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RF Power LDMOSFET on SOl

James G. Fiorenz8ember, IEEEDimitri A. Antoniadis, Fellow, IEEE and Jesus A. del Alam&enior Member, IEEE

Abstract—We have fabricated a SOl laterally diffused MOSFET Source Drain
that is designed for use in radio frequency power amplifiers for m
wireless system-on-a-chip applications. The device is fabricated on
a thin-film SOl wafer using a process that is suitable for integration
with SOl CMOS. An under-source body contact is implemented
and both a high breakdown voltage and a highf; are attained. The
device performance compares favorably with bulk silicon rf power
MOSFETSs. For a gate length of 0.7um the device f, is 14 GHz, Fig.1. Cross section of the rf power SOl LDMOSFET that was fabricated.
fmax 1S 18 GHz, and the breakdown voltage approaches 25 V.

Index Terms—DMOSFET, RF CMOS, RF SOI.

Buried Oxide

in a reduced transconductance and frequency response. In

[6], the intrinsic performance of the SOl MOSFET that was

T HIS work describes a laterally diffused MOSFET (LD+apricated was poor because of the lack of a body contact and
MOSFET) on thin-film silicon on insulator (SOI) that ispigh overlap capacitance. The approach demonstrated in this

designed for use in the transmitter rf power amplifier in portab|gtter addresses these weaknesses and yields unprecedented
wireless applications. Bulk silicon LDMOSFETs have beeperformance.

very successful in these applications [1], and implementation of
a LDMOSFET in thin-film SOI may enable power amplifiers
with improved gain, efficiency and bandwidth. Moreover,
implementation of a LDMOSFET in thin-film SOI may allow A cross section of the LDMOSFET that is demonstrated is
the integration of the rf power amplifier (PA) into a wirelesshown in Fig. 1. The partially depleted SOl LDMOSFETSs were
system-on-a-chip, in which all of the digital, analog, and fabricated on p-typé100) full-dose SIMOX wafers with an ac-
circuits of a wireless system are integrated on to a single die silicon thickness of 200 nm, a buried oxide of 400 nm, and a
While thin-film SOI is a promising technology platform forresistivity of 10-202-cm. The process was designed so that the
a single chip system, the realization of a high performance$DI LDMOSFET can be integrated into an SOl CMOS process.
power device in thin-film SOI is recognized as particularlyrhe silicon thickness is the same as the film thickness in main-
challenging [2]. This paper demonstrates a LDMOSFET aftream SOl CMOS [7]. LOCOS isolation was used. The shortest
SOI that compares well with bulk silicon LDMOSFETS. Innt polysilicon gate is 0.7:m, the i lightly doped drain (LDD)
this device, the body contact, which is critical to attaining gegion is 0.5:m, and the gate oxide thickness is 30 nm. The lat-
high breakdown voltage, is fabricated beneath the source. Tdral body doping profile was formed by masking the drain of
intrinsic performance of this SOl LDMOSFET is as good othe device, implanting the source with boron of dbsex 103
better than any know rf power MOSFET on SOI. cm~2 and energy 25 KeV, and annealing the wafers for 300 min
There is limited previous work on the development G&t 1000°C. The m LDD region was created by a phosphorous
MOSFET’s on thin-film SOI for RF PA applications. Mat-implant of dose3 x 10'? cm~2 and energy 55 KeV. The'n
sumotoet al. demonstrated a “Quasi-SOI” device with a highsource and drain regions were formed by a masked implant of
breakdown voltage and good rf performance, but its exotic fallese5 x 10> cm~2 and energy 25 KeV. The'himplant mask
rication process makes it incompatible with CMOS [3]. In [4]defines the length of themregion. The dopants were activated
arf PAis demonstrated on SOI that utilizes a technology thatliy a 20 s, 1000C RTA process. After processing, the silicon
adapted from standard SOl CMOS. The breakdown voltagetafckness beneath the gate is 180 nm, and thginction depth
the technology is low, and the PA that is demonstrated operakgseath the source is 100 nm.
from a power supply of only 1.8 V, too low to be useful in
most modern wireless communication systems. In recent work,
[5], a SOI LDMOSFET was fabricated, but it uses an inferior
“stripped” body contact. This body contact increases the gateThe output characteristics of a typical device are shown in
and drain capacitance for a given effective gate width, resultifdg. 2. There is no sign of a “kink” or indication of impact ion-
ization up to a drain voltage of 7 V. The transfer characteristics

Manuscript received October 19, 2000. This work was supported by the sefil€ shown in Fig. 3. The device transconduaance_”ses QUI_Ckly
conductor Research Corporation. The review of this letter was arranged by b@yond threshold and settles to a flat plateau, which is typical
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Fig. 2. Output characteristics of a fabricated SOl LDMOSFET. No trace &fig. 3. Transfer characteristics of SOl LDMOSFET with a drain-source

the “kink” effect is seen. voltage of 3.6 V.

20 dB/decade fromhs; andG,,,, respectively. Thef, of a de- 200 ‘ .

vice with two 20pm wide fingers was 14 GHz. Power amplifier — With body contact L, =0.7 um

. . . . . E—R Without body contact ; W =1 x40um

applications demand that a technology is able to yield devices g ; e

with many gate fingers and a large total gate width. A ten-fin- = 1504

gered device with 10pm fingers was fabricated, and ifswas % R

12.5 GHz. Thef,..x of the device with 2Q:m fingers was 18 E 100 ) 5

GHz, and rolled off with the inverse of the gate finger width due 5 ]

to the resistance of the polysilicon gate. ‘-:3

The SOI LDMOSFET utilizes an under-source body contact ' 1/ . _ BV,

[8] to attain the high breakdown voltage required by rf PA appli- ] s : / \

cations. In the source, thé'mloping is compensated by the body 0 f-——“—‘—/ . . .

doping implant near the buried oxide. This creates a low-resis- 0 5 10 15 20 25

tance p-type link beneath the source, and the body is shorted Drain-Source Voltage (V)

to the n source by the source metal. The contact between the _ o _

p-type source region and the metal is ohmic, but the speciﬁck)%ﬂ‘:]'g b%‘é';‘gﬁgsx{t‘hogtgfoﬁﬁzpe“é gzg;?ftir'gffgysgj"’gf‘zslg'2"’3'\4%’55'5;”‘3"6“a
contact resistance is high ¢« 10~ Q-cm) because the bodyy ‘
doping implant dose is not high. This body contact design is a

natural choice for an SOl LDMOSFET because it can be cre-

ated using a standard rf LDMOSFET process and it requires no 40 ® This work, SOl LDMOSFET
additional masking steps or u_northodox processing. Unlike the y g ';"3:(_“2ﬁ;ﬁ;@;;‘;s"‘;ff;:fﬁmmre
body contact schemes used in SOl CMOS [9] and the work in o0l ™
[5], this body contact prevents floating body effects without re- x
ducing the effective gate width or limiting the unit gate finger ) " o .
width. O 101 t

The efficacy of the body contact is demonstrated in Fig. 4, w8 R o
which compares a device fabricated with the standard process to 6 s
an identical device that was fabricated without a body contact. tag ©
The body contact suppresses the “kink” effect, and substantially 4 “
improves the on-state breakdown voltagé{,,) and off-state 9 10 20 30 40
breakdown voltageR V). BV,, of the body-contacted device Off-State Breakdown Voltage (V)

is greater than 10 V an8 V¢ is nearly 25 V. In contrast, the

floating body device exhibits a pronounced kink and degrade@.s. , — BV, tradeoff for the rf SOI LDMOSFET and bulk and SOI RF
on-state and off-state breakdows\V,g of a larger, ten-fingered power MOSFETs from the literature.

device is reduced to 20 V.

The suitability of our SOl LDMOSFETSs for rf power appli-
cations is illustrated in Fig. 5, which plofs vs. BV, the two
most important figures of merit for a rf power device. Bulk sil- An rf SOl LDMOSFET with a high breakdown voltage and a
icon and SOl MOSFETSs from the literature are included in thagh cutoff frequency has been demonstrated. The high break-
figure. Fig. 5 shows that the performance of our SOl LDMOSiown voltage was achieved through the use of a simple, but ef-
FETSs is excellent in comparison to bulk silicon rf power MOSfective, under-source body contact. This is a promising tech-
FETs from the literature. Our device also compares favorablynology for rf PAs in future generations of highly integrated wire-
all other SOI rf power MOSFETS. less systems.

IV. CONCLUSION
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