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A novel Bi-CMOS technology is proposed.

Bipolar transistors (npn,pnp,IEL) and

MOS transistors (both n and p channel) have been successfully fabricated on the

same chip with no decrease in performance.

Shallew epitaxial layer(< 2 um) is

used in order to obtain small size and high performance(3 GHz) bipolar devices.
Device sizes are reduced by using shallow junction and self-aligning technique.
n-channel MOS transistors are formed in p-well regions designed to reach p-t pe
substrate and p-channel MOS transistors are formed in epitaxial layer with n

buried layer.
analog/digital VLSI,

1. Introduction
Recent LSIs have required the integration
This

makes the scale down of devices indispensable.

of higher numbers of gates and elements.

Conversely, it has been considered advantageous
to integrate various kinds of functions on the

(1)_

same ship Especially in the case of
consumer products or the communication field, it
is necessary to develop technology which can
deal with both analog functions (amplifiers,
filters, etc.) and digital functions (memories,
processors, ete.). In answer to this request,
fabrication of both bipolar and MOS devices on
the same chip is highly desired because of their
respective merits.

Several approaches have been introduced for
such special applications as controllers, gate
arrays and static RAM's. The conventional
Bi-MOS technologies, however, have several
limitations. For instance, the performance of
bipolar devices fabricated in the CMOS process

is poor. In other technologies, only common

collector npn transistors can be fabricated(z).
In some technologies, npn transistors have wide
base widths and large collector resistances

which deteriorate performance(3) (u),

Furthermore, straight-forward processing for

both bipolar and MCS transistors becomes more
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This technology has the potential for monolithic multi-functional

than doubly complex. These problems have
limited further expansion of the application of
Bi-MOS technologies.

In this report, a novel Bi-CMOS technology,
This
technelogy satisfactorily meets almost all the

ABC (Advanced Bipolar-CMOS) is proposed.

requirements of the analog and/or digital VLSI

world.

2. Device structures and key techniques

The principal schematic cross-section
utilized in this technology is shown in Fig.1.
All devices, both bipolar and MOS transistors,
are fabricated on the same chip. 12L which
consists of npn and pnp transistor can be also
integrated.

This technology has the following specific
features.
(1) n* buried layer

n" buried layer is used in order to reduce
the collector series resistances of npn
transistors and body resistances of p-channel
MOS transistors.
(2) p-well region

n-channel MOS transistors are formed in
p-well regions which reach p-type substrate.
Because of this configuration, deep p-well which

is used in the conventional CMOS process in




order to avoid lateh up phenomena is not
required. In this technology, thin epitaxial
layer (€2 pm) can be used, which reduces the
gate sizes of bipolar transistors.
(3) Self-aligning technique

Sel f-aligning technique is used for the
separation between the first and the second
interconnections. The first interconnections
are covered with 5102. Then it is etched away
using dry etching method in such a way as side
wall 5102 is not removed. This technique
results in high performance bipolar devices due
to the decreased parasitic areas. The distance
between the emitter edge and base contact is
determined by mask alignment and is designed to
keep emitter region away from base contact in
order to avoid leak current between base and
emitter. A SEM photograph of this structure is
shown in Fig.2.
(4) Common process steps

In order to simplify the process sequence
or cut down the number of additional masks, some
process steps are used in common. The same
interconnection layer is used for bipolar and
MOS transistors. The graft base of npn
transistors and source or drain of p-channel MOS
transistors are formed in the same step. By
optimizing the impurity doping, inverse npn
transistors in Ist have been fabricated in the

same process steps as normal npn transisters.

3. Results

Using 3 um design rule, all devices have
been experimentally fabricated. Typical emitter
size is 3x3 me and the gate length of MOS
transistors is 3 pm. The thickness of the gate
oxide is 50 nm.
(1) Bipolar transistors

Current gain hpp (ﬁi for 12L) and
break-down voltage BVCEO are the most important
parameters. In order that I°L devices have the
same impurity profile as normal npn transistors,
base Gummel number or active base impurity dose
must be optimized. The dependence of current
gain and BV on the base implantation is shown
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in Fig.3. For a dose of 8x10 cm—z. good
per formance is obtained. Current gain is

independent of collector current below to 10_8A.

This means there isn't significant recombination
current in the emitter-base junction. Typiecal
IC--VCE curves of npn transistor are shown in
Fig.4(a).

Gain-bandwidth product, fT' of npn
transistor is about 3 GHz. There are three
reasons for this high performance: 1) the
reduced collector resistance using n* buried
layer, 2) relatively thin base thickness ( 0.3
pm) compared with conventional Bi-MGS
technology, 3) the reduced transistor size due
to self-aligning technique. The comparison of
this technology with conventional Bi-MOS
technologies is shown in Fig.5. Only isolated
npn transistors (not including commen collector
configuration) are compared in this figure.

Gate lengths show rough technology levels. The
ABC technology has advanced fT as much as five
times compared with conventional results.

The minimum delay time of 12L gate is about
5 ns and the propagation-delay time product is
about 30 fJ at 1 pA/gate. The toggle frequency
of a T-type flip-flop(TFF) is shown in Fig.6 as
a function of injector current. Maximum toggle
frequencies are 30 MHz.

(2) MOS transistors

3 um gate length MOS transistors have been
fabricated in this teechnology. The devices show
reasonable performance. In the case of L=3 pm
and W=10 pm, the threshold voltage Vth=0.7 V and
the mutual conductance A =160 ps/V for
th=_1'6 v, ,6’ =40

pS/V for p-channel transistor. Transistor

n-channel transistor, and V

symmetry will be easily achieved by introducing
the additional implantation step. Typical
ID'VDS curves of n-channel MOS transistor is
shown in Fig.4(b).

The important device dimensions and the
typical device parameter values for this process
are summarized in Table 1. All devices have
good performance. Comparison of this technology
with other conventional technologies is shown in
Table 2. Conventional technology which is based
on bipolar process has poor MOS characteristics,
especially '8 , because of thick gate oxide. It

is impossible to integrate pnp and I2L using

conventional technology based on MOS process.




4, Conelusion

A novel Bi-CMOS technology, ABC (Advanced
This
technology satisfactorily meets almost all the

Bipolar- CMOS) has been develdped.

requirements of the analog and/or digital VLSI
world:
(1) device sizes are reduced by using
self-aligning technique and shallow junctions,
(2) both high input impedance and high output
current are available, (3) high frequency analog
circuits, IZL circuits, and low power MOS
memories can be integrated on the same chip.
This technology has the potential of
further expansion and wide application for the

monolithic multi-functional analeg/digital VLSI.

2nd. Interconnection
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1st. Interconnection
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Schematic cross-section of

proposed Bi-MOS device structures

Fig.2 SEM photograph of npn transistor

231

400 W J1o -
i BVego—> ] =

L -
S { 8
200F 45 O
é—'hF;%S§“\-\\\\h\h_~q~§3- ] "

0 1 L 1 1 ] O

0 0.5 1 15 ) 25

BASE IMPLANTATION DOSE (10%cm2)

(a) normal npn transistor

6 T T T T 6
5F BV - 15 o
4t CEO 44 E:
P i Fol
9 3 3w
2t \ii 12 m

F 1

0 1 1 L L 0

Q 0.5 1 1.5 2 28

BASE IMPLANTATION DOSE (10%cm™2)
(b) inverse npn transistor

Fig.3 Dependence of current gain and
breakdown voltage on base

implantation dose




(a) npn transistor

(b) n-channel MOS transistor

Fig.4 Typical I-V characteristics

(3 pm sq. emitter)
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Fig.6 Toggle frequency vs. injector

current for a T-type flip-flop

Table 2 Comparison of device performance

in Bi-MOS technolegy

Table 1
MCS transistors
T | ax3 pme
hee 200
npn| BVceo gV
BVceo 26 V
f1 3 GHz
Va 25V
base i
width | 3 Hm
pnp hre 200
BVceo 14V
tr 50 MHz

size 3x3 yim?
ZL| tpdmin | 5ns
Pd+tpa | 30 1)
Lg 3 um
T | Vin 0.7 V
MOS| Bvps |20V
8 160 uS/v
P Lg 3 gm
| Vin 1.6 V
MOS BVps 20V
A 40 US/vy

Device Bipolar MOS comment
Process npn | pnp | 12L | n-ch|p-ch
griem |Glolx]al a [wrep
s AN B B N

ABC O|l0O0 1|0 O | O |excellent

(O :good A :poor > :impossible




