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Abstract— Ageing population and high medical costs
in industrialized nations in recent years demand for medical
devices to keep up with the latest advances in microelectron-
ics, and for the development of better and miniaturized
health care for ambulatory environments. If no action 1s
taken to prevent the increasing costs, healthcare might
become unaffordable 1n the near future. Anyway, curing 1ll-
nesses 1s more expensive than its prevention. Therefore, per-
sonalized and preventive monitoring healthcare 1s a neces-
sity to reduce medical costs. People should be motivated to
monitor their own health and they should get continuous
feedback to improve their lifestyle. The aquisition of these
biomedical signals require advanced technologies which are
easy to use, cheap, and comfortable to wear. Integration of
health monitoring platform in a single chip helps to shrink
the size of the device while reducing power consumption.
With the single chip biomedical platform also new medical

research fields are enabled.
Surface EEG, ECG, EMG and other electrode based meas-

The analog front-end planed to be integrated in the health-
care monitoring platform 1s prototyped as a test chip on
CMOS basis and 1s already in practical use (see Figures 3
and 4). However, the new platform 1s extended with electri-
cal stimulation capabilities (as 1llustrated in Figure 5) which
1s necessary for certain biomedical applications, €.g., pulse-

oximetry, which acquires biomedical signal through stimu-
lation of LEDs.
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Figure 3: Chip micrograph of Cerebro.

The raw biomedical data needs to be processed by hardware
accelerators before interpretation (see Figure 6, 7). A
power-effient A/D converter architecture 1s also a necessity
and for this reason, a self-calibrating SAR A/D converter 1s
protyped m CMOS to achieve 13 bits of resolution (see
Figure 8-10). The combination of the RISC CPU, low-noise
analog front-end, hardware accelerators, and SAR ADC
builds the single chip platform presented in Figure 11.
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Figure 4: Prototyped ECG/EEG Device.
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1s built by a highly optimized RISC CPU which 1s reponsi- called Cerebro achieves a dynamic range of 108 dB charge - G ..._) S

ble for a fluent operation of the platform (Figure 1, 2). with an input-referred noise of 0.8 pVrms for each e —— o | e
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Flexible and modular hardware can be built by using ECG/EE(.} .deV1ce shown in Figure 4.18 based on (;er- — e — v o
ebro, a Xilinx Spartan 6 FPGA for signal processing, current S| DAC [« %

microprocessors to control the underlying dedicated : Quteuty VGs Jl— .
and a Bluetooth module. Beside the current data ac- Actuators

hardware on software basis. Within the WearMeSoc BUS

project, an open-source RISC microprocessor (see
Figure 1) 1s optimized to operate low power which 1s
fundamental 1n portable applications. Figure 2 shows
the role of the RISC within the platform controlling all
fundamental periphery responsible for data flow.
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Figure 1. RISC microprocessor connected through an AXI

quistion system Cerebro, new data acquisition chan-
nels and actuators are designed as shown in Figure 5.
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Figure 11: WearMeSoc - the single chip wireless health monitoring platform.

Figure 5: Analog front-end of the biomedical data

acquistion platform.

Research and advances in digital signal processing
with emphasis on biomedical applications reduces en-
vironmental interferences and improves interpretation
capabilities of recorded raw biomedical data. As can
be seen 1n Figure 6, hardware friendly algorithms can
be derived and implemented supporting the reduction
of environmental interferences. To shorten the time to
market, a real-time development environment (see
Figure 7) 1s built on the basis of a Xilinx Spartan 6
FPGA for the WearMeSoc project which improves the
testability of the developed algorithms and ASICs, and
improves the robustness of the system under real con-
ditions. The digital hardware accelerators can be tested
in combination with the RISC microprocessor which

AMBA BUS to its standard periphery, i.e., SPI, UART, GPIO. A flllly i tegrate d SAR A nm CMOS em builds the controlhng unit of the platform.
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Figure 8: Schematic of the 13 bit sub-radix-2 SAR ADC with merged capacitor F S
switching scheme.
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Figure 10: Measured output spectrum before (blue) and after
(black) calibration at 10 kS/s with a 1.1 kHz input.
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lable 1: ADC performance summary.
implemented in a 130 nm CMOS
technology.

Figure 7: Real-time development environment.




