattlce can be [ ncrease

“that the suﬂéyql%lt]t]i?céarrhﬁ JE%F?‘FI%’E? good a@u%ﬂ'ﬁ- C%T'I% stagjnhen rﬁpgpﬂg—

| ayer when a | aser device is Mor eover because

nuf
has softer cdrikg glevice Céﬁa]ibﬁdi‘%‘ilﬁ” Stl acgﬁeo‘?ﬁﬁ’rd?n‘f‘?rf'ﬁ%c%e]ﬁ% g’&c& gga

whi ch i ncl ude Al such as G I ess | i kel dev
t hroughout ~FEPWR (RN | Ehe rﬁﬁ%‘?}“ﬁlkm%\%ﬁ’ tb? ?‘?ﬁ%r%xmﬁgﬁefn%ﬁelce
gze_d 'n sérrhect%l.zel,verelsaf/ tanc-:reh ufnt hﬁes %gv In%%relr'sfee cf)lfretcrleioltp ngkgauﬁéﬂ

10 .thereby making it possible to make a device having low threshold
voltage and threshold current.
In case a nitride s-emicohductor which includes at least
indium, such as InGaN, is provided in the active layer 16 in the
LD device of the second embodiment 2, it is -preferable that a super
15 1lattice layer made by alternately laminating IngGa, N and Al,Ga;.,N
is used as layers which interpose the active layer 16 (the n-
side cladding layer 14 and the p-side cladding layer 19). When
configured in this way, differénces in the band gap energy and
refractive index between the active layer 16 and the super lattice
20 layer can be increased, sb thét the super lattice layer can act
as én excellent light f.rapping layer when a laser device is
manufactured. Moreover;_ -because InGaN has softer crystal
characteristic than other nitride semiconductors which include
Al such as AlGaN, cracks are less likely to develop throughout
25 the laminated nitride semiconductor 1aj(ers ‘when InGaN is used in

the active layer. Thus the service life of the LD device can be
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el .ongat ed. In the case of a seniconductor device of

doubl e- hetero structure having the active |ayer 16 of quantum wel |
structure ~as in the second enbodinent, it is preferable that the
. p--side cap 5 Jlayer 17 nade of a nitride sem conductor which has band gap
ener gy hi gher than that of the active |layer 16 and a thickness W|th| n

0.1 [err]m preferably the p-side cap |layer 17 made of a nitride

sem conductor which includes Al is installed in contact with the

active | ayer i@ E p-side optical waveguide |ayer 18 having a 10 band
gap energy | &weP9Ig 59 ‘that of the p side cap |ayer 17 i s install ed at -
apositionfarthert Frit" -sid gla yer 17 fr he active

| ayer, and a nitri de Bofadet 8 ﬁa Fﬁbcﬁnﬂ‘éﬁﬁ°§aﬁe"lce ogr@?‘&l%‘%‘é@ro
t han that of 5'-[ ESIdﬁ Etlcﬂ3 UId | ayer wgreferabl  the .
p-side cl addPhFUFEYER gv oo sﬁﬁ Vf—‘a &ve 1§5°fs$1\1%',t: "ok} cRET R s
a nitride sem’con tor is instal] ed at ositiQ
farther than@tHt? li'éq ’ﬁ#’oglmenﬁav]etg&lsdng 9E1”‘£i8 1ﬁf"bt?n P38LfgLaP

e g e g B el 1 ey e B e
Ve oy b SRR paeor o L A8, EATELLOE 08 b B e
Uil e conty 94t 8¢ b pdlgklantld e 2ot eg“%ﬁzﬂaygmmegg%;cm%%é°
e A B AT, R B S
! eaat one n- &XE%&“P%&%, _Clghe p—51de optical waveguide layer 18 hav:.risg6 a
10 band gap energy lower than that of the p-side cap layer 17 is
o installed at a position farther than the p-side cap layer 17 from
the active layer, and a nitride semiconductor having a band gap '
enerqgy hlgher than that of the p-side optical wavegulde 1ayer 18,
preferably the p-side cladding layer 19 having super lattice
15 structure which includas a nitride semiconductor including Al,
is installed at a-position farther than the p-side optical
waveguide layer 18 from the active layer. Because the p—side cap
iayer 17 is made with a high band gap energy, electrons injected
from then 1ayer are blocked by the p~side cap 1ayer 17 and trapped,
20 so that the electrons do not overflow the actJ.ve layer, thus
resulting in less leakage current in the dev1ce,

: .While configurations of the nitride 'semiconductor device
according to the second embodiment which are preferab.le as the
configuration of laser device are described above, the present

25 invention is not limited "to any particular device configuration

and is applicable as long as at least one n-type super lattice
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| ayer is provided in the sem conduct or regi on 202 on n conductivity
side below the active layer 16, and at |east one p-type super lattice
| ayer is provided in the sem conductor region 252 on p conductivity
side above the active layer 16. However, it is nost 5 preferable for the
pur pose of reducing the values of Vf and - threshol d of the device, that
the p-type super lattice layer is formed in the p-side cladding |ayer
19, which acts as a carrier trapping |layer, when provided in the
sem conductor region 252 on p conductivity side, and is fornmed in the
n contact | dgarerlPs provikiedlin thet sembcenduct@ntreghpa@daonimagendubtititie
n electrode 23 is in contact with, or the n cladding | ayer 14, which
acts as a caidecbelow theammiigrd aleyer vilen gnd\aidebeast tdmre sprtygoadsuper
regi on 202 on n conductivity side. It is a matter of course that the
confi gur at i datdiicd dayer tisaprovided devitbe semibenducbor régioen®52i omrp
can be applied to an LED device (except for that a ridge - I's not
necessary f @onductifdtyeside)above the active|lnyewr 1.t rHoweveni ddndscnost
devi ce of the second enbodi nent configured as descri bed above, it is
pref erabbe preferable Hionetheepbepasrealfededucimat bins phialveahiodh Hoeandot
include 20 H for exanple nitrogen atnosphere, at a tenperature_not |ower
t han 400] er rt]txresfn@rldepénphe devices | thatfthe n—rtemea)selperh&aetbeenlamneus
Thi s process decreases the resistance of each layer of the p- type
nitride senifosmedcdor thegpoaiderchaddingickatsr débr eddichgachs as a eareieml d
vol tage further. 25 Al'so in the nitride sem conductor device of '
the second trappdmsodanent,wher Rrasigiad diethe snmicaidugtamaeidons2pgrord
i A -the 57
: P conductlv:Lty side, and is formed in the n contact layer 12, which
10 acts as-a current injection layer which the n electrode 23 is in
contact with, or the n cladding layer 14, which acts as a carrier
trappihg layer, when provided in the semiconductor region 202 on
n conductivity side. It is a matter of course that the
configuration similar to that of the device of the second
15 embodiment can be applied to' an LED device (ex'cept for that a ridge
is not necessary for the LED device).

In the nitride semiconductor device of the second
embodiment configured as described above, it is preferable that
the dev1ce be annealed in an atmosphere whlch does not include

20 H, for example nitrogen atmosphere, at a temperature not “lower
than 400°C, for example 700°C, aft_er the layers have been formed.
-This process decreases the resistance of each layer of the p-
type nitride semiconductor region further, thereby decreasing the
threshold voltage further. |

25 Also in the nitride semiconducter_ device of the second

‘embodiment, the p electrode 21 made of Ni and Au is formed in the
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formof stripe on the surface of the p-side contact |ayer 12, while

the n-side contact |ayer is exposed symetrically with respect to the
p electrode 21 and the n electrode 23 is installed to cover nearly the
entire surface of the n-side contact [ayer. Wien an 5 insulating
substrate is used, such a configuration of providing - the n el ectrode
23 symmetrically on both sides of the p el ectrode 21 is very

advant ageous in decreasing the threshold voltage. According to
t he second enbodi nent, a multi-layér dielectric filmmade of Si(err]

and Ti J errormb 08t opatsh ehet Nier FAGQVEGEhe 3-sideavent pttriayer 125 ovtuitlor )
whi ch is perpendicular to the ridge (stripe-shaped el ectrode).

According tenéhg-sigseséntavenliger becaxsesédesyuperrically aritilcerdspent is
used either as the cladding |layer which acts as the carrier trapping
| ayer fornegoithd peeletiypodeezl @ndothe-1i electtoder 28iien instedjesli hg adwer
active layer, or as an optical waveguide | ayer of the active |l ayer or
as a currengeaplgcthenehioyee sunfdckecdf the wi-siden cehéattodsybei ndilien A
in contact therewith, it is preferable to control” the nean band gap
energy o thesnlating substsave cimdisadyr sudhch configunationhef aupariding
lattice layer to be 20 higher than that of the active |ayer.
Enbodi ment 8he n electrode EBgsyminésricalhermat botbr stdesaxf itheap adegirode
show ng t he configuration of the nitride sem conductor device
according tpl is vehg advantagbousnintdetreasing cthetthreshkeldvoliage.
nitride 25 sem conductor device of the third enbodinent is a |aser diode
of stripe el echcodedipge tai rithe hsesotdf aenboflimpntact & va kst layer
58. . '
T dielectric film made of Si0, and TiO, may be formed on the cleavage
10 plane (plane of resonator) which is perpendicular to the ridge
(stripe-shaped electrode).

According to the present invention, because the super
lattice layer is used either as the cladding layer which acts as
the carrier trapping layer formed in the n-type region'or'p—type

15 region interposing the active layer, or as an optical waveguide-
layer of the active_layer or as a current injection layer provided
‘'with an electrode being formed in contact therewith, it is
preferable to control the mean band gap energy of the nitride
semiconductor which constitutes the super lattice layer to be

20 higher than that of the active layer.

Embodiment 3

Fig. 3 is a schematic cross sectional view showing the
configuration of the nitride semiconductor device according to
the third embodiment of the present invention. The nitride

25 semiconductor device of the third embodiment is a laser diode of |

stripe electrode type using the end face of the active layer as
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a . resonance pl ane, and Fig. 3 schematically shows the cross section
ofZ the .device when cut in a direction perpendicular to the direction
of propagation of laser light. The third enbodi nent of the present

i nvention will be described below by referring to Fig. 3. 5 In
Fi.g. 3, reference nunerals refer to the follow ng conponents.

100 denotes a GaN substrate of a thickness not |ess than 10 [err]m
which is grown on an auxiliary substrate nade of - a materi al ot her

than nitride sem conductor, for exanple a substrate made 10 of such
materi al as aamsonancesplamee, aSdFid 3 SelemainicaTXy shdws the crassidacirion

substrate nay be renpved after the GaN substrate 100 is formed as i
shown in Fi gof Theodevitye Bhehedut in a dirneot 1dr peapendicudnd s tHewlittemition -
renoving as in the case of an enbodinent to be described later (Fig.

8). 15 - of prophyattdont@f laskeufIbght ay FhenthiirdemBodimpat of thepr@sent
whi ch al so functions as an n-side contact |layer in the third

enbodi ment . invention will lke ddesceibed bebiwicdy | reffbmingyy Bigsuber

| attice structure nmade by.lam nating Si-doped n-type Al[err]Ga[err]N.
(first 20 nitride BenFignd3st areflermmce 40mangskts onefeni tek &he foddpetin@N
| ayer (second nitride semconductor |ayer) 40 angstrons thick,

alternately ¢m0®em*é¥§'ers In the third enbodi nent, the n-side

cladding layer 14 is formed at a position |ocated apart fromthe

active layer. - 25 100 denotiss @gefaNesubatnate duf @utgéCkE@éﬁ Rebeleds then

exanple, - undo% ed_GaN which is placed_between the n-side cladding | ayer
14 ich is grown on an auxiliary substrate made of a material

other than nitride semiconductor, for example a substrate made

10 of suchnmaterial as sapphire, spinel, SiC, Si, GaAs and Zn0O. The
auxiliary substrate méy be removed after the GaN substrate 100
is formed as shown in Fig. 3, or may be left to remain thergon
and used without removing as in the case of an embodiment to be
described later (Fig. 8).

15 11 denotes a buffer layer made of Si-doped n-type GaN,
which also functions as an ﬁ-side céntact layer in the third
embodiment. |

14 denotes an ﬁ-side cladding layer of super lattice
structure made by laminatiﬁg Si-doped n-type Al, ,Ga, N (first

20 - nitride semiéqnductor lajér) 40 angstroms thick and undpped GaN
layer (second nitride‘semiconductor layer) 40 angsfroms thick{
alternately in 100 layers. In the third embodiment, the n-side
cladding layer 14 is formed at a posiﬁion located apart from the
active layer.

25 15 denotes an n-side guide layer made of, for example,

undoped GaN which is placed between the n-side cladding layer 14
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59 - and the active layer 16 and has a band gap energy

| gwer t han t hat of Al[err]Ga[err]N of the n-side cladding |ayer 14.

A sem conduct or region 203 of n conductivity side is constituted from
the n-side buffer layer 11, the n-side cladding 5 layer 14 and the n-side
opti cal wavegui de | ayer 15. : 16 denotes an active |ayer of

mul ti-quantum well structure made by | am nating three quantum wel |

| ayers made of Al[err]Ga[err]Nwith a thickness of 30 angstrons and
two barrier |ayers .nade of Inf[err]Ga[err] N having a band gap energy

hi gher than ddidterad achevaUREYUE16 And'Bhb 4 B ARdehBEGYMBSe R tidh that

angst rons, alternately in five l ayers in

denotes a p-&f 4@l Caa | RYBE ¥REen0kidboE]l8dd@iRGClayer 1M-doped p-type
A-[err]Ga[err]N whi ch’has a band gap energy higher than t he band gap

energy of the quant ym ¥&hi céaeetoPl ré§eoAacbioge drane codductifviry Bigbels
than the band gap energy of the p-side optical wavegui de | ayer 18. The

band gap - enesalys®f tited Erdndehean-52d&buffer 1ayves PLfEHabl-S5isR! claddeng
hi gher than that of the nitride sem conductor layer (fourth nitride

seni condgct OYay@yerd ad Gthe n-siwms dﬁ%ﬂa%wlwme&mm the p-side
cladding layer 19 of 20 the super lattice structure. 18

denotes the p-side g denbegsranadeivé layer 6£m|tﬁrquantu§1W¢@PE(§tG&NtW@bCh
is placed between the p-side cladding |ayer 19 and the active |layer 16

and has a bamdgbdy baeingytimyehrebaguditiin well RiyeAd nadk@f alp L 8kp{N wheh
p-side cladding | ayer 19. 25 19 denotes a p-side cl adding Iayer

of super | atdithicknesst ofct30 eanggderbysl amﬂdlaﬁwmgb&hrﬂeﬁed.agemq)anade of
AI[err]Ga[err]N which is
In,, 0sGa,y.osN having a band gap energy higher than that of the quantum
10 well layers and thickness of 30 angstroms, alternately, in five
layers in all. | |
17 denotés a p-side cap layer made of, for example,
- Mg-doped p-type Al, ;Ga, ,N which has a band gap energy higher than
the band gap energy of the quantum well lay‘ers of the active iayer
15 16 and highef than the band gap energy of the p-side optical
waveguide layer 18, The baﬁd gap energy of the p-side cap layer
17 is preferably set to be higher than that of the nitride
semicqnductor layer (fourth nitride semiconductor layer) which
has less band gap energf among the p-side cladding layer 19 of
20 .- the super lattice structure.
| 18 denotes the p-side guide layer made of, for example,
undoped GaN which islplaced.between the p-side claddiﬁg layer 19
and'the active layer 16 and-has a band gap energy lower than that
of Al ,Ga, N of the p-side cladding layer 19.
25 . 19 denotes a p—side'cladding layer of super lattice

structure made by laminating Mg-doped p-type Al, ,Ga, N which is
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60, 40 angstrons thick and undoped GaN | ayer 40 angstrons

t Hi ck, . alternately in 100 | ayers, located apart fromthe active |ayer.
20 denotes a p-side contact |ayer made of, for exanple, My- doped GaN
whi ch has a band gap energy |ower than that of the 5 Alferr]G[err] N of

t e p-side cladding | ayer 19. - A sem conductor region 253 of p
conductivity side is ‘constituted fromthe p-side cap |ayer 17, the

p- side optical wavegui de | ayer 18, the p-side cladding |ayer 19 and

t he p-side contact |ayer 20. 10 As descri bed above, the

| aser devi cei®famidpettdms dthick entodindepedoiGaNelgyeasesd angshroma khsckuch
a structure as the nitride sem conductor layers 11 and 14 through 20

are | am nat el ternately im GON dalersat 2od8bedwea et nfrsim ithe @cdgeyd dakverned
on the nitride sem conductor |ayer |ocated over the p-side cladding
layer 15 19 and t 80 plezicdets adp-8idescontaet bayenbsidmidfl Ifprt ksaspiese
surface of the p-side contact |ayer. 20 | ocated on the outernost
surface of tMge-domkek . Gabh vﬂwrshla’saaebandpgaprémngy dfowdr MWt of the
n-side buffer |layer 11, onthe other hand, is forned then el ectrode 23.
In the t5irdUQmﬁbtheof thbepﬁsédeccladdiﬁg layéorh®d on the 20  surface
of the n-side buffer layer 11, but because the GaN substrate - 100 is
used as the substratfe, semm¢pndumﬂﬂrgnegionnZanoﬂ:n)¢mnduct1%mﬁwo§e@eass
the portion where the n electrode is to be formed is - etched down to
the GaN subsionateltaied heramythe pxpéde cap davercd7, thefprabdeasptical
substrate 100, "‘then the n electrode is forned on the 25 exposed GaN
substrate 10(vRguids laver 18,ctheopeside ehedding layerdd gael &he Broidged
on. the sanme side. An |nsulat|ng film25

contact layer 20.

10 As described above, the laser device of the third
embodiment of the present invention has such a structure as the
nitride semiconductor layers 11 and 14 through 20 are laminated
on the GaN substrate 100, whereiﬁ stripe ridgé is formed on the
hitridesemicqnductorlayer10Catedoverthep—sidecladdiﬁgiayer

15 19 and the p electrode 21 is formed on substantially the entire
surface of the p-side contact 1ayér 20 located on the outermost
surface of the ridge. On the surface (top surface) of the exposed
n-side buffer layer 11, on +the other hand, is formed the n electrode
23. In the third embodiment, the n electrode 23 is formed on the

20 surface of the n-side buffer layer 11, but because the GaN substrate
100 is used as the substrate, such a configuration may also be
employed as the portion where the n electrode is to be formed is
etched down to the GaN substrate 100 thereby to expose the surface
of the GaN substrate 100, then the n elecﬁrode is formed on the

25 exposed GaN substrate 100 so that the p electrode and the n

electrode are provided on the same side. An insulating film 25
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61 made of, for exanple, SiQ2 is forned on the exposed
surface of the nitride sem conductor except for the top of the n

el ectrode 23 and the p electrode 21, while the n pad el ectrode 22 and
the n pad el ectrode 24 are provided for the purpose of bonding for
the 5 connection with the p electrode 21 and the n electrode 23 via the
apertures in the insulating film25 above the n el ectrode 23 and . the .
p el ectrode 21. Wiile the region conprising-the nitride sem conduct or
| ayers pl aced between the active layer and the p el ectrode is

referred tomadetd®, FoH eRALPTEPISIGILSNFHmdt ohOthe MMPBEEdd sy facdenf tHHes
does not nean that all the nitride sem conduct or | ayers constituting.

the sem condittfder sghbsoha@ii€tor ex@epl PEOE ORI CEdYidF the Hi rdlattnodd B3
regi on conprising the nitride sem conductor |ayers placed between the

active | ayeandnthe p ehe€obbdebsl) allei 1&0thes 1 epad reledtordite 422 and the n
sem conductor region 15. of n-side conductivity, this does not nean that

~all the nitpadeelectrodeizpatecpoovidpdr Sof ailsd idutivore bifcbérging fvwahe
n-type conductivity, as described previously. - The | aser
devi ce &ccocdhngctibon hel tihithe: pnébelttisde &1 the the n RlestodenZB8ngiHrtHeas
the n-side cladding | ayer 14 of super lattice 20 structure nade by
| am nati ng aperturses in ttheddnsatatdndutlbn 2% \wbove thehavebgetrddg e amd
gap energy and the second nitride sem conductor | ayer having a band
gap energy tbheep elactrbde &l.t hdlHillestthe t région compeisingdiheomniltayiele,
the two layers having different inpurity concentrations, provided at
posi tions apemicénducidr layeve plaeced RStwddh ithe hective dayen rminde the p
sem conductor |ayer |ocated bel ow the active layer 16 showmn in Fig. 3.
Thi ckness otleqtrédestisnireferred to as the semiconductor region of p
10 conductivity side, this does not mean that all the nitride
semiconductor layers constituting the semicondudtor region have
p-type conductivity.  Similarly, the region comprising the
nitride semiconductor laye;s placed between the aétive layer.and
a GaN substrate 100 is referred to as the semiconductor région
15 of n-side conductivity, this'does not mean that all the nitride
semiconductor 1layers constituting the region have n-type
conductivity, as described previously.
The laser device according to the third embodiment of the
present invention has the n-side cladding layer 14 of super latticé
20 structure made by laminating the first nitride semiconductor layér
having a high band gap energy and the second nitride semiconductor
layer having a band gap energy lower than that of the first nitride
semiconductor layer, the two layérs having different impurity
concentrations, provided at positions apart from the active layer

25 16 in the n-side nitride semiconductor layer located below the

active layer 1_6 shown in Fig. 3. Thickness of the first nitride .
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62 ' sem conductor -l ayer and the second nitride

sem conduct or | ayer . which constitute the super lattice layer is
preferably controlled to be within.100 angstrons, nore preferably
within 70 angstrons and nost preferably within a range from 10 to 40
angstrons. \Wen 5 the thickness is greater than 100 angstrons, the first
nitride - sem conductor |ayer and the second nitride sem conduct or

| ayer beconme thicker than the elastic strain limt and m croscopic
cracks or crystal defect tend to develop in the film Wile the |ower
limt of thsemiicohdestonflaperfandttine tsecend and ok demidandirctdid lagred
the second nitride sem conductor |ayer is not specified according to
t he presentwhiekrdonst idntterhiebsupdr day tigkukaper liengreferably dantirolled
nmonoatonmi ¢ | ayer or thicker, it is preferably 10 angstrons or
greater. Futohee withind G} amgstirdemssembréengneferabhyevitlsin 70 angsdiromesb| y
made by growi ng-a nitride sem conductor which includes 15 at |east. A,
pref erabl y @#hfewodiGpreferbbl@witbin]a YangeWicos 10dodbommgstronsi t Whea

sem conductor |ayer may be anything as long as it is a nitride
senm conduct thehtlhriokneshahsl goeateerrigyan clRe arngetndms, the Lifrstheiftinigle
‘nitride sem conductor layer, it is preferably nade of a nitride

sem conduct sembtondnatgr nlxyer canydt the csecandhrit mide demigconguahion layiesh
as Alferr]G[err]N (O[err]Y<l, X>Y) and In[err]Ga[err]N (O[err]z<1l) which
tan be grovpeeceme th rphan the @astdrnstryinil ipdyand miaresedphg cracks o

the present invention, it is nore preferable that the first | nitride -
seni conduct®f @evifakrdefeglertand tocdevelap én §besfhdm. | fhiddge the lowerand

- the.second nitride_sem conductor be In[err]Ga[err]N (O[err]Zz<l) which 25

“does not i ntinde of thedhiscknessepd: kbpyfikst initride tyqmiconductor layer

sem conductor is_Alferr]Gaferr] N (O<X[err]O0. 3%: w th the m xi ng propaqrtiaon

10 and the second nitride semiconductor layer is not specified

according to the present invention and may be of any value as long

as it is mbnoatomic layer or thicker, it is preferably 10 angstroms

or greater. Further, the first nitride semiconductor layer is

preferably made by growing a nitride semiconductor which includes

15 at least Al, preferably Al,Ga, N (0<X=1). While the second

nitride semiconductor layer may be anything as long as it is a

nitride semiconductor having a band gap energy lower than that

of the first nitride semiconductor layer, it is preferably made

of anitride semiconductor of binary mixed crystal or ternarymixed

20 crystal such as Al,Ga, N (0=Y<1, X>Y) and In,Ga, N (0=2z<1) ‘which

can be grown easily and providg good quality of crystal. According

to the present invention, it is more pfeferable that the first

nitride selﬁiconductor be Al,Ga, N (0<X<1l) which does not include

In and the second nitride semiconductor be In,Ga, ;N (0=2<1) which

25 does not include Al, and most preferably the first nitride

semiconductor is AlyGa; N (0<X=0.3) with the mixing proportion
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63 . of Al (value of Y) being 0.3 or |less and the secaond
niktride sem conductor is GaN, for the purpose of obtaining super
lattice - of excellent quality of crystal. ' When the first
niLtride sem conductor i s nmade by using 5 Aferr]Gferr]N (O<X<1). and the
second nitride sem-conductor is nade by usi ng GaN, a remarkabl e
advantage in terns of manufacture as. descri bed bel ow can be obt ai ned.
That is, when formng the Al[err]G[err]N (O<X<1) layer and the GaN

| ayer by metal organic vapor phase. .  deposition process (MOPE: netal .

organi ¢ vapef plas¢veiid ax§)Y) bRitgery.3d ayeriess hadgiben sgvdme whveid®
at nosphere. Therefore, a super lattice layer can be formed by grow ng

the Al[err] semteohBucOs¥<iy GaN, fdrayhe patpdse diSbtajaing sapeattytice
wi t hout changi ng the atnosphere. This provides a remarkabl e advant age

when manuf aofuekeelikatsgpality of taystak.l ayer which requi res sever al
tens t.o several hundreds of 15'|ayers to be |am nated. The

cl addi ng | ayer mhlcWhhasthbef&uBttmdm&rdéIsqﬁﬂconductdn%ﬁammxﬁdehynus&nb
carrier trapping |layer nust have a band gap energy hi gher than that
of quantuum AdlGa,siN UOKKXKE ) oantihEhacsectnd nitridey eemisbhdocgbraisimadedy
sem conduct or of high m xing proportion 20 of Al can be used to nake a
nitride semisindguGadl, laaymemarkable advamtage vihyteirph bdEndayafaertermgy as t
has been very difficult to -~ grow a crystal of nitride sem conductor of
hi gh mi xi ngdpscopdbeddrelow canble dbtaimediushaftt Lsavhenfomiirg the MeEy, 100
develop in a thick film Wen forned in a super lattice layer as in
the case of (PKE<125lpyesemnd rhtentGath, Layerevby, netadk orgapicadtaposs phdsel y
to.occur because the crystal is grown to a thickness within the
el astic deposition process (MOVPE: metal organic vapor phase epitaxy),
10 every layer can be grown in the same H, atmosphere. Therefore,

a super lattice layer can be formed by growing the Al,Ga; N (0<X<1)

layer and the GaN layer alternately without changing the atmosphere.

This provides a remarkable advahtage when manufacturing the super

lattice layer which-requires_several tens to several hundreds_of

.15 layers to be laminated.

The cladding layer which has the functions of 1light
trapping layer and carrier trapping layer must have a band gap
energy higher than that of quantum well structure of the active
layer. Although anitride semiconductor of highmixing proportion

20 of Al can be used to make a nltrlde semlconductor layer of a
‘relatively high band gap energy, it has been very dlfflcult to
grow a crystal of nitride semiconductor of high mixing proportion
of Al, because of cracké which are likely to develop in a thick
'film. When formed in a super lattice layer as in the case of the

25 present invention, however, cracks are made less likely to occur

because the crystal is grown to a thickness within the elastic
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64. strain linit, even V\,henthe AIGaNIayer formed as the

first nitride - sem conductor |ayer constituting the super lattice
| ayer i s nmade with a sonewhat high nxing proport ion of Al. Wth
this configuration, in the present invention, a |layer having a high

5 . xi ng proportion of Al_can be growmn with good quality of crystal

and therefore it is nmade possible to forma cladding | ayer having

good effects of light trapping and carrier trapping, thereby reduci ng
the threshold voltage in the | aser device. The present i nvention can

al so be applstarhim 1imbtdesvere whennthdAdGatlobeyet fokfed &s reheef post niilteilde

decrease Vf (forward voltage) in the LED device. Further in

the | aser des/emncc&nhmtrbmgaly@xt genshitdting tieersgierclhttite lager pisemade

i nvention, - n-type i mpurity concentration is set to be different

bet ween t he Witlst ani someighat hisdn mbrdngt @ripyeriamdofheabecormtith t thds

sem conductor layer 15 of the n-side cladding |ayer 14. This

configurati aonfigumation, sio: ddd epi:emﬁhﬂ ainmtdiqm ng léyer teeingyar high

made with | ower n-type inpurity concentration or is preferably undoped

with thed miximmpiropoatdonhef dlheanllss erowan wiiieddod qualibgrof crystal,

concentrati on, this nodul ation doping is al so capabl e of decreasing

t he t hr esholahd theredotragit aisl méde pdlsibile beduse at bbagdbsgieyexf haviiager

havi ng a lowinmpurity concentration i'n the super lattice |ayer

i ncreases good heffediisioy ilaghle trappinmmahdosarstienctrappingaysheneblyng
hi gh concentration of inpurity nmakes it possible to forma super

| attice | aysreduaimaiibe threesheldevotbagenin dhieohaserhdenicahatThepressntit

i s:.supposed that the coexistence of a layer of low inpurity

concent r at i diantiaicamslisa Joeara@rdll ¢o FEDhdgivicesur lltnyWthh case it

10 ismade poss:Lble to'decrease Vf (forward voltage) in the LED device.
Fﬁi‘ther in the léser device according- to the third
‘embodiment of the present invention, n¥type : impurity
concentration is set to be different between the first’ nitrid_g .
semiconductor layer and the second nitride sémiconductél;' layer
15 of the n-side cladding layér 14. This configuration is the
so-called modulation doping. When one layer is made with lower
n-type impurity concentration "or is preferably undoped with the
impurity and the other layer is doped in a higher concentration,
this modulation doping is also capable of‘ décreasing the threshold
20 voltage and VE£. This is becaus_.e the presence of a layer having
a low impurity cénclentration in the super lattice layer increases
the mobility in the layer, and coexistence of a layer having a
high 'concentration of. impurity makes it possible to form a supér
lattiée layer even when the carrier concentration is. high. That
25 is, it is supposed that the coexistence of a layer of low impurity

concentration and high mobility and a layer of high impurity
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65 concentration and high carrier concentration allows a.

| ayer havi ng ) a high inpurity concentration and high nmobility to be a
cl addi ng | ayer, thus decreasing the threshold voltage and vf.

When a nitride sem conductor |ayer having a high band gap 5 energy is
doped with an inpurity in a hi-gh concentration, the - nodul ati on dopi ng.
effect i s supposed to generate two di nensi onal el ectron gas between a
hi gh inmpurity concentration |ayer and a |l ow i mpurity concentration

| ayer, so that the resistivity decreases due to the effect of the two

di mensi onal ceheéhteatﬂaﬁ-andlﬁi?hrta&ﬁlé&eéox!mééﬁtﬁ@ti@da&w&gea byye2MAEANg
a nitride sem conductor ayer which is doped with an n-type inpurity

and has a hadhi@entpurity ¢dRhcehratidndand MGORRbINItY €8 BEN GOy
| ayer with a | ow band gap energy, for exanple, the barrier |ayer side

i s depl et edlayer, thush@eB£égsOngUEké| BRréSREId 261 Beavasiy tie, | ayer which
Is doped 15 with the n inpurity and the undoped | ayer, while el ectrons

(two di mensi oniher £ & 21 d@aSemBESHALE S € laVerBavifg H hY g®f bahe gap
interface on the side of the | ayer having | ower band gap. Since the
two di mEnsi enargel st dopedawith &ar IRgueitihén eWerighardn@dhtration,dechnd
therefore the el ectron novenent is not subject to 20 disturbance by the
impurity, ehedtlabiombddping ieffidet Sypslippoddd A generhfertas B b ildial
resistivity decreases. It is also supposed that t he nodul ati on dopi ng
on p side ieleatsen gysthetwéércd lofgh hbmpurity veorberenstdionl Jeosid iarl ol e
- gas. In the case of p layer, A GaN has higher resistivity than GaN
has. Thus ilows mpoidsd thatent2athenaukayéie rsesi shati tthe s madrstdsddyby
doping AlGaN with p type inpurity in a higher concentration, a :
subst ant i al delereasss dwe to the effect of the two dimensional electron gas.
10 Ina super lattice layer made by laminating a nitride semiconductor
layer which is doped with an n-type impurity and has a high band .
gap energy and an undoped nitride semiconductor layer with a low
band gap energy, for'example, the barrier layer side is depleted
in the hetero-junction interface between the layer which is doped
- 15 with the n impurity'and the undoped layer, while electrons (two
dimensional electron gas) accumulate in the vicinity of the
~interface on the side of the layethaving lower band gap. Since
the two dimensional electron gas is formed on the lower band gap
side and therefore the electron movement is not subject to
20 disturbance by the impurity, electronmobility in the super lattice -
increases and the resistivity decreases. It is also supposed that
the modulation doping dn p side is caused by the effect of the
two dimensional positive hole gas. . In the case of p layer, AlGaN
has higher resistivity than GaN has. Thus it is supposed that,
25 Dbecause the resistivity is decreased by doping AlGaN with p type

impurity in a higher concentration, a substantial decrease is
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66 caused in the resistivity of t he super lattice |ayer,

t-her eby making it possible to decrease the threshold val ue when the

| aser device is nmade. When a nitride sem conduct or

| ayer having a | ow band gap 5 energy is doped with an inpurity in a-high
-concentration, such an effect as described belowis expected to be
produced. Wen the ‘Al GaN | ayer and the GaN | ayer are doped with the
same anmounts of My, for exanple, acceptor |evel of My becones deeper
and the . activation ratio becones lower in the AlGN layer. In the GN
| ayer, 10 cawsedeinthke heailstavitpt of kheesupbrMiahédoeedayess diereinyd

t he My activation ratio becomes higher than in the Al GaN | ayer. Wen

doped wit h magkimg d topnsenblat torlesfrebse0tberthioegherld vallme whanpthee lamser er
concentration of about 1XlO[err]/cnferr] is obtained in GaN, .while the
concent r at idevbte aimeuhde. Al GaN is only about 1X1O[err]/cnferr]. Hence 15
in the present invention, a super lattice layer is. made from A GaN, o
and GaN and 't he GaNhetyer nfitgddehseniboptiectonrkdyer baviagt aatowrband gapcan
be expected is doped with greater amount of inpurity, thereby form ng
super | 8t tierergy alsidppedrwittr ajoriogniridty dm aviviglhy @oncentratiemausuch
tunnel effect causes the carrier to nove through the AlGGN 20 layer of a
| ower . i npura® pifestens dasarihadbedovhis sxpectied: to be produceductWhen thie
carrier can nove in the Al GaN | ayer under al inost no i nfluence.of the

i mpurity, iGalN tlaven ead theeFal ukayenmradoped withsthe @amplianpundgept
havi ng a high band gap energy. Therefore, even when the nitride

sem conduct’gﬂr | E9%€r eBampPbeer 2a6aRRLYAp levedgpfi Mg decangdlesper aapdesher
amount of inpurity, very _ good effect can be obtai ned i n decreasing the
t hreshol d m;:axg@t%gn gﬁglpm%l@éer in the AlGaN layer. In the GaN layer,

10 oh the other hand, acceptor level of Mg becémes less deep and the
Mg activatién ratio becomes higher than in the AlGaN layer. When
doped withMg in é concentration of 1X10%*/cm’, for example, carrier
concentration of about 1X10"/cm’ is obtained in GaN, while the
concentration obtained in AlGaN is only about 1X10Y/cm®. Hence

15 in the present inv_'e'ntion, a- supér iattiée layer is made from AlGaN |
and GaN and the GaN layer from which higher ca_rrier concentration
can be expected is doped with greater amount of impurity, thereby
forming super lattice of a high carrier concentration. Moreover,
because tunnel effect causes the carrier to move through the AlGaN

20. layer of a 1ower_imp_urity concentration due to the super lattice
structure, thé carrier lcan move in the AlGaN layer under almost
no influence of the impuriiiy, while _the AlGaN layer functions also
as a cladding layer having a high band gap energy. Therefore, even

" when the nitride semiconductor layer of lower band gap energy is

25 doped with a greater amount of impurity, very good effect can be

obtained in decreasing the threshold volltage of the laser device
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67 or LED device. The above description deals with a case
of form ng the super -lattice layer on p-type |ayer side, although
simlar ef fect can be obtained al so when a super lattice layer is

f or med on the n layer side. 5 When the first nitride

sem conductor | ayer having a higher band gap energy is doped with an
n-type inpurity in a-high concentration, the anount of doping in the
first nitride - sem conductor layer is preferably controlled within a
range from . 1XlO0[err]/cnferr] to 1XIO[err]/cmerr], or nore preferably
within a rapgeED dewite. 1Thd Glboved desteiption detlly edith/x dase £ fmuiridie

I mpurity concentration is | ower than 1 Xl1O0[err]/cnferr], the
di fference thenstipercbatehtéealaperiontpetype lapeonstide;t ra dehaegh coimivlenr
| ayer becomes too small 'to obtain - a layer of high carrier
concentrat i @fifectVb&n b obtaimed plso whenne entpeat ilarttiicehlgiier isaformed
1X10[err]/cnferr], on the other hand, leak 15 <current in the device
itsel f tendsnt @henar tager skdewhile the n-type inmpurity concentration
in the second nitride sem conduct or | ayer nay be at any level as |ong
as it i lower thanwhéatthef £1hst nitrilde sémicondueteedayencaring badyieghehut
it is preferably | ower than one tenth of the latter. Mst preferably
t he second bahdi dmp Xhesgy tondopedr wiier ans noigweedimpurity chncasdrigh
| ayer of the highest mobi lity can be obtained. However, because each
of the conpcomoentratibnyerthef amauyier offatdoping ayiay  ithet hfbrstomitgridee
n-type inpurity diffuses fromthe first nitride senm conductor into the
second semitonduatoorliaygeris prefigirablyncontrdlled asidhisr pexangerinaw
25-. present invention can be obtained when the n-type inpurity -
concentrati aix10''f e’ secantloi’f cintle ceemorengreferabdyewitbini 2hrange from
| 10 1X10%/cm’® to 5X10*/cm’. When the impurity concentration is lower
than 1X10'/cm®, the difference from the concentration in the
second nitride semiconductor layer becomes too small to obtain
a layer of high- carrier: concentration. When the impurity
| concentration is higher than 1X10**/cm’, on the other.hand, leak
15 current in the device itself tends to increase. Meanwhile the
n-type impurity concentration in the second nitride semiconductor
layer may be at any level as long as it is lower than that of the
first nitride semiconductor layer, but it is preferably lower than
one tenth of the latter. Most preferably the second nitride
20 semiconductor layer is undoped, inwhich case a layer of the highest
mobility can be obtained. However, because each of the component
layers of a super lattice layer is thin, some of the n-type impurity
diffuses from the first nitride semiconductor'into the second
semiconductor layer. ' Though evén in this case, effects of the
25 present invention can be obtained when the n-type impurity

concentration in the second nitride semiconductor layer is within
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68 : 1 X 10[err]/cnferr].. The n-typé i mpurity is selected

f rom anong t he - elenents of 1VB group and VIB group of the periodic
tabl e such as Si, G, Se, S and 0, and preferably sel ected from anong
Si., Ge ~ and S. The effect is the same also in case the first nitride

5- sem conductor |ayer having a higher band gap energy is doped with

| ess anmount of n-type inpurity and the second nitride sem conductor

| ayer having a | ower band gap energy is doped with greater anount of
N-type inmpurity. The | aser device according to the third
embodi nent of X he*/t@’. pr ehentm-tywntimpubdtyt he palicdted afibmoahengr the
of super lattice structure made by lamnating-a third nitride

seni conduct cslémanets of IVBhgwour and Vil droup @D theepgyiadilc atilole tduch as
nitride sem conductor | ayer having a band gap energy |ower than that
of the thirdhitGedeSe, S amdrdcantigmidmily sdledted |fxpm anromg 185, Ge
different inpurity 15 concentrations, provided at positions apart from
the active |lay@drS. The léffect his pthedsamet alde imntesedtbeofiksfemniltodidecd

. above the active layer 16 shown in Fig. 3. Thickness of the third
nitride 5 sembaéndeciet davezybaving a i gheur bandigap enesqy tsrdhprdwith
| ayer whi ch constitute the super .lattice |ayer are preferably.
control l ed Yessemoyatwf nrhveedmpvgdityonsd therseqonsi eiabf@ewiemiimnwctor
angstrons and nost preferably within a range from 10 to 40 angstrons,
as i n tlhrvendawing pelower dhansg gapi eperaydrs doped withrgneatae ameung

nitride sem conductor |ayer is preferably nmade by growing a nitride
seni conduct AT Wit erPe nmRiiekt s | east Al, preferably Al[err]Ga[err]N (0 25

<X[err]1). The fourth nitride sem conductor is preferably made. of
The laser device according to the third embodiment of the

10 present '-invention has the p-side cladding layer 19 of super lattice
structure made by iaminating a third nitride semiconductor layer
having a high band gap energy and a fourth nitride semiconductor
layer having a band gap energy lower than that of the third nitrlide
semiconductor layer, the.two layers having 'differ.ent impurity

15 concentrations, p_rovidedat poéitions apart from the active layér
16 in the p-side nitride semiconductor layer located above the

- active layer 16 shown in Fig. 3. Thickness of the third nitride
semiconductor layer and the fourth nitride semiconductor layer
whiéh constitute the super lattice layer are preferably controlled

20 to be within 100 angstroms, more preferably within _70 angstroms
and most preferébly within a rang'e' from 10 to 40 aﬁgsti‘oms, as
in the case of the n—side- cladding layer 14. Similarly, the third
nitride semiconductor layer is preferably I.nade'by growing a nitride
.semiconductor which includes ai:'least Al, preferably Al,Ga, (N (O

25 <X=1). The fourth nitride semiconductor is preferably made of

a nitride semiconductor of binary mixed crystal or ternary mixed
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asnitride sem conductor of binary m xed crystal or ternary m xed

69 ~crystal such as Al[err]Gferr]N ((err]Y<i, X>Y) or
Inf[err]Ga[err] N (O[err]Zerr]1). : When the p-type cl addi ng
| ayer 19 is made in super | attice structure, the super lattice
structure has the sanme effect - on the | aser device.as that of the n

cl addi ng | ayer 14, and al'so 5 has such an effect as follows in addition
to the case of formng on the n layer side. That is, the p-type
nitride sem conductor has resistivity which is usually at |east two

orders of megystudesuch abi BligEa CONMPATE<LY R>YYpOrNThfGa]gNs €0iEnaEh)ct or . -
Therefoore, when a super lattice layer is fornmed on-the p | ayer side,
remarkabl e 10 effect Whenethei pgtyype thaddingdlaperal® is madei imdsuper
Nitride sem conductor is known to be a sem conductor which is
difficult lattficeodimicturet bhefsupeniagtiygesstrystute h8scthea spmecetfedias
been known -where a nitride sem conductor |ayer doped with a p-type
“inpurity isoanbbel Fasendetiare asdtbgénofsthemaldddiorelnayer514, and also
manuf acturing a p-type crystal. (Japanese Patent No. 2540791). However,,
t he p-type hasrsdehsamieffeticas foAlowsbini additbbon to theesasei oft formimg gh
as several ohmecentineters at the | owest. By turning this p-type |ayer
into a supeenl thei pelaygersidet t dhat is,qbhkei pytypecnytridle csemnbeorduciord
and the resistivity can be 20 reduced at |east one order of magnitude
| ower than hastresistivity whidhoisausualhyedbleaski Fp iordexssphlmagnitude
decrease the threshold . voltage. . In the third enbodi nent,
the third nhighes cumpaxaditetrtype nitgjde sericonducionh Aheredeore, when
seni conductor |ayer_of the f-type 25 cladding layer 19 are 'set to have
di fferent c8nsdperalabkicerlayer is formed on the p layer side, remarkable
10 effect of reducing the threshold voltage is obtained. Nitride
semiconductor is known to be a semiconductor which is difficult
to obtain in the form.of'p-type crystal. Such a process has been
known where a nitride semiconductor layer doped with a p-type
impurity is annealed and then hydrogen is removed thereby
15 manufacturing a p-type crystal (Japanese Patent No. 2540791).
However, the p-type nitride semiconductor thus obtained has
resistivity as high as several ohm-centimeters at the lowest. By
turning this p-type layer into a super lattice layer, better
quality of cfystal can be obtained and the resistivity can be
20 reduced at least one order of magnitude lower than that of the
~prior art, thereby making it possible to decrease the threshold
voltage.
In the third embooii-ment, the third nitride semiconductor
layer and the fourth'nitride-semiconductor layer of the p—typé_
25 cladding layer 19 are set to have different concentrations of

p-type impurity, so that one layer has a high impurity

70



pstype inpurity, so that one layer has a high inpurity
70 concentration and the other layer has a lower inpurity

concentration. Simlarly to the case of the n-side cladding | ayer 14,
threshol d vol tage and Vf can be decreased by doping the third nitride
sem conductor |ayer which has a high band gap energy with 5 the p-type

i mpurity in-a higher concentration and doping the fourth nitride

sem conductor | ayer which has a | ow band gap energy with the p-type
impurity in a | ower concentration. : A configuration reverse to

the above i soticemtpatdiodl eand thet hetheirr dlalelki dhasenmacohowekor ilnpyetity
whi ch has high band gap 10 . energy is doped with the p-type inpurity in a
| ower concerionaientration. asiibarleuwid bheidaselefsthid nesildetaladdiyry lafgeeh
has | ow band gap energy is doped with the p-type inpurity in a higher
concentrati dd, threshdhd vehisage imndVidean bdekareasiedusydoping the third
The anount of doping in the third nitride sem conductor 15 layer is
preferably adttridd sdmicohdnctor araper whiichXkab e hligtnpand]gdm energy with
1X10[err]/cnferr], or nore preferably within a range from 1XlO[err]/cnferr]

to 5 5Xthjecp+ tﬂm;ew{impm]ritwm atlbghem contenteatéohraaid dopisglthefouhth 1
X “10[err]/cnferr], the difference fromthe concentration in the
fourth nifirtidied eeméabondnditiorol ayey esh e diass at bow drerid gap ebexiogy with

| ayer 20 of high carrier concentration. Wien the inpurity concentration

i s hi gher tlte Pxt¥per impburfieyr in enlowerotbecen&mdtignal ity of cryst aI
tend to deteriorate. Meanwhile the p-type inpurity concentration

the fourth nitride degoofigurationayeversy be kheaahovevids aiso POSSDhbeas
it:;1s lower than that of the third nitride sem conductor 25 |ayer, but it
i 5 pref erablthel dhdird mitride senicandugten daver which has hlgh band gap

10 energy is doped with the p-type impurity in a lower concentration
and the fourth. nitride semiconductor layer which has lov;' band gap
energy is doped with the p—tyf:e impurity in a higher concentration.
The reason is as described previously. |

| The amouni: of doping in the third nitride Seniicondu_ctor
15 layer is preferably controlled within a range from 1X10%/cm® to
1X10*/cm®, or more preférably within a range from 1X10%/cm® to

5X10%°/cm®. When the impurity concentration is lower than 1 X

10*%/cm®, the dit_'ference from the concentration in the fourth

: nifride semiconductor layer becomes too small to obtain a layer

20 of high car;ier concentration. When the impurity concentration
is higher than 1X10*/cm’, on the other hand, quality of crystal
tend to deteriorate. Meanwhile the p-type impurity concentfation
in the fourth nitride semicohduct_or layer may be at any level as .
long as it is lower than that of the third nitride semiconductor

25 layer, but it is preferably lower than one tenth of the latter.

Most preferably the fourthnitride semiconductor layer is undoped}
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Most preferably the fourth nitride sem conductor |ayer is undoped,

71 in order to obtain the highest nobility. In practice,
however ,. because the filmis thin, some of the p-type inpurity

di ffuses fromthe third nitride sem conductor. In order to obtain good
effect in the present invention, the concentration is preferably 5

within 1X10[err]/cnferr]. The p-type inpurity is selected from anong the
el enents of I1 A group and I1B group of the periodic table such as - My,
Zn, Ca and Be, and preferably selected fromanong My and Ca. The abov

appl i es al sig) drdeic koA obkaenathehRighesd mobhiitiey. In peatctoedychowelrayer
havi ng hi gher band gap energy is doped with 10 |ess anmount of p-type

i npurity ambddifsd aid Eint Hislanse) gerdUelfothe p-typrelimparing dof€usband’
gap energy is doped with greater anount of p-type inpurity.

In the nitririen 918 CONCT triiit o idjee s editVniduditiord t e suger to obtalhi geod

| ayer, the |ayer doped wth the inpurity in a higher 15 concentration is

pref er abl y gftferst 90 thatpramsdnta idiventiibnt, i he dfoncentiafion iy preferably
concentration is obtained, . that the inpurity concentration is

hi gh i nst heeiririd] @ Xpo% ) e’ .of ThB-I8PE 2nduetiel is selledted fhom notig héi on
of thickness (located far fromthe second nitride sem conductor |ayer

or the fourdleniritld ¢F IUigEMpehdr Il B2Groupy 6F) thénskr fodiww Habylelsdeheds in
the portions near the ends (portions adjacent to the second nitride
sen conductMy, |ZmyeCaaand Be, arnderidertbly seildetednfromddming Mgapad) Cavhen
the super lattice |l ayer is formed fromthe Al GaN | ayer doped with Si
as n-type The aboperapplied talsaincdwpsdchal |caze, ashéhdl GiNrdiypitride
rel eases 25 electrons as donor into the conductive band because it is
doped semiconductor layer having higher band gap energy is doped with
10 léss amoﬁnt of p-type impurity and the fourthnitride semiconductor
layer having lower band gap energy is doped with greater amount
of p-type impurity.
In the nitride semiconductor layer constituting the super
lattice layer, the layer doped with the impurity in a higher
15 concentration is preferably doped so that such a distribution of
impurity concentration is obtained, that the impurity
concentration is high in the middle portion of the semiconductor
layer in the direction of thickness (located far from the second -
nitride semiconductor layer or the fourth nitride semiconductor
20 layer) and is low (o.r' undoped) in the 'portions -near_the ends
(portions adjacent to the second_ nitride semiconductor layer and
the fourth nitride semiconductor layer). When the super lattice
layer is formed from the AlGaN layer doped with Si as n-type
impurity and the undoped GaN layer, the AlGaN layer releases

25 electrons as donor into the conductive band because it is doped

with Si, the electrons fall in the conductive band of the GaN which
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with Si, the electrons fall in the conductive band of the GaN which

72 : has a | ow potential. Because the GaN crystal is not
doped with the donor inpurity, carrier disturbance due to an inpurity
daes not occur. Thus the el ectrons can nove easily in the GaN crystal,
namely high electron nobility is obtained. This is simlar tothe 5
effect of the two di nensional el ectron gas described previously, t hus
increasing the nobility of the electrons substantially in t he
transverse direction and decreasing the resistivity. In the Al GaN

| ayer havi nghashaghoWapétenbigher Becduye ehleGaN &ri/dthleis not eopedoetth
when the central region relatively apart fromthe GGN 10 |layer is. doped
with the n-typhe donoti inphbity )i ¢lrcne liistairbihce due thabkni dmparbby ddes
el ectrons that nove in GaN, el ectrons passing t hrough a portion near

the Al GaN ar potrsecwr . | @husstheasledttrons catlimdwe leaipdd yoynttie GaNy@eystal,
I mpurity ions (Si. in this case) which "are present in a portion of the

Al GaN | ayer adinetgriidio elleetBol ndibilitydis obthirvedr, THisnia similantofthde

Al GaN | ayer adjacent to the = = 'GaN layer is undoped as descri bed above,
el ect ronss paefifegtt &bf dilgh two dikérsponal cilewtaron rsAiCabiribgdrpieciowesless
subject to the di sturbance of Si, and therefore nobility in the
undoped GaN khusr increasinfuthbemobipibyedf tienelectrbhiscsubstabtzabiyl in
al so when super 20 lattice is fornmed fromthe third nitride sem conductor
| ayer of theheranswgrese dideciniont hadf dectbasingitthe sesicddioidcyer Taythe
al though the action is different sonewhat, and it is preferable t hat -
the third ni AlGdN layerdmitinor highr bandi gap enangy,bahe gffect ischurtheme
doped with the p-type inpurity in a higher concentration 25 at the m.ddle
portion ther eohangeddwhen theacenbral coegionruelabively apart from the GaN
10 léyer' is doped with the n-type impurity in a high concentration.
That is, among the electrons that move in GaN, electrons passing
through a portion near the AlGaN are more or less subject to
disturbance by the n-type impurity ions (Si in this case) which
are preéent in a portion of the AlGaN layer adjacent to the GaN
15 1layer. However, when a portion of the AlGaN layer adjacent to the
GaN layer is undoped as described above, electrons passing through
the portion near the AlGaN layer become less subject to the
disturbance of Si, and thereforemobility in the undoped GaN layer
is further improvéd. Similar effect is obtained also when super
20 lattice is formed from the third nitride semiconductor layer of
" the p layer side and the fourth nitride semiconductor layer,
although the action is different somewhat; and it is pfeferable
that the third nitride semiconductor layer having a high band gap
 energy be doped with the p-type impurity in a higher concentration .

25 at the middle portion thereof and doped in a lower concentration

or undoped at all at. portions which are adjacent to the fourth
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or. undoped at all at portions which are adjacent to the fourth

73 nitride sem conductor |ayer. Although the inpurity
concentration distribution may al so be realized in the nitride

sem conduct or | ayer having a | ow band gap energy doped with the n-type
i mpurity In a higher concentration, -a super lattice |ayer made by :
. dopi ng 5 the nitride sem conductor |ayer of a | ower band gap energy has

| ess effect. Whi |l e the configurations where the n-side

cl addi ng | ayer "14 and the p-side cladding |ayer 19 are nade in super

lattice |ayefitride SbhilebHAGCcRaY A diRa dRIEhbUGH tHleonepuBLtY cdnentteation
present 10 invention, the n-side buffer layer 11 acting as a contact

| ayer, d et wirisid teieorD B £ &l 1 360 1RO Wieldd ilzde rinl Thep nditdd deagelmdyenhdhétotrhe’
p-side optical waveguide | ayer 18, p-side contact |ayer 20, or . the

li ke may al skaper hewindg anlewmand gabl ety Wipscwithathe m-type iapyrity

| ayer, whether it nakes contact with.the activation or not, 15 .may be
formed in supera lbighede cohcentraeionyhanstper nt st tbcd lidysr made byydopihg

whereon the n electrode is fornmed is forned in super lattice
structurg, itheaiitridarseniwmideteir diagdrmnf @ onmeroband gadEkheray has
easily obtained. Further in the | aser device according to the
‘third 20 ecrduslig®fdctof the present invention, the n-side optical '
wavegui de | ayer 15 in which the inpurity (n-type inpurity in this
case) concent r Mhidre ithecoohfbyheat iohsiwheldd Gher nt s td¢ erlddding dayedt
bet ween the n-side cladding | ayer 14 nade of super lattice |ayer and

t he acti4 endayiee ptéidesciadding 1akiey. 13.aMe/madetion sthernlaticepayves
) structure have been d_esc.ribed above, accordihg to the presént
10 invention, the n-side buffer layer 11 acting as a contact layer,
the n—si&e optical wavéguide layer 15, p-side cap layer 17, the
p-side optical waveguide layer 18, p-side contact layer 20, or
the like may also be formed in super lattice structure. That is,
ény layer, whether it makes contact with the activation or not,
-15 may be formed in super lattice stfucture. When the n-side buffer .
layer 11 whereoﬁ the n electrode is formed is formed in super
lattice structure, in particular, the effect similar to that of
HEMT can be easily obtained.. |
Further in the .l.aser device according to the third
20 embodiment of the present invention, the n-side 'optical waveguide
iéyer_ 15 in whic;.h the impurity (n-type impurity in thié cése)
concentration is controlled within 1X10"/cm’ is formed between
the h—side cladding layer 14 made of super lattice layer and the
active layer 16, as shown in Fig. 3. Even w_hen the n—side optical
25 wave-guide layer 15 is undoped, there is a possibility that the

n-type impurity from other layers diffuses into this layer,
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25 wavegui de layer 15 is undoped, there is a possibility that the
n-type inpurity fromother |ayers diffuses into this |ayer,

74 al though the effect of the present invention wll not

be lost provi ded that the concentration of the doped inpurity is

Wit hin 1X10[err]/cnferr],-in which case the n-side optical wavegui de
- layer 15 functions as an optical wavegui de | ayer. However, according

to 5 the present invention, inpurity concentration in the n-side

optical waveguide layer 15 is preferably within 1 Xl0[err]/cnierr], nore
preferably walbhoughXthe[ effktenper the presentt ipveheisahbl willhe ndtsibée lost

optical waveguide |layer 15 is undoped. It is also preferable that t he

n-si de opti cprovihdeduthizt | thye rcoticdnt Hariord offr ¢headopédi tepudPty is within

sem conduct or which includes In or from GaN. Al'so in the

| aser devi cel X diny e whechhtadeethedhaBide optical Mavediitte %ﬁ%é&a'ls

wavegui de layer 18 in which the inpurity (p-type - I mpurity in this

case) concenfunttbonssas art roptiechwiWalviegquidé layer.lOiewdvéch{edddrding to

formed between the p-side cladding |ayer 19 made of super 15 lattice

| ayer and t hthacpresehndy einviéhtidogor impgrivyt kengeateation in i thent-eide
I mpurity concentration in the p-side optical wavegui de - layer 18 may
be wi thin 1Xdpfical /waieguide Rualyeirs 15r £5 aspdf or sy ralthdch 1 X 10 Wity fore
1X10[err]/cnferr] and nost preferabl y the p-side optical wavegui de

layer 18 is preifgeabl yhwithanniltXildd’ At c andlcicst spogSeralbypeth@0n-side
conductivity when undoped, conductivity of the p-side optical

wavegui de | SRkiasl wayegu idet hayen-1iSype wrdqpadpeIictordisngpreferable lthat

present invention and is referred to as p-'side opti cal wavegui de | ayer

regardl ess ofhe il rrtical Yagrguide Hiayer 15 fyeediorimest ifmom al mitride
practice, there is a possibility that the
0 semiconductor which ‘includes In or from GaN.
Also in the laser device according to the third embodiment,
the p-side.optical wave‘guide layer 18 in which the impurity (p-type
impur_ity in this case) concentration is controlled within 1 X
10*/cr’® is formed between the p-side cladding layer 19 made of super

15 lattice layer and the active layer 16. According to the present:

invention, impurity concentration in the p-side optical waveguide

layer 18 may be within 1X10%/cm’®, but is preferably contr_olled'

within 1X10"*/cm’ and most preferably the p-side optical waveguide
1ayer 18 is undoped. While a nitride semiconductor shows n-type
20 ° conductivity when undoped, .co'nductivity of the p-side dptical
waveguide layer 18 méy be either n-type 6r p-type éccordiﬁg to
the présent invention and is.referred to as p-side optical
waveguide layer regardless of the conductivity type in this
specification. In prag:tice,. tﬁere is a possibility that the
25 p-type impurity from other layers diffuses into the p-side optical

waveguide layer 18. It is preferable that the p-side optical
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25 p-type inpurity fromother |layers diffuses into the p-side optical
wavegui de layer 18. It is preferable that the p-side optical

75 - wavegui de | ayer be also fornmed froma nitride

serm conduct or whi ch ‘includes In or from GaN. ~The reason
why it is preferable that an undoped nitride . sem conductor be

I nt erposed between the active layer and the 5 cladding |layer is as -
follows. Anitride sem conductor is designed to have the active |ayer
emt light of wavelength usually in a range from 360 to 520 nm nore
parti cul ar | ywédvenuidd layedSBendlso formédd Snohkaree thitirtidedgenboonductiar ovhilcs
| oner absorptance for |ight of the wavel ength regi on descri bed above,
than nitri deindDude®nic ool uftam sGatdped with n-type inpurity or p-type

I mpurity. Ther ef ore, when- an undoped. nitride sem conductor is

i nt erposed bet vitlesn medsahiwhamiitt isgpaeferablaythatnah amdogeiti mgtirayier
whi ch acts as.a light trapping layer, light emtted by the active

| ayer | semidymdictar | bes iatéeposédobea:méeint tite necteipostaper aodrdhe
15 a laser device which oscillates with a | ow gain while decreasing -

the thresholcladdirgdayer &s efsf follows. bé& athrédedentimonduetor 1S|dqm.tgne}i
concentration in the optical waveguide layer is within 1 X

10[ err]/cnf et ]have the active Idyer semirtefldighdd efiwatialengtdl ushvaldredent
invention is 20 a light emtting device which is |located apart from an
active | ayerrange fram #60 £ccl528dnng mayerp@rtsgpéarlm frome 39¢ v A0 DRLt
has been modul ati on-doped with an inpurity, and a guide |ayer which is
doped \An ngepeshpitrydenseni condententhas lowesr abserptance fardiabt

|nt erposed between the cladding layer and the active |ayer. L
of the wavelength reglon described above,  than nrtr:l.de

10 semiconductors doped with n-type impurity or p-type impurity.
'Therefere, when an undoped nitride semiconductor is interposed
between a light emitting active layer and a cladding layer which.
acts as a 1ight trapping layer, light emitted by the active layer
is subject to less attenuation and it is made possible to make

15 a laser device which oscillates with a low gain while deﬁ:reas:_i.ng -
the threshold voltage. -This-effect can be achieved when the
impurity concentration in the optical waveguide layer is within
1X10%/cm’. .

Thus a préferred embodiment of the present invention is |

20 a light emittingdevice whieh is located apart .from an active laye_r
and has a cladding layer of super 1attice. structure that has been
modulation-doped with an impurity, and a guide layer which is doped
with an impurity in a iow concentration or preferably undoped,
interposed between the cladding layer and the active layer.

25 - Further preferred embodiment is the light emitting device

of the third embodiment wherein a quantum well layer of active
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25 Further preferred enbodinent is the light emtting device

of the third enbodi nent wherein a quantumwel |l |ayer of active

76 | ayer and the p-side cap layer 17 made of a nitride

sem conduct or of thickness 0.1 [err]mor |ess having a band gap

ener gy hi gher than _ t he band gap energy of the interface of the p-side
gui de | ayer 18 is forned between the p-side guide |ayer 18 and the
active layer 5 16, with the inpurity concentration in the p-side cap

| ayer being - controlled at 1X10[err]/cnferr] or higher. Thickness of
the p-type dayer andltlyerp-sides capnlzapert &V watiei of & hitetidensembcenductor
preferably within 500 - angstronms, and nost. preferably wthin 300

angstrons. Wethdekwess 0.1t loer tlkisskhavihgna bandgar eackrgyt bigheo than

develop in the p-type .10 cap layer 17 thus nmaking it difficult to grow a

nitride thee bangh dapt enelrgyeofothgoddtguihceyodf theyptailde\VWenda layer

| ayer. having a high band gap energy is forned to a thickness - within

0.1 [ e8] irs dijareehbetweehd e pt-sideapeide Lagkrcl® aadt the adtid vie fayer
emtting devi ce can be decreased. This causes the electrons injected
from 155 tA&,nwithertheiitpurd tycconoeéntrationhia &bei pesidgarapllayes béing
ener gy barrier of the cap layer, resulting in increased probability
of r ecaontratliled at &Deo0ftms’ erdhpokétivarhintlesssd ldr ¢he pakypg cap
possi ble to increase the output power of the device. It is necgssarg
to control tayernpirisyconfrehtadmishinon0t heumapmarg preferabdy within 50

1X10[err]/cnferr] or higher. That is, the gag.la er has a relatively
hi gh pr opor engstaomsj, xagdArostamrefarapdy wathiy 20hianoghixamst | Bhen grogm
m:xed Al tends to have high resistance. Therefore, unless the | ayer

doped with &9 bepthickerothar ®dkelm; heragksikend to deyedem iat FBa BmEyPe

reduce the resistivity, the |ayer becones L C
10 cap layer 17 thus making it difficult to grow a nitride

 semiconductor layer of good quality of crystal. When a thin layer
having a high band gap energy is formed to a thickness within 0.1

pm adjacent to the active layer, leak current in the light emitting
device can be decreased. Tl’iis causes the electrons injected from

15 then layer side to a-ccumt-ilate_ iﬁ the active layer due to the energy
barrier of the cap_layér, 'resulting in increaéed probability of
recomiaination of electrons and positive hples, thereby making it

possible to increase the output power of the device. It is

is

riecessary to control the impurity concentration in the cap layer -

20 at 1X10*®/cm® or higher. ‘That is, the cap layer has a relatively
high proportion of mixed Al, | and a layér having .a high pfopdrtion
of mixed Al tends to have high resistance. ~ Therefore, unless the
layer is doped with an - impurity to increase the carrier
concentration and reduce the resistivity, the layer becomes

25 similartoi layer of high resistance, thus forming p-i-n structure

with poor current-voltage characteristics. The cap layer
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25 simlar to i layer of high resistance, thus formng p i-n structure
With poor current-voltage characteristics. .The cap |ayer

77 provi dedon t hep side nayalso be formed on then side.
Waen forned on the n side, doping of the n-type inpurity is not
necessary. In the | aser device of the third enbodi nent
constituted as descri bed above, because the n-side cladding |ayer 14 .
and the 5 p-side cladding |ayer 19 are nade in super lattice structure,
electric resistance and the threshold voltage of 'the n-side cl addi ng

layer 14 angkdvicigd shdthepadidiegalalesio B8 foaimddcon etieaedide. Winen foemedser,
can be oscillated for a long period of tine. In the |aser

devi ce of tdre thd il sirdmdidopiing rosfittid ei-tyde dingurd tiyhries oltd neeksageyi.s
attenpted with various neans as descri bed above, in addition to the

constitution of thdadmitieddaser deiaddi 0f thy erhild ambddismentsicdastiadtedg
| ayer 19 in super lattice structure. . Al 't hough the n-side
cl addi ng | eae=debtrdbhed bbopesi decaiSe tHerddizigld apeaddifigalayendsd iands ther
| attice structure in the third .enbodi nent, the present .invention is
not | i nbt egpisideicladdingoldyearir b9 i are amaddei ihesupee Akttheenssrdeture,
cl addi ng | ayer 14 and the p-side cladding |ayer 19 naybe nmade in super
| attice strelsdaleic residtahcesuanda thmnf tihpeshobd, vodtagehef htlesholgdide
vol tage can be 20 reduced conpared to the prior art.
Al t hough t heladdiinde lalyeadl Aenditde p4sadd ¢chedging dayer 19ctamidiengeduged 19:
are nmade in super lattice structure in the third enbodi nent, the
present i nwand idre ilasan danbedsal tlbted for'@odhn@um@&u@m.@ﬁdtnmesufflces
that any one or nore of the p-side
In the laser dev1ce of the third embodlment, reduction
10 of the threshold voltage .is attempted with various means as
described above, in addition to the constitution of the n-side
cladding layer 14 and the p-side cladding layer 19 in super lattice
structure.
Although the n-side claddlng layer 14 and the p-51de
15 cladding layer 19 are made in super lattice structure in the third
embodiment, the present invention is not limited to this
configuration and either one of the n-side cladding layer 14 and
the p-side cladding layer 19 may be made in super lattice structure.
With such a configuration, too, the threshold voltage can be
20 reduced compared to the prior art. |
Although the n-side cladding layer 14 and the p-side
cladding layer 19 are made in super lattice structure in the third
embodiment, the present invention is not limited to this
'configuration and it suffices that anyVOne or more of the p-side
25 and n-side nitride semiconductor layers other than the n-side

cladding layer 14 and the p-side cladding layer 19 may be made
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25 and n-side nitride sem conductor |ayers other than the n-side

cl’addi ng Iayer 14 and the p-side cladding |ayer 19 nay be made

78 in super lattice structure. Wth such a configuration,
tao, the t hreshol d vol tage can be reduced conpared to the prior art.
Al.t hough the n-side cladding |ayer 14 and the p-side cl addi ng | ayer
19 are made in super lattice structure in the |aser 5 device of the third
enbodi ment, -the present invention is not limted to" this
configuration and can be applied to other .nitride. sem conduct or

devi ces sucHrmasubeghlattitéisigrudtodee ( LERth sach a confimatradricaf, too,sthe
Wth such a configuration, Vf (forward voltage) can be reduced in the
case of a | ithhteshwilid ivied tdigedean b@ reduced cémpdewdr itbedhabpréprberiuse
the | aser device of the third enbodi nent has the cl addi ng | ayer nade
in super lattice | apdithomdfh the nbyidedoladdingddpyeg df and niphe i pysidee
t hreshol d vol tage can _ be decreased and oscillation can be conti nued
for a | ong pdradaing layenfld are mddledn bapkaskatitbwe sérnatube Eettheolaskirgh
‘characteristic 15 tenperature which makes it possible to nmake a good | aser
device. 5 devike chfartte ethirdcembodémanty e the tpgresdntesiniantbion el not

density as a function of tenperature, which is proportional to exp
(T/ T[err]), limitediborhils iconfliguaadiam agdtmm@eaappéleet)tcamtheprem]:ride
t he characteristic tenperature (K). 1In the |aser device, higher

value 20 cfentjcomductidrowevicoss: stichegisold gbiir eeuritttdagsdi9devéhEa s a@s hagh
tenperature, resulting in stable operation. In the | aser device

enbodi ment Fatteref eeimsesedWi Eheruch arcandiquratifrer VE (foravand gﬁltage)
as.- 150K or over. This value indicates excellent tenperature

char act er i stGa®otengleduceth iawidet isaisgs ofdey liaht: kmdtsdagt diode.

10 As descrlbed above, because the laser device of the third
| embodiment has the cladding layer made in super lattice layer made
by modulation doping of an impurity, the threshold voltage_ can
be decreased and oscillatién can be continued for a long period
of time. Also the laser device can be set to a high character_istic.
15 temperature which makes. it possible to make a good laser device.
The characteristic_temperature is the thréshoid current density
as a function of temperature, which' is proportional to exp(T/T,),
where T is the operating temperature (K) aﬁd T, 1is the
characteristic temperature (K). Inthe laser device, higher value
20 of. To allows lower thfe_shold current density even at a, high .
temperature, resultiné 1n stable operation. In the laser device
of embodiment 27 to be deécribed later, for exa_m;ple, T, is as high
as 150K or over. This value indicates eXcéllent temperature
characteristic of the D. Thus when the laser device of the present
25 invention is used as a writing light source ana/or réadirig light

source, a capacity not obtained with the prior art can be achieved,
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25-invention is used as a witing light source and/or reading |ight
source, a capacity not obtained with the prior art can be achi eved,

79 providing a great value of industrial utilization
Enbodi nent 4 Fig. 9 is a schematic perspective view
show ng t he shape of the | aser device according to the fourth

enbodi nent of the 5 present invention. Fig. 9 also shows the cross
section of the device when cut in - a direction perpendicular to the
ridge stripe. The fourth enbodi nent of the present invention will be

descri bed bepeoviding hygreher #alfet 6fFiflduStrial utilization FEach |ayer

of the | aser device according to the fourth 10 enbodinent is fornmed in a
manner as descri bEsbbdliment 4 (Underlying | ayer 302) ' .
The underlying layer 302 is, for exanple, nmade of GaN . and has a

t hickness of 4 pm TheE‘tigdeO liyi agcheapat i3GPet spd et iWRsl view shoWindthe shape
200-angstromt hi ck buffer |ayer (not shown) consisting of 15 GaN on an
auxili ary sub€t theeldBérnddeiok, atoordingpte, theppbutreh embodiméet of the

underlying layer 302 fornms partially a protective filmon the surface
and i s used poeseht imsentiom . Wigh Stdksmshowderetr698deeitdion of the device
substrate i's to be grown selectively. The underlying | ayer 302 S

made of GaN wheAl futrimapeditéchioni petpendbcelaf tocthesingidd ,stripe. The
Al[err]Ga[err]N 20 (O[err] X err]0.5) having a Al mxed crystal ratio
exceeds 0.5, fonuthiempodimentzafitthe presentiimudrtionywi 2l be deséribadielow
than the crystal defects, resulting in difficulty of the crystal
growi ng itseby. referrurgetgnmgg | 9i ng layer 302 is desirably grown to a
| ar ger -t hickness

Each layer of the laser device according to the fourth

10 embodiment is formed in a manner as described below.
(Underlying layer 302)

The underlying layer 302 is, for example, made of GaN
and has a thickness of 4 um. The underlying layer 302 is formed
via a 200-angstrom-thick buffer layer (not shown) consisting of

‘15 GaN on an auxiliary substrate 301 made of, for example, sapphire.
The underlying layer 302 forms partially a protective £ilm on the
surface and is used for the layer onwhich the nitride semiconductor
substrate is to be grown selectively. The underlying layer 302
is made of GaN or Al,Ga, N and in the case of including Al, Al,Ga, N

20 . (0=X=0.5) having a Al mixed crystal ratio exceeds 0.5, cracking -
easily occurs in the crystal itself, rather than the crystal
defects, resulting in difficulty of the crystal growing itself.

- The under lying layer 302 is desirably grown to a larger thickness
than that of the buffer layer and adjusted to not more than 10
25 um. The auxiliary substrate 301 may be made of SiC, ZnO, spinel,

GaAs and the like, as well as sapphire, which are known to be used
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than that of the buffer |ayer and adjusted to not nore than 10 25 [err]m

The auxiliary substrate 301 may be nade of SiC, ZnO spinel, GaAs and
the like, as well as sapphire, which are known to be used '
80 for growing the nitride sem conductors and are
different from nitride sem conductors. (Protective film 303)
For a protective film 303, 1-[err] mthick Sigerr] fil m having 5 a _
sufficient length in the resonating direction is patterned to form

10-[err]mw de stripe windows with a periodicity of 2 .pmon the
under | yi ng t@¥egrofeng THige expepl@s Sdmidnductiens iatsl fatendinfferent fron ude

stripes, dots or checks. The protective film 303 may _ preferably have
a larger argdtiiae s$éeivdbmdoytoxshe exposed parts - of the underlying

| ayer 302 on which the SiJerr] is not forned), so as to grow a
nitride senmpesothictDve sEbBhrand) 304 with | ess crystal defects. The
mat'erials of the protective film 303 may i nclude oxi des such as

silicon oxide (Si( errdy,aprotewtivid fidm IGB] er-rmdtfleiak 510, £ilm thiavdmigum
oxide (Tigerr]) and zirconiumoxide (ZrJerr]), nitrides, or 15

mul ti-| &yerafshfficberbflermgthndll the resehatinygi dijrectioniig pediterned to

hi gher than 1200[err]C. These materjals can stand at high tenperatures
rangi ng bet feem BDimerwide artctipk06findoyvE withta gemiadiiaidysofi 2 omwan dhe
can be grown and nitride sem conductors do not- grow or are difficult

to grow on whdeslyimgelayer h302mtBhé sdxamplas of Nihe ipreo tagh st dlidmo may
substrate 304) For a nitride sem conductor subst rate 304,
for exanpl einclude suhxinpesi GO H vk rcheckshi e serafiectisre fddip|303 2@pm i s

gr own on the protective film 303 using- MOVPE net hod. The ni tride
preferably have a larger area than the windows (the exposed parts

10 of the underlyipg layer 302 on which the SiO, is not formed), so
as to grow a nifride semiconductor substrate 304 with J.ess crystal
defec_ts. The materials of the protective film 303 lmay include
oxides such as silicon oxide (Si0,), silicon nitride (Si,Ni,),.
titanium oxide (TiO,) and zirconium oxide (zxo,) , nifrides, or

- 15 ‘multi-layer film thereof, as well as metals having a melting point
higher than 1200°C. These materials can stand at high temperatures
ranging between 600°C and 1100°C af which nitride semiconductors .
can be grown and nitride semiconductors do.not growor aredifficult
to grow on the surface of the materials.

.20 (Nltrlde semiconductor substrate 304) _

For anitride semlconductor substrate 304, for example ’
undoped GaN having a thickness of, for example, 20 um is grown
on the protective film 303 using MOVPE method. The nitride
semiconductor substrate 304 may be grown using Halide Vapor Phase

25 Epitaxy (HVPE) method as well as using MOVPE method in this way.

‘The nitride semiconductor substrate may be most preferably
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sem conductor substrate 304 may be grown using Halide Vapor Phase 25

Epi t axy ( HVPE) met hod as well as using MOVPE nethod in this vvay ‘The
nitride sem conductor substrate may be nost preferably

81 . ' obt ai ned by growing GaN'without In or Al. It is nost
desirabl e to use TM5 as well as organic gallium conpounds such as

triethylgallium (TEG as a gas for growmh and to use ammoni a or
hydrazi ne as nitrogen sources. Donor inpurities such as Si and 5 Ge may

be doped to the GaN substrate so as to adjust the carrier density to
t he suitabl ebtatged by ghewingeciMarithoutalld lorm@l. It isubsstadesDfHbld he
underlying layer 302, and the protective-film 303 are elimnated, the

nitri de sentoondecTMG asbwelat asfungahbosgallimnasompcumndacsudzhyes and
therefore, donor inpurities nmay be desirably 10 doped to the nitride

semi conduct tristhgigaldiun (TEG| nasialeyasuffoar grawth ahd-tehiusé amsonia or
functions as a contact | ayer) The n-side buffer layer 311

i s obt ai nedhyﬂmazenampsenltrogeﬂnysdmrmam.g Bobhopmitipuck tiasl dopkdasi Sha@idto
3 Xl0[err]/cnferr] on the . nitride sem conductor substrate 304. The

buf f er |fayeGe3idy ¥é ddpentttiocotbeaGall sunstcate mersf o édjushgthe carrier
n-el ectrode in the case of the fabrication of the light emtting

devi ce havi dgnaityr tiot bthe suitahieshamgei nlfri theOcase thet ctise awwailidmey
auxiliary substrate 301 to the protective film303 are elimnated and
the el ectrodubptrate 30Ly ridwe ynderd yangr Llagercif2omadc tbe pudtechive Fdm
the n-side 20 buffer l|ayer can be omtted. The n-side buffer layer 311 is
one whBOR are glémanateds dihe nipuide saniganductny substratedfingisions
buf fer | ayer which is formed by growing GaN, AIN and the like to a

t hi ckness @as a gpnpast [lme]rnand therefones cdoyon Ampug ifdestmay beglesirably

mat eri al such
1 doped to the nitride semiconductor substrate.

(n-side buffer layer 311= which also functions as a contact layer)
The n-side buffer iayer 311 is obtained , for example,
- by forming a 5 pm-thick Ga'N.doped with Si to 3 Xlo“'/c.:malon the
nitride semiconductor substrate 304. The buffer layer 311
15 functions as a cori_tac{:'layer for forming a n-eiecfrode in the case
of the fabrication of the light emitting device having a structure
as shown in Fig. 9.- In the case that the auxiliary substrate 301
to the protective film 303 are eliminated and t_he electrode is
formed on the nitride éemiconductor substrate 304, the n-side
20 Dbuffer layer can be omitted. The n-side buffér layer‘ 311.is oné
which is grown at high temperature and is different frdm the buffer
layer which is formed by growing GaN, ALN and the like to a thickness
0of 0.5 um or less directly on the slubstrate of the material such
as sapphire, SiC and spinel and which is different from the nitride
25 semiconductor at a low temperature of 900°C or less.

(Crack-preventing laYer 312)
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as sapphire, SiC and spinel and which is different fromthe nitride 25
sem conductor at a | ow tenperature of 900[err]C or |ess.

(Crack-preventing | ayer 312) ' 82
The crack-preventing layer 312 is f or med by, for exanpl e, © grow ng
In[err]Ga[err]N to a thickness:-of 0.15 [err]mon the n-side buffer

| ayer 311. (n-side cladding |layer 313 = super lattice |ayer) 5
The n-side cladding |ayer 313 is conposed of a super | atti-ce | ayer
which is obtained by |lamnating alternately the 25-angstromthi ck

first |layer consistirmhetrackypeefeheinyGalyay 3N is formapbd, vﬁdme:&mpbe,
1X10[err]/cnferr] and the 25-angstromthick second layer
consi st i ngafrowliope d63Y,GangNhas a thdtihetBi 6RreslsS qin ohotherargilds buffierl. 2

pm The n-side cladding layer 313 conposed of a super l|attice | ayer
has an averlggerX13Xbnposition of 8.0 % and the product of t hat andt he
~filmthicknessequals 9.6. In the case that then-side cl addi ng | ayer

- 313 is conpeesidd claddiarg |layer Slahyersupamiladttice layeyr)l am nating the
nitride sem conductor |ayers which have 15 different band gap energy from
each ot Ber, nore inpulfhe iressidy claddimy depet 31 s Icopposedhatf assuper
nodul at i on- dopi ng nay be perforned, so as to lower. the threshold -

val ue. The lairipioes tiayermmhidhi deedetained dfy tlamimadiichy elldddinagelyy&he313
(a super lattice layer) will be described in detail below 20

(n-side |i @h-angatpamidliglerfi3isf) layer consistiismanodi de tivbgh®lvas@sguilie

| ayer 314 .is nmade of undoped GaN and has a thickness of, for exanple,
0.1 pm Thedoped wéthi$hito 1 X 16ilayuane ey 25~ angstromsthsch deaqpmd layer

wavegw de | ayer for the active
consisting of undoped GaN, and has a total thickness of, for example,

10 1.2 pym. ‘The n-side cladding layer 313 composed of a super lattice
layer _.has an average Al ;composition of 8.0 $ and the product of
that and the film thickness eciuals 9.6. Inthe case that the n—éide
cladding layer 313 is composed of a.super lattice layer obtair_led'
by laminating the nitride semiconductor layers whi_ch have

15 different band gap energy fJ.;om each _other, more impurities may
be doped to one layer, that is, modulation—doping-may be performed,
so as to lower the threshold valué . The composition and thickness
of the n-side cladding layer 313 (a super lattice layer) will be
described in detail below. |

20 (n-side light waveguide layer 314) - _

The n-side light wavegui.de .iayer 314 is made of undoped GaN

and has a thickness of, for example, 0.1 ym. The n-side light

_ waveguide layer functions as a light waveguide layer for the active
‘layer. The n-side light waveguide layer is desirably formed by

25 growing GaN or InGaN to a thickness, usually ranging between 100

angstroms and 5 pym, preferably raﬁging between 200 angstroms and
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| ayer. The n-side |ight waveguide layer is desirably formed by 25

grrom ng GaN or InGaN to a thickness, usually rangi ng between 100

angstrons and 5 pm preferably rangi ng between 200 angstrons and

83 (active layer 315) o The active | ayer
315 is made by alternately |am nating a quantum wel | | ayer which is
made of undoped In[err]G[err]N and has 5 a thickness.of 40 angstrons
and a barrier |ayer made of undoped - In[err]G[err]N and has a

t hi ckness of 100 angstrons, thereby form ng a layer of multiple
quant um wel | Istmuct ure having a total thickness of, for exanple, 440
angstrons. The active |ayer 315 naybe undoped .as in the present
enmbodi ment odagkyivee layped3nSoh donor inpurities 10 and/or p-type
impurities. In this case, either both or one of the qguant um wel |

| ayer -and the barrier rl'hpeacbayeb’mmedamshnadhe by alternptteliylaminating
(p-side cap | ayer 316) The p-side cap | ayer 316 has band
gap energy haglfmanthanwels layer oihide Jos mnatde | o fhindeped Uinde,Gag YR akd Thas
which is formed thereon, .and is made of p-type Al[err]Ga[err]N doped
with My ih aacthéckneasiofi 40 angsifrané Ginet 18] benfrder] lagdrhmade ¢Hiwkdmsed
of, for exan‘g 300 angstrons. The p-type cap |l ayer 316 has a

t hi ckness of 1B, hG[aersslf ansk hasse thickness of tl®Gemhgsteotise theeebyf foiming
device. The lower linmt of the film 20 thickness is not specified, but-
the p-side ca&amreefmque quantye sieldbs jricivere haviiogne ¢otafl ickness
angstroms or p-side |ight wavegui de | ayer 317)

The p si de I?Shtf%%gmpél@r |%ﬁban9§grﬁa§ Rhelagipvenaysr 315 may be undoped

as in the present embodiment or may be doped with donor 1mpur1t1es
10 and/or p—type 1mpur1t1es. In this case, either both or one of the
quantum well layer and the barrier layer may be doped with the
1mpur1ty.
(p—side cap layer 316)
The p-side cap l_aye'r 316 has band gap energy higher than
15 that of the p—si'de light waveguide layer 317 which is formed thereon,
and is made of p-type Al, ;Ga,. -,N doped with Mg in a concentratlon
of 1X10*/cm® and has a thlckness of, for example, 300 angstroms.
The p-type cap layer 316 has a thickuess of 0.1 ym or less so as
to enhance the laSer_: of the device. The lower limit of the film
20 thickness is not specif_ied, but the p-side cap layer _31'6:may
| desirably have a thickness of 10 angst';roms or more.
(p-side light waveguide layer 317)
The p—~side light waveguide layer 317 has band gap energy
lower than that_ of the p-side cap layer 316, ‘and .is made of; fox."
25 'example, undoped GaN and has a thickness of 0.1 pm. The p—side

'light waveguide layer functions as a light waveguide layer for
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| ower than that of the p-side cap Iayer 316, and is made of, for 25

exanpl e, undoped GaN and has a thickness of 0.1 pm The p- S|de | i ght
wavegui de | ayer functions as a |light wavegui de |ayer for

84 the active layer and is desirably nade of GaN or | nGaN
| tke the n-type |ight waveguide |ayer 314. (p-side cl addi ng

| ayer 318) . The p-side cladding |ayer 318 has a super

| attice 5 structure made by alternately lanm nating the third |ayer which
is-made of p-type Al[err]Ga[err] N doped with My to 1X10[err]/cnferr] and
has a the aotdye dby2T andsisodesinablyendderaf Gal exr \ImGalN L4 kentbe

- of undoped GaN and has a thickness of 25 angstrons. The p-side

cl addi ng | ayerty®E8 lightawareguwige Alayeam3ddi.ti on of 8% and the 10 product’

of the value and the filmthickness equals 4.8. In the “case that the
p-si de cl addiprg idey exlagitdnigs layegosd@lof a super . | attice |ayer
obt ai ned by lamnati-ng the nitride sem conductor | ayers at | east one

of which includes a nithe gerssisle coadisbimg lagsear 318 hasoat @uperg lattice
whi ch have different band gap energy fromeach 15 other, nore inpurities
may be ddpedtimchmreomadeapsr altiexnately lanimedingt the- ubprdglnmrbwhlch _
performed, so as to |lower- the threshold = - value. The conposition and
t hi ckness ofist mede- ofdp-timedhhgdSayeN dopedBkﬁtbaMguperlP%]thftmnBI andrhas
wi |l be described in detail bel ow. Now, the thickness of
the core pad thigkagssieipas pnostrows endi §heafeurshedayerwsbichhés made
cladding layers will be descri bed bel ow. The core part is the area
i ncl udi ng t RE Hnsoped Gght and hagedclfui cknesy @ f 2% angatinams qyEhegpsside
p-side cap |ayer 316 and . the p-side Iight wavegui de layer 317, that
is, the nitGl@dding layer 318 has an-average Al composition of 8% and the
10 product of the value and the film thickness equals 4.8. In the
case that the p-side cladding layer 318 is composed of a super
lattice layer obtained by laminating the nitride semiconductor
layers lat least one of which includes a nitride semiconductor layer
containing Al and which have different band gap energy from each
15 -other, more impurities may be doped to any one layer, that is,
modulation-doping may be performed, so as to lower the threshold
value. The composition and thickness of the p-side cladding layer
318 (a super lattice layer) will be described in detail below.
Now, the thickness of the core part (waveguide part)
20. which is sandwiched between the cladding layers will be described
below, The core part is the area indluding the n-side light
waveguide layer 314, active layer 315, p-side cap layer 316 and
the p-side light waveguide layer 317, that is, the nitride
semiconductor layers5includihg the active-layér which are

25 sandwiched between the n-side cladding layer and the p-side

cladding layer and the area which waveguides the emitting from
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seni conduct or | ayers including the active iayer which are 25 sandw ched

bet ween the n-side cladding | ayer and the p-side cl addi ng | ayer and
the area which wavegui des the emtting from

85 _ the active layer. In the case of the nitride

seém conduct or | aser device, as nentioned above, FFP is not a single
beam because t he . emssion |eaking via the cladding | ayer can be
wave- gui ded within t he n-sidecontact |ayer, resultingin multi-node.

O herwise, the 5 emission is resonated within the core part, resulting in

mul ti-node. the acﬁiﬁerﬂ{&.t 0 IhhgherEaRNbfi ENeMitnidd bemicondactbadtiaser
| ayer has a |l arge thickness and a | arge average Al conposition in

order to  devakiedi Bsthentibhedcisevderree st ot refyiantle deandbeeauaadthe
trap the emi ssion fromthe core part within the cladding |ayer.

Hovever, . 1@milgsiohe]aukihgpide thecsl addliidilayidrecanise wavie-giEBedswithin
di st ur bed. ~Therefore, in order that the nulti-node does not occur
Wi thin the the nc9igeRdhtactiBaydi ckeeadtohgtitemabt E-made. | Otbesiwiste,ythe
adj ust ed, with respect to the n-side cladding |ayer. The thickness is
desirably adinigsaor Ds reeohated Wit tRe aogetpant t peduldt irgrimpul tt-node.
preferably from500 angstrons to 0.8 pm nost preferably fromO.1
[err]mto 0axdoading tortiss gelesiehtt ihventivn; thedn-dbde clrddiongd aperhhas
the core part. If the thickness is bel ow 200 angstrons, the . emssion
| eaks from tahaargeethickntssiand eadargecavbraghcAll aciposition ipf orgder to
thi ckness is above 1.0 [err]m the nulti-node is likely to occur. 20
(p-si de contoaimayke diPFerence between the Fefractivie uhices angy&p Buap| s
made of, for exanple, p-type GaN doped with My to 2X10[err]/cnferr]
and has a t Hilekemissidén firom the corrparitewitiisin shestlagidimnbayes; délaaiatot
| ayer 319 can be made : . ) 3
10 if the multi-mode occurs within the core part, FFP is disturbed.
| Therefore, in order that the multi-mode does not occur within the
core part, the thickness of the Core’part is desirably adjusted,
with respect to the n-side cladding layer. The thickness is
desirably adjusted to the range from 200 angstrom to 1.0 um,

15 preferably from 500 angstroms to 0.8 ym, most preferably from 0.1
pm to 0.5 pm, in order that the multi-mode does not occur within
the core part. If the thickness is below 200 angstroms, the
emission leaks from the core part to increase the threshold value.
If the thickness is above 1.0 ym, themulti-mode is likely tooccur.

20 (p-side contact layer 319) o

| The p-side contact layer 319 is made of, for example,'

p-type GaN doped with Mg'to 2X10%*°/cm® and has a thickness of, for
example) 150 angstrom. The p-side contact layer 319 can be made

'in a constitution of p-type InAl,Ga,,,N(0=X, 0=Y, X+¥Y=1), as

25 well as p-type GaN as mentioned above, and the preferable ohmic

contact with the p electrode 321 can be obtained by using GaN doped
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in a constitution of p-type In[err]Al[err]Ga[erf]N(O[err] X, Of[err]Y,
X+Y[err]1l), as 25 well as p-type GaN as nentioned above, and the

pref erabl e ohm ¢ contact with the p el ectrode 321 can be obtai ned by
usi ng GaN doped : . '86

wi-t h M. _ In the enbodi ment 4, the wafer on which each
nitride sem conductor layer is forned is preferably anneal ed at
700[err] C wi thin the nitrogen atnosphere in the reactor , so as to
decrease 5 the resistance of the layer doped with the p-type inpurity.
In the | aseWiddMgs of the enbodinent 4, the p-side contact |ayer 318
which is a top layer, and the p-side cladding | ayer are etched with

the R E apparatus to flor bhe embdgdigentetd;ythe wafkavongwhichr epehvihilthidé 4
pm as shown in Fig. 9. Wien the ridge .10 stripe is formed, the ridge
stripe is f&emigonsyesorhdayesi Lisoffiormed isfprhfesabigcennéalbd att 7002C
sem conduct or, substrate 304 where ‘the crystal defects do not appear.
In Fig. 9, wWh&hdpythe nidaragan atmosphepeein tihe weactent § aso mar toodechease
protective film303 in the form of stripe and in the central part of
the wi-nddw thet kesistanee ofsthet lpyer doped, wibntheepstyppeimputbtyed at

t he point where al nost no crystal defects are present, the crystal is
prevented from ~  d8véhgpilagerodendcacofyvsheagubodiinentt Be theuptsidet

the | aser device can has a long lifetinme and the reliability thereof
can bEOBhRSHcLAYer 23l 8 which is a ftgpt Bavera andkthe posihde @ladding

ridge surfage and the eLchin% I S Eerforned with RIE to expose the
surface of tA¥eR-are etched wildy the BIE apparafis dich formes 5idgeempiey On

t he :exposed .. surface of the n-side buffer |ayer 311, the n el ectrode.
322 made having a stripe width of 4 um, as shown in Fig. 9. When the ridge

10 étripe is formed, the ridge stripe is formed above the position
of the surface of the nitride semiconductor substrate 304 where
the crystal defects do not appear. . In Fig. 9, the crystal defects
appear in the @éntral pért of the protective f£ilm 303 in the form
of st;ipe and in the central-part of the window in the form of

15 stripe. Thus, when the stripe is formed at the point where almost
no crystal defects.aré present, the crystal is preﬁented from
devg;oping to the activ§ layer, with the result that-the iaser
device can has a long lifetime and the reliability thereof can
be enhanced.

20 - Further, a mask is formed on the ridge surface and the
etching is performed with ﬁiE'to expose_the surface of the n-
side buffer layer 311 on both sides of the ridge. On the exposed
surface of the n—side buffer layer 311, the n electrode 322 made
of Ti and Al is formed, respectively.

25 And on the outermost surface of the ridge of the p-

side contact layer 319, the p electrode 320 made of Ni and Au is
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of Ti and Al is forned, respecfiVer. 25 And on the out ernost

surface of the ridge of the p- side contact |ayer 319, the p el ectrode
320 nade of N and Au is . 87

formed in the formof stripe. As shown in Fig. 9, the insulating film
323 made of Si2 is fornmed on the surface of the nitride

sem conductor |ayer which is exposed between the.p el ectrode 320 and
the n el ectrode 322. The p-pad el ectrode 321 which is 5 electrically
connected to the p electrode 320 is formed via the insulating film
323. formed. in thEh€ozapphisteripdst Aat ehefmt e MiRf.en, othehimduldieiny

el ectrode and p electrode are formed in a manner as rrentloned above

i s polishedfidma32hi nkdessfo0$iGP i[serformean dre lthay ethrifaice bd ther aitride t he
substrate, perpendicularly with respect to the stripe-shaped '

el ectrode tsehabonducton Yagemaihdich hswxkpdséd betiveast thef pcelectrode 320
functions as a reflective plane. A nulti-layer dielectric film made
of SiJ err]anddtheCheeléctmnyd®e322r matheop-ipael redfdctriodee 3pllamhich is

The | aser device of the fourth enbodinment is fabricated 15 as described
above. 5 electrically Menihestad devithe pf elketentiedBRents 4fdmied csitedhas

desci bed above has as a |ight trapping | ayer the n-side cladding

layer 313 ak@sehatpngi fblm| 32 ng | ayer 318 of a super lattice

structure which have smaller refractive indices than the well |ayer 20 of
the active layer and Thelsepprhireisiebsenatendficthe , wafer oresfteith viie/.n|n

t he enbodi nent 4, the supper lattice |ayer neans the multi-Iayer
structure odlesheedepndprielaatagdei are formed in amhannenasonehbienead ahiove

have a thickness of not nore than 100
is polished to a thickness of 70 um and cleaved into bars from

10 the substrate, perpendicularly with respect to the stripe-shaped
electrode to fabricate a resonator in which the cleaving facet
functions as a reflective plane. A multi-layer dielectric filﬁ\
mde of Si0, and TiO, may be ‘formed on the refl'ectiv_e plane.

The laser device of the féurth embodiment is fabricated

15 _as described above. |

The _lasé: device of the embodiment 4 fabricated as
descibed above has as a light tra'pping layer the n-side cladding
layer 313 and the p-side cladding layer 318 of a super lattice
structure which have smalier refractive indices than the weli layer

20 of the active layer .and include nitride'semiconduct_or,'
respgctively. In the embodiment 4, the suppér léttice layer means.
the multi-layer structure obtained by laminating nitride |
semiconductor layers which have a thickness of not 'more than 100
angstroms respectively and have a different composition from each

25 other. The thicknéss of the layer which is laminated is preferalﬁly

not more than 70 angstroms, and more preferably not more than 40
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angstronms respectively and have a different conposition fromeach 25
other. The thickness of the [ayer which is lamnated is preferably not
nore than 70 angstronms, and nore preferably not nore than 40

88 ' " angstrons. To be concrete, for exanple, the super

| attice | ayer may be nmade by lam nating the |ayer made of

Al [err]Ga[err] N(O<X<1) and the other nitride sem conductor |ayer
which has a different conposition fromthe | ayer nade of
Alferr]Gferr]N, and by lam nating the 5 layer of the ternary m xed
crystal and ahmgstogms. dfo thee acexarste, for erampliecr {se asuper tlettixeedayer
the ternary m xed crystal and the- | ayer of binary m xed crystal such
as Al [ err] Gahayrje\n@Zale bl lamih&bing the layrerd hadld efr AGGH L N(HKX ), and
Y<X), Al[err]Ga[err]N/In[err]Ga[err] N(O<zZ<1l) and so on. _ Ther eanong,
the nost prethke abtlresuptiride tsemidcenductor nejtenfwhikh hdd e diGfegrenitN and
GaN. ' . Next, the total thickness of the n-side cladding |ayer
313 and t he compisbbionfitarhtheolkaysy madie of Alabh, LMy endibychaminating the
constitute the super |attice |ayer according to the enbodi nent 4 will
be descr Bbedlaygs of the ternany pdxed gryhktsd spdcthechayenof tihe Alernary
aver age conposition of the super lattice |ayer neans that cal cul ated .
as  deseixedcuistal drvrthexdmyles, ofinthet hernapermixed ierygtaleands thede
by lam nating a 25-angstromthick Al [er-r]]CGa[ err]N and a 25-angstrom

thick GaN i nlaver rf reigary pijed tervatal gty aF MaGapadifGaN, FhlCag.
angstrons and the m xing proportion of Al of the |ayer containing Al
is 0.5. Usindl/PleGaaNitd € YS1 pbY &i¥led Bt il I mGar bl (8iSE R4 ) and sat pv-of
Al...of the layer containing Al, 0.5 by the filmthickness ratio ,
-(25/ 50), th@/fmrmrs@e t iRpeisiraie sURar |lattice layer is made of

10 Al,Ga,,N and GaN.

Next, the total thickness of the n—side cladding layer
313 and the thickness and the composition of each layer which
éonstitute the super lattice layer according to the emquiment
4 wiil be described.

15 First, _in these speci_fi_c'ations, the Al avérage
compositioh of the super iattice layer means that calculated as
described below. For example, when the super lattice J.ayer ismade
by laminating a 25-angstrom-thick Al, Ga, N and a 25-angstrom-
thick GaN in 200 pairs (1.0 pm), the thickness of one pair is 50

20 angstroms and the mixing propoi':tion_ of Al of the layer containing
Al is 0.5. Using the value 0.25 obtained by multiplying the mixing
ratioc of Al of the layer con_faining Al, .0.5, by the film thickness

. ratio (25/50), the Al average composition of the super lattice
layer is 25%.
25 | When the super lattice layer is made by laminating the

layers having a different thickness, that is, by laminating a
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Iayer s 25% 25 When the super lattice layer is nade by
| am nating the | ayers having a different thickness, that is, by
| am nating a 89
~40-angstromthick Al[err]Ga[err] N and a 20-angstromthick GaN, the _
wei ghed nmean of the filmthickness is calculated to be 0.5 (40/60) =
0.33, and therefore, the Al average conposition is 33.3. That I's, the
mxing ratio of Al of the nitride sem conductor |ayer 5 contai ning A
multiplied by the ratio of said nitride seni conductor " | ayer to one
pair of the 4umngstaran-cehicly il EpyaNsahtdea ALOaanrgageon-thickoaalsi then in
the present invention. Wen both layers contain A, the Al average
conposi t i on waighed oeani ofdchenfihm thekmesmdis. calculat:e)d texbepd &5 (40£60)
super lattice layer is nade by lamnating a 10 20-angstrom thick _
Al [ err] Gal ert ]0N 3hd and3bhengforem the il AviegmageGapmpokhiition is 38 13 ( 2@hé6)
+.0.2 (30/50) = 0.16, that is, the Al average - conposition is 16% The
exanpl e nmentisncthebuvixingiratia ©f Al o theNmidn isted semGanduckit radayelre
sane cal cul ati on nmethod can be. - applied to the case of Al GaN I nGaN.
And, theSAl comfaiping 8l muidediiedpy dhetratio of ¢aid niltr hge sapdcopductor
detected with an instrument for analysis such as SI M5 (secondary ion
mass skairer Soeore PadadoAfde supettlafitisisebayenstequals the Al average
In the enbodi nent 4, the conposition and the film_ .  thickness of each
| ayer which s itikan timne thepbresenti éaveayden. 20hess hath Jayexs epadaing
| ayer 313 is set _on the basis of the A average conposition as .
cal cul ated dstmihendl avaraderemBasition cambpewrhs eeddimble saprmpRBer -

device according to the enbodi nent 4 is characterjzed in that the
total thi ckrift¥s estane n-theysuper lattlce layer is made by laminating a

10 20-angstrom— thi_ck Al, Ga, (N and a 30-angstrom-thick Al, ,Ga, N,
0.1 (20/50) + 0.é (30/50) = 0.16, that is, the Al average |
composition is 16%. The example meri_tibned above refers to
~ AlGaN/GaN and AlGaN/AlGaN and the same célculation method can be
applied to the case of AlGaN/InGaN. And, the Al average
15 compqSition of the n-side cladding layer can be detected with an
instrument for analysis such as.SI.MS '(secondary ion mass
spectroineter) and Auger electron spectrometer.
In the embodiment 4, the coﬁposition and the film
thickness of each layer which constitute the supér lattice layer
20 of the n-side cladding layer 313 is set on the basis of the Al
- average composition as calculated using the above-mentioned
calculating method. The laser device accordirig. to the embodiment
4 is characterized in that the total thickness of the n—side‘
cladding layer_313 is not less than 0.5 mm and the Al average
25 composition in % of the n-side ciadding layer 313 is set to be

.such that the product of the Al average composition (%) multiplied
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cladding layer 313 is not less than 0.5 [err]mand the Al average 25

conposition in % of the n-side cladding |ayer 313 is set to be such
that the product of the Al average conposition (% nultiplied

90 : by the total thickness of the n-side cladding |ayer
(pm is not ~ less than 4.4. In other words, in the enbodi ment 4, the
t hi ckness . and the Al average conposition of each | ayer constltutlng
t he super |attice |layer are set to be such that the total thickness

of the 5 n-side cladding layer 313 is not |less than 0.5 pmand the

pr oduct by dfhe diatalhitblicknessubtfi pheen-sijde hel add bve rleger oiypdsiiisi ooti n
% as calculated in the above-nentioned way is not |ess than 4. 4.

When t he totkess frhalnés4. ofIn hhersicids, dadthe embogiiment 4, 3ise thikckpess
than 0.5 [err]mand the product of said total .thickness 10 ([err]lm

mul tiplied. Bnd kbedl average ampussittiomof adhslayss comstitutingithie super
light trapping effect of the n-side cladding |ayer is I nsuf-ficient
and the resdmlicicodaver agsi setnte tee susiidghesnthettotal thigknessioththee
result that the FFP is disturbed and the threshold value tends to

i ncreased T $ivdrladsinchdageradls dgenognpess tthan 015 umand fiheprogucke
total thickness of the n-side cladding |ayer 313 is preferably not

| ess than 5.9 saird thigkness pudsiplded bMahhe Al awrpgenssmpasditdoibiip fot
| ess than 7.0. According to the present invention because
of the a8 Gakcwlakre fg (e rberedenideaedway dspaet aessc&hprydrd.
even 20 if the mxing ratio of Al_ is_increased, the cracks _can be
difficult to devé%'&ﬁﬂ ithe fotaladhiskneayert themergide qlﬁélqa-ﬁ‘ﬁeﬂ-ab’?ﬁ t

of... the total thickness of the n-side cladding |ayer 313 .is
speC| fied from thie kassyrdem Oof B%“y%{lﬁiaW%HSP?‘Wtorﬁﬁ LER] m@,lnphlckness

10 (m) multiplled by the Al average comp051tlon {$) is less than
4.4, the light trapping effect of the n-side cladding layer is
insufficient and the resonance occurs again in the n-side contact

- layer, with the result that the FFP is disturbed and the threshold'
value tends to increase. The prbduct of the Al averagé composition

15 multiplied by the -total thiqkness of the n-side cladding layer
313 is preferably not less than 5.0, more preferably not less than
5.4, most preferably not less tban 7.0.

According to the present invéntion, because of the
n-side cladding layer 313 compoéed of a super lattice layer, even

20 . if the mixing ratio of Al is increased, the cracks can be difficult
to develop in tﬁe'cladding layer. Therefore, the uppef limit of
the totai thickness of the n-side cladding layer 313 is not
specified from the viewpoint of crystralinity (from the viewpoint
in which the cracks are prevented from'occurring); and however,

25 it is desirable to control the thickness to be not more than 5

pm so as to decrease the laminating times of the nitride
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in which the cracks are prevented fromoccurring), and however, 25 it is

désirable to control the thickness to be not nore than 5 [err]mso as

to decrease the lamnating times of the nitride :

91 sem conductor |ayers which constitute the super lattice
| ayer . To be concrete, for exanple, the total thickness of
said . n-side cladding layer is set to be pot less than 0.8 [err]m and

t he Al average conposition which is contained in said n-side cladding

5 layer is set to be not less than 5.5 % In this case, the product

i's not | esssehdohdhctolr ehgedl whithecbakaltibecknessupérsdatitice layesi de
cladding layer is set to be not less than 1.0 [err]mand the Al
average conposition wioche iconearital, nEolr iekaiple@, Ntliée dotellatiii dkness of sajdr -
is set to be not less than 5.0 % In this case, the product 10 is not

| ess than 5n8siler elpddfiagabbyert be sot ato Bu alotedesef thand0.8 um -andi tike
cl adding. | ayer i.s set to be not less than 1.2 pmand the Al average

conposi ti onAlhaesrage o siddomwihdcH s sottadhaddingaid n—sﬂdeyeladdmgt
to be not less than 4.5 % In . this case, the product is not |ess than -
5.4. Theb exdapyeesisesdi debe attoly d edbas thahell, 5 B Tonchibs dasd,héhegbadduoct
bet ween the thickness of the n-side cl addi ng | ayer and the Al average
conposi t i onisf nolte lessi dthan 4.4.clRxkifewpbly,erthadotial silpigkness iak said
structure. It is known that when the mixing ratio of Al in

Al [ err] Ga[ en~plides claddéagetiayeheli baset dap be not dessgyhanciefspr and the
refractive i ndex decreases. Therefore, 20 it is ideal and industrially
.conveni ent RlaavehageldampdsGd{ieony }lh]lt:hy:es contained gy saidngeidexthedding o
of Al of, for exanple, not less than 0.5 is-grown in a single |ayer
of, for exarlplver isfeek [tar benpoholes®rthan 5.0t he I [thisg cajenrr Fhel u¢tg

dlfflcult to be grown thickly. If the Alferr]Ga[err]N,
10 isnot less than 5.0. More preferably, the total thickness of said

n-side cladding layer is set to be not less than 1.2 pym and the
Al average composition which is contained in said n-.side cladding.
laye_r is set to be not less thé.n 4.5 %. In th_i_s case, the product
is not less than 5.4. The examples mentioned above described
15 concretely the relation between the thickness of the n-side
cladding layer énd_ the Al average composition of the n-side
cladding layer made in super lattice structure. It is known that
when the mixing ratio of Al in AixGal_xN is increased, the band gap
energy increases aﬁd fhe refractive index decreases. Therefore,
20 it is ideal and industrially convenient that the Al,Ga;.\N layer
havihg a-large mixing ratio of Al of, for examplé, not less than
0.5 is grown in. a single layer of, for example, a few pm, however,
the Aleal_xN iayer isdif ficult tobe grown thid];ly. If theAl,Ga, 4N,
particularly having a mixing ratio of Al of not less than 0.5,
25 1is intended to be grown in a single layer, the 6ra¢ks shbuld develop

in the crystal in the . thickness of, for example, not less than
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particularly having a mxing ratio of Al-of not |less than 0.5, 25 is

I ntended to be grown in a single |ayer, the cracks shoul d devel op I n
the crystal in the thickness of, for exanple, not |ess than

92 0.1 [err]m Thus, the Al[err]Ga[err]N [ ayer having a
m-xing ratio of Al of not- less than 0.5 is difficult to be grown in a
single layer having ‘a thickness of, for exanple, a few pm

However, according to the present invention, a thin film 5 nade of
Alferr]Gferr]Nis used to constitute a super lattice |ayer and t he

t hi ckness of 0t hepmi.nglThuisi,| thiesAhgla, @ daybarhawingrd micding ratiof ofAl of
thi ckness of Al[err]Ga[err]N, therefore, the cracks being to devel op.

Theref ore, vikeh ltass thadd fyisagefficulibrhoobedymiwra inugpaingdet lager having

| ayer, the layer having a high mxing ratio of Al and a |arge 10

t hi ckness caa beigkness ofn for example, imvBewiwm, since the rel ation
bet ween the specific mxing ratio of Al and the thickness of the.

cl addi ng | ayer coul d bEowever, aceerdimg tatheprérsnbinventioppabtbintiidm
light not to | eak fromthe n-side cladding | ayer to t he substrate
side. 19 made of Al Qs tim usesd de cpastityteagesuper chakticetlayers and
menti oned above to trap the emssion fromthe active |ayer, the -si.de
cl addi ng | aylere neyieiness mf the siagke tlilwriianathamonsg than thehenitdiced
cl addi ng | ayer. Wien _ the p-side cladding |ayer 318 is constituted in
the sane nmanhblm ihickaegsofBlfaadi nEhergteres The crackabaimakadeyedpm:-he
. p-side cladding |layer is desirably smaller . t han that_ of the n-side

cl addi ng | ayEherefpeen ¥ben khg ¢ladding dgver is qompesed off agsupek lattice:
t hi.ckness of_the p-side cladding |ayer is |large, . the resistance of
the Al GaN | aj@¥eEenthe tlRyek akihgya high meging ratio of Al and a large

10 thickness can be grown. In the present invention, since the
relation between the specific mixing ratio of Al and the thickness
of the cladding layér could be found, the combination thereof
enables the light not to leak from the n-side claddiﬁg_'layer to
the substrate side.

15 | : When the n-side cladding layer is constituted as
mentioned above .to. trap the erdission from the éictive layer, the

- ~side cladding layer may have the samé constitution és that of
‘the n-side cladding layer. When the p-side cladding layer 318 is
constituted in the same manner as the n-side cladding layer 313,

20 the thickness of the p—side cladding layer is desirably smaller
ﬁhaﬁ that of the n-side_cladd_in_g layer. Because, when thé mixing
ratio of Al or the thickneés of the p-side cladding layer is large,
the resistance of the AlGaN layer fends to increase with the result
that the threshold value tends to increase. Therefore, even if

25 the p-side cladding layef is constituted of a super lattice layer

including the nitride semiconductor layer cohtaining Al and the
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that the threshold value tends to increase. Therefore, even if 25 the
p-side cladding layer is constituted of a super lattice |ayer
including the nitride sem conductor |ayer containing Al and the

93 product of the thickness nmultiplied by the Al average
conposition I's not less than 4.4, the thickness is desirably no nore
than 1.0 [err]m The lower-limt is not specified but is desirably not
| ess. than 50 angstrons in ,order to function.as a cladding layer. In

5 the case of the super lattice |ayer, the Al average conposition S
desirabl y noproduettdfatheltBickBhesse nuid ipldietbbyl ueliAdlgairayege composition
shaped into a ridge and the electrode is installed thereon, t he

| eakage of the nogltessathbe 4l 4psthendhlieknedsand desisalily no morengrass slardy -
for the p-side cladding layer to have the sanme 10 constitution as that of
the n-side cimddiTe |lopar Ilinithds noé specifieddbut| hslddesitalyky ndy lesse
the sane constitution as that of _ the n-side cladding |layer. That is,
the p-side cthaudi D¢ angstrims in order dpefunatiione ast rucladdingclagéng tlme
nitride sem conductor | ayer containing at least Al and has a total
t hi cknes® of thetcase eof lithe tswper] latitdce] Aayhty; ebherdl taverdgacomppsition
conposition in % contai ned in the p-side cladding layer may be set to
be such thatistegixahly not moge than t5h &4l tFlekedde prsidpngladding lavsnle
cl.addi ng layer nultiplied by the Al average conposition (% is not
| ess than 4.%s shaped into a riqgerandethe sekrctredniiky ingtalled
of a super 20 lattice layer including the nitride sem conductor, |ayer
cont ai ni ng AFhei heakage cafethe nbightieae ke alngst ineqlrckeshandedd Is nofngd
the case in which the cladding |ayer functions only as a carrier
trappi ng | ayR®cessany| ferdihe (Peside fladiingelaved tndavsithe same
10 constitution as that of the n-side cladding layer 313, but the
p-side cladding layer may have the same constitution as that of‘
the n-side cladding layer. That is, the p-side cladding layer has
a super lattice §tructﬁre including the nitride semiconductor
layer containing at least Al and has a total thickness of not more
15 than 1.0 pm. Moreover, the Al averagé composition in % contained
in the p-side cladding layer mz;y be set to be such that the product .
of the total thickness (ym) of the p~side cladding layermultiplied
by the Al -a.verage' composition (%) is not less than 4.4.
When the p-side cladding layer is composed of a super
20 lattice layer including the nitride semiconductor layer
containing Al (in this case, the leakage of .light is not concerned
and the case in which the cladding layer functions only as a carrier
trapping layer is included), the total thickness of the n-side
cladding layer is desirably larger than that of the p-side cladding
25 layer. The p-side cladding layer is composed of a super lattice

layer made by laminating the nitride semiconductor layers in the
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cl-adding. |l ayer is desirably larger than that of the p-side cladding 25

| ayer. The p-side cladding |ayer is conposed of a super lattice | ayer-
made by | am nating the nitride sem conductor layers in the

94 same way as the n-side cladding | ayer, for exanple, by
| ami nating the Al[err]Gferr] N (O<X<1l) |ayer and the other nitride
sem conduct or | ayer which has a different. conposition fromsajd
Alferr]G[err]N | ayer, or by lam nating the | ayer nade of ternary

m xed crystal and the 5 layer made of ternary m xed crystal or the |ayer

made of ter rmEme way as riheed-sivet 61 adding Nayedy,efo 1@; !aﬂiﬁﬁﬂln
crystal such as =~ - Aferr]Gaerr]NGaN, A ferr]Gaferr err]Ga[err

(O=Y<1, Y<Xhe Al ea] NEeCKIMN | n{£yét Lzd &Hd Nther nlﬁﬁéélﬁeﬁﬂééﬁaﬁctor

Ther eanong, thenost preferabl esuperlattice | ayer is made of

Al [err] Ga[ eldyerantiiGathas B different conpbeipien efion Budd ADGaN,N 1iger,
described in detail in the foll ow ng exanpl es. Exanpl es
The invent | or byl Labhéndtingi tieel layeietmide bff téfnary mixied lcayisit@a 1exadpties .
15 Exanmple 1 According to Exanple 1 of the

i nventi om, diayemmade of Eernmdmte:d cctgmrta&sotL&@lelaymsmadQSOShbd\fnaﬂy
Fig. 1 and 2, can be fabricated. The nitride sem conductor devices
were fabri catieed crystad aot|ithes.layr made of binarfinisted er@spibansuch as
sapphire substrate 10 was set in the reactor and the inside

at nospher e 8fl GagN Az 0AGs, (NIAY,GepNacoY<1, YWX), BIGageN/ Iffbeal_zN
tenperature of the substrate was increased to 1050[err]C with

hydr ogen fl dAKEK 1))r dad smonl. e dtheteamoriagt theanost preferable super lattice

layer is made of Al,Ga, N and GaN.
10  The present invention will be described in detail in
the following examples. |
Examples
The 1nvent10n will be described in detall in the
follow1ng examples.
15 ' Example 1
According to Example 1 of the invention, nitride
semiconductor devices (LD devices), as shown in Fig. 1 and 2, can
be fabricated. The nitride'semic_:_onductor devices were fabricated
as follows. |
20 . First, a C-plane sapphire substrate 10 was set in the-..
reactor énd the inside étrndsphere of the rea'c.tor was fully replaced
with hydrogen. The femperature of the substrat_e was increased to
1050°C with hydrogen flown- in order to clean the substrate.
Subsequently, the temperature was decreased to 510°C.
25 A first buffer layer 11 éonsisting of GaN was grown to a film

thickness of about 200 angstrom using hydrogen as a carrier gas,
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Subsequently, the tenperature was decreased to 510[err]C. 25 A first

buffer layer 11 consisting of GaN was grown to a film . thickness of
about 200 angstrom using hydrogen as a carrier gas, '

95 ammoni a and TMG (trlnethylgalllun) as a source of GN.
Af t er gromnng the buffer layer, only TMG was stopped and the
tenperature was increased to 1050[err]C. At 1050[err]C in the sane :
way using ammonia and TMG (trinmethylgalliunm) as a source of &GN, 5a5b
[err]mthick second buffer layer 112 consisting of undoped GaN havi ng
a carrier demmonyaoandxmﬂﬁeKtrimethylyaﬁhsugroas a source of GaN.
Subsequently, a 1 [err]mthick n-side contact |ayer 12 consi sting of

n-type GaN doped w t hASterogtEwdhgr thechfiffelr bagenys comly TMG wasisipppdal
and anmoni a and silane gas (SiH4)as a source of |rrpur|ty 10 at 1050[err]C
Next, "t he t angdihe tempenstinemas ddcreaged(tar 1PE0°A. At 1050°C in the same
500- angstromt hi ck crack-preventing |layer consisting In[ferr]Gaferr]N

doped wi t h BRYt@sExd Gramarlya mnst mmsrgmehhyluslhgnmvas BVsource of GaN,
(tri rretg)f/l i ndi um) and ammoni a-as source gases and silane gas as 15 a

sour ce i aphrmythick second buffer Thayert hi2 teompeisting afsundepeddal t o
1050[err] C and a 20-angstromthick first | aver consi sting of n-type
Al-[ err] Ga[ ehayfindopedarrier dendity o6 SXU0]'®fch’ wapegrpwmas grown, using
TMA, TMG , ammoni a and_si | ane gas. Subsequently, TMA and sjlane were
stopped and a 20- 20SHRgSHMERELKY cﬁ seumnthigken-sbdei contgchf layebpbd GaN
was grown. Then, each of these operations was repeat ed 100 tinmes and
a n-side conszsstmaqngf | Rrykype 4ol daned (wirth s tieadi %08/ col Has ronsiTess
of . . 0.4 [err]lmwas grown,

using TMG and ammonia gnd silane gas (SiH,)as a source of impurity
10 at 1050°C.

Next, the temperature was increased to 800°C. A
SOO-angstrdm-thick crack-preventing layer consisting Ino_-lGao,',l\-I
doped with Si to 5X10%¥/cm® was gréwn, using TMG, TMI
(trimethylindium) and ammonia as source gases and silane gas as

15 a source of impurity. |
| Then, the temperature was increased to 1050°C and a
20-angstrom~thick first layer consisting of n-type Al, ,Ga, N doped
with Si to 5X10*/cm® was grown, using TMA, TMG , ammonia and silane
 gas. Subsequently, TMA and silane were stopped and a 20- |
20 angstrom-thick second layer consistir;g of undoped GaN was grown.
Then, each of these operations wé.s repeated 100 times and a n—side
cléddihg layer 14 of superlattices having a total thickness of
0.4 pym was grown.
Subs_équently, a 0.1 ym-thick n-side light guide layer'
25 15 consisting of n-type GaN doped with Si to 5X10%/cm’® was grown
at 1050°C. -
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Subsequently, a 0.1 [err] mthi ck n-side Ii ght guide layer 25 15
consisting of n-type GaN doped with Si to 5X10[err]/cnferr] was grown
at 1050[err]C 96

Next, an active |layer 16 was grown using TM5 TM, ammoni a and
silane. For the active layer 16; first, a 25- . angstromthick well
| ayer 25 consisting of In[err]Ga[err]N doped with Si to

8X10[err]/cnferr] was grown at 800[err]C Next, at the same tenperature,
5 a 50-angstromthick barrier layer consisting of- In[err]Ga[err] N doped
with Si to 8X10[err]/ ci¢ets]|ameascivenlayert y1 & wash angwrg udingiMG, reMi,o -
of TM. This operation was repeated twice. Finally, the well | ayer
was | ani nat canmeniia and t$ikanet ufowmethestactuiver dageri €6, first|agel516 was
grown with a total thickness of 175 angstrons. 10 _ Next, the

t enper at ur e aR@s iremetivicck twelloF@E e 26 cansisting006£aling GaypN kopledpwiitte
cap layer 17 consisting of p-type . Alferr]Gferr]N doped with My to
1X10[ er r ]/ cifieto]8 %A 6 Jcoiwashydwinat &00ficeat elext, at tandageteapargitudsn
the active layer, using TM5 TMA and ammoni a as a source of Al GaN and
Cp2My (cHcl dhfragasipommidiicd bayrier ldyer somsistdhg efulng,yGa, N doped
Subsequently, a 0.1 pmthick p-side |ight guide |ayer 18 consi sting
of p-type GaidtdoSddtwi 8X I fom*1was|grow,condiyr bywekanging the molar chthed
-a 'smal |l er band gap energy than the p-side cap |ayer 17 at 1050[err]C
20 of fi@ﬁbs@&&én@P?Fa§19G-Hﬂgsfﬁbﬂﬂ adckwicest Fipadly, the well

AR A g B8R A RIS e A LU B
B gy S ORRe g, a3, 20 00 Foll EhaSinnd L Shsoonsntond O
10. Next, the tempefature was increased to 1050°C. A
300-angstrom-thick p-side cap layer 17 consisting of p-type
Al, ;Ga, N doped with Mg to 1X10%°/cm® was grown which had a greater .
band gap energy than the active layer, using TMG, TMA and ammonia
as a soﬁrce of AlGaN and _Cp2Mg' (cyclopentadienyl magnesium) as
15 a source of impurity. | _
Subsequently, a 0.1 pm—-thick p-side light guide layer
18 consisting of p-type GaN doped with Mg to 1X10%°/cm® was grown
which had a smaller band gap enefgy than the p-side cap layer 17 .
at 1050°C. ' | |
20 , Subsequently, a 20-angstrom-thick first layer
consistingof p;-type Alo_zGa(_,.aN dopedwithMg to 1 X 10é°/ @3 was grown,
using TMA, TMG, ammonia and Cp2Mg at 1050°C. Subséquently, T™MG
" was stopped and a 20-angstrom~thick second iayer consisting of
- p-type GaN doped with Mg to 1X10%*/cm® was gfown. Each of these

25 operations was repeated 100 times and a p-side cladding layer 19

of superlattices with a total thickness of 0.4 ym was formed.
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p-type GaN doped with My to 1X10[err]/cnferr] was grown. Each of these 25
gperations was repeated 100 tines and a p-side cladding |ayer 19 of
superlattices with a total thickness of 0.4 [err]mwas forned.

97 Finally, a 150-angstromthick p-side contact
|layer 20 consi sting of p-GaN doped with My to 2X10[err]/cnferr] was
grown on the p-side cladding | ayer 19 at 1050[err]C

After the reaction was conpleted, the tenperature was 5 decreased to
room tenperature. Additionally, the annealing was perfornmed to the

waf er at 700[err] C i nFihbl0gena i Shapiytrom-tthiclk pe-side conbiattrlagerd&dto
make the p-type |ayer |less resistive. The anneal i ng net hod di scl osed
in U S PatgphspsBPRg6SE pscaNRicperr with Mgntbh2 X ¢¢em’ewasl@rown on the
After annealing, the wafer was renoved fromthe reactor. As shown in
Fig. 2, theptspde-esldddingt dayerayera0l@®o’°Che p-side - cl addi ng | ayer
19 were etched with RIE apparatus to make them a . ridge geonetry having
a stripe width of 4 [Aftkm the reaction was chmpilletedpathevbemperaturerwashe
surface of the ridge. 15 As shown in Fig. 2, the surfaces of the n-side
cont act 5 aydecreased to xoquosesngspnataine.cahtgitéopatilys otheeannealbing ivhsk.
Next, a p-electrode 21 consisting of NN and Au was forned on the :
al most whol perfiprmedf s ¢hef walier st (706 °Ci iigen fraden ptmosphegiedwithim ddre

| ayer 20, while a n-electrode 23 consisting of Ti 20 and Al was forned on -

the al nbst wkattosyr bacesotothakst theepreypetlyyer less srepisbivect Theyer.
Next, as shown in Fig. 2, an insulating film25 was forned
annealing method disclosed in U.S. Patent 5,306,662 is employed
in this Example. '
10 | . After annealing, the wafer was removed from the reactor.
As shown in Fig. 2, the top p-side contact layer 20 and the p¥-side_
cladding layer 19 were etched with RiE apparatus to make them a
"ridge geometry having a si;ripe wicith of 4 um. |
| Next, a mask was formed on the surfac_e of the ridge.
15 As shown in Fig. 2., the surfaces of the n-side contact layer were
ex.posed symmetrically respect to the stripe ridge.

Ne'xt, ap-electrode 21 consisting of Ni and Au was formed
on the almost whole top surface of the stripe ridge 'of_t__he -
side contact layer 20, while a n-electrode 23 consisting of Ti

20 andAl was forméd on the almost whole surface of 'the-stripe-geometry
n-side contact layer. |

Next, as shown in Flg 2, an insulating £film 25 was formed
on the surface of the nitride semiconductor layér expo'sed between
p-electrode 21 and n 'électrode 23. A p-pad electrode 22 and an

25 n-pad electrode 24 were formed which are electrically connected

to the p-elecfrode via the insulating film 25.
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on- the surface of the nitride sem conductor |ayer exposed between

p-el ectrode 21 and n electrode 23. A p-pad electrode 22 and an 25 n-pad
el ectrode 24 were fornmed which are electrically connected to the

p--el ectrode via the insulating film 25. ' . _

98 ' The wafer on which the n-el ectrode and

p-el ectrode were formed in the above-nenti oned manner was transferred
to the pol i shing rmachi ne. The sapphire substrate on whose side the
nitride sem conductor was not forned was | apped with a di anond 5
abrasive to a substratEhe mafleress wifici)thennAlerttadwpiand, ptdlectrode were
surface of the substrate was further polished by 1 pmwith a finer .
abrasi ve, recnnedgin theabive-merftbicaied manner was transfdfirired pol ithei ng
the substrate, the polished facet was scribed and cl eaved into bars
per pendi cul @dlistdspratadhiinee The sapphperegsabstrutel entwhdset sidlabtheat e
a facet of a resonator on the cleaving facet. A.dielectric '

mul ti -1 ayer rifmhderssmiidongh@itrewas not foambdliwdseliappeds whahnaddbambhd
facet of the resonator and finally, the bar was cut parallel to the
p- el ect r dde,ahrssilve iy ian shbsératei pbickness bExH) mhe Glfites Weppisg the
face-up (in the state that the substrate 15 was faced to the heat sink)
onto the he®&uxfiate afidthechvbstaateowss furthewmpoldshect by Ibymvwieh @ofiiihern.
The | aser oscillation was tried at room tenperature. The conti nuous
eni ssi on at abpFamiivyi giesultingdye theymimgors@aoeh.was observed at the
threshold current density of 2.9 kAlcnferr] and the threshold voltage
of 4.4V at room t enpeditifle polighing thef subatrake, Sthe:@alsished faget. was
(Conpar ative Exanple 1 . -Wth the sane procedure as in
Exanpl e 1, Seribedhgnd cleaved into bars perpendicularly respect to the

10 sﬁripe-cjeometry electrode to fabricate a facet of a resonator on
the cleaving facet. A di_elec‘tr’ic multi-layer £ilm consisting Sio,
and TiO, was forined on the facet of the resonator and fiﬁally, the

“bar was cut parallel to the p-electrode, resulting in laser chips.
Next, . the chips were set face-up (in the state that the substrate

15 was faced to the heat sink) onto the heat sink and each electrode
was connected by wire-bonding. The laser oscillation was tried
at room temperature. The _contimious emission at an emission
wavelengi:h of 405 nm was observed at the threshold current density
of 2.9 kA/cm? and the threshold voltage of 4.4V at room temperature.

20 The life-tj_.me'was 50 hours or longer.
(Comparative Examplé 1)
With the samé procedure as in Example 1, the second
buffer layer was not grown, the 5 um—thick.n-side contact layer
12 only consis_tiﬁg of n-type GaN doped with Si to 1X10*/cm® was
25 grown, the 0.4 um—thick n-side c'ladding layer only consisting of

n-type Al ,Ga, N doped with Si to 1X10'/cm® was grown, the 0.4
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buffer [ayer was not grown, the 5 [err]mthick n-side contact |ayer 12
only consisting of n-type GaN doped with Si to 1Xl10[err]/cnferr] was 25
grown, the 0.4 [err]mthick n-side cladding | ayer only consisting of
n-type Al[err]Ga[err] N doped with Si to 1Xl1O[err]/cnferr] was grown, the

- : 99 -

[err]mthick p-side cladding |ayer 19 only consisting of p-type
Al[err]Ga[err]N doped with My to 1X 10[err]/cnerr] was grown, and the 0.2
[err]mthick p-si de contact l'ayer 20 only consisting of p-type GaN
doped with um-thigk @-zideo[adadding dayemd? @nduhcovsissing oft arivpPaser
devices. The basic 5 construction was as shown in Fig. 1.

Table 1 dhSes sV sloped with Mg to 1 X 10*°4appwasgrown,Band &hel Q2 pm-thick

11 GaN . - 200 A, - n-side contact |ayer
12' Si  doped Rr3idse coatjact layer 20 only con§1[s§:ri,n]gnpf p-type GaN doped with
Si: 1X1O0[err]/crferr] Crackpreventing layer 13 Si doped n-type
| n[ err] Ga[ eMd Ko 2X10%*/crdomsagrown; so as to obtain laser devices. Thgi basic
5X10[err]/cnerr] n-si de cl addi ng | a Ey 14 Si doped n-type
Alferr] [erqqrwtructlon WES5 e Ston ig. 1. - Si:
5X10[err]cnferr] n-si de opti cal 15 Si doped n-type G&aN
0.1 [err]m wavegui de | ayer Si: 5X10[err]/cnferr]
Active layer (MW 16 Si doped In[er r;%err] N 25 A
(total thickness 175A) Si doped In[éF rr]N_ 50 A
Si . 8X10[ el TS Fte Cap Tayer o sapphire T7 Mj doped p-1ype
Alferr]|Ga[ ¢rr]N 300 A _ M 1 X
10Lerr]cnf ¢Buiffer layerde optical 11 GaN 18 My doped p-type GaN 200 A
0 1 [err] m wantaoda | Aviar Mo 1. Y 10Tl arr'liw‘v{err'l
p-si de cl ad @i’ﬁdﬁqea@P%fé’tl\/aaXSEed 17 t§bedQPF€rP]'§§lP%rﬁl 0.5 ° Hm
[err]m . 8i: i\.glois/émm[err]cr’r{err]
Crack preventing layer 13 si doped n-type In, ;Ga, N 500 A
| si: 5X10%/cm’ | |
n-side cladding layer 14 Si doped n—type Al,, zGa,, eN 0.5 pm
Si: 5X10%cm
n-side optical . 15 Si doped n-type GaN 0.1 pm
waveguide layer - : Si: 5X10*%/cm® ‘
1Active layer (MQW) 16 Si doped In, ,Ga, N 25 A
(total thickness 1754) Si doped In, ,Ga,.qsN 50 A
8i: 8X10%%cm’
Cap layer 17 Mg doped p-type Al, ,Ga, N 300 A
Mg : 1X10%cm’ |
p-side opt;icai 18 Mg doped p-type GaN . 0.1 pm|
| waveguide layer _ Mg: 1X10%cr’ '
p-side cladding layer 19 Mg doped p-type Al, ,Ga, N 0.5 ym

Mg: 1X10*°cm®

p-side contact layer 20 Mg dopc_ad p-type_ GaN 0.2 ym
Mg: 2X10%%m?®
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p=side contact layer 20 My doped p-type GaN 0.2 [err]m

My: 2 XlO[err]cnferr] 100

For t-he | aser devices of Conparative Exanple 1 ' constructed in this
way, the continuous em ssion was obtained at the threshold current
density of 7kA/cnferr]. However, the threshold 5 voltage was 8.0V or

hi gher and the em ssi on was observed for few m nut es. .
Exanpl e 2 - Wth the sanme procedure as in Exanple 1, for the
n-si de contact |layer 12, a 30-angstromthick first |ayer consisting
of 10 n-type Al[err]Ga[err}N doped with Si.to 2X10[err]/cnferr] was grown
and subsequently, a 30-angstromthick second | ayer consisting of

undoped GaN was growFandthdekeser aderlives o Gonparettiat Bxaspld 1g
in superlattices having a total thickness of 1.2 [err]m The other .
const r uct i aonsifrudised dsethdswapgs tisr eontd nnans anissidxawgs ebtkinet athe

threshold current density was 2. 7kA/cnferr], the threshol d vol t age was
4.2V and t Hzhé itheteisie ldasuffehb udensirt 3 o:ffg'lekA/cmz. Howeve¥xaia €h8eshold
The | aser devices were fabricated which had the sane constructions as
i n Exanpl e ®yltmgepas 6r 0Vherrhbjhier cond dhe emyssiol Wad dbseorvesk Edrofew
superl atti ces whose second | ayers consi sted of GaN - doped with Si to
1X10[ err]/ cuifrarttds. The | aser devi ces had al nost sim I ar properties to
t hose of Exanple 2. Exanpl e 4
Example 2

With the same pro'cedure as in Example 1, for the n-side
contact layer 12, a 30-angstrom-thick first layer consisting of
10 n-type Alo_osGao.gsN doped with Si to'2><101’./cm3 was grown and
Subsequently, a 30-angstrom-thick second laye-r coh_sisting of
undoped GaN was grown and these procedures were repeated, resulting
in superlattices having a total thickness of 1_.2 pm. Ihe _othe-r
constructions of the laser devices were the same as in Example
15 1. The threshold current den'sit_y waé 2';7kA/cmz,' the threshold
| voltage was 4.2V and the lifetime was 60 hdurs or.longer.-
‘ Example 3
The laser devices were fabricatéd which ﬁad the same
constructions as in Exainple 2, except foi: thé n-side contact layer
20 12 composed of superlattj.ces whose second layers consisted of GaN'
' doped Qith Si to 1X10%/cm®. The 1asér devices.had almost similar
properties to those of Example 2. |
Example 4
The las'e; devices were fabricated which had the same
25 constructions as in Example 1, except that the'4 -thick second

buffer layer 112 consisting of GaN doped with Si to 1X10'/cm® was
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The | aser -devices were fabricated which had the sane 25 constructions as
I m Exanple 1, except that the 4 -thick second buffer |ayer 112
consisting of GaN doped with Si to 1X1O[err]/cnferr] was

101 grown. The threshold current density was
2.9kA/cnferr], the threshold : vol tage was 4.5V and the lifetine was
50 hours or | onger. ' Exanpl e 5 Wth the sane
procedure as in Exanple 1, for the n- 5 side contact layer 12, a
60-angstromthick first |ayer consisting of n-type Al[err]Gferr]N
doped wi t h Sgrpown2XiThe threshpddréumeentydensitydvas 2. 9kavkatqitet threshold
40-angstromthi ck second | ayer consisting.of GaN doped with Si to
1X10[ err]/ cnyVeltpgef was dabVgandnthedlifiesimprwasds esours orWesggéepeat ed, -
resulting in superlattices having a total thickness 10 of 2 [err]m. And
the 0.4 [err] mthEsRmplei Be cl addi ng | ayer 14 consi sting of only
n-typé Al[err]Gaferr] N doped with Si to 1X10[err]/cnferr] was grown.

The other constructi onWith the bamerpdecedeseweseihhExampkeas, t Bosethe n- -
in Exanple 1. The threshold current density was 3.2kA/cnferr], the '
t hr eshol P vosidgecamtact dayandl2 he 60fangstromstBichdirstolayepgminsidtiing
Exanpl e 6 Wth the sane procedure as in Exanple 1, the
following ©of nptvpedtitesfSa,lN dopetvimhr 8ichangedl0®/cm® was grown ard)
After the growth of the buffer layer 11, only TMG - _

wasst oppedandihseguert by uteddsprneptaondtbickso¢cond Cayeat conSptingHf GHN
the 60-angstromthick first |ayer consisting of n-type Al[err]Ga[err]N
doped with Sioped with Fieto] LofieY/tmhvast Giownsugrown Tad tHdGe prowsdures
sidane as material gases and subsequently, silane and TMA were '
st opped and W¢Ee Gﬁpgﬁ&§@r'oﬁ?§ﬁi5kngé@oﬁw¢%ttm heviing atotal thickness

10 of2 um.' And the 0.4 pm-thick n-side cladding layer 14 consisting
of only n-type Al,,Ga, N doped with Si to 1X10%/cm’® was grown.
The other const;uctions of the laser devices were the same as those
in Example 1. The "_chreshold-current density was 3.2kA/cm?, the
threshold voltage was 4.8V and the 'lifetime was 30 hours or longer. -
15 Example 6 -
With the Same procedure as in Examplé' 1, the following
procedures (1) and (2) were changed.
(1) After the growth of the buffer layer 11, only TMG
was stopped and the temperature was increased to 1050°C. At 1050°C,
.- 20 the 60-angstrom-thick first layer cons-is_ting_of n-type Al, ,Ga, N
.doped with Si to 1X10*/cm® was grown using'TMA, TMG, ammonia and
silane as material gases and subsequently, silane and TMA were
stopped and the 60-angstrom-thick second layer consisting of
undoped GaN was grown. The superlattices were constructed in a
. 25 manner of the first layer + the second layer + the first layer

+ the second J:ayer + *-*. Five-hundreds first layers and five-
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undoped GaN was grown. The superlattices were constructed in a 25 nmanner
of the first layer + the second |ayer + the first |ayer + the second
| ayer + . Five-hundreds first |ayers and five-

102 hundred second | ayers were | ami nated by turns. The
n-si de cont act llayer 12 of superlattices having a total thickness of
5 pm was f or med. (2) Next, the 500-angstrom '

-t hick-crack preventing | ayer 5 13 consisting of In[ferr]Gferr]N
doped with Si to 5X10[err]/cnferr] was ' grown in the sanme manner
as i n.Exanmiundred second layers werdndanatind@eqdley uzrsheTRe mf{sidd wohltiacht
n-si de cl addi ng | ayer 14 consisting of n-type Al[err]G[err]N doped
with Si to B¢l el2 [ef nfupertlaidsices hawjmgva dsita] BHickhdss afmdnipm aas
silane. 10 The constructions above the n-side cladding |ayer
were fidmmadne as those of the |aser devices in Exanpl e 1. The | aser
devices of this-exanple had the basic constructions as described . in
Tabl e 1, except that {ZENext,dhebffaangstyem thi crdrack pieeventinglageirng
| ayer 19 were conposed of superlattices and the p-side 15 contact |ayer
20 had & thicknes3 adndfdtiampsdf dm,l,Geg Fxdopéd dith Si tdheXawit/mmlowas
em ssion at a wavel ength of 405nm was observed at the threshol d
current density gfown 20V the same mannenr @.SSnand Examplevdl.t age of 4.8V. The
lifetinme was 30 hours or | onger. Further, in the case that
the filmthickness ofAndet 21(95(]0%|td@ Sordt so-thigkr noBl:iBSCQaddn-dgnéjayer
Exanpl e 6 i s changed gradually, the relati.on between the film

t hi ckness @4 mmm of n-type &, GCayeN dopled hel tthiSdshol 80 Age® wast he
LDs..is shown in Fi 5. The figure shows the threshold voltages. in
t he case t[ggown using » TMG, ammonia and silane.

10 " The constructions above the n-side cladding layer were
the 'saﬁle as those of the laser devicés in Example 1. The laser
_devices.of t'his éxample had the basic constructions as described
in Table 1, except that the .n-sid.e contact layer 12 and"p-side
cladding layer 19 were composed of supérlat_tices. and the p-side
15 contact layer 20 ha}d a thickne_ss'of 150 angstrom like Example 1.
The continuous emission at a wavelength of 405nm was observed at
the threshold current density of 3.2kA/cm® and- the threshold
voltage of 4.8V. The lifetimg was 30 hours or longer.
Furthér, in the case that the film thickness of the
20 p-side cont_:act layer of LDs according to Example 6 is changed
gradually, the relation betwe__en the film thickﬁess of the p—Side
contact layer and the threshold voltage of the LDs is shown in
Fig. 5. The figﬁre shows. the threshold voltages in the case the-
p-side contact layer has a thickness of less than 10 éngstrom'(A) ,
25 10 angstrom (B), C (30 angstrom), 150 angstrom (D: this example),

500 angstrom (E), 0.2 pm (F), 0.5 ym (G) and 0.8 ym (H), in order
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p-si de contact |ayer has a t hi ckness of |ess than 10 angstrom (A), 25 10

angstrom (B), C (30 angstron), 150 angstrom (D:. this exanple), 500
angstrom (E), 0.2 [err]m(F), 0.5 pm (G and 0.8 pm(H), in order

103 fromthe left. As shown in this drawing, the threshold
vol t age -tends to increase gradually when the filmthickness of the p-
side contact |ayer is over 500 angstrom The p-side contact |ayer 20
preferably has a thickness of 500 angstromor |ess, nore 5 preferably
300 angstromor |less. Wien the filmthickness is 10 ~angstrom or |ess
(al most one from thgeleft. t s shownl dyethist leawing, théfaoresioldardlisgie
cl addi ng I ayer 19 which is under the p- side contact |ayer is exposed

and t her ef or tendseteohnareasesgrsaduatly when ofhé heim etleldkmoslss icf gtk p-
resulting in that the threshold voltage 10 - tends to increase. However,
since LDs ofside qondiait layeents ower.500 angdtaxomipeThatd-sield aygtact Nayer
t hreshol d vol tage was nmuch | ower , than that of the conparative

exanmpl es. 20 prebepablyibasExatipleki®dss of 500 angstrom her |lassy, dRiteces
havi ng the ‘construction as described 15 in Table 1 were fabricated,
except tRat Prefepakl 0P @ngsron or less.waWhénr tied fiblm thiaskmess is 10
multi-layer filmhaving a total thickness of 0.6 [err]m by grow ng
t he 180- angsRRGPHEPM KL flgss (adypostcomsi stomglayer on-twpetdin daye®d|,ethEN
doped with Si to 1X10[err]/cnferr] and subsequently, growi ng the
120- angst r onF¥¢RFagke sk orke | Ryside onkadding kevemddbethicD isGamderTithe ips,
the thickness, of the first |ayer and second |ayer was increased and
LDs were fabtidarentackelasan i esposed and shereforaastheheenact aestistance

t hr.eshol d current density of 6.5 kA/cnferr] and the threshol d vol tage
was 7.5 V. ﬂr%%@'s%ﬂcaﬁ%d%ﬁméd ¥esulting in that the threshold voltage

10 tends to increase. However, since ILDs of the present invention
had a superlattice layer, the threshold volté.ge was much lower
'than that of the comparaﬁive examplles. |
(Comparative Example 2)

The laser devices having the construction as described

15 in Table 1 were f;bricated, except that n-side cladding layer 14'
was formed which was-a multi-layer film having a total thickness
of 0.6 ym, by growinglthe 180-angstrom-thick first layer consisting
n-type Al, ,Ga, ;N doped with Si to 1><101’/c1_n2 and subsequently,
growing the 12 O—angstrgm-thick second layer consisting of undoped

20 ~ GaN. That'is, the thickness of the firstllayer and second layer
was increased and.LDs weré fabricatéd. The contin‘uous emissién
was observed at the threshold current denéity of 6.5 kA/cm? and
the thlreshold voltage was 7.5 V. The emission was observed for

- few minutes. |

25 Example 7

The laser devices having the same construction as in
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few m nutes. 25 Exampl e 7 ' The | aser devices having
t he sane construction as in 104 _
Exanple 6 were fabricated, except that the p-side cladding |ayer 19
had a superlattice structure with a total thickness of 0.5 [err]m '
obt ai ned by | ami nating the 60-angstromthick first |ayers. consi Stl ng
of Alferr]G[err]N doped with My to 1X10[err]/cnferr] and the 5

40- angstromt hi ck second | ayers consisting of p-type GaN doped W th
My to 1X10[-err]/cnferr]. That is, the thickness of the superlattice

| ayer const Examphg 6 wene fafrb&'miamédi ngxteptr thft dfheepaside ¢ladding layer
changed and the other constructions were the sane as in Exanple 7.
The thresholl® hadtagmperdaddden: atructee withoapaotedl vihtilcknesis 0£00 . brum
Exanple 6. The lifetime was 20 hours or | onger. Exanpl e 8 '
The | aser. debtaenedahynbamhnatmrg thes60tahgshram-thick flfsanbagefswere
fabricated, except that the n-side . cladding | ayer 19 had a

superl atti ceoasistlngeoﬂnhh .SGA N Idddud vidts Mt 5.*&0’(°ch15andnﬁbéal ned
by | ami nating the 60-angstromthick first |ayers consi sting of -

Al [err] Ga[ efft-Angspednvihhcki second1Dayers/ cofeistingdof le-type GaN doped
40-angstromthi ck second | ayers consisting of n-type GaN doped wth
Si. to 1X10[ with/Mgrftert K10*That’.i sThateid,aste teickreshad thpesupetlaiisice
as the n-side cladding layer, in addition to the n-side contact 20 |ayer
and p-side éaxgum@rpwwtmm%ga p-siger ciaddingsiayer (k% of Examplexdmie

6. The present |aser devices had simlar properties to those of
Exanpl e 6. changed and pbhenAtther constructions were the same as in Example

7. The threshold voltage increaseda 11ttle, as compared with that
10 in Example 6. The li.fetlme was 20 hours or longer.
Example 8
The laser devices having the same construction as in
Example 7 were fabricat_ed, except that the n-side claddi'ng layer
19 had a superlattice structure with a total thickne_ss of 0.5
| 15 m obtained by laminating the 60-angétrom—thic;k first layers
consisting of Al, ,Ga, (N doped with Si tb 1X10”/cm® and the
40-angstrom-thick second layers consisting of n-type GaN doped
with Si to1X10*/cm®. That is, the laser devices had superlatfices_ '
as the n-.éide cladding layer, in addition to the n-side contact
20 layer' and p-side cladding layer having a superlattice structuré
in Example 6 .. The present laser devices had similar 'properties
to those 6f Example 6. |
Examplé 9 |
With the same procedures as in Example 1, the second
25 Dbuffer layer 112 was not grdwn and the 5 pm-thick n-side co_ntact

layer consisting of n-type GaN doped with Si to 1X10"/cm’ was grown
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Wth the same procedures as in Exanple 1, the second 25 buffer |ayer 112

was not grown and the 5 pmthick n-side contact - layer consisting of
n-type GaN doped with Si to 1 X 10[err]/cnferr] was grown

105 directly on the first buffer layer 11. The ot her
constructions were the sane as those in Exanple 1. That is, the |aser
devi ses had the basic constructions as described in Table 1, except

t hat the n-side cladding |ayer 14 had a superlattice structure with

5 a total thickness of 0.4 [err]mobtained by |amnating the 20-

angstromt hidkré¢tFy drayie mionst Bufferoflayerype Al Tigs rdtiederadstiapadons
wth Si to 1 XlO0[err]/cnferr] and the 20-angstromthick second | ayers

consi sti ng ofetradthe GamaNasFithbser int Beapkeé de. clThddi hg, | therldselr devises
" superlattice structure with a total thickness of 0.4 pmobtained 10 by

I'ami nati ng thed Ahabasticorohsitekictivas haydescried 3 Tgbde 1, except }tnmt
Alferr]Gaferr] N doped with My to 1X10[err]/cnferr] and the 20-

angst r om t hi thke seeside | @ysddingnbapét Ny dad-4 ysuepdiad tonipsrd stitdcture wiMh
to 1 Xl0[err]/cnferr]. Additionally, the p-side contact |ayer 20

consi st ed ofaptdypk CGaitkivges of t 6. 4huh coldtdted rhy cdmingtinyl kthe 20-15

t hi ckness of 15 angstrom The continuous em ssion at a wavel ength of
405 nmvas obamgstecoratthiek tfirssth dayensr considehngtof af-t3pik Alg pGay sy doped
and the threshold voltage was 5.0V. The lifetime was 30 hours or
| onger . with Si BxanpXa 0t cr?Oand the 20-angberbmsthidkvseesndelayers
fabricated in the sane nmanner as in Exanple 9, except that the second
| ayer whi ch consistingdf undoped&aduipeFintheredhsf ptoide ciaddinigatislyer had
| ayer 14 consisted of GaN doped with Si to 1XlO[err]/cnferr]. That
is, the | aser stpgrdaettiseestructure with a total thickness of 0.4 um obtained
10 by laminating the 20-angstrom—thick first layers consisting of
p-type Al,,Ga, N doped with Mg to 1X10%/cm® and the 20-
angstrom-thick second layers consisting of p-type GaN doped with
Mg to 1X10%/cm®. Additionally, the p-side contact layer 20
consisted of p-type GaN doped with Mg to 2X10*°/cm® and had a
15 thickness of 15 angstrbm. The continuous emission at a wavelength
of 405 nm was observed at the threshold current density of 3.3kA/cn?
and the threshold voltage was 5.0V. The lifetime was 30 hours or
1onger.-
Example 10
20 - The iaser devices were fabricated in the same manner
as in Examplé 9, except that the second layer which constructed
the superlattices of the n-side cladding layer 14 consisted of
GaN doped with Si to 1X10/cm®. That is, the laser devices were
fabricated in the same manner as in Example 9, except that the

25 layers having a larger band gap energy were doped with Si to more '

amount. The present laser devises had similar properties to those
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fabricated in the same manner as in Exarrpl e 9, except that the 25 |ayers
havi ng a | arger band gap energy were doped with Si to nore anount. The
present |aser devises had simlar properties to those.

106 of Exanple 9. Exampl e 11 _
The | aser devices were fabricated in the same manner as in Exanmple 9,
except that the second | ayer which constructed 5 the n-side cladding

| ayer 14 consisted of n-type In[err]Ga[err] N doped wth Si to
1X10[err]/cnferr]. That is, the | aser devices were fabricated. in the
sanme manner ofs Exampilangl.e 9, except that the second | ayer whi ch
conposed the superlattices of the n-side cladding |ayer 14 consi sted
of InGaN and hadExaaplendili rrpurl ty density as the first 10 layer. The
present |aser devises had similar properties to those of Exanple 9.
Example 12 " The las¥étt devlieesawerpr abdicatedsin ntix sgnhe nynrdre -
n- si de cl addi ng | ayer had a superlattice structure with a total

thi ckness a5 infERafipler®] eorgmisathatf thieesegoadgibyentwhick donstruciyat s
consi sting Al [err]GJerr].N doped with Si to 1Xl10[err]/cnferr] and the
40- angst omthei nkside clsakhindy layersl4 @wissistegl of ety ey y6d,h5iddped
1X10[err]/cnferr].- Further, the p-side cladding |ayer 19 had a

super| atti ceishrettoo 8 X10"%/emnt.h Bhaotid, thieckasss duvikdy werd fabmiasetedf
the 60-angstromthick 20 first layers consisting Al[err]G[err] N doped
with My to iXK1bhersimtemizamdr asdin Examphe 9,0-exupptr divaththé secomd layper s
consi sting of GaN doped with My to 1X10[err]/cnferr]. That is, the

| aser devi cobinbreofipbsédadthel superlattices of the n-side cladding layer 14

consisted of InGaN and had the same impurity density as the first
10 layer. The present laser devises had similar propertles to those
| of Example 9. |
Exﬁnple 12
With the same procedures as in EQ:ample 9, thq 'n—side
cladding layer had a superlattice structure with a total thickness
15 of 0.5 p composed of the 60-angstrom-thick first layers consisting
Al, ,Ga, N doped with Si to 1X10"/cm’ and the 40-angstrom—thickl
second layers consisting of GaN doped with_ Si to 1X10¥%/cm’.
Further, the p-side cladding laiyer 19 had a superlattice structure
with a total thicknesé of 0.5u composed of the 60—ang$trom—th1'_.ck
20 first layers consisting Al ,Ga, N doped with Mg to 1X10%/cn’® and
the 40-angstr§m—thicl§ second layers cpnsisting of GaN doped with
Mg to 1X10*/cm’. That is, the laser devices weré fabricated in
the same manner as in Example '.9, excépt that the doped amounts
in the first layers and the second layers composing the n-side
25 cladding layer 14 were equal to _'each other, the thickness of them

was changed, and the th;lckness of the first layers and the second
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the sane manner as in Exanple 9, except that the doped anounts in the
first layers and the second | ayers conposing the n-side 25 cladding |ayer

14 were equal to each other,. the thickness of them ~°~ was changed, and
the thickness of the first |ayers and the second

107 | ayers conposing the p-side cladding |ayer 19 was
changed. The -conti nuous em ssion at a wavel ength of 405nm was observed
at the threshold current denisity of 3.4kA/cnferr] and the threshold
vol t age was 5.2V. The lifetime was 20 hours or longer. 5

Exanpl e 13 ing ke | ASPTddI M85 lipViaiert N® wagechangeauctToas
as those layﬁﬁsEﬁgﬂ%?sénﬁ wer e fabricated, dgcgp?%that the second | ayer

conposi ng tF?nﬂ‘ 8108 sCLROSE 16N | AY & widetOASLE 68 4U5mRNad0pBEerivel at thei
to 1X10[err cn{ler r?. The present | aser devices had the simlar 10

properties tRArbBASEd FulXar® derldity of 3.4kA/ckX @il €¢hédthreshold voltage
The | aser devices having the sanme constructions as those i n Exanple 11

were fabricgbeds o¥cephet DaketiReSRaoNg0! BygEs or 168gePsi ng the n-side
cl addi ng | ayer 14 consisted of undoped GaN. 15 The present |aser devices

had the gimlar. g&gﬁﬁ&gi ¢s to those in Exanpl e 11. - Exanpl e
15 . The | aser devices were fabricated in the sane manner

as in Exanple 9, excephetlwdert Hevicdbtatling the lsamescors tiacili oms baythos&0
14 consisting of only n-type Al[err]Ga[err] N doped with Si to

1X10[ err]/ chhekkhmple 1Mawegeotabribateds, exbepprthabt thassecordi bagehad
t he basic - constructions as described in table 1, except that the
p-side composing the n-side cladding 1ayer 14 consisted of GaN doped with
Si to 1X10Y/cm®. The present laser devices had the similar
10 properties to those in Example 11. |
Example 14 _

The laser devices having the same constructions as those
in Example 11 were fabricated, except that the second layer
composiné the n-side cladding layer 14 consisted o'f undoped _GaN.

15- The present laser déviées had the similar properties to those in

Example 11.

Example 15

The laser devices were fabricated in the same manner
as in Example 9, except that. ti'le 0.4um-thick n-side cladding layer
20 14 consisting of only n-type Al, ,Ga, N doped with Si to 1X10Y%/cnm’
was-grown. That is, thé prés.é.n.t laser devices had the basic
constructions as described in table 1, except that the p-side
cladding layer 19 had a'superlattice structure with a total
thickness of 0.4 ym composed of the 20;angstrom-thick first layers
25 consisting of p-type Al0.2Ga0.8N doped with Mg to 1X10*/cm’ and
the 20-angstrom-thick second layers consisting of p—type GaN doped
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clraddi ng.l ayer 19 had a superlattice structure with a total t hi ckness
of 0.4 [err]mconposed of the 20-angstromthick first |layers 25
consisting of p-type Al 0.2&O0. 8N doped with My to 1X10[err]/cnferr] and

t he 20-angstromthick second | ayers consisting of p-type GaN doped

108 . wth Mpto 1l X 10[err]/cnferr] and further, the p-side
contact |ayer 20 had- " a thickness of. 150 angstrons and consi sted of
p-type GaN doped with Mg to 2X10[err] /cnferr] like Exanple 1. The
conti nuous em ssion at a wavel ength of 405 nmmasobserved at the
threshold c wria:elnn?dwa_lx Yo*/em® B rdrkNee e b-sibeecbhtaeh Oiéﬁzé@ RoaEEd
was 5.1V and the lifetinme . was 20 hours or | onger. arrple
16 a thicknebBeofalsn degsteomscatd ebhststed bfi pheypeneaNadoped

as in Exanple 15, except that the p-side cladding layer 19 had 10 a
superl atti ceith Mgt té @ WioP /&nt® of Hite FH11RS $ . Of THe TdrimudubeniBedon at
by | am nating the 60-angstromthick first layers (Al[err]G[err]N and

t he 40- angshrmvémnm:h; ecolob hawarssob§edfred athiché hheebhbld\mirrage density
tended to rise a little. The lifetinme was 20 hours or | onger.

Exanpl e 87 of53.4 kA/cnm’. ThEhdhresholdevoltageewasi Shivcahddthe 1ihfebime

manner as in Exanple 9, except that the 0.4 [err]mthick . p-side
cl addi ng | ayais 20 hout8 oendiosgemrg of only p-type Al[err]Gf[err] N doped
with My to 1X10[err]/cnerr] was grown. That is, the present |aser

devi ces had the Exsmple 16 constructions as described in table 1, except
that the n-side 20 cladding |layer 14 had a superlattice structure with a .
t ot al t hi ckness Thfe Qaseredeficesnpesedfeabrihatad- ingthe opaméeininneér st
| ayers consisting of p-type Al[err]Ga[err]N doped with Si to
1X10[err]/ capedn] Exanpidlel5, except that the p-side cladding layer 19 ‘had
10 a superlattlce structure with a total thickness of 0.5 uym obtained
by laminating the 60-angstrom-thick first layers (Al, ,Ga, N) and
the 40-angstrom?thick second layers' {GaN) .- The threshold voltage
tended to rise a liftle. The l_ifetime was 20 hours or longer.
Example 17
15 The laser devices were fabricated in .the same manner
as in Example 9, except that the 0.4 mn;thick p-side cladding layer
19 consisting of only p-type Al, ,Ga, (N doped with Mg to 1X10%/cm’® -
was grown. That is, the. present laser devices had the basic
- constructions as desdribed in f.able 1, except that the n-side
- 20 cladding layer 14 had a superlattice structure with a total
thickness of 0.4 ym composed of the 20-angstrom~thi_ck first l.ayers
consisting of p-type Al,,Ga, N doped with Si to 1X10/cm® and the -
20-angstrom-thick se¢ond layers consisting of undoped GaN and
further, the é-side contact layer 20 had a thickness of 150 angstrom
25 and cénsisted of p-type GaN doped with Mg to 2X10?°/cm® like Example

1. The continuous emission at a wavelength of 405 nm was observed
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20-angstromthick second |ayers consisting of undoped GaN and : .
further, the p-side contact |ayer 20 had a thickness of 150 angstrom 25
and consi sted of p-type GaN doped with My to 2 Xl10[err]/cnferr] like

Exanpl e 1. The continuous em ssion at a wavel ength of 405 nm was
observed L : § 109 _ at
the threshold current density of 3.5 kA/cn2. The threshol d vol t age was
5.4V and the lifetime was 20 hours or | onger. Exanpl e 18

The | aser devices were fabricated in the same manner 5 as in Exanple 17,

except that jtheng- theeshbaddicgreayetehdifgdof 3.5akaypat) arhecehsesholdre
with a total thickness of 0.49 pm obt ai ned by | am nating the

70- angst r omyhicglgel Wast 5l.aveandcensi stiregifk was 26l heurbCGorelohgeand the
40- angstromthi ck second | ayers consi sting of Inferr]galerr] N doped

with Si to 1X10[ efdaliaied @mr]. The threshold voltage 10 tended to rise a
little, conpared with that in Exanple 16. The lifetinme was 10 hours or

| onger . Exame aak?r devices were fabléchaedr ilegtheesamermanner
fabricated in the sanme nmanner . as in Exanple 17, except that the n-side

~cl addi ngs | ager i}/ Fradple517¢ expepkathagether uoktide wlaldingolayethl ékinads
of 0.5 [err] m obtained by Iam nating the 60-angstromthick first

| ayers consizsénpéerPittice shirhetureaith Nl théckfieasgsht 0049 tiini ot atuedd
| ayers consisting of undoped GaN. The threshold voltage tended to.rise

alittle, py leadpatdtonithe Tbaangsttsarphéck7fifbe Lafersneonaistingoof s
or 20 |onger. Exanpl e 20 ' :
Al, ,Ga, ;N and the 40-angstrom-thick second layers consisting of
" Ing p;93,.0N doped with Si to 1X10*/cm®. The threshold voltage
10. tended fo rise a little, compared with that in Example 16. The
llifetime_ was 10 hours .or loﬁger.
Example 19
The laser devices 'were fabricated in the same manner
as in Example 17, excep_t that the n-side cladding layer 14 had
15 a superlattice structure witha total thickness of 0.5 um obtained
| lby laminating thé 60-angstrom~thick first layers conéisting of
Al, ,Ga, N and the 40—angstrom—thick second layers consisting of
uﬁdopéd GaN. The threshbld voltage tended to rise a little,
compared with that in Example 17. The lifetime was 10 hours or
20 longer. | | i
Example 20
With the .sla.\me procedures as in Example 9, the.n-side
light waveguide layer 15 had- a superlattice structure with a total
thickness of 800 angstrom obtained by lan.linat:'i.ng' the 20-
25 angstrom-thick first layérs consisting of undoped GaN and the

20-angstrom-thick second layers consisting of undoped In.;;lGao_,N.
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W.th the sanme procedures as in Exanple 9, the n-side | i ght wavegui de
| ayer 15 had a superlattice structure with a total t hi ckness of 800
angstrom obtained by lam nating the 20- 25 angstromthick first |ayers
consi sting of undoped GaN and the 20-angstromthi ck second | ayers
consi sting of undoped Ino[err]Gferr] N

110 : In addition, the p-side-light wavegui de | ayer 18 al so
..had a superlattlce structure with a total thickness of 800 angstrom
obtai ned by lam nating the 20-angstromthick first layers consi sting

of undoped GaN 28d; t{6n 20cRe g5 & 02 LD Gt SREPEGUIdY ETBye 18 MG had f

undoped In[err]Glerr] N That™ 7, the present | aser devices had the

basi ¢ const ryﬁﬁéf?ﬂét'é‘fc@eéﬁfﬁé’@@ré nwigkl & dot&XCeRickness tdRt80d eamystichm
cl addi ng | ayer the n-side |Iight waveguide |ayer- 15, the p-side

l'i ght- Wavegue;séaiﬁag&rbwlaﬂﬁnabﬁl? shae2 ¢t ags Flom-thidlayRirstd twrers
superl attice structure respectively and further, 10 .the p-side contact .

layer 20 hadegnkhsekn§oE Qhdd @dmtah%ﬁécto angm-ajrﬁehmepen@aeam
doped with My to 2X10[err]/cnjerr] |ike Exanple 1. The conti nuous

em ssi on @t @onay st eRgt Hf OindOPed NMNAGHNIR! VERat. is, athé heré¢dershbiser
current density of Z.g KA/ cnferr]. %e t hr eshol d ’ vol tage was 4.4V and

the |ifeti mequascE9 HaUESe Dasivn@sistribtions as desumilse®in table 1, except
The present exanple will be described on the basis of LED devi ces as

shown in Fi gthdt thd A-§Dee tamRIdinecEdyerd 4sthe n-sideBdayipt wavegaide layer
200- angstromthick buffer |ayer 2 consisting of GaN was grown on a

sapphi re subgbj atke lp-side slikstenwavdguide Sjager] A8t Ahdkthe (o-side azﬂtadcbnya
consisti.ng of n-type GaN doped with Si to 1X 10[err]/cnferr] :
grown. - Next, 1ayd0- bodsid emstipiecid adtiicee sttapetute hespegtively and further,
10 - the p—side contact layer 20 had a thickness of 150 angstrom and
consisted of p-type GaN'doped with Mg to 2X10%/cm’® 1ike Example
1. The continuous emission at a wavelength of 405 nm was 6bserved
at the threshold_current_density of 2.9 kA/cm’. The threshoid
voltage was 4.4V and the lifetime was 60 hours or longer.
15  Example 21
The present example will be described on the basis of
LED devices as shown in Fig. 1. With the same procedures as in
Example 1, a 200-angstrom-thick buffer layer 2'consisting oi GaN
was grown on a sapphire substrate 1, and subsequently, a 5pm-thick
| 20 contact layer consisting of n-type GaN doped with Si to 1X10%/cm’
was grown. Next, a 30-angstrom-thick activé layer 4. having a
single quantum well stiﬁcture.and conéisting_of In0.4Ga0.6N was
grown.
(p-side superlattice layer)
25 - Next, with the same procedures as in Example,l, a

20-angstrom-thick first layer consisting of p-type Al; ,Ga,. N doped
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singl e quantum wel | structure and consisting of 1nO 4G0O 6N was gr own.

(p-side superlattice layer) 25 Next, with the same procedures
as in Exanple 1, a 20-angstromthick first layer consisting of p-type
Al.Jerr]Ga[err] N doped ' with Mg to 1X10[err]/cnferr] was
gr.own, and subsequently, a 20- - angstromthick second | ayer consisting
of p-type GaN doped with - My to 1Xl1O[err]/cnferr]. And then, a p-side
cl addi ng |l ayer 5 having a - superlattice structure with a total

t hi ckness of 0.4 [err] mwas grown. 5 The thickness of the p-side

claddi ng | aygit M? £611 X102 At as growd, Pahb Subdequaheeyand poeferably
within the range of 100 angstrom to [err]m nOre preT"erany 500

angstrom to dngstrom-thick second NYer coni%HiMg BifCl-PybePEalFdbpad &fith
doped with My to 1X10[err]/cnferr] was grown on the p-side cladding

layer 5. Aftig tdel x10" /W h.addenesd,en ﬁagia@neys&dﬂﬂg Phybhes NaApRy a
and the anneali ng was. performed in the sanme manner "as 1n. Exanpl e 1.

Then, the etsipeglattice wAruetiire withfd esthletisi dlendds bifeo P4 intvas Yricaat.
| ayer 6 to expose the surface of the n-side contact |ayer 3 on which

a n-el ecbrodehe thickness ¢ tiee fprabde A2imndsiyern4 hisingt dliacitetiao
consisting 15 of N -Au was forned on the al nost whole surface of the top
p- si ke panttdculayevabue And paelfectbdgaviciniyi $hiengaide\wss1 00 redystrom
on the whole surface electrode 7. A n-side electrode 9 consisting of
Ti-A was fotoe2l um, tierexposterabl ¥ 8880 dnddierom duontlaqim] ayer .
The wafer on which the el ectrodes were fornmed in the 20 above-nentioned
way were cut into chi p¥exb; ch Onver pm35bickyp369p¢ 63aN hayer depedrwith Mpptta n
LED :devi ces. The 9r_een-em' ssion at a wavel ength ~of 520 nm was observed
at | f of - 20nXaed ‘waas3g2ovmOohhtheoptshdy, claddindGDlalpei cs fitierg the
p-side cladding | ayer 5 consisting of only
10 g_rowth, the wafer was removed out of the reactor and the annealing
was performed in the same manner as in Example 1. Then, the etching
was performed from the side of the 'p—side contact laj(er 6 to expose:
_ the surface of the n-side contact layer 3 on which a n-electrode
- 9 was to be formed. A 200-angstrom-thick p-electrode consisting
15 of Ni-Au was formed on the almost whole surface of the top p-:
side contact layer 6. Ap-padelectrode consisting ofAu-was formed
on the whole surface electrode 7. A n-side electrode 9 consisting
of Ti-Al was formed on the 'exposed. surface of the n—contact layer.
The wafer on which the electrodes were formed in the
20 above-mentioned way were cut into chips which were 350 by 350 pm
square to obtain LED devices. The green-emission at a wavelength
of 520 nmwas observed at If of 20mA and Vf was 3.2V. On the contrary, .
LED devices having a p-side cladding layer 5 consisting of only
Mg-doped Al, ,Ga, N showed Vf of 3.4V. Moreover, The withstand

25 -static voltage of the present example was two times better.

Example 22
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My- doped Al[err]Ga[err] N showed Vf of 3.4V. Mreovér, The withstand 25
static voltage of the present exanple was two tines better.

Exanpl e 22 - 112
The LEDs were fabricated in the same manner as in Exanple 21, except
that the p-side cladding | ayer -5 had superlattices wth a total

t hi ckness of 0.25 pm obtained by |am nating twenty-five
50-angstromthick first layers and twenty-five 50- angstromthlck 5
second | ayers consisting GaN doped with Mg to 1 Xl0[err]/cnferr]. The LEDs

had simlar propertiesTh® LEDeIfeté fEb2IRECedlin the same manfRER fn BRample
The LEDs were fabricated in the sanme manner as in Exanple 21, except

that the p- dlleexlcepdi tigat ayer pSshad cliaRriimy 1hges Shib suferbatiticds with
thi ckness of 0.25 [err]mobtained by | am nating 100- angstromt hi ck

first |ayer s aigtal)-thigkness bifi 0k25epansbtainadi oy laminhtdivig hwenthefive
W thstand static voltage was superior to that of the conventi onal

devi ces by XDJ94ngstrom-thiclkEfdrskeldverd and twenty-five\bi0kahkstranethick
procedures as in Exanple 21, for grow ng the n-side contact |ayer 3,

t he 60- apgstgebridilelyets’cdnd yting GaN dappedwithny @b XA oi’[ errHeéL.eDs] N
doped with Si to 2X10[err]/cnferr] was grown ~and the _
40- angst r omidd c3d nsiElzon prapeart e sics thihogs eo finu Etkamed eG21 . was grown,
and five-hundred first layers and five-hundred second 20 I|ayers were :
| ami nat ed by tur rBxdamplEbt23 n superlattices with a total t hi ckness of
5 [err]m The LEDs were fabricated.in which other . constructions were
the sane as those i n BhepEPsmere/fabiricetieddn the same manner as in Example
21, except that the p-side cladding layer 5 had sﬁperlattices”with
10 a total- thickness of 0.25 um obtained by laminating 100-
ahgstrom—thick first layers and 70-angstrom-thick second. V£ was
3.4V, but The withstand static voltage was superior to ‘that of
the conventional devices by 20 %.
Example 24
15 - With the same procedures as in Example 21, for growing
the n-side contact layer 3, the 60-angstrom-thick first layer
consisting of n-type Al, ,G, (N doped with Si to 2X10"*/cm’ was grown
and the 40-angstrom-thick second layer consisting of undoped GaN
was grown, and five-hundred first layers and five-hundred second
20  layers were laminated by turns to obtain superlattices with a total
thickness of 5 um. The LEDs were fabricated in which other
constructions were the same as those in Example 12. V£ decreased
to 3.1V at If of 20mA. The withstand static voltage was 2.5 times
bettér than that of the conventional LEDs.
25 Example 25

The LEDs were fabricated in the same manner as in Example
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te 3.1V at If of 20mA. The withstand static voltage was 2.5 tines

better than that of the conventional LEDs. 25 Exanpl e 25

The LEDs were fabricated in the same nmanner as in Exanple.

113 23, except that the p-side cladding | ayer 5 was
conposed of superlattices with a total thickness of 0.3 [err]m
obt ai ned by | am nat'ing twenty-five 60-angstromthick first |ayers
(Alferr]Gferr] N

andt went y- fi ve40-angstromt hi cksecondl| ayers, byturns Vfwas 5 3.2V and

The wi t hst ap8, séatépt VEohd B0ELAS-4 e teTERIADR tRlydhan dgtedfof he
conventi onal LEDs P Exanpl e 26 ﬂﬁj &( was .co First, © a 300

pm t hi ck Gadlpeybattidpes with aSltd@@tmcknesw[&ﬁ rd /T e ddtase v on a
sapphire substrate usi ng MOVPE net hod or E nethod, and then t he

sapphi re subahinieingtweatryvwedveoso- angsffr%?c[—ltﬁﬁtcﬁ: 8i Pkt AGRRG ngM .,mte
- 101 having a thickness of 300 ~ [err]m The GaN substrate

obt ai ned bya1gdiweﬁng:y&fﬁiv'émdfang?éi:rcﬁﬂﬂrﬁ(mﬂﬁéé@ﬁd|1%)y%rrs qoflthhhgkne@fwafs
100 [err]mor nore on a substrate which is not a nitrid

sem conduct dr2rahd)riee mitihag ande stebitr ®bBtage was T @i'ﬁle%ﬂb‘étt't@rGtﬁBﬁ be
made of undoped GaN or n-type inpurity -doped GaN. I n the case of
dopi ng a n-thae ofipthe tgonvdret ionall iTHDs. was usually doped within the -
range of | X10[err]/cnferr] to 1X10[err]/cnferr] to 20 obtain a GaN
substrat e havi ngEsample d26 ect . After the fabrication of the
GaN substrate 101, the tenperature was adjusted to 1050[err]C and a 3

[err]mthick third buffer

10 . First, a 300 ym-thick GaN layer doped with Si to 5X
10*/cm® was grown on a sapphire substrate using MOVPE method_ or
HVPE method, and then the Sépphire substrate was removed tb
fabricate & Si-doped GaN substrate 101 having a thickness of 300
pm. .The GaN substrate 101 was obtained by growing a nitride

15 - semiconductor layer to a .thickness of 100 ym or more on a substrate
which is not anitride semicondu;:tor and by removing the substrate.
The GaN substrate lrLay be made of undoped GaN. or n—typé impurity
—~doped GaN. In the case of doplng a n-type impurity, the impurity
was usually doped within the range of 1X10'/cm® to 1X10*/cm’ to

. 20 obtain a GaN substrate hav:.ng a few defect.
| | After th_é fabrication of fhe GaN substrate 101, the"
temperature was adjusted to 1050°C and a 3 pm—-thick third buffér
layer 113 consisting of n-type GaN doped with Si to 3X10¥*/cm® was
grown. The third buffer layer corresponds to the n-side contact
25 layer 14 as shown in Figs. 1 apd 2. However, an electrode is not

on the buffer _layer' and thus, the third buffer layer 3 is not
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|’ ayer -113 consisting of n-type GaN doped with Si to 3X10[err]/cnferr] was
grown. The third buffer |ayer corresponds to the n-side contact 25 |[ayer
14 as shown in Figs. 1 and 2. However, an electrode is not on the
buffer |ayer and thus, the third buffer layer 3 is not : :
114 ' referred to a contact |layer. The first |ayer may be
grown at a | ow tenperature in the same manner as in Exanple 1 between
the ° GaN substrate 101 and the third buffer layer 113 and if the first
| ayer is grown, the thickness may be preferably 300 angstrom or 5 |less.

The 500- anggeferred €6 &recktACEVENGNY IMEIFi¥dt layerCRAY BEi §8owh at a
Inf[err]Ga[err] N doped with Si to 5X10[err]/cnferr] my was grown on

the third blbwetelppgeathtd in the sake kanher as in Exaﬁpie 1 betwéden tHk
Next, a n-side cladding |ayer was grown whi ch was conposed of -

super | at t ceaNvétbstraoé 01 hnaktRestiird bhfFerohbgereth 3 and iFythanknait ng
20-angstromthick first layers consisting of n- . type Al[err]Gferr]N
doped with Bayesp HX1gfewn] /thd artrilclansk s’ adn @et pe@feltbbky 300 angseréh or

| ayers consisting of GaN doped with Si to 5 X 10[err]/cn¥err] by turns 15
100 timés. less. Next, a 0.1 pmthick n-side |ight wavegui de

| ayer 15 consisting of n-type GaN doped with Si to 5X10[err]/cnferr]
was grown in t heheabBOrangstrem-thiEkaophekipreventing layer 13ext, a
25-angstromthick well layer -consisting of 20 wundoped In[err]G[err]N was
grown and acoéfishsyshgwt Thi ckapaN doped WYER Si to 5K Admi*ref &fi wasdeshrGaN

was grown. They were grown by turns, respectively two tinmes. And
finally , aomethe|thirdwowffepwbayer 113 in the same manner as in example
- 1 :
10 | Next, a n-side cladding layer was grown which was
composed of superlattices with a total thickness of 0.4 um ocbtained
by laminating 20—angstrom-thick first. layers consisting of n-
type Al, ,Ga, N doped with Si to 5X10%*/cm® and 20-angstrom-thi¢k
second layers consisting of GaN dop;.oed with Si to 5X10%/ c1ﬁ3 by turns
15 100 times. | | _
Next, a 0.1 um-thick n—side light w_avéguide layer 15
consisting of n-type GaN doped with Si to 5X10®/cm® was grown in
the same manner as in Example 1.
Next, a 25—angst:om-tf1ick well layer consisting of
20 undoped In, ,Ga, N was grown and a 50-angstrom-thick barrier layer
consisting of undoped GaN was. grown. They were grown by tlurr.Ls,
respectively two times. And finally , a well layer was grown on
the top, wit_:h the result that an active layer 16 having a
multi—quaptum—well—structure (MQW) with a total. thickness of 175
25 angstroms was grown. |

Nexi;, in the same manner as in Example 1, a p-side cap
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the top, with the result that an active |ayer 16 having a

hul ti-quantumwell-structure (MW wth a total thickness of 175 25
angstrons was grown. Next, in the sane manner as in Exanple
1; a p-side cap - | ayer 17 consisting of p-type
Alferr]Gferr] N doped with My to 1X10[err]/cnferr] was grown to a

t hi ckness of 300 angstrons and a p-side |ight wavegui de | ayer 18
consi sting of p-type GaN doped with Mg to 1 Xl0[err]/cnferr] was .
grown to a thickness of 0.1 pm 5 Next, in the sane manner as
in Exanpl e layarptBicdmsistingCoagslitigd mgge&ﬁ N'aSpbawBth Mg €8 1W$0%°/ cm?
conposed .of superlattices With a total thickness of 0.4 pm obt al ned
by | ani natiwgs2@rown to anghfickneshi 6f B0Osangsyeofiscangi 81prgi®@ Didhpe
Al[err]Gferr] N doped with Mg to 1X10[err]/cnferr} of My and

20- angst ronwah'eg&idecmagiekayer&onéﬂs'tﬂﬁﬁsbﬁtbnﬂ%pé Galt YdspdaNvTiapasy wd h My
to 1 X 10[err]/cnferr]. And finally, . a 150-angstromthick p-side
contact | ay1@®0/cahsias igrewel to a “thickned®s GENodapesi.with My to 2

X10[err]/cnferr] was grown on.the p-side cladding | ayer 19.
After tie reaction waNextppliat EHe shmeamanakirngsain7PRampléCl, 15 peside
performed. Then, in the sanme manner as in Exanple 1, the top p- si de

contact | ayetaddingdlayer do® wiaadfommedayleicheras ebmbededridd superlattices
ridge-geonetry with a stripe width of 4 [err]mw th the R E apparatus.
Next, in theithna hehadrthicknessaofl .4, pm pbedined doe laminatlimg @05 sting
Ni and Au was forned on the al nost whole surface- 20 of the stripe ridge
of -t he p-si@pggtrencthiakefingt dayersncoheistitg of p-ty® @dps6ay j¥glopiedri
and:A was formed on the al nost back surface of the GaN substrate:
1041. with Mg to NKU0*/xm’sbfvMgi andi 20-&ngsiromsth itk pdanterl alersas
formed on the p-side cladding |ayer 19 except for the p-electrode
10 consisting of p-type GaN doped with Mg to 1X10%°/cm®. And finally,
a 150-angstrom-thick p—side'cbntact layer 20 consisting of p-
type GaN doped with Mg to 2 X 10%/cm® was grown on the p-side cladding
layer 19. |
After the reaction was completed, the annealing at 700°C
15 was performed. Then, in the same manner as in Exampl.é 1, the top
p-side contact layer 20 and p-side cladding layer were etched into
a ridge-geometry with a stripe width of 4 ym with the RIE apparatus.
| Next, in the same manner as in Ekample 1, a p-eiectrode
21 conéisting Ni and Au was formed on the almost whole surface
20 of the stripe ridge of the p-side contact layer 20 and a n-electrode
23 consisting of Ti and Al was formed on the almost.back surface
of the GaN substrate 101.
. Next, as shown in Fig. 6, an insulating layer 25 was
formed on the p-side cladding layer 19 ext:ept for the p-electrode

25 21 and a p-pad electrode was formed which connected to the P-

electrode 21 electrically via the insulating layer 25.
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25 21 and a p-pad el ectrode was fornmed which connected to the p-
electrode 21 electrically via the insulating |ayer 25.

116 After formation of the el ectrode, the GN
" substrate 101 was cleaved into bars perpendicularly respect to the
p-el ectrode 21 to fabricate facets of a resonator on the cl eaved
facet. The cl eaved facet of the GaN substrate was M plane:. A :
~dielectric - 5 multi-layer filmconsisting SiJerr] and TigJerr] was forned
on the cl eaved facet and finally, the bar was cut parallel to the
p- el ectrode, I edfitleirnformat H68 lofL the e sctotnld) itheFG4N subsidte 108
chi ps were set face-up (in the state that the substrate was faced to

t he heat was ele&yednimtd barseptrpendienllakhe respecte!trec thedp-aPetsode
connected 10 by wire-bonding. The |aser was tried at room tenperature.
- The cant toubabsr braksi facells @ fivaveesogaboof o (Khenclamvals Caced .at Thée
- threshold current density of 2.5kA/cn{err] and the threshold voltage
of 4.0V at cheawvedmfiiacetuoé€. thbeGhNf sibstrate w6 HMoplanet | anghHrelectric
This results fromusage of GaN substrate to reduce the nunber of 15
threadi iy dmaltialayes.film consistifigeSEoaand &g fwddhEopmedeot thevehe¢aved
w Il be described, optionally in connection with the followng
drawi ngs. Fifgcet and finallyertpediaweas eutspawaijelhtostheepoéletierddser
devi ces as shown in Fig. 3. 20 Exanpl e 27 A
GaN subst r arestdbingsiprigmerchipsgasvilnyma igi Fghe 6. Next,ydhs chépsiwereg
of GaN to a thickness of 50 pmon a buffer |ayer consi sting of GaN on
a G pl ane s&pphfacesupsitirathe stiiee Chat the subshnratte wasofaeed 4t thetiat
the reactor and the tenperature was
sink) onto the heat sink and the p-pad electrode 22 was connected
10 by w1_re-bond1ng. The laser was tried at room temperature. The
continuous emission at a wavelength of 405nm was observed at the
'th-reshold current derisity of 2.5kA/cm? and the threshold voltage
of 4.0Vat room temperature. The 1ifetime was 500 hours or 1onger; :
This results from usage of GaN substrate to reduce the number of
15 threading dislocations. |
The exa.mples of the present invention will be described,
optionally in connection with the following drawings. Fig. 4 is
a perspeetive view showing the shape of the laser devices as shown
in Fig. 3.
20 Example 27 __

A GaN substrate 100 was prepared by growing a single
crystal consisting of GaN to a thickness of 50 pym on a buffer layer
consisting of GaN on a C—plene sapphire substrate. The GaN
substrate 100 was set within the reactor and the temperature was

25 increased to 1050°C. And using hydrogen as a carrier gas, ammonia

and TMG (trimethylgalli_um) as a source of GaN and silane gas as
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25 I ncreased to 1050[err]C. And usi ng-hydrogen as a carrier gas, ammoni.a
and TMG (trinethylgallium as a source of GaN and sil ane gas as

117 a source of inmpurity, a 4 [err]mthick n-side buffer

| ayer 11 consisting - of GaN doped with Si to-|X10[err]/cnB was grown
on the GaN substrate 100.. The buffer layer also acts as a contact

| ayer for formng the n-el ectrode when |light emtting devices having
a structure 5 asshowni nFi g. 3arefabricated. Further,

t hen-si debufferlayer is that is grown at a high tenperature and is-

di sti ngui shedséwooe of impuriiyf ard jmythibkvi-gde binftdm&s;'eﬁrfIDCBnbist]Lﬁgor
| ess which is grown at a low tenperature of 900[err]C or |ess

directly ondfhGalubspedtwith Si torl&X Di**fHe° waksegiein SnalhasasrBabsteats C
and spinel, which is 10 . different fromnitride sem conductors.

(n-side cl ad@iong Thecpufifler Layer |aldso cclisysy Ja contact layer for forming
Subsequently, at- 1050[err]C , a 40-angstromthick first | ayer

consi sting &hennglecAirpder waehediphitdepétitinghdsivites1Xa0ingr b/ stikactiire
was grown using TMA (trimethyl.amoniunm), TM5 ammonia and silane 15 gas.
And therd sisaFhoWdnFid Tmr\nef@lsicgm afthirahéd-, the n-sadedufifier bapér
second | ayer consisting of undoped GaN was grown. A superlattice

| ayer was céfsthattig gxown mdnachigh témpérakure mmd is distinghéshedofidom

| ayer + the first |layer + the second | ayer + One- hundred first |ayers
and one- hunéreaffekdkayerpavinger cchiztkndsarofaf 8l iy orul ess whihars ist geown
n- si de cl addi ng Iayer 14 conposed. of superlattices having a total '

t hi ckness oftoagled:tempopatyrepf 900°C or diegs Migectlaveyutbe sulystrate
Subsequent | si | ane gas was stopped and ‘at 1050[err]C, a 0.1 pmthick
n-side li ghglaﬂﬁv@ §uthR nafarialy sgieki asi sgpphiveddpid and spinel, which is

10 dlfferent from nitride semiconductors.
(n-side cladding layer 14 = superlattice layer)

Subsequently, at 1050°C , a 40-angstrom-thick first
layer consisting of n-type Al, ,Ga, N doped with Si to 1X10“/cm’
was grown usirig TMA ( trimeti;_ylariunonimn) Yy TlfiG, ammonia and silane

15 gas. And then, s.ilane gas and TMA were sﬁopped aﬁd a 40-
angstrom-thick second layer consisting of undoped GaN was grown.
A superlattice laye:;' was constructed in a manner of the first layei:
+ the éecond layer + the first.layer + the sécond layer + °--.
One—hundred fJ.rst layers and one-hundred second layers were

20 lamlnated by turns. Thus, the n-side cladding layer 14 composed .
of superlattices having a total thickness of 6.8 pm was grown. |
(n~side light waveguide layer 15) |

Subsequently, silane gas was stopped and at 1050°C, a
0.1 ym-thick n-side light waveguide layer 15 consisting of undbped |

25 GaN was grown. .The n-side light waveguide. layer acts as a light

waveguide layer of an active layer and preferably, consists of
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25 &N was grown. The n-side |ight waveguide |ayer acts as a |ight
wavegui de | ayer of an active |layer and preferably, consists of

118 - GaN or InGN and has a thickness of 100 angstrons to 5
[err]mnore preferably of 200 angstrons to 1 pm This n-side |ight
wavegui de | ayer may be conposed of undoped superlattices. In the case
of the superlattice |ayer, the band gap energy is |arger than that 5
of the active layer and snmaller than that of the n-cladding.layer
consisting .of Al[err]Ga[err]N. (active layer 16) Next ,

an active | @8 diS ImGaNyranwh has reg thilcknesls afd 100 angstooina e & pwumereof
InGaN. For the active layer 16, the 10 tenperature was mai ntai ned at

800[ er r] C anptefe¥akdngseifr 200 tanigdtnomd to 1 pd.ayFhisonssixde g gbt waveguide
Inf[err]Ga[err] N was grown. Next, at the sane tenperature, the nolar
rati o of TMlayesr ategndesd campoaseﬁi)of undogegbtsmpmrtlhrttkcbar.rI:E.rthayease of
consisting of In[err]Ga[err] N was grown. These operations were

repeat ed twthe maperdnad tficealllayeranthel band5gap asrerrgwnd sl dairgerethani thathe
result that an active layer having a multi-quantumwel I (MW

struct ur® wiath thet actiivehiayer endosmaller s idearts ofrsthmg-gzrlammwhéyer
active layer may be undoped like in the present exanple, or doped with
donor i npur iqanssisdnidiaop-Al, ,Ga,sWpe i npurities. Both of the well |ayer and
the barrier layer may 20 be dopedwith inpurities or either of them may be

doped. (qtiveidavgy (1fler 17) Next, the tenperature
was increased to 1050[err]C and a 300- angstromt hi ckp si de Ca@Mllayecri
an

consi sti.ng of p-type Aexlr|amapstiyve laverdbpadasigrew using TMG,
1X10[ errl/ Crta[m?t[orrllaalds haavslorll.lgrcae Ioafr %Ea%?nnggptﬁgeéggive layer 16, the
10 temperature was maintained at 800°C and a 25fangstrom—thick well_
layer consisting of undoped In, ,Ga, N was grown. Next, at the same
temperature, the molar ratio of TMI was changed and a -50- |
angstrom-thiék barrier layer consistincj of Ino_nGa,_,.gsN was. grown.
. These_ oﬁerations were _rep_eated 'twé times-. And finally, an well
15 layer was laminated, wi-th the result”that an active laygr having
a multi.-c'Iuantum—v;re_ll (MQW) structure with a total thickness of
175 angstrdﬁs was gréwn. .The active layer may be undopeq like in
the present example, or doped with donor impurities and/or p-
type impurities. Both of the well layer and the barrier léyer may
20 be dope.d with impurities or either.l of them may'be doped.
(p-side cap.layer 17) | ' | |
| -. Next, the temperature was increased to 1050°C and a
300-angstrom-thick p-side cap layer consisting of p—type Al, 3Ga, N
do_ped with Mg to 1X10**/cnm® and ﬁaving a larger band gap energy
25 than thé p-side light wavegﬁide layer was grown using TMG, TMA,

ammonia and Cp2Mg (cyclopentadienyl magnesium). The p-side cap
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25 than the p-side |light waveguide | ayer was grown using TM5 TMA,
ammoni a and Cp2My (cycl opent adi enyl magnesiun). The p-side cap

119 | ayer has a thickness of 0.1 pmor |ess and the | ower
limt is ‘not specified,- but the thickness is preferably 10 angstrons
of nor e. (p-side light wavegui de | ayer 18) 5

Subsequently, Cp2My and TMA were stopped and at 1050 [err]C, ao0.1
pmthick p-side |ight wavegui de | ayer 18 consisting of undoped GaN and
having a smal |l er band gap energy than the p-side cap | ayer was gr own.

The | ayer aQlayeas has iagithiwknegsi 6€ bayenm or lekst Andatheviowayelimil is
preferably consists of GaN or Itn@GN, like 10 the n-side |ight wavegui de

| ayer 15. Amdt pdrifide,| byltt the thiwekagssdes| pyeferapbe 20sapgstaomscer
| ayer consisting of a undoped nitride sem conductor or a nitride
sem conduct gioréqped W th an inmpurity. In the case of the superlattice
| ayer, the band gap energy is larger than that of the well |ayer of
the active |(prerideldightd waveguddeeidalybanlBhat of the p-side cladding |ayer
consi sting of Al[err]GaJerr]N (p-side cl addi ng | ayer)
SubsequeBt |y, at 1050[Subrgequentd§, aCp2Mg and MMAkvdre stopped dmyat 1050°C,
consisting of p-type Al[err]Ga[err]N doped with My to 1X10[err]/cnferr] 20
was grown. &hénl pmrthit\pradidst dpghd wadeguideamgyeromﬁthbnsistingfoﬁrth
| ayer consisting of undoped GaN was grown. These operations were
repeat ed, resyleped/Gall 409 hanesy taospadilexn pand gap sSmargy dhabngheapeside
conposed of superlattices with a tota
cap layer was grown. The layer acts as a light waveguide layer
of the active layer and pl_:eferab-ly.consists of GaN or InGaN, like
10 the n—side'light waveguide layer 15. And the p-side light
| waveguide layer may be a superiattice layer consisting of a undoped
nitride semiconductor or a nitride semiconductor doped with an
impurity. In the case of the.superlattice layer, the band gap
energy is larger than that of the well layer of the active'layer
15 and is smaller than that of the p-side cladding layer consisting
of Aly ,GageN.
(p-51de claddlng layer)
Subsequently, at 1050°C, a 40-angstrom—th1ck third
layer consisting of p-type Al, ,Ga, N doped with Mg to 1X10?°/cm®
20 was grown. Then,fonly TMA was stopped and a 40-angstrom-thick
fourth layer.consisting of undoped'GaN was grown. These
operations were repeated, respectively 100 times to grow a p-
side Cladding layer 19 composed of superlattices with a total
thickness of 0.8 um. -
- 25 (p- s1de contact layer 20)

Flnally,atloso C,a150-angstromrth1ckp 51decontact
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t hi ckness of 0.8 [err]m 25 (p-side cont act | ayer 20)
Finally, at 1050[err] C, a 150-angstromthick p-side contact

120 = | ayer 20 consisting of p-type GaN doped with My to
2X10[err] /cnferr] was grown on-the p-side cladding |ayer 19. The
p:side contact |ayer 20 may consist of p-type In[err]Al[err]Gferr]N
(O[err]X; O[err]Y, X+Y[err]1), preferably GaN doped with My to
2X10[err] ./cnferr] to obtain the npst 5 preferable ohmic contact to the
p- el ectrode 21. The p-side contact |ayer 20 was close to the p-side
cl addi ng | ajeyero2fasdmgisting of pupypkaGall cdopad wittlr Mgi be e | 24108 /e yyres
Al[err]G[err] N and consi sts of a nitride sem conductor havin

smal | band gipwanengthemrtside cladding; ¢aness1di (The p-side @%F%Fgl%
20 was as thin as 500 10 angstrons or |less. Therefore, the carrier.
density of 2Rempysicdssist ofcbntype Inyhd,Gao. s (ASgh hEYa ¥o¥&E bhaii ¢
contact between -t he p-si de contact |ayer aznd the p-el ectrode was -
achi eved, wprifenebly GaNrdoped whth Maetoh?&shf femutoesbtada et mgstof
t he devi ces decreased. .15 The wafer on which the nitride -
sem conduct Br§fRErblgr glimic contpgtihe hheve-AtActEpde Fhnndheandssddifeal ed
at 700[err]C within_the ni trogen at nosphere in the reactor_tq nmake '
the | ayers @8ptachi taver 20 Wﬁst GHesé rﬁﬁutlhﬁ BsSidecladding @éye?hégé}ﬁ?é‘é}g ng
net hod di scl osed . Patent 6 662 is e 0 [ hi s
Beami e 5o superlattild pteuchRrR o ReLIOIHG Rrf e dhisChon v%‘?nécﬁﬂn%‘fs':t%e
reactor and as shown jn Fig. 3,. the to si de cqgntact .| ayer
b e de cf adabry 1 yeidel sepdrendvehon SRy iaieed T b e eratey ana ¥k
geometry w %Higkgterslspgf%gtehpgfm.ée[conLact fayersbgcv?aé haesltayerrlsas 500
10 angstroms or less. Therefore, the carrier density of the p-side
contact layer 20 was high and a good ohmic contact between the
p-side contact layer and the p-electrode was achieved,_ with the
result that the threshold current and voltage' of the. devices
decreased. |
15 The wafer on which the nitride semiconductors were grown
in the above-mentioned manner was annealed at 700°C within the
nitrogen atmospheré in the reactor to make the layers doped with
p—-type impurities less resistive. The annealing method disclosed
by U.S. Patent 5,306,662 is einployed in  this Example.

- 20 : After annealing, the wafer was removed out of the
reactor and as shown in Fig. 3, the top p—-side contact layer 20
and p-side cladding layer 19 were etched with RIE apparatus into
a ridge geometrywith a stripe width of -4 pm. Thus, since the layers
above the active layer were made to have a stripe ridge geometry,

25 the emission from the active layer was focused under the strip’e

ridge and the threshold value decreased. Particularly, the layers
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above the active |ayer were nade to have a strlpe ri dge geonetry, 25 the
em ssion fromthe active |ayer was focused under the stripe ri dge and
the threshold val ue decreased. Particularly, the |ayers

121 - above the p-side cladding |layer 19 conposed of

superl attice |ayers are preferably made to have a ridge geonetry.
Next, a mask was formed on the surface of the ridge and t he etching
was perforned with a R E apparatus until the n-side 5 buffer | ayer was
exposed. The exposed n-side buffer Iayer 11 al'so ts_as a caontact

| ayer for faPaVAEhe R-sidet¢lrriding layeri}P composed of ﬁapﬁr§a§§159f1faéfers

| ayer 11 is shown as a contact |ayer. However, - the etching can be
per f or med uffel PragecaRlyuBadeate EGUelé ék@@ge@edmetrYand t he exposed GaN’
substrate 100 can be a contact |ayer. Next, a_strip

p-el ectrode 21 consi sNE#§s o %S]‘aHéSAﬁomed %%’rhﬁoﬁﬁ’éﬁa% Qﬁ‘né‘h@o‘ﬁlgﬂiﬁ fach
of the rldge of ‘the, p-side contact. | ayer- 20. The materials for the

p- el ect r odethe ebchbhg;was per?g:g\}%c} it @hﬁﬁlg eppegetus urkil the grside
cont act Iayer i ncl ude . Pd, N|/Au Pt/ Au, Pd/Au and_ so on.
15 Butfek, lawen e crRprrda She PEPATR B GiFcbYEERE AT A 3150
of Ti and Au s forned on.the expos ed sur,face of sj de_buffer I r
71, The rat EFF8) 28 REontach. LRYEr iR ToTRiad AT ﬁfectroﬁ ¢ bR inity

G 7o sn, R mardn tﬁ‘ﬁ%erea%?r%r”ﬁ%és”% SWies dpcontact Tayer”” ﬁww
ST T AL LIS 20 VB3 co oy GEBEES S0 BE A
n~eleotrodeagg.tﬁgdegpgsggngkegﬁgggrage f&g can be a contact layer.
| 10 | . Next, a strlpe p-electrode 21 consisting of Ni and Au
was formed on the top surface of the ridge of the p-sioe contact
layer 20. The materials for.the p-electrode 21 to obtain
preferable ohmic contact to the p-side contact laYer'may include
Ni, Pt, Pd, Ni/Au, Pt/Au, Pd/Au and so on.

15 On the other hand, a stripe n-electrode 23 con51st1ng
of Ti and Au was formed on the exposed surface of n—31de buffer
layer 11. The materials for the n-electrode 23 to obtain
preferable ohmic contact to the GaN substrate 100 may include
metals such as Al, Ti, W, Cu, Zn, Sn, In and the like or alloys

20 thereof.

Next, as shoﬁn in Fig. 3, an inSulating layer 25 was
formed on the surface of the exposed nitride semiconductors between
the p-electrode and n-electrode 23. And a p-pad electrode 22 and
n-pad electrode were formed which were connected to the p-electrode

25 21 electrically via the insulating layer 25. The p-pad electrode

22 enlarges the substantial surface area of the p-electrode 21
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n-pad el ectrode were fornmed which were connected to the p-electrode 25 21

electrically via the insulating | ayer 25. The p-pad el ectrode 22

enl arges the substantial surface area of the p-electrode 21 '

122 to enabl e the w re-bondi ng or die-bonding of the

p-el ectrode. On t he other hand, the n- pad el ectrode 24 prevents the
n-el ectrode 23 from com ng of f. The wafer on which
the n-el ectrode and p-el ectrode were 5 formed in the above-renti oned
‘manner was is transferred to the pol i shing machine. The sapphire
substr at e  oRo@#naklathe Whrée—bondhqurdélleebp {agceBrthmp- ﬁéectgp#sd vieR

| apped with an di anond abrasive to a substrate thickness of 70 [err]m

‘After |appi e eHher hand, the a-prd kdestrodea2d RaSVentshehe preleckrede 1

pmvvnthaflner 10 abrasive, resulting in the mrror facet and the whole

surface was23 Iromef@miRgedtfitth Au/ Sn. : : Then, the Au/Sn
side was scribed and c¢| eaved into bars perpendicul arly resgect to the
strip electrode to fabRpdienon Whl?lééf&fa{lo?lﬁﬁt‘{ﬂ‘ée(ﬁréjapeﬂlPS gpdeere
dielectrjc nulti-layer film 15 CO[’]SISII’] SiJerr],and TiJerr]  was
formed oh therpednitofhe APeERIIGRbIONE Fivasiis & W%‘? tQithe

el ectr.ode, re uI tin in l.aser chip Next,, .t chi ps

arallel tot

e ot | pelishing KA Lea: o The Sapbhize, suhsitats & °ls§ce°d'
heat sink) on he heat s and .each el ectrode wa ecte

o bondl o &ﬁéﬁ%\%‘% iCtor was BptaaraEn weﬁpims ah diondus

em ssion at of 4Q5nm.was ob ed at eshol d
current den@ﬁf?sj‘vev@%f gﬁ’r“ic@rﬁfs‘t i t ng‘hoI%PWt PGy thsy
at roomt CNBSLEL § Je s the s hetllra{ee ua%efﬂ’%%hegopo HRed E::y nﬂr? with a finer

10 abra51ve, resulting in the mirror facet and the Whole surface was
metallized with Au/Sn.

Then, the Au/Sn side was scribed and cleaved into bars
perpendicularly respect to the str'ip electrqde to fabricate a
resonator on the cleaved facet. A dielectric multi-layer film

15 consisting SiO, and TiO, was formed on the plane of the _resonator.
and finally, the bar was cut parallel to the p~electrode, resulting .
in laser chips. Next, the chips were set face-up (in the state
that the substrate was faced to the heat sink) onto the heat sipk
and each electrode was connecte.d by wire—bonding. Th_e' laser was

20 tried at room temperature. The continuous emission at a
wavelength of 405nm was observed at the threshold current dens:.ty
o_f 2.0kA/cm? and the_threshold voltage of 4.0V at room temperature.

. The lifetime was 100 hours or longer.
Example 28
25 Fig. 7 is a sectienal view showing the structure of the

laser devices according to anothér example of the present invention.
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Exanpl e 28 25 " Fig. 7 is a sectional V|em15homnng the structure
of the | aser devices according to another exanple of the present
~invention. 123 I n
this drawi ng, the devices which are cut in the perpendicul ar :
direction to the propagating direction of the em ssion are shown,
like in Fig. 3. Exanple 28 will be described with reference to Fig. .
7. In Fig. 7, identical reference nunerals have been used 5 to designate
i denti cal elenﬁgls hat, are commpn to Fig. 3 and Fi

A 150- angst FRnk24F ARG e té?%/ﬁeéﬂlc@én dchngref Cél\lln the pﬁmquuia&
to 5X10[errcg1[1§n£err was. grown via the buffer |ayer consi sting of GaN
on the G pl Eb‘bqlﬁltt‘b QGH%’E?%%@ %Qgélé-rle@td@#’a@ﬁ tq@en@samns@mtagm

100. A n-sigde buffer | ayer 11 grown GaN substrate in the
same manner %\% i %pl:’b' Zlf:xample 2?0’?&%1( %?e@%‘#ﬂ'%@aﬁa‘@/@fh rHference to

Af ter the h_é thi 17de guff | ayer enper at ure was
adj usted t o[ &y r & EAG- 506 sﬁﬁéFﬁ%ﬁ?ﬁ?Eﬁn%?a%Weq%lS &%hﬂ%us@ﬁer
consi sti.n er doped with Si to 5 X 10[err]/cnferr]

was gro ﬁ;t?;?ﬂégtﬁ\*gﬁﬂ ig ioment s, thatrake GommMona e FHid - Bl and Fig.

gas as a so rce of Si. The crack preventing |ayer 13 can be obtained
by growing a nitride sem conduct or cont aining In, preferably |InGN,

and can prevent cracks Jdn the nitri m conductor |ayers 20 , containing
Al . The crack preven??n]ggh aﬁ}gsrl?ﬁﬁ?‘_ Sengigagrygtal congistingaf GaN

1 ﬁPSLﬂgsiof’%@é‘eqcfhyﬁo%f‘%é%@ﬁ% /@fmteﬂ%ié?é’ﬁn viaj thodvatter prknt
cracks. |f ééﬁsi?ﬁ’qg Q@%a%ré Sslérr?er gappﬁlre substrate, so as toobtain
10 a GaN substrate 100. A n-side buffer layer 11 was grown on the
GaN substrate in the same manner as in Example -27. |
(Crack preventing layer 13)
After the growth of Ithe n-side Buffer layer 11, the
temperature was adjusted to 800°C and a '500—.angstrom—thick crack
15 preventing layer c_onsistil.;tg of In, ,Ga, N doped with Si to 5X10%/cm’
was grown usihg TMG, TMI and ammonia as a source of InGaN and silane
gas as a source of Si. The crack preventing layer 13 can be obtained
by growing anitride semiconductor containing In, preferably InGaN,
and can prevent cracks in the .nitride semiconc_iuctor layers
20 containing Al. The crack preventing layer may preferably have a
thickness ranging 100 angstfoms and 0.5 ym. If the crack
-preventing layer has a thickness less than 100 angstroms, the layer
is hard to prévent cracks. If the layer has a fhickness more than
0.5 ym, the crystal itself tends to .change into black. |
25 After th_e growth of the crack preventing layer 13, .a

n-side cladding layer 14 composed of modulation-doped
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0.5 pm the crystal -itself tends to change into black. 25

After the growth of the crack preventing |ayer 13, a n-si de cl addi ng
l.ayer 14 conposed of nodul ati on-doped '
124 superl attices 14 and an undoped n-side |ight wavegui de
| ayer 15 were grown in the sanme manner as in Exanple 27. (n-side
cap layer 20) Subsequently, a 300-angstromthick n-side cap
| ayer 20 5 consisting of n-type Al[err]Ga[err] N doped with Si to
SX10[err]/cnferr] and having a | arger. band gap energy than the n-side
li ght wavegus@eerlatticgerld mndhanguodaeredi ngsie Light waWasidadayan dve
gas. After this, with the sane procedures as those in

Exanpl e were growmiir the samemanmenmsindofanpls &9 i ght wavegui de
| ayer 10 18, a p-side cladding |ayer 19 conposed nodul ati on-doped

super | atti cetnomide @aBi tRyebni@ct | ayer 20 were grown.

After the growth-of nitride senm conductor | ayers anneal i ng was

perforned in the sane Hahpeduenthyka BAB- 9ng§5§om—th1q:hmqlgee§agolﬁy)er 20
layers less resistive. After anneal i ng, as shown in Fi he t

p-si de cént acons hyting o firk-fype dblocJG@ddNngoped Wlﬁ?e&v\b@:egé]cq% anilntaGda
ridge geonetry with a stripe wdth of 4
forming a rikREing %t%ﬁ%ﬂﬁ%lﬁ@cﬂﬁ&dEHEIQY tha%o%s’% |§’ngi%flllq]”/tAUa\76§§ulde
formed on the top surface of the I‘Idng of theop si de, cqnt act Ia_er 20.
An i nsul at i RY@Y el S 228 HEPWR | YRing Bify aMeREs a6 Fdd-20¢
ol oct rode 21 X%”LL%E&%%%E@%% same DeglReu TR £ thasec FeerRde
elgctricall yZ‘S,O a:[ Bgsgdglc?acg rl%?reerzh an undoped p-side light wavegulde layer
10 18, a p-side cladding layer 19 composed modulatlon—doped -
superlattices and a p-side contact layer 20 were grown.
After the growth of nitride semiconductor layers,
énnealing was performed in the same manner to rqake the _b-type .
~ impurities doped-layers less resistive. After annealing, as shown
15 in Fig. 7, the top p-side contact layer 20 and p-side cladding
layer were etched .into-' a ridge geometry with a stripe width of
4 pm. |
After forming a ridge; a stripe p—electrode 21
consisting of Ni/Au was foi‘med on the top surface of the ridge
20 of the p-side contact layer 20. An insulating layer 25 consisting
of Sio, wés formed on the qu;'face of the top nitride semiconductor
layer except for the p-electrode 21. A p—pad electrode 22 was .
formed which was connected electricaliy to the'p-electrode 21 via
the insulating laye.f -25.

25 The wafer on which the'p—elec_trode was formed in the

above-mentioned manner was transferred to the polishing machine.
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'the I nsul ating |layer 25. 25 " The wafer on which the p- el ectrode

was formed in the above- menti oned manner was transferred to the
pol i shi ng machi ne. 125
The sapphire substrate was renpved by pollshlng to expose the surface
of the GaN substrate 100. An n-el ectrode 23 consisting of Ti/A was
formed on the al nost whole surface of the exposed "+ GaN substrate. 5
After forming the electrodes, the GaN substrate was cl eaved W th

" respect to Mplane (which corresponds to a side plane of a hexagona
colum in t ABecgapphhse §HbSﬁF§F¢d'éa§eﬁelé@ﬁeldcbﬁrPO%lShlng tepexpese cthe
according to a hexagonal ste . .The dielectric mul til ayers

consi sti ng SPrEpceePE] la‘h q@sqram d %% nAn Bnelpetspdavdd camsisking .
The bar was cut 9ara||e| to the p-electrode into the |aser chi ps

For these cREpS1/ALcWAS| ﬁﬂ‘c‘%ﬁdeﬂ?s‘éﬁlﬁnaJaHl°$’éo‘rih?13ﬁp%u§f%|¢% of the\,@;gposed
observed. These devices had simlar properties to those ~according to
Exanpl e 27.GaN substrat Exarrpl e 29 15 . Wth the same procedures

as in nple 27, after grow n the n-side buffer |ayer 11,. a
crack- priventi ngAlfgﬁEr ‘1‘%“’:/%% ghectrodes, the %W@teagaﬁﬁmﬁﬂ
28. Next, a Q mt hi ck n-side . .cladding | ayer 14 conpqgsed_of a
single | aer’lEBnE?@??‘ﬁE) 9 Moplang dabdchy gorrespo@gﬁe(’;ov\pt fide pianeyf a
10[e_rr]/crr[ rr was. gro on, the}hcrack preventing Ia%/ 20, The ot her
construct i o pRal peolumn 13 HhescAse Eaahprhe Mtride Semlc‘fIH@JCtM is

fabri cat ed Iaser devi aser S observ d at. room l:g)erature

o et P ePRRsEaLed FectTSing ofo i Henagonal srstems - The dteTogkal Coe

| n-Exanpl e 271t11ayers con51st1ng of SlO2 and TiO, were formed on the cleaved
10 facet. ‘I'h_e bar was cut parallel to the p-electrode into the laser
chips. For these chips, a continuous emission at room temperature
was obs_erved. These devices had similar properties t_o'those
adcording to Example 27.
Example 29 |
15 - With the same procedures as in Examplé 27, after growing
the n-side buffer layer 11, a 'crack—preventing layer 13 was grown
in the same manner as in Example 28. Next, ao. 4-].1m—th:|.ck n-s:Lde
claddlng layer 14 composed of a single layer consisting of Al ;Ga, N
dopedwith Si to 1 X10%/cm® was grown on the crack preventing layer.
| 2_0 The other constructions were the same as those in Example 27. For -
the fabi:icated laser devicés, the laser was observed at roﬁm
temperature and the lifetimé was a little shorter than that of
the 1asér devices in Example 27.
Example 30
25 The laser devices were fabricated in the same manner

as in Example 27 except that the p-side cladding layer 19 was formed
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Exanple 30 25 The | aser devices were fabricated in the same
manner as in Exanple 27 except that the p-side cladding |ayer 19 was
formed g 126 _ _

gecowing a 0.4-[err]mthick single layer consisting of Al[err]Ga[err]N
doped with My to 1X10[err]/cnferr]. The | aser was observed at room

tenperature and the lifetine was a little shorter than that of . t he

| aser devices in Exanple 27. 5 Exanple 31 Wth
the sane procedures as in Exanple 27, instead of t he n-side cl addi ng
| ayer 14 habyngrawingeel &.drpm-+higkt single layer GongiptingnefhAlk Gasidte
cl addi ng | ayer 14 consisting of Al[err] Ga[err] Ndoped with Si to 1
X10[ err]/ cnfdeped withgMowto An¢10¥4tmhd Ghet hasprsivds obaddived atOrobmyer
having a superlattice structure, a 0.4-pmthick p-side cl addi ng | ayer

consi sting éemperatureapadr tReddpéatimehway aoliktdpeshprtefethan that ofs
grown. The n-side |ight wavegui de | ayer 15 was conposed of : :

super | atti c&genleges deviceshiokBegspée 8712 [err] m obtai ned by

| ami nati ng 30-angstromthick l.ayers consisting of GaN doped with 15 Si to
1 X 10['e7'r]/cn{e & 33-angstromthick |ayers consisting of undoped
Inf[err]Ga[err]N. The p-side |ight wavegui de | ayer 18 was conposed of
superlattices with a Wdith thei ErRBesRregedunes @f dit xaapley27, instead of

| am nating 30-angstromthick | ayers consisting of undoped,

| n[ err] Ga[ eFPENPaAEIS0C LRI RG Mt a¥eE Ild Apviad ansrperAgthicestnegkurepr
wth M to ?jXéOLgtr_jri}/_c err! of I\/g The other constructions_ of the
fabricated PagePmgthickas chadding layernt eongiekingiaf Ak .Gao.sN doprd
| aser was observed at rootheqperature and the lifetine was | alittle
shorter thaWithatl&p %Xd 0 <&y was 9Eeun; n Anghimskead of the p-side cladding

10 layer havi_ng a superlattice structure, a 0.4-pm-thick p-side
cladding layer consisting of Al, ,Ga, (N doped with Mg to 1X10*/cm’
was grown. The n-side light waveguide layer 15 was composed of
superlattices with a total thickness of 0.12 um obtained by
1amina£ing 36—angstrom—thick layefs consisting of GaN doped with

15 Sito1X10'/cm®and 30-angstrom-thick layers consisting of undoped

- Ing ,Gag ¢N. The p-side light waveguide layer 18 was composed of
superlattices with a total thickness of 0.12 um obtained by
laminating 30-angstrom-thick layers consisting of undoped -

In, 0,Gag. oeN and 30—ang$trom—-thick layers consisting of GaN dopéd

20 with Mg to 1X10Y/cm® of Mg. The other constructions of the

| fabricated laser devices were the same -as those in Exampie 27.
The laser was observed.at room temperature and the lifetime was
a little shorter than that. of the laser devices in Example 27.

Exam'ple_'32
25 With the same procedures as in Example 27, the n-side

buffer layer 11 was composed of superlattices with a total
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Exanple 32 25 Wth the sanme procedures as in Exanple 27, the
n-si de buffer |ayer 11 was conposed of superlattices with a total

127 -~ thickness of 1.2 pm obtained by | am nating
30-angstromthick undoped GaN | ayers and 30-angstromthick |ayers
consisting of Allerr]Gferr] N doped with Si to 1 X 10[err]/cnferr].
The-|l ayers above the n-side " cladding | ayer were grown in the sane -
manner as in Exanple 27 and 5 the |l aser devices were fabricated. Wen the
n- el ectrode was. formed, the surface exposed by etching was positioned
somewher e thlck@BSBthS&pérM&tpbteenmdtbyalamtaatnnGCﬂﬂeasgatnometh}ﬂkand
t he n- el ectrode was fornmed on the exposed superlattice layer. A
cont i nuous mdopesh Gadls lalyeasy endad@-angstimowshbligkyviayeraaconsispingief| e’
| ower than that of the |aser devices in Exanple 27. The - lifetine was
1000 hours Bd,l.sBayexN doped with SiFkx@idpf 20'34cm®. The layers abéve the nsside
sectional view showi ng the structure of the | aser devices accordlng to
anot her exasdilddina haypr adiere gnereninobhe sggne manpersagrigwExgmpleedy iand
reference nuneral s have been used to designate identical |ayers that
are conm®dn ttbeotlﬁeuerddswlﬁg§ were fehzigpéeds en peheldxraliqsdgade was
reference to Fig Wth the same procedures as in Exanple
27, a 200- formealnggheoﬁurﬁaeﬂ exposed ey atghdng wes pashkionad ngr&ﬁfofhw a
(0001) 20 C—plane sapphire substrate 30 with 2-inch [err],at 500 err

and t hen, thes superlattices wWidbpadtehrl| thécknesgal- %r@%na

1050[err]C The t hi ckness not limted to 5 na be preferably
over the thedRFETode WasoﬁoFﬁédbGPfepel&?EPSSHdSTBGEﬁBFt+%§S aye’: it eri al

of the substra
con E:!'\.nuous emission was observed and the threshold value was a

10 1little lower than that of the laser devices in Exanmple 27. The
lifetime was 1000 hours or longer.
Example 33
Fig. 8 is a sécﬁtional'view showing the structure of. the
laserdevicesaccordingtoanofherexampleofthepresentinvention.
15 In this drawing, identical reference numerals have been used to
designate identical layers that are common to other drawings.
Example 33 will be described with reference to Fig. 8.
With the same procedures as in Example 27, a 200-
angstrom~thick GaN buffer layer (not shown) was grown on a (0001)
20 C-plane sapphire substrate 30 with 2—inch'¢,ét'500°c and then,
a 5 um~thick ﬁndoped GaN layer 31 was grown at 1050°C. The thickness
is not limited to 5 um-and may be preferably over the thiekness
of the buffer layer and 10 pmor less. Thematerial of the substrate
may include sapphire, -SiC , 2Zn0O, spinel,. or other materials which’
25 aredif ferent fromnitride semiconductors and are known for growing

nitride semiconductors such as GaAs.
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may i ncl ude sapphire, SiC, ZnO spinel, or other materials which 25 are

different fromitride seni conductors and are known for growing nitride
sem conductors such as GaAs. 128
Next, after growi ng the undoped GaN | ayer 31, the wafer was renoved
out of the reactor. A striped photomask was forned - on the surface of
the GaN [ ayer 31 and with a CVD appar at us, O0.1-[errlmthick Sigerr]
protective film 32 was patterned to form 20- 5 pmw de stripe w ndows
with a periodicity of 5 pm Fig. 8 i's a sectional view show ng the
partial structure of Nextwatftermhgrowing thet updopeddiaNilayey 3b, tthe wafer

| ongitudinal direction of the stri pes. The exanpl es of the mask

pattern may Wasretovedr opgsofdbhe peacherks A striped photompskewasaformed
t he undoped GaN | ayer 31, that is, the 10 parts on which the nask was not
formed (w nm@wrﬁa@eepeﬁolt@e GaN Apyera3dmandewiihea CNBnapParatyR, SO

as to grow a GaN substrate 100 with | ess crystal defects. The:

mat eri al s of0 .timamrddid ckap 10, Pr*P*ﬁ%q:DHEeoﬂHés?’%u‘th apattereed xifrm 20-
(Siderr]), silicon nitride . gerr] Ni[err]), titaniunmoxide (Tigerr])
andzi r cobi umBxwisle( Bteiper ]ﬂ)mdﬁWtSr wikh a negrl@qil%ty.of ayaims | [Fggt-h8r 8f 2
as well as netals having a nelting poi nt hi gher than 1200[err] C. These
materi al s cﬁ@wlam%whowmm msepatr(;ﬂéé FERYCEYTEePhethecBfEF) ¢haRd
110[err] C at_which nitride sem conductors can ,be grown and nitride
sem conduct G aer%{ld{;%%«ﬁrly tq)ithsrleoremw&m @érgr:%\koenof ﬁ'élesaFFaessof

t he materlalg[‘il ter formngthe protective film 32
waf er was s eexam?lfleﬁ F?é Ffé%{!‘?éi‘l’éﬁeﬁ%a dnFduds 51 Hﬁ?ﬁc@*&ﬁdﬁpﬁﬁe R

LD, 2° et s oD SIS hATES RN Suheh el Tl i e o0 e
size O'flziheparts on which the mask was not formed (windows) may preferably
hé.ve a smaller area than the mask, so as to grow a GaN substrate
100 with less crystal defects. The materials of the mask may
include qxides such aé silicon oxide (Si'Ox)_, sili_cdn nitride
(Si,Ni,), titaniumoxide (TiO,) and zirconiumoxide (Zr0,), nitrides;
15 or multi-layer film tﬁereof, as well as metals having a meltiﬁg
point higher than _1200°C. These materials can sfand at high
temperatures ranging between 600°C ahd 1100°C at which nitride
_semicohductors can be grown and nitride semiconducto:;s do not grow
or are difficult to grow on the surface of the materials.
20 : Aftér forming the protective £film 32, the wafer was set -
in the reactor again and a 10-pm-thick undoped GaN layer to be
a GaN substrate 100 was grown at 1050°C. The preferable thickness
of the GaN layer depends on the thickness and the size of the
protective .fi‘lm 32 and t_he GaN had a'.th:_'Lckness enough to grow

25 . laterally ( perpendicularly to the thickness direction) above the

mask, so as to cover the surface of the protective film 32. In
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protective film 32 and the GaN had a thi ckness enough to grow 25

| aterally (perpendicularly to the thickness direction) above the mask,
so as to cover the surface of the protective film32. In

129 - the case that the GaN substrate 100 was grown in a-
manner t hat a GaN layer was laterally grown on the surface of the
protective film32 on which nitride senm conductor were difficult to
gr ow, initially, the GaN'layer did not grow on the protective film 32

5 and grew selectively on the undoped GaN | ayer 31 in the w ndow
regi ons. | nthpeceasethakt thpeGalinsnbytrateslCorvasuatown b oy manner thataN
| ayer grew |aterally and covered the protective film32 . - and the GN
| ayers growA Galinayrr wasgRaderad lyi agovn on riihal syinface of thepratretive
resulting in that the GaN | ayer was grown-on the 10 protective film 32.
That is, thEitan3Ragnrwhish|pibrideysgriopnductopwere dfficyks B 974 he
protective film:32. Créital defects - in the GaN | ayer 31 grown_on the
sapphi re subBifdptlyeo Bhe ¢ laver dlithaotogremw spathacpretective hel kp N2
substrates 100 grown on the protective film32 were inportant. That
I's, ext rSerre?le g¥gu fakpekivety on Eh?smoﬂ%@&ég ryer sy t'rl?'ﬁ tvfigrdow
nitride sem conductor_|ayers grown on an_auxiliary substrate due to
the latti ceTR¥sAREch Bt fase thate thexFaNal3YShpYRS 2E@n BHLSR L% I59 e
sem conductors and the crystal defects threaded through the nitride
seni conduct bR€ ﬁ?lgvilayer ILRWY JEahe Tt \y %F&"Fb"efih*éhgu?¥%g%‘?tﬁet#?e{%ﬁ?er
hand, in Exanpl 0 3, The GaN substrate 10 rom |laterally.o he,
brotect | ve FRBriie GaN;3ayats arom TIOR o PekThiE e ndos: | 4R Eed H ths
-obt.ai ned i n manner that the ayer gr fromthe nei ghbori,ng -
vindows  eaphngEhSTo EREHIBLRE TRUEPAG LROuPHY TRVEr 49 GHOTRER thY
-prot eCtl'OVe protective film 32. That is, the GaN layer was la_terally grown .
on the GaN layer 31 via the protective film 32. Crystal defects
in the GaN layer 31 grown on the sapphire substrate 30 and the
nunber of crystal defects in the GaN substrates 100 grown on the
protective film 32 were important. That is, extremely large number
15 of crystal defects were caused in the nitride semiconductor layers
grown on an auxiliary substrate due to the lattice mismatch between
the auxiliary substrate and the nitride semiconductors and the.
crystal defects threaded through the nitride semiconductors grown
sequentially upward to the surface. On the other hand, in Example
20 33, The GaN substrate 100 grown laterally on the protective filﬁl
32 was not directly on an auxiliary substrate and was obtained
in a manner that the GaN layef gi:own from the néighboring' windows
linked to each other during growing laterally on the protective
film 32. Therefore, the number of crystal defects decreased

25 extremely, compared with that in the semiconductor layers grown

on an auxiliary substrate. Thus, a mask was partially formed on
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fEl m32. Therefore, the number of crystal defects decreased 25 extrenely,

conpared with that in the sem conductor l'ayers grown on an auxiliary
substrate. Thus, a nmask was partially forned on

130 : the nitride sem conductor |ayer grown on an auxiliary
Substrate - and a GaN | ayer was grown laterally on the mask, resulting
in a GaN substrate having nmuch | ess crystal defects than the GN

substrate according to Exanple 27. Actually, the nunber of the 5 crystal
defects in the undoped GaN | ayer was IO[err]/cnierr] or nore, while

the nunmber dihe Midiziide seadconductes taNerupeowatan @x eudidgary substrate
Exanpl e .33 was_10[err]/cnferr] or |ess. After formng a .
GaN subst r at®d 0 G dpyeshyas- gavnohatierally omriher masks- pesulitikanisi de -
buffer |ayer, besides acting as a 10 contact |ayer 11, consisting of GaN
doped with &aN subsiate ]I?aéﬁ[fe} much lesswgrvgitedndefecks thanstbet Gate in
t he sane manner :as in Exanp - 27. And then, a 500-angstromthick:
crack prever'Fc‘-}}?Et ad:ﬁe,acgrdlng t@oﬁ%‘ﬁ@?ﬂ-ﬁgﬂ)f Aqtaraliles| Etlhie] Runbgsdofi thesi
to 5X 10 erg rg?err was grown. crack preventing |ayer 13 can be
om tt ed. rYS( ]sfiﬁgeﬁFﬁd’cPr ﬁBeIW}@P%Géﬂrﬁﬁé%awéﬁ qujp/emfm F@é?rhﬁbﬂ-ﬂag a
hi ghl y ped center Next, a 20-angstromthick

do t)
undoped GaN B8 dpumber ystal defeqts TS the Gadhsubatgaseaaceosdingr te
to forma s&ﬁﬁond nltrlde the sanme tenperature, adding TMA, a
5- angst r om AP L& é@ﬂ [1&(%[93? erS-zo | ayer was grown and

subsequent |y, addlng ane

angstromthi ckAl [err] &F’&}E?@oﬁ%‘tﬁ\ﬁlpﬁ§ifa?8 llg@lé{lé:lhﬁ aboyer anaened

oromn., w8 s -5o%0BhERE e rERREd Lot SRl e

layer 4 contact- layer 11, consisting of GaN doped with Si to 1X10'“’/cmal
was grown on the GaN e_ubstrate in the same manner as in Exa:_nple
27. And then, a 500-angstrom-thick crack prevent‘ing_la_yer 13
consisting of In,,Ga, sN doped with Si to 5_><101_“_/ cm3 was grown. The.
crack preventing layer -13. cen be omitted. |

15 (n—-side cladding layer 14 composeci of superlattices heving ahighly
doped center part): |

Next, a 20—ahgstrom—thi¢k undoped GaN layer. was grown

using TMG and ammonia gas at 1050°C to form a second nitride the
same temperature, adding TMA, a 5-angstrom-thick ﬁndoped Alo.,lGao_,N

20 . layer was grown and subsequently, adding silane gas, a 20-
angstrom-thick Alo,lGao_gN layer dop.edwith Sito1X10%/cm’ wes grown, |
then, stopping Si, a S-angstrom-thick undor;wedAlo_lGao_gN layer being
grown to form a 30-um-thick first nitfide' semiconductor lairer
having a large band gap energy. Thereafter, in the same manner,

25 the second nitride semiconductor layers and the first nitride

semiconductor layers were fo'rmed by turns repeatedly. In Example

131



having a | arge band gap energy. Thereafter, in the same manner, 25 the -
second nitride sem conductor |ayers and the first nitride '
sem conductor |ayers were fornmed-by turns repeatedly. In Exanple

131 33, one-hundred-twenty second | ayers and

one- hundred-twenty first ‘layers were lam nated by turns to forma
n-si de cl addi ng | ayer - 14 of superlattices with a thickness of 6 .
[err]m : Next, a n-side |ight wavegui de |layer 15, an active
| ayer 5 16, a p-side cap layer 17, and a p-side |light wavegui de | ayer
wer e drovpnehiindriedy ienty saeondiyanmend snethundngsd-dwenty first

(p-side cladding |ayer 19 (_:on'gosed of superlattices having a hi ghl y -
doped cent et@y8ff) were laminated by kpxps ho2fommgathosidei ckaddingelayan
. layer was grown_ 10 using, TMG and anmpni a gas at _1050[err]C to forma -
fourth nitritfeof SuPe_%ﬂngﬁﬁﬁcY’thlay*éhlﬁhi)ﬁﬁg@fsﬁamﬂéband.gap ener gy.
Next, -at the : sane tenperature, adding TMA a 5-angstromthick undoped
Al[err]Gaferr]N Nexterd Rasideowohinwayenuddeckaysr 18damgctimeylayero-
angstromgt hi ckAl [per r] Gaéerr N- | a{er doped wi th to 1X 10[err]/cnferr] was
grown, <15 1Pnch P SiESTR 17 204 Predfet Right wakamiide layer were
AI[err]-Ga[errl)Nlaéer , bei,ngg(i;romtoforma 30-pmxthick third nitride
seni conduct §F°KRygpquentially; in "the same paapngE A8 ntR ghxanpbecdfter, in
t he sane rragner .he fourth nitride semiconductaor, | ayers and the
§°bide clagding

third nitri fH1 9| CRRRASSRPE SRR thi qaF haviegad kg ly
third " 9PR5d ceREFE ParFhat cd by turns to forma neside ¢ adding | ayer
1901 super a1 0es etle, AAEHIESR Shn ST Wiacpea can 1ayer vad Skown
10 ﬁsing ™G _and ammonia gas at 1050°C to form a fourth nitride
semiconductor l#yer having a small band gap energy. Next, at the
same temperature, adding TMA, a 5-angstrom-thick undoped Alo,l_Gao_gN
layer was grown and subéequently, adding Cp2_Mg, a 20-
‘angstrom-thickAl, ,Ga, N léyer_ dopedwithMgtol X.l 0*°/cm® was grown,
15 then, stopping Cp2Mg, a 5-angstrom-thick uﬁdop_ed Al, ;Gay N layer
being grown to forﬁt a 30—um—thi¢k thirdnitride semiponductor layer
having a large band gap energy. Thereafter, in the Same manner,
the fourth nitride semiconductor layers and the third nitride
semiconductor layers were formed by turns repeatedly. In Example
- 20 33:, 6ne—hundred—twenty fourth layers and one-hundred-twenty third
layérS' were iaminated by turns to form a n-side claddiﬁg layer
19 of superlattices with a thickness of 6 pm. |
And finally, a p-side contact layer 20 was grown in the
same manner as in Example 27 and then, the wafer 'Qas removed out

25 of the reactor. The annealing was performed and the layers above

the p-side cladding layer were etched into a stripe ridge geometry.
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same manner as in Exanple 27 and then, the wafer was renoved out 25 of the

reactor. The annealing was performed and the | ayers above t he p-side
cl adding | ayer were etched into a stripe ridge geonetry.

132 ' Next, as shown in Fig. 8, etching was

per f or med symretrically with respect to the ridge to expose the
surface of the n-side buffer layer on which a n-electrode was to be
f ormed and a n-el ectrode was forned. On the other hand, a stripe p-

5 -electrode was also forned on the top surface of the ridge of the

p-side contact |ayer ¥eXtrhaseghown, innFige 8anetahimgrwas performed Exanpl e
27, laser devices were_ fabricated. The threshold current “density and
vol t age decP¥a@ebrbgalbyyithmesnart sot hbeceridgetaekpose the2yurfigee of
continuous em ssion at a wavel ength of 405 nm was observed 10 for 2000
hours or nofRe nTRide RREFRY Migvere ORuvhicheachhahechtade was tofbe (formed
crystal quality «in the nitride sem conductors due to the &GN
substrate 188dhavhngleetsode dag foaned s On therogheg hapdyhe stripechse of
t he GaN subsirate 100 having a thi.ckness of, for exanple, .80 [err]m
or nore? t etPayEPLe RSP dosmed Parhe Jinn sarfag® afdthesridge of the
protective film 32 can be omitted, " Exanple 34 o
Wth the sdAESHIOCERFRCSE skayer BQnpThersafitps, niy $he same BRRBEENGS| dRer
was conp0339 of ﬁu?fflfttice with a total thickness of 0.6 [err]m
obt ai ned by 1G4 Mgt2Be LIRS PRFekEabifrReGaNTheothreshe kd ghgrent
20-angstromthick AlJerrl]Gajerr]N |l ayers doped with Si_to. 1 L

Xi0[err] | orieR Y porCiol (o€ ekmeasbniay 106 comeamegtg thoseuin Breaple
part. 27. The cong.]n&'ggs %Enqesrsi%%ngt atvr}aevglesrllgt?h (cz)lfa!-ii (% I;:gl vlrgg %i)ségrv\g?is

10 for 2000 hours or more. This was mainly bécause the enhancement
of the crystal quality in the_ nitride semiconductors due to the
GaN substrate 100 having _less. crystal defects. Iri Fig. 8, in thé
' .case of the GaN substrate .100 having a thickness of, for e}ia,mple,
8-0 Hm or more, the layérs between an auxiliary substrate 30 and
15 | the .prot'ective fi_lm 32 can be omitted. |
Example 34 |
With the same procedures as in Example 33, the n-side
clad&iné layer was cdmposed of superlatticeswith a total thickness
of 0.6 ym obtained by laminating 20-angstror_a—thick undoped GaN
20 layers and 20-angstrom-thick Alo_lGao_gN layers doped with Si to 1
.X10¥/cm® instead of superiaftices having a highly doped centef
part. |
On the other hand, ‘the p-side cladding layer 19 was
composed of superlattices with a total thickness of 0.6 pmobf:ained
25 Dby laminating 20—angstrom—thi¢k undoped GaN layérs and 20-

angstrom-thick Al, ,Ga, (N layers doped with Mg to 1 X10%°/cm® instead
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conposed of superlattices wwth a total thickness of 0.6 pmobtained 25 by
| am nating 20-angstromthick undoped GaN | ayers and 20- angstromt hi ck
Al[err]G[err]N |layers doped with Mg to 1 X.10[err]/cnferr] instead :
133 of superlattices having a highly doped center part.

The ot her constructions were the sane as those in Exanple 33. For the
fabricated | aser devices, the threshold value decreased a littl e and
the lifetime was sim!l arly 2000 hours or | onger, corrpared to - those of
Exanpl e 33. th the sarre procedur es
as in Exami® sggcpeqlﬁé:tﬂ.gq%émavmg & | diyg O\OEFSr Cfntﬂﬁspéé‘ﬁpos%@e opther
superl attices a total t hi ckness of 0., Em obt ai ned by | am nating
25- angstrorﬁqr?ﬁvgﬁpqgﬁnsld’eqeam ﬁfé‘t%@sv\ntlhﬁ’sﬁ inoExsmpfer BBrc @Fr‘}h%md '
25- angst ro t. hi ck u rr]Gaferr] N | ayers respecti vel

turns. g 1856r, gevices, “d Fhreahbag, mlmw@zcrm% aciaﬁ;é%ed—

of su erI atti t ot al t hi ckness of 0.6 [err]mobtained b

| ani ngt i ng afgf%\é\ﬁllﬁ'gﬁglmfeh‘ﬁﬁ i larly 2090-hqups Ry rwgcp@par ed to
1X10[er$ %;Herr]qﬁ#g‘% an romthlck undoped 15 Al[err]Ga[err]N |l ayers
.respecttvel er constructions were the sane as those

I n Exanpl e 33. ‘E} br |3652Xed | aser devi ces had sim |l ar properties
and lifetine to anpl e 33. Exanpl e 36

£ e nHHH
btained b 5- t th d d

S AP O B K, S g
doped W'tht‘ilct]&lejgélggfeéfé/m%rura]lne%sg a{nYJ.enl 1 Egrangstromz-@lelick GaN

10 layers dbped with Si to 1X10¥/cm® and 25-angstrom-thick undoped
Al, ,Ga, N layers respectively by turns. On the other hand, the
p—sid.e cladding layer 19 was c_omposed_of superlattices witl;1 a total
thickness of 0.6 km obtained by laminating 25-angstrom- .-thic_k GaN |
layers doped with Mg to 1X10*/cm’® and 25-angstrom-thick undoped

15 Al,,Ga, N layers respectively by turns. The other constructions
were the same as tﬁo_se in Example 33. The fabricated laser devices_ _
had similar properties and lifetime to those of Example 33.

Example 36 |
With the same procedures as in Example 33, the n-side
20 claddlng layer 14 was composed of superlattlces with a total
thickness of 0.6 pm obtained by laminating 25- angstrom—thlck GaN
layers doped with Si to 1X10%/cm® and 25-angstrom~thick Al, ,Ga, N
layers doped with Si to 1X10""/cm® respectively by turns. .On the
other hand, the p-side cladding layer 19 was composed of
25 superlétti_ces with a total thickness of 0.-6 pm obtained by

laminating 25-angstrom- thick GaN layers doped with Mg to 1X
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ot.her hand, the p-side cladding |ayer 19 was conposed of 25

superlattices with a total thickness of 0.6 pm obtained by - lam nating
25-angstrom thick GaN | ayers doped with My to 1X _

134 - 10[err]/cnferr] and 25-angstromthick Al[err]G[err] N
| dyers doped with My to 1X10[err]/cnferr] respectively by turns. The
ot her constructions were the sanme as those in Exanple 33. The
fabricated | aser devi ces had si mlar properties and lifetime to those
of Exanpl e 33, Exanpl e Wth the sane
procedures 49 |/r¢1éxan§| 853angs éom—§haek Al, ,Gal M diaygrisagepedayikbniigste
of a 0.6 pmthlck Al Lerr]Ga[err]N | ayer doped wth Si to 1

X10[ err]/ cnileX L1D1%/icnd t eespedt sveky | Y ttwens . OFhehotbeheconhghdyctions weze
p-side cladding | ayer 19 was conposed of superlattices with. 10 a total

t hi ckness ofthg saperag fheseai A daampladdnat h;fgfgprlcated laner dewiaeschadan
| ayers doped with My to 1X10[err]/crr[err] and __angstromthick

Al[ er r] Ga[ eBAmd Lagy dropestd@sniangd Ng leGlP%lGPthPF@nPér Eicamp e 33.°
respectively by turns.. The other constructions were the sane as t hose
in ExanpPe 33. Esrampde 3bri cated | aser devices the 15 threshol d val ues
increased a little and_the |ifetine was simlarly, . 1000Q_hou

or
| onger, conpared to tKodd Fhecsgms progedures as’in Examplie, 33g © ¢ n-side

Wththe sa qcedures as in Exa : n-side ddi ng,l ayer
and p-oi do CLARAIRG TAYEF w5 EOMPABPARIOA q}cg;lé’a'thkﬁk%eﬁﬁ‘avli’a@é@ (%PZS
whi ch t he centersﬁart was oot i ghls%/ doped and ur|t densi

was al nost ¥R 54 (89 il‘lxt-qh(él %er}n %ﬁ otﬁnguperlat;,;gege ]’F"ero eﬁ‘al}
\Qﬁsig(r)n'nﬁgts?% eggsgﬁ ﬁ, es ayer .1L§) was composerg olE Eﬁéa?ia@t?é”egbvtu ned

10. a total ._thlcknes_s of 0.6 uym obtained by laminating 25-
angstrom-thick GaN layers doped with Mg to 1X10%*°/cm® and 25-
angstrom-thick Alo,lGao,gN layers doped with Mg to 1X10%/cm’®

| fespectively 'by turns. The other constructions were the Same as
those in Example 33. For the fabricated laser dev1ces, the

15 threshold value-s increased a little and the lifetime was similarly
1000 hours or loﬁger,_ compared to those of Example "33.

Example 38 |
. With the same procedures as in Example 33, the n-side
cladding layer and p-side cladding layer were modulatlon—doped

.20 superlattlces (in which the center part was not highly doped and
the impurity den51ty was almost even within the layer) . And the
n-side buffer leyer 11 Qas composed of superlattices with a total
.thickness of 2 um obfained. by laminating 50-angstrbm—-thick
Al, ,sGa,. sN layers doped with Si to 1X10Y¥/cm® and 50-angstrom—

25 thick undoped GaN layers r.espectively by turns. The other

constructions were the same as those in Example 33. For the
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Allerr]Ga[err]N layers doped with Si to 1X10[err]/cnferr] and 50-angstrom
25 thick undoped GaN | ayers respectively by turns. The other -
constructions were the sane as those in Exanple 33. For the

135 fabricated | aser devices, the threshold val ues
décreased a little and the lifetime was 3000 hours or |onger,
conpared to those of - Exanpl e "33. Exanpl e 39 5

Wth the same procedures as in Exanple 33, the n-side cl addi ng Iayer
14 was conposed of su erlattlces with_ a total t hi ckness of 0. g Eerr
obt ai ned by §abricated lagerdovierss Fﬁh&(threShOlFﬁd’@HéJ&ScﬁRFFS%?éaa gttle
20- angstromthlck Al [err].Ga[err] N Layers dope wth Si
1X10[ er r ] / crARs} rihe dddedimpe g Sb9099rhgur¢r@-r nl%rr%rd ipmPaT %&@g&ﬁa@f
| ayer 15 was_  conposed of superl.attices with a total t hi ckness of 0.1
[ err] m obt aif Ve |3 nati ng 25- angstromt hi ck GaN. | ayers doped
wth Si to 1X10[€rr] /é:{ge ] and 25-angstromthi ck undoped -
Al[err]Ga[err]Nl%g?' ectively by turns. On the ot her

Wth a t5ta tht cknesdrDRt %' o broseaines s Th Bpathieamdne h-s16e
gg :RSZE ;gmt%ﬁl GaN | a ers ed wi th qlég|°af§§,11§erl tXlO%ﬁr %/t&en{asrt% ind
W St %dd' Aoy Jomipb LB Ol Bhgaiashl ehiies
LS, - ULLIEE e S Y,
ot e R A B b 08 L5 e 3 s e
10 wavegu_lde layer 15 was composed of superlattices with a total
thickness of 0.1 um obtained by laminating 25-angstrom-thick GaN
layers doped with Si to 1X10%/cm’ ahd 25-angstrom-thick undoped
Alo 05Ga0 sN layers respectlvely by turns. . '
On the other hand, the p-51de light wavegulde layer was
15 composed of superlattices with a total thickness of 0.1 pmobtained
by laminating 25;a_ngstrom-thick GaN layers doped with Mg to 1
X10®/cm® and 25-angstrom-thick undoped Al, ,sGa, N layers . |
respectively by turns. Next, the p-side cladding layer was
composed of superlattices with a total thickness of 0.6 ymobtained
20 by 1amina_t_ing 20-angstrom-thick undoped GaN and 20-angstrom-thick
' Al, ,Ga, N layers doped with Mg to 1X10%°/cm® respectively by turns.
The other constfuctions were the same as thoSe in'EXample 33. For
the fabricatéd laser devic.es,‘ the threshold values decreased a
little and the lifetime was 3000 hours or longer, compared to those
25 of Example 33.

Example 40
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Ijntfle and the lifetinme was 3000 hours or |onger, corrbared to those 25 of

Exanpl e 33. : Exanpl e 40 .

136 ' Exanpl e 40 provides | aser devices
fabricated using a GaN substrate |ike Exanple 33.
That is, the | aser devices according to Exanple 40 were fabricated by
forming the followi ng sem conductor |ayers on the 5 GaNsubstrate 100 '
whi chwas f or medi nt hesanenmanner asi nExanpl e.” First, a

- 2-pmthick n-side contact | ayer (n-side second ' nitride sem conductor
| ayer) consisting of EX@Fpdec4 @Fevddsis laser dgviges| Spbricatedr psdnanar e
was grown on the GaN substrate 100. This 1Tayer may be conposed of
super | atti cE8NcSHOSErREg dikenEspER1EaR3-10 and Si doped Al[err]Ga[err]N
(O<X[err]0.4). . Next, after grow ng the n-side contact '

| ayer, at 800[err]C, That iggithe Insermievicesancordingtofirample 40 vase
nitrogen at rsrogghere', a 500-angstromthick _cr_acl;g&r eventing |ayer
consi sti ng dfPricated by fomming 4he Jsidpwing ssmice r ApyEFEeen] thes

gr own. gﬂe rack- .15 reyenting |ayer consisted of n-type nitride '
sem condlct éf"ﬁ Sws“@&%ﬁﬁﬁi‘“ﬁ&&hwaﬁrfﬁ@%lw thecapme fipnpen as gincdixampliae
crack from thre ding th% nitrhge sem conductor |ayers contai ning A
to be grown thefaifterd STHRLTRICkRILI coptacitabiyer dhewdtsys eegrd
- may _ pre%erabl ranae be%meeg 100 anﬁstrons and 0.5 pm _If the 20
t hi ckness i B*FhiARePeRhGANdBEtaRgLrYERE, CONBLIEFLRR BF hahyPe Catlydoped Sij g
difficult tg piquﬁ; cracks. If the thickness is thicker than 0.5 pm
the crystal “Pt 1f t 7' OfF o MOF S W grorEcen the GaN substratg,p8Beuefitis,
at--1050[ er rigyei"%aw b-IéMébmy\o/csiedap gﬁgerafgtfices consisting of undoped GaN
10 and Si doped Al,Ga, N (0<X=0.4). |
Next, after growing the n-side contact layer, at 800°C,
using TMG, TMI, ammonia and silane gas in the nitrogen atmosphere,
a 300-angstrom-thick crack preventing layer consisting of
In,,Ga, N doped with Si to 5X10*/cm® was grown. The crack-
15 preventing layer consisted of n-type nitride semiconductor
“containing In, preferably InGaN, so as to prevent the crack from
threading the nitride semiconductor layers containing Al to be
grown thereafter. The thickness of the crack preventing layer may -
preferably range between 1000 angstroms and 0.5 ym. If the
20 thicknessisthinnerthanlooangStroms,thecrackpreventinglayer
is difficult to prevent cracks. If the thickness is thicker than
'0.5 um, the crystal itself tends to turn into black.
Subsequently, at 1050°C, using TMA, TMG, ammonia and
silane gas, a 40-angstrom-thick n-type Al, ,Ga, N layer doped with
25 Si to 1X10“/cm® and a 40-angstrom-thick undoped GaN layer were

grown. One-hundred of these layers were laminated respectively
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silane gas, a 40-angstromthick n-type Al[err]Ga[err]N | ayer doped with 25
Si to 1XIO[err]/cnferr] and a 40-angstromthi ck undoped GaN | ayer wer e
grown. One-hundred of these |layers were | am nated respectively

137 by turns to grow a n-side cladding | ayer of
superlattices with a total thickness of 0.8 [err]m .
Subsequently, a 0.1 pmthick n-side |Iight wavegui de | ayer consi sting
of undoped Al[err]Ga[err]N was grown. This layer acts 5 as a light
wavegui de |.a er to gw de the waves _of ht emitted fromthe active
| ayer and o W %Io‘be‘éil%tq;ﬂ-#? ding layer qfinfivnenlathiices ayidh
may be corrposed su erlattices consisting of GaN and Al GaN.

Next, a 40 atRsdt o ‘FllF’%‘RS%C“?fV% $ s consisting of 10 undoped
In[err]Ga[err]Nwas gro Next, a 300-angstromthick

p-si de ‘cap | ayer cons$§lf’§‘ﬁ%‘1entlyf o? % 1y thick meids ighio jraveguideay
to 1 X 10[ﬁ %ﬁ%&r and hgw n |-ar ger band gap ener than the
p-side |i g SES RGP T %MedsGao o WRRFEON or THAS math'S
Next , $ J;,nkn&de Jé { wave wdelaéﬁﬁ consi sting Q
Allerr] éa[ & maWﬁ‘Fﬁf%l FYRT pvesa Rt lighty I?E‘lﬁt?ﬁde
cap | ayer wn._ This | er act d as :a wavegui de for, the active
| ayer . Thevflfﬁ}g tqfﬁyacbténé% s'%f'ﬁé %t"cqc@g’sed or dopgek Wiy G -dipe
nitride sem cQ %]Jé;ct org, he casebt hat thecP g_‘i% ht wavye UI de
layer is ol e Laver 8B beremnied of Siperla iR oRa SR e
| ayer havi Fgfé‘ gap energy - should larger than that of the
act ive | ayerb?f a%%@s%ﬁl atch]an t hat of the p-side cladding | ayer.

o Next, a 400—angstrom—th1ck active layer consisting of

10 undoped 'Ino_MGao,ggN was grown.

Next, a 300-angstrom-thick p-side cap layer consisting
of p-type AL, ,Ga, (N doped with Mg to 1X10*/cm® and having a larger
band gap energy than the p-side light waveguide layer to-be formed
thereafter was grown.

15 Next, a 0.1 pm-thick n-side light waveguide layer
consisting.of Al, 01Gag.5N and having a smaller band gap energy than
the p-side cap layer was grown. This layer acted as a waveguide
for the active layer. The layer may be composed of superlattices

 consisting of nitride semicondiuctors. In the case that the p-

20. side light waveguide layer is composed of superlattices, the band
gap energy of the barrier layer having a larger band gap eﬁergy
should_lafger than that of the active layer and sinaller than that -
of the p-side cladding layer'. |

Subsequently, a p-side cladding layer composed of

25 superlattices with a total thickness of 0.8 pm obtained by

laminat.inlg 40-angstrom~-thick p-type Al, ,Ga, N layers doped with
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Subsequently, a p-side cladding |ayer conposed of 25 superlattices with a
total thickness of 0.8 [err]m obtained by | am nating 40-angstromthick
p-type Al[err]Ga[err] N | ayers doped with -

138 My to 1X10[err]/cnferr] and 40- angstromt hi ck undoped
GaN | ayers respectively by turns was grown. Finally,
a 150-angstromthick p-side contact |ayer consi sting of p-type GaN
doped with My to 1X10[err]/cn8 was grown on 5 the p-side cladding

‘layer. Particul arl?ét N the case of |aser - devices, the p-side
contact |ay¥d €@nbrstq nirmr amd: d0dengstromsthiicknundoped GaNi hgyersnal |

band gap energ% é in contact with the p-side cladding | ayer of
super | at ti cESSRERELYSI NP W@éN‘%m‘tﬂas groWhes a thickness of as thin as 500

angstrons or .| ess. Therefg the carrier density in the p-side,
contact |ayer is high¥angl go%dlso‘ang%ﬁﬁﬁ’%‘%mlﬁcﬂ gisle igontagtecavrre is
obtained, with the result that the threshol d current and vol tage
tends to de‘é?%%ﬂs%tlng of p-type GaN dopedwridh ¥a thiloh181°/ cmdewas grown on
sem conguct olés wer e n the_above-nenti oned nmanner was anneal ed
at a giVen ?rr%r%’r ﬁ%duf% 1nac‘;)k%‘-’t h&agtighdarkBur inythepeaseagtr apess
resistive apd reno 81 Jccf of t e reactor. The top pS|de cont act
layer and the" Jp‘%?'de € PTSiqQds fé’ry%rcé’r&%ﬁ#é&g Rfondtrigge geonetry
WlthaStI‘I of .4 r hus, the | ayers, above the active '
| ayer had 4 egrglrﬁ:%dut\:’%ors haa’dé’% ﬁ’hg}l'} 9P ERPEGY ohS f’rrbrﬁotnﬁé‘%i"i’-?}g

| ayer focu 2 e S erid th the result, that
threshol d \S/tqfje 5 Cgé‘&td@ eé 5r?ffc%‘|1%?¥\jyatiﬂféeq%t§ ﬁéNpag'fide
29110 nos YR CSheBUPEE. 3 LGS (U ShErEEs "5 B, (BRaBBRCRLY
10 the carrier density in the p-side.contact layer is high and a good
oh.mic _contact to the p-electrode is obtained, with the result thé.t_
the thfeshold current and voltage tends to decrease.
The wafer on which nJ.trJ.de sem1conductors were ‘grown
in the above—mentloned manner was annealed at a gJ.ven temperature
15 tomake the p-type impurity doped layers less resistive and removed
‘out of the reactor. The top p-side contact layer and the p-side
cladding layer were etched into a ridge geométry with a stripe
width of 4pm. Thus, the layers above the active layer had a stripe -
_ridge geometry and the emission froﬁl the active layer_focuséd under
20 the stripe ridge, with.the. result that the threshold values
.decreased. Partiéularly, the layers above fhe p-siae claddiné
layer of superlattices Iﬁay preferably have a-ridge geometry. The
annealing method disclosed by U.S. Patent 5,306,662 is employed
in this Example.
25 Next, a mask was formed on the surface of the ridge and

the etching was performed with a RIE apparatus to 'expo'se the surface
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in this Exanmple. 25 Next, a mask was fornmed on the surface of

the ridge.and the etching was performed with a RIE apparatus to expose
t he surface _ ' 139 - of
the n-side contact |ayer, a stripe n-electrode consisting of : Ti and
Al being fornmed. On the other hand, a stripe p-electrode ‘consi sting
of Ni and Au was forned on the top surface of the ridge of the p-side
contact |ayer. Exanples of electrode materials to 5 obtain a good ohmc
contact to the B—type.GaN | ayer may include N, Pt, Pd, Ni/Au, Pt/Au,
Pd/ Au and s@fofhephagbdescontackctavere, a stripa arediestredspecansistdpgdort

ohm c contact, to the n-type GaN may include netals such as A, Ti, W
Cu, Zn, Snofi aBfdBl REINg Hameed. " On the other hangy@ stxipeaPrayerhyeds
consisting of SiQ2 were fornmed _10 on the exposed surfaces of the nitride
sem conduct Gpm&§$ﬂ§%%f\k59ﬁnd Au was fogmedeeRridife t&ﬁ’ds‘tlﬁéaﬁeér%@ﬂ?oﬁédaﬁd
a p-pad el ectrode was, formed- whi ch_was connected with the p-electrode
el ectri cal | pEvERe P-side gontach davied | fErErlenoh ediectinodeenakezigds to
substantj al | ¥, . the surface area of the p-electrode to enable |

Wi 1 e- borrdli n§P4Ad™ 259088 oRBHEI FRPEACE Hee ths aitivtfe Galydayer may include
The wafer on . whi chné'gra n-el ectrode and,p-el ectrode were forpmed in . the
above- nent i StedFha N’s’%aﬁg?@“r cBdfuand so on. pEHxauRles REcRLIRELrIAE
sapphire subs%r ate_on,who itride sem conducit:ors wer.e not

formed was P& ﬁE&_"‘\}ft ﬁ°a°§i%3§rlﬁgg %ggd QBF%?PS’QIIFBCE EQpEhe PetYRE cRAN B}
T P A AR i cn s AP D50 1, MR St S oo
facet and the whol e SWe&%geiﬂgﬁlgtingrfégéalrsi _Zceo%svi’isttqn%ué%nSioz' were formed
10 onthe exposed surfaces of the nitride semiconductor layers between
the p-electrode .and the n-electrode aﬂd_ a p-pad electrode was
formed which was connected with the p—-electrode electrica'liy via
the insulating layers. The p-électrode enlarged substantially
the surface area of the p-electrode to enéble wife-bonding and
15 die-bonding of the p-electrode side. |
| The wafer on which the n-electrode and p~electrode were
fofmed in the above-mentioned manner is transferred to the
polishing machine. The sapphire substrate on whose side the
nitride semiconductors were not formed ﬁas lapped with a diamond
20 abrasj.ve to a sﬁbétrate thickness of 70 pm. .After lapping, the.
surface of the substrate was further pc;lished by 1 ym with é finer
abrasive, resulting in the mirror facet and the whole surface was
metallized with Au/Sn.
Then, the Au/Sﬁ side was scribed and cleaved into bars

2_5 perpendicularly with respect to the stripe electrode to fabricate

a facet of a resonator on the cleaved facet. A dielectric
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Then, the Au/ Sn side was scribed and cleaved into bars 25 perpendicularly

with respect to the stripe electrode to fabricate a facet of a
resonator on the cleaved facet. A dielectric '

140 multi-layer filmconsisting SiJerr] and TiJerr] was
fqQrmed on the facet of the resonator and finally, the bar was cut
parallel to the p-el ectrode, resulting in laser chips. Next, the

chi ps. were set face-up (in the state that the substrate was faced to

t he heat 5 SI nk onto_the heat sink and each el ectrode was_connected b

wi r e- bondi nBULtndpyesr E4Lm ¢eng bikRd Sl @rd Tidhnvaefrumadion the fac
conti nuous emni SSI on at a wavel ength of 368nm was observed at

threshol d cQfr ERe &esoPayost apdokinakiyy r thanbarnwasneutnpagallel tQOFhage "
of 4.0V at roomtenperature._The ljfetinme was 1000 hours_ 10 or | onger.
Exanpl e 41 P-electrode, resyhtingsih lasgrcehinsex Mot zrileaﬁblmeW%mwng

exanpl es V\B.% fabricated gn t he baS|s of . the enbodi nent 4,

41 will 8SerPBed 1PnthgnAErEroRDAL Ehj gubatrate wag uﬁ%l%?‘liy?‘hgtlll%ylé?at
302) auxi li ar, sub trate 301 nade of sapphire w.th
20-inch  er FiRkhqonte. Eﬁsn ewsssgék tﬁachbECFﬁafé@owaanaomected by

t enperat ure et to be 500 errLC A 00-.angstrom, thick buffer

| ayer . (not Eﬁﬁ%f’%&&@gof QR ¥R s ﬁEﬂ-ﬁﬁll %}%\FPPErﬁemRFraf(“HﬂB)
d [ NH3) .  Af h h f th ff
Fenper at ur THES %ﬂEf%%fgﬁﬁtﬁlﬁl S0t i hoaralehath 4F Hanm wes bBSeFyRa

layer 302 n%ge %Lr%@ﬁoié”gu%’e\'n%’aéeﬂsi’@“ of 2.0 rot Catnldv fel lt@res old

voltage of 4.0V at room temperature. ‘The lifetime was 1000 hours
10 or 1onger.
Example 41
The laser device .in Example 41 and the following
examples was fabricated on the basis of the embodiment 4. The
Example 41 will be described in connection with Fig. .9.
15 (underlying layer 302) |
The auxi_liary' substrate 301 made'of sapphire with
20-inch @ and a C-plane was set in the MOVPE reactor and the
temperature was set to be 500°C; A 200-angstrom- thick buffer
layer (not shown) ma_de of- GaN was grown using trimethylgallium
20 (TMG) and ammonia (NH3) . After the growth of the buffer layer,
the temperature was increased to 1050 Canda 4-um-th1ck underlying
layer 302 made of the same GaN was grown.
(protective film 303)
After the growth of the underlying layer 302, the wafer
25 was removed out of the reactor and a stripe-shaped photomask was

formed on the surface of the underlying layer. A l-pm-thick’
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Atter the growth of the underlying |ayer _302, the wafer 25 was renoved

out of the reactor and a stripe-shaped photonmask was formed on the
surface of the underlying layer. A 1-[err]mthick -

S 141 protective film 303 nade of SiJerr] was patterned to
form 10- pm wi de stripe wndows with a periodicity of 2pmon the
underlying | ayer 302 with a CVD appar at us. (nitride
sem conduct or substrate 304) 5 - After the growth of the
protective film 303, the_ wafer . was set again in the MOVPE reactor and
t he tenper aPiPéeGkdivecfilm 303 madecofSPevar@atrerreed dor Farmhl Gumiwidele
sem conduct or substrate nade of undoped GaN was grown using TMG and

ammoni a. OnStR&Peuviadews with & pegdoddsity a§ Zim dnishecundentivéngrlayer
substrate, %hg cr,¥it al 10 defects developed parallel to the stripe-shaped
protective PPEnFith a C¥D; gRP3rAEPSE.center part of the protective film and
in the stri Qe, -, center part of the w ndow._ :However, when the ridge of
the laser (Ditride; semjgondyckhay pubsEratAe3Phlige stripe was formed not to
be on the crystgil1F def ect.s, so as to_prevent the devel oBi ng of the 15
crystal Yefects into PhECXFRGITHWih ofngherprptective fdilmBPB; t the wafepf
t he devi ce. n- si,de, bu 311 which _also functions as a n-side

cont act was) ﬁ?EE?galn_ in Ll.tlgrml)a- £ lr\l'éﬁ?‘?t‘ar 5apth e clemperalairriMas Selyer
e oL SR Tnsge. W gk AR LA S B o8 e g
23,2 LU B oiee Gon 44k 2EuBl SV 3 pilghia. on the surface
of the resulting nitride semiconductor substrate, the crystal
10 defects 'developed parallel to the stripe-shaped protective film
in the stripe center part of the protective film and in the stripe
center part of the window. Hdwever, when the ridge of the laser.
device was fqrmed later, the ridge stripe was fbrmed not to be
. on the crystal defects, so- as to prevent the developing of the
15 crystal defects into the active layer and enhance thg reliability
| of the device. |
(n-side buffer layer 311 which also functions as a n—-side contact
layer) | _
Next, a 5-pum-thick n-side buffer layer madé of GaN doped
20 with Si to 3X10%/cm® was Qrown oh the second nitride semiconductor
.laye.r 4 using ammonia and TMG, and silane gas as ah impﬁrity' gas.
(crack preventing layer 312) |
Next, a 0.15-um-thick crack preventing layer 312 made
of In,,Ga, N was grown using TMG, TMI (trimethylindium) and
25 ammonia at 800°C. | | | |

(n-side cladding layer 313 = a super lattice layer)
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'o_t in[efr]Ga[err]Nwas grown using TMG TM (trinmethylindium and. 25 .

ammoni a at 800[err]C (n-side cladding |layer 313 = a super lattice
- | ayer) . 142 '
Subsequently, a 25-angstromthick first |ayer made of n-type

Af[err]Ga[err]'N doped with Si to 1 X 10[err]/cnferr] was grown using TMA
TMG, ammonia and silane gas at 1050[err] C. Successively, the silane
gas and TMA was stopped and a 25-angstromthick second | ayer nmade 5 of

undoped GaN was grown. The first |ayer_and the second | ayer rnal%/l be
| aminated in the ordefubpegdentiyy a13%-angskromnthiek Lirst;dayer gpdeof
super lattice layer, resulting in the n-side cladding | ayer 313 havi ng

a super | at pré¥PsthlictsGresdhdoRedortih (3§ ERnkXsL0™ /e’ gfag grawn pedng- THRe
cladding layer made in a super. lattice 10 _sjructure had an Al _average
conposi t i onhﬁ'-B?WQ%ﬁﬂ 3 1sRecgas at 19%Q Gof s‘l‘l’lﬂcﬁsﬁlli"égybytﬁﬁeﬂ ane
t hi ckness was 9.6, : n-side_light waveqgui de | ayer 314
Subsequent | §25t #d &%Wé%ﬁ@%@d ﬁr% Begg'éﬂ]ggﬁtﬁ‘?lifghlc’k ﬂe)(ﬁ"r’]q“rrlﬁﬁ prmade
n-side |jght wa i de | ayer nade of undoped- GaN wa r 15 at :
Toso or 13 & o "Mn88petr el vas coransy THEHTSE Nay3r Sndotue fotond, baver,
was grown using, T ™ .and.a ni a - Eo he_.actiye, |l ayer, the
Camor ot ur oBadobe RIAPALEAS i BEBBRcPFEr Al Lot, 2Rf. IREeaidborPhy to
antum wel | | aye de of oped lnlerr]GJery]N 20 ,.wa r,QWN, .
deteasi vel SonSEEFuEREE shpen TEE e RaFehonpul bing 10 tHEp-HiS¢klaading
tenperature, _a 100: strom-thick barrier |ayer, made 0 ndo
Lo Gl P PRREAL NS i ahEber oSGt qnda tStatififRokhess
layer were E%”h”@b:end a,h‘gee rr'?-aéféé/ _éfacigﬁgg alal?l?errr' 'n?atdel Mr'a super lattice

10 structure had an Al average composition of 8.0% and the product

thereof mliltiplied by the thicfcness was 9.6,
(n-side light waveguide layer 314)
Subseq'lie'ntly, the silane gas was stopped and a 0.1~
pm-thick n-side light waveguide layer made of undopéd GaN was gern
15 at 1050°C. |
(active layer 315)
Next, the active layer 314 was grown using TMG, TMI and ammonia.
For the active layer, the temperature was maintained at 800°C and
a 40-angstrom-thick quantum well layer made of'_undoped In, ,Ga, ¢N
20 was grown. Successively, only the ratio of TMI was changed and
at the same temperature, é 100-angstrom -thick barrier layer made
of undoped Ino,mGao_g,N was grown‘. - The quantum well layer and the
barrier layer were lamina_ted alternately so that a barrier layer
was the last one, resulting in the active layer having a
25 multi-quantum-well structure and a total thickness of 440

angstroms.
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was the last one, resulting in the active |layer having a 25

mul ti-quantumwell structure and a total thickness of 440 angstrons.
143 (p-side cap | ayer 316) Next, the
tenperature was increased to 1050[err]C and a 300-angstromt hi ck
p-side cap | ayer 316 made of p-type Al[err]Ga[err] N doped My to
1X10[err]/cnferr] and has a | arder band gap energy than the 5 p-side

| i ght wavegui de | ayer 317 was grown using TMs TMA, anmoni a an Cp2My
(cycl opent adi enyl nagnesi um . (p-side light wavegui de | ayer 317) '
Subsequent | y{ptaldg aaBp Farewredd6kt opped and a 0.1-[err]mthick p- si de

l'i ght wavegui de | ayer nmade of undoped GaN and having a 10 spnaller band
gap energy than the p-Ne#E,chpel hpmpegaburgswasohncreasedyko 15890 ¢ rand a
(p-side cladding |ayer 318) L Subse%uent ly, a : '
25- angst rom $ﬂpcﬂn§ﬁt¥@ﬂ1"§g)é¢krﬁd%l@¢ cap layegrygdomade 9y Rr&VPENAdopeRp. N
wth Mg to 1X10[err]/cnferr] was _grown at 1050[err]C, . 15 - Successi vely,
only TMG wasdepegiéa tand % 195 /amjsandrhashiak angen band gap| eergyedhamithe
undoped GaN was grown, so as toQ obtain the p-side . cladding | ayer |
havi ng a -‘supBTSJLaetlilcgilu Hp¥egWidn kayex Sl 7 wasegreys using TMG'o'.F@{ieﬁmﬂnrﬁqe
p-side cladding | ayer also had an Al average |, conposition of 8% and -
t he product @He?@%ﬁgnﬁu?f{?bﬂ’%t§91?ﬂ¥l pagnesiwkhess was 4. 8. (p-side
cl addi ng | ayer 319) .. . . . Subsequently, a 25-angstromthick third
| ayer made ofP~—sideplight wpyegpida|La¥eN dbpkd with My to 1 X

10[err]/cnierr] was, grown at 1050C - ' .
[ ] rr[ ] Subgequent&y, Cp2Mg and TMA were stopped and a 0.1-pm-thick

p-side light wa\ieguid'e layer made of undoped GaN and having a
10 smaller band gap energy than the p-side cap layer 316 was grown
at 1050°C.
(p-side cladding layer 318) _ |
_ Subsequeﬁtly, a 25-angstrom-thick third layer made of |
p-type Aio,mgao.“N doped with Mg to 1X10*°/cm® was grown at 1050°C.
15 Successively,_ only TMG was stoppéd and a 25-angstrom-thick fourth
layer madé of undoped GaN was grown, sSo as .to obtain the p-side
cladding layer having a super laftice layer with a total thickness
of 0.6um. The p-side cladding layer also flad an Al average
composition of 8% énd the product thereof multiplied by the
. 20 thickness was 4.8. | |
R (p-side cladding layer 319)

Subsequently, a 25-'angstrom—thick third layer made of
p-type Al, ;Ga, N doped with Mg to 1X10*/cm® was grown at 1050°C
and successively, only TMA was si;opped and a 25-angstrom- thick

25 fourth layer made. of undoped GaN was grown, so és to gréw the p—side.

cladding layer 318 having a super lattice structure with a total
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and successively, only TMA was stopped and a 25-angstrom thick 25 fourth
l.ayer made of undoped GaN was grown, so as to grow the p-side cl addi ng
| ayer 318 having a super lattice structure with a total

144 t hi ckness of 0.6 pm The p-side cladding | ayer had an
average Al conposition of 8% and the product thereof multiplied by

t he t hi ckness was 4.8. . (p-side contact |ayer 319) 5

Finally, a 150-angstron} thick p-side contact |ayer 318 made of

p-type GaN dope 2 X 10[err]{cne was _grown . on the ' :
p-si de cl addi %(g% g '055{1%&?'{%?-‘13 claJdlng layer had apederagealch

the nitride sem CQ duct or abave- pent i oned. wa
anneal ed i n CHEF ;g%oég‘ﬁie&lg‘e P5°d%FFhFE‘eFEer @Hﬁb?lﬂ-sdd&’r é&?ed

t he res'Stan:ﬁ& ?cf the Ia elr doped . -wWth a p-type inpurity.
Af ter anneal \ﬁas renoved out of the "~ reactor and the

Dy i comt 95l _ wgﬁia#“héé‘re?rﬁﬁabier?ﬁge' havi ng s e ??pﬁ'id dih of 4
o 75 AR eyt B
SﬁLEf?Zté" “nade F'P-2fpe” %Beégﬁééﬁﬁgkhvm t«a&%ﬁo%%%gfraéﬁé“gc‘%@ﬁ?$§igﬂand
he 20, Blbi8e R ARy TaeboagePgecshlpepurface of e st de puifer
formed 'n the foﬁ'ﬂe"&a%&'&?w%'lchh%h%%f Pad sse‘ﬁ{fc%%%uctc}rh%ars' §osuR"
in the above—mentioned_ way was anneeled in ‘the nitrogen atmosphere
10 within the reactor to decreased the resistance of the layer doped
with a p-type impurity. |
After a.ﬁnealirig, the wafer was removed out of the
reactor. and the p-side contact layer 318 which was the top layer
and the p-side cladding layer 317 were etched j_.nte a ridge having
15 a stripe width of 4 ym, as shown in Fig. 9, with a RiE apparatus.
When the ridge stripe was formed, said ridge was formed at the
position where the crystal defects did not develep on the surface
of the nitride semiconductor substrate..
Next, a mask was formed on the ridge surface and the
20 . etching was performed to expose the surface of ‘the n-side buffer
layer 311. | | |
Next, the p electrode 320 made of Ni and Au was formed
in the form of stripe on the outermost surface of the rldge of
the p-s:.de contact layer 319, while the n electrode 322 made of
- 25 Ti and Al was formed in the form of stripe on the surface of the -

n-side buffer layer 311 which had been just exposed. Thereafter,
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the p-side contact layer 319, while the n electrode 322 made of 25 'Ti and

Al was fornmed in the formof stripe on the surface of the . n-si de

- buffer layer 311 which had been just exposed. Thereafter,
145 ' as shown in Fig. 9, an insulating film 323 nade of
S{ 2 was forned on the surface of the nitride sem conductor |ayer
whi ch were exposed between the p el ectrode 320 and the n el ectrode
322. The ~p pad el ectrode 321 was forned which was electrically

nnect ed 5 tp the, | ect.rode 320 via said.insylating |ayer 323.
%’ﬁgnggpghi rgssﬁﬁg’f"Pan’g Eg'fg't é Q\Bflé'fs‘&?m%lfltlﬁ‘egﬁzi made of) éépz Y@s fagped

| ectrod ddn th ove- nent.i oned ,manner was poljshed to a
Chi ckness oPRrSPS REEARG PredTenBLRGAEF REULCPBAVEROT Lavernphiph, were ~ -

0t DN cul gobhod biEBbh. % SPBTELEYoSh 2080 o L et S 5L e
formed on  RePRdcetebfrofie YELHAS $okhed P y23! pieptrifalty GhaniGtea
paral el gtenB. 8 898Fed8e’ 4] WBphRal FRASES dever At ves
comect ed Y 1 o DOndR0 n Tl kT35 eRSt 86 B, yaselepl WhEHTHabCRT
oval | whi cheaEstrBEs R M ode et liro Rl chE e A RSl 8 P
1S, o Chal gl (Rgiets LT BEe A DR (ATl ed

lifetime was | ncrease ess conpare

devi-ce whi chn¥s Bafs perpé]’:’@ic&iﬁgl} o e %tr'?.‘B@'—geBﬂ)é%ryVQiec@?oé%gfngm

Exanple 42 _
10 the substrate side to fabricate a facet of a resonator on the

cleaving facet. Amﬁlti—layer dielectric film consisting. Si0, and

TiO, was formed on the f&cet of the resonator and finally, the bar

was cut parallel to the p-electrode, résultiﬁg in lasef chips.

| The laser device was set onto the hcat sink and- each

15 electrode was connect"ed by wire—bonding. The laser oscillation

was tried at rooﬁl temperature. The continuous emission was .

observed at room temperaful_:e. The FFP of the single laser was

uniform and the shape thereof was an oval, which was a good shape.

Concerning thé characteristics of the laser device, the threshold

20 was decreased.by not iess_than 10% and the lifetime was increased

by not less than 50%, compaf_ed wifh the laser device which we had
publishcd in Jpn. J. Appl. phys. Vol. 36 (1997).
Example 42 ' | |

With the 'samé brocedures as in Example 41 -except that

25 the n-side c_ladding _l_ayer 313 had a super lattice layer structure

with a total thickness of 1.0 ym which was obtained by laminating"

146



Wth the sanme procedures as in Exanple 41 except that 25 the n-side

cl addi ng.l ayer- 313 had a super lattice |ayer structure with a total

t hi ckness of 1.0 pm which was obtai ned by |am nating

146 a 25-angstromthick Si-doped n-type Al[err]Ga[err]N
and a 25- angstromthi ck 'undoped GaN, the | aser device was
fabricated. The n-side cladding | ayer had an average Al conposition
of 10.0 % and the product thereof nmultiplied by the thickness was

10. 0. The Ias%_ 5 tdevi e, h]gd al ppst _.the sane characteristics_as that in
Exanmpl e 41.2 angstropsthifk Sk-doped n-type Alg.Gpe.nd: ABISEn@Spr ocedur es

as in Exanple 41 except that he, n-sj de cl addi ng | ayer, 313 had a
super |attitRIPEIF ¢k t4Rdeped c':’ai‘l\r\/i the Jaspn depiicakwas sfapricatedy The

A orr) ot TS RT3 12eRnd an GrednBek RARAPIGIOR Pifotpadh n
Comosi {1 ort Y PEOGURE e Yoot mulkdpdi6h it EhR et aida vapadh GyThadaser

t hi cknegs 7.0, The.l aser, . devi ce had,al post th ape

char act g’r i ;&%{:Jsc%g‘atd;ag'mf’ﬁ%lé'f}é?‘rﬁaé“e4?¥ar§§ger 1SL1CE&§1§F‘@%4ﬁn Example 41.
Wth the same proce %05343313 I n Exanpl e 41 except that * the n-side
cl addi ng | ayer 313 a super lattice |layer structure with a total

25- angstr om t ni ok’ S -Hoged e e KEPEesbasie? )i dpupls 4 sgcept that
oo I sAOREE) 855 RN BB L P g,
DrocEL 1S VR LA eAU S 9IS A 0B by SUASAERLES”

10 a 25-angstrom-thick Si-doped n-type Al, ,,Ga, N and a 25-
angstrom-thick undoped GaN, the laser device was fabricated. The
n-side cladding layer had an average Al composition of 1.0 % and
the product thereof multiplied by the thickness was 7.0. The laser
device had almbst the same characteristics és that in Example 41.

15 Exa.mple 44

With the ‘same procedures as in Example 41 except that
the n-side cladding layer 313 had a supér latticé layer structure
with a total thickness of 0.8 'pm which was obtained by laminating
a 25—a‘ng_strom—thick Si—doped n—type- Al, ,,Ga, 4N and a 25-

20 angstrom-thick undoped GaN, the laser device was fabricated. The
‘n-side cladding 1éyei: had an aﬁerage-Al composition of 6.0 % and
the product thgréof multiplied by the thicknéss was 4.8. The
threshold of said laser device was decreased by not less than 5%
and the _lifetime was increaéed by not less than 20%, compared wit;.h

25 the laser device which we had published in Jpn. J. Appl. phys.

Vol. 36 (1997).
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and the lifetime was increased by not |ess than 2-0% conpared with 25 t he

| aser device which we had published in Jpn. J. Appl. phys. Vol . 36
(1997). 147

Exanpl e 45 Wth the sanme procedures as in Exanple 41
except that " the n-side cladding |ayer 313 had a super lattice

| ayer. structure with a total thickness of 1.4 [err]mwhich was
obt ai ned by | am nati ng 5 a 25-angstromthick Si-doped n-type
Allerr]Gferr] N gnd a 25- angstromthi ck undoped GaN, the | aser
devi ce was fabribXpuRleTAa n-side cladding | ayer had an average A

conposition of 3.5 %ﬁg t heproduct thereof multiplied by t
thi ckness was4.9. Thel'd B the samgRpeceduresaHdn FHEmE&ﬁe‘I%H%?F%%E"ert}@W cs

as that in ampl e icabili.t
Az ment i Ionegﬁﬁgg' d% ﬁ&a#dﬂﬁgdéag% ( 5651 ‘ﬁmé@'sttllc% layek sHeiurfure
Horarnor "R o %ﬁm@ﬁégi‘%ﬁ&&iﬁ@e&%ﬂ%'vfafﬁpebtgsnea. By lgminat ing

sem confg.’uctor xcet for éx[)e ]?céiygola er, to i rove t he lectric

power effi c?e% ?FE?FEI n-tyR$, Al G, PFNt RB9c8néerit i onal
itrid h
ml £ -Zuiﬁ{%ﬁﬁﬁﬂfﬁgﬁ%ﬁ Freope S igl'ﬁ%%p%%%bée FaR P T GaEeay Jhe

active | aydr s R SRR et n8d %na;‘e%%%s”%fma cmge@h?e?gﬁ 5.8 ana
d | d d
The prosent TS g’%’ﬁhg% thenbor bhiiBs ied b Ehe s 0y 408%) SpH LS 1°

injecting ehepiLd %a%’ﬁ'iﬁ%t the same characteristics as that in Example 41. .

10
Industriel Applicability
As mentioned above, the nitride semiconductor._devices
according to the present invention are composed of supefiattice
layers in the domain of the 'p-ty.pe nitride semiconductor or n-type
15 nitride semiconductor except for the active layer, to improve the
electric power efficiency extremely. |
| i‘haf is, in the conventional nitride s.emiconductor
devices, the active layer having a multi—quant_um—well-—structur_e
has been proposed. However, the layer such as the cladding layer,
20 which was on the either side of the active layer, has been usually
| composed of a single nitridé semicon’duci:or layer. In the nitride
semiconductor devices according to the present invention, the
cladding layer or the contact layer injecting electric current
is composed cf superlattice layer which shows quantum effect to
25 reduce the resistivity of the cladding layer side. Therefore, the

threshold electric current and the threshold voltage of LD devices
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i s cohposed of superlattice layer which shows. quantumeffect to 25 reduce

the resistivity of the cladding |ayer side. Therefore, the t hreshol d
el ectric current and the threshold voltage of LD devices

148 can be low and the lifetinme thereof can be | ong.

Mbr eover, the conventional LED has been weak to the static
electricity, but the devi ces according to the present i nvention can
have a good el ectrical static discharge survivability. Thus, since Vf

and the t hy eshol d vaql n be | t he cal r|f|c val ue can be snall:
and the’ reIFaﬁl thoﬂfa?ﬁe£€€ €§t¥¥ﬁléh9 be iﬁggh,tMQH%pver, the
sem conduct gr _devi ces in to th res |nvent| n can he

applied to SRPYER ¢°883C’§§‘§ kegn ‘ﬂ %E‘B statieiglectrdqidy, but the) g

using nitrig trans istors. 10 and so on, to

m_conduct.or s t sensor
realize dev.§X§gﬁFtﬁ°$8F9lﬂﬂgE°egFFcP£ﬁ89n§nanYﬁB ion c?%d@%Y?l%Jgood
'appl I cabi EXe'cﬁrX sv)éaqzlc discharge surv1vab111ty. Thus, 51nce V£ and the

5 threshold voltage can be low, the calorific value can be small
and the re;iability.of the devices can be enhanced. The nitride
semiconductor devices according to the preseﬁt invention can be
applied to emitting devices such as LED and LD,.as well as solar
cells using nitride sgmiconductors,.light sensors, transiétors

10 and so on, to fealize devices with very high efficiency and the

industrial applicability is very wide.
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149 | | 150 . 1. A nitride

sem conduct or device conprising an n-type sem conduct or region
conprising one or nore nitride sem conduct or | ayers;—a p-type

sem conduct or regi on conprising one or nore. ni tr| %ﬁ?a@%% Iace(
| ayers and an active layer of a nitride 5 sem conductor

n-type sem conductor region and said p-type sem cond

wherein at | east one nitride sem conductor |ayer in said

seni conductor region is an n-side super |lattice conprisi ng f| rst and

second nitride sem conductor layers, saidMMSst nitri de 10 sem conduct or
| ayer s havi differe C?C'H? atratlons urjty fromthose
sB

of said second nitrid ﬁu@?ﬂ'ﬂ'clogagf’y’}y%ee"ddﬁ? 0] i daf Pf‘§tYP
oD . 0 itrid
S o e O v,
nitride Semféé}%gﬁ id I8! GRauR Semaz%ndm?or x¥£€r1rde séﬁHLSRHﬂ&E&E whidh

conprising on nore nitri ayers

sem condyct Ppdratied ﬁospf:réaaaeeﬂgnea ﬁaﬁﬁer whe €Hd QLPa f&%d& Q g.ed

| ayers and an active layer of anitrid sem con ucto et ween
n-type sem aﬂrwuaiarpitgqsénaeﬂmdoﬁaudtor reg.rcdzy,pﬁhéeahﬁw Yehst 6:?& n9Rride
wherein at | east one nitride sem conductor |layer in said p-type

sem conduct wemieginducteoral gysr d&f sapdrpitatpe semioonduetoy region W4l saper
fourth nitride sem conductor layers, said third nitride
lattice layer comprising first and second nitride layers, said

first nitride layers having different composition from those of
10 said second nitride layers and each of said first nitride layers

and each of said second nitride layers being laminated alternately.

2. A nitride semiconductor device comprising an n-type
semiconductoi region 'comprising one or more nitride semicdnductor

15 layers, a p-type semiconductor region con_tprisin.g. one or more
nitride semiconductor layers and an ‘active layer of a nitride
semiconductor between positioned said n-ﬂiype semiconductor region
and said p-type semiconductor region, wherein at least one
semiconductor layer of said p-type semiconductor region and said

20 n-type semiconductor region is a super lattice layer comprising
first and second nitride layers, said first nitride layers having -
different composition from those of said second nitride layers and
each of said first nitride layers and each of said second nitride
layers being laminated alternately.

25
3. A nitride semiconductor device according to Claims 1

or 2, wherein each of said first nitride layers of said super lattice

THS SHEET FAS BEEN] 150 ] ) R AW

REPLACED




25 semiconductor |layers having different concentrations of p-type
iympurity fromthose of said fourth nitride sem conductor |ayers and
each of said third nitride sem conductor |ayers and eaclmeéSheetHasBeenReplacet

151 said fourth nitride sem-conductor |ayers being |a
alternately. - 3. A nitride sem conduct or devi c

n-type 5 semiconductor region conprising one nore nitri
sem conduct or |l ayers, a p-type senmi conductor regi on corrprl sing one or
nor e nijride sem caondyctor | ayers and an active |layer of a nitride

sem conduct aX%‘E bR fditFide ?S@%@WHGE&%PBVJ—FEQ@OWW%% Pf not maxreme
Tayer i sai thar A6 %%%Qt%%?ﬁﬂ% ST REATEE f%éq%fﬁt&é%ﬁé?q%ﬁ‘éﬁém
o de 0 nitridd SkndflnRRECEY Y AG Bi3EE mféﬁﬁﬂéjg%ﬁr LI Erofctle firape
mpuri ty fromdnge oy eaa'afhé%? Ild s &5 I HAL fan] 360 %ng%gﬂ:ﬁﬂlg.

each of sai I rst n| I de sem con l'ayers” an
second nktride sem conductor |ayers being |am nated - alternately,
at | east one nitride sem conductor layer in said p-type sem conduct or

region is a4yside supermiteide satittndidtdr MewicQRtdity o claim 3,
sem conductor nitride |ayers, said third nitride sem conductor | ayers

havi ng di-f f eilerteiroateleast iomes of said Fdirst and Haid bgcbhamitosde théibd
fourth nitride sem conductor |ayers and each of said third nitri

senmi conduct @re masies afn@ eddiridie semicoaiductonr tlontiatinidg A%ni conduct or

| ayers -being | am nated 25 alternately. 4, Anitride

sem conduct or device according to Clains 1

10 5. . A nitride semiconductor device according to Claim 4,

wherein said nitride semiconductor containing Al is a nitride

semiconductor represented by the formula Al,Ga, ,N (0<¥Y=<1).

6. A nitride 'semiconductor device according to Claim 5,
15 wherein said first nitride layers are made of nitride semiconductor
represented by the formula In,Ga, N (0<X=1) and said second nitride
layers are made of nitride sémiconductor represented by the formula

Al,Ga, N (0<YS1, X=Yz0).

20 7. A nitride semiconductor device a§cording to Claim 6
wherein said first nitride layers are made of nitride semiconductor
represented by the formula IngGa, N (0<X=1) and said second nitride
layers are made of nitride semiconductor represented by the formula

Al,Ga, N (0<¥<1).

25
8. A nitride semiconductor device according to any one of
CJ..aim 3toClaimé6, wherein said first nitride layers and said second
THIS SA}%&SSS BEEN iso ULV




152 or 3, wherein for said n-side super lattice |ayer, said first

nitride sem conductor |ayer has a higher band gap energy and a | ar ger
concentration of the n- type i rrpurl tyiTHﬂaeheesBlaslB nitride

sem conduct or | ayer. 5 conduct or device
acrcordlngto Claim4 , V\,herelnth first nitride

seni conduct or | ayer which I's close sal second nitride

sem conductor | ayer has a | ower .conc.ent ration of the n- type inpurity
than the part which iis farther 10 fromthe second nitride sem conductor

| ayer . nigride layexsphaveda $birkprgscesr n@'évmeiiea'ébéﬁd?ﬂgaﬁﬁﬁt}'%m% 4
or 5, wherein the congentration of the n-type inpurity in said first
nitride sem yer ranges between 1 x 10[err]/cnferr] and 15 1 x

10[err]/cnferr] and the concentration of the n-type inpurity in said _
second nitride sem conductor |ayer is not nore than 1 x 10[err]/cnferr].

7. Anpitrid
wherein for s@:';u (rjl nGS|SgeIR g‘f}per%‘tatsf ayer salé@igfée af%cadﬁljnrﬂ tto O@Iaﬁn 8
sem condugt Okl %?%ﬁ?egaidafﬂwﬂlﬂﬁ% %.%Re&::'%e A4 844 Fecond ﬁ%&%&é layers

concentratlon n-type inpurity t sai d second

sem conduct Ohgh@Y @ thicknes8 of not 18s8l iﬁhﬂelﬁeahégﬂﬂéiﬁéorré’@(é@ﬁvely.
according to Claim7. 25 wherein the part of said Second hitrid

sem conduct or | ayer which is close to said first nitride sem conduct or
| ayer has a | ower concentration of the n-type inpurity than the part
whi ch is fartl@er A nitride semiconductor device accordiiig to any one of

the preceding claims, further comprising in said p-type
10 . semiconductor region a p—typé contact layer having a thickness of
not more than 500 angstroms, on which the p-electrode is to be

formed.

11. A nitride semiconductor device according to Claim 10
15 wherein said p-type contact layer has a thickness of not more than

300 angstroms and not less than 10 angstroms.

12. A nitride semiconductor device aécording to any one of.

- the preceding claims, further comprising in said p-type.

20 semiconductor region a p—type contact layer on which the p-
electrode is. to be formed, wherein said super lattice layer is

formed betwéen said active 1éyer and said p~type contact layer.

13. A nitride semiconductor device according to any one of
25 the preceding claims,  further comprising in +the n-type
semiconductor region a second buffer layer made of a nitride

semiconductor which has a thickness of not less than 0.1 .m via

e L L]
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fromthe first nitride sem conductor |ayer.. - 9. A nitride
sem conduct or device according to Clains 7 or 8, wherein the

concent r at i orThisfShebieHas-BegpReplagadr ity in said 5 first nitride

sem conduct or | e than 1 x 10[err]/cnferr] and t he
concentration o urity in said second nitride

sem conduct or | ayer ranges between 1 x 10[err]/cnferr] and 1 X
10[err]/cnferr]. 10. . A nitride sen conductor device according
to any one of ,10 Claim4 to Claim9, wherein said first nitrijde

sem conduct & £1FSt hifferlayer ARiEhsSulstsatae.pR AHHYRERITEICt A@ves Bade
Poront 1 ol ntexfad SOREMRled R epefl RCke -0l TORSTEH P sete

O8I0 Vel S o 3RE g 48 S I Bl oHEA

GaN. . sem u evi cé din

of G I-TH { ol erein said first nitride sem conductor
‘layers are r?rfa gf %Xﬂ[tgr?]] ?;2?’??;] N (0<X<1l) and said second nitride 20

sem condgictor | ayers are made of Al[err]G[err] N (O<Y<1, X>Y). 13.

A nitride sem conductor device according to any one of Caim4 to

Caimi12, wharein said hitsgide bemiongittor WeFide accordidgetooCladndl3,
second nitride sem conductor ‘layer is not doped with 25 an n-type
inpurity. whereinlthe concéntwdtiale ofettheoimput bty diyyisecon budifeg layer
Clainms 2 , 154 or 3, wherein
for said p-disddosepethhaat that linysaidsa+tlypei cdntact layeri de seni conduct or
| ayer has a higher band gap energy and a | arger concentration of the
p-type inpurity than said fourth nitride sem conductor | ayer.

10 15. A nitride semiconductor device according to Claims 13
or 14, wherein at least one of said first buffer layer and said
second buffer layér is a super lattice layer madé by laminating
nitride semiconductor layers of different compositions with a
thickness of not more than.100 angstroms. |

15 |
16. A nitride semiconductor device according to any .one of
Claim 2 to Claim 12, further comprising in said n-type
semiconductor region an n-type contact layer on which an n-
electrode is to be formed, wherein said super laf.tice layer is

20 formed between said active layer and said n-type contact layer.

17. A nitride semiconductor device according to any one of
Claim 3 to Claim 16, wherein at least ones of said first and said
second nitride layers are doped with an impurity which makes the

25 conductivity of said layer n-type or p-type.

18. A nitride semiconductor device according to any one of
] - A



5. 15. A nitride sem conductor device accordi ng—to C-aim 14,
wherein the part of .said third nitride sem conductor |ayer which

close to said fourth nitride sem conductor |ayer has a | cifbis Sheet Has Been Re lace
concentration of the p-type inpurity than the part WhICh S |mlln“|‘“lu(m I
fromthe fourth nitride sem conductor |ayer.

sem conduct or devi ce accor di ng to Caimll or 12, wherein

concentr.ation of the p- type impurity in said. / rr[thl]rd nldtrllge

sem conduct oyl ayer .ranges. between 1 x 10[err]/cnferr], an X
10[err]/cn eh‘ 1& 51 iﬁwr'a ereinrthe e qegﬂ‘é”qtrmlﬁofi ﬂl@ampurlty
fourth nitri t .S, not e an ] [r

17. A ‘%ﬁ %@Oﬁél?&‘%f f&E?Fc'?sl%i%’c‘%‘? c]ﬁ(&rtﬁ ndsa i se °nd t%ld ~
wherein for 2 itride

seni conduct o?a?gyg?ﬁ% k;ééﬁ%‘h t‘ %g%@ n%?géa%éé Q.aggers 8 EXBFI QF p-type
concentrati oargfdiffefeﬁypﬁéméﬁyoéﬁ@p said fourth nitride

sem conductor. | ayer. A nitride sem conductor device
according to Claim17, 25 wherel n the part of said fourth nitride

sem conductor | ayer which is close to third nitride sem conductor :

| ayer. has a 19wer Aqoieide @dﬁ@dﬁﬁuﬁt@ﬂdéﬂﬂéelMtdih%*i@ahﬁ}eoﬂéréf
which is farther 155 from
the third ni€latie 3ew Qiledoctl®, Wheerein said supér latticé Iayeér dis formed

sem conductor device according to Caim 17 or 18, wherein the
~ concentrat i 0% G0 BHEYRe Qtackplayey dmwbacl an B-eflectaodet is de be formed.
sem conductor layer is not nore than 1 x 10[err]/cnferr] and ~ the
concentration of the p-type inpurity in said fourth nltr:jde
ween 1 x 10[err err] and 1 X
ig{neff]n @Ct Ce)#ql ayer raﬂ%ftrtie e s%mlconduck: eV.l e ac;cordlng to any one of

the preceding claims, wherein said nitride semiconductor device
is a laser device which has a super lattice layer in the p-type
semiconductor region and a ridge is formed on the supper lattice
layer and on the layer located over .said super lattice layer in
15 said p-type semiconductor region in a manner that the longitudinal
direction of the ridge coincides with the direction of resonance

and the ridge has.a predetermined width.

21. A nitride semiconductor device comp;:‘ising an n-type

20 semiconductor region including an n-type cladding Iayer, a p-type

semiconductor region and an active layer in which laser is emitted

between said n-type - semiconductor region and said p-type
semiconductor region, |

wherein said n-type cladding laye.f is a super lattice layer

25 comprising first and second nitride layers having a thickness of

| not more than 100. angstroms, said first nitride layers having

different composition from those of said sécond nitride layers and

T T T
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20. A nitride sem conductor device according to any one of 10 Caim
14 to Claim 19, wherein said-third nitride sen conductor | ayers are
made of Al[err]G[err]N (O<Y<l) and sai d f diii¢ Bheet Has Heen Replaceseni conduct or

| ayers are made of In[err]Ga[err]N (O[ err] X<1)|, | A nitride
sem conduct or device according-to Caim20 1 |

fourth nitride
sem conduct or | ayers are nade of GaN.

tride o
sem conduct or devi ce according to any one of Claim 14 1&0 C:cai m 19,
wherein said thjrd_ni.tride, sem conduct or | ayers_are made_o .

Al [err] Ga[er F?ﬂi‘(‘&%&fftamﬂt%’aﬂ% -W@Fﬁ@nﬁim%ofﬁ% @rﬁ%ﬂ%é??e?z daing
are nmade of err [e N Y<1, X>Y). : nitride

sem conduct oi\la%é{}?%%ga%&)%m%géi%’ any one of Claim 14dt19 Cl_aihm 22, | :
wherein said thir Moy S ef1] [ s I or . sai ourth nitride
seni conduct or Iayg?ﬂﬁgfn%g’?ea‘glp%%&%}m@ﬁiggfg x:ine ﬁpp%g?‘fﬁ)’tﬁ? yer Compriging
A nitride sep G ) Ll | N3 : _
156 anchEPa A PoureN TGNl 48k HaWTTY fithickness of nog more thap
sem conduct 0106 aydHgdtHonds,Ni 8A¢E DERfr§am RIS igggf's! hdfing different
concentration of the n-type inpurity than.said second nitride -

sen conduct ogompyeiticm Erdm those of said HoAiH nityide IHPEYs! Md i&feh of
| ayer, said third nitride sem conductor | ayer has a higher band gap

energy and athirderitride tapeestamd ie@aehobftdweid-fonreh ARUEiAE 14iPerS dedng
fourth nitride sem conductor | ayer. 10 25. A nitride

senmi conduct olaminated alkenfiately. C-ai m 24, wherein the concentration
of the n-type inpurity in said first.

10 22. - A nitride semiconductor device according to Claim 21,
wherein a ridge is formed on said p-type cladding layer and on the
layer located over said b—type cladding layer in a manner that the
longitudinal direction of the ridge coincidences with the

 direction of resonance and the ridge has a desired ﬂridth.

15
23. A nitride semiconductor device comprising an n-type
semiconductor region comprising one or more nitride _s_émiconductor
layers, a p-type semiconductor region comprising one or more
nitride semiconductor layers and an active layer of a nitride

20 semiconductor between said n-type semiconduci:or region and said
p-type semiconductor region, | |

wherein at least one nitride semiconductor layer in said
n-type semiconducth region is an n-side super lattice compfising
first and second nitride semiconductor iayers, said first nitride

25 semiconductor layers. haiving differenﬁ concentrations of n~type
impurity from those of said second nitride semiconductor layers

and each of said first nitride semiconductor layers and each of

] R O
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ni.tri de sem conductor | ayer ranges-bet-ween%&e{r]/cn{err] and 1 X
10[err]/cnierr] and the concentration of the t |rrpur|ty in said second
nitride sem conductor layer is Addis ’[err]/cr’r{err] and 15
the concentration of the p-type | l thlrd n|tr|de

sénmi conductor | ayer ranges betwee mMerr] and 1 x
10[err]/crr[err] and the concentratlon of the p-type inpurity in said fourth

nitride sem conductor layer is not nore than i X 10[err]/cr’r{err] 20

26. A ni | de senj conduct or device according to Caim3, wher ei n
for said n- sﬁ nd,t Mt ide o semigonducitor nlayegs beingenilaminatedr
| ayer. has a w[ her d gap energy and a | arger concentration of the
n-type i rrpurq %ﬁ%ﬁ? di d second nitride sem conductor |ayer, and 25°
fourthe p-side super lattice layer, said third nitride - sem conduct or

| ayer has a hi gher band gap energy and a smaller - concentration of the -

IO type i npurjg4y -than Sﬂ@'rfaétf_ﬂlié hs&hié:%xgtfuctor device comprising an p-type -

sem conduct or yer sem C

d EV ice agco rs&rﬁﬂzdrﬁu@t%r”tgélon comp¥iFi®iglohd Q)rcﬁ?fé Wi s8hi E8fiale &XP €

Impurity in said first nitride sem conductor | ayer ranges between

10[ err]/cn Qayers)d & - gi—type 18kmiEbhaitesr] regdohheompra8ihgaidnd) &F hbse

n-type inmpurity i'rn said second nitride sém conductor |ayer is not nore

than 1 x 10[mdtiden{semicomiudtor layers and drheadtoiveeriaydr off 04 hberide
p-type inpurity in said third nitride sem conductor |ayer is not nore

than 1 x 10Eemiconduetor betiweke saddowricype rseniconductor rehipa anfusatd

in said fourth nitride .~ semiconductor |ayer ranges between 1 x

10[ er r]/ cnf &YPEhGemigondustry) Eppdeny . 28. A nitride

sem congéjctor devi ce agcording to O aim3, wherein for said n-side
super tice | ay ereingat; least; ppegaitiddes saniconduster | Iever hin said

Ih'rrgnflr ¢ Sa? ﬁ g%% g@%g QHFP?¥£egl°n is aC;(>)--r-]sC:1‘.e etrs%tﬁe%nlg{:ttigg com;XPJ.SJ.ng
third and fourth nitride layers, said third nitride semiconductor
layers having different concentrations of p-type impurity from
those of said fourth nitride semiconductor layers and each of said

' 15 third nitride semiconductor layers and each of said fourth nitride

semiconductor layers being laminated alternately.

25. A nitride semiconductor device comprising an n—type

| semiconductor region compr:.s:.ng one or more nitride semiconductor

20 layers, a p-type semlconductcr region comprising one or more

nitride semiconductor layers and an active layer of a nitride

semiconductor between said n-type semiconductor region and said
p-type semiconductor region, |

wherein at least one nitride semiconductor layer in said

25 n-type semiconductor region is an n-side super lattice comprising

first and second nitride semiconductor 1ayei's, said first nitride

semiconductor layers having different concentrations of n-type

G S e | s | L BRRY T
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sem conduct or Tayer, and ~ for said p-side super lattice

| ayer, said ﬁ'ﬁh"sﬂeéi'l-faélagé‘n ReplaceS©M conductor |ayer has a higher band gap
mntratlon of the p- type impurity than said

energy and a

fourth nitri dejMMEEMEHH ctor |ayer. 29. A nitride

seni conduct or g to daim 28, “wherein the concentration
of the n-type inpurity in said first 25 nitride senm conductor |ayer is not
nore than 1 X 10[err]/cr‘r{err] and the concentration of the n-type
impurity in-said secq enm conductor, | ayer ranges between 1 x
10[err]/cm e’r"t‘ uri G%lgrsﬁ pf nfg}é]second nitride 'semiconductor 1ayers

con ration of .t ity i

iglsd t hi rgndand Nk 'ogesgé'ﬁi E&?ﬁﬁc’l’b é § 7 LGN M %(anlg eath of
/
o-type | mpuriiad ?nry"é";". our‘]‘%‘h%[sr]ge?“?j.c é“’]é‘é’m TonddeEeP | Boana <IaBinglie

than 1 x 10[f¥tdrddeary,l - - A nitride sem conductor device
according to Caim 3. vvherel n for said n-side super lattice |ayer,

said first nitridge leastesh€ondueige lsemdcohdhctolr A§erPaif eg_e_{._
and a smaller 10 concentration of the n-type inpurity~than sal

‘nitride sexsvonuitororegdpar isaip~-side super lattiler c&ﬁ\bﬁlﬁiﬁbdﬁhfﬂﬂer
| attice layer, said third nitride sem conductor | ayer has a higher

band gap enangyfoaunth msitdilder layers £ saddnthiatd nmtﬁidéfsbmdmdﬂmulayérs
than said fourth nitride 15 sem conductor |ayer.

nitride seml@&mﬁéﬁfgsentecmua@qns Ofaprtgpe, :l.mpurlivmeﬁmmthbse of
concentration of the n-t Eelnpurltyln said first- nitride '

seni conduct &aqday‘-ePrtQ R rﬁﬁ?eswrldwq@[ ckayershjand paghdofhsaidothird -
concent{gtlon he n- tcyep rgpurl tg/ I n saigd second nitride L.
rJ. e semi nduc or ldyers and each of said fourth nitride

semiconductor layers being laminated alternately.

26. A nitride semiconductor device according to Claims 23
or 25, wherein for said n-side super lattice layer, said first
15 nitride semiconductor layer has a higher band gap energy and a
lgrger concentration of the n-type januri{:y than said second

nitride semiconductor layer.

27. A niti'i&e semiconductor device according to Claim 26,
20 wherein the part of said first nitride semiconductor layer which
is close to said second nitride semiconductor layer has a lower
concentration of the n-type impurity than i:he part which is farther

from the second nitride semiconductor layer.

25 28. A nitride semiconductor device according to Claim 26
or 27, wherein the concentration of the n-i:ype impurity in said -

first nitride semiconductor layer ranges between 1 x 10"/cm® and

| THIS SHEET HAS BEEN | R |||||“| IIIIIj |||J| “IIJ | |“| |
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sem conductor |ayer ranges between 1 x 10[err]/cnferr] and T—x

10[err]/cnferr], and t he concentratlonaq{] I
i mpurity in sai'd third - nitride sem conductor |ayer is no mﬂg’fﬁ eplace: -

x.110[err]/cnferr] and the 25 concentration of the p-type inp

f(_f)urth nitride sem conductor | ayer ranges between 1 x 10

~ 1 x 10[err]/cnferr]. 159

32. A nitride sem conductor device accordi ng to any one of
‘Claim24 to O al k3 e |nfor said n-side_su Iattlcelayer

said first rﬁt"rhgheé ét‘lfil epiratirs /f %fn XE@WMD(@Q!MD
and said se Il eni condu to ers a.re de of er 5
(err] xely Sbiopdl Wi c#9 e BeiEB6RGhEkar YoV er Fog thes | by 0"/ -
third nitride sem conductor | ayers are rrade of Al[err] Ga[err] N (O<Y<1)
and said fourth nitride semiconductor |ayers are made of
In[ferr]Ga[erag N (O [ erx Inithide t copd

devi ce according to any one of s’&uca%guﬁ]tgf Fgeéegl %bgsra\/\ﬁgrg?negé% 23
second afd icaur2s) miherede for sadd ecedde! upbeytattice Mager)l S8l first
respectively. 34. A ni.tride sem conductor device accordi ng to
any one of ni%rdidei meddcoadGcabm ayerhhasi a hoghesi Haﬁdsgdﬁ 6heegy| 8hdi g€
| ayer, said first nitride sem conductor |ayer is made of

Al [err] Ga[ eﬁlqaml(e&mpentratam ofi dheegoiiype tinple Sy ttanusatd seyendi S
made of Al[err]Gerr]N o<Y<1, X5Y), for said p-side
super | atti 8dtrdgder semdcanduetarnlayete 20 seni conductor |ayer is nade of
Alferr]G[err] N (O<X<1) and said fourth nitride sem conductor |ayer is
made of AI[err]Ga[err]N(O<Y<1 X>Y) . 35. A nitride -

S confyct g deVi o¢, ACRLI AR, LanAN SRS devioa Rl a s o AR 9 e
sem conduct %ek@iﬁrtﬁé ﬁfﬁ‘egoﬁf’d second nitride semiconductor layer which
is close to said first nitride semic.onductor layer has a lower
concentration of the n~type impﬁrity'than’ the part which is fa‘ri:her
from the first nitride semiconductor layer. |
15
31. . A nitride semiconductor device according to Claims 29
or 30, wherein the concentration of the n-type impurity in said
first nitride semiconductor layer is not more than 1 x 10%/cm® and

the concentration of the n-type impurity in said second nitride

20 semiconductor layer ranges between 1 x 10"/cm® and 1 x 10%/cm’.

32. | A nitride semiconductor device according to any one of
Claim 26 to Claim 31, wherein said first nitride semiconductor -
layers are made of AlGa, N (0<¥<l) and said second nitride

25 semiconductor layers- are made of In,Ga, N (0SXx<1).

33. A nitride semicondqétor device according to Claim 3.2 |
TS SHEET RAS BEEN Cse RN 0NN T
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I_ayer to which an n-type inpurity is not doped.
160 -36. A nitride sem conductor device accordi ngTTj any one of

Caim24 to Caim34, wherein said third ni ﬂThlﬂShééﬁFﬂ;él | ayer
or said fourth nitride seniconductor |ayer |s Fayer vvh| ch
i S not doped with a p-type inpurity. 5

sem conduct or device according to any one of CI al m 36, _
wherein said act ive layer includes a | nGaN- I ayer wh g A
nitride semc ctor devi ce ai ereln sai

| nGaN | ayer &ﬂa%?’tfﬁﬁﬁ& ac é 18 sem:.quc{nctor AaX?Fﬁ%egmeceﬁo(iﬂor N
devi ce accordl ng to any one of Caiml to Caim38, wherein said
device is a | aser device 15 conpr|5|ng an active |ayer betmeen a P type
cl addi ng | aygg and an ﬂﬁﬁ Ala&ggr ang di h gﬁgt £
one of said p- type cl aadnn ayer ‘ﬁg" &® cco"f Jépdqno e

said n-side guaem bet tbcéléﬁel’,l Orwﬁéi'élﬂ §éﬂ:§ fJ.rst sﬁ'f’@fl&é‘tééé?ﬁ tor
20 - 40. A nitride sem conductor device accordi ng to alm

wher ei n €ai dldgerse are amadsecofdal,cq, MN§0<X<1l) and said 8BcBAH ci?:itrlde
wavegui de | ayer made of a nitride sem conductor containing I'n or :
whi ch has ansemmondgct&ﬁ Tayerstare imadefoNA1,cal Nt foydl X X>Y).
10[err]/cnferr] which is formed at | east. ei ther between said p-type

cl adding -l ayer and said active |ayer .or between said p-type cladding

| ayer and said active |ayer. _
_ 35. A nitride semiconductor device according to any one of

Claim 26 to Claim 34, wherein said first nitride semiconduct'or
10 layer or said second nitride semiconductor layer is not doped with

an n~-type impurity.

36. A nitride semlconductor device accord:l.ng to Claims 24
or 25, wherein for sa1d p-side super lattice layer, said third
15 nitride semiconductor layer has a higher band gap energy and a
larger concentration of the p-type impurity than said fo_urth

nitride semiconductor layer.

37. A nitride semiconductor device according to Claim 36,
20 wherein the paft of said third nitride semiconductor layer which
is close to said fourth nitride semiconductor layer has a .lower
concentration of the p-type impurity than the parf which is farther

from the fourth nitride semiconductor layer.

25 . 38. A nitride semiconductor device according to Claim 33
or 34, wherein the concentration of the p-type impurity in said

third nitride semiconductor layer ranges between 1 x 10°/cm’ and

[ THIS SHEET HAS BEEN 159 | R O RN
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161" 41. A nitride seniconductor device according to Cla|n140

wherein said optical waveguide |ayer has a super Iattlce structure 5

42. A nitride sem conduct or dEs8 eaU Behn plageCl or 41,
wherein further, a cap |ayer nade of conductor whi ch has
a~hi gher band gap energy than said active |l ayer and
sai d optical waveguide |ayer .and has a t |c ness : not nore than 0.1

.mis formed between said optical waveguide 10 | ayer and said active
Iayer 'said cap Ia er’ conta| ning an inpurity of not less than 1 x
éO[ err]4/2 cnf elr¥k V\}no /cm® apd the menﬁﬂél@érﬁfc&%&GNP&eWEﬁraE}SO%I|ﬁi’b’-q 0
aim erein said optical waveguide |l ayer and said c
formed 15 F£aurkh pitgide sﬁﬁmﬁﬂr S@gle%lsynot morg than iip?ili a; .
sem conductor device conprising a nitride sem conduct or substrat e
which is forned by growing a nitride ' sem conductor |ayer on an

auxi | iary suggtrat e mgengl alnehibnadlhop! HEvitedbtdifl to Clain 24

sem conduct o form ng a protective m on Sal gr own

sem condyct op,.| gy 8 r wﬁ@réfnt Po£XBREE Pasiaé J;\Ypéf‘ €latticé UL{yer, téh’id? afhird

thereafter gromng a nitride sem conductor |ayer to cover said

protective fj H}:iae”séﬁf Gfi&@éﬁérnlé éfehas a BEGhEOTHAI ap cmergyrghd 25
anitride sem!,'conduct or c(:jew ce accor%l ng ?% %nyﬁ%l?le of Cﬁaﬂa ai rrfglyat o]

(13'665“ m 43 whigbhillerf ebfednepatabfl Oift thee psaypeongyairity tharssssid afeirth

nitride semiconductor layer.

10 40. - A nitride s'emiconductot device according to Claim 39,
wherein the part of said fourth nitride semiconductor layer which
is close to third ._nitride semiconductor layer has a lower
concentration of the p-type impuritj than the part which is farther
from the third nitride semiconductor layer.

15 -

41. A nitride semiconductor device according to Claim 39
or 40, wherein the concentration 6f'the p-type impurity in said
third nitride semiconductor layer is not more than 1 x 10*/cm’® and
the concentration of the p-type impurity in said fourth nitride

20 semiconductor layer ranges between 1 x 10"*/cm® and 1 x 10*/cm’.

42. A nitride semiconductor device according to any one of
Claim 36 to Clam 41, wherein said third nitride semiconductor

layers are made of Al,Ga, N (0<¥<l) and said fourth nitride

25 semiconductor layers. are made of f[thal_xN (0=SX<1).

43. A nitride semiconductor device according to Claim 42

* 4 L M S *
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45. . A nitride sem conductor. device accordi ng to any one of
Claim39 to 44 wherein said p-type cladding |ayer is a super lattice

| ayer and a ridge is formcghggtﬁlsée@ peeccl addi ng | ayer and on 5 the

|.ayer | ocated over said ayer in a manner that t he

| 'ongi t udi nal direction of l I% ﬂ | des W|ththe direction of
.resonance and the ridge ha ed MAdth 46. A

nitride sem conductor Ilght enlttlng deV|ce conpri sing an n-type

cl addi ng | ayer p-type c di an actlve | ayer | udi ng

o et S - MhgsetabptdR e pifiei 8¢ Seiiinnanardl 1Avens: are pads HE ey pe

cl addi ng | ayer and said p-type cl addi ng | ayer, wherein said n- type

cl adding | ayer is a super | attice | ayer conprising a second nitride

ser conduct g, aver | AngeBh AL Andiitk et Rl BhobPpigaSs o4l BRE dF°S

than 0.5 . m and an average conposli

layer is  c1aift 36”1:6 24 ihhal tt}ﬁe?éggusalaftﬁﬁé RYEFaE dﬁ%mf&ﬂiﬁ’&%éééf’”

in % contained in saldntypec ing layer multip

t hi ckness% laye!ra deedf maaed o tHEGagkﬂdQD@<|IQY%nd SsA9d If@%&t&h%ﬁﬂrfde '
20 A nitride sem conductor light emtting device according

to Claim 465em1conductorV\MlayerS atedmadéyor Al.madi,Ng(bayel, hgsyg.t hi ckness

of not | ess than 0.8 . mand an average Al conposition of not |ess than
25 5.5 % 48. ~ A ni tride sem conductor light emtting according
to 163 Claim 46 wherein said
n-type cl addPrg | ayer Ahnitridei semicondictan device| ageordimg 1t any ene af
average Al composition of not |ess than 49, A nitride

seni conduct SAafimgRf tai Cipiy Advi vhereinrsrig th:n.rd nitride semiconductor

10 layer or said fourth nitride semiconductor 1ayer is not doped with

an n-type impurity.

46. B A nitride semic_:onductor device according to Claim 25,

wherein for said n-side super lattice layer, said first nitride

15 semiconductor lajrer has a higher band gap energy and a larger

concentration of the n-~type impurity than said second nitride
semiconductor layer, and

| for said p-side super lattice layer, said third nitride

semiconductor layer has a higher band gap energy and a larger

20 concentration of the p-type impurity than said fourth nitricie

semiconductor layer.

47. A nitride semiconductor device according to Claim 46,
wherein the concentration .of the n-type impurity in said first

25 nitride semiconductor layer ranges between 1 x 10'/cm® and 1 x

10%°/cm® and the concentration of the n-type impurity in said second

nitride semiconductor layer is not more than 1 x 10*/cm®, and

00 - '
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to C aim 46, wher ein said n-type cladding | ayer has a thickness

of rror tess than 1.2 .mand an average Al conposition of not |ess than
(51 cet Has &Qn eplace A Nitride sem conductor light emtting device

accor m 46, wherein said p-type cladding | ayer

is a su Ilunm ﬂ Fncluding a third nitride sem conductor |ayer

cont ai ni has a thickness smaller than said n-type cladding

| ayer. A nitride sem conductor light emtti ng devi ce

accordi ng to Claim

has a thi ckness of |eskhe ﬂ?‘l%rfté'owpﬁlglpn‘%%’led 1R‘P“¥g;%}{ ‘?d%e@ tlh§.¥5
sem conduct or I [ ght emitting device accordin

to 51, nitrideSeRicondicty Jausk Ja;ngse% (P‘?T‘“f%}e lglr%d]g?r(géﬁ a%r ana‘
S Oee b {BR (o ihd BYfEehPELLIbRO O PARYDELhAYFL LY 1r6did Eobdee

bet ween 200

164 _ t £ 0] Bi/pada p-
type sem con%%’fjo?erse%m%%éé%un(%#élgﬁ'aéfé?ng‘g;%o?@%l t Irh% e(1 PP/ s P
sem conductor layers and an active |ayer of a nitride sem conduct or

which operates in a predeterm ned nmanner when the carrier is 5 injected
via said p-tyge sem coadniteide mn:ondwwu:ndevlbeaaccordmgrtm O ladind 25,

sem conductor | ayer of said p-type sem conductor region is a.super
|l atti ce | ayewhepeini fomgdid si-sider superalattice layer nisaididixat adiaddeor
represented by the formula In[ferr]G[err]N (O<X [err]1) and second

nitride | ayesemi¢omductele bayexokascaohighpr cbandegap energy and a larger

concentration of the n-~type impurity than said second nitride
10 semiconductor layer, and |
| fourthe p~side super lattice layer, said third nitride
semiconductor layer has a higher band gap energy and a smaller
concentration of the p-type impurity than said fourth nitride
semiconductor layer.
15
49. A nitride semiconductor device _accor'd_ing to Claim 48,
wherein the concentration of the n-type | impurity in said first
nitride semiconductor layer ranées between 1 x 10"/cm® and 1 x
10*°/cm® and the concehtration of the n-type impurity in said second
20 nitride semiconductor layer is not more than 1 x 10®/cm®, and
the concentration of the p-type impurity in said third
nitride semiconductor layer is not more than 1 x 10*°/cm® and the _

concentration of the p-type impurity in said feurth_ nitride

semiconductor layer ranges between 1 x 10%°/cm’ and 1 x 10*/cm’.

25
50. - A nitride semiconductor device according to Claim 25,
wherein for said n-side super lattice layer, said first nitride
[THIS SHEET AAS BEEW 62 0D B
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10 by the fornula Al[err]Ga[err]N (O<Y<1), and each of said second nitride '

| ayers being |lam nated alternately. 54. _ A W
sem conduct or device conprising a p- type seni conduct dThis SRee®Ras Been Repl
conprising one or nore nitride 15 sem conductor |ayers and b ace
| ayer of a nitride seniconductor whi ch operates in a pre gﬂmg””,”m
manner when the carrier is injected via said p-type semc

region, - wherein said p-type sem conductor region has a p-type o

cont act _ Ia\éer % )é/ni cfg t he ﬁ-el ectrode is to be fornmed and at | east

one 20 nit PFOSCSBAIELRELCEBPT | _?%raphlgléﬁ”él RAR] AR SRRHH RRDR A lder

said firet ncphb&firaEon REVERS' Alribll tnBRs i3S Mhann sl mesone Hitrige -

sai d second géﬁiégﬁdﬁéggfslg‘{r@r'eaﬂ%of said first nitride |layers and
yers

each of said second nitride tTa eing laminated alternately, 25 said

super lattice |ayer beisg dpidedshak 133t taek i ¢ 154

o-ype contact | ayer.. d‘ﬁ AeVSifie . a¥t3ck Y?y%fy_gald th:h%E%ﬁﬂjl%e
55. . 5 semfcondidter SEAyEPNRAS! & higHeecHaAAP Ghp aaeég and “1%&
sem conductor region. conprising one or nbre nitride Z_m conductor .
| ayers, a p-ctopeeseratiom uct othgepLﬂypGOmFuﬁ'iﬁg ¢h&n said FouFehe niitkiigde
sem conductor |ayers and an active layer of a 5 nitride - sem conductor

positioned sépioprducteniayem.type sem conduct or region and said
p-type sem. conductor region, wherein - at |least one seni conductor |ayer
of said p-type sem conduct or region and said n-type sem conduct or

per lattice, . layer conprising first nitride |ayers of

region is a
ni ?ri de sem’%ﬁnduct or Amitrids sepjcondyrtogederiang aceording t €lajim 50,

(O<X ert]41) .and secqnd nitrid .. layers of nitride sem conductor
represe ]toed PR 1 ‘?nﬁ%%'ﬁeﬁ%ﬁ]@ﬂ éﬁ%/ G4 n-typepimpurityqinaspids 568

first nitri q?ifl.xajycf‘\er Sse?nri%o% urc]:t%fr igiygrsigor?gt more than 1 x 10**/cm® and the
' concentration of the n-type impurity in said second nitride
- semiconductor layer ranges between 1 x 10/cm® and 1 x 10®/cm®,

- and o
15 | the cohcentration of the p-type impurity in said third
nitride semiconductor layer ranges between 1 x 10*/cm’ and 1 x.

10_21/cm3 and the concentration of the p-type impurity in said fourth

nitride semiconductor layer is not more than 1 x 10*°/cm’.

20 52 . A nitride semicondﬁctor .device according to C.lai.m 25,

- wherein for said n-side super. lattice layer,' said first nitride

semiconductor layer has a higher band gap enérgy and a smaller

concentration- of the n-type impurity than said second nitride
semicqnductor layer, and .

© 25 for said p-side super lattice layer, said third nitride

semiconductor layer has a higher band gap energy and a' smaller

concentration of the p-type impurity than said fourth nitride
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ni.tride |layers being |amnated alternately. 15 56. - Anitride
seni conduct or devi ce conprising an n-type semconductor region
conprising one or nore nitride sem conductor_| ayers, a_p-type

sem conductor regi on conprising one or nor edhhig H Acor
| ayers and.an active |ayer of a nitride sem ;1 ween

posi tioned sai d n-type 20 sem conductor regio pe

sem conductor region, - . wherein said n-type sem conductor region
has an n-typ . ' t,Layer on which an n-electrodeis to be forned
and at Ieastgelnlcog‘ﬁ'ggééfﬁ %3% ttor layer of said p-type sem conductor
regi on and said n-type sem conductor region is a super lattice |ayer
25 conprising first and second nitride layers, said first nitride

| ayers havi ngzdi fferen h T O digs : ~Sal | Trdfde
| ayers and eg?:h of sai% ???g?&%iét%dje&fagyers gﬁgﬁggchggéfﬁﬁﬂg to c1did ézd’
166 SWheré £6 Ote Nebricélett RVTBF JEitHe |ByBE SRRy Al leaid ‘fi‘ls&:
super lattice |layer being formed between said active~l ayer and sai
n-type cont agitrid€'semicédnduthor layer is nof fibié 3 9TLC20PYEMO afif \HHee
according to any one of Claim54 to 56,wherein at |east ones of said
first and satdncentrasbumndfnitthe de-typyer smpaeitpddnofsaidi betdfd nitride
sem conduct or " containing Al. 10 58. A nitride

sem conduct osemibvonduciomor thiyey trandes between5d, xwWhelgicm® sand i ricte/cm?,
sem conductor containing Al is a nitride sem conduct or represented by
_theforrrula%ll"ﬂerr]Ga[err]N(O<Y[err] 1). 59. A nitride
sen conduct or devi ce acgcor di ncgeto Claim 15 58, wherein said first nitride

|l ayers are made of nitFRg&En NtIAhioonahctRe Rdomes dRpRgiby imeaist diiad
Inferr] G@leriiN{& ﬁe‘%{iréon]a)uc%g% gjl(gr is not more than 1 x 110*°/cm’ and the

concentration of the p-type impurity in said fourth nitride

semiconductor layer ranges between 1 x 10®/cm® ~ 1 x 10**/cm’.

| 54. ; A nitride semiconductor device according to any one of-

15 Claim 46 to Claim 53, wherein for said n-side 'sup.er. lattice layer,

. said first nitride semicondﬁct.or layers are made of Al,_,Gal_,N (0<¥<1)

and said second nitride semiconductor layers are made of In,Ga, N
(0=x<1), and - |

for said p-side super lattice layer, said third nitride

20 semiconductor layers are made of Al,Ga, N (0<¥<1) and said fourth

nitride semiconductor iayers are made of InGa, N (0=X<1).
55. A nitride semiconductor device according to any one of
Claim 46 to Claim 53, wherein said second and fourth nitride

25 semiconductor layers: are made of GaN, respectively.

56. A nitride semiconductor device according to any one of
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represent ed

second nitride |layers are nade of

bytheforrmlaAI[err]Ga[err]N(O<Yf 4 X—Y[err]O) 20 60.

A nitride sem conductor device accor "Replace)ne of Clainms 53 to
59, wherein each of said first nltrld ,“, f said super lattice
layer is a nitride seni conductor haV| kness of not nore than
100 angstrons and each of said second nitride layers is a nitride
sem conduct or having different conposition fromthe first nitride

llf5“7/er and @ éﬂé%n@éiooé]'g%ﬁ 3 VR ggégrrht% ég'goﬁﬂgié% csélpaecrcgi?idr‘ﬁﬁet]c?ﬁra'i m
60, wherein gaig firFst n&t&&ﬂ@ﬁéﬁ’@éﬁd&%ﬁi eiﬁfg%élé BE'ﬁf 2l (d%}s’@f)

have a thickness of not nore an /0 angstro respec

62. and Saidi §6coRdi KOPELES ogenﬁﬂaxﬁﬁ;@&&zo yEr d% ﬁa%é“of AlFG ,h,év

wherein said first nitride layers and said second nitri

a thickness ¢pbo<yicl, |®s¥)}fhan 10 angstrons, respectively. -10

63. A nitride seniconductor device accor di ng to any ‘one of
claim535to 62, furthéoraig pssideisupsr dapttippelayer, sadd tRigdGiitiride
region a p-type contact |ayer having a thickness of not nore than 500
angstroms, ofFmErerducon-kayer rigiedde tof Bd.Gap,N f(0<®<l) and saif#l.fourth
A nitride senjconductor, device according to Claim 63, wherein said
p-type cont BItFige semiconquatamdayey ifomads ©f AlGaj #hn( GUR<bn Jot¥ s
and not |ess than 10 angstrons. 20 65. A nitride

sem conductor device according to any

57. A nitride semiconductor device according to any one of
10 Claim 46 to Claim 56, wherein said first nitride semiconductor
layer or said second nitride semiconductor layer is an undoped

layer to which an n-type impurity is not. doped.

58. '~ A nitride semiconduci:or device according to any one of
15 Claim 46 to Cla1m 56, whereJ.n said third nitride semlconductor
'layer or said fourth nitride sem:l.conductor layer is an undoped

layer which is not doped w:Lth a p-type J.mpurlty.

59. - A nitride semiconductor device aicco'rding to any one of
20 Claim 23 to Claim 58, wherein said active layer includes a InGaN

layer.

60. . A nitride semiconductor device according to Claim 59,

wherein said InGaN layer is a quantum well layer.

25
61. A nitride .semiconductor device according to any one of -
Claim 23 to Claim 60, wherein said device is a laser device
THIS SHEET HAS BEEN | | 65 | I 00T RNV
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one of claimb53.to 64, further conprising in the n-type sem conduct or
region a second buffer |ayer made of a nitride sem conduct or whi ch has
a thickness of not |ess thdfhisKSHhbet HasBean R3placst first buffer |ayer on the
substrate, an n-type contact Imm’5 ms of a nitride seniconductor

Wﬂm” econd buffer layer, and an
n-electrode which is forned on sal

doped with an n-type inpurity

168 n-type contact | ayer. . 66. Anitride .
sem conduct or__dewi accordin ' - 65, whereij h ncentration
of the | mpu PRy EtsiBeBRAdNe AdverbPhysen a B rnR b Al Y S A"
n-type cont acl : A nitride sem conductor device.
accordi ng t% m%yngiaddln%%agrér%?ngherei n at |east-one of said first

buffer layer andsgahdast pne_sgfoggiaugiﬁﬁpé JEBfadtnd I and! 5h§8 ha¥§pe

made by lamnating 10 nitride sem conductor [ayers of different

conposi ti ongl1ddding layer i8igdiassidenstipe®r tattide IR 0dsEa9dp-side
68. A nitride sem conductor device according to any one of

Cl ai'm 535t o sGpernlGttivkeleayerat | east ones of said first 15 and said
second nitride layers are doped with an inpurity which makes t he
conductivity of said |layer n-type or p-type. 69. A nitride
sem conduct or device according to any one of Claim5b3 to Caimb67,
wher ei n t he 62encent r a® patraflesgegiconduchpurdeviasiascardingée €daimi 61,
first nitride |layer and said second nitride |ayer and nmakes the
conduct i vi t ¥heredn; gaidydevige; yfeaolaser dgvic@e aR@ different from each
other. 70. A .ni tride sem,condyctor devigce according,to, any
25 one of Claim53 t 90 AHESALNHTGIUELS] JAYET | BAdTe Thya Titride

formed f5 aReflsLYRGERBLAohfyBhiRY YH OB cllie HEd I9als® bR impurity
. concentration of not more than 1 x 10%/cm® which is formed at least
either between said p-type cladding layer and said active layer

or between said p-type cladding layer and said active layer. .

15 63. A nitride semiconductor device according to Claim 62,

wherein said optical waveguide layer has a super lattice structure.

64. A nitride semiconductor device according to Claim 62
or 63, wherein further, a cép layer made of a nitrid_e sémiconductor
20 which has a higher band gap energy than said well layer of said
~ active layer and said optical wavequide layer and has a thickness
of noi: more than 0.1 .m is formed.between said optical waveguide
layer and said active layer, said cap layer containing an impﬁrity_
of not less than 1 x 10“/cm®.

25

65. A nitride semiconducf.dr device according to Claim 64,
-wherein said optical wave_guide layer and said cap layer are formed
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be fornmed. 169 71. A
nitride sem conductor devi ce accordl ng to any . one of claimb53 to

claim 70, wherein sai @y lacd or device is a | aser device
which has a super lattice p-type senm conductor region
and a ridge is forned on lattice layer and on the |ayer

|'ocat ed over said super lattice Iayer - in said p-type: sem conduct or
region in a manner that the | ongi tudi nal direction of the ridge

coi nci des w,t h he dltl’ ectl%}‘} a oI: resgnance and the ridge has a

pr edet er m ndd W& B~ -YPPpSepIconductor regHO0rt 1 de seni conduct or devi ce
conprising an n-type sem conductor region including an n-type i
cl addi ng | ayer, a p type sem conductor region and an active layer in

which |asergg, s tﬁ&d&tg&%&ﬁ%ﬂw%%r% "&£ 0h Py P80

said p-type sem con uctor region n type

cl addi ng | agemicondueebe’ dulsitra®e Hfich is FEPREHS] gg gfrbﬁﬁhgn'é rhfieride

| ayers of nitride sem conduct or represented by t f or mul

| n[ err] Ga[ esehliicondyeol] 1ayén s etoadxiliar¢esubstiaye ntady of hrmaiﬁerlal :
sem conductor represented by the fornula Al[err]Gferr]N (O<Y<1), said
first nitri ethexyehan hiatridesentiicondactonf, fatming a pifbtddEivel Dlmopssa 1ds
and said second nitride |layers having a t hi ckness of not. nore than 100 .
angstrons aggowachitrider semiconducetor layewscs aa:n@toeaspoae patrtiallyithe

| ayers being |lam nated alternately, and aid p-type cladding
| ayer is a §9§€ﬁcrea'@h¢la%o£ayé\er@éﬁﬁergwugatmml%éeméeppﬁlumtprl layer
Iayers havi ng a thi ckness .of not npre sai d, t hj d

100 angstrons
it de | ay&Bs RAVERG GRifler BROLEETLVE onBOYR: | BRORr b ncBEooAed o bt

nitri del& ay%reﬁu%ggdgggoroiayer , and 170

a nitride semiconductor device according to any one of
Claim 23 to Claim 65 which is formed on said nitride semiconductor

substrate.

15 67. A nitride semiconductor device according to ahy.ohe of
Claim 61 to 66, wherein said p-type cladding layer is a super lattice
'iayer and a ridge is formed on said p-type cladding layer and on
the layer located ovér said p-type cladding llayer' ina manher that
the longitudinal diJ_:ection of the ridge coincides with th'e. _

20 direction of resonance and the ridge has a predetermined width.

68. . A nitride semiconductor 1light emitting device
comprising an n-type cladding layer, a p~type cladding layer and
an active layer including a first nitride semiconductor layer
25 containing In between said n-type cladding layer and said p-type
cladding layer, wherein said n-type cladding layer is a super

lattice layer comprising a second nitride semiconductor layer
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third nitride |ayers and each of said fourth nitride |ayers being

| ami nat ed al ternately. 73. - A ni fride sentconductor—devi ce
conpri sing an 5 n-type seniconductor region i ng{-mg RSkt B Fpe cl addi ng
| ayer, a p-type seniconductor region and an a q%Ri ch

1 aser Is emtted between said n-type sem condu ;mm sai d
p-type ~ sem conduct or region, V\/nerel

sem conductor region has a p-type contact [0 [layer on Whl ch the

p-el ectrode Lsn{Q; ﬁ’fné f‘%ﬂx 3& %o%a%yp_ﬁicknes?f gdﬁ'+ P r}swoagsupﬂer

| attice | ayer conpris ourt rs h

t hi ckness Ofamtar{rﬁ"v%rh rlc §‘i‘9 nY¥al in s3 sal %?%ﬁaﬁi{“#d%jﬁqrs

havi ng different conposi t| romthose

and each of g&irig Bi %%y%é@)t‘?fes 288uct Sor 8aG! ? ai,eéagel §fgféﬂ3'>dgfe i€ in

| ayers being | am nat ed al ternate sald p-typ ayer l])'el r?g

f or red bet wemonitsmimedidhisesid n-yeype cladddm@ Eayek multmpliédlﬁyithé &ndckness

said n-type cladding |layer is a super lattice |ayer conprising first

and secofd ninrimeof Said meypey claddingdayexf isomotnilesshgzhan2@.4100

angstroms, said first nitride |ayers having different conposi ti on
fromthose of said second nitride |ayers and each of first nitride

| ayers and each of said nitride |ayers bein | ami nat ed al ternately.

25. 74, 69. - A Apitridesspicondnatar gwh‘é@m&msisdwgl@m accordlng

n-type sem con ctor gion including an n-type cladding |ayer,
p-type sem &h gi on and an active layer in ic aser
P 94 d | whi ch |

171 is em said n-t sem conduct or and s
p-type sem 35 e%ﬁ?ﬁb%p—ﬁype c18daing PRY gtf"ﬁ" q‘t"&?ﬁ@ 'fot
sem congyct ofedLYHAH BB 2 YnkYBR average Al composition of not less than

5.5 %.

70. A nitride semiconductor light emitting according to
Claim 68 wherein said n-type cladding layer has a thickness of not

15 less than 1.0 .m and an average Al composition of not less than

5 %.

71. Anitride semiconductor light emitting device aécording
to Claim 68,
20 wherein said n~type cladding layer has a thickness of not

less than 1.2. .m and an avérage Al composition of not less than

4.5 %.

72. Anitride semiconductor light emitting device according
25 to Claim 68,
wherein said p—type-cladding layer is a super lattice layer

including a third nitride semiconductor layer containing Al and

* [ L M S *
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contact |layer on which an n-electrode is to be forned and said n-type -5
¢ladding layer is a super lattice |ayer conprising first and second

nitride |layers having a thickness of not nore than 100 angstrons, sai d
fijrst nitride layers having different conposition fromthose of said
second nitride layers and each of first nitride |ayers and each of
said nitride | ayers being | ami nat ed alternately, said 10 n-type contact

| ayer being forned between said active Iayer and said n-type contact

| ayer, dj | S u yer
conpri sing has atﬁﬁggﬂng %ﬁPEEQQ %ﬂga %%@e#st %.%gédafﬁécﬁﬁ%é *of not
nore than 100 angstroms, said third nitride |ayers having different
15 conposition fromthose of said fourth nitride layers and each of

third nitrigg |ayers angigatde %.ﬁabﬁdhe%&miaﬁﬁ éﬁlﬁttﬂerd%ﬁ@éwccommg
| ami nated alternately:. ATitride sem conductor devitCe
accordi ng t gcapdaiml729ne Cla|n172 to claim-74, wherein a ridge is forned
on said p- type cladding |ayer and on the | ayer |ocated over said
p-type 5 cl addiwhgrédyesaid p-typeeladdingt hayeorgas wdithdkckliesscof oOhesd

t he ri dge coincidences with the direction of resonance and the ridge
has a desir ¢&thani dt.B. .m.

74. Anitride semiconductor llght emitting device according
to any one of Claim 68 to 73,

10 wherein the thickness of said n~type cladding layer and said
p-type cladding layer including said active layer is Set'to.rahge

between 200 angstroms and 1.0 .m.
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