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SEMICONDUCUTOR STRUCTURE HAVING
COLUMN HI-V ISOLATION REGIONS

TECHNICAL FIELD
{00011 This disclosure relates geverally to semtconductor structure and more pacticnlarly
o semiconductor structures having colurnn RV isclation regions thevein.

BACKGROUND

100021 As s known in the art, integrated clvonits based on Silicon On Insulator (SO0
CMOS or standard silicon Complementary Metal Oxide Semiconductor {CMOS)
processing typically addresses the issus of mudtiple supply voltages and roultiple digital
logic levels in various ways. SOI technologies are able o incorporate fill-irench or partial
wench isolation {see 8. Maeds, ¢ al., “Foasibility of §.18um SOUCMOS technology using
hvbrid trench isolation with high resistivity substrate for emnbedded RE/analog
applications,” IEEE Fransactions on Electron Devices, vol. 48, n0.9 September 200, pp.
2085 — 20737 resulting in either Soating-body feld-effect transistors {FET) or body-tied
FET devices, with a terminal provided for the body of the transistor (FIG, 1)
Alternatively, standard CMOS devices, which have a conumon p-ivpe budk connecting the
Hody terminal of all nMOS transistors, use an additional deep n-type well implant {o create
a triple well structure [see US Patent # 5,281 842, Yasuds, et. al, “Dynamie Random
Access Memory with Isolated Well Btructure™ and US Patent # 6218,883 Bi, De, et, al,
“Multiple Well Transisior Cirouits Having Forward Body Bias™] This additional well
sllows for an isolated nMOS device, which combined with standaed pMOS devices,
enables multiple supply voltages and logic voltage levels on a single infegrated civenit

(FIG. 2.

(00031 Silicon dioxide trench isolation can also be nsed to mprove the quality fictor of
passive devices or structures formed above the silicon substrate. The trench isolation is
placed direetly below the passive devices to reduce the losses associated with the low
resistivity substrate or any sueface charge that may exist below the passive device, thus

improving the quality fctor of the component.

10004] Although the approaches outlined above work well for SO CMOS and standard
MOS technologies, they ave not attractive sohations for HL-V/ACMOS heterogeneous
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infegration technology. Recent research efforts have demonstrated the efficacy of a GaN-
CMOS heterogeneously integrated techuology {See T. Kazior, et. al,, “High performance
mixed signal and RF circuits enabled by the direct monohithic heterogeneous integration of
GaN HEMTs and 81 CMOS on a silicon substrate,” JEEE CSICS, 201 1], which enables the
tnoorporation of GaN HEMT devices on the same silicon substrate as CMOS devices. The
GialN HEMT devices are created on & GaN epitaxial buffer layer, which is grownin a
window region of a sticon-on-insulator (SO} wafer. The CMOS components arg
fabricated using a standard CMOS process flow in the thin silicon layer above the buried

oxide layer (BOX}

[D005] Unlike fully-depleted and thin-film 801 CMOS deviees, in which the source and
drain implants extend all the way to the buried oxide layer, the source and drain implants
of the CMOS devices only extend partially through the top silicon layer (similar to a thick-
film SO technology), This creates a shallow petype material shared between all of the
silicon components, essentially acting as a shallow bulk substrate for the CMOS

COMPONCHLS.

TO006] Although i may be possible to add full-rench isolation or an additions! newell
implant to the process fow, it is undesirable, The corporation of a full-rench isolation
or an additional well implant will requeire additional masks and fabrication steps (resulting
in higher costs), as well ag additional processing complexity, The thickness of the GaN
buffer laver and the thickness of the top-level of silicon material will noed to be balanced
against the fill-trench isolation depth or the decp n-well implant depth during processing,
creating additional constraints 1o the fechnology. The ability to create isolated FET
devices and high quality passive devices, such as capacitors and inductors, withowt the use
of full-trench isolation or deep well implants, would be advantageous to & heterogeneously

integrated GaN-UMOS techniology.

SUMMARY
(30071 In accordance with the disclosiere, a semiconductor structure is provided having: 8
dielectric; 8 non-column IV doped semiconductor layer disposed over the diclectric; and
an slectrically isolating barrier comprising columm IV material disposed vertically
through the semiconductor layer to the dielecivic.
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[GOORT In one ermbodiment, a semicondnctor strocture is provided having a pair or
transistor devices, one of the pair of devices being & column TV transistor device and the
other one of the pair of ransistor devices being 2 non-column -V transistor device, The
structure includes: a substrate; a non-column IRV senviconductor layer disposed on the
subsirate, wherein the coliman -V transistor device is formed over one region of the
substrate and the non=-II-V fransistor device is formed over another rogion of the
substrate; and a barrier of colummn HI-V material disposed vertically through the
senticonductor layer and around one of the pair of travsistor devices o olectrically isolate

the column WY fransistor device from the non-1T-V transistor device.

(00081 In one embodiment, the semiconductor laver is silicon and has CMON transistors
disposed in the semiconductor layer above a first region of the dielectric and 8 HLV
transistor digposed above a different region of the dielecivic, The column -V isolating

barriers clectrically isolate the column HLV transistor from the CMOS transistors,

(0010} In one embodiment, the semiconductor laver is silicon and hae silicon fransistors
disposed in the semiconductor laver above a first region of the diclectric and 8 TV
fransistor disposed above a difforent region of the dielectrie, the column -V isolation

barriers electrically isolates the colwmn -V transistor from the silicon transistor,

{O011] In one embodiment, the struchurs includes a passive device disposed over the
semiconductor laver and a gnid of 1 HI-V isolation barriers , the BV isolation barriers
being dsposed wnder the passive devics, the HLV isolation barriers passing vertically

through the semiconductor layer to the insulating laver.

{00127 In one embodiment, the nop-column HLV semtconductor layer is disposed over
the diclectric and the column BV trangistor device is formed over one region of the
diclectric and the non-I-V transistor device is formed in a region of the semdconductor
layer over another region of the substrate. The column BBV isolating barviers are
digposed vortically throngh the semiconductor layer to the dislectric layer and around the
colwmm HI-V transistor devics or the non-1IILV transistor device fo slectrically isalate the

colomn -V transistor device from the non-TILV iransistor device.
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FO013] B one

transistor device.

{00157 In one embodiment, the semiconductor structure Includes a second silicon
transistor device in the semiconductor layer to provide CMOS transistor devices in the
semiconductor laver and the barrder electrically tsolates the CMOS transistor devices from
the colomn M-V fransistor device.

[30316] In one embodiment, the passive device is a microwave transmdssion ling;

[0017] In one embodiment, the nderowave transnrssion line is & coplanar waveguide;
FO018) Tn one embodiment, the passive devies is a reactive slement;

{00197 In one smbodimend, the reactive clement is an inductor.

(00201 In one embodiment, one of the CMOS {ransistors is formed in a doped region of
the semiconductor laver and wherein the region has a type dopant opposite o that of the

seniconductor layer,

(002171 With such structore, “dumray” HI-V isolation barriers formed slong with the
formation of -V transistor devicss are incorporated to oreate isolated regions for nMOS
and pMOS devices, as well as for shielding of passive devices from the substrate. The 1~
YV isolation barrler material 18 used around the perimeter of single or multiple nMOS and /
or pMOS iransistors to create a tub of isolated p-type material for both nMOS and pMOS
devices. This tub of isclated p-type material iz also isolated from the bulk material by the
pied oxide (BOX) laver associated with the Silicon On Insulator {SOI) matertal. Move
particularly, it is noted that the IV transistor has an active region layer that & creates a
gate channel (.o, the reglon carriers pass between the scurce and drain electrodes under
control of the gate slectrode); however, this active region layer ts not formed on the
column HI-V isolation barriers so that there are no carriers or associated shest charge on
the colama DRV isolation bamiers,

{00227 In one smbodiment, the columm HEV material is Gallium Nitride (GaN) and is
used for the formation of the -V transistor and the isolating barrier, Aluminom nitride
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{AIN} laver (directly under the GaN material} is a nucleation layer or transition layer that
also acts as an insulater. Combining these non-conductive materials oreates a perimeter
arotrd the nMOS and pMOS devices, effectively forming an isolated p-type region for the
transistors. This isolates the devices from the rest of the wafer, enabling the use of various
supply voliages, digital logic levels, and back-gate blasing technigues for digital, analog,
and RF circuits. This design capability is espocially wseful for a GaN-CMOS
heterogeneously integrated platform, where the CMOS devices would create the biss and
control cireuitry for the GalN HEMT devices, which typically require negative gate biases

ranging fom -5V to OV,

(0237 These GaN buffer layers can alse be used as an RY shield for passive devices.
Creating & mesh of GaN buffer layvers nnder a passive oivcudt, such as a spiral inductor or &
coplanar waveguide {CPW) ransmission line reduces the loss oreated by the top stlicon

material or an induced slectron density between the BOX laver and bulk substrate.

(00247 Thus, the use of GaN “dumumy™ (t.e, passive} isolation barriers creates au island or
tub of isolated CMOS devices, enabling the use of an isolated substrate bias potential for
the devices and also serves as an RF shield for passive devicey, and provides 2 means o
obtain multiple and disparate supply voltage lovels, digital voltage levels, and analog
voliage levels on a single imtegrated cirawtt, enabling simple interface cironits between

JalN HEMT devices and the CMOS devices which will control them, in a heterogeneously

integrated techuology platform.

(002351 The details of one or more embodiments of the disclosure are set forth in the
accompanying drawings snd the description below. Other foatures, oljects, and
advaniages of the disclosurs will be apparent from the deseription and drawings, and from

the claims.

DESCRIPTION OF DRAWINGS
{00261 FIG. 1 18 & diagrammatical sketeh of CMOS transistors having one type of
isolation sccording to the PRIOR ART;
(00271 FIG. 2 {s a diagrammatical sketeh of CMOS trangistors having another type of

isolation according to the PRIOR ART,
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{028} FIGS, 3A and 3B are diagrammatical sketches of a top view of 2 Monolithic
Microwave Integrated Cirawit (MMIC), FIG. 3A being prior to final metallization thereof
and FYG. 3B being after the final metallization thereof] the MMIC having semiconductor
regions of a heterogeneously integrated civeuit incorporating GaN isolation barrlers {o
create isolated nMOS and pMOS devices and » shielded passive device along with a
microwave GaN FET transistor and non-isolated oMOS and pMOS devices according o

the disclosure;

[028] FIGS, 4A and 48 are diggrammatical cross sectional views of the MMIC of FIG.
3A, FIG. 4A being a cross section along Hue 44-4A in FIG. 3 & and FIG. 48 being a cross

section along line 4B-48 of FIG. 3A sceording to the disclosure;

(D030} FIG. § is a diagrammatical cross sectional view of the MMIC of FIG. 3B, such

cross section being along line 5-5 of FIG. 3R according to the disclosure;

f0031] FIG. 6 15 a top view of 8 portion of an MMIC having coplanae waveguide

transmission line according to the disclogure.
{0327 Like reference symbols in the various drawings indicate Hke elements.

DETAILED DESCRIFTION

{00331 Referrdng now to FIGS, 34, 38, 44, 48, and §, a portion of a MMIC
serndconductor structure 10 {s shown prior to device infercomnect (FIGS. 34, 44, 48) and
after final metsllization (FIGS, 38, 8}, The portion of the structure 10 1s shown to have
both & colummn LY transistor device 12, here for example, a GaN pHEMT, a passive
microwave device (FIG. 3B} 14, here for example a spirsl inductor and non HEV devices,
here & pair of CMOS silicon transistors 16 providing aMOS transistor 26 and a separate
pMOS transistor 18, all formed on a commuon substrate 20, here a silicon substrate, as

shown,

[+3
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{00347 More particularly referring to FIGS 4A and 48, the semiconductor structure 10 s
provided with a dielecteio layer 22 here a buried oxide layer (BOX) on the silicon substrate
28. A non-column HE-V doped sericonductor laver 24, here for example, piype doped
silicon, is disposed over the delectric layer 22, It is first noted that the, p-type doped
siticon layer 24 is vertically isolated from the bulk silicon substrate 20 by the buried oxide
{BOX) laver 22 associated with the SO material. 1 is next noted that the p-type doped
silivon semdconductor laver 24 is separated horizontally info slecirically tsolated reglons,
ot tubs, by vertically extending HI-V isolation barriers 25 of colwma 1Y matedial; here
for example, the same column -V material ag part of the material forming the HLWY
transistor device 12 (FIG 3A), here GaN, formed on the nucleation or transition layer 23,
for example aluminum nitride (AN}, with a dislectric or protection layer 29 (FIGS. 44,
483, here silicon nitride (SN} formed on the top of the GaN material. | is noted that the
tsolation barriers 25 of columm -V material sre formed at the same tme as the BV
material used for the -V transistor devices 12; however the fransistor devices 12 are
formed in an active device semiconductor laver 27 (active rogion 27}, here g layer of
AlGaN; whereas the bagriers 25 are not formed with an active device semiconductor layer.
That is, the barriers 25 do oot have active regions 27, Further, source {8), drafn {13} and
gate {3} contacts of the active transistor devige 12 pass through the dislectric layer 28, in
this case SiN, to make contact with the -V getive region 27 material, as indicated;
whereas the HI-V isolation barriers 25, as noted above, have no conductive regions 27,
Thusg, the HLV isolation harriers 25 {butfer lavers) are formed such that there is no shest
associated charge {2 Dimension Electron Gas (ZDEG)) associated with the active IV
regions and therefore the barriers 25 do not act a8 & conductor between silicon regions, nor

with transistor devices,

{00357 The CMOS transistors 18, having sowrce (8), drain (I and gate () electrodes, are
formed in a portion of the p-type semiconductor layer 24, More particularly, the ptype
silivon 24 is a p-type tub, having 2 contact PW thereto, and the p-type fub 24 s wsed o
form the nMOS transistors theretn, such 28 nMOS transistor 18, Pormed in the pdype
sericonductor tub 24 are netype doped wells 30, The n-type doped wells 30 have pMOS
transistors 26 formed herein, A contact NW provided to contact the n-type doped well 30,
as shown. As noted sbove, the pMOS transistors 18 (FIGS. 34 and 3B) are also formed
separate isolation barrler 25 isolated regions of the p-type layer 24, Thus, the pMOS and
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aROS travsistors 26, 18§ provide the CMOS transistors 16 within an island formed by

barrier 25, {(FIG. 3A)

[0036] It is noted that while one portion of barriers 25 isolates regions of the p-type layer
24 for the formation of different types of transistor devices, for example silicon ptype,
silicon neiype, CMOS and WY devices, for example, 8 second portion of the barriers 25
is arrangsd in 8 mesh 32 o also serve as an RE shield for pagsive deviees, hore for
example 8 spiral inductor 34 shown inand FIGS. 3B and 5. The mesh 32 is made wp of
rows snd columng of the barriers 25 and is disposed under a passive devies 34 to redoce
the loss created by the stHcon layer 24 or an induced electron density between the BOX

fayer and bulk substrate.

(00371 Having formed the transistor deviess 12, 18, 28, and the barmriers 25, back-end of
e (BECL) lavers 5O are formed creating the metallization, inferconnect, insulation,
dielecirie, and passive devices associated with the technology {(FIG. §). Hers, layers 58,
36, §7, and 38 representing a NO2 dielectric layer with layers 60 and 86 representing the
metallization lavers. Here, layer S8 representing the via layer, connecting layer 60 o layer
86, ¥ is noted that portons 60g, 60b, 80c of laver 80 are provide lower portions inductor
34 and portions of layer 88 provide upper portions of the inductor 34, The metallization
layvers provide eloctrical nterconnects and power busses 60, microwave transmission Hnes
62, and passive devices, for example, as shown also in FIGS, 38 and 5. Here, the portion
of the structure 10 includes a passive device, here the spival inductor 34, disposed on the
siticon dioxide laver. | s noted that the electrical interconmect 80 for the inductor 34
passes throngh dielectric 58 from an upper level of metallization to & lower level of

metallization with a conductive via 86 (FIG. §)

T0038] K is noted that the columns 25 do not act a3 a conductor between silicon regions,
nor do the dislectric lavers associated with the LV transistor devices, These dislectric
fayers include, for example, aluminum oxide (Al0:), 8ilNx, S102, HEOD, or other
materials, depending on the details of the fabrication process. Simnilarly, the aluninum
nifride (AIN} layer {(divectly under the 01V buffer layer) also acts as av insulstor,
Combining these non-conductive materials crestes & perimeter around the nMOS and
pMOS devices, effectively forming an isolated potype region for the transistors, This
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isolates the devices from the rest of the water, enabling the vse of various supply voltages,
digital logic levels, and back-gate basing techniques for digital, analog, and RF civenits.
{FIG, §) This design capability is especially usefil for a GaN~-CMOS heterogeneously
integrated platform, where the CMOS devices would create the bias and control cireuttey
for the GaN HEMT devices, which typically require negative gate biases ranging from -~
SV to OV, as shown in FIG. 3B, As desortbed, the barviers 25 under the passive devics 34,
are used a8 an RF shield for thee passive deviges. Creating a mesh of GaN buffer layers,
as shown in FIG, 34, under the passive oirouit 34, such as the spival inductor or a coplanar
waveguide {UPW) fransmission lne 70 having a center sirip conductor 72 disposed
between a palr of ground plane conductors 71 formed on & separate region of the structure
19 for another mesh 147 (FIG. §), reduoces the loss created by the doped silicon layer or an

induced electron density between the BOX layer and bulk silicon substrate.

{00357 It should now be appreciated a semiconductor structure according to the
disclosure includes: a dielectrie; non~columy [TV doped semiconductor layer disposed
over the diclectric; and an isolation barrier comprising coluron -V material disposed
vertically through the semiconductor layer to the diclectric. Additionally, one or more of
the following features may comprise independently or in combination with another featurs
including: wherein the semiconductor layer is silicon and has CMOS transistors disposed
in the semiconductor laver above a first region of the dielectric and a BV transistor
disposed above a different region of the dielectric and wherein the isolation barrier
electrically isolates the column IV transistor from the CMOS transistors; whersin the
semniconductor layer is silicon and has silicon fransistors disposed in the semiconductor
layer above a Hret region of the dislectric and a IV transistor disposed above a different
region of the dislectric and wherein the isolation barrier electrically isolates the columm
-V transistor from the stlicon transistors; a passive device disposed over the
semiconductor laver and a plurality of Taterally spaced IV structares, the TRV struchures
being disposed under the passive device, the HI-V structures passing vertically through the
semiconductor layer {o the insulating layer; a passive device disposed over the
semviconductor layver and g plurality of laterally spaced BV structures disposed under the
passive device, the LV structures passing vertically through the semiconductor layer to
the insulating layer; a passive device disposed over the semiconductor layer and a mesh of
-V structuves, the TV stroctures being disposed under the passive device, the LY
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structures passing vertically through the semiconductor layer to the tusulating layer; a
passive device disposed over the semiconductor layer and a mesh of IV structures
disposed under the passive device, the IV structures passing vertically through the

semiconductor laver fo the ineulating layer.

FO0407 It should now be appreciated a semiconductor structure having 8 column HWY
transistor device and a non-columyn TH-V transistor device therein according fo the
disclosure includes:  diclectric; non-colwm MY semiconductor layer disposed over the
diglectric; wherein the column BV transistor device is formed over one region of the
dielectric and the non-I-V transistor device iz formed in 8 region of the semiconductor
fayer over another region of the diglectric; a barrier of coluron BV material disposed
vertically through the semtconductor layer to the diclectric and around the colunm LV
transistor device or the non-1H-Y transistor device to electrically tsolate the column TV
fransistor device fom the non-II-V ransistor device. Additionally, one or more of the
following featurss may comprise independently ot in combination with another featurs
including: wherein the non-column -V transistor devies is a column IV fransistor
device; wherein the semiconductor layer is silicon and wherein the coluwnn IV device is s
silicon transistor device; a second silicon fransistor device in the semiconductor layer to
provide CMOS transistor devices in the semiconductor Iaver and whersin the barrier
elecirically isolates the CMOS transistor devices from the column TRV transistor devies;
a passive device disposed over the semiconductor laver and a phuality of laterally spaced
-V structures disposed under the passive devies, the -V structures passing vertically
through the semiconductor layer to the tnsulating layer; wherein the passive device is
microwave franstission Hne; wherein the microwave transmission Hoe i3 a coplanar
waveguids; wherein the passive device i3 a reactive element; wherein the reactive slement
is an inductor; wherein one of the CMOS transistors is formed in a doped region of the
semiconductor layver and wherein the region has a type dopant opposite to that of the

semiconductor layer,

130411 i should now be appreciated & semiconducior structure having s pair or fransistor
devices, one of the pair of devices being & column HIWY fransistor device and the other ong
of the pair of transistor devices being a non-columan IV transistor device according fo

the discloswre includes: a substrate; non-colump IV semiconductor fayer disposed on the
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1. A semiconductor structure, comprising:
a diclectrie;

and
an isolation bavder comprising coluwmnn HE-V material disposed vertically

through the semiconductor layer {o the dielectric.

2. The seviconductor structure recited in olaim 1 whereln the semiconductor layer
i3 silicom and has UMOS transisiors disposed in the semniconductor laver above a fivst
region of the diclectric and a II-V transistor disposed above a diffevent region of the
diclectric and wherein the isolation barrier electrically fsolates the column IV transistor

Fom the CMOS transistors.

3. The semiconductor siructure recited in claim 1 wherein the semiconductor laver
i silicon and has silicon transistors disposed in the semiconductor layer above a first
region of the diclectric and 2 HIWV rangdstor disposed above a different region of the
dislectric and wherein the isolation barrer electrically isolates the column TV transistor

fromn the silicon fransistors.

4. The semiconductor structure recited fo claim | including:
a passive device disposed over the semiconductor layer; and
a plurality of laterally spaced IV structures, the IRV structurss being
disposed under the passive devige, the IV structures passing vertically theough the

serniconductor layer to the insulating layer.

§. The semiconductor structure recited in claim 3 ncluding:
a passive device disposed over the semiconductor fayer; and
a phlurality of laterally spaced IV structures disposed under the passive
device, the IV stroctures passing vertically through the semiconductor layer to the

insulating layer.
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The semiconducior structrs recited in claim
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transistor device is a column IV transistor device.

wherein the semiconductor layer
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The semiconductor structore recited in clamm
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licon and wherein the column TV devi

o 1% 8 stlicon transistor device,
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¢, The senviconductor structure recited in claim 8 including & second silicon

MOS transistor devices 1o the
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fransistor devies in the semiconductor laver to provide €
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semiconductor laver and wherein the barrier elecirically isolates the CMOS fransistor

devices from the column 1V transistor device,

gl

a plurality of laterally spaced IV structures disposed nnder the passive

a passive device disposed over the semiconductor layer; and

-

The semiconductor structure recited in olaim 9 fncludi

1

semiconductor laver fo the

device, the HEV structures passing vertically through the

insulating layer.

11. The senvconductor structure rectied in olaim 10 wherein the passive devics i

g nHicrowave transmission Hoe
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14, The semiconductor structure racited in claim 13 whersin the reactive element

is an Inductor,

15, The semiconductor structure recited in claim 11 wherein one of the CMOS
fransistors is formed in a doped region of the semiconductor layer and wherein the region

has & type dopant opposite o that of the semiconductor layer.

18, A semiconductor siructure having a pair or transistor devices, one of the pair of
devices being a cohwmn BBV transistor devics and the other one of the pair of transistor
devices being a now-cohumn HEV transistor device, comprising:

a subsirate;

son-column H-V sarniconductor laver disposed on the substrate, wherein
the column HEBV transistor device is formed over one region of the substrate and the non-
-V transistor devics is formed over another region of the substrate;

a barrier of column HI-V material disposed vertically through the
sexntconductor laver and arcund one of the pair of transistor devices to electrically izolate

the column [E-V trensistor device fromn the non-IILV transistor device.

17. The semiconductor structure recited in claim 16 whersin the non-column BRV

transistor devige 15 8 column IV ransistor device,

18. The semiconductor structure recited in claim 17 wherein the semiconductor

layer is silicon and whersin the colomn IV device is a silicon transistor device,

19, The semiconductor structure recited in olaim 1 including:

8 passive dovice disposed over the semiconductor layer; and

14
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