METHOD AND DEVI CE W TH | MPROVED BASE ACCESS RESI STANCE

FOR NPN BI POLAR TRANSI STOR Thi s application clains
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RESI STANCE FOR NPN BI POLAR TRANSI STOR, " the contents

of which is hereby incorporated by reference. The
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receivers and any product sensitive to noise. Vertical NPN is an important component for
high speed RF-design. The high speed and low noise performance critically depends on
the base resistance.

Currently, vertical NPN transistors 100 are formed on double sided base contacts as
shown in Fig. 1. In the prior art, NPN transistors use a single long emitter stripe 101. Fig
2 shows the NPN transistor 100 in cross section A-A. The NPN transistor is formed on a
p-substrate 203 containing buried N layer 204. Deep trench isolation (DTI) regions 211
are present on either side of buried N layer 204. Shallow trench isolation regions 205
define n+ collector 206 and emitter 207 regions. Collector regions 206 are atop doped N
regions 208. Emitter electrode 209 covers nitride/oxide spacer layers 210 which partially
cover p+ base contacts 201. A layer of mono SiGe lies between Emitter region 207 and
emitter electrode 209. The single long emitter stripe 101 has relatively high base resistance
since base current is restricted to only flow in the two sideways directions towards the base
contacts 202 on each long side of the device. The layout that includes a single long emitter

stripe 101 limits the performance of a vertical NPN.
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single big piece of base poly. This allows for base current to flow in 4 directions (e.g., 2

dimensions) as opposed to only two. This significantly reduces the base resistance of the
transistor that is crucial for better NPN transistor RF performance and high frequency noise
performance. Additionally, this configuration does not require additional drive current
which can degrade transistor performance. Consequently, RF performance and noise
performance are improved.

These and other features of this invention will be more readily understood from the
following detailed description of the various aspects of the invention taken in conjunction
with the accompanying drawings in which:

Fig. 1 depicts an NPN transistor with a single long emitter stripe;
Fig. 2 depicts a cross section of the NPN transistor of Fig. 1;
Fig. 3 depicts an NPN transistor with multiple short emitter stripes;

Fig. 4 depicts a cross section of the NPN transistor of Fig. 3;
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processes. This provides an efficient transceiver for applications such as mobile telephony,
wireless LAN, ultra wide band, or any transceiver product.

One example of a transistor is a vertical NPN transistor. According to the
invention, the NPN layout breaks up a conventional single long-emitter length stripe into
multiple short-emitter lengths. Fig. 3 depicts an NPN transistor 300 with multiple short
emitter stripes 301. The multiple short emitter stripes 301 share a common DTI region and
a single piece of base poly. Fig. 4 depicts cross section B-B of Fig. 3. The NPN transistor
is formed on a p-substrate 303 containing buried N layer 304. Deep trench isolation (DTT)
regions 311 are present on either side of poly layer 304 and are common to the short
emitter stripes 301. Shallow trench isolation regions 305 define n+ collector 306 and
emitter 307 regions. Collector regions 306 are atop doped N regions 308. Emitter
electrodes 309 cover nitride/oxide spacer layers 310 which partially cover p+ base contacts
312. A layer of mono SiGe lies between Emitter regions 307 and emitter electrodes 309.

The multiple short emitter stripes 301 allow for base current to flow in 4 directions (i.e., 2
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Fig. 7 and Fig. 8 depict operational speed improvements of the invention. Fig. 7
shows measured current in amperes along the x-axis and fa in Hz. Fa is a critical circuit
level Figure-of-Merit that describes the maximum operational speed of current-mode logic
circuitry for RF devices. Curve 701 depicts a peak fa of less than 25 GHz at 2V. This
curve was measured from a long single line emitter. Fig. 8 depicts measured current in
amperes along the x-axis and fa in Hz for a short emitter stripe configuration. Curve 801
depicts a peak fa of approximately 20GHz at 2V. This represents almost a 20%
improvement over the single long emitter stripe configuration.

The steps involved in the fabrication processes, are essentially as follows:

(1) form a region of a first conductivity type (i.e., n) 304 in a substrate of a second

conductivity type (i.c., p) 303;
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illustration and description. It is not intended to be exhaustive or to limit the invention to
the precise form disclosed, and obviously, many modifications and variations are possible.
Such modifications and variations that may be apparent to a person skilled in the art are
intended to be included within the scope of this invention as defined by the accompanying

claims.
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transistor. 4. A nethod of forn1ng a vertica

transi stor conpri sing:

3. The vertical transistor of Claim 1, wherein the transistor is a PNP transistor.

4. A method of forming a vertical transistor comprising:

forming a region of a first conductivity type (304) in a substrate of a second
conductivity type (303);

forming deep trench isolation (DTI) region (311) around the region of a first
conductivity type (304);

forming at least two emitter stripes (301) atop the region of a first conductivity type
(304) by forming at least a base layer, an emitter region, and a collector region;

wherein the at least two emitter stripes (301) share a common DTI region (311) and

a single base poly.

5. The method of Claim 4, wherein the vertical transistor is formed using a NPN or PNP

bipolar process flow.
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9. The method of Claim 4, wherein the at least two emitter stripes are formed along a line.



