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An Ultra Low Power Baseband Transceiver IC for Wireless
Body Area Networks
Xin Liu, Myint Wai Phyu, Yisheng Wang, Bin Zhao, and Yuanjin Zheng

Abstract— In this paper, we presents a low complexity ultra
low power baseband transceiver IC for wireless body area
network applications. A specified transceiver architecture for
physical layer (PHY) and serial peripheral interface (SPI)
realization is proposed and system performance is optimized.
Implemented in a 0.18-µm CMOS technology, the baseband
chip consumes 240.24 µW for TX mode and 202.34 µW for RX
mode when working at a 250 kHz system clock and 1.8V supply.
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I. INTRODUCTION

APID advance in science and technology are paving the
way for improvement of human life. It, in turn, will
change the way in which we think about medicine, sports and
entertainment and how we experience them. Wireless Body
Area Networks (WBANs) are networks whose nodes are
usually placed close to the body on or in clothing everyday.
A WBAN topology comprises a series of miniature
sensor/actuator nodes, each of which is able to communicate
with other sensor nodes or with a central node worn on the
body. The central node communicates with the outside world
by using a standard telecommunication infrastructure, such as
wireless local area and cellular phone networks, and is with
the higher computation capability. The WBAN can deliver
the services, including management of chronic disease,
medical diagnostics, home-monitoring, biometrics, and
sports and fitness tracking, etc. The power budget is quite
strict for WBAN applications since the wireless device is
battery supplied. To sustain longer battery life, ultra low
power transceiver should be developed with the relaxed range
coverage 1-3m. Nowadays, some transceivers for wireless
personal area networks (WPANs) have been developed, such
as CC2420 from Texas Instruments [1]. It can cover 20-30
meters range with power consumption 50-60 mW. Obviously
it is not the optimal choice for ultra low power WBAN
applications.
In the Embedded and Hybrid System Phase II (EHSII)
program, our objective is to develop a system on chip (SoC)
or system in package (SiP) device for wearable WBANs. The
device integrates analog and digital building blocks to build a
self-functional low power integrated circuit (IC) platform. It
could be used as a reconfigurable sensor node to form a
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WBAN for various healthcare applications. In this paper, a
baseband transceiver IC is proposed and implemented which
is a core module to enable a WBAN radio. The proposed
transceiver is targeted at low data rate, ultra low power to
sustain long battery life (2-3 years). In order to achieve such
targets as well as satisfied performance, a specified physical
layer (PHY) architecture is proposed, which reduces the
complexity of basband processing while attains sufficient
good performance for a short rage communication (~3m). To
enable interface with RF transceivers and medium access
control (MAC) layer, a digital serial peripheral interface
(SPI) and a state machine control scheme are integrated with
the baseband PHY system. Furthermore, the proposed
baseband transceiver is configured with a frequency shift
keying (FSK) modulation/demodulation module. In the next
section, we will introduce the proposed baseband PHY
system and SPI in details.
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Fig. 1. Block diagram of a complete WBAN radio transceiver

II. PROPOSED LOW POWER BASEBAND TRANSCEIVER
The complete system diagram of a WBAN radio
transceiver is shown in Fig. 1. For the transmitter part, the
physical layer service data unit (PSDU) from MAC layer is
processed in the proposed PHY TX module in order to
generate physical layer protocol data unit (PPDU) packet,
which is modulated by a low power FSK modulator, and then
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block [2]. The FEC coding block cascades the (8,4) Hamming
coding and (4,8) block interleaving, as shown in Fig. 4. For
the block interleaving, if the value that PHR contains is an
even number, the system will automatically add two extra
zero bytes at the end of the packet after Hamming coding, so
that the total length of bits of the Hamming coded data
payload (including PHR and PSDU) to be interleaved is a
multiples of 32.

RSSI

PA ctrl

PLL ctrl

transmitted by RF module. For the receiver part, the received
signal is demodulated by a low power FSK demodulator, and
processed by the proposed PHY RX module. Following that,
the received PSDU is fed into MAC layer. The baseband
transceiver will be introduced in this paper, whereas the FSK
modulator/demodulator and RF module will be presented
elsewhere.
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Configuration Registers for RF

Synchronization

From FSK
Demodulato

Following that, the coded data is prefixed with
synchronization header (SHR), containing the preamble
sequence and Start-of-Frame Delimiter (SFD). They are
formed by pseudo-noise (PN) sequences and utilized so that
the receiver can achieve synchronization. In our design, the
preamble sequence is formed by a 32 bits PN sequence
[11011001110000110101001000101110], and repeats 4
times. The format of SFD is given by a 64 bits PN sequence
[01111011100011001001011000000111100111000011010
10010001011101101]. Finally, the generated PPDU packet is
fed into the FSK modulator.
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Fig. 2. Block diagram of proposed baseband transceiver

In Fig. 2, the block diagram of the proposed baseband
transceiver is provided. It can be divided as the digital
baseband PHY system and SPI system. The details of each
part are introduced in the follows.
A. Baseband PHY Specification and Architecture

Octets
1
Preamble

SFD
SHR

Reserved
(1 bit)

1 ~ 127
Packet length
(7 bits)

PHR

PSDU
PHY payload

Fig. 3. PPDU packet format

The design of the baseband PHY system follows a low
complexity low power PHY specification. The structure of
the physical layer protocol data unit (PPDU) packet is
illustrated in Fig. 3. The permitted length of PSDU within one
packet should be not larger than 127 octets. For the TX part,
the PSDU from TXFIFO is first prefixed with PHY header
(PHR), which contains the length of the PSDU in octets. In
order to reduce the complexity, we avoid the spreading
spectrum. However, for improving the capability of
suppressing interference and additive white Gaussian noise
(AWGN), the PHR and PSDU are fed into the FEC coding
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Fig. 5. Block diagram of synchronization

For the receiver part, the input of the baseband is the
demodulated binary signals from FSK demodulator. The
signals are first fed into the synchronizer block in order to
achieve bit and packet synchronization. The synchronization
is achieved by detecting peaks of correlation between the
received signals and the local SHR sequence. The procedure
of synchronization is shown in Fig. 5. We set up a preamble
threshold thh_pre and a SFD threshold thh_sfd, respectively.
The preamble correlation between the local preamble
sequence and received signals is first calculated. In order to
reduce the complexity, we specified that if there are two
continuous peaks of preamble correlation which are higher
than thh_pre, between which the peak interval is within
31~33 bits, then the acquisition of preamble can be
confirmed. Following that, the SFD correlation between the
local SFD and received signals is calculated. If there is a peak
which is higher than thh_sfd, the acquisition of SFD can be
confirmed. Based on the accuracy of different threshold from
simulation results, we select that thh_pre=24 and thh_sfd=50
in the presented design.
After acquiring synchronization, the preamble sequence
and SFD can be removed. Following that, PHR is decoded
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first, in order to obtain the length information of PSDU. The
structure of FEC decoding block is shown in Fig. 6, including
(4,8) block de-interleaving and (8,4) Hamming decoding.
During Hamming decoding, if the system detects the errors
but can not correct them, the receiver will ask for
re-transmission.
After the receiver acquires the length information of
PSDU, the PSDU can be decoded by the procedure shown in
Fig. 6. The final received PSDU packet will be fed into
RXFIFO and then fed into MAC.
Received

Block de-interleaving

strobes. In the IDLE state, the baseband does not receive or
transmit packet and all registers keep the predefined values.
When there is a valid packet in the TXFIFO, baseband will go
to TRANSMIT state upon receiving a STXON command
from MCU. The baseband will be in RECEIVE state after
receiving a SRXON command by MCU. If the baseband
detects error in received data and can not correct it, or if there
is overflow in RXFIFO, the baseband will stop receiving any
further packet and inform MCU by interrupt.

(8,4) Hamming decoding

data

Fig. 6. Block diagram of decoding

B. Digital Serial Peripheral Interface (SPI) and Baseband
Control State Machine (BCSM)
The proposed baseband PHY above will be interfaced with
the MAC layer via a 4-wire SPI-compatible interface (pins SI,
SO, SCLK, and CSn), as shown in Fig. 2, where the baseband
is the slave. Baseband buffers the transmitted data from
microcontroller (MCU) and received data to MCU in two 128
bytes FIFOs (TXFIFO and RXFIFO), respectively. MCU
may write and read the FIFOs through the SPI interface. The
SPI enables the serial (one bit at a time) exchange of data
between MCU and baseband. The configuration interface and
transmit/receive FIFOs of baseband are also accessed via the
SPI interface. The SPI also includes the configuration
registers to support for channel/power configuration to RF
(pins PLL ctrl, PA ctrl, and RSSI). The SPI clock (SCLK)
provided by MCU is 1 MHz. SO pin is used as the data output
from baseband. SI, SCLK and CSn (chip select, active low)
pins are the MCU outputs. The baseband has an interrupt pin
(IRQ) to MCU. The IRQ will notify the MCU, for instance,
transmission is completed and data payload has been received
in the RXFIFO and so on.
As shown in Fig. 2, baseband control (BC) block controls
the baseband to be in transmit/receive state and provides
interrupt signal to MCU. It is designed based on finite state
machine as shown in Fig. 7. The change between the states is
either performed by using command strobes or evoked by
internal events such as TXFIFO_VALID and so on. Briefly,
there are three main active states: IDLE, TRANSMIT and
RECEIVE. All command strobes sent by MCU are: 1)
SIDLE: Baseband will be put to IDLE state, 2) STXON:
enable transmission, 3) SRXON: start looking for preamble
& SFD and putting data packet into RXFIFO, 4)
SFLUSHTX: flush the TXFIFO, and 5) SFLUSHRX: flush
the RXFIFO. The three active states are activated directly by
the MCU using the SIDLE, STXON and SRXON command

Fig. 7. Baseband control state machine

III. SIMULATION RESULTS AND CHIP IMPLEMENTATION
The proposed baseband transceiver design is verified via
simulations. It is assumed that the modulated FSK signals
propagate through an AWGN channel, and the noise level is
specified by Eb/No, where Eb is the energy of transmitted
signal bit. At the receiver, in order to test the performance of
the proposed synchronization algorithm, we introduce a
random variable τ . If τ ≤ 0 , it means that the synchronizer
starts to work τ bits before the transmitted frame is received.
Thus, there are some arbitrary binary bits with length τ
added in front of the transmitted packet. If τ > 0 , on the other
hand, it means that the synchronizer starts to work τ bits
after the transmitted packet is received. Thus, τ bits of
preamble sequence are missed. At the receiver, the received
signal is demodulated by non-coherent FSK demodulator. In
the simulation, we consider a worst-case condition, which
means that the length of each packet approaches the
maximum, i.e., 127 octets. Therefore, the performance of
packet error rate (PER) becomes worst, because PER
increases when the length of packet increases. Fig. 8 shows
the performance results of the proposed baseband PHY
design, including PER and the false alarm rate of
synchronization. In addition, we also provide the analytical
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upper bound of PER. It can be observed that when
Eb/No=6dB, the false alarm rate of synchronization is about
10 −4 . When Eb/No=11dB, the PER is below 1%.

between the proposed baseband transceiver and CC2420
transceiver is provided in Table II. From this comparison, it
can be observed that the power consumption of our proposed
design is comparatively lower.
TABLE I
SPECIFICATIONS OF THE PROPOSED BASEBAND TRANSCEIVER
Technology
0.18-µm CMOS Process
Power supply
1.8 V
Clock rate
250 KHz
Core Size
0.64 mm2
Die size
3.24 mm2 with 48-pin DIP
Power consumption @250 kHz
TX core: 5.14 µW (exclude SPI
and SRAM)
TX_FIFO: 118.1 µW (1MHz
Write /250 kHz Read)
RX core: 8.24 µW (exclude SPI
and SRAM)
RX_FIFO: 77.1 µW (250 kHz
Write /1MHz Read)
SPI: 117 µW (SPI works at
1MHz)

Fig. 8. Performance of baseband PHY system under worst case condition
TABLE II
COMPARISON BETWEEN THE PROPOSED BASEBAND TRANSCEIVER AND
CC2420 TRANSCEIVER
Design
Power supply
TX power
RX power
The proposed
1.8 V
240.24 µW
202.34 µW
CC2420
3.3 V
57.42 mW
62.04 mW
(Note: The power consumption of the proposed transceiver includes
the power of SPI/PHY/FSK module, and excludes the power of RF
module. The power consumption of CC2420 contains the power of RF
module.)

The proposed baseband transceiver (including PHY system
and SPI interface) is carried out on FPGA test platform for
functional verification and then realized in an ASIC in a 0.18µm CMOS technology. The layout of the chip is shown in
Fig. 9. The post-layout simulation is done through
Verilog-XL with back-annotated the SDF file (standard delay
format). The simulation result shows that the design fulfills
our ultra low power target. The specification of the proposed
RX/TX module is summarized in Table I. The comparison

IV. CONCLUSION AND FUTURE WORK
In this paper, a low complexity baseband PHY transceiver
architecture has been proposed. Based on the optimized
system design, an ultra low power transceiver IC is realized in
a 0.18-µm CMOS technology. The simulated system PER
performance and chip power consumption verified the super
performance of the baseband processor design. For WBAN
applications, it consumes only 240.24 µW for TX and 202.34
µW for RX including SPI and BCSM at 250 kHz clock. This
digital basband chip can also be used for other
communication baseband PHY processing with scalable data
rate and power consumption. To our best knowledge, the
lowest power consumption of baseband IC chip for WBAN
etc. applications has been achieved in the first time.
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Fig. 9. Layout of the proposed chip
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