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(57) Abstract: A semiconductor structure provided having: a dielectric; a non-column III-V doped semiconductor layer disposed
over the dielectric; and an isolation barrier comprising column III-V material disposed vertically through the semiconductor layer to
the dielectric. In one embodiment, the semiconductor layer is silicon and has CMOS transistors disposed in the semiconductor layer
above a first region of the dielectric and a III-V transistor disposed above a different region of the dielectric. The barrier electrically
isolates the column III-V transistor from the CMOS transistors. In one embodiment, the structure includes a passive device disposed
over the semiconductor layer and a plurality of laterally spaced III-V structures, the III-V structures being disposed under the passive
device, the III-V structures passing vertically through the semiconductor layer to the insulating layer.
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SEMICONDUCTOR STRUCTURE HAVING
COLUMN HLV ISOLATION REGIONS

TECENICAL FIELD
FOG01] This disclosure velates generally to semiconductor structure and more partionlarly
to semdconductor structures having colurm JRV isolation regions therein.

BACKGROUND

(00021 As is known in the art, integrated clvcudts based on Silicon On Insudator (SO
CMOS or standard silicon Complementary Metal Oxide Semdconductor {TMOR)
processing typically addresses the fssus of mudtiple supply voltages and multiple digital
fogic lovels in various ways, SOOI technologies are able to tncorporate full-ivench or partial
trench isolation [see 8. Maeda, et al., “Foasibility of 8.18um SO CMOS technology using
hybrid trench isolation with high resistivity substrate for ensbedded RF/analog
applications,” JEEE Transactions on Electron Devices, vol. 48, n0.9 September 2001, pp.
2065 — 20737 resulting in either Soating-body Held-effect transistors {FET) or body-tied
FRT devices, with a terminal provided for the bedy of the transistor (FIG. 1)
Alternatively, standard CMOS devices, which have a conunon ptype balk comnecting the
body terminal of all nMOS transistors, use an additional deep n-type well implant to oreate
a triple well structure [see U8 Patent # 3,281,842, Yasuda, ot al, “Dynamic Random
Access Memeory with Iselated Well Structire”™ and US Patent # 6218,885 Bl De, et. al;
“Mudtiple Well Transistor Cirouits Having Forward Body Bias™] This additional well
allows for an isolated nMOS device, which combined with standacd pMOS devicss,
enables multiple supply voltages and logic voltage levels on a single infegrated civenit

(FICL 2.

FO003] Silicon dioxide trench {solation ean also be used to improve the quality factor of
passive devices or structures formed above the silicon substrate. The trench isolation is
placed directly below the passive devices to reduce the losses associated with the low
resistivity substrate or any surface charge that may exist below the passive device, thus

improving the quality fictor of the component.

0047 Although the approaches outhined above work well for SO CMOS and standard
SMOS technologies, they are not attractive sohations for HEV/ACMOS heterogeneous

H
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integration technology, Recent research efforts have demonsivated the efficacy of a GaN-
CMOS heterogencously integrated techuology [See T. Kazior, et al,, “High performance
mixed signal and RF circuits enabled by the direct monelithic heterogeneous inlegration of
GaN HEMTs and 8 OMOS on a silicon subhsteate,” JEEE C3RTS, 20111, which enables the
incorporation of GalN HEMT devices on the same silicon substrate as CMOS devices. The
(lalN HEMT devices are created on a GaN gpitaxis] buffer layer, which is grown ina
window region of g stlicon-on-insulator {501} wafer. The CMOS componends are
fabricated using a standard CMOS process flow in the thin silicon layer sbove the buried

oxide layer (BOX)

[00G5] Unlike fully-depleted and thin-film SOT CMOS devices, 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 & thick-
film SOI technology). This creates a shallow petype material shared between all of the
silicon components, essentially acting a8 a shallow bulk substrate for the CMOS

LOMPORSNE,

100061 Although i may be possible to add full-rench isolation or an additional n-well
implant to the process flow, it is undesirable. The incorporation of a full-trench isolation
or an addidonal well tmplant will require additional masks and fabrication steps (resulting
in higher costs}, a5 well as additional processing complexity. The thickness of the GalN
buffer layer and the thickness of the fop-level of siicon material will noed to be balanced
against the full-trench isolation depth or the decp n-well implant depth during processing,
creating additional constraings to the technology. The ability to oreate isolated FET
devices and high quality passive devices, such as capacitors and fnductors, without the use
of full-tronch isolation or deep well implants, would be advantageous o & heterogeneously

intograted GaN-UMOS technology.

SUMMARY
(00071 In accordance with the disclosure, a semivonductor structure is provided having: a
dielectrie; 8 non-columm IRV doped semiconductor laver disposed over the dielectric; and
an electrically fsolating barrier comprising column -V material disposed vertically
through the semiconductor layer to the dielecivic.

2
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30081 In one arnbodiment, & semdoonductor structure is provided having s pair or
transistor devices, one of the pair of devices being a column -V transistor device and the
other one of the pair of wansistor devices being & not-columm VY transistor device. The
structore fnchudes: a substrate; & non-column 8-V senviconductor layer disposed on the
subsirate, whereln the colimn [TV trassistor devics 18 formed over one region of the
substrate and the non-II-V transistor device is formed over another region of the
subsirate; and a barrier of column -V material disposed vertically through the
semiconductor laver and around one of the pair of transistor devices o electrically isolate

the column Y transistor device from the non-1HV transistor device.

100097 In one embodiment, the semiconductor layer is silicon and bas CMOS transistors
disposed in the semiconductor layer above a first region of the dielectric and & TRV
transistor disposed above 8 different region of the dielecivic. The columa TV isolating

barriers electrically isolate the colum HLV transistor from the CMOS transistors.

(00101 I one embodiment, the semiconductor layer Is silicon and has silicon ransistors
disposed in the semiconductor layer sbove a first region of the dielectric and & TRV
fransistor dsposed above a difforent region of the dielectrie, the column IV isolafion

harriers electrically isolates the columa HEV transistor from the silicon {ransistor.

(00117 In one embodiment, the struchwre includes a passive device dlsposed over the
sernviconductor layer and a grid of 1 HEV isolation barriers |, the IRV isolation barriers
heing disposed under the passive devios, the IRV isolation barriers passing verfically

through the semiconductor layer to the insulating layer.

[0012] In one embodimeny, the nop-columa HLV seatoonductor layer is disposed over
the dislectric and the column TV transistor device is formed over one region of the
dielectric and the non-I1H-VY transistor device s formed in 8 region of the semsconductor
layer over another region of the substrate. The column BV isolating barriers are
disposed vertically through the semiconductor layer to the dislectric laver and avound the
cohmnn IV transiztor devics or the non-I-V transistor device to glectrically isolate the

column HDIWV transistor device from the non-TL-V iransistor device.

el
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FO0131 In one embody

transistor device,

JO015] In one embodiment, the semiconductor structirs Includes a sscond silicon
transistor device in the semiconductor laver to provide CMOS transistor deviess in the
semiconductor laver and the barrier electrically isolates the CMOS fransistor devices from
the colomp -V transistor device,

{00167 In one embodiment, the passive device is & microwave transnission ling;

(00171 In one embodiment, the nicrowave transmission line is a coplanar waveguide;
F0018] In one embodiment, the passive devics is a reactive slement;

[0019] In one embodiment, the reactive element is an inductor.

(00207 In one embodiment, one of the CMOS fransistors 18 formed in a doped region of
the semiconductor layer and wherein the region has a type dopard opposite {0 that of the

semiconductor layer,

02171 With such structure, “duroray” IV isolation barriers formed along with the
formation of IV transistor devices are incorporated to oreate isolated regions for nMOS
and pMOS deviges, ax well as for shielding of passive dovices from the substrate. The I
V isolation barrier material is used around the perimeter of single or mudtiple nMOS and /
or pMOS transistors to create a tub of isolated potype material for both nMOS and pMOS
devices. This tub of isolated p-type material is also isolated from the bulk material by the
burted oxide (BOX) laver associated with the Silicon On Insulator {801} material. More
particularly, if is noted that the IV transistor has an active region layer that & creates a
gate channel {(i.e. the region carriers pass between the scurce and drain electrodes undey
control of the gate electrode); however, this setive region layer is not formed on the
column HRY tsolation barriers so that there are no carviers or associated shest charge on
the column IV isolation bamisrs.

{00221 In one embodiment, the column BV material is Gallinm Nitride (GaN} and is
used for the formation of the BV transdstor and the isolating barrier. Aluminum ndtride
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(AN} laver (directly under the GaN material) is a nucleation layer or transition layer that
also acts as an nsulater. Combining these non-conductive materials creates a perimeter
avound the nMOS and pMOS devices, effectively forming an isolated p-tvpe region for the
transistors. This isolates the devices from the rest of the wator, enabling the use of various
supply voltages, digital logie levels, and back-gate blasing fechniques for digital, analog,
and RF circuits. This design capability is especially usefl for a GaN-CMOS
heterogeneously integrated platform, where the UMOS devices would create the blas and
control clrouitry for the (GaN HEMT devicss, which typieally require negative gate biases

ranging fom -5V to &V,

(30231 These GaN buffer layers can also be used as an RF shield for passive devices.
Creating a mesh of GaN buffer layers vnder a passive clreuit, such as a spival inductor ov a
coplanar waveguide (CPW) transmission line reduces the loss created by the top silicon

material or an induced electron density between the BOX layer and bulk substrate.

FO0247 Thus, the vse of GaN “dummy™ (L.¢,, passive} isolation barriers creates an island ov
tub of isolated CMOS devices, enabling the use of an isolated subsirate bias potential for
the devices and also serves as an RF shield for passive devices, and provides a means o
obtain multiple and disparate supply voltage lovels, digital voltage levels, and analog
voltage levels on a single integrated clvcuit, enabling simple interface cirenits between

iaN HEMT devices and the CMOS devices which will contrel them, in & heterogeneously

integrated technology platform.

[0025] The details of one or more embodiments of the disclosure are set forth in the
accompanying drawings and the description below. Other foatwres, objects, and
advantages of the disclosure will be apparent from the description and drawings, and from

the olaims.

DESCRIPTION OF DRAWINGS
(00261 FIG. 1 i8 & diagrammatios! sketch of CMOS transistors having one type of
isolation according to the PRIOR ART;
00271 FIG. 2 is a diagrammatical sketch of CMOS transistors having another type of

isplation according to the PRIOR ART,

(%31
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[0028] FIGS, 34 and 3B are diagrammatical sketches of a top view of a Monolithic
Microwave Integrated Cirouit (MMIC), FIG. 34 being prior to foal metallization thereof
and FIG, 38 being after the final metallization theveof, the MMIC having semiconductor
regions of a heterogeneously integrated cirouit incorporating GaN isolation barriers to
create isolated nMOR and pMOS devices and a shislded passive devics along witha
microwave GaN FET ransistor and non-isolated aMOS and pMOS devices according fo

the disclosure;

00297 FIGR, 4A and 4B are diagrammatical cross sectional views of the MMIC of FIG.
34, FIG. 4A being a cross section along Hue 4A-4A 1n FIG. 3 A and FIG. 4B being a cross

section along line 4B-48 of FIG. 3A sccording fo the disclosure;

00307 FIG. § is a diagrammatical cross sectional view of the MMIC of FIG. 3B, such

cross section being along line 3-5 of FIG. 38 acconding to the discloswre;

FO031} FIO. 6 s a top view of g portion of an MMIC having coplanar waveguide

fransinission Hoe according to the disclosure.
[032] Like reference symbols in the various drawings indicate like elements.

DBETAILED DESCRIPTION

[0033] Refersing now to FIGE, 34, 3B, 44, 48, and 3, a portion of a MMIC
semiconductor structure 10 is shown prior to devics interconnect (FIGS. 34, 44, 48} and
after final metallization (FIGS, 3B, §), The portion of the structure 10 is shown to have
both & cohunn IRV transistor device 12, here for example, a GalN pHEMT, a passive
microwave device (FIO. 3B) 14, here for example a spiral inductor and non HEV devices,
here a pair of CMOS silicon transistors 16 providing sMOS transigtor 26 and a separate

pMOS fransistor 18, all formed on a common substrate 24, hers a silicon substrate, as

shown,

o
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100341 More particularly referring to FIGS.4A and 48, the semiconductor structore 1048
provided with a dielectric layer 22 here a buried oxide layer (BOX) on the silicon substrate
28, A non~eolumn TV doped semiconductor layer 24, here for example, p-type doped
silicon, is disposed over the dielectric layer 22, It is first noted that the, p-type doped
sifienn layer 24 is vertically isolated from the bulk siicon substrate 20 by the buried oxide
(BOX) layer 22 associated with the SO! material. It s next noted that the p-type doped
siicon somiconductor laver 24 is separsted horizontally into elecirically isolated regions,
or tubs, by vertically extending HI-V isolation barriers 28 of colums -V matexial, here
for example, the same column TV matorial as part of the material forming the -V
sransistor devies 12 (FIG 3A), here GaN, formed on the nucleation or transition layer 23,
for example aluminun nitride (AN}, with a dielectric or protection layer 20 (FIGS. 44,
4R}, here silicon nitride {RIN} formed on the top of the GalN material. Itis noted that the
isolation barrlers 25 of column IV material are formed at the same time as the G-V
material used for the LV transistor devices 12; however the transistor devices 12 are
formed in an active device sermdeonductor layer 27 {active region 27}, here a layer of
AlGaN; whereas the barrfers 25 are not formed with an active device semiconductor layer.
That is, the barriers 23 do not have active regions 37, Further, source {8), drain (I} and
pate {3} contacts of the active transistor device 12 pass through the disleciric layer 28, in
this case SN, to make contact with the IV active region 27 material, as indicated;
whereas the -V isolation barriers 25, as noted above, have no conductive regions 27,
Thus, the IV isolation barriers 25 {buffer lavers) are formed such that there is no sheet
associated charge {2 Dimension Hlectron Gas (2INEG)) associated with the active IV
regions and therefore the barriers 25 do not act as a conductor between stlicon regions, nor

with transistor devices,

[3035] The CMOS transistors 16, having souree (8), drain (1) and gate {() clectrodes, are
formed in a portion of the p-type semiconductor laver 24, Move particularly, the ptype
silicon 24 is a p-type tub, having a contact PW thereto, and the p-type tub 24 s wsed to
form the nMOS transistors therein, such a8 aMOS wansistor 18, Fonped in the ptype
seraiconductor tub 24 are n-type doped wells 30, The n-type doped wells 30 have pMOS
fransistors 26 formed herein. A contact NW provided to contact the n-type doped well 30,
as shown. As noted ahove, the pMOS transistors 18 (FIGS. 34 and 3B) are also formed
separste isolation barrier 25 isolated regions of the p-type layer 34, Thus, the pMOS and

7
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AMOS transistors 26, 18 provide the CMOS transistors 16 within an island formed by

barrier 25, (FIG. 3A).

FO036] It is noted that while one portion of barriers 25 isolates reglons of the p-type layer
24 for the formation of different types of transistor devices, for example silicon p-type,
sificon n-type, CMOS and TRV devices, for example, 8 second portion of the barriers 25
is arranged in g mesh 32 to also serve as an RF shicld for passive devices, here for
example a spiral inductor 34 shown in and FIGS. 3B and 5, The mesh 32 is made up of
rows and columns of the barriers 25 and is disposed under a passive devics 34 to reduce
the loss created by the silicon layer 24 or an induced electron densily between the BOX

faver and balk substrsie,

[00371 Having formed the transistor devicss 12, 18, 26, and the barriers 25, back-end of
e (BREOL) lavers 30 ave formed creating the metallization, interconnect, insulation,
ciric, and passive devices associated with the technology (FIG. 5). Here, layers 35,

disle
36, §

&
metallization lavers. Here, layer 58 representing the via layer, comnecting layer 60 to layer

7, and 58 representing a S02 dislectric layer with layers 60 and 85 representing the

88, It is noted that portions 60a, 60b, 80¢ of layer §0 are provide lower portions inductor
34 and portions of layer 86 provide upper portions of the inductor 34, The metallization
favers provide electrical inferconnscts and power busses 60, microwave transmmission Hanes
62, and passive devices, for example, 88 shown also in FIGE, 38 and 5. Here, the portion
of the structure 19 includes a passive device, here the spiral inductor 34, dsposed on the
siticon dioxide layer. It is noted that the electrical interconnect 60 for the inducter 34
passes through delectric 58 from an upper level of metallization to & lower level of

metatlization with a conductive via 86 (FIG. 5L

0038] | is noted that the columns 25 do not act a8 a conductar between silicen regions,
not do the dislectric lavers associated with the TEV transistor devices. These dislectric
layers inchude, for example, shuninum oxide (AlO:), 8ilx, Si02, HIGZ, or other
materials, depending on the details of the fabrication process. Similarly, the aluminum
nitride {AIN} layer (divectly under the IV buffer layer) also acts as an insulator.
Combining these non-conductive materials croates a perimeter around the aMOS and
oMOS devices, effectively forming an isolated p-type region for the transistors, This

8
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isolates the devices from the rest of the wafer, enabling the vse of various supply voltages,
digital logic levels, and back-gate biasing technigues for digital, analog, and RF civewts.
(FI(3, §) This design capability is especially usefnl for a GaN-CMUOS heterogensously
integrated platform, where the CMOS devices would create the bias and control clrouitey
for the (aN HEMT devices, which typically require negative gate biases ranging from -
SY o OV, ss shown in FIG. 3B, As desoribed, the barrlers 25 under the passive device 34,
are used 8¢ an RF shield for thee passive devices. Creating a mesh of GalN buffer layers,
as shown in FIG, 34, under the passive cireuit 34, such as the spiral inductor ov 2 coplanar
waveguide {UPW) transmission lne 70 having & center strip conductor 72 disposed
between a pair of ground plane conductors 71 formed on s separate vegion of the structure
19 for another mesh 147 (FIG. §), reduces the loss created by the doped silicon layer or an

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

00397 ¥ should now be appreciated & semiconductor structure according to the
disclosure includes: a dislectric; non-column -V doped semiconductor layer disposed
over the dicloctric; and an isolation barrier comprising colurnn HI-V material disposed
vertically through the semiconductor layer to the dislectric. Additionally, one or more of
the following features may comprise independently or in combination with another featwre
including: wherein the semiconductor layer is silicon and hay CMOS transistors disposed
in the semiconductor laver above a first region of the dielectric and a -V transistor
disposed above a different region of the dielectric and wherein the isolation barrier
electrically isolates the column TV transistor from the CMOS transistors; wherein the
sesnfconductor layer is silicon and has silicon fransistors disposed in the semivonductor
layer above a frst vegion of the dislectric and a M-V transistor disposed above a differont
region of the dislectric and wherein the isolation barrier electrically lsolates the columa
TV transistor from the silicon trapsistors; a passive device disposed over the
semiconductor laver and a plurality of laterally spaced -V structures, the IV stroctures
being disposed under the passive device, the TV structures passing vertically through the
semiconductor layer to the insulating layer: a passive device disposed over the
semiconductor laver and a plurality of laterslly spaced IV stroctures disposed under the
passive device, the IV structures passing vertically through the semiconductor layer to
the fnsulating layer; a passive device disposed over the semiconductor layer and a mesh of
-V structures, the JIWV structores being disposed under the passive device, the IRV

b
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structures passing vertically through the semiconductor layer to the insulating layer; a
passive device disposed over the semicondnctor layer and a mesh of Ii-V structures
disposed under the passive device, the HEV structures passing vertically through the

senviconductor layer to the insulating layer,

[O0401 It should now be appreciated a semiconductor structure having a column H-V
sransistor device and a non-column TH-V transistor device thevein according to the
dsclosure includes: a dicloctric: non-columm IV semiconductor layer disposed over the
diclectric; wherein the column TRV transistor device is formed over one region of the
dielectric and the non-I1I-V transistor device is formed in a region of the semiconductor
laver over another region of the dielectrie; a barder of coluron TV material disposed
vertically through the semiconductor layer to the dielectric and avound the columa HI-V
1V transistor device to slectrically isolate the column -V
transistor device from the non-IV transistor devics. Additionally, one or more of the
following featurss may comprise independentdy or in combination with another feature
including: wherein the non-column -V transistor deviee Is a column IV transistor
device; wherein the somiconductor layer is silicon and wherein the column [V device is s
silicon transistor device; a second silicon fransistor device in the semiconductor layer to
provide CMOS transistor devices in the semiconductor layer and wherein the barrier
elestrically isolates the CMOS transister devices from the column IV transistor deviee;
a passive device disposed over the semiconductor layer and a phuality of latevally spaced
11V structures disposed under the passive devies, the IV structures passing vertically
through the semiconductor layer to the insulating layer; wherein the passive device is a
microwave fransmission Hoe; wherein the microwave transnission lne 8 4 coplanar
waveguide; wherein the passive device 13 a reactive element; wherein the reactive element
is an inducter; wherein one of the CMOS transistors s formed in a doped region of the

semiconductor layer and wherein the region has a type dopant opposite to that of the

sermiconductor layer,

00411 1t should now be appreciated a semiconductor structure having a pair or transistor

devices, one of the pair of devices being a column HLV transistor device and the other one

.....

the disclosure includes: a substrate; non-column TV semicenductor layer disposed on the

(14
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TEIT AT TR 7 A TRTETY 18-
WHAY IS CLATMED iw

1. A serdconductor struchire, comprising:
a dielectric;
non-eolomn IV doped semiconductor laver disposed over the dislectric;
and
ant dsolation baerler comprising colnm WLV material disposed vertically

through the semiconductor layer to the dislectric.

2. The semiconductor structurs vecited in claim 1 wherein the semiconductor layer
is silicon and has OMOS transistors disposed in the semiconductor layer above a fivst
region of the dielectric and & -V trandistor disposed above & different region of the
diclectric and wherein the fsolation barrier slectrically {solates the column IV transistor

from the CMOS fransistors.

3. The semiconductor structure recited in claim 1 wherein the semiconductor layer
is silicon and has silicon transistors disposed in the somdconductor layer above a first
region of the delectric and & IV transistor disposed gbove s different region of the
diclectric and wherein the isolation barrier electrically tsolates the column -V transistor

fromn the silicon fransistors.

4. The semiconductor structure rectted {n claim 1 inchuding:
a passive devige disposed over the semiconductor layer; and
a plurality of laterally spaced HE-V structures, the H-V structures being
disposed under the passive device, the -V structures passing vertically through the

serniconductor layver o the insulating layer.

§. The sendconductor structure recited in claim 3 including:
a passive device disposed over the semiconductor ayer; and
a plurality of laterally spaced [V structurss disposed under the passive
device, the HI-V stractures passing vertically hrough the semiconductor layer to the

insulating layer.
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wherein the semiconductor layer

. The semiconductor structure recited in claim 6 whersin the non~column 1LV

i

ay

%. The semiconductor structore recited in claim

i

o

transistor device is a column IV transistor device,

licon and wherein the column IV device is 8 stlicon fransistor device,

i

¢, The sendconductor structure reciied in claim 8 including a second stlicon

RMOS transistor deviges in the

™~
oy

fransistor device in the semiconductor layer to provide {

20

sensiconductor laver and wherein the barrier electrically isolates the CMUS transistor

avVice,

devices from the column WV transistor d

a
o

10, The sewiconductor structure rectted in claim 9 lncluding

ver; and

conductor laver

(SR

a passive device disposed over th

oy
e

a plurality of laterally spaced HEV structures disposed under the passive

the semiconductor laver o the

device, the IV structures passing vertically through

insulating laver,

o the passive devicg is

a

ted in claim 10 wherst

.

S TECt

11, The senvconductor struchy

sion Hne.

SITHES

AVE fran

& Heraw

13
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14, The semiconductor structure recited in claim 13 wherein the reactive element

1% an inductor,

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

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

16, A semiconducter structure having a paiy or transisior devices, one of the pair of
devices being a colnmn TV transistor device and the other one of the pair of transistor
devices being a non-column IV iransistor device, comprising:

a subsirate;

non-column TV semniconductor layer disposed on the subsirate, wherein
the columa IV transistor deviee 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 colurmn HI-V material disposed vertically through the
semiconductor layer and arcund one of the pair of transistor devicss fo electrically isolate

the cotumn [TV transistor device fromn the non-HI-V transistor devige.

17, The semiconductor structure recited in claim 16 whersin the non-column -V

sransistor devige is g cohumn IV ransistor device.

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

layer is silicon and wherein the column IV device is a silicon transistor deviee,

19. The somiconductor siructure recited in claim 1 including:

s passive device disposed over the semniconductor layer; and

14
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