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Abstract—Silicon complementary bipolar processes offer the it still constitutes a very important segment of the overall inte-
possibility of realizing high-performance circuits for a variety of  grated circuit market. Specifically, a high-performance bipolar
analog applications. This paper presents a summary of silicon ;,nction transistor (PNP) is very desirable in the signal path

complementary bipolar process technology reported in recent . . L
years. Specifically, an overview of a family of silicon complemen- because it can offer the opportunity for designing push—pull

tary bipolar process technologies, called Vertically Integrated PNP  Circuits and active loads for analog applications. In addition,

(VIP™1), which have been used for the realization of high-fre- high performance PNPs can enhance the circuit performance
quency analog circuits is presented. Three process technologiesas drivers in the output stages by reducing the supply current.
termed VIP-3, VIP-3H, and VIP-4H offer device breakdowns of C]I'he key requirements for analog process technology are the

40, 85, and 170V, respectively. These processes feature optimize ired breakd It f i licati hioh
vertically integrated bipolar junction transistors (PNPs) along require réakdown voltages for speciic applications, hig

with high performance NPN transistors with polycrystalline AzVa product, highfr and f..x for high speed applications,
silicon emitters, low parasitic polycrystalline silicon resistors, and and low noise for both NPN and PNP devices. Other important

metal-insulator—polycrystalline silicon capacitors. Key issues and requirements for the success for any technology are, of course,
aspects of the processes are described. These issues include tr]BW cost and manufacturability.

polycrystalline silicon emitter optimization and vertical and lat- - .
eral device isolation in the transistors. Circuit design examples are Unlike MOS process technology, bipolar process technology

also described which have been implemented in these technologiesis typically not truly complementary. In most cases, only vertical
NPN bipolar junction transistors are optimized and PNP bipolar
I. INTRODUCTION junction transistors are usually “free,” i.e., no added processes
o ) _steps are needed. The two main types of these “free” PNP de-
A NALOG circuits are an integral part of any electroniG;ices are i) substrate PNP and ii) Lateral PNP. Substrate PNPs
\ system in use today and will find increasing use in appliy e 1ade from the NPN p-type base, n-type collector, and p-type
f:atlons _Where h'gh volt_ages oran interface to the _out5|de Woggbstrates. Hence these devices are not isolated from each other
IS requwgd. With the Increasing dgmands Of. higher p(_ar_fozghd are connected through the substrate. The lateral PNP de-
mance, high speed, and low distortion operational ampln‘letﬁces are made using the p-type extrinsic base, n-type collector,

cireut deS|gners. need h!gher performance complgm(e_ntaarp{d the p-type extrinsic base of the NPN. The base contact is
bipolar technologies specifically aimed for analog application rovided by the NPN # buried layer. The word “lateral” refers

E\_/en though the complementary bipolar process tec_hnolo the direction of the current flow with respect to the wafer sur-
drives a smaller part of the market than core high-density conl-

lementary metal-oxide semiconductor (CMOS) technolo ce since in these devices the current flows laterally from the
P y Witter to the collector, unlike in vertical devices where the cur-

rent flows from the emitter down to the collector and the buried
Manuscript received July 2, 1999; revised August 1, 2000. The review of t{RY€r. The lateral de_V'(.:‘? has a Iarge pase resistance an_d hence
paper was arranged by Editors P. Asbeck and T. Nakamura. a poor fr and f,,ax, limiting its use in high frequency applica-
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Lateral PNP reported integration of PNP devices and their optimization in

NPN process, thus realizing complementary bipolar processes
[41-{9].

Since the early 1980s, there have been many reports of
high performance complementary bipolar processes for analog
applications. One of the first high voltage processes was de-
scribed by Aull,et al.[10] with breakdown voltages of 60 V for
telecom subscriber line interface circuits. The process produced
vertical NPN and PNP devices witBV ceo of 60 V andj3 of
about 100. Subsequently, a circuit for a line interface between
(a) two-wire subscriber loops and the low-voltage four-side of
a telephone exchange was described using a complementary
(C)-bipolar technology [11]. Low voltage and digital functions
were provided in standard 60 V junction isolated process.
E X N\ The high voltage two-wire side of the subscriber circuit was
built in a 200 V dielectrically isolated complementary bipolar
technology. A process was also reported with vertically double
diffused transistors in complementary islands with breakdown
voltages of more than 350 V ang bf 450 and 200 MHz for
the NPN and PNP transistors, respectively [12]. A subscriber
line interface circuit that includes battery feed, supervision, and
hybrid was demonstrated using this technology. An ion-im-
planted base-emitter in a complementary bipolar process was
(b) reported with reduction in leakage currents from ion-implanted
boron for the PNP emitter [13], [14]. In order to reduce
parasitics, various authors have reported devices fabricated on
silicon-on-insulator (SOI) wafers and trench isolation. Bonded
and etched back SOI (BESOI) wafers have found significant
use in these processes [15], [18]-[21], [26], [35]-[37]. SOI
wafers make the process simpler, i.e., no n-wells are needed

N+ buried layer

P substrate

Substrate PNP

.
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P substrate

Vertical PNP Transistor

iBB : §\\\\\\\\\\\\§

P+ buried layer

N well

P substrate

for the PNP device isolation, and the device size and parasitic
capacitances are reduced. The use of trenches and SOI does
increase the wafer cost and hence many junction isolated
processes made in bulk wafers have also been reported [17],
[23], [29], [30], [32], [34], [38].

. VIP™ PROCESSDETAILS

(©)

In order to fulfill the need for high-precision and high-fre-
Fig. 1. The three types of PNP devices typically used in NPN BJT processggiency analog circuits, a family of complementary silicon
(a) lateral PNP, (b) substrate PNP, and (c) vertical PNP. bipolar processes has been developed [29], [30], [35], [36].
Three technologies named VIP-3, VIP-3H, and VIP-4H are
described in the following. These processes use a single

, . , lycrystalline silicon layer architecture for the base-emitter
Many complementary bipolar technologies are reported in tha"> " i o .
y P yop 9 P ormation. VIP-3 and VIP-3H use junction isolation, whereas

literature from the late 1960s to very recently [1]-[38]. Fro : . . .
its early inception, complementary bipolar processes have b%:.éﬁ)ng vﬁ?jrsa dielectrically isolated process with trenches and

used for realizing high performance analog circuits. In one

the earliest reports of the complementary bipolar technologies

in 1968 [1], NPN and PNP devices were achieved in a mon©- VvIP-3

lithic structure by fabricating them in different wafers and then A high performance and low cost complementary bipolar
soldering the two wafers together face to face. The wafers weeehnology has been developed for the realization of high-pre-
aligned within an accuracy of 1 mil (2&Bm) by fitting metal cision and high-frequency analog circuits [29]. The technology,
bumps on one wafer into pockets on the other wafer. Subseferred to as VIP-3, offers transistors with typidal,., for
qguently, the two types of devices were fabricated within tHhdPN and PNP transistors of 45 and 60 V, respectively, with
single substrate for the first time [2]. This opened the way faither device specifications detailed in Table I. The technology
integrated complementary bipolar device.e@al.[3] used one uses deep junction isolation, a deep n-well for the PNP vertical
extra diffusion to devise NPN and PNP devices with high currersilation, twin buried layers, n-type epitaxial layer, combined
gain and low saturation resistance. Many authors subsequemilth single-poly quasiself-aligned emitter/base transistor

Il. REVIEW OF COMPLEMENTARY BIPOLAR TECHNOLOGIES
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TABLE | poly NPN Transistor poly PNP Transistor

LIST oF DEVICE PARAMETERS FOR THEVIP-3, 3H,AND 4H TECHNOLOGY. )
; ;< ~ ' ‘
{ / 1 epi i ] p wel | .
p-isL(o f 1 + buried layer )_‘pvisf | p+ buried layer \/ ‘A,K i
n well

A, =4 x 20 pm?

VIP-3 VIP-3H VIP-4H

L.
Paremeters | Units | NPN _PNP [ NPN__PNP | NPN _PNP > * p substzate S e
B - 100 65 [120 60 | 80 50
Va V1200 100 | 500 120} 2400 800 Fig. 2 -sectional di f the VIP-3 and VIP-3H NPN and PNP
Re o 21 33 | 21 13 45 103 ig. 2. Cross-sectional diagram of the 3 and 3 and

transistor.
Peak fr GHz | 3.1 24 |20 1.6 1 0.9

Peakfn, | GHz | 42 38 | - - - .
BVeeo 45 60 | g5 95 | 185 200 [
BVcbo 50 60 | 115 105 220 220

BVebo 57 63|57 63 | 48 61 [

Cie 196 110 | 198 206 | 302 249
Cjc 89 190 | 150 237 151 114
Cjs 483 630 | 604 652 100 100

BRAE<<<

. Epltaxy”

T

also offers n and p-type polycrystalline silicon resistors an
polycrystalline silicon/oxide/metal capacitors. A cross-sectiol &
view of the NPN and PNP devices is depicted in Fig. 2. &
Process Flow: Fig. 3 shows the module process flow for the ~
complementary bipolar process. The process begins on a p-ty
substrate into which phosphorus is implanted and driven to fori
the deep n-well for the PNP vertical isolation. Next, the n-type NP Extrinsic
antimony buried layer for the NPN is implanted and driven ¥ Base Formation,  ,
Since the collector resistance and hence the saturation volts pum— —
(Veesas) NEEAS to be minimized, heavily doped “sinker” regions ‘ P°g+%f;i‘;f£f“’ '
need to be formed to access the buried layer from the top of ti , e
wafer. The epitaxial layer thicknesses are large for these voltas [ Poly-SiDeposition/
ranges and hence, only a sinker-down dopant region is not st ©\N#/P+ Emitte-
ficient to connect to the buried layer. Thus, the n-type phos — E— :
phorus sinker-up is formed by ion implantation. Next, boror { ~ BakEnd ]
implant is used to form the PNP buried layer regions and the ) a
isolation areas. A rapid thermal anneal cycle is performed prieig. 3. Modular process flow for the VIP complementary bipolar technology.
to epitaxial growth to eliminate implant damage in the n-type
sinker-up and PNP buried layer regions. Epitaxial depositiongfer clean process prior to the polycrystalline silicon deposi-
performed in areduced pressure, radiantly heated barrel rea@ig consists of pirahana (1 : 18, : H,SOy) clean followed by
at 1080 °C. An n-type, 8.5um-thick epitaxial layer is grown. a short exposure in 10 : 1 hydrofluoric acid. The wafers are then
Next, n-type and p-type sinker-down regions and p-wedibaded in the CVD tube at 400C and the tube is pumped down
dopants are implanted in the epitaxial layer through a pad oxide reduce oxidation prior to deposition. The temperature is then
The formation of vertical PNP transistors, along with verticabmped to the final polycrystalline silicon deposition tempera-
NPN transistors, is a complex task due to the added requiremeeme. This scheme has been shown to provide consistent and re-
of the formation of the P well. In the VIP-3 process, an n-typpeatable electrical results, thus enhancing manufacturability of
epitaxial layer was grown and counter doped to form the P welblyemitter bipolar process [39]. Following the polycrystalline
of the PNP transistors. The counter doping requires a p-typiéicon deposition, an RTA step is used to break any interfacial
dopant which needs to diffuse down to merge with the borarative oxide. The polycrystalline silicon layer is then implanted
buried layer. Aluminum is a p-type dopant in silicon and haswith boron and arsenic for the emitter regions. Furnace anneal
diffusion coefficient that is about an order of magnitude higheycles are finally used to diffuse the dopant from polycrystalline
than that of boron [41]-[44]. Boron implants were also usesllicon into the monocrystalline silicon regions to form and ac-
for the formation of the shallow region of the P well. Next, givate the emitter and extrinsic base contact regions.
nitride layer is deposited and defined for a standard LOCOSElectrical Results:Fig. 4 shows the.—V,. characteristics
process. A diffusion/oxidation cycle is used to link the n-typef the VIP-3 NPN transistor, while Fig. 5 shows tlig-V..
sinker-up and n-type sinker-down regions and to link the PN#haracteristics of the PNP transistor. Fig. 6 shows the Gummel
buried layer and p-type sinker-down regions. plot of both NPN and PNP transistors exhibiting constant gain
After the sinker diffusion/LOCQOS formation, intrinsic andover seven decades indicating excellent material and junction
extrinsic bases are implanted through a pad oxide into the gjlsality. The current gainf), early voltage ¥,), collector-
icon using photoresist masks. Windows through the pad oxidmitter breakdown voltages(V,..), and junction capacitance
are opened and a polycrystalline silicon layer is deposited. Tioe the NPN/PNP devices are listed in Table I. The higher PNP

— —» [ Treﬁé}i*‘lsolatioﬁ:(VIE-‘}H)" ]
Piwell Pormation, . ] i

N/P Intrinsic % |
Base Formation ]

structure with a minimum feature size of;@n. The process r T oS
f




2528 IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 48, NO. 11, NOVEMBER 2001

0.8

the monitor and CRT market. The process also achieves its
- / high performance without the use of expensive modules such
ié // as trench isolation or bonded wafers.
?E // Process Flow: The process flow is very similar to the VIP-3
3 047 ' process flow described previously, except that higher break-
£ / down voltages are obtained by increasing the epitaxial layer
= R thickness and increasing the resistivity. The final cross-section
© view of the NPN and PNP devices is very similar to the one de-

0 0 " " 36 o picted in Author inconsistent with math variables. Fig. 2.

To form the deep portion of the p-well, boron, and aluminum
implantation and diffusion were used rather than MeV Boron
Fig. 4. T. versusV.. for a VIP-3 NPN device with area of & 20 ym?; implantation. The epitaxial layer thickness was increased to
Ib steps of uA. 13.5m and hence the thick n-type epitaxial layer has to be

compensated to form the p-well for the PNP device. The key
04 issues with aluminum are its very high diffusivity (an order
of magnitude higher than boron) and low electrical activity,

Collector-Emitter Voltage (V)

“E‘ i.e., approximately, only 1/40 of the implanted dose becomes
g activated following the well drive [43], [44].
g 02 / Electrical Results: The Gummel plots of the VIP-3H de-
5 vices exhibited a constant gain over seven decades of current,
2 // indicating excellent material quality for both devices just as for
S T the VIP-3 devices. The collector-substrate breakdown voltage
0 ‘ ‘ ‘ was optimized using process and device simulators. The NPN-
0 -10 20 30 -40 buried layer to p-type substrate breakdown is determined by the
Collector-Emitter Voltage (V) avalanche breakdown at the junction at the edge of the buried

layer since that is where the field gradient is the highest and
Fig.5. I.versusV.. foraVIP-3PNP device withareaof220um?; Ibsteps can be controlled by substrate doping. The PNP buried layer
of 1.5uA. to p-type substrate breakdown requires a careful selection of
the n-well doping to optimize the trade-off between the punch-

il through voltage in the n-well and avalanche breakdown at the
le'OLL_ periphery. If the n-well doping is low, then breakdown occurs
Lle-04. due to punch-through of the n-well under the puried layer.

- If the n-well doping is high, then avalanche breakdown occurs
le-06- at the periphery.

i The BV,., and BV, were the other key breakdown values
16’0&_ to be increased to greater than 85 V. Si#tE.., is limited by
Le-16] BV, according toBVepe = BVeeof3t/™, BV, Was opti-

i mized first. TheBV,,, is limited by the edge breakdown ef-
le-12 fects. A deeper extrinsic base results in a smaller junction cur-

I T
-1.0 05 0 0.5 L0 vature at the edges and hence, a higher breakdown. On the other
Base Emitter Voltage (Volts) hand, if the distance from the extrinsic base-collector junction
Fig. 6. Gummel plots for the VIP-3 NPN and PNP devices, are@ x to the buried layer is too sme}llth@ﬂ@bo will be I|m|.ted by the _
20 pm?. reach-through of the depletion region to the buried layer. This
collector-base depletion region reach-through sets the thickness

BV | ibuted he reduced ibil | hof epitaxial layer.
eo IS attributed to the reduced susceptibility to avalanc € BV.., is a function of the intrinsic or “planarBV,, pro-

breakdown [30]. It is to be noted that unlike many compleme(}ided that the intrinsid@@V.

. “ho breakdown is higher than the ter-
tary processes, VI.P'S process offers PyFoeing 77% t(_) that inal BV,,, limited by edge effects. This is the case for VIP-3H
of the NPN f, attributed mainly to p-well process design an

N . S . here due to the thicker epitaxial layer under the intrinsic base,
optimization. The maximum oscillation frequengy, ., is ob-

tained f th ilateral aai ¢ Noto th the intrinsicBV,,, is much higher than the terminBV,;,.,. The
ained from the unrateral gain measurement. 20 el afihe intrinsic BV, could not be measured but was obtained using
values are in the GHz range even fox420 ;zm* emitter and

the values for the PNP are 90% of those of the NPN transistcir:]r?:(ljeg‘cz] bia;nsdhgv‘glnfg;g{hz QISE S;r? (;N gll\rl]PFi/%{t; I;]z]ﬁr?;?a
optimized doping profiles. It should be noted that due to the
B. VIP-3H up-diffusion of boron-buried layer, the distante,; for PNP
A high-performance and low-cost complementary bipolas half than that for NPN. Thé&V,,,, for PNP is still high and
technology has also been developed for the realization of highis is attributed to the smaller impact ionization rate for holes

precision, high-frequency, and high-voltage analog circuits fas compared to electrons [40].
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Fig. 7. VIP-3H NPN and PNP collector-base and collector-emitter breakdown

voltages.

C. VIP-4H

VIP-4H is a high-speed complementary bipolar IC proces:
for applications requiring up to 170 V collector to emitter break-
down from both NPN and PNP transistors. Examples of suc
applications are subscriber line interface circuits for telephon
central offices, CRT driver applications, and high voltage audit
amplifiers [45]—-[48]. For such high voltage bipolar ICs, which
necessarily have thick epitaxial layers, the dielectric isolatiofq::

scheme used in VIP-4H has a large die size advantage over

ditional junction isolation. An additional benefit is the elimina- ©
tion of all parasitic substrate devices, which improves latchu,

immunity and radiation hardness.
Process ArchitectureThe starting materials is 2.pm of
(100)—oriented SOl over a &m buried oxide fabricated using

a BESOI process obtained from commercial vendors. Afte

implantation and annealing ofth(antimony) and g- (boron)

Fig. 8. Cross-sectional SEM of a VIP-4H transistor.

>0 % 1 1
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buried layer, and an n-type (phosphorus) “sinker-up” (whict

goes in NPN collector contact regions, as well as forming th

buried layer of low-voltage NPN transistors), a thick20

»#m) high-resistivity n-type epitaxial layer is grown. P-well,
n-sinker, and p-sinker regions are then defined and implanted

through a screen oxide. Active and field areas are defined

a standard nonrecessed LOCOS oxidation. Incorporated in
the field oxidation cycle is a high-temperature anneal for the
sinkers and p-well. Plasma-enchaned tetraethylorthosilica
(TEOS) source was used as a trench hard-mask for the de
trench etching in a magnetically enhanced RIE system usin

HBr: NF3 : He—O, chemistry. An isotropic etch and sacrificial
oxidation were used to remove any damages created on

trench sidewall. After growth of a trench liner oxide, the trench &
was filled with polycrystalline silicon which was etched back

and then oxidized to cap the trench surface.

The remaining process is similar to the VIP-3H process an
formed the device extrinsic base and emitter regions. A cros
sectional view of a complete deep trench isolated device is dt

picted in Fig. 8.

Electrical Results: Typical high-voltage transistor character-
istics are also summarized in Table I. Output characteristic
of mesh-emitter NPN and PNP transistors with approximatel
1000.:m? emitter area are shown in Figs. 9 and 10. Note that the
Early voltageV/, is very dependent on collector current. Most ofig. 10.

Voltage (V)

Fig. 9. I. versusV.. for a VIP-4H NPN devices.
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TABLE I ~ with oxide
3 AND Va FOR NPN/PNP D:VICES WITH AND WITHOUT GROWN 10 oxide
INTERFACIAL OXIDE !
NPN PNP — 1
g
3
B v, B | v. i:, BN
: g N\
3
Wafer A 105 200 50 75 5
W
: |
Wafer B 400 482 82 326 S B ‘
| ]
| Z
i >
i i ; 0.4 0.6 0.8
the observed increase in output conductance at higis a re- Depth (um)

sult of self-heating [49], as the thermal conductivity of silicon
dioxide is about a factor of 100 lower than that of silicon. Theig. 11. SRP of the NPN with and without the grown interfacial oxide.
Early voltages given in Table | are measured at low current and
voltage levels where self-heating effects are not significant. The
isolation breakdown between adjacent trenches, as measured by . with oxide
aserpentine isolation test structures with 4.32 mmin length, was BV no oxide
found to be 530 V with very low leakage. ' '

IV. POLYCRYSTALLINE SILICON EMITTER AND INTERFACE
CHARACTERIZATION

The current transport of the BJT, and thand early voltage
are a strong function of the monosilicon/polycrystalline silicon
interface properties. The current gain is a ratio of the carriers
injected from the emitter to base and the carriers backinjected
from the base to the emitter. In the presence of an interfacial
oxide, the tunneling-limited back injection of carriers decreases
and the current gain increases. The theory for the transport BgS12.  SRP of the PNP with and without the grown interfacial oxide.
been investigated by many groups extensively [50], [51]. An ex-
giirérg%r: \Il\lvzf\lpaer:]:jorgllleg é%\%g?g‘r? tt:e? see]:fr?](: \?v;?gr I;:%rfgcé?‘l the b_ackinjected c_urrent. The enhancement in th_e PNP cur-
scribed below [52] Pent gain qf wafer B is Ie_ss than the enhancement in the NPN

) ' L . . current gain, as shown in Table Il, due to two main reasons.

Experiments and ResultsAfter device isolation formation Fi . o o
: P . . Firstly, the probability for the back injected electrons is high
in the VIP process, intrinsic bases were implanted in the device

. Ad th rrier height is low, even though the interfacial oxi
regions. HF-last clean was used on two sets of wafers. Wa erOlt e barier height is low, even though the interfacial oxide

set A was loaded at 400C in the deposition tube and poly-ls thicker in the PNP. This does not increase the emitter injec-

crvstalline silicon was deposited at 62 as per the standardtion efficiency as much. Secondly, the emitter is deeper for the
Y P per PNP, which could cause increased recombination resulting in
process. Wafer set B was loaded at 628 in air, heated at

625 °C for 20 min, and then polycrystalline silicon was de[educ:ed enhancement. It should also be noted that the emitter

. . resistance, not di in thi r, would al incr
posited at 625°C. Wafers were then rapid thermal anneale sistance, not discussed in this paper, would also be increased

. e to the presence of the interfacial oxide. Earlier study ex-
at 1060 °C for 20 s, and the standard process was continued., o I
High-resolution TEM of the NPN and PNP emitter regions i?fgcted the probabilities of the backinjected electrons and holes

. . . 9 and found the electron probability to be abowt that of the
wafer set A showed no interfacial oxide. In fact, epitaxial "&ole back injection probability [52]

growth of the polycrystalline silicon emitter to the silicon sub-
strate was observed as expected. High-resolution TEM in the

PNP device of wafer set B showed a 22 A oxide, while the NPN V. TRENCHISOLATION AND CHARACTERIZATION

exhibited a 14 A oxide. Table Il shows the key electrical param- For high voltage devices, the lateral and vertical isolation of
eters of the wafer A and B. Figs. 11 and 12 show the SRP thie devices from each other consumes significant space due
the NPN and PNP devices without (wafer A-standard procegs)the distances required by depletion regions from adjacent
and with interfacial oxide (wafer B). It is clear that an oxide iglevices. Deep trench isolation combined with BEBSOI wafers
present which prevents diffusion of emitter dopant in both typgsoduces significant reduction in device size and the corre-
of devices in wafer B. The reduction in emitter diffusion due teponding die size for high voltage processes when compared to
the interfacial oxide results in a higher base peak doping anguaction isolation. In addition, the buried oxide layer provides
higher base dose which increases the early voltage. Even thoadditional reduction in space for vertical PNP devices since no
the effective base doping concentration is higher, the currévitwell diffusion is needed for the vertical PNP isolation. The
gain is also significantly higher, which is due to the reductiofield oxide isolation in high voltage devices is usually based on

Concentration (#/cm?)

R . . o
0 02 04 06 08 1.0 1.2
Depth (um)
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Fig. 13. Transistor size of minimum emitter {2n x 4 pm) from the VIP-3, .l;':]::d !
VIP-3H, and VIP-4H technologies. Note the dramatic reduction in device size : L5 i
of the dielectrically isolated VIP-4H transistors when compared to its junction ! i

isolated counterpart.

LOCOS (or a derivative thereof) since replacement of the field

oxide with a shallow trench isolation scheme will not provid?g' 14_. Cross_,—sectional TEM of_the (_ieep trench isolation structure isolating
. . . . . . 0 adjacent thick SOI device regions in the VIP-4H process.

a significant reduction in device size. Fig. 13 shows the total

device size (including isolation) for the transistors from the

three VIP technologies. For junction isolation (JI) technologies, high-speed, voltage-feedback operational amplifier capable

the NPN device size is usually smaller than the PNP due to tboperating from£1.8 V to £20 V supplies and driving infi-

additional area taken up by the N well isolation and its contadtite capacitive load. Silicon evaluations showed 188 MHz band-

However, it should be noted that when dielectric isolation (DWidth and 1500 Vis slew rate. The die size was 3846 mil®

is used, the device areas is reduced significantly. in a tiny SOT package [60].

For the VIP-4H process, a magnetically enhanced reactive ionAnother application of the high voltage process is in the
etch system (MERIE) was used to define the deep trenches géithode ray tube (CRT) which requires high-voltage and high-
lizing an HBr/NF;/He—0; plasma chemistry [31], [35], [36], SPeed drivers (in excess of 40 MHz). Usually, discrete compo-
[55], [56]. The primary benefit of an azimuthally rotating maghents are used to realize CRT Display drivers due to the lack
netic field parallel to the wafer surface is enhancement of ioff high-frequency and high-voltage monolithic approaches. A
ization rate by induction of electrons into helical trajectories b&éascode output driver stage is used to allow for output voltage
tween collisions allowing lower pressure operation without los¥Vings in excess of th&Vc., (but notBV..,) of the devices.
of etch rate [57]. Polycrystalline silicon is an ideal fill matei the VIP-3H technology, a family of monolithic CRT Drivers
rial since the mean free path is very long at typical low-pre§as been designed which is capable of achieving a 40 V p-p
sure deposition conditions and can fill very high aspect rafy¥ing in less than 9.5 ns into 12 pF loads [62]. The use of
trenches. Oxide, on the other hand, can only be used to fill shigtically integrated high voltage PNP transistors not only
lower trenches (less than 10n) and even then the fill Showssmplnjes circuit design, bu? improves pgrformance. The output
voids when filled with thermal decomposition of TEOS at aSt@d€ is an example of a high power, high frequency stage that
mospheric pressure [31]. Subatmospheric pressure TEOS oJfydifficult to implement in a process with only high frequency

has the potential to fill deep silicon trenches for reduced sidsr N transistors. The close performance characteristics of the

wall parasitic capacitance. Fig. 14 shows a TEM of the Op%:/é device polarities allow high speed symmetrical drive to the

mized and planarized deep trench isolation process used in T cathode.

VIP-4H technology. VIl CONCLUSIONS

VI. CIRCUIT EXAMPLES Complementary bipolar technologies are a cornerstone of

A high-performance PNP in the signal path offers the oppohalog circuits such as voltage and current feedback amplifiers,
tunity for designing push—pull circuits for analog applicationdligh-precision current mirrors, and push—pull circuits. This
In addition, a vertical PNP makes a truly precision band gap réfaper presented a detailed background and description of
erence (where parasitic bipolar devices fail). The VIP technolgilicon complementary bipolar process technologies. Specifi-
gies have been used to realize many voltage and current feeally, a family of processes called VIP™ was described with
back amplifier circuits. A high-speed, low-power voltage-feedechnology versions at 40, 85, and 170 V device breakdowns.
back operational amplifier was designed and demonstrated [5Bje 40 and 85 V processes were junction isolated but the 170 V
The low current version of this chip has a bias current of 2.5 mpgrocess was dielectrically isolated with deep trenches and SOI
at+15 V supply and a bandwidth of 110 MHz. The slew rateafers. Key process issues such as the polycrystalline silicon
was 2000 V/s. Another version of the circuit exhibited a biagmitter optimization and trench isolation were discussed.
current of 6.5 mA at the same supply voltage and a bandwidfircuit examples were provided to demonstrate the viability
of 200 MHz [59]. These circuits were also shrunk to producand usefulness of the technologies.
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