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3,411,051 
TRANSISTOR WITH AN ISOLATED REGION HAV 
ING A P-N JUNCTION EXTENDING FROM THE 
ISOLATION WALL TO A SURFACE 

Jack S. Kilby, Dallas, Tex., assignor to Texas Instruments 
Incorporated, Dallas, Tex., a corporation of Delaware 

Filed Dec. 29, 1964, Ser. No. 421,880 
12 Claims. (Cl. 317—235) 

The present invention relates to semiconductor devices, 
and more particularly to an improved high frequency 
transistor and to a process for fabricating the transistor. 

In general, the speed at which a transistor can be 
switched, and therefore the frequency at which the tran 
sistor can be operated, is determined by the emitter-base 
and base-collector capacitance values. Since these capaci 
tances are primarily determined by the size of the junc 
tion areas, the overall size of a transistor tends to be 
directly related to the frequency at which the transistor 
can be operated. However, as the transistor is made 
smaller, the problems of making electrical contact with 
the regions of the transistor are increased. 

In general, planar type transistors have certain inher 
ent advantages and in general can be fabricated smaller 
than other types of transistors because they can be han 
died more easily and the terminals can be made by etching 
a metallic ?lm deposited on the substrate. Further, the 
planar transistors can be easily incorporated in integrated 
circuits formed in a common semiconductor substrate. In 
the conventional planar transistor construction, the ini 
tial lightly doped substrate material usually forms the 
collector. Impurities of the opposite type are then diffused 
into the substrate in moderate concentration to form a 
base region, and ?nally a higher concentration of the ?rst 
type of impurities are diffused into the base region to 
form the emitter region. In this type of construction, the 
collector region completely surrounds the base region and 
the base region completely surrounds the emitter region. 
Therefore the area of the base-collector junction is equal 
to the entire submerged surface area of the base region 
which must be at ‘least equal to the area required for the 
terminal contact of the base-collector junction with the 
base plus the area required for the emitter region, plus 
the circumference multiplied by the diffusion depth. Simi 
larly, the area of the base-emitter junction must be at 
least equal to the required emitter terminal area plus the 
circumference of the base-emitter junction multiplied by 
the diffusion depth. A disadvantage of this type of con 
struction is that the current flows generally perpendicular 
to the surface of the substrate and the collector resistance 
is relatively high because of the long average current path 
between the collector terminal at the surface of the sub— 
strate and the major portion of the collector-base junction 
which is at the bottom of the base diffusion. 
The present invention contemplates an improved tran 

sistor construction wherein the area of- the collector-base 
and the area of the base-emitter junctions can be main 
tained at a minimum so as .to increase the frequency at 
which the transistor can be operated. 

Another object of the invention is to provide a tran 
sistor construction wherein the current flow is primarily 
parallel to the surface of the semiconductor crystal so 
that the collector resistance can be maintained at a mini 
mum. 

Another object of the invention is to provide a tran 
sistor which can be manufactured by a relatively inex 
pensive process and yet obtain high frequency perform 
ance. 

A further object of the invention is to provide a surface 
oriented transistor which is particularly adapted for use 
in an integrated circuit by reason of the fact that it is 
isolated from a substrate by a submerged insulation layer. 
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Still another object of the invention is to provide a 

transistor construction having a plurality of separate emit 
ters with minimum emitter-base junction areas and a 
common base and common collector. 
A further object of the invention is to provide a tran 

sistor construction having a plurality of separate bases 
and separate emitters and a common collector. 

Yet another object of the invention is to provide a proc 
ess for fabricating transistors having the above mentioned 
advantages. 
The foregoing objects and advantages are accomplished 

by a transistor comprising a single crystal of semicon 
ductor material surrounded by an insulating layer and 
imbedded in and electrically insulated from a substrate. 
A collector-base junction is formed transversely of the 
crystal by edge-to-edge regions of different type impurity 
concentrations so that the area of the junction is approxi 
mately equal only to the cross~sectional area of the crys— 
tal. A base-emitter junction is also formed transversely 
of the crystal by edge~to-edge regions of different type 
impurity concentrations and is also approximately equal 
only to the cross-sectional area of the crystal. In one em 
bodiment, the base-emitter junction is spaced equidis 
tantly from the base-collector junction at all points. 

In accordance with a more speci?c aspect of the inven 
tion, the transistor is comprised of a single crystal of 
semiconductor material which is imbedded in a substrate 
and has an exposed surface coplanar with a surface of the 
substrate. The crystal is electrically isolated from the sub 
strate by a layer of insulating oxide disposed between the 
crystal and the substrate. The crystal is divided into a 
collector region, a base region and an emitter region 
which are disposed generally in edge-to-edge relationship. 
An insulating ?lm is disposed over the surface of the 
substrate and the surface of the crystal and metallic ter 
minals extend through apertures in the .insulating ?lm into 
contact with each of the active regions. 

In accordance with another aspect of the invention, 
a transistor device having a plurality of emitters, a plu 
rality of bases, a plurality of collectors, or substantially 
any combination thereof is also provided. 

In accordance with a more speci?c ‘aspect of the in 
vention, a multiple emitter transistor is comprised of a 
single crystal of semiconductor material imbedded in and 
insulated from a substrate, and having a surface generally 
coplanar with a surface of the substrate. The crystal has 
a central collector region extending from the surface of 
the crystal to the underlying insulating layer. A base 
region extends around at least a portion of the edge of 
collector region and also extends from the surface to the 
underlying insulating layer. A number of emitter regions 
are electrically isolated from each other by the insulating 
layer, are in contact with the base region, and also ex 
tend from the surface of the crystal down to the insulat 
ing layer underlying the crystal. 

In accordance with still another speci?c aspect of the 
invention, a transistor having a common collector and 
a plurality of bases and a plurality of emitters is also pro 
vided. This transistor construction is comprised of a sin 
gle crystal having an underlying collector region with the 
bottom surface coplanar with one surface of a substrate, 
a plurality of mesas standing up from and electrically‘ 
isolated one from the other except through the common 
collector region by an insulation sleeve around each mesa, 
the upper end of each mesa being generally coplanar with 
the other surface of the substrate, a base region extending 
transversely across the lower end of each mesa and form 
ing a collector-base junction extending transversely of 
the mesa, an emitter region formed in the upper end of 
each mesa, both the base region and the emitter region 
emerging at the surface of the mesa for electrical con 
tact with the respective regions. 
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This invention is also concerned with a process for 
manufacturing the transistors of the present invention 
which broadly comprises insulating an elongated semi 
conductor crystal by surrounding the crystal with insula 
tion, then diffusing impurities through an opening in the 
insulation until the impurities permeate a portion of the 
crystal to the boundary formed by the bottom and sides 
of the insulating layer adjacent the opening so that the 
junction formed at the diffusion front extends only across 
one cross section of the crystal. More speci?cally, the 
process comprises etching a mesa on the surface of a 
single crystal semiconductor material, forming an elec 
trical insulating layer over the mesa and the substrate, 
forming a body of substrate material over the insulation 
layer and around the mesa, removing the remainder of the 
semiconductor material from the mesa to form a crystal 
island of semiconductor material imbedded in and elec 
trically isolated from the substrate and having a surface 
coplanar with that of the substrate, forming a diffusion 
mask over the crystal having an opening at one end of =_ 
the crystal, diffusing a base region forming impurity 
through the opening in the mask and driving the impuri 
ties to the bottom and sides of the crystal adjacent the 
openings so as to form a collector-base junction extend 
ing transversely across the crystal, diffusing an emitter 
impurity material through the opening in the diffusion 
mask and driving the impurities to the bottom and sides 
of the crystal adjacent the openings to form a transverse 
base-emitter junction substantially equidistant from the 
base-collector junction at all points. 

Additional objects and advantages of the invention will 
be evident to those skilled in the art from the following 
detailed description and drawings, wherein: 
FIGURES 1-6 are schematic drawings illustrating cer 

tain of the steps of the process of the present invention; 
FIGURE 7 is a somewhat schematic plan view of a 

transistor constructed in accordance with the present in 
vention; 
FIGURE 8 is a sectional view taken substantially on 

lines 8-—8 of FIGURE 7; 
FIGURE 9 is a schematic diagram of a conventional 

logic circuit illustrating a transistor device constructed in 
accordance with the present invention; 
FIGURES 10 and 11 are schematic perspective views 

illustrating a process for fabricating the transistor device I 
illustrated in FIGURE 9; 
FIGURE 12 is a plan view of the transistor device 

illustrated in FIGURE 9 and constructed in accordance 
with the present invention; 
FIGURE 13 is a schematic circuit diagram of the de 

vice illustrated in FIGURE 20; 
FIGURES 14-18 are schematic drawings illustrating 

another process for constructing another transistor device 
in accordance with the present invention; 
FIGURE 19 is a plan view of the transistor device 

constructed in accordance with the present invention with 
the insulation layers and contacts omitted; 
FIGURE 2.0 is a sectional view of the transistor illus 

trated in schematic circuit diagram form in FIGURE 13. 
Referring now to the drawings, a transistor constructed 

in accordance with the present invention is indicated gen 
erally by the reference numeral 10 in FIGURE 7. The 
construction of the transistor 10 can best be understood 
from a description of the process for fabricating the tran 
sistor, which process is illustrated in FIGURES 1—6 and 8. 
The transistor 10 is fabricated by ?rst forming a mesa 

12 on the surface of a single crystal semiconductor body 
14 as shown in FIGURE 1. The semiconductor body 14 
is lightly doped and suitable for the collector region of 
the transistor. For example, the body 14 may be silicon 
lightly doped with N-type impurities. The mesa 12 is 
formed by protecting that area with a photo-resist mate 
rial, and then etching the remaining surface of the semi 
conductor crystal 14 away. Next, an insulating layer 16, 

30 

35 

60 

75 

4 
such as silicon dioxide, is formed over the mesa 12 and 
over the remainder of the surface of the substrate 14 on 
which the mesa is located. Then polycrystalline semicon 
ductor material or other suitable substrate material 18 
is deposited, grown or otherwise formed over the insulat 
ing layer 16 as shown in FIGURE 2. The lower surface 
of the semiconductor crystal 14 is then lapped away so as 
to leave only that portion of the semiconductor material 
which was previously the mesa 12 imbedded in the sur 
face of the substrate material 18 and electrically isolated 
from the substrate material by the insulating oxide layer 
16 as shown in FIGURE 3, wherein the structure of FIG 
URE 2 is shown inverted. The body of semiconductor 
material 12 is generally elongated, the sectional view of 
FIGURE 3 being taken along what will hereafter be con 
sidered as the longitudinal axis thereof, and is surrounded 
on the bottom and sides by the insulating layer 16. The 
top side is an open surface coplanar with the surface of 
the substrate 18. 

Next, a layer of silicon dioxide 20 or other insulating 
and diffusing masking material is deposited over the sur 
face of the substrate 18 and crystal 12. An aperture 22 
is cut in the oxide layer 20 near one edge of the isolation 
layer 16 by conventional photo-resist and etching tech 
niques and impurities of a different type and moderate 
concentration are diffused through the aperture 22 to 
form a base region 38 as shown in FIGURE 4. For ex 
ample, if the semiconductor material 12 is initially doped 
with a light concentration of N-type impurities, P-type 
impurities will then be diffused through the opening 22 to 
form the base region. Because the diffusion is initiated in 
opening 22 near one edge of the isolation layer 16 and 
spreads more or less spherically within the semiconduc 
tor crystal 12 base region impurities are driven not only 
to the very bottom of the pocket formed by the isolation 
layer 16 but also to all sides of the pocket except the 
side most remote from the aperture 22 thus forming the 
P-N junction 24 more or less transversely or perpendicu 
larly with respect to the top and bottom surface of the 
crystal. The result is that the diffusion edge extending 
transversely across the semiconductor crystal 12 which 
forms a junction 24 having an area approximately equal 
only to the transverse cross-section area of the crystal 12. 

During the diffusion process, a second relatively thin 
layer 26 of oxide is formed over the surface of the crystal 
12 and over the previous oxide layer 20. Layer 26 is re 
moved by immersing the substrate in a suitable etchant 
and permitting the substrate to remain there only long 
enough to remove the oxide layer 26 and reopen the 
original diffusion aperture 22. It is also desirable to cut 
a second diffusion aperture 28 in the oxide layer 20 near 
the edge of isolation layer 16 opposite aperture 22, sub 
stantially as illustrated in FIGURE 5. 

Next, N-type impurities of a greater concentration than 
the collector region 12 are diffused through both the aper 
tures 22 and 28 and driven to the bottom and sides of the 
crystal adjacent the apertures 22 and 28 to form heavily 
doped N+~type regions 30 and 32 as shown in FIGURE 
5, but the diffusion is not permitted to permeate to the 
previously formed base-collector junction 24. The heavily 
doped region 32 provides a good electrical contact with 
the lightly doped N-type collector region 12 to reduce the 
collector resistance of the transistor. The heavily doped 
N+-type region 30 forms the emitter region of the tran 
sistor and a base-emitter junction 36 with the base region 
38, as shown in FIGURE 6. It is important to note that 
the base-emitter junction 36 is generally parallel to the 
base-collector junction 24- and also extends transversely 
of the crystal 12 as a result of driving the impurities com 
pletely to the bottom and sides of the crystal 12 adjacent 
the ‘aperture 22 during the diffusion process. However, the 
N-type diffusion is carried out for a shorter period of time 
than the P-type base diffusion so as to maintain the de 
sired spacing between the junctions 24 and 36. It will 
also be noted that the diffusion of the N+-type region 
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30 is made through the same aperture 22 as the diffusion 
of the P-type base region 38 so that any irregularities in 
the form of the collector~base junction 24 as a result of 
irregularities in the diffusion aperture 22 will tend to be 
reproduced in the base-emitter junction 36. 

Next, any light oxide ?lm grown over the substrate 
during the N'type diffusion is removed by a suitable etch 
to open the apertures 22 and 28 and clean the surface of 
the crystal exposed thereby. A third aperture 40 as shown 
in FIGURE 6 is formed over the extended portion 42 
of the mesa as illustrated in FIGURE 1. A metallic ?lm 
is then deposited over the substrate and selectively re 
moved by photo-resist and etching techniques to form ter 
minal contacts 44, 46 and 48 for the collector, base and 
emitter, respectively, the respective electrical contacts 
passing through the apertures 28, 40 and 22, respectively 
as shown in FIGURE 8. The contact area between the 
base terminal contact 46 and the base region 38 may ex~ 
tend to a greater extent across the base region if desired, 
and is preferably alloyed into the base region to form a 
heavily doped P+-type zone 50 to insure good electrical 
contact with the base region. The terminal contacts or 
conductors 44 and 48 may also be alloyed into the regions 
32 and 30, respectively, to provide good electrical contact, 
although the high conductivity of the heavily doped re 
gions 30 and 32 reduces the requirement for this. 

Thus, the transistor device 10 is comprised of a single 
crystal 12 of semiconductor material which is imbedded 
in and electrically isolated from a substrate 18. The 
crystal is divided longitudinally into collector, base and 
emitter regions 12, 38 and 30, respectively, to form gen 
erally parallel collector-base and base-emitter junctions 
24 and 36 which extend generally parallel transversely of 
the crystal as shown in FIGURES 7 and 8. Therefore the 
junctions 24 and 36 each have an area approximately 
equal only to the cross-sectional area of the crystal, yet 
these active regions, collector, base and emitter, are so 
disposed and are of such a size that electrical contact can 
easily be made with each region. The current flow is gen 
erally parallel to the surface of the substrate, rather than 
normal to the surface as in other surface-oriented transis 
tors. The nearness of the c0llector—base junction 24- to the 
surface collector conductor 44 reduces the resistance of 
the collector. Further, since each junction area is re 
stricted to a plane surface substantially perpendicular to 
at least that surface of the crystal which is coplanar with 
the surface of the substrate, a substantial reduction in 
junction area is effected for a given size transistor. 

Another embodiment of the present invention is illus 
trated in FIGURE 12 and is designated by the reference 
numeral 100. The transistor 100 has a plurality of emit 
ters and is particularly suited for use in a conventional 
TZL logic circuit such as illustrated schematically in 
FIGURE 9. The construction of the transistor 100 can 
also best be understood by a description of the process 
for fabricating the transistor, the process being illustrated 
in FIGURES 10 and 11. 
As illustrated in FIGURE 10, a single crystal 102 of 

semiconductor material is imbedded in and electrically 
isolated from a substrate 104 by a layer 106 of insulat 
ing material such as silicon dioxide. The structure illus 
trated in FIGURE 10 may be fabricated using the process 
described in connection with the transistor device 10 as 
illustrated in FIGURES 1—3. The crystal 102 has an elon 
gated body portion 107 with a plurality (six in the device 
100) of peninsula portions 108 extending from the op 
posite sides of the body portion 107 at ‘spaced points so 
that each peninsula 108 is isolated from the other penin 
sulas by the insulating layer 106, except through the body 
portion ‘107. The single crystal 102 may initially be suit_ 
ably doped to form a collector region, and more speci? 
cally may be silicon lightly doped with N—type impurities. 

Next, an oxide masking and insulating film 110 is 
formed over the surface of the substrate 104 and the crys 
tal 102 and a ring-shaped diffusion aperture 112 as shown 
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6 
in FIGURE 11 is then formed in the oxide layer 110 gen 
erally in the area indicated in dotted outline in FIGURE 
10. A P-type diffusion is then made through the aperture 
112 and the diffusion carried out until the P-type impur~ 
ities are driven to the bottom of the crystal 102 and per 
meate a portion of the crystal to the bottom of the in— 
sulating layer 106. The P-type diffusion front forms a 
collector-base junction 114 which is illustrated in dotted 
outline in FIGURE 12. It will be noted that the collector 
base junction 114 and the base region 116 extend com 
pletely around the central portion of the original N-type 
material of the starting crystal 102. 

During the diffusion of the P-type base region 116, a 
second relatively thin oxide film 118 is grown over the 
surface of the crystal 102 exposed through the aperture 
112 and also over the ?rst oxide layer 110. A set of emit 
ter diffusion apertures 120 is then formed in the second 
oxide ?lm 118 over the peninsulas 108 using conventional 
photo-resist and etching techniques. A diffusion aperture 
122 is also formed through ‘both the oxide ?lms 1118 and 
110 to expose the surface of the crystal 102 in the N-type 
collector region 124‘. An N-type impurity material is then 
diffused through the apertures 120 and] 122 to form rela 
tively heavily doped emitter regions 126 and a collector 
contact region 128. The last N~type diffusion is driven 
from the apertures 120 to the bottom and sides of each 
peninsula 108 and from the aperture 122 to the bottom 
of the body portion 107 so that base-emitter junctions 
129 are formed which extend transversely across each 
of the peninsulas and therefore have an area approxi 
mately equal to the cross-sectional area of the peninsulas 
and so that the collector contact region 128 is ‘centrally 
formed within the collector region 124. 
The apertures 120‘ and 122 are then cleaned of any 

oxide which may have been formed during the last diffu 
sion step and an aperture 130 is formed over one end of 
the base region 116. Then a thin metallic ?lm is deposited 
over the substrate and selectively etched to form a col 
lector terminal 132, a base terminal 134 and emitter ter 
minals .136 as shown in FIGURE 12. Thus it will be noted 
that a transistor device having six separate emitters 126, 
a common base 116, and a common collector 124 has 
been described. From a comparison of FIGURE 11 and 
FIGURE 8, it will be noted that each of the transistors 
formed by an emitter 126, a common base 116 and a com 
mon collector 124 in the device 100 has substantially the 
same construction as the transistor 10'. 

Another transistor device constructed in accordance 
with the present invention is indicated generally by the 
reference numeral 150 in FIGURE 20. The transistor 150 
has an equivalent circuit as illustrated in FIGURE 13 
and may be more easily understood by a description of the 
process for fabricating the transistor which is illustrated 
in FIGURES 14-19 and which will noW be described. 

In fabricating the transistor 150‘, a single crystal sub 
strate 1'52 suitable for forming a collector region, such 
as silicon lightly doped with N~type impurities, is surface 
etched to form grooves 154 which are so patterned as to 
leave a number of mesas 156 as shown in FIGURE 14. 
An insulating layer 158 such as silicon dioxide is then 
grown over the surface of the substrate 152, and a suitable 
substrate material 160 such as polycrystalline silicon is 
deposited over the oxide insulating layer 158 to ?ll the 
remaining portion of the ‘grooves 154 as illustrated in 
FIGURE 15. 

Next, the surface of the substrate material 160 is lapped 
to remove the excess material 1160 along with the portion . 
of the insulating layer 158 overlying the tops of the mesas 
156 as illustrated in FIGURE 16 thereby to expose the 
top surfaces of the N-type substrate material forming the 
mesas 156. However, it will be noted that each of the 
mesas 156 is electrically isolated from the others, except 
through the substrate 152, by a sleeve or collar 158 of 
the oxide ?lm, which can best be seen in FIGURE 19. 

Next an oxide ?lm 162 is formed over the surface of the 
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substrate 152 and a set of diffusion apertures 164 formed 
over each of the mesas 156 as shown in FIGURE 17. 
P-type diffusions are then made through the diffusion 
apertures 164 until the impurities completely permeate 
the mesas to the boundaries de?ned by the insulating col 
lars i158, and thereby form collector-base junctions 166 
which extend transversely across each mesa. It will be 
noted that the base regions 168 thus formed are electrical 
ly isolated one from the other by the insulating collars 
158. Thus the diffusion of the P-type material extends into 
all portions of each mesa region 156, but does not exceed 
the depth of the insulation collar 158 thereby isolating 
the several mesas so as to maintain electrical isolation of 
the respective base regions 168. 

Next smaller diffusion apertures 170 are formed in the 
oxide ?lm 172 which grew over the substrate during the 
P-type diffusion as shown in FIGURE 18. The apertures 
170 preferably extend for the length of each mesa 156 
as did the diffusion apertures 164. A high concentration 
of N-type impurities is then diffused through the aper 
tures 170 over approximately half of the area of each 
of the ‘mesas (as best seen in FIGURE 19) to form emit‘ 
ter regions 1'74 and base-emitter junctions 176. 
A diffusion aperture 180 is formed in an oxide ?lm 182 

grown on the bottom surface of the N-type substrate 152 
and a high concentration N+-type region 184 is formed 
by diffusing impurities into the low concentration N-type 
region to make good electrical contact with the collector 
region as shown in FIGURE 20. Apertures are formed 
in the oxide layer 162 over each of the emitter and base 
regions and metallic ?lms deposited over both surfaces 
of the substrate. The metallic ?lms are then selectively 
etched through a photo-resist mask to form a collector 
terminal 186, base terminals 188 and emitter terminals 
190 as illustrated in FIGURE 20. The terminals 188 and 
190 may extend over as much of the length of the ex 
posed surfaces of base and emitter regions 168 and 174 
as desired, and may be alloyed into the regions to form 
high concentration regions 192 and 194 for good ohmic 
contact with the active regions. The equivalent circuit 
of the transistor device 150 is illustrated in FIGURE 13 
wherein it will be noted that the collectors of the several 
transistors are common, but that separate base and emit 
ter terminals are provided, permitting considerable latia 
tude in the use of the device. 
From the above detailed description of preferred em 

bodiments of the invention, it will be noted that a novel 
process for fabricating a transistor has been described. 
In general, the process consists of diffusing one or more 
active zones into a single crystal of semiconductor mate 
rial surrounded by an insulating layer until the only 
diffusion front or junction extends essentially transverse 
ly of the crystal between at least two different boundary 
sides defined by the insulating layer. Various speci?c 
aspects of the process permit the fabrication of multiple 
emitter transistor devices, and also multiple emitter and 
multiple base devices, as well as various other configura 
tions. For example, using the basic con?guration of the 
device 100, the active zones may be reversed so as to 
provide separate base-collector junctions and common 
emitter and base regions. Further, it will be noted that 
a number of the transistor devices 10 may be placed in 
side-by-side relationship and any of the common zones 
interconnected by linking regions of the crystal as well as 
by linking metallic contacts. A transistor having minimum 
collector-base and base-emitter junction areas has been 
provided which is particularly suited for use at high fre 
quencies because of the low junction capacities. Further, 
the collector resistance is maintained at a minimum be 
cause of the close proximity between the collector-base 
junction and the collector terminal. 
The transistor comprises essentially a bar of single 

crystal semiconductor material enveloped in one or more 
insulation layers to isolate one or more of the active 
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regions, the active regions being each disposed in edge-to 
edge relation to form junctions extending generally trans 
versely across the semiconductor bar for minimum junc 
tion area. This novel construction permits the fabrica 
tion of multi-emitter and combination multi-emitter and 
multi-base devices also having small junction areas and 
suitable for use at high frequencies. Further, the process 
is a signi?cant simpli?cation of the processes heretofore 
required in order to obtain transistors useful at corre 
sponding frequencies. Further, both the process and the 
resulting transistor constructions are particularly suited 
for use in integrated circuit devices. Although the emit 
ter region of the device 10 is preferably diffused through 
the same diffusion aperture 22 as the base region 38 as 
shown in FIGURE 6, it will be appreciated that within 
the broader aspects of the invention the emitter may be 
diffused through newly formed apertures as in the proc 
esses for forming the devices 100 and 150. 
Although several embodiments of the invention have 

been described in detail, it is to be understood that vari 
ous changes, substitutions and alterations in the transistor 
device and in the steps of the process may be made with 
out departing from the spirit and scope of the invention 
as de?ned by the appended claims. 
What is claimed is: 
1. A semiconductor device, comprising: 
(a) a portion of single crystalline semiconductor ma 

terial beneath a major surface of a substrate, said 
portion being at least in part electrically isolated 
from said substrate by an insulation layer extending 
to said major surface, 

(b) said portion of single crystalline semiconductor 
material comprising at least two zones of opposite 
conductivity type with a P—N junction intermediate 
said at least two zones, said P-N junction intersect 
ing said insulation layer and extending to said one 
major surface. 

2. A semiconductor device according to claim 18 
wherein said insulation layer encloses said portion and 
completely electrically isolates it from the remainder of 
said substrate. 

3. A semiconductor device according to claim 2 com 
prising a third zone in said portion of single crystalline 
semiconductor material having a conductivity type op 
posite that of adjacent semiconductor material forming 
a PN junction therewith intersecting said insulation layer 
and extending to said one major surface. 

4. A semiconductor device according to claim 3 com 
prising an insulating layer on said one major surface 
having at least two apertures therein overlying at least 
two of said zones and ohmic contacts connected thereto‘ 
within said apertures. 

5. A semiconductor device comprising a portion of 
single crystalline semiconductor material beneath a 
major surface of a substrate, said portion being electrical 
ly isolated from said substrate by an insulation layer ex 
tending to said major surface, said portion of single crys 
talline semiconductor material comprising, successively, 
in a longitudinal direction, a plurality of zones of alter 
nating conductivity type, each of said zones extending 
between said major surfaces and insulation layer with 
the PN junctions between said zones intersecting said 
insulation layer and extending to said one major sur 
face. 

‘6. A transistor device comprising a portion of single 
crystalline semiconductor material beneath a major sur 
face of a substrate said portion being electrically isolated 
from said substrate by an insulation layer extending to 
said major surface, said portion comprising a plurality 
of peninsulas extending therefrom, a lightly doped col~ 
lector zone occupying the center of said portion and ex 
tending between said major surface and said insulation 
layer, a base zone extending around at least part of the 
periphery of said collector zone and partially into each 
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peninsula, said base zone extending between said major 
surface and said insulation layer, and an emitter zone 
occupying the remainder of each peninsula and extend 
ing between said major surface and said insulation layer, 
the collector-base junction and the emitter-base junction 
intersecting said insulation layer and extending to said 
one major surface. 

7. A transistor device comprising a plurality of por 
tions of single crystalline semiconductor material beneath 
a major surface of a semiconductor substrate, each por 
tion being partially electrically isolated from another 
portion by an insulation layer extending to said major 
surface, each portion comprising contiguous emitter and 
base zones of opposite conductivity type with an emitter 
base PN junction therebetween, each emitter-base PN 
junction intersecting an insulation layer and extending to 
said one major surface, and a collector zone in said semi 
conductor substrate contiguous with the base zone. 

8. A transistor device according to claim 7, including a 
collector ohmic contact secured to the opposite major sur 
face of said semiconductor substrate, an insulating layer 
on said one major surface of said semiconductor substrate 
having apertures therein over the base and emitter zones 
and ohmic contacts secured to said one major surface 
within said apertures connecting to said base and emitter 
zones. 

9. A transistor device comprising: 
a single crystal of semiconductor material disposed in 

a substrate and electrically isolated from the sub 
strate by a layer of insulating material, the crystal 
having one surface substantially coplanar with the 
surface of the substrate, 

a collector region formed in one end of the crystal and 
extending from the surface to the insulating layer 
around said one end of the crystal, 

an emitter region formed in the other end of the crystal 
and extending from the surface to the insulating 
layer around said other end of the crystal, and 

a base region disposed between the collector and emit 
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ter regions and extending from the surface to the in 
sulating layer around the midportion of the crystal to 
form collector-base and base-emitter junctions hav 
ing areas approximately equal to the cross-sectional 
area of the crystal taken normal to the surface of the 
crystal. 

10. The transistor device described in claim 9 further 
charcterized by: 

a second layer of insulating material over the surface 
of the crystal and substrate having an aperture dis 
posed over each of said regions, and 

terminal means formed on the second layer of in 
sulating material and extending through the aper 
tures into contact with the respective zones. 

11. The transistor device de?ned in claim 9 wherein 
the crystal is silicon and the insulating layer is essentially 
silicon dioxide. 

12. A transistor device comprising: 
an elongated single crystal of semiconductor material 

disposed in a substrate and electrically isolated from 
the substrate by an insulating layer, the crystal hav 
ing a longitudinal dimension and a transverse dimen 
sion, the crystal being divided longitudinally into a 
heavily doped emitter region, a moderately doped 
base region, a lightly doped collector region, and 
a heavily doped collector contact region to form 
emitter~base and base-collector junctions spaced 
apart and extending generally transversely through 
the crystal. 
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