1 METHOD FOR MAKI NG A HETERQIUNCTI ON Bl POLAR TRANSI STOR The present
invention relates to a nethod for nmaking a heterojunction bipolar
transi stor by stacking epitaxial senicon?uctor | ayers, and nore
particularly such a nethod 5 conprising steps consisting of epitaxially
growing froma support at |east one collecting layer (for an E-up

configuration) amtrrone rem Makiac ayarTEhosuRctrewy BoaNiA0urRiNDIYTOR
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A heterojunction bipolar transistor is made up of a stack of
three semiconductor regions: emitter, base and collector,
wherein the emitter has a forbidden energy gap wider than
that of the base. Its lateral extension (in each of the
15 planes of the preceding regions) ié made up of two zones:
one, called intrinsic or active, is defined by the surface
of the emitter-base junction; the other, called extrinsic or
parasitic, 1s located in the periphery of the former,
between it and the electrical contacts (base and collector)
20 of the transistor. The speed of the HBT is optimised by
jointly reducing, on the one hand, the transit time of the
carriers between the emitter and the collector and, on the
other hand, the parasitic effects (serial resistors and

capacitors) associated with the extrinsic zone.

25 Transit time can be reduced through wvarious approaches,
widely described in existing literature: ballistic injection
in the base (abrupt heterojunction type 1I), thin base,
doping and/or concentration gradient in the base (quasi-
electric field), thin collector, ballistic injectibn in the

30 collector (type-II abrupt heterojunction}, Schottky

collector, etc.




30 collector (type-I1 abrupt heterojunction), Schottky «collector, etc. 2
The reduction of parasitic effects is, in general terns, obtained by
reducing the width of the peripheral zone.and by using suitable materials
(i.e. lowresistivity for access resistofs, lowelectric permttivity for
the capacitors). 5 The present invention nmakes it possible to reduce the
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second point enables a drastic reduction of the base-collector parasitic
capacity (i.desossoed atleavari th the extrinsic part of the base-collector

junction), the 20 parasitic capacity limting the operating frequency of

the HBT. Ga,ﬁ?Sb. HBTs, are k framthe docunent ".U-tra-high . perf nce
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Bi pol ar Transh sparti€ul&R Baley aeHHarsdh MANIVOHpky, Nadathdebo€h JaPithtis, and
S.P.Watkins, Jpn. J. Appl. Phys. Vol .41 Part 1(2B) 1131 (2002). These
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junction. These two points, until now incompatible in the
same transistor, allow for a considerable improvement of its
dynamic performance. The first point mainly affects the
conditions of electronic transport (band discontinuity at
15 the emitter-base interface, effective mass of the carriers,
resistivity of the base, resistivity of the base contact,
etc.) while the second point enables a drastic reduction of
the base-collector parasitic capacity (i.e. associated with
the extrinsic part of the base-collector junction), the
20 parasitic capacity limiting the operating frequency of the

HBT.

GaAsSb HBTs are known from the document "Ultra-high
performance staggered lineup (“Type-II”)} InP/GaAsSb/InP npn
Double Heterojunction Bipolar Transistor"™ C. R.Bolog nesi,
25 M.W.Dvorak, N.Matine, O©.J.Pitts and S.P.Watkins, dJpn. J.
Appl. Phys. Vol.41 Part 1(2B) 1131 (2002). These transistors
have shown remarkable results ({(f1 fpa 300 GHz) and clear
progress compared with the state of the art at the time,
obtained with InP/InGaAs structures. The same authors have
30 shown that the antimony composition used in the base layer
was considerably lower than the concentration ensuring
lattice match with InP ([Sb]=0.5). The technology used has
limited the underetching of the collecting layer to 750 nm



progress conpared with the state of the art at the tine, obtained with
I nP/1 nGaAs structures. The sane authors have 30 shown that the antinony
conposition used in the base layer JJJ W%S consi derably | ower than the
concentration ensuring lattice match with InP ([Sb]=0.5). The technol ogy
used has Ilimted the underetching of the collecting |ayer to 750 nm 3
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results have shown the importance of reducing both the
electron transit time by reducing the thickness of the
various semiconductor layers (in particular the collecting

15 layer) and the lateral dimensions of the component.

A GaAsSb HBT typically has the structure shown in table 1

below.

Throughout the production of the transistor, the InP layer
of the collector is laterally etched to a considerable depth
20 in order to reduce the base-collector capacity. This etching
is only possible by chemical means, as no dry etching is
sufficiently anisotropic for this purpose. The very high
selectivity of InP chemical etching is used compared with
arsenides (in this case GaAsSb énd InGaAs) in, for example,

25 a solution of H3PQ,:HCI.

As the base is very thin (typically between 20 and 50 nm),
it is not rigid enough to support itself over a sufficlent
length (typically 1.5 to 2 pm). The known manufacturing
process therefore contemplates preserving the emitting layer

30 E with the same dimensions as the base B during the
underetching of the InP layer located in the collector C
(figure la). B



arsenides (in this case GaAsSb and InGAs) in, for exanple, 25 a solution
of H3PO4: HC1. As the base is very thin (typically between 20 and 50 nm,

it is not rigid enough to support itself gver a sufficient |length
(typically 1.5 to 2 pm. The known manufacturing process therefore
contenpl ates preserving the emtting layer 30 E with the sane di nensions as
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collector C (figure la At this stage In the progress of the nethod,
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| nGaAl As) Efgnggesasf{a}i)irr}%}lybec%lb?‘?% i §F1 S5 Sgr asofhe Ilné{é][eidCe Eh%t gﬁevm: th
InP, there igmaconsiidapakire rgepalssf haukat tie PR afe (kptkatfiabaytice
mat ch) between the two |ayers constituting the base overhang (E and B

figure 1 a) VRFhaHyi HF the 1 mrdetettfitngnPundberends acecasiderahils
constraint, f I I

short - ci rcuiqgkﬁeitmg%}g@t e aés?érerizganr((ia&dteﬂ‘legrec((]%al@e(c'g3 gr ﬁggéfi%ignﬁgﬁéh agg,twﬁg e it
difficult tdahetreductayeesi cdiethigertinige bbse Hameer capdhthg cf | ecidor B
contact |ayer, cc. Eor hese reasans, {:he % | 1 ed gerso .in the art

general Iy 15945 t & hEhe RTINS etlAi igifst HRRSTRRORIOWt h Undssr i &Ps
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resin between the base layer and the collector contact layer

cC.

For these reasons, the skilled person in the art generally
i5 1imits himself only to etching stacks made with materials
that have lattice match between them, which is to say,

stacks that do ncot have any constraints.

This is the disadvantage that the present invention aims to
solve by introducing a new layer of InGaAlAs qguaternary in
20 the collector. The symmetry (even approximate) of the stack
of layers in the base overhang balances the constraints and

considerably reduces deformations.

In addition, it is known to modify the composition of the
semiconductor to make the base layer, so as to considerably
25 modify the electronic transport properties in the active

zone of the transistor.

The invention guarantees compatibility between the
performance of a deep underetching and the existence of a

constraint in the base layer.

30 The invention also aims to make it possible to use, in a

HBT, a base made up of a semiconductor alloy in which the



of layers in the base overhang bal ances the constraints and considerably
reduces deformations. In addition, it is known to nodify the conposition of
the sem conductor to make the base | ayer, so as to considerably 25 nodify
the el ectronic transport properties in the active zone of the transistor.
The invention guarantees conpatibility between the perfornance of a deep

under et chi ngmaﬂgc&bgreéﬁgﬁagﬁef% a(dgpgﬁa&flgs% ifhd h@ && ghlihe
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underl ayer between the base |ayer and the collecting layer so as to
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constraints relating to a lack of lattice match, even before intro u0|ng
t he under| ayere Ardorkrovn |whpaheWMQapptscanﬁamdeH2@D4dm2IA4GE1AAs Wwhi ch

descri bes a neth for passivati HBT by epitaxy of a em_cond ctor on
s entire stidoy s BERAFFS. Chefican A= 00, 716504365 <R
which descréidesast he piagosté onhel draparesiest ivd t yneompact syusi AT thus
Pd/ Pt/ Au. The invention rel ates above all to a nethod for making a

10 made does not have any constraints relating to a lack of

lattice match, even before introducing the underlayer.

Also known is patent application US-2004/0214401 Al, which
describes a method for passivating a HBT by epitaxy of a

semiconducter on its entire surface.

15 Finally, American patent US-6,165,859 is known, which
describes the production of low-resistivity contacts using

Pd/Pt/Au.

The invention relates above all to a method for making a
heterojunction bipolar transistor by stacking epitaxially
20 grown semiconductor layers, comprising steps consisting of
epitaxially growing from a support at least one collecting
layer and one emitting layer respectively, at least one base
layer, and at least one emitting layer and one collecting
layer respectively, said layers having compositions
25 producing a lattice match fault causing deformations.
According to the inventiocn, the step «consisting of
epitaxially growing said collecting layer and emitting layer
respectively comprises sub-steps consisting of epitaxially
growing, in contact with said base layer, at least one
30 underlayer for balancing the constrainté and reducing the

deformations and, in particular, an underlayer with

substantially the same composition as said emitting layer



het eroj unction bi polar transistor by stacking epitaxially 20 grown

sem conduct or | ayers, conprising steps consisting of epitaxially grow ng
froma support at |least one collecting |layer and one emtting |ayer
respectively, at |east one base | ayer, afd at |east one emtting | ayer and
one collecting Ilayer respectively, said |ayers having conpositions 25

produci ng a tigeq zh - f i r i ONn fggéycf
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| ayer and emutdéntpyayeon tkspedtievepposonprssid babesflegsrcansirstiangoof

epitaxially r ow .in contact with said base |ayer, at |east one 30
under | ayer % %adjr(g%lﬁ%"t"fféé i nts and reducing the defornations

and, in particular, an underlayer with substantially the sanme conposition
as said emtthng | sayetificansgierlimeeli ngr | aper 1Ieshecidvel ¥oanduatidpast
one second under]|ayer on the side opposite said base layer in relation to
said fi?st UPERITESERT 1h WhipecFRie BRBEALRBNL2BETCt BB FRdfAt iCof1eFEAing

making a b5 i st i whi i Ltti I fgi% i l ] in
| ayer respec%%f%fy é%ﬁﬁ%ﬁ§§n¥§£ Sﬁﬁggﬁggergﬁgncﬁ%ﬁﬁag iggﬁﬁﬁh g&iager
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opposite said base |layer in relation to,said first underlayer, said. first
inder | ayer i THE A RGP cLEbr Satl8 CRBOSHEFL 8717 elpatt AGUFS Rs FElation

substanti al Iy t e i Sane re@nPEsbdi Dayas, t hauild r gt ruRdenhayela@dr t R eminkt er
and the collector respectively. The invention also relates to a

het er o} Unct i@l I geirarand rigisi Gridrt oty Ve lyufiser subsdanépitadyi abey
grown from g%%é*%éﬁﬁ%&&%&én 5@ £ﬁgskirst underlayer of the emitter and

the collector respectively.

The 1invention also relates to a hetercojunction bipolar
transistor comprising a suppert and, epitaxially grown from

15 this support, at least:

- one collecting layer and one emitting layer

respectively;
- at least one base layer; and

- one emitting layer and one collecting layer

20 respectively:

said layers having compositions producing a lattice match

fault causing deformations.

Lccording to the invention, said collecting layer and

emitting layer respectively comprise:

25 - at least one first underlayer in contact with said base
layer, for balancing the constraints caused by said emitting
layer and collecting layer respectively 1in particular an
underlayer with substantially the same composition és said

emitting layer and collecting layer respectively; and



one collecting layer and one emtting |ayer respectively; at |east one
base | ayer; and one emtting |layer and one collecting |ayer 20

respectively; said |ayers having conpositions producing a lattice natch
fault causing deformations. According to the invention, said collecti ng
| ayer and emtting |ayer respectively conprise: 25 - at |east one first

under | ayer in contacty W ol I bal angj.ng_.t c:%ﬁ; .ai nts

caused by said em}a?tilnéégst*a?/% as%g:%glg] I@%@%%ﬁgfaﬁler@hrg{g{pﬁcﬁggl y |n5rlade

particul ar apaidnbeskayeyew ih sebstio itad |saitchd isae vadrpasiveiron as sai d

emtting |layer and collecting |ayer respectively; and 7 - at |east one

second underlayer, on_t he. fj de or%go ite  said base Iaéer in rel gti on tqg said
Hd 2
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first underl i}er.aln a speccffi%

under et ched tiadaratshauntbakenahieXh eNst &Fa T OSPE ésSbbaiomgen s twatneh t he
base and that of the emtter-base and coll ector- base junction

respect Pvel ythebt Phafly, PRAFsaPat Bhal ekt Ehgi ol Wi ¢S vfanthe gt o
that of the Sgbgtfﬁﬁgg]?g??{n%%ﬁgﬁgﬁ%&; base junction respectively. In

practice, however; 1t w 10 larger, but naturally smaller
than that of the base. Also in a specific enbodinent, said emtting |ayer
and col | ect Ppgyihayey, r ébpectiateinglc orpprersselomt wibhsbeons fihst ounder Icyer

in contact wih, said base |aye substantially of .said conposition; .and 15
- at |east \3% aE_ecg%d ﬁlaeerl géégt%ﬁu?%séesi d8%opFositEstor BB junte {th
respectively. In practice, however, it will be slightly

10 larger, but naturally smaller than that of the base.

Also 1in a specific embodiment, said emitting layer and

collecting layer respectively comprise:

— at least one first underlayer in contact with said base

layer, substantially of said composition; and

15 - at least one second underlayer on the side opposite

said base layer in relation to said first underlayer.

. In a specific embodiment, sald second underlayer is
underetched to a lateral extension of the order of that of

the emitter-base and collector-base junction respectively.

20 Sald emitting layer and collecting layer respectively can,

in particular, comprise:

- at least one first underlayer in contact with said base

layer, substantially of said composition; and

- at least one second underlayer on the side opposite

25 said base layer in relation to said first underlayer.

The invention also relates to a method for making a
transistor such as previously described, said method

comprising the steps consisting of:



said base layer in relation to said first underlayer. In a specific

enbodi nent, said second underlayer is wunderetched to a | ateral extension
of the order of that of the emtter-base_and coll ector-base junction
respectively. 20 Said emtting | ayer and @ollecting | ayer respectively can,

in particular, conprise: - at |east one first underlayer in contact with
said base layer, substantjally of said cg osi tion; aad ft | east one
second underTayer Bh-#Hk? 518 F81h3ayery BALePAGEFAYRTF Rl ation to

said first underlayer. The invention also relates to a nethod for making a
transi stor such ast@ievgoushy desgdidedibsal d JEIhoEnic@Ply Si1Rgetrhe agkeps
consisting of: 8 epitaxially growng said | ayers and underl ayers; -

et ching the FayiPStaBOvER¥Rr dFETRAGI¥§Uvdyer and col l ecting | ayer
respectively; said nethod al so conprising the steps consisting of: 5 -

under et chi ngs saj g&ﬁ@&@@%@%ﬁyﬁs@@d e ts_tagpscebhg%eﬁngngf?m tter

respectively; - l1ng the space | eft” by said underetching between said
first underlayer of the collector and emtter respectively and the |ayer
| ocat eddunder t heurdergid-hir@ undeitayereanch awndesladver ng amet erdfl ; tamd

etching said emiti er d callecting l.ayer respectively. In one
specific enﬁ%ﬁ?%%%%?gt%ﬁhﬁ?%Lg:1?5%?&??%% g&%ﬁrising a contact |ayer of

the emtter and collector respectively 15 and a nmetal contact, this method
conpri ses the stefpilhinsi stheg afa@ncaesil dsy nGadal dusdata@cthdigt e terieht er

and
said first underliayer of the <collector and emitter
respectively and the layer located wunder the second

10 underlayer with an insulating material; and

- etching said emitting layer and collecting layer

respectively.

In one specific embodiment, to make a transistor comprising
a contact layer of the emitter and collector respectively
15 and a metal contact, this method comprises the step
consisting of encapsulating said contact of the emitter and
the collector respectively and the metal contact in a

material to protect it against etching.

To make a transistor in which said emitting layer and
20 collecting layer. respectively comprise two underlayers in
which a first underlayer is in contact with the base layer
and a second underlayer is on the side opposite said base
layer in relation to said first underlayer, the step
consisting of etching the layers above said emitting and
25 collecting layer respectively 1is followed by a step
consisting of etching the second underlayer of the emitter

and collector respectively.

In a specific embodiment, the encapsulation step includes

encapsulating the non-etched part of the second underlayer



the collector respectively and the netal contact in a material to protect
it against etching. To make a transistor in which said emtting | ayer and
20 col lecting | ayer respectively conprise_two underlayers in which a first
underl ayer is in contact with the base Ia%er and a second underlayer is on
the side opposite said base layer in relation to said first underl ayer,

the step cOPB! ShicNGlc BLENLAA (e 16RXBES AROKE. S8 B L1100y A0 cgRen
collecting layer respectively I's fo ovied by step dnsisting o etcﬁlng
t he second utiger | dyjerstof théerhivérr odnd Tot | eemdtteespexnid vekpllentar
specific enbodi nent, the encapsul ati on, step includes. encapsul.ating th
non- et ched pRTTPETC 1 Ke or FRIEPCE” LFVThe Qi 6 | S LCER echOr

respecti vel ygo pl @s@sk betymen i+, first underlayer of the emtter and
collector respectively and the contact |ayer of the emtter and collector

respectively. 5 The invention also relates to a transistor such as
described abEelNVHErEh: 253 PR dyperd it amede trrofichASSh desardPerr st
under | ayers é¢““héf§?HJ nGaAl As; and said second underlayers are nade
fromInP. 10 Finally, the invention relates to a use of underlayers for
bal anci ng constraints generated by epitaxially growm |ayers which are

st acked on top ofsadre bawst Hewven ie spdekifmgmh@ghagb: | attice match faults
between the epitaxially grown layers due to their conposition and, in

particular, due toihe: 13 GomOsilion of.the,Rasgodaystsaths; foldoming is
a description, gi'ven by way of non<Iim ting !

- said second underlayers are made from InP.

10 Finally, the invention relates to a use of underlayers for
balancing constraints generated by epitaxially grown layers
which are stacked on top of one another, the stacking having
lattice match faults between the epitaxially grown layers
due to their composition and, in particular, due to the

15 composition of the base layer.

The following is a description, given by way of non-limiting
example, of a method for making a specific transistor
according to the invention, in reference to the appended

diagrammatic drawings, wherein:

20 - figure 1 depicts the state of the art, the dimensions

being given (in pm) only by way of example;

- figure 2 depicts the steps in the method for making

metal contacts;

- figure 3 shows the evolution of the shape of the

25 contact throughout the step shown in figure 2 f);

- figure 4 depicts the steps of etching the semiconductor

layers.



exanple, of a nethod for nmaking a specific transistor according to the
invention, in reference to the appended diagrammtic draw ngs, wherein: 20
- figure 1 depicts the state of the art, the dinensions being given (in
pm only by way of exanple; figure 2 depi:’rp[s the steps in the nethod for
making metal contacts; - figure 3 shows the evolution of the shape of the
25 contact t ug st sho I j 2. £);.{Lgu epi cts_the
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het er oj uncti on bi pol ar tranfi storsSgHBT if > 500, ut it can be

applied to t¥IAPrEdRicti SABS! diher 248y FEas: @ufhelg\jé)ﬁ,all Sret PR tdnbPi ses

three maj or oups-@fcstaPSr JAMGiNeeaRi taxially grown stack, neking
the metal contacts and etching the sem conductor |ayers. Making the

epitaxially T%%gwn stack The first steps of the nethod according to the
i nventi®n, degerpbéd Mehed eemer bttt ekiref HAIPTUPRBIS guf afiteRs:
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manner, the sem conductor teritals used to ma These steps are
i mpl ement ed daysrcthy drayertanmy Subsemdcenf@untbhi $agase. | nP) whi ch i nposes
its crystalline 15 lattice on the entire structure. An exanple of the

_(I:_Sgr ag'z)gir |n;t S. nog}‘ 1_:thhee e\%%rea(g{l{%lll%y%&%wlns SRLOYI ded in the follow ng table:

The first steps of the method according to the invention,
10 described here in the context of an E-up configuration
(emitter at the top), consist of epitaxially growing in a
well known manner, the semiconductor materials used to make
the HBT. These steps are implemented layer by layer on a
substrate (in this case InP) which imposes its crystalline
15 lattice on the entire structure. An example of the
characteristics of the wvarious layers is provided in the

following table:

. Typ.
Typ. doping
Layer Material thickness
(cm=3)
{nm)
EC emitting contact |InGaAs >1x10%? 100
E2 emitter 2 InpP >1x10%° 50
El emitter 1 InGaAlRAs 3-10x10Y 30 to 70
B base GaAsSb >5x10%° 20 to 50
Cl collector 1 InGaAlAs 5x10%¢ 50 to 100
C2 collector 2 inP 5x10%° 100 to 200




Layer Material thickness (cm3) (nn) EC emtting contact |InGaAs >1x1019
100 E2 emitter 2 InP >1x1019 50 El emtter 1 InGAl As 3-10x1017 30 to 70
B base GaAsSb >5x1019 20 to 50 d collector 1 InGaAl As 5x1016 50 to 100
C2 collector 2 InP 5x1019 100 to 200 11 133 coll. etch-stop | nGaAs >1x1019
10 to 50 4 coll. etch- stop I nP >1x1019 10 to 50 G5 coI I ector cont act

| nGaAs >1x1@E9—16—to 50—Tabte—t-the-fortowng detgited—desct on u.Iy
relates to (i c?%&eﬁ?“#béﬁ?ﬁﬁ ne%PGﬁésthe baééﬁ er. Th&iba (5yer i S
made from GaAsSb It is very heavily p- 5 type doped with|carbon (>5x3019
cm3) . Its F CKNESS.[depands, on{{Be revel o[, dqpifg Chosgn, arghy camjvary
bet ween 20 and nm- Tt can havie any antlnnny content (typically
conprised between 25 and 75 % . [The antinony|content, |ike the doping
level , can haye-qn adieitodiictr eduebhpg the el:aghron tran$ig £d06 e
the base. GhAsSb is a particularlly suitable nmaterial for the foll ow ng
reasons: Itihas very high discontlinuity in the valence band with the
mat eri al s witdble Wi de forbi dden energy gap available on 15 the InP
substrate (0.79 eV with InP, 0.63 eV with InAl As) conpared w th kBT which,
regardi ess of, 4 - ORI ek adh cal "G-023E AN | APt S Al disedd Nehe

>

layers located next to the base layer.

The base layer is made from GaAsSb. It is very heavily p-
5 type doped with carbon (>5x10'® cm™). Its thickness depends
on the level of doping chosen, and can vary between 20 and
50 nm. It can have any antimony content (typically comprised
between 25 and 75 %). The antimony content, like the doping
level, can have a gradient for reducing the electron transit

10 time in the base.

GaAsSb is a particularly suitable material for the following

reasons:

- It has very high discontinuity in the valence band with
the materials with a wide forbidden energy gap available on
15 the InP substrate (0.79 eV with InP, 0.63 eV with InAlAs)
compared with ksT which, regardless of the doping level of
the base and the material used in the emitter, renders the
current of holes injected in the emitter negligible compared

with that carried by the electrons injected in the base.

20 - It can have a very high level of p-type doping
replacing the V-site atoms with carbon atoms. The carbon
doping -‘limit is higher than 2x10?° cm™. In this doping
range, the mobility of the holes, measured by the Hall
effect, is constant. Any doping increase therefore results

25 in an equivalent increase of electric conductivity in.the

base layer. As the carbon diffusion coefficient in GaAsSb is



current of holes injected in the emtter negligible conpared wth that

carried by the electrons injected in the base. 20 - It can have a very high

| evel of p-type doping replacing the V-sjte atons with carbon atons. The
carbon doping limt is higher than 2x1020°cm 3. In this doping range,
nmobi lity of the holes, measured by the Hall effect, is constant. Any

dopi ng incregse,t mscqef Qe rd%ﬁﬂlntgs Aér%fﬂ&;n aepeaa/aémawcafésgb%p@ %ﬁb” c

conductivity in the base layer. t he carbon diffusion coefficlent
GaAsSb i s 12theerdgirgw, efhectippiafy phef i te&n%m‘stte:rr epbtsaxyeelr ew didr upt.thamd

the aging effects of t he tra i.stor observed of he nts, (e.g.
beryl ium ar@eonsi Herdd 1% @ellr%[al i%gihIEns fihé h%a %Zl%h%é%r nary
aIon it has a 5 discontinuity in the conductlon band which is positive

(i.e. type +4) wheith he thleum DheaRTAst erjudteaneent r akiloByi n 1115 el afdson &O

al | theIII sSites reater than 38.5% and negative (i.e eII) in
the opposit e 3! J’Iff'ﬁjgﬁy i 7t ridfucen G ien banekmbiiichy s (Potsﬁéldé’a dgn Sof

the 10 strucfpre. it fasnFerpl-| evehihiappi P:Qn@@n%he %%E%ﬁ%rh@&%edlh“
t he forbidden energy gap at 0.22 eV fromthe val ence and whi ch has two

maj or consedquehtiesor oot ke IHBThe od Iffhes idres) handgrﬁheegpdlhafn c3BeStstndi ty

of the ohmc contacts nade on_15 thi Iayer ase contact) is_very w (pc<
70-6 o). TIOTHE ot horEhaniyBehe Sir { 2k 1 dConbi RBTTORE spiays. TAis

(r ecombi natlﬁ[trcﬂmdehﬁ Salrf@ﬁ@a@f fm@xgmnﬂfgsn cthasehear geBeghi golbl €xthe It
has very good adaptability to the crystalline lattice, inposed on it by
the s acenttB¥hWdohduct or |ayer. 20 This property, due to the presence
of antinony, makes it

- It has Fermi-level trapping on the surface located in
the forbidden energy gap at 0.22 eV from the valence band,
which has two major consequences for the HBT: on the one
hand, the specific resistivity of the ohmic contacts made on
15 this layer (base contact) is very low (pc< 107° Qecm?), on the
other hand, the surface recombination speeds (recombination

on the surface of the extrinsic base) are negligible.

- It has very good adaptability to the crystalline
lattice, imposed on it by the subjacent semiconductor layer.
20 This property, due to the presence of antimony, makes it
possible to epitaxially grow a GaAsSb layer with a greatly
variable antimony content on semiconductors that have
lattice match with InP. A transistor effect has been shown

in HBTs having an antimony content in the GaAsSb base which

e

25 can range between 50% (lattice match with InP), 25 {in
tension on InP) and 75% (in compression on InP). This very
high flexibility '(unique in all the III-V semiconductors)
provides considerable ©possibilities for modifying the
fundamental lattice parameters {effective mass, band

30 discontinuities, useful life, etc.) which considerably

affect the performance of the HBT. In particular, for each

t he



possible to epitaxially grow a GaAsSb | ayer with a greatly variable

anti nony content on sem conductors that have lattice match with InP. A
transi stor effect has been shown in HBTs  having an antinony content in the
GaAsSb base which 25 can range between 508 (lattice match with InP), 25%
(in tension on InP) and 75% (in conpression on InP). This very high

flex!bility &Pnkﬂeeﬂﬂﬁgﬁrki%@emkhki §QWEBBQQUCEQE§E igr%ykgﬁﬁxﬁﬂﬂéggﬁgﬁble
possibilities for ndodifying the fundanental [attice paraneters (effective
mass, band 30hdtseosuiasi tpespuusefidctisfe, etc.) which considerably

affect the performance of the HBT. In particular, for each 13 of the

properties nt i abov there,is a .cancentration. that ensure timum
ef f ect s. Thg;Fhe%ﬁ ?@?g‘@lﬁ‘%yg?if Shdj) LT o tt%:tr}bea}eaﬁea);ﬁxelﬁ's 1@&5@"% %r?ﬁoml nP
or from | nGaMhAs cquairesmal yGah 1@y, goateveir@sal Dol hi $r Bwa@seasi Ant k@ ifsor m

of two underlayers, nanely a first underlayer made froman | nGaAl As
quat ernary af#d§ i nteontidet L™ h Athe tHaselNdgbtavpEsa Jedndy | P first

under | ayer OpResileydhtnadase-bfyer TibdRlal It ddd e Tinsdy undesdayen. An

I nGaAl As quaternary is preferably chosen, an al um ni um cont ent f
nmore t han 38/59% (ehe.bandAl Mayesocand 4 cser@al elnd balddrstdyer iaypectiiten tofe

electrons in the base., Lts doping |evel .is_.chosen between 3_and 10x1017
cnB. Its thir}% %sga%%ﬁ var §e?\%ttlﬁfln §uithe diFEFga PERdEY i t Ala W@é@ls
val ue of arogitte3atp 70 RrertPabhe Goldseet,i ngidiyss bsupBdeuhr B ee ¢

materials. The first underlayer adjacent to the base is made froman
| nGaAl W qut P ieR yERAT 038 - 3% HasY anl i i nidtmacoritemregite a@sdalidrtis8. 5%

to avoid prqmjeé@tircﬁ{ aEifngefQCE%§eliﬁCt’éﬁ’e? %glslee:‘(:th%-' doping 1level is

chosen between 3 and 10x10Y cm’?,

Its thickness can vary
within quite a large range, with a typical wvalue of around

30 to 70 nm.

15 The collecting layer is made from two materials. The first
underlayer adjacent to the base is made from an InGaAlAs
quaternary alloy. It has an aluminium content of less than
38.5% to avoid problems relating to the selective collection
of type-I heterojunctions. An aluminium content of around

20 25 - 30% is preferably chosen so as to create a ballistic

injection of electrons in the base-collector junction (®Ec
comprised between 90 and 150 meV). Its doping level
(typically 510 cm™®) is chosen so that the current density
at the threshold of the Kirk effect is higher than the
25 collector current density required to attain the desired
frequencies. Its thickness (typically between 50 and 100 nm)
is the result of a compromise between transistor speed {(low
thickness and therefore low transit time) and mechanical
strength of the base overhang as well as the resistance to

30 tension of the transistor.

The second underlayer of the collecting layer is made from

InP. This is the part that, as will be seen below, is



of type-I heterojunctions. An alum niumcontent of around 20 25 - 30%is
preferably chosen so as to create a ballistic injection of electrons in
t he base-collector junction ((r)Ec conprJ'Cqs]ed bet ween 90 and 150 neV). Its
doping level (typically 5x1016 cm3) is osen so that the current density
at the threshold of the Kirk effect is higher than the 25 collector current

density requjLed;{9 atial desd freq ' -hickness
(typically bet vveénQSO an(f%ict(()}(gl%r?n) fsé%%j%thle‘;er egﬁ ti(g ! aggéﬁ%ggﬁl s%g) b%%wér‘éjn
transi stor speddc¢l| bhe bhseknetbeanulr tdmpatfione dfowe atkgi.t IH ne) haadily

mechani cal strength of t base. over hapg as_wel |_as the resistance tqQq 30
tensi on of the™Y %pg?g?gr?gﬁlﬁécgégﬁnéxﬁﬁdeﬂ“a er Of WHE Pecihd Paydr is
nmade from Ip&wddihs106 the pant nkhatis anrwilliche seereleWee Sul4able
heavi |y underetched (selective chem cal etching) so as to reduce the

base- coP| ect @PEhphers yEoF ¢hrniqer qtchificheavily n-type doped (typically
1x1019 cnB). It thickness (typically between 100 and 200 nm is sufficient

to guarant eerigdi t apher5 §apdictiopg fepcherical gfot&grﬂge The ather |ayers

i
of the stack conprise, betieen the substrate an e setond col Tect or
under | ayer, suleottaict orndcditcactiedayer cohbiecfommihdGalsyeandaa ddlisictand

second etch- stop | er, respectivel de fromInP and | nGaAs and, above
10 the secon%Pré#ﬁe aﬁﬁ%]a&? Gye‘{r,or%mf/ré%%tst'era rﬁd‘l';trﬁ%fé‘rd. SRk G e
net al cont acdtsog hEa ot ) oM 5160 St 8RS Pinddee smIhad rcenei Sthaafhsmakidld see
metal contact on the emtter contact layer. A layer of tungsten is first of

al | depdsi t ddrevEatsndreniden siigflayerof athendtaek epnepftakfaety grown
| ayers in which

Making the metal contacts

The following steps of the method consist of making the

metal contact on the emitter contact layer.

A layer of tungsten is first of all deposited evenly on the
15 surface of the stack of epitaxially grown layers in which
the HBT will subsequently be etched (or any other stack of
semiconductor layers). Tungsten is chosen for a number of

reasons:

- It forms an ohmic contact with low specific resistivity
20 with the very heavily n-type doped semiconductor (typically
InGaAs) located at the top of the HBT stack in the E-up or

C-up configqurations,

- It forms an excellent Schottky contact (i.e. 1low
leakage current) with the lightly n-type doped semiconductor
25 located at the top of the HBT stack in the C-up

configuration.

- Its refractory nature guarantees-very good resistance
to temperature increases. It <can withstand, without any
damage to itself or to the subjacent semiconductor, the

30 various annealings inherent in the transistor production



the HBT will subsequently be etched (or any other stack of sem conductor

| ayers). Tungsten is chosen for a nunber of reasons: It forns an ohmc
contact with low specific resistivity 2Q with the very heavily n-type
doped sem conductor (typically [InGaAs) I'Gcated at the top of the HBT stack
in the E-up or C-up configurations. It forns an excellent Schottky contact

(i.e. low lﬁm C -t Lg Y iR d 1 duector 25
| ocated at the top o?i{lﬁgﬁaﬁhﬂr\ésgg%tég?%ét Etghc-l%glgc%gﬁ??%&r aﬁn?g%]t EE&B

refractory nznperayuararmees gy (GO0 °Cesi.stance to tenperature
increases. It can withstand, without any damage to itself or to the

subj acent sem conductor, the 30 varjious.annealin i nherent in t.he
transi stor produgscl%on Ygryprolgoewss (:Pﬁc?ﬁailﬁrdgpos%isbl gli%gﬁsil%l artht i 5R€and

its high- temeraindet@wreatdbgs (27000 peridE vednvdidw oebti eherkadling
diffusion in the sem conductors nmakes it a perfect candidate for

increast ng 514 hest+ bbbyt 9ot PEnCEBAIGHENtAHhd, Thtls, 1185 IPAYGSERRAl
| mpact . The Sne.ethast San B uwSed it Dea dsa4etioh BUAGILEN oeStliGhdgn YS!

material widely used in the silicon industry ue toits’e tri

conduct i vi t ygiliiicle i ®Spr embeerihanwibHely efsedungsteme 401 2Acomskngussrpade
on the surfacfue qcf tirﬁ%t n sc';ein %si ng Qne .(%f tge Plurrerous geth S k@g in
seni conduct 6t*% echno ogeslllLeqi SPur@ZOC U We B04STorE, 9 6F “&kalpf8, '8 use
a phot osensif itvgig=esinn mask with a shape defined by U/ photolithography.
The choice of material for the mask is
10 A mask 1 is made on the surface of the tungsten using one of
the numerocus methods known 1in semiconductor technology
(figure 2a}). It 1is possible, for example, to use a
photosensitive resin mask with a shape defined by UV
photolithography. The choice of material for the mask is
15 actually very broad (electrosensitive resin, numerous metals
and dielectrics) since it is sufficient for it to resist the
two chemical solutions (in the case of the present example)
which will be used subseguently to etch first the tungsten
and then the semiconductor. This point facilitates the

20 insertion of this method in the complex device production

chain.

A first etching of the tungsten layer transfers the geometry
of the mask to the tungsten layer (figure 2b). Reactive dry
etching is used (fluorine ions) making it possible to obtain
25 flanks which are slightly tilted in relation to the surface
normal. Then, the tungsten layer is underetched by selective
chemical means (known KOH-based solution) so as to define a

first outline 2 of its shape (figure 2c}).

This outline is “generally cylindrical” but, in every case,
30 the tungsten flanks resulting from these etchings point
slightly outwards. It can be assumed that thorough

optimisation of the chemical and reactive dry etching (RIE)



15 actually very broad (el ectrosensitive resin, nunmerous netals and
dielectrics) since it is sufficient for it to resist the tw chem cal

solutions (in the case of the present exaj;gil e) which will be used
subsequently to etch first the tungsten d then the sem conductor. This
point facilitates the 20 insertion of this nmethod in the conpl ex device

production ghatdssd sl RLLRI RG of1ddie: Tingsten lf‘%%ﬁké.ra'iﬁf e Lhge
geonetry of the mask to the tungsten | ayer (figure 2 . Reactive dry
etching is used-qflidor lredi ohs) Imddmirrddingdssi bf éabbsobtBias25 ofutanks -

which are slightly tilted . in relation to the . surfa rmal . . Then, th
tungst en | ay® lri‘tsy%deﬁgﬁrb od BY° se}ré%?r‘i‘%tl% en‘iw(}%% mg:z‘r?s (SI?&E\KREF\‘@%—E ased
sol ution) soc@sni®lstgf i reqairkidr skoputdigi? Qi ti-hsrspane {E7QuUr endekrd, Thi s
outlineis " enerallﬁicylindrical" but, in every case, 30 the tungsten
f1anks ?esul ¥y Prokilfed®vdidhrorislipoi nhensmaghnpy g warlal Peresatse

assuned t hat éﬁkoéﬂmngo%iﬂﬂé@tﬁw sd %%CF%Tl%@toqn%hhq%thioYl%FGEg or

etching (Rl I§ 16 processes can lead to nost-verti cal anks. Tn no case
woul d it | edthd ociombacd- ponmpung Hialges., Theseleut wapdarpocat icf) khamks are
inconpatible with th el f-aligned, technolo required for making

ul tra-rapid %Bf‘lcsu.lq%gjeezcd‘fe%l tttﬂ%s %tielrea%u%\éerﬁgﬁ?t, when maki ng the
nmetal deposits constituting either the base and collector ohm c contacts

or the contagd mektpuicdsi dgesistd bhecappeasanse ehenhanbereibeihys by
between the emtter and the base. The next step consists of etching and
t hen urller etsHigtd 1y chrris@lledtgars cdd ddirsive #8811 conelucitpst Lagritcdnadict or

layer 3 of 1ﬁﬂ§ e@bi@%&f&lSt%&gc&figy%f§&¥g' }HB§ i@ﬂﬁgpucfﬁtﬁoduces a
constraint in the design of the stack of these layers. In
the case of the HBT of the InP die, this constraint is very
low since the contact layer is still made from InGaAs (for

15 the very low resistivity of the ohmic contact that can be
made with it). It is then a matter of placing a
semiconductor layer under the InGaAs layer, which, without
affecting the electrical properties of the component, will
act as an etch-stop layer for the chemical etching. On the

20 other hand, the latter layer must be chosen from among
semiconductors with a wide forbidden energy gap (principle
of the TBH) which have lattice match with the other
semiconductor layers. For each of these semiconductors (InP,
InGaAlAs, InGaAsP in the InP die, or AlGaAs, InGaP in the

25 GaAs die) chemical solutions are known very preferably for

etching InGaAs in relation to these materials.

The next step consists of chemically etching the flank of
the tungsten layer to obtain the desired profile and
dimensions (figure 2e). The existence of the underetching of
30 the InGaAs layer allows the chemical solution to etch the
tungsten on its lower face. It is this joint etching of the
lower face and of the flank that will make it possible to

obtain the desired profile. Once the ' thickness of the



constraint in the design of the stack of these layers. In the case of the
HBT of the InP die, this constraint is very |ow since the contact |ayer is
still made fromlInGAs (for 15 the very | resistivity of the ohmc
contact that can be made with it). It iépxhen a matter of placing a

sem conductor |ayer under the InGaAs |ayer, which, without affecting the
electrical p LES h o] e i n.etch- p ~l-avern for
t he chenicalfgﬁgiﬁig.lg e%hgagogggﬂegéﬁaﬁngtﬁgghg?ge? F§§§?n%%§toge£?ﬁosen
from anong senméaddndodt orlse wdttheaswbde fodr btldeleprerfieigy agap Opranuepl &y of
the TBH) which have lattjce tch with the .other ,.sem.conduct.or | ayers. For
each of t heseoBert EhHictET s (TREIS 1A S M G As B it FRA P o &by

Al GaAs, | nCadbohiiréhei 25tkadssalbfoct e gal SdnitiPipeaie JName @ihical
preferably for etching InGAs In relation to these materials. The next

step consi stEOHEEEPRMIEGH RSt hgd® hEOf Itdfk BFUIhnRss upfstBR Itayertes
obtain the I ked, profi di mensions (figure 2e). The existence of

t he underetgﬁ?%g g? 30 t %?In As | ayer allows the chenical solution to
etch the tungsten on its lower face. It is this joint etching of the

| oner face akhid ofint e féek that whel meked tdepossilidde dibovebfain rake.ng
desired prof,ile. ce the thickpness of the 17, tu en | ayer has .been set
(for exanpl e %F tlﬁ% €3 “%?C‘ho%tn @?e 600 T t (ﬁrﬁE &r‘i’g‘ &1 e 1o &5 e
are obtai neccyp cosifohbidngi die etighi rthd | M td:gur &£3) .thEhe pealiiduyg 16f
this control is then subject to the etching speed of the chem cal 5

sol utibh usetrEr RG] grerdlifie opdlighiads Tfadkhecaingdsen o | aARlagderco

etching. It can be seen that i he Q%kh%%lq%%§5hb%9p@pove for maki ng

Typ. doping Typ. thickness
Layer Material

(cm—-3) {nm)
EC emitting

InGaAs 1x10%* 100

contact
E emitter InGaAlAs 3x10t7 50
B base GaAsSb 5x104 20 to 50
C collector InP 5x10%® 100
CC coll. contact {InGalAs 1x10%° 50
Table 2

The previously described method can also be applied to the

following stack:

Doping Thickness

Layer Composition (cm™) {(nm) Comments

Contact InGakAs:Si >1x10%° 20




the netal contact of the emtter (or of the collector in the GCup
configuration), in the context of the previously 10 descri bed specific
epitaxial stack can al so be applied to ﬁ ventional stack of the foll ow ng
type: Layer Material Typ. doping Typ. thitkness (cm3) (nm EC emtting

| nGaAs 1x1019 100 contact E emtter InGaAIAs 3x1017 50 B base GaAsSb

5x1019 20 to 50 et 6 0 CC ol t——gontagt LT 019
EmytEAF 9
50 Table 2 [The preV|ousI é%%ﬂ %edlrmt gd(%an also5 e applﬂ éﬁdo th)é45
foll ow ng stiack: Dopi ng Thickness Laygr Conposition (cm 3 )| ( nmoworment g
Contact I nGgAs: Si >1x1019 20 1 18 Emjtter InGA As: Si 3x1 [017 50 [AI] =
0.35 low In content 11 |Base GaAsSh: ¢ 8x1019 35 [Sb] = 0.39 C&Mt&Edtor 1
| NnGaAl As: Si |5x1016 60 [Al|]] = 0.25 high In content Collectjor 2 InP:Si
5x1016 100 Base GaAsSb:C 8x10™° 35 [Sb] = 0.39
Collector 1 | InGaAlAs:Si | 5x10% 60 [Al] = 0.25
high In
content
Collector 2 InP:Si 5x10'® 100
Sub- InP:Si 1x10%° 200
collector
Coll.
InGaAs:Si 1x10%° 30
contact
Damper - n.i.d. -
Substrate InP:Fe (S8i) - -
Table 3
Etching of semiconductor layers
The dimensions of the extrinsic base are defined according
to any known method. The production of the transistor
5 continues with the following steps.
The E2 InP layer of the emitter is etched (figure 4b). The
H3PO4:HC1 chemical solution is used, which has wvery high
selectivity with the other semiconductors of the structure.
The C2 InP layer of the collector is also partially etched
10 (the C2 layer was chosen to be thicker than the E2 layer).

A photosensitive resin is used to perform lateral

encapsulation 4 for protecting the remaining parts of the E2



Sub- InP:S 1x1019 200 <collector Coll. InGaAs:Si 1x1019 30 contact Danper
- n.i.d. - Substrate InP.Fe (Si) - - Table 3 Etching of sem conductor

| ayers The di nensions of the extrinsic b; e are defined according to any
known net hod. The production of the transi'stor 5 continues with the
following steps. The E2 InP layer of the emtter is etched (figure 4b)

The HSPO: Hirh ohem calc sal UL oy igke usednthich 1bgs,vepy bgh asebecthlity

with the other sem conductors o ucture. he ayer of t
col l ector i snaiizb partdct | yltetdhed d ooy tri«tete(dz tlhajzelthms e@h@penlta(olbe is

t hi cker than the E2 hot t d t f
| atoral  endl GrPbeY ab¥ol 5T GUECEAE (e WimI TR HArS bPo: RETEREEo
emtter cont@gdtda@yerirE@Hind dhe mddeayebm aanyeténas of the netal

contact. It should be noted that this encapsulation is- nade easier by the
presence of the overhang inthe emtter contact, in this case made from

(11 qur o c) Prd ral0e L Eheh ca 81 ati o ChbocLICLAYES, | SayBerf gErec
sel ectivity patfrodneed otl hiegursemiacondilbeortyPoi: HCh]e shemdtaﬂe.s@hﬁ:a@irhems
| ayers are %Oset(;leref ore n% et cvheerdy hlg%art | cl rlvtlgg,} t\{\@tgdj %ggnt O!tgg%rs:
semiconductors of the structure. The other layers are
10 therefore not etched, in particular the two adjacent layers:
that made from quaternary alleoy, €1, and that made from

InGaAs, C3. The E2 InP emitter layer is protected by the

lateral photosensitive resin encapsulation.

The deep unteretching is then encapsulated (figure 4d). The
15 cavity made under the base overhang i1s filled with a
material that has sufficiently low viscosity to fill the
cavity, good adherence to semiconductor surfaces and the
possibility of being hardened once in place to increase the

mechanical strength of the base overhang.

20 A photosensitive resin is used, for example, which is then
polymerised by annealing at 170°C for one hour. Other
materials are also commercially available: polyimide, BCB,

etc.

The El1 InGaAlAs layer of the emitter is etched (figure 4b).
25 This layer is an integral part of the emitter (n-type). It
must be removed in order to be able to deposit the ohmic
contact on the base. A chemical solution 1is used (e.g.
citric acid: Hz0;) which selectively etches the 1InGaAlAs
quaternary alloy in relation to the GaAsSb (the base layer
30 must retain its initial thickness in order not to increase
the access resistance of the base). The C3 InGaAs stop-etch

layer of the collector is also etched during this etching.



that made from quaternary alloy, O, and that made from I[InGaAs, C3. The E2
InP emtter layer is protected by the |ateral photosensitive resin
encapsul ati on. The deep unteretching is then encapsul ated (figure 4d) . The
15 cavity made under the base overhang i illed with a material that has
sufficiently low viscosity to fill the cavity, good adherence to
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| ayer of the collector is also etched during this etching. 20 The C4 InP
stop-etch Ia%f%trrjﬁfslt%é)ac?cﬂ'l ector is not etched. The lateral etching of the
El layer can be mnimsed so that the emtter finger is wider at the |evel

of the El |aysr dhannat tbepleveh dfaydie BZ | aper.coéniédese cenditicaas,
the 5 excess thickness of the El layer is conpletely depleted of carriers,
so thatlit hdstBIFeactiont? ornreweti hge FecerbiRatPsnsoBtagtnérYey ¥he&erons

on the surf G O(Bhﬁlb@ contact of the cellecter will be deposited. The
H3P04:HC1 chemical solution is wused, which has very high
selectivity with the other semiconductors of the structure

(the other InP layers being protected).

15 The transistors are electrically insulated by deep etching

of the C5 and subjacent layers {not shown).

The ohmic contacts are deposited (figure 3g). The overhangs
between the emitter and the base (due to the tapered shape
of the contact)} on the one hand and between the base and the
20 collector on the other hand are used to make the base 5 and
collector 6 contacts in one go (in the case of the emitter,
this involves a thickening of the tungsten contact). This
self-alignment makes it possible to reduce, in a controlled
fashion, the distance between the base contact and the
25 active zone of the transistor (typically between 100 and
200 nm). The metal deposit is optimised to reduce the
contact resistance on the GaAsSb layer. A Pt/Ti/Pt/Au stack

can be used for this purpose.

At this stage, the transistor is complete. It is then
30 electrically connected to the contact outputs or to other

components of the circuit.



extrinsic base. The C4 InP stop-etch layer of the collector is etched 10
(figure 4f) to uncover the C5 collector contact |ayer where the ohmc
contact of the collector will be deposited. The H3PO4: HC1 chem cal
solution is used, which has very high s ctivity with the other
sem conductors of the structure (the other InP |ayers being protected). 15
The transi st ar : ical |l te ep i of, t he. nd
subj acent Ia@lﬁs (ﬁroef\dlgﬁ%s\r/\l/ny;:. '(Ijhescgﬁglleg c%&?%%(?% arlgéﬁﬁlelprlo%%i tegl (figéﬁrééé?)g)
The over hartgsto bietlwesrerihie emintiereland sdbf balSeyr(ale tott heliaper edbghape
of the contact) on the oggehand antd het ween_t he base _and the 20.col | ector

on the ot her® RS us&l®t o TkE 1HE Base 3 AR gl | MY 6°¢GHIEERS i n
one go (in theicasss 0f ddfecedn hiek, latdé By i BUBhYEBo@i & hil chkens g of tbhbe
tungsten contact) . This self-alignment nakes it possible to reduce, in a
controlfed HEHGH atheé diyt &96¢ -bet ween the base contact and the 25
active zone of the transistor (typically between 100 and 200 nm. The
nmetal deposit is optimsed to reduce the contact resistance on the GaAsSb
| ayer. A Pt/ Ti/Pt/Au stack can be used for this purpose. At this stage,
the transistor is conplete. It is then 30 electrically connected to the
contact outputs or to other conponents of the circuit. 21 The previously
descri bed nethod requires a single photolithography. Entirely
self-aligned, it allows, by overcom ng the constraints caused by mask

al i gnment machi nes, devices with |argely subm cronic dinensions to be 5
produced at a | ow cost.



22 CLAIMS 1 - Method for meking a heterojunction bipolar transistor by
stacking epitaxially grown sem conductor |ayers, conprising steps
consisting of epitaxially growing froma support at 5 | east one collecting

| ayer and one emtting |layer respectivel?y, at |east one base | ayer, and at
| east one emtting |layer and one collecting | ayer respectively, said

| ayers having conpositions producing a d@adisce match fault causing

def ormati ons, characterised in that the step that 10 consists of
epitaxially growing said collecting layer and said emtting |ayer
respectivel yl confieted Sebh-malkhyy zosistdnpaiioapibtiarilar Frgnewishgr b
contact with_saig. base . t t > ] der | r f.on

bal anci ng thsetgéc]gln[g r%?h%%\(gén%jlfe %gﬁ‘ﬁg%@?&%&e‘%ﬁgt ?8 §,¥San%%n%)rll§%§l? one
15 second unslespayebnEC2Ying tife &ptieaoppdsi t ersaisly baseml ayesuppdrt ebat i on
to said first underl ayer. - Met hod %ccordi ng to claim1l, wherein_said

2
first undert@%Yr (EFF naCslifstind i alPyefhe Fhe OBRposTiioning daver

em tting |ayelsane Gallect g 1av&r basPesddyeh¥ye2) 3ing Mathod Agcopding
to claim1, for making a transistor in which said emtting |ayer and said
col l ecting |lawyiertinespevervehy corprésklesoinghdbryayersspactudehy, ashildst

underl ayer (El) in contact with the base | ayer_and second _upderl_ayer
(E2) " on’ ¢ he iR D001 £ srbopaeTond) Br o Pitiadla aFons wildrt LRt
under | ayer, saigidd ratfunderiaye; ehartbheceokkactior andtt heeenitd®r that
respectively has substantially the sane conposition as the first

under yer ¢FOHeS i f ePPIARE PHe Yo oI T EEt M Pa3PectalV@qping -layer and
Het er oj unctign bi pehakt§hgnsi B4Ry COMIRIRGvBISUPPO dprises  sub-steps

consisting of epitaxially growing, in contact with said base
layer, at least one first underlayer (Cl) for balancing the
constraints and reducing said deformations, and at least one
15 second underlayer (C2} on the side opposite said base layer

in relation to said first underlayer.

2 - Method according to <claim 1, wherein said first
underlayer (Cl) has substantially the same composition as

said emitting layer and collecting layer respectively.

20 3 - Method according to claim 1, for making a transistor in
which said emitting layer and said collecting layer
respectively comprise two underlayers including a first
underlayer (El) in contact with the base layer and a second
underlayer (EZ) on the side opposite said base layer in

25 relation to said first underlayer, said first underlayer of-
the collector and the emitter respectively has substantially
the same composition as the first underlayer of the emitter

and the collector respectively.

4 - Heterojunction bipolar transistor comprising a support

30 and, epitaxially grown from this support, at least:



30 and, epitaxially grown fromthis support, at least: 23 one collecting
| ayer and one emtting |ayer respectively; at |east one base |ayer (B)
and one emtting |layer and one coIIecting¥{ayer 5 respectively; said

| ayer s havi ng conpositions producing a | ice match fault causing
deformations. characterised in that said collecting |layer and emtting

| ayer respectivel onpL LS. - at t fir undey:l r, (Ch).l
contact with saidan%aseé gﬁ%ﬁe{ﬁQN' ggbgﬂiingﬂg%nsffﬁﬁntgﬁgﬁgxﬁgducﬁﬁgegaid
def or mat i onsrespeictiwlyeast one second underlayer (C2) on the side
opposite said base layer in relation to said first underlayer. 15 5 -
Tr ansi st or agcorQngLto cIainu? wq%rekné% i.d f?rst underl ayer (d) has

i

substantially the saﬁ%“%bﬁ%g%i 4%h 149°%s itk ting layer and collecting

| ayer respectively. 6 - Transistor according to either one of the clains 4
or 5, wherein sairk secantkirder | ayared s wnder eteehed towld gditAingum 12@er

| at eral _extension co i sed between that of the base and that of the

emi tter?baseraFRFCO Vet or - base junction respectively. 7 - Transistor
according to any one of the clains from4 to 6, wherein said emtting

layer and cold et ilngelrayafavidRy r 6SRESEL VEbYs CORBRLEENG! d eagtr 0RE hiakeh
underlayer (El) in contact wwth said base |ayer, subStantially of said
conposi ti on;fahkt j¢ausing deformations.

characterised in that said collecting layer and emitting

layer respectively comprise:

10 - at least one first underlayer (Cl) in contact with said
base layer, for balancing constraints and reducing said

deformations; and

- at least one second underlayer (C2) on the side opposite

said base layer in relation to said first underlayer.

15 5 - Transistor according to claim 4, wherein said first
underlayer (Cl} has substantially the same composition as

said emitting layer and collecting layer respectively.

6 — Transistor according to either one of the claims 4 or 5,
wherein said second underlayer is underetched to a minimum
20 lateral extension comprised between that of the base and
that of the emitter-base and <collector-base junction

respectively.

7 - Transistor according to any one of the claims from 4 to
6, wherein said emitting 1layer and <collecting layer

25 respectively comprise

- at least one first underlayer {(El) in contact with said

base layer, substantially of said composition; and



24 at | east one second underlayer (E2) on the side opposite said base
| ayer in relation to said first wunderlayer. 8 - Transistor according to
any one of the clains from4 to 5 7, wherein: - said base |layer is nmade
from GaAsSbh; - said first underlayers ar & made fromlIn&A As; and - said
second underl| ayers are nmade fromlInP. 9 - Method for making a transistor

according to_any gne Of,.10 e claldm oMty 8 3%%’“ %;nngthge 358Rs
consisting of: - epitaxially grow ng sai ayers and underlayers; etching
the | ayers ahmwesbtd d eaitti bgskaydayamd ool |extatigpr ayer respéct fieky;
characterised 'qﬁ{hat it conprises the steps consisting of: 15 -
underetcmluf%éﬁ Letond under |l ayer and of the collector and emtter
respectively; filling the space left by said underetching between said

first underl@yerTefintheteol heebpsimddcenihyesner espeski ¥ehymandrbfie4! ayer
| ocat ed_under the second 20 underlayer with an insulating material; and
et chi ng® sai d’ e85 %*1 ayer and col l ecting | ayer respectively. 10 - Method
according to claim9, for making a transistor conprising a contact |ayer

of the enitter ang cpldac oaylS iesReet Fvehycandsp; metal contact, nethod
conprising the step consisting of encapsulating said emtting contact and

25 collecting contact respectively and the netal contact in a mterial
(4) to protect its¢xﬁﬂﬁ#ﬁsuﬂqﬂﬁqg§§yers are made from InGaAlAs; and

- said second underlayers are made from InP.

9 - Method for making a transistor according to any one of

10 the claims from 4 to 8, comprising the steps consisting of:
- epitaxially growing said layers and underlayers;

- etching the layers above said emitting layer and

collecting layer respectively;
characterised in that it comprises the steps consisting of:

15 - underetching said second wunderlayer and of the

collector and emitter respectively;

- filling the space 1left by said underetching between
said first underlayer of the <collector and emitter
respectively and the layer located under the second

20 underlayer with an insulating material; and

- etching said emitting layer and <collecting layer

respectively.

10 - Method according to claim 9, for making a transistor
comprising a contact layer of the emitter and collector
25 respectively and a metal contact, method comprising the step

consisting of encapsulating said emitting contact and



11 - Method according to either one of the clainms 9 or 10, for nmaking a
transistor in which said emtting |layer and 5 collecting |ayer
respectively conprise two underl ayers in Wﬂich a first underlayer is in
contact with the base layer and a second nderl ayer is on the side
opposite said base layer inrelation to said first underlayer, nmethod in

which the sLop consist Logof CkelbRg.t he1 L aUaRS BROVR Al dedfh ool t1hng
| ayer and collecting Tayer respectively 1s followe y a step consisting
of etching tietsecophd(4nder lEyEredf itthegagmisttt ecamdgeol | ect or
respectively. 12 - Method according to both clains 10 and 11, wherein the

encapsul ati on, step _incl.udes,_encapsul ati.ng the non-etched . 15 part of éhe
second under ayerggFﬁﬁﬁeggﬁP péPBang éﬁ&?ﬁ%té?“?é?%é%@?v%&@%m%| c&8f 6

the first unger!| agkingf 4 heraspitter amd wldieckandr espedtiine! yapad the
contact_layer of the emtter and col|ector respectively. _

5 collecting layer respectively comprise twe underlayers in

which a first underlayer is in contact with the base layer

and a second underlayer is on the side opposite said base

layer in relation to said first underlayer, method in which

the step consisting of etching the layers above said

10 emitting layer and collecting layer respectively is followed

by a step consisting of etching the second underlayer of the

emitter and collector respectively.

12 - Method according to both claims 10 and 11, wherein the
encapsulation step includes encapsulating the non-etched

15 part of the second underlayer of the emitter and collector
respectively, placed between the first underlayer of the
emitter and collector respectively and the contact layer of

the emitter and collector respectively.
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