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POWER TRANSISTOR EMITI‘ER BALLASTING 

BACKGROUND OF THE INVENTION 

The invention relates to emitter ballasted power tran 
sistors primarily intended for use in integrated circuit 
(IC) structures. My US. Pat. No. 4,441,116 describes a 
bipolar power transistor that is designed to operate at 
high collector voltage and is not subject to secondary 
breakdown. This is accomplished by a base ballasting 
arrangement using'a junction ?eld effect transistor in 
corporated into the power transistor base. However, 
the patent teaches the nature and virtues of emitter 
ballasting. This device, as well as most prior art power 
transistors, is intended primarily for discrete device 
structures. These employ a back-side collector contact 
that is also a heat sink which acts to absorb the heat 
generated within the power transistor. When a power 
transistor is incorporated into an IC structure, typically 
all of the device contacts must be located on one chip 
face. This substantially increases the problems of mak 
ing electrical contact to the power transist or elec 
trodes. 
US. Pat. Nos. 4,136,354 and 4,146,903 issued to R0 

bert C. Dobkin and are assigned to the assignee of the 
present invention. These patents describe a sense emit 
ter incorporated into a power transistor device. The 
sense emitter is located close enough to the transistor 
power emitter so that the heat developed in the power 
transistor will be sensed. A remote emitter is employed 
as a reference so that a thermal gradient can be deter 
mined and employed to limit the power transistor con 
duction to a safe level. 
US. Pat. No. 3,504,239 discloses a power transistor 

which employs a distributed resistor array that inter 
connects a plurality of separate emitters. The array also 
provides the desired emitter ballasting. Polycrystalline 
silicon is one suggested resistive material. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide an IC 
power transistor in which a polycrystalline silicon layer 
forms subsurface emitter resistors for ballasting. 

It is a further object of the invention to form a plural 
ity of emitter areas in an IC power transistor in which 
the emitter areas are contacted by a subsurface resistive 
?lm layer to provide emitter ballasting with the same 
layer being employed as a cross-under contact layer. 

It is a still further object of the invention to provide a 
plural-emitter power transistor with a distributed Dar 
lington driver. 

It is a still further object of the invention to provide a 
plural-emitter power transistor with a sense emitter that 
is in close thermal contact with all of the plural emitters. 
These and other objects are achieved as follows. An 

IC power transistor is composed of a plurality of emit 
ters diffused into base region material in the form of an 
array of columns and rows. The individual emitters are 
contacted by a subsurface layer of polycrystalline sili 
con that is doped to the desired restivity. The subsur 
face layer is contoured to form resistor elements be 
tween the individual emitters and a contact region that 
connects to an overlying metal bus. The plural-emitters 
are contacted in groups which form the array rows. The 
subsurface layer can also serve as an intermediate cross 
under layer. Each column bus connects a plurality of 
such groups to the emitter bus. An interdigitated array 
of collector bus lines makes contact to collector sinker 
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2 
diffusions that ?ank each of the columns in IC applica 
tions. 
A metal base contact bus, which is intended to 

contact the base regions, sinuously traverses the col 
umns in between the emitter and collector bus lines 
thereby making all of the column bases operate at the 
same potential. This base bus makes multiple ohmic 
contacts to the base diffusion at locations that are 
spaced adjacent to each emitter group. In the preferred 
embodiment each column employs an array of emitters 
that are diffused into a separate base region to form a 
Darlington driver. The driver emitters are connected to 
an enlarged portion of the base metal bus described 
above. The driver bases are connected via a cross-under 
to an input metal bus. Since the above~described base 
regions are diffused into a common collector region, the 
Darlington connection is completed automatically. 
Another feature of the preferred embodiment is the 

sense emitter arrangement; Here a narrow elongated 
sense emitter is included in each column so as to tra 
verse each row of emitters in that column. The sense 
emitter in each column is connected via a cross-under, 
to a common sense-emitter metal bus. Thus, all of the 
column sense emitters are coupled in parallel. A small 
current is pulled out of the sense bus so that all of the 
sense emitters can be functional. If the transistor devel 
ops a hot spot, the nearest portion of the sense emitters 
will pull the sense bus up to a potential, relative to the 
base bus, related to the temperature of the hot spot. 
Thus, by comparing the potentialtial of the sense bus 
with that of a reference potential, the dissipation of the 
transistor can be limited so that the hot spot tempera 
ture will not become excessive. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is an outline of the metallization on a portion 
(item 20) of an IC chip. The sense emitters and cross 
unders are also shown in dashed outline. 
FIG. 2 is an outline drawing of an enlarged portion of 

the FIG. 1 showing. In this view, the upper metalliza 
tion and passivation layers have been removed for clar 
ity 
FIG. 3 is a cross-section of the IC chip of FIG. 2 

taken at the line 3-3. In this section view the upper 
metallization and passivation layers are shown schemat 
ically. The drawing is not to scale, the vertical dimen 
sions are exaggerated for clarity. 
FIG. 4 is a schematic diagram that represents the 

various elements in the power transistor. 

DESCRIPTION OF THE INVENTION 

FIG. 1 shows an IC chip fragment 10 illustrating a 
portion of a power transistor. While three transistor 
columns are shown, any number could be employed. It 
is convenient to employ such trios so that the complete 
transistor will involve columns in multiples of three. 
While not illustrated in FIG. 1, each column will em 
ploy a plurality of rows of individual transistors. In the 
preferred embodiment ?fteen rows are employed in the 
output section in each column. As will be detailed here 
inafter, the rows are composed of four transistors per 
column. . 

Each column is composed of an output section (the 
main output transistor) and an individual Darlington 
driver. In the preferred embodiment the ?fteen output 
section rows (sixty transistors) are driven by two Dar 
lington driver rows (eight transistors). 



4,656,496 
3 

Emitter metal 11 forms a bus which is extended ?nger 
wise along the columns to provide a connection to the 
individual emitters of the output section in each column. 
Collector metal 12 forms a bus which is extended ?nger 
wise to provide a collector connection ?anking each 
column with metal. As will be shown hereinafter, the 
collector metal contacts are by way of sinkers that 
contact a buried conductive layer that extends under 
neath the power transistor structure. 
The base metal bus 13 is extended in sinuous fashion 

to make contact with the output section transistor base 
at a plurality of points. Two contacts exist for each four 
individual emitters. The base metal is also extended in 
the Darlington driver section to contact the driver emit 
ters. It is to be understood that the output transistor base 
metal bus extends along the columns to provide a plu 
rality of contacts to the output section bases. Thus, all of 
the output transistor bases are at the same potential even 
though some portions of the drivers are hotter than 
others causing uneven conduction. The Darlington 
driver bases are separate and are contacted by input 
metal 14. Cross-unders 15 are shown in dashed outline 
and act to connect the Darlington driver bases to input 
metal bus line 16. ‘ 
Each column also has a sense emitter 17 that will be 

described in more detail hereinafter. The sense emitters 
are connected via cross-unders 18 to sense emitter metal 
bus 19. From the above, it can be seen that all of the 
elements of the power transistor structure are available 
at the top surface of the IC chip. The emitter and collec 
tor metal 11 and 12 is made in relatively wide bus form 
so that considerable total current can be conducted. In 
the ?nal structure the enlarged metal portions at each 
end of the column structure can include IC bonding 
pads that are employed to conduct the emitter and col 
lector currents from the upper chip face. Conduction of 
heat generated by the power transistor is through the 
backside of the IC chip which must be thermally 
bonded to a power device housing (not shown). 
FIG. 2 is an enlarged view of a portion 20 of chip 10 

showing a four-emitter row structure. A portion of an 
adjacent row is also shown. FIG. 3 is a cross section of 
the structure taken at line 3-3 of FIG. 2. In FIG. 2 the 
upper metal layer and passivating oxide have been omit 
ted for clarity. 
Dashed outlines 13’ represent where base contact is 

to be made to base metal bus line 13. As can be seen in 
FIG. 1 this metal bus sinuously traverses the output 
section bases. Each group of four emitters is associated 
with a pair of nearby base contacts. 
Four individual emitters 21-24 are illustrated to make 

up a row. These are located inside base region 25. Emit 
ter connector layer 26 is a subsurface layer located on 
top of a conventional planar passivating oxide layer 27 
(not shown in FIG. 2). Layer 26 is preferred to be com 
posed of polycrystalline silicon that is doped with an N 
type impurity. While polycrystalline silicon is the pre 
ferred material, other materials, capable of conducting 
at the desired level and capable of being insulated by 
silicon dioxide, can be employed. The doping and thick 
ness of layer 26 are chosen to give a sheet resistance of 
typically about 35 ohms/square. Layer 26 is also em 
ployed for cross-unders 15 and 18 (described above) and 
is overcoated with an insulating oxide layer 28 (also not 
shown in FIG. 2). 
Dashed outline contacts 29-32 represent apertures in 

passivating oxide 27 where layer 26 makes ohmic 
contact with emitters 21-24. Dashed outline 33 repre 
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4 
sents a large area contact to layer 26. This would repre 
sent an aperture in insulating oxide 28 where emitter bus 
metal 11 would make contact with layer 26. 
Layer 26 is shaped to make contact with emitters 

21-24 so that each emitter has a series resistance to 
contact 33. In the preferred embodiment the resistor 
paths in the legs at 34-37 provide about 80 ohms in 
series with each individualemitter. This will provide 
the required emitter ballasting for stable power transis 
tor operation. 
An N+ diffusion 17 forms a distributed emitter for 

sensing hot spots. Thus, the potential at emitter 17 refer 
enced to the power transistor base and will be a function 
of the temperature along the extended sense emitter. 
Since the sense emitter traverses an entire column, its 
potential will be related to the hottest point along the 
column. If a power transistor develops a hot spot, due, 
for example, to a solder void on its backside, the sense 
emitter will heat up and its potential will re?ect the 
poor heat transfer at the void. This means that the tran 
sistor dissipation can be reduced by well known control 
circuitry (not shown) to a level that will keep the hot 
spot below any damage level. This capability greatly 
enhances the reliability of the completed device. 
The transistor structure is fabricated into a conven 

tional IC N type epitaxial layer 38 located on a P type 
substrate 39. A conventional conductive N+ buried 
layer 40 extends under the power transistor structure. 
Sinker diffussion 41 extends through epitaxial layer 38 
to contact buried layer 40. A conventional emitter diffu 
sion 42 contacts the upper portion of sinker 41. Collec 
tor bus metal 12 ohmically contacts the uppermost por 
tion of diffusion 42. This structure acts to minimize the 
transistor series collector resistance. 
The actual collector is the epitaxial material located 

under base region 25. The thickness of this region and 
its resistivity will determine the transistor’s collector 
breakdown voltage. These parameters, will be con 
trolled, in the conventional manner, to control the tran 
sistor performance. 
FIG. 4 is a schematic diagram of a single cell of the 

power transistor. Each cell contains four emitters 21-24 
with each one having a series ballast resistor 34-37. The 
FIG. 4 designations are taken from the other ?gures. It 
can be seen that the sense emitter' 17 is common to all of 
the power transistor elements and the Darlington driv 
ers in a column. Cross-unders 18 parallel connect all of 
the sense emitters to a common metal sense line 19. 

In operation a small current is pulled out of the sense 
emitter line 19 and its potential, with respect to metal 
bus 13, determined. If any section of the power transis 
tor develops a hot spot the sense emitter line potential 
will rise relative to the base. Therefore, the IC can be 
shut down by on chip circuitry (not shown) when any 
hot spot in the power device exceeds some predeter 
mined limit. Because of the parallel connection of the 
sense emitters the potential on line 19 will be related to 
the hottest portion of the structure. Therefore, the sense 
emitter is effectively in very close proximity to all por 
tions of the power device. By locating the sense emitter 
close to the power emitters very rapid thermal response 
is achieved. 
While not illustrated, the entire power transistor is 

surrounded with a P+ isolation diffusion ring that ex 
tends completely through the epitaxial layer in the con 
ventional IC manner. This diffusion provides PN junc 
tion isolation of the transistor and also provides an 
upper surface contact to substrate 39., 
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EXAMPLE 

A ten ampere IC power transistor was constructed as 
described above. An array of nine columns was em 
ployed (three groups of three each as shown in FIG. 1). 
Each column had ?fteen rows so as to include sixty 
transistors. Thus, the power transistor has 540 individ 
ual emitters to achieve a ten-ampere rating. Each emit 
ter would account for about 18.5 milliamperes. Two 
such power transistors and Darlington drivers were 
incorporated into a chip measuring 164 mils>< 179 mils 
(4170x4550 microns) to form a high-power op amp. 
Together they occupied about 60% of the total chip 
area. Using a :40 volt supply the output swing was 
:35 volts at 10 amperes. The maximum continuous 
device dissipation was 90 watts with a ‘case temperature 
of 25° C. The peak output current was 12 amperes and 
the peak power dissipation was 800 watts. A 4-ohm load 
could be driven to 150 RMS watts. The slew rate was 6 
volts per microsecond. The Darlington driven power 
transistor had a d-c current gain of better than 5000 and 
had a saturation voltage maximum of 3 volts at 10 am 
peres. 
The invention has been described and an operating 

example detailed. When a person skilled in the art reads 
the foregoing description, alternatives and equivalents, 
within the spirit and intent of the invention, will be 
apparent. For example, while the invention is described 
with reference to an IC, a discrete power transistor 
could easily be fabricated in the same manner. Accord 
ingly, it is intended that the scope of the invention be 
limited only by the following claims. 

I claim: 
1. A power transistor of monolithic planar oxide 

passivated, semiconductor construction said power 
transistor including a plurality of parallel-connected 
individual elements and comprising: 

a semiconductor substrate of a ?rst conductivity type; 
a plurality of elongated base regions located in said 

substrate and extending from a ?rst surface thereof 
into said substrate and having an opposite conduc 
tivity type, said plurality of elongated base regions 
being arrayed to form a plurality of columns on the 
face of said ?rst surface of said semiconductor 
body; 

a plurality of individual emitters of said ?rst conduc 
tivity type located within the con?nes of each of 
said base regions and extending part way through 
said base regions; 

a planar passivating oxide located on said ?rst surface 
of said semiconductor substrate whereby the pn 
junctions created by said base regions and said 
emitters are passivated, said planar passivating 
oxide having apertures located within the con?nes 
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6 
each of said emitters and each of said base regions 
whereby contact is made thereto; 

a resistive layer located on top of said planar oxide so 
that each of said emitters are contacted through 
said planar passivating oxide apertures, said resis 
tive layer being contoured so that it provides a 
ballast resistor function coupled in series with each 
of said individual emitters, said resistive layer addi 
tionally providing a conductive cross under layer 
for said power transistor; 

an insulating layer located on top of said resistive 
layer and having apertures therein where contact is 
to be made to said resistive layer; 

a plurality of elongated emitter bus metal lines locates 
on top of said insulating layer whereby contact is 
made to each of the emitters in said columns 
through said resistive layer by way of said aper 
tures in said insulating layer and whereby each of 
said emitter bus metal lines can be made to have 
substantial width and be located directly over ac 
tive emitter areas without compromising their 
function, said emitter metal bus lines being ex 
tended along one end of said columns to intercon 
nect the emitters in said columns to form a unitary 
emitter electrode; 

means for making low resistance ohmic connections 
to couple into said base region via said conductive 
cross-under layer and means for'making contact 
from the ?rst surface of said semiconductor sub 
strate to provide a collector contact to said semi 
conductor substrate. 

2. The power transistor of claim 1 wherein said resis 
tive material is composed of polycrystalline silicon. 

3. The power transistor of claim 2 wherein said poly 
crystalline silicon is doped with an impurity of said ?rst 
conductivity type. 

4. The power transistor of claim 1 further comprising 
a plurality of collector bus metal lines having extensions 
located along the ?anking edges of said columns and 
interdigitated with said emitter bus metal lines to make 
vlow resistance contact to said collector body, said col; 
lector bus metal lines extending beyond the other ends 
of said columns to parallel connect said extensions. 

5. The power transistor of claim 1 further comprising 
a sense emitter for each column extending along said 
base region in proximity with said individual emitters 
and coupled via said conductive cross-under layer to a 
common sense line. 

6. The power transistor of claim 1 further comprising 
a power driver section associated with each column 
whereby all of the individual transistors in each of said 
columns are driven by a separate power driver. 

7. The power transistor of claim 6 wherein said 
power drivers are coupled via said conductive cross 
under layer to a common signal input line. 
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