- -1- | MPROVEMENTS | N OR RELATI NG TO 1 NTEGRATED LI GHT DETECTI NG CB?‘e' gp"‘{
GENMERATI NG MEANS AND AMPLI FYI NG MEANS This invention relates to'in é?ét gy
. light detection or generating neans and anplifying nmeans and 5 nor e <jzg:y
payticularly to'ti-ght sources such as light enmtting diodes, or |ight :
‘detectors such as photodi odes integrated with anplifiers such as field.
eL;?ct transi stors, resistors and capacitors in various group II1Il-V
mulTtilayer structures to forma nonolithic 10 structure. The term
"light" used herein includes invisible Ilgh%‘such as infra-red and ultra

'V|0Iet Several ‘such integrated syste 1|ch an anplifier
comprising a | unetion? #PB%YEMPETﬁoFHeaRl ﬁE&A’i‘!sNG T%{»,%ﬂ £h ATRDn st ep

through a wi ndow in %%T%é'r , ;@glsﬁt S

t hat | ow doped | ayer =2 e

and spreadi ng during diphf gshggehgggﬁ gglggggtggnlﬁgg%Ject g?QPﬁg reduce the

mut ual conduct ance - achlevab e. IS an pr esent
i nvention therefoaetbetabavbdegénéeawhgdméasatad@t&ﬁgl DHg SRSt
means and anplifyi ng neans which will overcone these dlsadvantages
Accordi ng to5the morecparticadtrdy tbhelight sources such as light

emitting diodes, or light détectors'such as photodiodes
integrated with amplifiers such as field effect
transistors, resistors and qapacitors'in'various gréﬁp
III-V multilayer stfuCtﬁ:es to form a monolithic
10 'étructure. |
The term "light" used herein includes invisible
ligﬁt sdch_as infra-red and ultra violet.
Several such integrated'systems are known in which
- an amplifier comprising a junction F.E.T. is formed in a
15_ localised diffuﬁion step through a window in an oxide
mask. The disadvantageslof this methbd are that low
doped layers are deteriorated during the diffusion drivel
in step and spreading during diffusion tends to lengthen
~the gate‘and so.reduce the mutual conductance achievablé.
20 It is an-object of.the preéent invention therefore
to provide integrated light detection or géneration
means and ampl1fy1ng means which will overcome these
-dlsadvantages. :
‘According to the present invention there is

- 25 provided integrated light detecting or generating means



provi ded integrated |ight detectirg or generating neans -2- and
i fying means conprising a field effect transistor conprising a *
I -insul ating substrate on which are formed source and drain | ayers
parated by a groove,, a first layer and a second |ayer on-top of the 5
first layer forned in said groove formng a gate bridging the source and -
drain layers, and light detecting or generating neans fornmed of the sane #ﬂ?-
| ayers as the gate to forma nDnO|L§hIC structure. - The |light detecting or
generating nmeans which are 10 formed fromthe sanme | ayers which forn1the
gate rrayaaddampﬁlfylﬁgrﬁednencamﬁemm@saﬂﬁiéng Stisdg ate but are '
preferably formed to De one and the same as the gate. The |ayers forn1ng :
the |ightrdastéstorgcompgestngt angembainsypl£f tigbdybsiefdattee an | i ght det ect or
such 15 as a photo-diode. Alternatively the above nentioned |ayers may
define awhight aseufoemedcaousce andgrdrahmtlayrrsiissparayesd dyasl y when the
above nentioned | ayers forma |light detector it conprlses a p-n phot o-di ode
consi st A§ooYer aofipstypayeryaRd AnFeFPRd SkAYRK RpAAP AL tHhe gat e. ‘The '

souice a??rggaigylaygorm éeigrggi grggbe forming- a gate

-

bridging the source and drain layers, and light
deteeting_or'generating means formed of the same layers
as the gate to form a mohclithic structure.
The:;ight detecting ot geherating means which are
10 formed from the same layers which form the gate maybe
directly formed on a semi-insulating substrate-ﬁht are
preferably formed to be qné and the same as the gate.
The layers forming the ligh;'detecting or
generating means preferably define a light detector such
15 : as a photo-diode.
Al ternatively the above mentioned layers may define
a llght source such as a light emlttlng diode.
Preferably when the above mentioned layers form a
light detector it comprises a p-n photo-dlode qon51st1ng
20 of p-type layers which also form part of the gate.
| The source and d:Ein layers preferably each
comprise a buffer layer, hiéh conductivity source and
drain layers and a high_resistance cover layer.
Preferably the groove between the source and drain

25 layer is V shéped'and the gate and the light detecting



Ps

conprise a buffer layer, high conductivity source and drain |ayers apgd—a™~y
hi gh resi stance cover |ayer. Preferably the groove between the Sour @
drain 25 layer is V shaped and the gate and the |ight detecting

or, generating neans are forned in the groove A nethod of nmaking integrated
1ight detecting or generating means and anmpl i fying means conprising the-
sg&?s of formng a field effect transistor high 5 conductivity
soure/drain layer on a sem -insulating substrate, formng a groove to
divide the layer into two parts to separate-ghe source and drain, producing.
an field effect. transistor first and second | ayers in the groove to produce
a gate to bridge tore gdnzirating meanscat@ formed pnotheigrpdvght detecting
or generating neans forned of said first and second |ayers. The FET high
conductivity source/dr & meithpdr ofsmgkdngr Apktgarateddl bght devectiop toxi al
grom h step, and the FET ,gate and the |ight detecting or generating nmeans
15 . are preferad&NeEs B@anss aRgnam b?‘f&ﬂ“él mﬁ‘?%ﬁvt‘l’f’%ﬁ’éb?l%e&w oove

's preferably V sianed 339 £.2n1Rg 2V ¢354 Qrect transistor nigh

5 conductiVity soure/draih layer on a semi-insulating
substrate,.forming.a grbové to divide the layer_intd two
parts to separate -the source and drain, producing an'
field effect transistor fifst_and second iayers in the
groove to produce é gate to bridge the drain and source

10 and producing light detectinglor generating means formed
of said first and second layers. |
The FET high conductivity source/dr&in layer is
p;éferably formed by a first epitaxial growth step, and
ﬁhe FET gate and-the light detecting or generating means
15 afe preferably formed By_a second epitaxial_growth
stop. _ o ._ _
The groove is.preferably.v_shaped and formed by
etéhihg. ' |
Embodimeﬁtsof the_invgntion will_now be described
20 by way of'gxample_dnly:with'reference to ﬁhe
écéqmpanying drawings in which, | _
Figdresll to 3_i;iu$tra;e sequentially the steps of
~ producing an integfate& photodiodé and FET amplifier
' according'té the”inthtion, -
25 Figure 4 is a perspectivé,view of a completed FET

integrated with a separate detector diode and,



nhQdi nents of the invention will now be described 20 by way of exanple
with reference to the -acconpanying drawings in which, Figures 1 to 37
trate sequentially the steps of producing an integrated photodiode and
anplifier according to the invention, 25 Figure 4'is a ,
perspective view of a conpleted FET integrated with a separate detector  _
di ode and, -4- Figure 5 is a perspective view of a conpleted FET ' ﬁg%
integrated with a detector diode fe4+red on top of the FET. A nethod of ’
maki ng si nul t aneously a phot odi ode and 5 a short gate junction FET on a
sem -i nsul at i A§gun® Subst aaperdpective | wsdw xafeck igonElptess FER o 3. An FET
buffer layer 10, a hi.gh conductivity n+ source/drain layer 12 and 'a high
resi st anéetﬁgl’§b§dcﬁwgh # adeteqonrdiodeirimed ot R afcdieaxi al growt h
step. 10 The | ayer sequence is shown in Figure 1. The layer 14.is then
covered BPTa | ayer of photo- resist 18 and slot 20 of ‘lumis opened in the

Cortentati on abpRend 9F AR TR AnflER G HBIUIDA G

5 a short gate junction FET on a semi~insulating InP

L 2

‘substrate 16 is illustrated in Figufes 1 to 3.
. ' An FET buffer layer 1b;_a_high conductivify nt
sourcé/drain layer'lz and a high resistaﬁ;e n_type cover
layer 14 are gfown in a single expitaxiai-grpwth step.
10 The layer sequence is shown in Figure 1. |
i The layer 14 is then.covered by a layer of photo-
resist 18 and slot 20 of -lum is opened in.the'léyer_lS;
.The layers 10, 12 and 14 afe then.etched using a crystal
orientation dependent etch to produce a V'éroove 22 to a
15 depth such that the épexfof the V groove divides the
high conductivity n* source/dfaih contact layer 12.
See Figure 2.
‘The remainder of the photoresi3£ layer is then
removed ahd in a second epitagial growth gtep the
20 following layers are depoéited:- an n type GaInAs layer
24, a p type Galnas 1éyer 26 and a p type InP layer 28.
These are deposited confofmélly so that the GaInAs.layer
24 bridges the gap in the n* layer 12.
Precision depth etching through photoresist
25 patterns is performed to défihe a groove 12 and hence to

define the boundaries of a source 30, a drain 32



15 dept h'such that the apex of the V groove divides the high _
nter—

conductivity n+ source/drain contact |ayer 12. See Figure 2. The remai

of the photoresist |ayer is then removed and in a second epitaxial growh
step the 20 fol-lowing layers are deposited:- an n type GalnAs |ayer 24,
a p type Gal nAs layer 26 and a p type InP layer 28. These are deposited
cagnf-ormal [y so that the GalnAs |ayer 24 bridges the gap in the n+ |ayer 12.
Pr €Ci si on depth etching through photoresist.ég. patterns is. performed to

define a groove 12 and hence to define the bolihdaries of a source 30, a

drain 32 -5- an af 4,and_in, SOE, e iJrents tq define a_separate
p-n/ di ode 36 whi chgggnge‘#%ﬁ%r?’ge d%?lerihgegé“ef p%“%q}%eﬁ%f %? ?ﬁg\kﬂei ﬁ Figure 4
or on top of the Fgg é‘PQtGWﬁéF&EQ'i@WH%H QR 13T B2 %Q@A{ehbg g e
5. 5~ An |nsu?at|ng ayer e.g. Si Q2 -(not shown) is deposited,

wi ndows opened by phetPETOaSVsHEwRNTh IFijikd 4 Yiie oreitdld bFakhengeapahied

using engraving and float-off techniques. The oxide is needed to isolate
i nter-connections conn¢dted directkentmdre gateoas ahewhl in Figageedges to -
preserve elqurlcal-coq&gr%géggating layef e.g. 5i0, }not shown) is -
‘deposited, windows opened by photoengraving and n and p
type metallisations applied using engraving and
float-off tedhniques;' The.oxide-is needed to isolate
-inter-connections-end these are taken over appfopriate
10 ﬁesa edges to preserve eleetrical continuity.
 The scheme shown does not easily allow the
inclusion of high value tesistors S0 a resistor
deposition stage is needed for most useful integration.
The 'V' groove infilled gate FET hae short
.15 (submicron) gate lengths so that high mutual_conducﬁance
result, _ _ |
The thin n FET layer 24 is controllably infilled so
that the high conduétivity materials necessary for high
gm may be utilised. | |
20 The infilled FET layer 24 is GaInAs which has
excellent transport properties for FET's.
The important gate/drain and gate/source
capacitances which are likely to be higher than that of

a MESFET may be reduced because of-the'hiéh resistance

25 = layer 14 grown onto the source/drain n* LAYER 12.



he scheme shown does not easily allow the i'nclusion of high val ue
sistors so a resistor deposition stage i s needed for nost useful
tegration. The 'V groove infilled gate FET has short 15 (submicron)
ate lengths so that high nutual conductance result. The thin ' n FET | ayer
24 is controllably infilled so that the high conductivity materials -
necessary for high gmnay be utilised. 20 ' The infilled FET Iayeri%;
is GalnAs which has excell ent trans&ort properties for FET's. The inportant
gate/drain and gate/source capaci tances which are likely to be higher than

t hat of a MESH ghfggggﬁpquq 4Sq 40 okhg Q'SQ*%E%b?tﬁﬂce 25 | ayer -
e sour e

14 grown onto t aln n+ LAYER 1 e gate junction infil
34 forms pedlateGinysd yddnediry aes Bed QATRbERACED BRatakbquegeqo that

required for good optical coupling. Detectlon out to 1.6um can be achieved
in the 5 for hycd apitricetluroougdtiagt.i on | ayer. Both photofets and integrated .

dlode FETs are realisable using this nethod.
Detection out to l.6um can be achieved in the

£

5 heterostructure detection layer.

Both photofets and integfated diode~FETs are
realzsable using this method. |

Infllllng by liquid phase epitaxy produces thlcker
layers on concave regions of the surface. This means

10  that to fully pinch off the FET in thé apex of the 'V'
Sufficient'negative bias is needed to significantly
deplete the layer 14 so reducing the source/drain to
gate capacitance.

The detector diode structure is ppnint whiéh

15 behaves as a ?-i-n- structure once the central n and i
layers 12, 14 have been fully depleted. -

Figure 4 illustrates a junction FET 38 integrated
with a separate detector diode 40, the.detector being
connected to the gate of the FET by a metallic conductor

20 42, Metallic contact bads 44, 46, 48,.50 are provided
for the lnput and output to the diode and the source and
draln of the FET. _

Figure 5 illustrates a junction FET 52 integrated

: with a_photodiode 54 which.is mounted directly on the

25 gate 56 of the FET. Again contact pads 58, 60 are



Infilling by Iiquid phase epitaxy prdduces. thicker |ayers on concave <:£%2)
regi ons of the surface. This neans 10 that to fully pinch off the FET '

the apex of the 'V sufficient negative bias is needed to significantly
depl et e t he | ayer .14 so reducing the source/drain to gate capacitance. The
detect or di ode structure is ppn|n+ whi ch 15 behaves as a p-i-n-
stfueture once the central n and i layers 12, 14 have been fully depleted.
Figure 4 illustrates a junction FET 38 integrated with a separate detector

di'ode 40, the detector being connected to th& gate of the FET by a netallic

conduct or mg a g cont act $ads 44, 46, 48, 50 are provided for
t he i nput and outBE?vf ef,E0F; bhe SQUred Eﬂ?%ﬂuﬁQﬁzﬁrfqﬁthﬂﬁeCPEFaCt

|l di.od
which is mounted Aret?] SRoRERRAISE WRig £9 dhifedied B IT Ba Br

pads 58, 60 are pgp({-. provided for the source and drain, and a further
contact pad 62 is prOV|ded which is connected to the gate of the FET.

Wii-l st an integrated FERi2SE anpihotéghHEed eor haah a photodiode has been
5 described the invention is equally appllcable to an

integrated FET and a light source,'such as an LED.

10



descri bed the I nvention is equally'applicable to an integrat'ed FET and
I ght source, such as an.LED. 10 CLAI M5 1. Integrated |ight ¢

tecting or generating neans and anplifying neanssgggg;lfingjLiiﬁiLL o
effect transistor conprising a sem -insulating sub on which are 5 s
formed source and drain layers separated by a groove &W“t“l a,
second | ayer on top of ‘the first layer fornmed in sai ﬂﬁ“‘“‘\g‘“ a’ S
bridgi ng the source and drain | aye~g~ and |ight detects ng oF dbneratlng

means formed of the sane layers as the gate to forma 10 nmonol it hic
structure. 2. Integrated neans &LAIMSi ned in claim 1 which said |ight

detecting generating neans are directly formed on a senmi - i nsul ati ng
substrat el and knteqnﬁﬂﬁﬁnkaghh)dﬁhsqtaysr9rfsﬁnengt@ne gaeasyvaadconnect or
means. 15 I ntegrated neans as clained _in claim1 in which said

| i ght det%ﬂﬁ%%ﬁ?%ﬂg QH?qﬁéﬁﬁg énélﬁﬂé Sé@écﬁréréﬁﬁlﬁﬁarthe sane. 4.

| nt egr at ed.neans, as clalne I n.scl.aim i.ch Sa'g&ghght detecting or

generailrﬁfﬂﬁﬁﬂﬁ??ﬂe?f(ﬁWﬁquﬁ¥¥ﬁflng F& s&FatﬁeogoU AF8rain I ayers and

s 99nma¥6¥hed source and drain layers separated by a groove, a
first layer and a second layer on top of the first layer
formed in said groove forming a gate bridging the source
and drain layers, and light detecting or generating
means formed of the same layers as the gate to form a

10 monolithic structure.

2. Integrated means as claimed in claim 1 which said
light detecting gene:ating means are directly formed on
a semi-insulating substrate and are connectedlte the
layers forming the gate'via_connector means.

15 3. | Integrated means as claimed in claim 1 in which
saidvlight detecting or generating means and the gate
are one and the same. |
4, Integrated means as claimed in claim 1 in which
said light detecting or generating means are formed on

20 ‘top of the source or drain layers and is COhnected

“directly to the layers forming the gate in the groove.
S. Integrated means as claimed in aﬁy preceding claim
in which said light detectihg means comprising a'p-n
photodiode consistihg of p-type layers which also form .

25 part of the gate.



directly:to the layers formng the gate in the groow 5. I nt egr at ed 7
means as claimed in any preceding claimin which saigkrrﬁﬁf-aéfétrrng—ﬁeans _
- conprising a p-n photodi ode consisting of p-type | aygnm"””m'ﬂu f M 25
pact of the gate.:-  -9- 6. Integrated neans as. cl a4l ﬂa'”%dl ng
cldmin which said source and drain |layers each conprisés & bufier yer
hi gh: conductivity source and drain layers and a high resistance cover '

| ayer. 5 7. I ntegrated neans as clained_in any preceding.clain1in
whi ch sai d groove between the source and drafn | ayers i.s V shaped. 8. A

t hod of maki-ng integrated |ight detecting, ot nerating nmeans, and . .
-ger_rpl |Of yfngnﬁp:ﬂﬂg L:Gggp?iligqtiﬁartaﬁ%glﬁeagfsl?apglsfmg r b nﬂle%gqqeﬁq&“]é;? ‘rf&alm

ransi stor hi c : ; : - 2 d 1
substrat e, fo?'rri ng_rhavgﬁgévtes%tlg glg\g?ée tghg {i%g{i ?%%r%v\%g%%r%s Efalolss%pa‘a'r ate
the source and dr guEfeRr Qdyetoghaghf £6hduetietty t s6WSiS g Tdrsiln g%e%%cond

| ayers in the 15 groove to produce a gate to bridge the drain source
and producing |ighnddat adbhngesisganeeatongr nkayeérf or red of said first and
second | ayers. _ : o _

' : 'S 7.  Integrated means as claimed in any preceding claim
in which said groove beiween the sohfce and drain layers
is V shaped. |
8. A method of making intégrated'light detecting or
geﬂerating means and amplifying means comprising the

10 . steps of forming.é field effect transistor high
conductivity source/drain layer on a semi-insulétinq
substrate, forming a groove to dividé the layer into two
parts to separate the_source and dfain; producing an
field éffegt fransistdr first and second léyers in the

15 - groove to produce é gate tb bridge the drain and source
and producing light-detecting or generatihg means formed
of said first and second layers. .

9. A method as claimed in claim 8 in which said field
effect transistor high conduétivity source/drain layer'

20 is formed by a.first epitaxial growth step and the fieid
effect transistor first and second layers and the light
deﬁectihg or generating'means_are formed by a second
epitaxial growth step. |
10. Integrated iight detecting or generéting means and

25 amplifying means constructed and'adapted to operate



A nethod as claimed in claim8 in whith said field effect transistor _
conductivity source/drain |ayer 20 is fornmedby afirst—epitaxral ’

_ h step and the field effect transistor first and d tbe
Nl ight detecting or generating neans are forned by a s H"ﬂﬂ! ﬁmﬂllmr ovvth
step. 10. Integrated |light detecting or generating neaﬂs

anplifying neans constructed and adapted to operate 1111111 111111 &gﬁ
11111 11121 11 11112 * C L M S10* -10 as herelnbefore described with
reference to Figures 1 to 5 4 or 5 of the acconpanying drawi ngs. 11. A

met hod ofsrhkirrgnbrfogratiedcribad Witkcreferencecmeriigure sdans

substantially as herei nbefore described 5 with reference to FlgUres 1 to
3, 4 or SrofitRE éc@énﬁaﬁyFﬁQOEPathgg draWIHQS-

11. A method of_mak1ng integrated llght_detecting br

generating means substantially as hereinbefore described
5 with reference to Figures 1 to 3, 4 or 5 ofthe

accompanying drawings.




