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Abstract

A monolithic RFIC in 0.25-micron fully-depleted SOI
CMOS has been designed consisting of a microcoded 8-bit
33-MHz microprocessor, a 400-MHz 8-bit ASK-
modulated RF transceiver, and two integrated dc-dc voltage
converters for power management. This architecture
exploits a low-power (sub 2-V) digital process for mixed-
signal VLSI in a die size measuring 2.2 mm x 2.2 mm.

1. Architecture and Performance

We have designed a monolithic RFIC consisting of
digital, analog, and RF systems for a 2-V 0.25-micron
fully-depleted (FD) SOI CMOS process for applications in
wireless embedded control and remote sensing. It
demonstrates the integration potential of a technology
optimized for low-power digital circuits. The architecture
(Fig. 1) consists of a digital processor core, an RF
transceiver, an I/O interface linking the processor to
communications, and two on-chip dc-dc voltage converters
for integrated power management.

The digital core consists of an 8-bit 33-MHz CPU and
a256-byte SRAM for local program store and exercising
the digital circuits. A reduced instruction set (Fig. 2)
performs ALU operations and transfers between memory
and RF I/O. I/O control is interrupt-driven, and a single
shared register is used for data transfer (Fig. 3).

The zero-IF transceiver [1] uses an ASK modulation of
eight baseband tones in a 100-kHz bandwidth for digital
communications. Baseband signal recovery is achieved
with parallel envelope detectors which translate the ASK
modulation into a binary word (Fig. 4). The output of 8
parallel ring-oscillators is gated with a binary word to
generate an ASK-modulated baseband signal (Fig. 5).

The 2-V supply and V,,~0.5 V decreased available
internal signal swing and increased noise susceptibility for
analog cells [2]. The operational amplifiers in this design
achieved A;=20,000 with a 3-dB BW=250 MHz.
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2. Physical Design and Fabrication

This IC was designed in a 2.2 x 2.2 mm footprint for
the MIT/Lincoln Lab 0.25-micron FD-SOI CMOS
process and is now in fabrication. It is part of an ongoing
effort to integrate analog, RF, and digital circuits into a
low-voltage digital technology [3]. Design methodologies
developed in this effort will improve signal integrity and
reduce turn-around time in future work.

Independent analog and digital power and ground rails
were used to reduce injection of digital switching noise
onto analog rails. Partitioning of analog and digital
systems achieved minimal-length common edges within
the layout. Also, sensitive analog blocks and signal lines
were shielded by interconnect lines tied to independent
“clean” grounds. Pin assignment and floorplanning were
performed to minimize path lengths to pads and to
separate analog and digital I/Os. The die floorplan and
layout design are shown in Fig. 6. Analog/RF cells
consumed approximately 80% of the die area.
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Fig. 1 IC block diagram.
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R-Type opcode l s l rd J

ADD R1,R2 R1<-R1+R2

sSuB R1,R2 R1<-R1-R2

AND R1, R2 R1<-R1*R2

XOR R1,R2 R1<-R1®R2

SLL R1,R2 R1<-R1<<R2

SLT R1, R2 R1<-?{R1<R2)

SEQ R1, R2 R1<-?(R1==R2)

MOVI2S SPR,R1  SPR<-Rt

MOVS2l Ri1,SPR R1<-SPR

LB R1, R2 R1 <- M[R2}

SB R1.R2 M[R2] <- R1

JALR R1 R3<-PC+1; PC <-R1
4 4

|_Type ppeods aynadiate

it #15 R < 15

BEOQZ nams 7 {RD == ) PO <- PG+ name

TRAR Name AR «<- B, PO < name

RFE PC < AR

Fig. 2 Instruction set architecture.

8182

DEST

R1

op e B oy

i 5
i%RFw <] B || R3
!

el AR
TR et MAR]
Exes
B P -MDR]
[}
IR 0
AN ot B A -
;‘ w RAM

Fig. 3 RISC CPU architecture.

333

8 simaianeous tones, 58 o amplituds

o
198 2
148
T ovom
g
~10em
[T AL S ———
148 "
T eoorn
5o P’X/WV"\/L,/\/\
—t0em —— ~186m —
i o < ned < oed + ped
1oy o 14 Mz roe o B2
158 e [t il Sk Aee A e et
T ewom [~ m"lj
worm [ AL A L 2 IR g P I P
- 1p6m 1gpm
- pod o ved = ned w ped
1op 1M 198 = 37 M
148 e e [T Il { ey St A i el
T 9oom S svam J
RS i, e N SO [ sem Ll ot bartun~tt
108, ~1g8m
LX) 6B L 246 09y 6oy

Ze8u % u E
dme {5} dme (9}

Fig. 4 Transient response of envelope detectors.
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Fig. 5 Frequency spectrum of baseband data tones.
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Fig. 6 RF microsystem (a) floorplan and (b) layout.
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