1 Specification Title of the Invention Sem conductor Integrated Crcuit
Devi ce and Sem conductor Switching Device Using Thereof Field of the

I nvention The present invention is related to a sem conductor integrated
circuit device having a plurality of sem conductor el ectronic nenbers
including a field effect transistor. The invention has an effect of
suppressing a sidegating effect on the field effect transistor, and nore

in particular, it is useful when applied to a sem conductor swtching

devi ce using the sem conductor integrated circuit device described above.
Background of the Invention A conpound sem conductor device using a conpound
sem conduct or such as gal |l i um ar stPeeEEicairton i ndi um phosphite (InP), and
galliumnitride (GN) for a substrate or an under |ayer has higher electron
nmobility conpared wth a silicon (Si) device and is used frequently for

devi ces requiring high speed, high frequency, and high efficiency

oper at i on.TiA lteygifc diheex@aygnddian a high frequency switch. 2 The high
frequency switch is used for switching transm ssion and reception in

Wi rel ess comuni Semigenductor Integrated Circuit Device and

Semiconducteor Switching bPevice Using Thereof

Field of the Invention

The present invention is related to a semiconductor
integrated circuit device having a plurality of
semiconductor electronic members including a field effect
transistor. The invention has an effect of suppressing a
sidegating effect on the field effect transistor, and more
in particular, it is useful when applied to a semiconductor
switching device using the semiconductor integrated circuit

device described above.

Background of the Invention

A compound semiconductor device using a compound
semiconductor such as gallium arsenite (GaAs), indium
phosphite (InP), and gallium nitride (GaN) for a substrate
or an under layer has higher electron mobility compared
with a silicon (Si) device and is used frequently for
devices requiring high speed, high frequency, and high
efficiency operation. A typical example is a high

frequency switch.



equi pnent such as nobile tel ephones or wireless LANs (local area networks).
Dependi ng on the system it conducts switching signals wth several Wtts
or higher. Along with diversification of wireless communication, a switch
for switching a plurality of transm ssion and reception sections for one
antenna has been put to practical use. 2The high frequency switch includes a
swtch using a diode and a switch using a field effect transistor. The
field effect transistor switch has an advantage of |ess power consunption
and hi gher manufacturability of a conplicate switch circuit, conpared with
the diode switch. The field effect transistor switch is a semn conductor
monol i t hi ¢ i nt egfheebighvEceqapeapar s¥ibgh dsnoisedhifeal Isyiitehdgdati ng a
plurality of transistors, resistor elenents, etc. The nonolithic integrated
devi ce dduamidyds sdisoy endhraaant tard im wigglsd e maugndekcaiiidn a so- cal | ed
sidegating effect in which voltages and signals of adjacent electronic
menbers, feguipmend suddl aemabidre W ephprae omtwiatdlesnflANsncetocativer sel y
affecting device characteristics. Japanese Unexam ned Patent Application 5-
275474 di solems e twratks)he Depegdingg oof thet syatebe idumondssdd by form ng an
| sol ate sem conductor |ayer of floating potential between adjacent field
effect 3 swidndiistprsignals anitth mesfedselc st gt Hel gheategathiliog ge fwhdidt .
Furt her, Japanese Unexam ned Patent Application No. 10-

diversification of wireless communication, a switch for

switching a plurality of transmission and reception

sections for one antenna has been put to practical use.

The high fregquency switch includes a switch using a

dicde and a switch using a field effect transistor. The

field effect transistor switch has an advantage of less

power consumption and higher manufacturability of a

complicate switch circuit, compared with the dicde switch.

The field effect transistor switch is a

semiconductor monolithic integrated device prepared by

monolithically integrating a plurality of transistors,

resistor elements, etc. The monolithic integrated device

described above has resulted in a problem so far with a so-

called sidegating effect in which voltages and signals of

adjacent electronic members, for example, elements or

wiring are mutually influenced, adversely affecting device

characteristics. Japanese Unexamined Patent Application 5-

275474 discloses that the sidegating effect can be

suppressed by forming an isolate semiconductor layer of

floating potential between adjacent field effect



163434 di scl oses that nutual electrical interference between each of
electric elenents can be prevented by disposing buffer layers in different
regions on a substrate respectively and form ng one electric elenment on one
buffer Jlayer. Summary of the Invention The sidegating effect in
conventional integrated devices has |ed to a problemw th | ow frequency
response such as |ow frequency oscillation phenonena in the digital
application. This is caused by propagation of potential through a deep
energy level referred to as EL2 in a substrate. On the other hand, in the
anal og switch application, a high-frequency voltage with a frequency of 1
GHz or hitgearsigtbnd t(witdh anpin wit décidasing tbeesidegpplingdefifecteen an
on transistor and a resistor disposed in the vicinity thereof. Since the
response $pestheyf, pragFagsie dmexaminwl RatsnatApmlicwyiai ¥o dekp- ener gy
| evel is slow, there may be less risk that such high-frequency signals
pr opagat e laB4de dGidrsiossse. thdonaeveryal el ertesiardl | nvieettesemawe f ound t hat
the sidegating effect due to the propagation of potential 4 through the
buf fer | ayertwierh ewchdas) edirigyid elmaitch cen e prevaesedroy her probl em
of generating harnmonic distortion to antenna output signals. Wen
hi gh-frequeisposing buffer layers in different regions on a substrate
respectively and forming one electric element on one buffer

layer.

Summary of the Invention

The sidegating effect in conventional integrated
devices has led to a problem with low frequency response
such as low frequency oscillation phenomena in the digital
application. This is caused by propagation cof potential
through a deep energy level referred to as EL2 in a
substrate.

Cn the other hand, in the analog switch application,
a high-frequency voltage with a frequency of 1 GHz or
higher and with an amplitude of 10 V or more is applied
between an on transistor and a resistor disposed in the
vicinity thereof. Since the response speed of propagation
in the substrate by way of a deep energy level is slow,
there may be less risk that such high-frequency signals
propagate in the substrate.

However, the present inventors have found that the

sidegating effect due to the propagation of potential



potential propagates fromthe sidegate through the buffer layer to the
channel of the transistor, the electric conductivity of the channel

under goes nodul ation to generate harnonic distortion. Further, nutual

nmodul ation distortion that is a problem for exanple, in a w de-band CDVA
(Code Division Miltiplet Access) systert nobile telephone also occurs.
Various kinds of buffer |layers 202 of conventional structures were
epitaxially grown on a GaAs substrate 201, and characteristics of

i ntegrated devices using the sane were conpared. Exanples of various buffer

| ayers of the conventional structures are as shown in Table 1. 5 Table 1
Materi al Nhmoudy the muhferhilaiinds Widpinadesp comedy rkeveh $ugkras un-

Al QA5 buffer s 1 x 1016 cm 3 200 nm Al GaAs | ayer un-GaAs s 1 x 1015 cm 3
50 nm x 4 Bl phiged cthNDes prodbliey ok g SR tinpdrdoaznial GaA5 buf f er
| ayer un-GaAs GaAs buffer s 1 x 1015 cm 3 200 nm |ayer p-A GaAs Substrate 1
X 1017 CMAaixtkrtnmn ita arfterna output signals. When high-frequency
potential propagates from the sidegate through the buffer
layer to the channel of the transistor, the electric
conductivity of the channel undergoes modulation to
generate harmonic distortion. Further, mutual modulation
distortion that is a problem, for example, in a wide-band
CDMA (Code Division Multiplet Access) system mobile
telephone also occurs.
Various kinds of buffer layers 202 of conventional
structures were epitaxially grown on a GaaAs substrate 201,
and characteristics of integrated devices using the same

were compared. Examples of various buffer layers of the

conventional structures are as shown in Table 1.



| ayer GaAs Substrate Disposed on the buffer |ayer are an HEMI (High

El ectron Mobility Transistor) device 203 prepared by epitaxially growi ng an
HEMI structure and a nmesa resistor elenment 204 fornmed by disposing the
resistor element adjacently to the HEMI device 203 and etching them Fig. 2
is a cross sectional view of this intedgrated device. In this enbodinent, a
p-typed Al GaA5 interface |layer is disposed between the substrate 201 and
the buffer layer 202. 6 A device isolation region 205 is di sposed between

t he HEMI device 203 and the nesa-resistor elenent 204 adjacent thereto.

Fig. 3 shows the dependence of the magnitude of the sidegating effect on
the groove depth of the device isolation region 205. The depth of the
groove 205 is shown on the horizontal axis as a quantity of the buffer

| ayer | ef tTabdea I egi on where the buffer layer 202 is left and as a etching
guanti ty of—the—substrate+nma case—wherethe grgove reaches as deepas the
i nsi de of| MateriaibsNamee fo& quant | €Carofiethange of |[(Teicknegmti ng effedqt is
shown injan arbitrary unit on the|vertical axis. "[Five MW (Miltiplet
Quantum el 1) | ayer spli¢hkial” Thr epchidénkaneionl efit ," and "MM renoved, "
show the results ip cases of leaying five MW I ayers, |eaving three NOW
| ayers and renovi ndagelr MOV | ayefs respectively.

un- AlGaAs buffer |< 1 x 10'® cm™® 200 nm

AlGaAs layer

un-Gaas <1 x 10 cm™® 50 nm x 4

un- 4-period MOW |< 1 x 10'® em™ 50 nm periods

AlGaAs buffer layer

un-GaAs | GaAs buffer <1 x 10 em? 200 nm

layer

p-AlGaAs | Substrate 1 x 10* cm™ 10 nm
interface
layer

GalAs Substrate

Disposed on the buffer layer are an HEMT (High
Electron Mobility Transistor) device 203 prepared by
epitaxially growing an HEMT structure and a mesa resistor
element 204 formed by disposing the resistor element |
adjacently to the HEMT device 203 and etching them. Fig. 2
is a cross sectional view of this integrated device. 1In
this embodiment, a p-typed AlGaAs interface layer is

disposed between the substrate 201 and the buffer layer 202,



Conpared with the case where the device isolation region 205 reaches the
substrate 201, when a portion of the buffer layer 202 is left in the device
i solation region 205, the sidegating effect increases. This indicates that
the sidegating effect is caused due to the propagation of the potenti al
t hrough the buffer layer 202. Such beirfg the background, the present
i nvention is intended to suppress the sidegating effect on the field
effect transistor in a sem conductor integrated circuit 7 device having a
plurality of sem conductor electronic nenbers including a field effect
transi stor. The sem conductor integrated circuit device described above can
suppress the si ddgdevigeefiredntdga regdiohe 2850p&gdlispessid tiedwesent i al by
way of the buffer layer in the application to anal og switches and can
provi de a thie HERH ftevicteurZd ¥ ;ind edleimgpar fassisraf fekementand@4tor  switch
with |l ess harnmonic distortion in antenna output signals. The foregoing
pr obl em cadzranterdmmeetyy. siporesSsishgwspitbgadepemdeaicepofertthieal t hrough a
buffering conmpound sem conductor |ayer. The present inventors have found
that the rfagiriowidey aforidie taitdesyatiisng pifdantord drhes uppr@ss | deptheot
propagation of potential through a buffering conpound sem conductor | ayer.
That is, itthe siawicessiaoldtolqr evegnion a2TunulThiel depdah ©gr riher gnaovae buf f eri ng
conmpound

205 is shown on the horizontal axis as a quantity of the

buffer layer left in a region where the buffer layer 202 is
left and as a etching guantity of the substrate in a case
where the groove reaches as deep as the inside of the
substrate. A quantity of change of the sidegating effect
is shown in an arbitrary unit on the vertical axis. "Five
MQOW (Multiplet Quantum Well) layers left,"” "Three MQW
layers left,” and "MQW removed,” show the results in cases
of leaving five MOW layers, leaving three MQW layers and
removing all MQW layers respectively.

Compared with the case where the device isolation
region 205 reaches the substrate 201, when a portion of the
buffer layer 202 is left in the device isolation region 205,
the sidegating effect increases. This indicates that the
sidegating effect is caused due to the propagation of the
potential through the buffer lavyer 202.

Such being the background, the present invention is
intended to suppress the sidegating effect on the field

effect transistor in a semiconductor integrated circuit



sem conductor |layer remaining in a device isolation region, for exanple,
between a resistor elenent and a transistor adjacent thereto and to nove
carriers to a substrate wthout the carriers staying in the buffering
conpound sem conductor layer. For this purpose, it is necessary that the
di scontinuity of energy forbidden bands’ of semiconductors forned at a
interface of heterojunction in the buffering conpound sem conductor |ayer
and an interface between the substrate and the buffering conpound 8

sem conductor |ayer does not forma potential barrier upon conduction of
majority carriers to the substrate. That is, conduction of the potential of

the buff deWiFe AN & EEHdIE R |SRRECUHHIPOR PIRRLERAC that is, the
si degating effect can be suppressed by adopting a semiconductor structure
wher e t he membegs iimgluding & dhniduled iefifenihdcrangsstrthe interface of
het erojunction does not forma potential barrier upon the electron
conduction, or tHbedsepdronducityratintiegradiedncd rsarid sdydse does not forma
potential barrier upon hole conduction in a device isolation region
di sposed bistsgadibeal]jedpare afgviogprdss tthe piabegat speceffeck idwe tde
buffering conpound sem conductor |ayer refers to a sem conductor | ayer
epi t axi al Iyheyrmowepagd Eicentdfy the potdrstiak &y nady | off etlde dufber ghaeert | on,
coupling, supply, injection, conduction, rectification, or anplification of
carriers, ior thd application to analog switches and can provide a

device structure for realzing a field effect tramsistor

switch with less harmonic distortion in antenna output

signals.

The foregeing problem can be overcome by suppressing
propagation of potential through a buffering compound
semiconductor layer. The present inventors have found that
the following constitution is important for suppressing the
propagation of potential through a buffering compound
semiconductor layer. That is, it is necessary to prevent
accumulation of carriers in a buffering compound
semiconductor layer remaining in a device isolation region,
for example, between a resistor element and a transistor
adjacent thereto and to move carriers to a substrate
without the carriers staying in the buffering compound
semiconductor layer. For this purpese, it is necessary
that the discontinuity of energy forbidden bands of
semiconductors formed at a interface of heterojunction in

the buffering compound semiconductor layer and an interface

between the substrate and the buffering compound



I ntended for generation of resistance, capacitance, and el ectronmagnetic
I nduction. Further, a portion or the entire portion of the sem conductor
| ayer right underneath a channel layer is shown when a field effect
transistor is formed succeeding to the formation of the buffering conpound
semi conductor |ayer, or right underneatth a carrier supply layer in a case
where the carrier supply layer is formed to the side nearer to the
substrate than the channel Jlayer. 9 Further, in the present specification,
the el ectroni c nenbers nmean various nenbers for constituting the
sem conductor_integrated circuit device, which also include active devices
such as t Eemigapiuatas lawenhdegs aotydome s frtenkiahdarrier Jirens
described above. According to the invention, the sidegating effect on the
field effasmducdiginstafr maPd S RNy in the ssubsomitet or i nt egr at ed
circuit device having a plurality of sem conductor el ectronic nenbers
i ncludi ng a fiel @ha&f fisgt condusitdoor ofWthie pledenddadf ath&heeni conduct or
integrated circuit device, a sem conductor switching device in which the
si degat i ndudffieptitng amfdurgl eranicoaupprasschyeancde e ovupkxe s Bed ef
Description of the Drawings Fig. 1 is a cross-sectional view showing a first
enbodi nentthat tile, itheegiidegating effect can be suppressed by

adopting a semiconductor structure where the discontinuity

of conduction band edges at the interface of hetercjunction

does not form a potential barrier upon the electron

conduction, or the discontinuity at the valance band edges

does not form a potential barrier upon hole conduction in a

device isolation region disposed between adjacent devices.

In the present specification, the buffering compound

semiconductor layer refers to a semiconductor layer

epitaxially grown adjacently to a substrate, not intended

for generation, coupling, supply, injection, conduction,

rectification, or amplification of carriers, or not

intended for generation of resistance, capacitance, and

electromagnetic induction. Further, a portion or the

entire portion of the semiconductor layer right underneath

a channel layer is shown when a field effect transistor is

formed succeeding to the formation of the buffering

compound semiconductor layer, or right underneath a carrier

supply layer in a case where the carrier supply layer is

formed to the side nearer to the substrate than the channel

layer.



Fig. 2 is a cross-sectional view show ng an enbodinent of a field effect
transistor switch of a conventional structure; Fig. 3 is a graph explaining
the sidegating effect on a field effect transistor switch of a conventional
structure; Fig. 4 is a graph explaining the effect of the invention; 10
Fig. 5is a cross sectional view showimy a second enbodi ment of the
i nvention; and Fig. 6 is a cross sectional view showng a third enbodi nent
of the invention. Detailed Description of the Preferred Enbodi nent Before
expl ai ni ng vari ous enbodi nents of the invention, main constitutions of the
invention are set forth and described. (1) A sem conductor integrated
circuit device aFurtkgst Ravithg, PEEEeEtaspEEdfigRdion f itded ef f ect
transistor as a first electronic nenber and a second el ectroni c nmenber
nmount ed i rejjaskngidst membersl mean Mayiols inembers of ¢nrconslyl bt g ween t he
field effect transistor and the second electronic menber by way of a
buf f er i ng WenmREeIcCosg toghdintegrdtgdrcingnidhi dgvicr, baiferiakso
sem conductor layer is formed to have a thickness smaller than those in
ot her reminqiudﬁ adfglve devices such as the transistors and passive

devices such as the resistors as described above.

According to the invention, the sidegating effect on

the field effect transistor can be suppressed in a

semiconductor integrated circuit device having a plurality

of semiconductor electronic members including a field

effect transistor. With the use of the semiconductor

integrated circuit device, a semiconductor switching device

in which the sidegating effect is sufficiently suppressed

can be provided.

Brief Description of the Drawings

Fig. 1 is a cross-sectional view showing a first
embodiment of the invention;

Fig. 2 is a cross-sectional view showing an
embodiment of a field effect transistor switch of a
conventional structure;

Fig. 3 is a graph explaining the sidegating effect
on a field effect transistor switch of a conventiocnal
structure;

Fig. 4 is a graph explaining the effect of the

invention;



buf feri ng compound sem conductor |ayer is not present in the inter-device
isolation region, and discontinuity of electrostatic potential forned at
t he hetero-conpound sem conductor junction interface, which is at | east
either of the interface between the buffering sem conductor |ayer and the
seni conductor substrate or the interfad® between the conpound sem conduct or
| ayers constituting the buffering conpound sem conductor |ayer, is such
that the electrostatic 11 potential of the buffering conpound sem conduct or
| ayer on the side of the substrate is |lower than the potential on the side
opposite to the substrate for majority carriers during operation of the
field effect trafdidst§r 1STHe COREEr SEOHIORs FLEW FRIEFHDE EAFBE obt ai ned,
for exanple, by formng a so-called device isolation region with a groove
or ion inaArrdknent tof themrwtiianr ander, that is: (2) the
sem conductor integrated circuit device according to (1) described above,
wherein the inteFigevibcds ias@rasisosecddionsrl] yigwysbeordngmd thHeduffering
conpound sem conductor |ayer at the bottom of the groove is fornmed to have
a t hi cknesmbattinent tdfartheobvémtinmer regions, or the buffering conpound
sem conductor |ayer is not present, or (3) the sem conductor integrated
circuit ddetsiledtdgstinigptioq Of atheldrefderedbinkodithenti n t he
inter-device isolation region is a device isolation region formed by ion
i npl ant ati on, andetfloeeb expdaiimg ngo Maoiiod ss @mbodtighestty dfaytdre

invention, main constitutions of the invention are set

forth and described.

(1) A semiconductor integrated circuit device at

least having, above a substrate, a field effect transistor

as a first electronic member and a second electronic member

mounted in juxtaposition and an inter-device isolation

region between the field effect transistor and the second

electronic member by way of a buffering compound

semiconductor layer, in which

the buffering semiconductor layer is formed to have a

thickness smaller than those in other regions, or the

buffering compound semiconductor layer is not present in the

inter-device isclation region, and discontinuity of

electrostatic potential formed at the hetero-compound

semiconductor junction interface, which is at least either of

the interface between the buffering semiconductor layer and

the semiconductor substrate or the interface between the

compound semiconductor layers constituting the buffering

compound semiconductor layer, is such that the electrostatic



present in the device isolation region on the side of the substrate is
formed to have a thickness snmaller than those in other regions, (4) in the
device isolation region forned by the ion inplantation, the peak
concentration of inplanted ions is actually 1 x 1017 cm-3 or nore.

Actual |y, the peak concentration may bélat this |evel irrespective of

sem conductor materials, and this is to be descried further in 12 exanples.
Further, also ion species are to be described later, (5) usually, ions for
the ion inplantation is preferably at |east one nmenber selected fromthe
group consisting of oxygen ions, boron ions, heliumions, nitrogen ions,
chr oni um pekentiipdnof ohke bufkf i Fomprubds sefbfordecisar dfaveyr! 9§ hér ogen
ions or fluorine ions for ion inplantation necessitates conditions

di f f er ent sfidenpfhtbe sfibstraish igf liower dhendtherpbeentibol eon et siide upon
formng the device isolation region by the ion inplantation, when the ions
for ion i oppestiiei bo the subdtezdie diver majbrityetartiers fdwmnde group

consi sting of hydrogen ions and fluorine ions, the buffering conpound

sem conduciperatayger ofit theatield dfiffect ntransdetore i solation region is
constituted so as not to include a quantumwell structure. For the w dth of
t he inter-devi c@hesdnatiredevige chsokatiopiregjionanga beoobbajuedt ERO mi s
used frequently. Further, for the thickness of the buffering conpound

sem condugixample, by forming a so-called device isolation region with a

groove or ion implantation to a semiconductor layer, that is:

{(2) the semiconductor integrated circuit device
according to (1) described above, wherein the inter-device
isolation region is a groove, and the buffering compound
semiconductor layer at the bottom of the groove is formed to
have a thickness smaller than those in cther regions, or the
buffering compound semiconductor layer is not present, or

(3) the semiconductor integrated circuit device
according to (2) as described above, wherein the inter-device
isolation region is a device isolation region formed by ion
implantation, and the buffering compound semiconductor layer
present in the device isolation region on the side of the
substrate is formed to have a thickness smaller than those in
other regions,

{(4) in the device isolation region formed by the ion
implantation, the peak concentration of implanted ions is
actually 1 x 10" cm™ or more. Actually, the peak

concentration may be at this level irrespective of

semiconductor materials, and this is to be descried further in



| ayer, a thickness used usually may be sufficient. For exanple, for the

t hi ckness, a range from 200 run to 800 nmis suitable. Wile an exanpl e has
been descri bed above, various constitutions can be adopted for the
buffering conpound sem conductor layer. That is; (7) first, the buffering
conmpound seni conductor layer at |eastl#n the inter-device isolation region
has a first 13 conpound sem conductor |ayer, a conpound sem conductor | ayer
of a multi-layer quantumwell structure, and a second conpound

sem conductor |ayer. (8) secondly, the previously shown buffering conpound
sem conductor | ayer at least in the inter-device isolation region has a

pl ural i ty esfampdepountusdmcohfiet don gpeciefoare| kel brli ¢rparihethtlahere! |

structure, (9) thirdly, the buffering conpound sem conductor |ayer at |east
i n the inter-deviSde usy@ildyi. ohonsgfon the jonsiimplantedipobuhd sem conduct or
| ayer. Also in this case, it is of course inportant that the discontinuity
of the el gotefegabilycatpdeast iche mentsy setlectedofipounths egiraamduct or
junction interface formed at the interface between the buffering
sem conductagrsilsdyieg efdoxhges eivrcondeotom isnsst heldumsisueh nitfrgenhe
el ectrostatic potential of the buffering conpound sem conductor |ayer on
t he si de dfortshe churbsitinmt 2ons, | Dyesr idren ande rpghentuml iomst he si de opposite
to the substrate for
(6) a case of using hydrogen ions or fluorine ions for
jon implantation necessitates conditions different from those
for each of the ions described above. That is, upon forming
the device isolation region by the ion implantation, when the
ions for ion implantation are at least one member selected
from the group consisting of hydrogen ions and fluorine ions,
the buffering compound semiconductor layer at least in the
inter-device isolation region is constituted so as not to
include a quantum well structure.
For the width of the inter-device isolation region, a
typical range from 5 um to 20 um is used frequently. Further,
for the thickness of the buffering compound semiconductor
layer, a thickness used usually may be sufficient. For
example, for the thickness, a range from 200 nm to 800 nm is
suitable.
While an example has been described above, various
constitutions can be adopted for the buffering compound
semiconductor layer. That is;

(7) first, the buffering compound semiconductor layer

at least in the inter-device isolation region has a first



majority carriers during operation of the field effect transistor. Various
ki nds of substrates can be used for practicing the invention. Typical
exanples are a GaAs substrate, an InP substrate, and a GaN substrate.
Further, depending on the selection of sem conductor materials, they can
al so include a sapphire substrate, a didicon carbide substrate, a silicon
substrate, etc. For the buffering conpound sem conductor 14 |ayer, those
materials used so far particularly in the field of conpound sem conductor
devi ces can be used. They are of course set so as to satisfy the conditions
of the electrostatic potential at the hetero-conpound sem conductor
junction i¢erpdit seydcenduedon lavehe 4 reammoveidl semdrradupgkert la¥sr poi nt of
view, more preferred exanples for the substrate and the buffering conpound
sem conducebHra Imyldri-deyersuantvel vall (sipuativecef.i Bod axgapbed ofonprund
substrate is a GaAs substrate, in which the buffering conpound
sem conducsemi¢endrctoat layest in the inter-device isolation region is at
| east one nenber selected fromthe group of GaAs, Al GaP, InGaP, and
| nGaAl P. (11) t hé8kesxrmhdyanthe prevheuslpsshaire buf faringPcoppbendat e, in
whi ch the buffering conpound sem conductor |ayer at least in the
i nt er - devi ssnicuidtdtor leyeonatsleast ebsttionentmyidervisel ésbkatfomm t he
group of AllnAs, @GlnAs, Al GalnAs,

region has a plurality of compound semiconductor layers not

including a guantum well structure,

(9) thirdly, the buffering compcound semiconductor layer

at least in the inter-device isolation region has a single

compound semiconductor layer. Also in this case, it is of

course important that the discontinuity of the electrostatic

potential at the hetero-compound semiconductor junction

interface formed at the interface between the buffering

semiconductor layer and the semiconductor substrate is such

that the electrostatic potential of the buffering compound

semiconductor layer on the side of the substrate is lower than

the potential on the side opposite to the substrate for

majority carriers during operation of the field effect

transistor.

Various kinds of substrates can be used for practicing

the inventicn. Typical examples are a GaAs substrate, an InP

substrate, and a GaN substrate. Further, depending on the

selection of semiconductor materials, they can also include a

sapphire substrate, a silicon carbide substrate, a silicon

substrate, etc. For the buffering compound semiconductor



Gal nAsP, and Al Gal nAsP. (12) the third exanple is a substrate selected from
the group consisting of a GaN substrate, a sapphire substrate, a silicon
carbide substrate, and a silicon substrate in which the buffering conpound
sem conductor |ayer at least in the inter-device isolation region is at
| east one nmember selected fromthe grédp of GaN, AIN, and Al GaN. (13) the
nost useful exanple of the field effect 15 transistor as the first
el ectronic nmenber is an HEMI (high electron nobility transistor). The
outline of a typical nethod of manufacturing the sem conductor integrated
circuit device according to the invention is as described below. In the
manuf act urlagemetthoge matariabsifuzed iy depeardicyéartvniiyctlee figld is
present at |east below the first and the second el ectronic nenbers and,
further, aef tdambesndoseniconfecteyideicas aanober vgedn, Theyh ayef PEri ng
conmpound sem conductor |ayers are a conmon sem conductor |ayer. That is,
t he nmet hodcourdeuded so heato satisfy othd gromdidgiensubfetheg conpound
sem conductor |ayer on a substrate, a step of formng at |least a main
porti on ofelediinusttagliec pobantiaknerthd dretemoarpmpoundnaemiponduchonf a
field effect transistor on the buffering conpound sem conductor |ayer, a
step of fojungigiom igderfacesasasvcimtedgridih ithea inggnbhond) &oem ato the first
el ectronic nmenber, and a step of formng a second el ectronic
practical point of view, more preferred examples for the
substrate and the buffering compound semiconductor layer are
shown below.
(10) the first example of the substrate is a GalAs
substrate, in which the buffering compound semiconductor layer
at least in the inter-device isolation region is at least one
member selected from the group of GalAs, AlGaP, InGaP, and
InGaaAlP.
(11) the second example of the substrate is an InP
substrate, in which the buffering compound semiconductor layer
at least in the inter-device isolation region is at least one
member selected from the group of AlInAs, GalnAs, AlGalnAs,
GaInAsP, and AlGalInAsP.
(12) the third example is a substrate selected from the
group consisting of a GaN substrate, a sapphire substrate, a
silicon carbide substrate, and a silicon substrate in which
the buffering compound semiconductor layer at least in the
inter-device isolation region is at least one member selected

from the group of GaN, AlN, and AlGaN,.

(13) the most useful example of the field effect



menber adj acent to the device isolation region. The device isolation region
can be prepared, for exanple, by a groove or an ion inplantation region as
descri bed above. Also, in the region corresponding to the device isolation
region, the buffering conpound sem conductor |ayer may be renoved entirely
or renoved partially while | eaving a pdPtion. Further, the order of the
formng steps for the first and the second electronic nenbers and the
device isolation region can be 16 selected irrespective of the order

descri bed above. Further, for formng the second el ectronic nmenber, for
exanpl e, a sem conductor |ayer for formng the first electronic nenber

fornmed preifansistompshdhasedrst helealrandshaembsr igyap WBMT pehigled whil e
renmoving a portion thereof, or the sem conductor |ayer may be renoved
partial | y elgctamn mobyjlisy sraesistemuct or | ayer for formng the second
el ectroni ¢ menber may be fornmed again thereabove. < First Enbodi ment > An
exanpl e for practheiourline ofiventyphcat methad aofesanufedtuwirihgr therence to
Fig. 1. Fig. 1 is a cross sectional view of a main portion of an integrated
devi ce of semicomsivoddrméntegTatedi cinruidkalepliceocago8dhngr be ctheed
structure using a buffer layer in which an MQW (Ml ti-quantum well)
struct ur e iwverltsion rnseasedeasrabédriseldwerarchical |ayer thereof. That is,
this enbodinment is an HEMI switch manufactured by formng a buffer |ayer
102 of a GaAs/ Al GaAshe manufacturing method, when a buffering compound

semiconductor layer is present at least below the first and

the second electronic members and, further, at the bottom of

the device-isclation region, such buffering compound

semiconductor layers are a commcen semiconductor layer. That

is, the method includes at least a step of forming a buffering

compound semiconductor layer on a substrate, a step of forming

at least a main portion of a first electronic member, for

example, a main portion of a field effect transistor on the

buffering compound semiconductor layer, a step of forming a

device isolation regijion in a region adjacent to the first

electronic member, and a step of forming a second electronic

member adjacent to the device isolation region. The device

isclation region can be prepared, for example, by a groove or

an ion implantation region as described above. Also, in the

region corresponding to the device isolation region, the

buffering compound semiconductor layer may be removed entirely

or removed partially while leaving a portion. Further, the

order of the forming steps for the first and the second

electronic members and the device isolation region can be



| am nate structure on a GaAs substrate 101, on the surface of which buffer
| ayer a pseudonorphic HEMI ( PHEMT) device 103 having a channel conposed of
InGaAs and a resistor elenment 104 adjacent thereto are integrated. The
pl anar arrangenent of a field effect transistor and a resistor elenent of
the sem conductor integrated circuit d&vi ce can sufficientl y be configured
in a typical manner. For exanple, in a case of the field effect transistor,
a source, gate and drain are each in 17 a rectangul ar shape and j uxtaposed
sequentially. Further, a nulti-flexed gate may al so be used. This al so
applies to each of the foI[owicgg enbodi ments. I n each of the follow ng
enbodi nentseleated drgeppectiee Plufhe iardecoRBeGREPIRnRYYRIuCt or | ayers used
in the previous explanation is sinply referred to nerely as a buffer |ayer.
According to thi¥ebhedp| £ort RerBing e e eleciroRéc BRRPEHNARE or
integrated circuit device can be suppressed also in a case of using a
buf fer | ayeanpd€l.udi AgMifendmyyer rasar £orTipraingshiaostirt structure of the
buffer layer. A buffer layer 202 is forned by stacking the follow ng three
types of |ehesrtgrontgamenbert fermed fprevipusdy2oayi besusedt ukkel by forning a
GaAs buffer layer 202-1 with a 200 run thickness on a GaAs substrate 101, a
4- peri od NMAwisgnductbaydayeoomay ke rgssgewhdfleArSanvitass Fotdos/ GaAs has a
formin which Al GaAs |ayers and GaAs | ayers are stacked alternately) with a
50 nm t hi citreseff,ooretbh seGh¢enduct @ Asvieay mayt her eemoveddpartially

or entirely and a semiconductor layer for forming the second

electronic member may be formed again thereabove.

¢ First Embodiment )

An example for practicing the invention is to be

described with reference to Fig. 1. Fig. 1 is a cross

sectional view of a main portion of an integrated device of

this embodiment. This is an example of a 3-hierarchized

structure using a buffer layer in which an MQW (Multi-quantum

well) structure is also inserted as a first hierarchical layer

thereof. That is, this embodiment is an HEMT switch

manufactured by forming a buffer layer 102 of a GaAs/AlGals

laminate structure on a GaAs substrate 101, on the surface of

which buffer layer a pseudomorphic HEMT (PHEMT) device 103

having a channel composed ¢f InGaAs and a resistor element

104 adjacent thereto are integrated. The planar arrangement

of a field effect transistor and a resistor element of the

semiconductor integrated circuit device can sufficiently be

configured in a typical manner. For example, in a case of the

field effect transistor, a source, gate and drain are each in



Al GaAs buffer layer 202-3 with a 200 nmthickness further thereon. Table 2
Material Name for Carrier Thickness epitaxial concentration |ayer 18 un-
Al GaAs buffer s 1 x 1016 cm3 200 nm Al GaAs | ayer un-GaAs s 1 x 1015 cm 3
50 nmx 4 un- 4-period MWs 1 x 1016 cm -3 50 nm periods AlGaAs buffer
| ayer un-GaAs GaAs buffer s 1 x 1015 cA/3 200 nm |ayer GaAs Substrate
Further, for the purpose of formng an integrated device, a PHEMI device
103, a sort of field effect transistor, is fornmed on the sem conductor
| am nate prepared so far. As the PHEMI devi ce per se, any usual device may
suffice. Specific exanples are as shown below. That is, on the
seni conduca giedtarondas pheperard ghudaposiefegeguentiably | oRBrthetas8 carri er
supply layer, a |ower GaAs/ Al GaAs spacer layer, an InGaAs channel |ayer, an
upper Al GinslVidasdexpdcoate| mggralsm heppwmedal ks cakgd @ppddpgsl ol eageh, an
Al GaAs schottky |l ayer, and a GaAs cap | ayer are epitaxially grown
sequent i aldfy.the fodflpwhnofembedimgntsyer is sel ectively
In each of the following embodiments, the term for the
buffering compound semiconductor layers used in the previous
explanation is simply referred to merely as a buffer layer.
According to this example, the sidegating effect in the
semiconductor integrated circuit device can be suppressed also
in a case of using a buffer layer including the MOW structure.
Table 2 shows the structure of the buffer layer. A
buffer layer 202 is formed by stacking the following three
types of layers. That is, the buffer layer 202 is structured
by forming a GaAs buffer layer 202-1 with a 200 nm thickness
on a GaAs substrate 101, a 4?period MOW buffer layer 202-2
composed of AlGaAs/GaAs (AlGaAs/GaAs has a form in which
AlGaAs layers and GaAs layers are stacked alternately)} with a
50 nm thickness for each ALGaAs and GaAs layer thereon, and an

AlGaAs buffer layer 202-3 with a 200 nm thickness further

thereon.

Table 2

Material | Name for Carrier Thickness
epitaxial concentration

layer




a source el ectrode

and a gate

etched to expose a portion of the schottky |ayer.
and a drain electrode are fornmed on the |left

Then,
cap | ayer,

el ectrode is forned on the exposed
device 103, a sort of

field effect transi stor.

schottky | ayer to conplete the PHEMI

19 A groove-like region

adj acent to the PHEMI device 103 is etdBed up to the mddle of the buffer

| ayer 102 to forma device isolation region 105. The width of the groove
may be a wusual width. That is, in this enbodinent, the width is about 10
pan. A nesa- reS|stor el enent 104 IS forned by u5|ng a nesa portlon adj acent

to the d

LE_I DUI d.LI OT1 lfgl UTI J.U:. IIIC mesa=1tTol :L or CI Tl IL J.U'-l- I be
formed by wrsi ng t heAlGyks buffrarct ure 1ok 0h¥ BWEMI (d@9Dceml103|as it is,| or by
re-gromng a |ayer structure for {the resistor elepent therepn while
partial | yi XrGasst i r elygyeenovi ng the structure of the PHEMI device, or
w t hout removi-Ag— The-relationtbet-ween—the depth—ofthe—gfoove—andit he
degree of ﬂﬂuﬁaﬂsdegatlng ef fect off 4 he xPHEMT gevi ce 5@3mmpon xappl i cat|i on of
a vol tagg to-the resistor el enment (104 in this —exapple wasihvestigatgd.
Fig. 4 shq$§.the rpaubérﬁﬁdaﬂﬁdlﬁEQ§uOQah0d%¥hﬁe_S nybahhon r@g@idagg t he
subject. [Fig. 4 shows an exanpl e |where the application voltage is -10V.
Also in |HGand ||bectde gl e |in Fig. 3, the horizontal axis shows the
depth of [the groove 105 as a quantlity of the buffe layer left in a riegion
where the puidals | pEgAs Wefsr | eft) and, 1015 cp? | 200 om

layer
GaAs Substrate
Further, for the purpose of forming an integrated
device, a PHEMT device 103, a sort of field effect transistor,

is formed on the semiconductor laminate prepared so far.

As the PHEMT device per se,

suffice.

Specific examples are as shown below.

That

any usual device may

is, on

the semiconductor laminate prepared as described above, a

lower AlGaAs carrier supply layer,

a lower GaAs/AlGaAs spacer

layer, an InGaAs channel layer, an upper AlGaAs/GaAs spacer

layer, an upper AlGaAs carrier supply layer, an AlGaAs

schottky layer, and a GaAs cap layer are epitaxially grown

sequentially.

etched to expose a portion of the schottky layer.

A portion of the cap layer is selectively

Then, a

source electrode and a drain electrode are formed on the left

cap layer, and a gate electrode is formed on the exposed

schottky layer to complete the PHEMT device 103, a sort of

field effect transistor.



as a etching quantity of the substrate in a case where the groove reaches
as far as the inside of the substrate. The vertical axis shows the quantity
of change of the sidegating effect by an arbitrary unit. In the sinulation,
while a deep energy level present in 20 the energy band near the
internmedi ate portion of the GaAs enerdy forbidden band referred to as EL2
Is introduced into the GaAs substrate, such a deep energy level is not

introduced to the buffer layer but only a shallow acceptor energy level is
introduced. In Fig. 4, "Five MQW | ayers left,"” "Three MW |ayers left,"
"MW renoved," "all buffer layers renoved,"” etc. respectively show results

in a case of | eavigupdierdik@Ncegyensadjacert dasdhef PHEMT dgvibe ek03OWV

| ayers, in a case of renoving all MMW I ayers, and in a case of renoving al
buf fer | ayks ®tdhed np tontbatmbddle siff udteubaffielre laydegh0? ngo efdmcta i s
caused by way of the GaAs buffer |layer as shown in Fig. 2. That is, the

si degat i ngdefifcectisiodatdveetdegicew 106 a Theewddth refroshenyraldveMpdyl bgeas. Al so
in this enbodinment, in a case of conducting device isolation while |eaving
t he MQW buiswesl vdyirh,. tTeatsiidegdin npisebmbodiment augad wikdikeier abslien t he
buffer layer is renoved up to the MMWhbuffer |ayer including itself and

device isoj@tsn ASmELNcdRfomhiciemb8RVios iHerdanss By iinga¥ehesat he

sidegating effect is decreased drastically. This is because conduction

el ectrons geriiin Yagacantt B aédsdN A Sisolation region 105. The
mesa-resistor element 104 may be formed by using the layer
structure of the PHEMT device 103 as it is, or by re-growing a
layer structure for the resistor element thereon while
partially or entirely removing the structure of the PHEMT
device, or without removing it.

The relation between the depth of the groove and the
degree of the sidegating effect of the PHEMT device 103 upon
application of a voltage to the resistor element 104 in this
example was investigated. Fig. 4 shows the result of 2-
dimensional device simulation regarding the subject. Fig. 4
shows an example where the application voltage is -10V. Also
in Fig. 4, like the example in Fig. 3, the horizontal axis
shows the depth of the groove 105 as a quantity of the buffer
layer left in a region where the buffer layer 102 is left and
as a etching quantity of the substrate in a case where the
groove reaches as far as the inside of the substrate. The
vertical axis shows the quantity of change of the sidegating

effect by an arbitrary unit.

In the simulation, while a deep energy level present in



interface. That is, it can be understood that the sidegating effect by way
of the GaAs buffer |ayer can be suppressed with the buffer |ayer left
according to the invention. In this enbodiment, a GaAs substrate is used for
the substrate, and a GaAs/ Al GaAs | ami nate structure is used as the 21
buffer layer, but InGaP may be used i ngfead of GaAs, and |InGaAl P may be
used instead of AlGAs for the buffer layer. For the buffer layer in this
enbodi ment, a nulti-layer structure containing thin, alternately stacked
films is used; however, it may be a 2-layered structure where a GaAs or an
InGaP | ayer is fornmed adjacently to the substrate, on which |ayer A GaAs or
| NnGaAl P i £hfeoemetgy Abard na¢aw ety irtermeidfiete paytiomeyf bthen GaAsgl e- | ayer
filmof Al GaAs or InGAIP. Further, an InP substrate nay be used for the
substr at e,en@rgyaforntifiden ayand frdfrareed g twoELayks simrrodraedarishtoonpri si ng
| nGaAs/ | nGaAl As, | nGaAs/InGaAsP, or I nGAs/ I nGA AsP may al so be used for
t he buff ertHeasaAs enbatsate) esuatyer deiepmeneogpr levaly 1nGoM AntdodGaaAsP,
| nGaAl AsP, or InP may al so be wused for the buffer layer. Further, it nay be
a GaN-t ypecd ittledbeffeet 1ayanshst amnlyswat sita Meow faciapted bnewgiynfewekapphire
substrate, a gallium nitride substrate, a silicon carbide substrate, or a
silicon sighsmtabauted.tmm Fuast aat eFand MSW Nayerallliedst, ay éragebi MOW havi ng
two | ayers or nore and conprising GaNN Al GaN or GaNW AIN for the buffer
| ayer. layers left,” "MOW removed,” "all buffer layers removed,”™ etc.
respectively show results in a case of leaving five MQW layers,
in a case of leaving three MOW layers, in a case of removing
all MQW layers, and in a case of removing all buffer layers.
In the conventicnal structure, the sidegating effect is
caused by way of the GaAs buffer layer as shown in Fig. 2.
That is, the sidegating effect is caused also in a case of
removing all MOW layers.
Also in this embodiment, in a case of conducting device
isolation while leaving the MQW buffer layer, the sidegating
effect is caused. However, when the buffer layer is removed
up to the MOW buffer layer including itself and device
iscolation is conducted while leaving the GaAs buffer laver,
the sidegating effect is decreased drastically. This is
because conduction electrons do not stay at the GaAs/AlGalAs
interface. That is, it can be understood that the sidegating
effect by way of the GaAs buffer layer can be suppressed with
the buffer layer left according to the invention.
In this embodiment, a GaAs substrate is used for the

substrate, and a GaAs/AlGaAs laminate structure is used as the



In the buffer layer, a p-typed doping |layer wwth a thickness of 5 nmto 100
nmand a carrier concentration of 1 x 1016 cm-3 to 1 x 1018 cm -3 may be
di sposed with an aimof suppressing a buffer |eakage current between source
and drain electrodes. 22 1In this enbodinent, while a PHEMI is used for the
field effect transistor, other field eflect transistors, for exanple, an
MESFET (nmetal sem conductor field effect transistor) or an H GFET
(hetero-structure insulated-gate field effect transistor) may al so be used.
In this enbodi ment, while description has been made on a case in which a
device acting as a sidegate for the field effect transistor in question is
a nesa-r ediudifer dagprnt but henGak aray Steousedy ibeteafierf fGatsl. adrdect
transistors. Alternatively, it may also be a schottky diode. This al so
appl i es t dnGadl®umegqbentsedbins tend of |A1GaAss forbbbe Newf fexlelsgyrdmt | on has
been made on a case of formng the inter-device isolation region by etching
to renovea ltheebuffenclayer fiom nilnigs tdwbodibefitdesi weltt hbdyes, a channel
| ayer, a carrier supply layer, and a |ayer form ng gate, source and drain
el ect r odesstidituttevicoatasningi tinin egltrernae 1§l stabked of b hiys ivyed;
i npl antation while | eaving the |ayer structure of the PHEMI device. In this
case, a daimeiveaneidymakebel ai 3- layerslcadudturenwhepe apt@iA®nr and t he
Fermi level 1is subjected to pinning in the energy forbidden band to make

InGaP layer is formed adjacently to the substrate, on which

layer AlGaAs or InGaAlP is formed. Alternatively, the buffer

layer may be a single-layer f£ilm of AlGaAs or InGaAlP.

Further, an InP substrate may be used for the substrate, and a

multi-layer film having two layers or mbre and comprising

InGaAs/InGaAlAs, InGaAs/InGaAsP, or InGaAs/InGaAlAsP may also

be used for the buffer layer, or a single-layer film

comprising InGaAlAs, InGaAsP, InGaAlAsP, or InP may also be

used for the buffer layer.

Further, it may be a GaN-type field effect tramsistor

switch manufactured by using a sapphire substrate, a gallium

nitride substrate, a silicon carbide substrate, or a silicon

substrate for the substrate and using a multi-layered film

having two layers or more and comprising GaN/AlGaN or GaN/AlN

for the buffer layer.

In the buffer layer, a p-typed deping layer with a
thickness of 5 nm toe 100 nm and a carrier concentration of 1 x
10 cm™ to 1 x 10" cm™ may be disposed with an aim of

suppressing a buffer leakage current between source and drain

electrodes.



t he resistance higher. The condition for the energy, etc. upon ion

I npl antation may be set such that the ion penetration depth defined as: ion
projection range (Rp) + standard deviation (ARp), is made deeper than the
regi on where the MQWV buffer layer is present. Further, when the peak
concentration 23 of the ions to be im3lZanted is 1 x 1017 cm3 or nore, a
defect energy level concentration sufficient to cause pinning of the Ferm
| evel is obtained. As the species of planted ions, oxygen, boron, helium
nitrogen, chromum iron, ruthenium etc. may be used. On the other hand,
when hydrogen is used as an ion species, pinning of the Ferm |evel does
not occur in theln erdrsgembodbmedden whhte sa rRHEMT deepsedefgy theefielbd not
formed sufficiently (although donors and acceptors at a shallow portion of
t he MW | sgfetfieclr e rianadsitert edihed hetesfdref feidte trphehstensn fdmtexdmpleqrri ers
nove and stay at the potential Dbarrier of the MQNis not suppressed,

t her eby caarsiMESHHTe (meitd@gaenhgordienir flileddsefteapptrassistohp amsm of
using fluorine for an ion species. Accordingly, when ions for ion

| npl ant at i KIGFET dhelteast sefactvndeinaalaxddateomibha gFpeEt consi sting of
hydrogen ions and fluorine ions, it is inportant that the buffer |ayer at

| east in tHeardiistordewmagealsol Bé&iwseds egi on has a constitution not including
a quantumwel | structure. < Second Enbodi nent >

In this embodiment, while description has been made on
a case in which a device acting as a sidegate for the field
effect transistor in question is a mesa-resistor element, the
transistor may be other field effect transistors.
Alternatively, it may also be a schottky diode. This also
applies to the subsequent embodiments.

In this embodiment, description has been made on a case
of forming the inter-device isolation region by etching to
remove a layer structure forming the PHEMT device, that is, a
channel layer, a carrier supply layer, and a layer forming
gate, source and drain electrodes, the device isolation region
may also be formed by ion implantation while leaving the layer
structure of the PHEMT device. In this case, a defect energy
level is introduced by ion implantation, and the Fermi level
is subjected to pinning in the energy forbidden band to make
the resistance higher. The condition for the energy, etc.
upon ion implantation may be set such that the ion penetration
depth defined as: ion projection range {(Rp} + standard
deviation (ZSRp), is made deeper than the region where the MQW

buffer layer is present. Further, when the peak concentration



A second enbodi nent of the invention is to be described wth reference to
Fig. 5. Fig. 5is a cross sectional view of the main portion of this

enbodi ment. This is an exanple of wusing a buffer layer with a 2-1ayered
structure. That is, 24 this enbodinment is a portion of an HEMI sw tch

manuf actured by forming a buffer |Iaye23502 with an Al GaAs/ GaAs 2-1 ayer
structure on a GaAs substrate 501, on which buffer |ayer a PHEMI device 503
havi ng a channel conprising InGaAs and a resistance device 504, etc. are
integrated with the resistance device 504 placed adjacently to the PHEMI
device. Since the constitution of this enbodi nent does not include the MQW
st ruct ur e,oft themdpusato ubé nimpYarcess iiss 1 si Aplecmahdrmmozregonvdafeat .
Further, hydrogen ions or fluorine ions can also be used for formng the
devi ce i saleatgyonewedi ooncédstxieisiosn badffdledeat aonvaesexpimdiy ree gheof

techni ques is applicable to this enbodi ment, which provides a large margin
i n the dedepmif Qeveadr isusbtieimedls her thehgpecies it ipdaamsgodbased wWith the
sem conductor integrated circuit device. Table 3 shows the structure of the
buffer | ayatyded?. bofba, bhélfim| ayefrddgembicaramtuiy 166:0] NEuthdsmAe buf f er

| ayer 502-1 with a 200 nmthickness on a GaAs substrate, on which buffer

| ayer an Al{aaAmaubkenskayer 502-2 with a 200 nm thickness is formed. A
PHEMT device 503 is nounted on the buffer |ayer 502-2.

On the other hand, when hydrogen is used as an ion
species, pinning of the Fermi level does not occur in the
energy forbidden band since a deep energy level is not formed
sufficiently {although donors and acceptors at a shallow
portion of the MOW layer are inactivated). Therefore, the
phenomenon that the carriers move and stay at the potential
barrier of the MOW is not suppressed, thereby causing the
sidegating effect. The same applies to the case of using
fluorine for an ion species. Accordingly, when iocns for ion
implantation is at least one member selected from the group
consisting of hydrogen ions and fluorine ions, it is important
that the buffer layer at least in the inter-device isolation
region has a censtitution not including a guantum well

structure.

< Second Embodiment >

A second embodiment of the invention is to be described
with reference to Fig. 5. Fig. 5 is a cross sectional view of
the main portion of this embodiment. This is an example of

using a buffer layer with a 2-layered structure. That is,



Table 3 Material Nane for epitaxial Carrier Thickness 25 |ayer
concentration un-Al GaAs Al GaAs buffer layer s 1 x 1016 cm 3 200 rim un-GAs
GaAs buffer layer s 1 x 1015 cm 3 200 nm GaAs Substrate As the PHEMI device
per se, any usual device may suffice. Specific exanples are as shown bel ow.
That is, on the sem conductor | am nat@4prepared as descri bed above, a
| oner Al GaAs carrier supply layer, a |ower GaAs/ Al GaAs spacer |ayer, an
| nGaAs channel | ayer, an upper Al GaAs/ GaAs spacer |ayer, an upper Al GaAs
carrier supply layer, an AlGaAs schottky | ayer, and a GaAs cap | ayer are
epitaxially grown sequentially. A portion of the cap |ayer is selectively
et ched t o thimossmbadpoentons od pdwetisrhatft lay HEYWEr swihehn, manufsaeinoredelbyct r ode
3 (or 4) and a drain electrode 4 (or 3) are fornmed on the left cap |ayer,
and a gat mmdniy adeuZfes layered0Dwitthe anxpaGadsgcanst Xyldyyrer to conpl ete
the PHEMI device 503, a sort of field effect transistor. A region adjacent
to t he PHEMIuisureeoh03 GsAst sliesktgre t5@1t,hennivddbr baffde ayfdrera | ayer 502
to forma device isolation region 505. A nesa-resistor elenent 504 is
fornmed byPHEMIN@ewites80ROhATV DN adlj dtitiell @cmpeidenyCenGarnd adndra regi on
105. The nesa-resistor elenent 104 nay be formed by wusing the |ayer
struct ure eisitdtaniBdENEvieri 664 P08t @S dre iihte@frated with the resistance

device 504 placed adjacently to the PHEMT device.

Since the constitution of this embodiment does not

include the MOW structure, the manufacturing process is

simpler and more convenient. Further, hydrogen ions or

fluorine ions can also be used for forming the device

isolation region. As described above, a more extended range

of techniques is applicable to this embodiment, which provides

a large margin in the design for variocus demands for

characteristics associated with the semiconductor integrated

circuit device.

Table 3 shows the structure of the buffer layer 502.

The buffer layer is obtained by forming a GaAs buffer layer

502-1 with a 200 nm thickness on a GaAs substrate, on which

buffer layer an AlGaAs hbuffer layer 502-2 with a 200 nm

thickness is formed. A PHEMT device 503 is mounted on the

buffer layer 502-2.

Table 3

Material Name for epitaxial |Carrier Thickness




26 by re-growing a |ayer structure for the resistor el enent
partially or entirely renoving the structure of
wi t hout removing it.
barrier

t hereon whil e
t he PHEMI devi ce,
Since the hetero-interface forned in the buffer

or
| ayer

conducti on of

of this enbodi nent does not forma potenti al
el ectd?%ons do

electrons to the sub

strate (501),

upon

not accunulate in the buffer

| ayer. Accordingly, the sidegating effect is suppressed not dependi ng on
the depth formng the device isolation region. In this enbodi ment, while
the GaAs substrate is used for the substrate and the two-layered film
conpri si ng—6CaAsHAHGaAs +s—used—+For—thehuf-fer tayer—nGaPray—be—used
instead of GaAs and |nGaAl P mayelbe used i|nsireshtofatdloGaAs fof the buffer

| ayer. WhiHethe2tayered-structure—+s—dsedFor—the buf-ferttayer—+n-this
exanpl e, |unPRYGAEs a| alcghs- bafesr Fdyen df< Al GaA® Oren-AGAAl Pl adpaagnt to the
substrate| Further, an InP substrate may |be used for the substrate, and a
lam nate tilmwth two |ayers conprising [ nGAs/I n&Al As, | h&As/InGAsP

or InGAs[InGaAl AsP ey he used for the Quffer layer. Alternatively,

singl e-1 aygh-&4h&n cO

BahS| BArf&CAS; | INGAASP,

dlﬂquAbAsP ol 2bBPniay

ilso

be used. Eurther, it|may be a GaN-type fileld effect transistor switch
manuf act ur gdaby Uusing.gsepRpPRire substrate, a galliumnitride substrate, a
silicon carbide substrate, or a silicon substrate and a two-|layer fili

n

conprising GaN Al GaN or GaN AIN, and a singl e-1ayer

As the PHEMT device per se, any usual device may

suffice.

Specific examples are as shown below.

That is, on

the semiconductor laminate prepared as described above, a

lower AlGaAs carrier supply layer, a lower GaAs/AlGaAs spacer

léyer, an InGaAs channel layer, an upper AlGaAs/GaAs spacer

layer, an upper AlGaAs carrier supply layer, an AlGaAs

schottky layer,
sequentially.

etched to expose a portion of the schottky layer.

and a GaAs cap layer are epitaxially grown

A portion of the cap layer is selectively

Then, a

source electrode 3 (or 4) and a drain electrode 4 (or 3) are

formed on the left cap layer, and a gate electrode 2 is formed

on the exposed schottky layer to complete the PHEMT device 503,

a sort of field effect transistor.

A region adjacent to the PHEMT device 503 is etched up

to the middle of the buffer layer 502 to form a device

isolation region 505.

A mesa-resistor element 504 is formed

by using a mesa portion adjacent to the device isclation

region 105

. The mesa-resistor element 104 may be formed by

using the layer structure of the PHEMT device 503 as it is, or



27 filmconprising Al GaN or ALN for the buffer layer. In the buffer |ayer,
a p-typed doping layer with a thickness of 5 rimto 100 nmand a carrier
concentration of 1 x 1016 cm' to 1 x 1018 cart-3 may be di sposed with an
ai mof suppressing a buffer |eakage current between source and drain

el ectrodes. In this enbodinment, while 26PHEMI is used for the field effect
transistor, other field effect transistors, for exanple, an MESFET or an

H GFET may al so be used. In this enbodi nent, while description has been nade
on a case where the elenent acting as a sidegate for the field effect
transistor in question is a nesa resistance elenment, the transistor may be
ot her fi elky efef-grbwingnai dapes. stAucnnast ifoel yhei reshytdre elentdrdt t Ky di ode.
In this enbodi ment, while description has been made on a case in which an
I nt er - devittededn ghids pegtbally doramdreyy etabivhggt the esmmes taiden \odr
structure formng the PHEMI device, that is, a channel |ayer, a carrier
supply | aygfe pPamEMTadegyee. 6ﬁrmﬂgalgat1®no@dugcetand drain el ectrodes, the
device isolation region may al so be forned by ion inplantation while

| eavi ng the | ayegimidd udleUhetetot het&EHEde dtineRl iAS thBeblbPer SPEEseS t 0 be
i nplanted in this case, hydrogen, fluorine, oxygen, boron, helium

ni trogen, ¢r®iisu@mbbifent UBGEHI R fAC a potedtedl Shnefert Npdil ectric
resi stance of the layered structure of the PHEMI device increases by the
I on conduction of electrons to the substrate (501), electrons do

not accumulate in the buffer layer. Accordingly, the

sidegating effect is suppressed not depending on the depth

forming the device isolation region.

In this embodiment, while the GahAs substrate is used
for the substrate and the two-layered film comprising
GaAs/AlGaAs is used for the buffer layer, InGaP may be used
instead of GaAs and InGaAlP may be used instead of AlGaAs for
the buffer layer. While the 2-layered structure is used for
the buffer layer in this example, it may be a single-layer
film of AlGaAs or InGaAlP adjacent to the substrate.

Further, an InP substrate may be used for the substrate,
and a laminate film with two layers comprising InGaAs/InGaAlAs,
InGaAs/InGaAsP, or InGaAs/InGaAlAsP may be used for the buffer
layer. Alternatively, a single-layer film comprising InGaAlls,
InGaAsP, InGaAlAsP or InP may also be used. Further, it may
be a GaN-type field effect transistor switch manufactured by
using a sapphire substrate, a gallium nitride substrate, a
silicon carbide substrate, or a silicon substrate and a two-

layer film comprising GaN/AlGaN or GaN/AIN, and a single-layer



28 inplantation to electrically isolate the devices and the potenti al
barrier at the heterojunction interface to accunulate electrons is not
present in the buffer layer, the sidegating effect by way of the buffer

| ayer in the inter- device isolation region is suppressed. Wile the
statement has been nade to the effect BHat hydrogen is not suitable as an

I on species in the first enbodinent, since the potential barrier causing
accurrul ation of carriers in the buffer layer is not originally present in
the structure of this enbodi nent, use of hydrogen or fluorine causes no
problem < Third Enbodi nent > A third enbodi mrent of the invention is to be
descri bed fidim icompirésdngeAlGalFiqr N Fog. thei bufiferobaysrecti onal view of

the main portion of this enbodinment. This enbodinent is an exanple of using
a buffer |ayer it Khe® dufgkee- Llayer, sa rpctypesl dopiag ileayerhwitlendodi nent is a
portion of an HEMI switch manufactured by formng a buffer |layer 602 with
an Al GaAs thsiickgless| afeb shrtct 0@ ron aadCaAsasuherr abec&ivatorontafc i xbuf f er

| ayer a PHEMI devi ce 603 having a channel conprising |InGAs and a

resi stancelod®bwingd 6041 setin'® ame’i me satdibprided wiilth aasasmaste device

pl aced adjacently to the PHEMI device. In this exanple, since the buffer

| ayer is ofuppreiseihg- al BuEfefl Bédkmjalrctirrehe ®ptivashasowtde cdnd elg&insi npl e,
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electrodes.

In this embodiment, while a PHEMT is used for the field
effect transistor, other field effect transistors, for example,
an MESFET or an HIGFET may also be used.

In this embodiment, while description has been made on
a case where the element acting as a sidegate for the field
effect transistor in question is a mesa resistance element,
the transistor may be other field effect transistors.
Alternatively, it may be a schottky diode.

In this embodiment, while description has been made on
a case in which an inter-device isolation region is formed by
etching to remove a layer structure forming the PHEMT device,
that is, a channel layer, a carrier supply layer, and a layer
forming gate, source and drain electrodes, the device
isolaticn region may also be formed by ion implantation while
leaving the layer structure of the PHEMT device. As the ion
species to be implanted in this case, hydrogen, fluorine,
oxygen, boron, helium, nitrogen, chromium, iron, ruthenium,
etc. are used. Since the electric resistance of the layered

structure of the PHEMT device increases by the ion



manuf acturing involved is easy, and hydrogen ions or fluorine ions can also
be used for the formation of the inter-device isolation region as in the
second enbodi nent. Al so, although this enbodi ment adopts the buffer |ayer
of a single-layered structure, it is inportant that the discontinuity of
the electrostatic potential at the het#8ro-conpound sem conductor junction
interface fornmed at the interface between the buffering sem conductor |ayer
and the sem conductor substrate is such that the electrostatic potential of
the buffering conpound sem conductor |ayer on the side of the substrate is
| ower than the potential on the side opposite to the substrate for the
mej ority canpliasrtatdoni ig epectricmilyf itded aftieetbiecfieeices tamhstlst or, as
featured by the invention. Table 4 shows the structure of the buffer |ayer.
An Al GaApdhdritdrall bperiébatv tive chetMr qpumcttiiookneterfacé otored on a GaAs
substrate (601) to formthe buffer |layer, and a PHEMI device 603 is nounted
t her eon. Taddumd atlet eteakrdhseid aiotepdemand] iGatheebuiiber khegsr, Ltdeer
concentration un-AlGaAs Al GaAs buffer layer s 1 x 1016 cm -3 400 nm GAs
Substr at e S{legdtiniye ePEHEME Hevivee qEriise budferudagbrdeni tite imtextsf fi ce.
Specific exanples are as shown below. That is, on the sem conductor
| am nat e plepated sadadesnr régiombiy esuppressed.
While the statement has been made to the effect that

hydrogen is not suitable as an ion species in the first

embodiment, since the potential barrier causing accumulation

of carriers in the buffer layer is not originally present in

the structure of this embodiment, use of hydrogen or fluorine

causes no prcblem.

< Third Embodiment >

A third embodiment of the invention is to be described
with reference to Fig. 6. Fig. 6 is a cross sectional view of
the main portion of this embodiment. This embodiment is an
example of using a buffer layer with a single-layer structure.
That is, this embodiment is a portion of an HEMT switch
manufactured by forming a buffer layer 602 with an AlGaAs
single-layer structure on a GaAs substrate 601, on which
buffer layer a PHEMT device 603 having a channel comprising
InGaAs and a resistance device 604, etc. are integrated with
the resistance device placed adjacently tc the PHEMT device.

In this example, since the buffer layer is of a single-

layered structure, the epitaxial structure is simple,



| ower Al GaAs carrier supply layer, a | ower GaAs/ Al GaAs spacer |ayer, an
| nGaAs channel | ayer, an upper Al GaAs/ GaAs spacer |ayer, an upper Al GaAs
carrier supply layer, an Al GaAs schottky layer, and a GaAs cap | ayer are
epitaxially grown sequentially. A portion of the cap |ayer is selectively
etched to expose a portion of the schott’y |ayer. Then, a source el ectrode
and a drain electrode are forned on the |left cap |layer and a gate el ectrode
is formed on the exposed schottky layer to conplete a PHEMI device 603, a
sort of field effect transistor. A region adjacent to the PHEMI device 603
is etched up to the mddle of the buffer layer 602 to form a device
i sol ati on mayifact@O3ngAinpwedvedsisteorsyl amshthy@ooges fionaedr Hluaring a nesa
portion adjacent to the device isolation region 605. The nesa-resistor
el enent 60¥ommycdre dlgonbe byeduEongtheefdmaydriost ofictheeinterhdePHEMT devi ce
603 as it is, or by re-growing a |layer structure for the resistor el enent
t her eon whiselgiairan alelgjoor agninr thy serand renbodd mentuc tAdrs ,0fal thisegRHEMT
device, or without renoving it. Since the hetero-interface fornmed in the
buf fer | ayeghis cimtiddimemtaapbptsdotise notffer mayepoéEnti alinhhe r Layexgabn
conduction of electrons to the substrate, electrons do not 31 accunulate in
t he buff erstiaysttureAcdar dsndghportiet stielgatiendisebhedthuisysopptiessed not
depending on the depth form ng the device isolation region.

electrostatic potential at the hetero-compound semiconductor

junction interface formed at the interface between the
buffering semiconductor layer and the semiconductor substrate
is such that the electrostatic potential of the buffering
compound semiconductor layer on the side of the substrate is
lower than the potential on the side opposite to the substrate
for the majority carriers during operation of the field effect
transistor, as featured by the invention.

Table 4 shows the structure of the buffer layer. An
AlGaAs buffer layer 602 with a 400 um thickness is formed on a
GaAs substrate (601) to form the buffer layer, and a PHEMT

device 603 is mounted thereon.

Table 4

Material Name for epitaxial Carrier Thickness
Layer concentration

un-AlGaAs | AlGaAs buffer layer |= 1 x 10 ecm™3 400 nm

GalAs Substrate




In this exanple, while a GaAs substrate is used for the substrate and an
Al GaAs single-layer structure is used for the buffer layer, InGA P may be
used instead of AlGaAs for the buffer layer. Further, an InP substrate may
be used for the substrate, and a single-layer filmconprising |InGAl As,
| nGaAsP, InGaAl AsP, or InP may al so be3flsed. Alternatively, it may be a
GaN-type field effect transistor swtch manufactured by using a sapphire
substrate, a galliumnitrate substrate, a silicon carbide substrate, or a
silicon substrate and a single-layered filmconprising AlGaN or AIN for the
buffer layer. In the buffer layer, a p-typed doping |layer with a thickness
of 5 nmto 100 A Ahg BHEMTrdeyiee antseat iapy ysualxdeydaes mawy -3 to 1 x 1018
cm -3 may be disposed with an aimof suppressing a buffer |eakage current
bet ween sewffdcgnd Iregificelexampdegesargyias eshowrHELows Bk i¥s.t lfins exanpl e
as the field effect transistor, other field effect transistors, for
exanpl e, the FEBREPnGucter H@EER e prapageleagsddscribediabarebod ment, while
description has been nade on a case where the elenent acting as a sidegate
for the fileower &leds camnbestsupnly dugstd,on lewer ngaks fAGatampacerenent ,
32 the transistor may be other field effect transistors. Alternatively, it
may be a Sayeirt kpndiin@ads | chaimsl didyedi,mant pppar| B2lGads/GaRs Gpatas been nade
on

layer, an upper AlGaAs carrier supply layer, an AlGaAs

schottky layer, and a GaAs cap layer are epitaxially grown

sequentially. A portion of the cap layer is selectively

etched to expose a portion of the schottky layer. Then, a

source electrode and a drain electrode are formed on the left

cap layer and a gate electrode is formed on the exposed

schottky layer to complete a PHEMT device 603, a sort of field

effect transistor.

A region adjacent to the PHEMT device 603 is etched up

to the middle of the buffer layer 602 to form a device

isolation region 605. A mesa-resistor element 604 is formed

by using a mesa portion adjacent to the device isolation

region 605. The mesa-resistor element 604 may be formed by

using the layer structure of the PHEMT device 603 as it is, or

by re-growing a layer structure for the resistor element

thereon while partially or entirely removing the structure of

the PHEMT device, or without removing it.

Since the hetero-interface formed in the buffer layer

of this example does not form a potential barrier upon

conduction of electrons to the substrate, electrons do not



a case in which an inter-device isolation region is fornmed by etching to
renove a | ayer structure formng the PHEMI device, that is, a channel
| ayer, a carrier supply layer, and a |layer formng gate, source and drain
el ectrodes, the device isolation region may al so be formed by ion
impl antation while leaving the layer 3iructure of the PHEMI device. As the
ion species to be inplanted in this case, hydrogen, fluorine, oxygen,
boron, helium nitrogen, chromum iron, ruthenium etc. are used. Since
the electric resistance of the layered structure of the PHEMI device
increases by the ion inplantation to electrically isolate the devices and
the pote@ccamupatei &p Hre thif fas dagemnctAePidinaiyac&heosidegakingt e
el ectrons is not present in the buffer layer, the sidegating effect by way
of the bufeffectager sippressedinat deeenddngsonathenderih dipnmingFbeessed.
Whil e the statenent has been nmade to the effect that hydrogen is not
sui t abl e d@evagei daodpbidémsregidixanpl e 1, since a potential barrier causing
accurrul ation of carriers in the buffer layer is not originally present in
t he structure ofIn tthis embopleemhilsa dadsydubgenabe isuesedefaaud®s no
probl em The present invention has been described by way of the various
enbodi nentsuibsttrrateaand At i iiafs tsuindie-ilayent sbnuctisr83is aigeaprfeserhet i ve
application exanple, a field effect transistor switch, e.g. a field effect
transi st olbufifierc hagetrh IhG@sAslhanayihec udiest dnsteadi of axlGake fonrt e Signal s
can be

buffer layer. Further, an InP substrate may be used for the

substrate, and a single-layer film comprising InGalAlAs,
InGaAsP, InGaAlAsP, or InP may also be used. Alternatively,
it may be a GaN-type field effect transistor switch
manufactured by using a sapphire substrate, a gallium nitrate
substrate, a silicon carbide substrate, or a silicon substrate
and a single-layered film comprising AlGaN or AIN for the
buffer layer.

In the buffer layer, a p-typed doping layer with a
thickness of 5 nm to 100 nm and a carrier concentration of 1 x
10" cm™® to 1 x 10" cm™ may be disposed with an aim of
suppressing a buffer leakage current between source and drain
electrodes.

While a PHEMT is used in this example as the field
effect transistor, other field effect transistors, for example,
an MESFET or an HIGFET may also be used.

In this embodiment, while description has been made on
a case where the element acting as a sidegate for the field

effect transistor in question is a mesa resistance element,



manuf actured easily. Further, according to the application of

t he

I nvention, mutual nodul ation distortion can be decreased, for exanple, in a
i nt egrated
circuit device having a plurality of sem conductor el ectronic nenbers
including a field effect transistor. ¥Be invention has been described

wi de- band CDVA system nobil e tel ephone using a sem conductor

specifically, and various enbodi nents of field effect transistor

SwW t ches

as a min application exanple are to be described below (1) A field effect

transistor switch for an integrated device in which a buffer

| ayer

S

formed on a substrate, and a plurality of devices manufactured by using
seni condudiher traapds§or anay e dden Hdedgf edferfybrangbsionsgr at ed, wherein
device isolation is conducted by physically renoving the sem conductor
| ayer bet iddiernggiedlcedt anay dessta (gehod ty gaedeon of the buffer layer, and
di scontinuity of the electrostatic potential at the interface between the
buf fer |ayer anh tthé.ssepbodimentndiloile edotigtfiscehet heerrmadmoin on
formed at the interface between the sem conductor |ayers formng the buffer
| ayer in theadevilcewhiochaanointeidevice isedhttibat répeom| brtfiaxsiesdt by
potential on the side of the substrate is |lower than the potential
surface siglHiog 34 rempoeidylayer isiuauriendoopéngt tlhen PHENThaldhviigled ef f ect
transistor. (2) Afield effect transistor switch for an integrated
that is, a channel layer, a carrier supply layer, and a layer

forming gate, source and drain electrodes, the device

on the

isclation region may also be formed by ion implantation while

leaving the layer structure of the PHEMT device. As the ion

species to be implanted in this case, hydrogen, fluorine,

oxygen, boron, helium, nitrogen, chromium, iron, ruthenium,

etc. are used. Since the electric resistance of the layered

structure of the PHEMT device increases by the ion

implantation to electrically isolate the devices and the

potential barrier at the heterojunction interface to

accumulate electrons is not present in the buffer layer, the

sidegating effect by way of the buffer layer in the inter-

device isolation region is suppressed.

While the statement has been made to the effect that

hydrecgen is not suitable as an ion species in Example 1, since

a potential barrier causing accumulation of carriers in the

buffer layer is not originally present in the structure of

this embodiment, use of hydrogen or fluorine causes no problem.

The present invention has been described by way of the

various embodiments thus far. According to the invention, as



device in which a buffer layer is formed on a substrate, and a plurality of
devi ces manufactured by using sem conductor |layers |am nated on the buffer
| ayer are integrated, wherein the device isolation is conducted by
physically leaving at |east partially or entirely the sem conductor |ayer
and the buffer layer between the devi@ds, and by ion inplantation to the
| eft sem conductor |ayer and the buffer |layer, the buffer |ayer is present
as deep as a region deeper than the penetration depth of the inplanted ions
defined as a sumof the ion projection range of the inplanted ions and the
standard devi ation of the projection range, and discontinuity of the
el ect r ost & irepRsisentpiivat aphbi¢at ot axampdeveenfindd efifeet | ayer and the
substrate and/or the interface of heterojunction formed at the interface
bet ween t herarsdisitoongwitoh, | ayer sa fhiedd gfiflectbtirbasibbger switechavirtdgi on
deeper than the penetration depth of the inplanted ions in the device
i sol ati on Yexg drarnmendgclishatrtite bl eottrassteabindpuposéghads ¢an|mewer on the
side of the substrate than the side of the surface for ngjority carriers
during openamiufactuiredheasfilel d Fefrftéelr,t ranesrding . t¢ Ihelrpplicadieohf eft
transistor switch according to (2) described above, wherein the peak
concent r atthen iofventd ononmuBtal i mpdald teibrf dlistorduon agni bé edechsna sxal,
isolation is 1 x 1017 cm 3 or higher. (4) The field effect transistor
swi tch acchsdiexantpde(,2)in a wide-band CDMA system mobile telephone using

a semiconductor integrated circuit device having a plurality

of semiconductor electronic members including a field effect

transistor.

The invention has been described specifically, and
various embodiments of field effect transistor switches as a
main application example are to be described below.
(1) A field effect transistor switch for an integrated

device in which a buffer layer is formed on a substrate, and a

plurality of devices manufactured by using semiconductor

layers laminated on the buffer layer are integrated, wherein

device isolation is conducted by physically removing the

semiconductor layer between the devices at least up to a

portion of the buffer layer, and discontinuity of the

electrostatic potential at the interface between the buffer

layer and the substrate and/or the interface of heterojunction

formed at the interface between the semiconductor layers

forming the buffer layer in the device isolation region is

such that the electrostatic potential on the side of the

substrate is lower than the potential on the surface side for



to (3) described above, wherein the ions for conducting inter- device
I sol ati on are oxygen ions, boron ions, heliumions, nitrogen ions, chrom um
ions, iron ions, or rutheniumions. (5 Afield effect transistor switch for
an integrated device in which a buffer layer is formed on a substrate, and
a plurality of devices manufactured by4using senm conductor |ayers
| am nated on the buffer |ayer are integrated, wherein the device isolation
i s conducted by physically leaving at |east partially or entirely the
sem conductor |ayer and the buffer |ayer between the devices and by
hydrogen ion inplantation to the |left sem conductor |ayer and the buffer
| ayer, andnajexidiyscenrienstquping mpasiagdonosfathe poebdteffectt the
interface present in the buffer layer physically left in the inter-device
i sol ati on tagisdistemd at the interface of heterojunction forned at the
I nterface between the buffer layer and the substrate is such that the
el ectrostatic pAledt fieldsefbaet bransistimeswiftchhéorubst tategrdizad t he si de
of the surface for majority carriers during operation of the field effect
transi st orde\i®e Anf wblidhedfieffer akmgiest dis Swrmell Ooraasubsitsgreat echd devi ce
in which a buffer layer is formed on a substrate, and a plurality of
devi ces nyplufradtidiyedfbievicas mamizuordredoby3Gsihgyeesitamdwatead on t he
buffer |ayer are integrated, wherein the device isolation is conducted by
physi cal | yldyems ngmahateé@ash e tihaffer dayemt arel yntbgrsesd contlaceon | ayer
and the

the device isolation is conducted by physically leaving at

least partially or entirely the semiconductor layer and the
buffer layér between the devices, and by ion implantation to
the left semiconductor layer and the buffer layer, the buffer
layer is present as deep as a region deeper than the
penetration depth of £he implanted ions defined as a sum of
the ion projection range of the implanted ions and the
standard deviation of the projection range, and discontinuity
of the electrostatic potential at the interface between the
buffer layer and the substrate and/or the interface of
heterojunction formed at the interface between the
semiconductor layers forming the buffer layer in the region
deeper than the penetration depth of the implanted ions in the
device isolation region is such that the electrostatic
potential is lower on the side of the substrate than the side
of the surface for majority carriers during operation of the
field effect transistor.

(3) The field effect transistor switch according to (2)

described above, wherein the peak concentration of the ions



buffer | ayer between the devices and by fluorine ion inplantation to the
| eft sem conductor |ayer and the buffer |ayer, and the discontinuity of the
el ectrostatic potential at the interface present in the buffer |ayer
physically left in the inter-device isolation region and at the interface
of heterojunction formed at the interfi@e between the buffer layer and the
substrate is such that the electrostatic potential is |ower on the side of
the substrate than the side of the surface for majority carriers during
operation of the field effect transistor. (7) The field effect transistor
switch according to (1) to (6) described above, wherein a GaAs substrate is
used for inplanist fere coaguchingeirtert@wtisd dsedatdonedsi A tht0butker
| ayer. (8)3The field effect transistor switch according to (1) to (6)
descri bed abssvéighksrein an InP substrate is used for the substrate, and
the buffer layer contains at |least either of A InAs, GlnAs, Al GalnAs,
Gl nAsP, or Al Gal #AsThe (el efifiecitd tebhetstor aswitloracnwirddngateofddng to
(1) to (6) described above, wherein a GaN substrate or a sapphire
substrat e te (Bpdestibeds absveat ehernath tthee bidrnfserfdragenducbhngi istert- | east
GaN, AIN, and AlGaN. 37 (10) The field effect transistor switch according
to (1) to d&yicesizoladd oabare, owiggeri onde Yomdnd iehfsechelimmnsosspr i s an
HEMI (high electron nobility transistor).

nitrogen ions, chromium jions, iron ions, or ruthenium ions.

{(5) A field effect transistor switch for an integrated

device in which a buffer layer is formed on a substrate, and a

plurality of devices manufactured by using semiconductor

layers laminated on the buffer layer are integrated, wherein

the device isolation is conducted by physically leaving at

least partially or entirely the semiconductor layer and the

buffer layer between the devices and by hydrogen ion

implantation to the left semiconductor layer and the buffer

layer, and the discontinuity of the electrostatic potential at

the interface present in the buffer layer physically left in

the inter-device isolation region and at the interface of

hetercojunction formed at the interface between the buffer

layer and the substrate is such that the electrostatic

potential is lower on the side of the substrate than the side

of the surface for majority carriers during operation of the

field effect transistor.

{6) A field effect transistor switch for an integrated

device in which a buffer layer is formed on a substrate, and a

plurality of devices manufactured by using semiconductor



Description for References 101: GaAs substrate 102: buffer |ayer having an
Al GaAs/ GaAs | am nate structure 103: PHEMI device 104: nesa resistor el enent
105: device isolation region 201: GaAs substrate 202: buffer |ayer having
an Al GaAs/ GaAs | aminate structure 203: HEMI device 204: nesa resistor

el ement 205: device isolation region 3801: GaAs substrate 502: buffer |ayer
havi ng an Al GaAs/ GaAs two-| ayered structure 503: PHEMI device 504: nesa
resistor elenment 505: device isolation region 601: GaAs substrate 602:
buffer | ayer having an Al GaAs/ GaAs two-| ayered structure 603: PHEMI device
604: nesa resistance el ement 605: device isolation region 38 What is

cl ai med i sLAaYETsSALaBERabAEURR oFhe RS feat daverr aupt 1peg9xated. | ¥hsreimayi ng,
on a substrate, a field effect transistor as a first electronic nenber and
a second dhecdeyire isabebiopuig cpriducted by physically leaving at

least partially or entirely the semiconductor layer and the
buffer layer between the devices and by fluorine ion
implantation to the left semiconductor layer and the buffer
layer, and the discontinuity of the electrostatic potential at
the interface present in the buffer layer physically left in
the inter-device isclation region and at the interface of
heterojunction formed at the interface between the buffer
layer and the substrate is such that the electrostatic
potential is lower on the side of the substrate than the side
of the surface for majority carriers during operation of the
field effect transistor.

{7) The field effect transistor switch according to (1)
to (6) described above, wherein a GaAs substrate is used for
the substrate, and at least AlGaAs is contained in the buffer
layer.

{8) The field effect tramsistor switch according to
(1) to (6) described above, wherein an InP substrate is used
for the substrate, and the buffer layer contains at least
either of AlInAs, GalInAs, AlGaInAs, GalInAsP, or AlGalInAsP.

(9) The field effect transistor switch according to (1)
to (6) described above, wherein a GaN substrate or a sapphire
substrate is used as the substrate, and the buffer layer

contains at least GaN, AlN, and AlGaN.



juxtaposition and an inter-device isolation region between the field effect
transi stor and the second el ectronic nenber by way of a buffering conpound
sem conductor | ayer, wherein the buffering conpound sem conductor |ayer is
formed to have a thickness snmaller than those in other regions, or the
buf f eri ng conpound seni conductor | ayer3i’s not present in the inter-device

i solation region, and the discontinuity of electrostatic potential forned
at the hetero-conpound sem conductor junction interface, which is at |east
either of the interface between the buffering sem conductor |ayer and the
sem conductor substrate or the interface between the conpound sem conduct or
| ayers to each otliar Thentieiddt hfechetrangdifstiimgwidepoandosdima obeluct or

| ayer, is such that the electrostatic potential of the buffering conpound
sem conducftlor Hoayén daschibeddabayfe i hhegglist theefislfiogEfecthan the
potential on the side opposite to the substrate for nmmjority carriers

duri ng openansistolr tikeahi BEMT efliight eltecdmsinsmobil2ty Threassis toaniduct or
integrated circuit device according to claiml1, wherein 39 the

i nt er - devilEsdrsigitdbnofioreRebaresces gr oove, and the buffering conpound

sem conductor |ayer at the bottomof the groove is fornmed to have a

t hi ckness ®el Icaast babsthase in  other regions, or the buffering conpound
sem conductor |ayer is not present.

102: buffer layer having an AlGaAs/GaAs laminate structure
103: PHEMT device

104: mesa resistor element

105: device isolation region

201: GaAs substrate

202: buffer layer having an AlGaAs/GaAs laminate structure
203: HEMT device

204: mesa resistor element

205: device isclation region

501: GaAs substrate

502: buffer layer having an AlGaAs/GaAs two-layered structure
503: PHEMT device

504: mesa resistor element

505: device isolation region

601: GaAs substrate

602: buffer layer having an AlGaAs/GaAs two-layered structure
603: PHEMT device

604: mesa resistance element

605: device isolation region



3. The sem conductor integrated circuit device according to claim 2,
wherein the inter-device isolation region is an inter-device isolation
region formed by ion inplantation, and the buffering conmpound sem conductor
| ayer present in the device isolation region on the side of the substrate
is formed to have a thickness smaller3Bhan those in other regions, or the
buf feri ng conpound sem conductor |ayer is not present. 4. The sem conduct or
integrated circuit device according to claim3, wherein the device
i solation region forned by ion inplantation has a peak concentration of
implanted ions of 1 x 1017 CM -3 or higher. 5. The semiconductor integrated
circuit délate isacdeinpdgiso claim 4, wherein ions for ion inplantation are
at | east one nenber selected fromthe group consisting of oxygen ions,
boron ions, heliumions, nitrogen ions, chromumions, iron ions, and
rutheniumions. 6. The sem conductor integrated circuit device 40 according
to claim3, wherki i tdemiloohfiactoy tobegraikd arirmuidudegiceagbrleast east in
the inter-device isolation region does not contain a quantum wel |
struct ur e haanichg,nohha debstratsplatfii®mld efifectt drbesisvoreds by fiihmst on
i mpl antation, ions for the ion inplantation

electronic member and a second electronic member mounted in

juxtaposition and an inter-device isolation region between the

field effect transistor and the second electronic member by

way of a buffering compound semiconductor layer, wherein

the buffering compound semiconductor layer is formed to

have a thickness smaller than those in other regions, or the

buffering compound semiconductor layer is not present in the

inter-device isolaticon region, and the discontinuity of

electrostatic potential formed at the hetero-compound

semiconductor junction interface, which is at least either of

the interface between the buffering semiconductor layer and

the semiconductor substrate or the interface between the

compound semiconductor layers to each other constituting the

buffering compound semiconductor layer, is such that the

electrostatic potential of the buffering compound

semiconductor layer on the side of the substrate is lower than

the potential on the side opposite to the substrate for

majority carriers during operation of the field effect

transistor.

2. The semiconductor integrated circuit device

according to claim 1, wherein



are at | east one nenber selected fromthe group of hydrogen ions and
fluorine ions. 7. The sem conductor integrated circuit device according to
claim1l1, wherein the buffering conpound sem conductor |ayer at least in the
inter-device isolation region has a first conpound sem conductor |ayer, a
conpound sem conductor |ayer of a nul8P-1ayered quantumwell structure, and
a second conpound sem conductor |ayer. 8. The sem conductor integrated
circuit device according to claim1, wherein the buffering conpound
sem conductor |layer at least in the inter-device isolation region conprises
a plurality of conpound sem conductor |ayers not containing a guantum wel |
structure. 9. TH&esdptesnderies ispfrrededicauis degreeveacant diity to
claim1, wherein the buffering conpound semi conductor layer at least in the
i nt er - devitvE fiegdngt conpewrd orerisigndusdora lavagl at coe delttor afi ddveduct or
| ayer, and the discontinuity of the 41 electrostatic potential at the
het er o- corgrowive denfevnedctorhayemctthdekingsesr smadlénrtpah dthasee iinnt er f ace
between the buffering sem conductor |ayer and the sem conductor substrate
i s such t hdtherheeglionst osr athe puiferting compbhedbsémicomipclooniayed
sem conductor |ayer on the side of the substrate is
is not present.
3. The semiconductor integrated circuit device
according to claim 2, wherein
the inter-device isolation region is an inter-device
isclation region formed by ion implantation, and the buffering
compound semiconductor layer present in the device isolation
region on the side of the substrate is formed to have a
thickness smaller than those in other regions, or the
buffering compound semiconductor layer is not present.
4. The semiconductor integrated circuit device
according to claim 3, wherein
the device isclation region formed by ion implantation
has a peak concentration of implanted ions of 1 x 10" cm™ or
higher.
5. The semiconductor integrated circuit device
according to claim 4, wherein
ions for ion implantation are at least one member
selected from the group consisting of oxygen ions, boron ions,
helium ions, nitrogen ions, chromium ions, iron ions, and

ruthenium icns.

6. The semiconductor integrated circuit device



| ower than the potential on the side opposite to the substrate for mpjority
carriers during operation of the field effect transistor. 10. The
sem conductor integrated circuit device according to claiml, wherein the
substrate is a GaAs substrate, and the buffering conpound sem conduct or
| ayer at least in the inter-device iséPation region is at |east one menber
selected fromthe group consisting of GaAs, Al GaAs, InGAs, and | nGAl P.
11. The sem conductor integrated circuit device according to claiml,
wherein the substrate is an I nP substrate, and the buffering conpound
sem conductor |ayer at least in the inter-device isolation region is at
| east one aes@Fdingetecedaim rbmubereigr oup consisting of Al lnAs, GalnAs,
Al Gal nAs, Gal nAsP, and Al GalnAsP. 12. The sem conductor integrated circuit
devi ce accor di rtdpet bufiferimd, compownid semicnmdvictore lagepnat nkedetr igel ect ed
fromthe group consisting of a GaN substrate, a sapphire substrate, a
silicon 4Zhecdnlyededsvbse r ptelattinh aegiiloncdnesubet radmtaimad tvaniuddf er i ng
conmpound sem conductor |ayer at least in the inter-device isolation region
is at | easteldnstmarbereseamdtiod ftheomeviee gsolipttomsregiony wf téaN, ALN, and
Al GaN. 13. The sem conductor integrated circuit device
formed by the ion implantation, ions for the ion implantation
are at least one member selected from the group of hydrogen
ions and fluorine ions.
7. The semiconductor integrated circuit device
according to claim 1, wherein
the buffering compound semiconductor layer at least in
the inter-device isolation region has a first compound
semiconductor layer, a compound semiconductor layer of a
multi-layered quantum well structure, and a second compound
semiconductor layer.
8. The semiconductor integrated circuit device
according te claim 1, wherein
the buffering compound semiconductor layer at least in
the inter-device isclation region comprises a plurality of
compound semiconductor layers not centaining a quantum well
structure.
9. The semiconductor integrated circuit device
according to claim 1, wherein
the buffering compound semiconductor layer at least in

the inter-device isolation region comprises a single compound

semiconductor layer, and the discontinuity of the



according to claim1l1, wherein the field effect transistor as the first

el ectronic nenber is an HEMI (high electron nobility transistor). 14. A
sem conductor switching device constituted with a sem conductor integrated
circuit device included wherein the sem conductor integrated circuit device
at least having, above a substrate, afield effect transistor as a first
el ectroni c nenber and a second el ectronic nmenber nmounted in juxtaposition
and an inter-device isolation region between the field effect transistor
and the second el ectronic nenber by way of a buffering conpound

sem conductor |ayer, wherein the buffering conpound sem conductor |ayer is
f ormed t o elegkzogtahickpetentil |adr thieahethbcecompod rsemigiangictor t he
buffering conpound sem conductor |ayer is not present in the inter-device
i sol ati on juagitdpn anterfieceli fwmed i ttheofinterface osetwean pdteent i al at t he
het er o- conpound sem conductor junction interface, which is at |east either
of the i ntwffferéngbsemeerndinet duuflifayeim@nderhe oncntcondueter suictivade

sem conductor substrate or the interface between the conmpound sem conduct or
| ayer s const istwrhi that hehé vt Iertirag tednpopoeded8ias eof cumelunifferdtiamger, i s such
that the electrostatic potential 'of the buffering conpound sem conduct or

| ayer on tdompeudd sémitdedsctst rlayen ©nl diver sidanof hehgotuwbdtiradteornst he si de
opposite to the substrate for majority carriers during operation of the
field effdgiwerr ahanstheé. potential on the side opposite to the substrate

for majority carriers during operation of the field effect
transistor.

10. The semiconductor integrated circuit device
according to claim 1, wherein

the substrate is a GaAs substrate, and the buffering
compound semiconductor layer at least in the inter-device
isolation region is at least one member selected from the
group consisting of GaAs, AlGaAs, InGaaAs, and InGaAlP.

11. The semiconductor integrated circuit device
according to claim 1, wherein

the substrate is an InP substrate, and the buffering
compound semiconductor layer at least in the inter-device
isclation region is at least one member selected from the
group consisting of AlInAs, GalInAs, AlGalnAs, GaInAsP, and
Al1GaInAsP.

12. The semiconductor integrated circuit device
according to claim 1, wherein

the substrate is one member selected from the group

consisting of a GaN substrate, a sapphire substrate, a silicon



15. The sem conductor sw tching device according to claim 14, wherein the
I nter-device isolation region is a groove, and the buffering conpound
sem conductor |ayer at the bottomof the groove is formed to have a
t hi ckness smaller than those in other regions, or the buffering conpound
semi conductor layer is not present. 162 The seni conductor switching device
according to claim15, wherein the inter-device isolation region is a
device isolation region formed by ion inplantation, and the buffering
conpound sem conductor |ayer present in the device-isolation region on the
side of the substrate is formed to have a thickness smaller than those in
ot her regiaardider suhetbat¢ erqmd & grigownos subsittahducand they drufifeniog
present. 17. The sem conductor swi tching device according to claim 16,
wher ei n t omgouinde sepbtandurtoeglayer @aindealsy ionthepishtrtdenicenas a peak
concentration of inplanted ions of 1 x 1017 cm-3 or higher. 44 18. The
sem conduciswrladiisionc megjjonlevs cat abzamtdiong trembekraselédiedhéram ntheons for the
ion inplantation are at | east one nenber selected fromthe group consisting
of oxygen gmnup, doossdntingsof Gall) AAN . ond Ailtatigen i ons, chrom umions, iron
I ons, and
13. The semiconductor integrated circuit device
according to claim 1, wherein
the field effect transistor as the first electronic
member is an HEMT (high electron mobility transistor).
14. A semiconductor switching device constituted with a
semiconductor integrated circuit device included wherein
the semiconductor integrated circuit device at least
having, above a substrate, a field effect transistor as a
first electronic member and a second electronic member mounted
in juxtaposition and an inter-device isolatiocn region between
the field effect transistor and the second electronic member
by way of a buffering compound semiconductor layer, wherein
the buffering compound semiconductor layer is formed to
have a thickness smaller than those in other regions, or the
buffering compound semiconductor layer is not present in the
inter-device isolation region, and the discontinuity of
electrostatic potential at the hetero-compound semicenductor
junction interface, which is at least either of the interface
between the buffering semiconductor layer and the

semiconductor substrate or the interface between the compound

semiconductor layers constituting the buffering compound



rutheniumions. 19. The sem conductor sw tching device according to claim
18, wherein the buffering conpound sem conductor |ayer at least in the

i nter-device isolation region does not contain a quantum well structure,
and in the device-isolation region to be forned by the ion inplantation,
ions for the ion inplantation are at Réast one nmember selected fromthe
group of hydrogen ions and fluorine ions. 20. The sem conductor sw tching
device according to claim 14, wherein the buffering conmpound sem conduct or
| ayer at least in the inter-device isolation region has a first conpound

sem conductor | ayer, a conpound sem conductor layer of a multi-layered
quant um weemisondectipE, layer a s dd@pothe edeafrosthiciepdtapdial

of the buffering compound semiconductor layer on the side of
the substrate is lower than the potential on the side opposite
to the substrate for majority carriers during operation of the
field effect transistor.

15. The semiconductor switching device according to
claim 14, wherein

the inter-device isolation region is a groove, and the
buffering compound semiconductor layer at the bottom of the
groove is formed fo have a thickness smaller than those in
other regions, or the buffering compound semiconductor layer
is not present.

16. The semiconductor switching device according to
claim 15, wherein

the inter-device isolation region is a device isolation
region formed by ion implantation, and the buffering compound
semiconductor layer present in the device-isolation region on
the side of the substrate is formed to have a thickness
smaller than those in other regions, or the buffering compound
semiconductor layer is not present.

17. The semiconductor switching device according to
claim 16, wherein

the device isolation region formed by ion implantation
has a peak concentration of implanted ions of 1 x 10 em™ or

higher.
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18. The semiconductor switching device according to
claim 17, wherein

icns for the ion implantation are at least one member
selected from the group consisting of oxygen ions, boron ions,
helium ions, nitrogen ions, chromium ions, iron ions, and
ruthenium ions.

19. The semiconductor switching device according to
claim 18, wherein

the buffering compound semiconducter layer at least in
the inter-device iscolation region does not contain a quantum
well structure, and in the device-isclation region to be
formed by the ion implantation, ions for the jion implantation
are at least one member selected from the group of hydrogen
ions and fluorine ions.

20. The semiconductor switching device according to
claim 14, wherein

the buffering compound semiconductor layer at Jleast in
the inter-device isolation region has a first compound
semiconductor layer, a compound semiconductor layer of a
multi-layered quantum well structure, and a second compound

semiconductor layer.



