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Executive Summary

D1.2 is a deliverable from WP1 which is the workpackage that focuses on the selection and
description of the platform applications which will be enabled by the WiserBAN BAN radio modules,
on the derivation of the associated platform requirements, and on the definition of the radio system
architecture.

In particular, D1.2 concerns Task 1.2 Platform architectures: the main objective of this task is to
specify the requirements for the WiserBAN platform, based on the use cases derived in Task 1.1. In
addition, other important requirements which are not directly related to the analysed applications may
be considered here in order to maintain the generic character of the platform.

This formal deliverable “D1.2 Final platform specification and architecture” is the result of the
evolution of the internal deliverable “IR1.2 Target radio platform and specification” that has evolved
along the specification process up to be able to be delivered externally:

- The platform specification is derived from the use cases requirements and parameters that have been
described in deliverable “D1.1 Report about WiserBAN platform applications”. Details comments are
associated to each particular demand in Annex 11. User point of view is described in the “/R1.1 (M4)
Target platform specification and architecture” document and a more detailed designer point of view
is described in this document.

- This document can be seen as a top-level PLATFORM specification. Detailed specifications for
different sub-parts are associated to different specific documents to allow a distribution of
specification work and update of those documents during the design.

This project is funded by the European Commission under the 7\" Research Framework Programme. 8
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1 Introduction

This formal deliverable “D1.2 Final platform specification and architecture” is the result of the
evolution of the internal deliverable “IR1.2 Target radio platform and specification” that has evolved
along the specification process up to be able to be delivered externally. As master specification of the
platform, this document may still evolve to precise some points that have been considered unclear or
to add some discovered points during the rest of the project.

The platform specification is derived from the use cases requirements and parameters that have
been described in deliverable “D1.1 Report about WiserBAN platform applications”. Details
comments are associated to each particular demand in Annex 11. User point of view is described in
the “IR1.1 (M4) Target platform specification and architecture” document and a more detailed
designer point of view is described in this document.

This document can be seen as a top-level PLATFORM specification. Detailed specifications for
different sub-parts are associated to different specific documents to allow a distribution of
specification work and update of those documents during the design. This document is a readable,
standalone and synthetic concatenation of the following sub-documents used the design teams on
an internal basis:

e |R1.3 Target radio System-on-Chip architecture and specifications (CSEM), evolving to the
D1.3 Final radio system architecture and specification.

e |IM2.1 Target RF specifications (CSEM).
e IM2.2 RF_IF_MEMS Target Specs (CSEM).
e |IM2.3 LF MEMS and Oscillator target specs (CSEM).

e |R3.2 Intermediate report on smart antenna-to-radio interface for the active tunable antenna
(VTT).

e |R3.2 Intermediate report on smart antenna-to-radio interface for the active tunable antenna
(VTT).

e |R4.1 Reconfigurable baseband and protocol draft architecture description (CEA).
e |IR5.1 3D SiP platform architecture proposal (TUB).
e D6.1 Implementation of wearable and implantable BAN demonstrators (DE-SAT & SORIN)

Note that in case of inconsistency between those documents and this top-level specification, the
correct values are the ones presented in the sub-part specification document listed above.

This project is funded by the European Commission under the 7\" Research Framework Programme. 9
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2 Platform hardware architecture

2.1 From scenarios to demonstrators

For sake of clarification, the following terminology is used when discussing about the demonstrators:

e Scenarios (or use-cases), established in WP1: Deliverable “D1.1 Report about WiserBAN
platform applications” sketched several scenarios, among which four principal scenarios related
to the four industrial end-users: Audio case (SAT), Insulin pump case (DEBIOTECH), Cardiac
implant case (SORIN), cochlear implant (MEDEL).

e Demonstrator Platforms, to be realized in WP6: According to the DoW, there are two
demonstrator platforms, namely the “Wearable BAN demonstrator” and the “Implanted BAN
demonstrator”. The former concentrates inputs related to the SAT and the DEBIOTECH
scenarios, the later towards the SORIN and the MEDEL scenario. The Demonstrator Platforms
collects the technology bricks from WP2 to WP5 and assembles them into prototypes for
validating and demonstrating the WiserBAN concepts.

At this stage, the precise architectural break-down of the demonstrator platforms needs yet to be
defined, under the lead of the industrial end-user partners. For the sake of channelizing the
discussions, the following table shows the relation between the two Demonstrator Platforms and the
four principal end-user-driven Scenarios (or use-cases).

The color codes are the following:
Blue is for the Wearable Demonstrator platform:

e Dark blue for the principal items of the demonstrator: this targets a full demonstration based on
the complete set of building bricks from WiserBAN (SoC/SiP, antenna, protocol) jointly with other
end-user components (housing, other chips, power-management, applicative software, etc).

e Light blue for secondary items of the demonstrator: this concerns only a “limited” validation with
only selected building bricks:

Purple is for the Implanted Demonstrator platform:

o Dark purple for the principal items of the demonstrator: this targets a full demonstration based
on the complete set of building bricks from WiserBAN (SoC/SiP, antenna, protocol) jointly with
other end-user components (housing, other chips, power-management, applicative software,
etc).

e Light purple for secondary items of the demonstrator: this concerns only a “limited” validation
with only selected building bricks.

This project is funded by the European Commission under the 7"" Research Framework Programme. 10
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Demo. S . Platform
cenario
Platform BAN node type . Available Used
(use-case) SiP Antenna . @ .
Supplies interface
Behind-The-Ear
. 3D VTT active . . 12S, GPIO
Audio Case Hearing Instrument Zinc-air +
In-The-Ear Hearing i Voltage step-up
(SAT) Inst t(;) 3D CEA Active
nstrumen
Wearable Remote Control ™ MicroSD card, see line at bottom of table
BAN demo
Insulin P Zinc-air +
nsulin Fump Insulin Pump(‘” 2D Debiotech UART, GPIO
Case 2.3V
(DEBIOTECH)
Remote Control ™ MicroSD card, see line at bottom of table
Cardi Lithium +
ardiac Cardiac Pump 2D Sorin SPI
Implant Case Voltage step-down
(SORIN)
Implanted Remote Control ™ MicroSD card, see line at bottom of table
BAN demo
Cochl Li-ion +
ochiear Cochlear Implant® | 2D | CSEM 12, SPI
Implant Case Voltage step-down
(MEDEL)
Remote Control ™ MicroSD card, see line at bottom of table
Both demo MicroSD card Remote control for 20 CEA LETI passive 2.0-3.6V + on-SiP sp|
platforms several Scenarios ! P LDO
Table 1: Demo. platforms vs SiP type, antenna, supply and 10s. C.f. text above for color code.
Notes:

1. The remote control node is the same for all scenarios and demonstrators

2. The SiP necessitates a 1.2V+10% supply for its core and a max. 3.6V supply for its digital I0s. The

voltage of this 10s voltage supply depends on the voltage supply of the circuitry connected to
these digital 10s (e.g. 1.8 is the M95MO01 EEPROM min. voltage supply).

3. The In-The-Ear platform case is redundant with the Behind-The-Ear demonstration platform for
its functionality: its study is then limited to its dedicated antenna and propagation environment.

4. The budget link associated to the Insulin Pump is less constrained than the others. The product,

with especially an embedded antenna, already exists: its study is then more theoretical and
concentrated on the improvement in term of functionality and current consumption.

The Cochlear Implant platform case is redundant with the Behind-The-Ear demonstration platform

for its functionality aspects: its study is then limited to its dedicated antenna and propagation
environment.

This project is funded by the European Commission under the 7"" Research Framework Programme.
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2.2 3D SiP

The 3D SiP try to reduce as much as possible the overall volume of the SiP.

IF1 Piezo. Filter
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Fir %3335 8
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i Dgits BassBiand
SPI1_MISO O
‘ = SPI1_MOSI 0
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69

: ( s
96kbyte RAM
AN
(Program & Data) - ar
Jan]

1zmm
i e
"

™% Frequency generation Nyf GPO

2048GHz i

oz —— l(fyg'g;(h bl JTAG_TCK O
instru N JTAG_TDI O
BAW_OSCM dala/B-16-320 - JTAG_TDO o}
SIRESP e 3
X JTAG_TRST O

LF siRes T ( A $

osc.

SIRESM i - t t t

RQ
Cantrober
I e e
32hHz
Clock source Digital system GND j ;O

Figure 1: 3D SiP Schematic

3.0x3.0x 1.0 mm?
Antenna (approximation tbc)

L J v L J (2+4) x copper layers

2x 50um FR4 bottom

@100um via

“ @150um via pad
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w v w

Device PCB

Figure 2: 3D SiP layers stacking principle
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2.3 2D SiP
The 2D SiP try to reduce as much as possible the thickness of the SiP.

IF1 Piezo. Filter

WiserBAN SoC

D1.2v3

500
R:ﬁ:rw % VDDIO ro)
VODD ’e)
VDDA O
B NRESET O
RF front-en Analog Rx IF . .
il Digital BaseBand
SPI1_MISO O
‘ ‘ o SPI1_MOS! 0
Boot SPI1_NSS O
Analog Control Loader SPI1_SCK O
Registers (32kB ROM)

9Bkbyte RAM

(Program & Data) o

Wﬁ%ﬁﬁ

o
SPILNSSIN/ GPIO1(3) /GPIO1(3) 1GPION3 ——O
e GPIOY(2) /GPIO1(2) /1281_SCK/GPION2) ——O
Frequency generation GPI0
ik | GPIOI(1) /UART1_RX/1281_WS /GPIO1(1) ———O
E'“W_USCF' GPIOND) /UARTI_TX/I1281_SD /GPIO1D) ——O
2048GHz T . —

vyl s |cyﬂgg(b Jan] JTAG_TCK O
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Figure 3: 2D SiP Schematic
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Figure 4: 2D SiP layers stacking principle
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2.4 microSD SiP
The microSD SiP embed a complete RF modem including the antennain a microSD card.

Embedded Antenna IF1 Piezo. Filter microSD card standard interface

io 000 ?
ANTENNA BIAS IFOUTP IFOUTM IFINM
it g Y Kg P
WiserBAN SoC Ferites H [] H [] Ferrite
500
e f“"“ VDDIO o
ilter VDDD o
VDDA O
Mo
B NRESET O
Analog Rx IF LT L1 L 264 TUF
ouTE BJ IN —4
LDO
A ALY LT3008 —
2025 FE— T SENSE [ T
2
GND  ZHATUF
M l
i Oiital Baseban T
—Bd spi1_miso O
Tx 54 RF synthesizer 3 sPi1_mosi O
= 14 sPi1_NSS o
Loader [T SPI1_SCK O
(32kB ROM)
Rx T4 RF synthesizer s GND
b2
L sopq 5951 —
EEPROM
L 5 M25P10A gSCK —
ncs B4
kbyte RAM
{P?:gr;r: & Data) AN &
N UART cjr,f
e
i SPILNSSIN/ GPIO1(3) 1 GRION(3) / GPIO1(3) O
M ency generation oo [TEAGPION2) IGPIOT2) /1251_SCK/GPIO12) o}
D GPIO1(1) 1 UARTI_RX / 1281_WS / GPIOT(1) O
BAW_OSCP o Bd GPIO10) /UART1_TX/1251_SD / GPIO1(0) 0
2048GHz T RF BAW! i
vy — 'Cyﬂﬁg" L] 1 TAG_TCK O
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BAW_OSCM ™1 TAG .
- CTHARRED Conratr (B JTAG_TDO o]
SIRESP B2 JTAG_TMS O
52 54 uTAG_TRST O
LF SiRes L__] ‘ i Jan,
b
SIRESM
32kHz
Clack source Digital system

GND j”

Figure 5: microSD SiP schematic
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Figure 6: microSD SiP layers stacking principle

This project is funded by the European Commission under the 7" Research Framework Programme. 14
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The microSD card SiP supports the common SiP interface (described in section2.5) on one side for
test and programming purpose together with a SPI interface to the SOC, mechanically and electrically
compatible with standard microSD card SPI interface. Once programmed, the common SiP interface
can be masked with a sticker for insulation.

MR

Figure 7: microSD card mechanical description

The microSD card SiP embeds an antenna in the 11x7mm extension from the standard mechanical
format (c.f. section 2.7.4 and annex 10). The host microSD cardholder necessitates then an opening
in order to place this antenna extension out of the host case (e.g. smartphone).

This project is funded by the European Commission under the 7"" Research Framework Programme. 15
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2.5 SiP 10s

2.5.1 Common interface

WiserBAN (257454) D1.2v3

The electrical interfaces are described in the table below:

Name 1/0 Description

VDDA supply | Core analog positive voltage supply (1.2v+10%) !
vDDD supply | Core digital positive voltage supply (1.2V+10%)
VDDIO supply | Digital interface positive voltage supply (<3.6V)
GND supply | Ground of the platform and negative voltage supply
RADIO analog | Antenna port for 2D SiP, unused for other SiP
NRESET in Platform reset, active low, pull-down by default
JTAG_TCK in JTAG Test ClocK

JTAG_TDI in JTAG Test Data Input

JTAG_TDO out JTAG Test Data Output

JTAG_TMS in JTAG test Mode Select

JTAG_TRST in JTAG Test ReSeT, actif low

SPI1_NSS in SPI Not Slave Select of external used by bootloader
SPI1_SCK in-out | SPI Serial Clock

SPI1_MOSI in-out | SPI Master-Out Slave-In

SPI1_MISO in-out | SPI Master-In Slave-out

GPIO1(3)

GPI101(2) . General Purpose Input-Output, with multiplexed
GPI101(1) n-out functionalities as described in the table below
GPI01(0)

Table 1: List of supply and ports of the SiP.

1. Present on microSD card SiP interface but an implemented voltage regulator elaborates the

VDDA and VDDD from VDDIO inside of microSD card SiP (become then output instead of input).

Different serial communication interfaces are multiplexed on the GPIO as describe in the table

below:
10 SPI (11) UART (10) \ 125 (01) \ GPI10%(00)
GPI101(3) SPI1_NSSIN® GP101(3)
GPI101(2) GPI101(2) 12S1_SCK GPIO1(2)
GPI101(1) GPI101(1) UART1_RX 12S1_WS GPIO1(1)
GP101(0) GP101(0) UART1_TX 12S1_SD GP101(0)

1. The SPI1_NSSIN is used for SPI interface when SoC in slave mode.

Table 2: description of multiplexed serial interface on GPIOs.

2. GPIO is the «by default» functionality of the pad, each pad can be configured independently.

This project is funded by the European Commission under the 7"" Research Framework Programme.
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To facilitate the test of different SiP and use a common programming tool, they are all sharing a
common interface with same “bottom” PCB footprint that is described below:

JTAG_TRST JTAG_TDI ANTENNA

IFOUTM JTAG_TMS | JTAG_TDO JTAG_TCK

IFOUTP VDDIO

NRESET VDDA VDDD SPI1_MISO

GPI01(0) GPIO1(2) | SPIL_NSS | SPI1_SCK

GPI101(1) GPI101(3) SPI1_MOSI

ANTENNA JTAG_TDI JTAG_TRST

VDDA JTAG_TCK JTAG_TDO | JTAG_TMS IFOUTM

VDDA IFOUTP

SPI1_MISO VvDDD NRESET

SPI1_SCK SPI1_NSS GPI101(2) GPI101(0)

SPI1_MOSI GPI01(3) GPI01(1)

Table 3: SiP common interface pinning.

This project is funded by the European Commission under the 7" Research Framework Programme. 17
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2.5.2 microSD SiP specific interface
An additional interface part described below is added only on microSD card (in operation, a sticker to
insulate the common interface may be needed):

@ o
Sl|=|]S S 2=
=l=3] el 2=
S|1Q|]| = =z |2
o o o o o [
Gl|la||&||=]|& G||lo

]

Figure 8: microSD card SPI mode compatible interface (NSS on GPIO&(3)).
2.5.3 RF interfaces and 3D SiP specific antenna interface

2.5.3.1 For the 2D SiP
The RF interface is implemented as RADIO footprint pad on the “bottom” common interface
described in preceding section 2.5.1. This is a 50Q connection to an out-of-SiP antenna.

2.5.3.2 For the 3DSiP

There are two possible active antennas described in section 2.7.2 and 2.7.3 that are mounted on
“top” of SiP, i.e. at opposite side of “bottom” common interface described in preceding section 2.5.1.
Because the two considered antennas are using different tuning scheme, they are connected to two
different nodes of the SoC, the unused connection needing to remain unconnected on antenna side.
A common physical bottom SiP interface is described below inFigure 9 below:

Ground vias
iated to soleri ds 3mm
associated to solering pads < >
ANTENNA port @ 0.2mm via . % o J

N 1.5mm

RADIO port @ 0.2mmvia __—

‘ O 2

¢ 14mm
0.3 > o«
mm | < > 0.8mm

1.5mm

Figure 9: top 3D SiP interface to active antennas.

Note that attention has been paid to not miniaturize too much the RF interface in order to facilitate
the testing (of SiP as well as antennas), for example with RF connector described in annexes 11.
This project is funded by the European Commission under the 7"" Research Framework Programme. 18
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5mm -

@ 0.6mm ‘r
B ' 5mm
@ 1.4mm Y

8mm

@ 1.4mm /

Figure 10: example of antenna superposition with antenna bottom footprint.

2.5.3.3 For the microSD SiP

The RADIO pad of the “bottom” common interface described in preceding section 2.5.1 remained
unconnected because the antenna is embedded into the SiP as described in the section 2.7.4. There
is then no RF signal at SiP interface.

This project is funded by the European Commission under the 7" Research Framework Programme. 19
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2.6 Generic design specifications

2.6.1 Temperature

Because the targeted applications are Body-Area-Network, the temperature range should be limited
to commercial grade, i.e. 0°C to 60°C range. But we also want to enlarge the possible application of
the platform to Wireless-Sensor-Network type of applications. For this reason and even if exceptions
are always possible to not overstress the design, we are targeting the industrial grade, i.e. the -40°C
to 85°C range.

2.6.2 Voltage supplies

The 65nm CMOS core voltage is fixed to 1.2V+10%, i.e. in the 1.08V to 1.32V range. This voltage

range is well aligned with the voltage provided by Zinc-air type of battery. When possible (to not
overstress the design), it is interesting to note min. 0.9V compliance for possible enlargement to
alkaline cell type of supply. This voltage can be further referred as “low-voltage” or “SoC core”

supply.

On one hand, the 65nm CMOS thick gate transistors for digital IOs can handle up to 3.3V+10%. On
the other hand, for large choice of EEPROM (or sensor, controller, etc), it is interesting to maintain
the 10s voltage above 2.7V (even if the chosen one for the microSD card is 1.8V compatible). The
voltage range, also well aligned with primary lithium cell (i.e. Li-SOCI2 or Li-MnQ2) is then 2.7V to
3.6V. This voltage can be further referred as “high-voltage” or “SoC 10s” supply.

2.6.3 Leakages

Because of important leakage variations with respect to temperature and technological cases, we
only consider typical cases at 25°C for leakages calculations.

For long-autonomy scenarios (e.g. cardiac implant), the current consumption in standby may
outbalance the active current consumption because of very low activity duty cycling to achieve multi-
years of autonomy. For such applications a standby current in the order of 1A is typically needed.
The 65nm CMOS technology has been chosen for best active current performances and
miniaturization but it can, certainly in this first integration, induce higher leakage current because of
non-optimized digital library and memory. A special mode with a complete platform supply
disconnection controlled by an external controller would be needed to reduce the leakage current.

However, to anticipate the use of low-leakages libraries and SRAM, it is important to maintain the
leakages of the designed analog blocs at a low level.

This project is funded by the European Commission under the 7"" Research Framework Programme. 20
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2.7 Antennas

2.7.1 Overview

Several antennas are considered depending on the physical dimensions of the demonstrator.

All considered antennas are small and then induce close to isotropic radiation pattern, not
considering their environment.

For the tiniest antenna cases, because of the associated low bandwidth, impedance-tuning schemes
have to be considered in order to re-align the optimum frequency and, in general, optimize the
antenna efficiency.

The precise specifications of the different antennas are described in the “IR3.2 Intermediate report
on smart antenna-to-radio interface for the active tunable antenna” document from which the
formal deliverables of the project Documents D3.2 and D3.3 will be derived.

This project is funded by the European Commission under the 7" Research Framework Programme. 21
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2.7.2 Active L-antenna to be mounted on 3D SiP

The active tuning scheme is implemented in the SoC, placed between the RF front-end SAW filter and
the antenna. It involves digitally tunable serial capacitor and a sensing mechanism controlled via a
SPI-like interface by the on-chip controller (i.e. software algorithm).

antenna

quartz
L1 i 0.68
flip- o
chip?
Requires opening or ) ) r thl'Ol:Lgh 1 mm
removal of PCB SiP radio vias?
underneath the radiator | Module -
i.e. hearing aid PCB
(FR-4)
A
_ 8 mm -
AN
<«— L-element
antenna port (Pa) .
/ inductor
4 mm -
ground plane
v X

| S——

Figure 11: Active L-antenna

Typical specification are at 25°C, voltage supply=1.2V, unless otherwise noted.

Parameter Test conditions, comments | Min. Typ. Max | Unit
Antenna Frequency 2400 2484 | MHz
Antenna Bandwidth 50Q matched, -10dB |s11| 10 MHz
Antenna Gain 50Q matched, including losses | -12 -10 -8 dBi

Antenna size 8.0x4.0 mm?®
Antenna height 0.7 mm

Table 4: Active L-antenna specifications

This project is funded by the European Commission under the 7" Research Framework Programme. 22
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DSP (lcyFlex) TUNER

SENSE-BLOCK
Figure 12: Antenna tunable matching network and impedance sensing

Typical specification are at 25°C, voltage supply=1.2V, unless otherwise noted.

Parameter Test conditions, comments | Min. Typ. Max | Unit
Voltage supply 1.08 1.2 132 |V
Fixed capacitance . 0.41 pF
- Shunt capacitor (Csy)
Tuning step 0.10 pF
Max. capacitance 5.60 pF
Fixed capacitance 1.05 pF
Tuning step Serial capacitor (Csg) 0.21 pF
Max. capacitance 4.20 pF
Capacitor Q value 270
RF switch Ron 1 Q
Sensing active current 1 mA
Sensing Ieakages(z) Including tuned capacitors 1 nA

Table 5: Active L-antenna specifications

Note that the active tuning scheme is described in the “IR3.2 Intermediate report on smart antenna-
to-radio interface for the active tunable antenna” Document.
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2.7.3 Agile slotted-dipole antenna to be mounted on 3D SiP

This antenna is the tinier antenna.

The agility scheme involves a discrete varactor, such as the one described in the annex 8,
implemented directly on the antenna and an associated DC biasing voltage introduced via the

antenna feed interface.

bent slot

Ground plane (copper)

Feeding probe (copper)

Top hat

2mm (A\/62,5)

tunable capacitor

- 5mm (A/25)

7/ 5mm (A/25)

Figure 13: Agile slotted-dipole antenna

Typical specification are at 25°C, voltage supply=1.2V, unless otherwise noted.

Shorting post (copper)

Dielectric Substrate (RO 4003)

Parameter Test conditions, comments | Min. Typ. Max | Unit

Antenna Frequency“) 2400 2484 | MHz

Antenna Bandwidth 50Q matched, -10dB |s11| 10 MHz
Without considering ground
plane extension in antenna 1

Total efficiency integration and the human %
body effect
500 matched, included losses

Antenna Gain and without considering -17.7 dBi
human body effects

Tuning active current | 1pA DC leakages at RF port 10 MA
Estimation from simulation

Voltage control results and varactor datasheet 1 ) v
(by step of 0.02V)

Antenna size 5.0x5.0 mm?

Antenna height 2 mm

Table 6: Agile slotted-dipole antenna specifications

This project is funded by the European Commission under the 7"" Research Framework Programme.
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2.7.4 Passive microSDantenna

The preliminary design of the passive antenna is a folded T-shaped monopole antenna as shown in
the figure 4. It is designed to be integrated on 11 x 7 x 1 mm?® micro SD extension.

Alumina €=9.4

Antenna dedicated area

Micro SD card

Figure 14: Preliminary design of the passive antenna

Parameter Test conditions, comments | Min. Typ. Max | Unit
Antenna Frequency(l) 2400 2484 | MHz
Antenna Bandwidth 50 Q matched, -10dB |s11]| 35 MHz
50 Q matched, including losses
Antenna Gain For L=15mm (micro SD card 0 dBi
length)
For L=3mm -4
For L=15mm 63
Total efficiency %
For L=3mm 25
Antenna size 11.0x7.0 mm?
Antenna height 1 mm

Table 7: Passive antenna specifications

The results presented in this table do not consider the Micro-SD antenna insertion into the remote
control

This project is funded by the European Commission under the 7"" Research Framework Programme. 25
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2.7.5 Passive antenna for cochlear implant

This antenna is large but need to be extremely flat because implanted between the skull and the
skin. The very special environment needs to be taken into account in order to maximize the RF power

radiated to the outside of the body.

D1.2v3

Figure 15: Passive cochlear implant antenna

Parameter Test conditions, comments | Min. Typ. Max | Unit
Antenna Frequency 2400 2484 | MHz
Antenna Bandwidth 50 Q matched, -10dB |s11]| 210 MHz
Antenna Gain 50 Q matched, including losses -0.1 dBi

Antenna size 28x 28 mm?
Antenna height 3.8 mm

Because the antenna alone impedance is quite low, a matching network is necessary between the
SoC with a 50Q interface and the antenna. To obtain a wide enough bandwidth, a T] network is

Table 8: Passive cochlear implant antenna specifications

proposed as described in the Figure 16 below:

50 Ohm input

O—

Loop Antenna

Figure 16: Proposed J] impedance matching network

This project is funded by the European Commission under the 7"" Research Framework Programme.
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2.7.6 Antenna for cardiac implant

This antenna is the bigger antenna but need to be installed outside the cardiac implant titanium
package, inside the connector’s head. The very special environment with metal parts needs to be
taken into account in order to maximize the RF power radiated to the outside of the body. Because
of compatibility with MICS standard (402-405 MHz) this antenna is dual band. However, in WiserBAN,
only the 2.4-2.5 GHz band will be used and is specified here.

This antenna is not developed in WiserBAN project: existing design isreused. Antenna characteristics
are given below for information.

Figure 17: Cardiac implant passive antenna

Picture shows loop antenna (top left), loop antenna in plastic molding (top right) and complete
assembly including cardiac probes metal inserts (bottom).

Parameter Test conditions, comments | Min. Typ. Max | Unit
Antenna Frequency 2400 2500 | MHz
Antenna Bandwidth 50 Q matched, -10dB |s11]| 40 MHz
Antenna Gain 50 Q matched, including losses | -6.6 +2.7 | dBi

Antenna size 10x 4 mm?
Antenna height <1 mm

Table 9: Cardiac implant passive antenna specifications
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2.8 Piezoelectric components

2.8.1 Overview

The precise specifications of the different piezoelectric components are described in the “IM2.2
Internal Milestone: RF, IF MEMS Target specifications” and “IM2.3 Internal Milestone: LF MEMS
and oscillator target specifications” documents from which the D2.2 and D2.3 prototypes as
deliverables of the project will be derived.

2.8.2 RF front-end filter

The front-end filter is a SAW filter realizing a filtering between the antenna and the transceiver. In
transmission, this filter reduces the output level of harmonics at multiples of the RF frequency. In
reception, more importantly, it reduces the level of out-of-band interferer reducing the probability of
jamming and then improving the quality of service. This filtering is especially important because the
low current consumption is obtained with linearity tradeoff in the receiver chain that may make the
receiver more sensitive to strong interferers.

e) IF1 Piezo. Filter
T
M
M P
MATCH ANTENNA BIAS IFOUTP IFOUTM IFINP| |IFINM
2@ B4

RADIO
S 4 VGA
P
RF SAW |—~— \; u :E < ADJ
Filter R—
LNA > ( ; o ><
I~ IF1 close to 2GHz.

A 4 < VGA
RF_IOEg u ¢ ASC

Fs (146 3MHz) Fs/4 (36 6MHz|
Sequencer
RF front-end Analog Rx IF 2:Fs (202.6MHz)

| 387-504MHz

A
_ Sas WiserBAN SoC

2.4-2.5GHz

Figure 18: transceiver signal paths

Two different filters are required to cover the full range of applications. One standard filter will cover
the 2.4 to 2.4835 GHz ISM band while the other one will cover the 2.483 to 2.5 GHz

This project is funded by the European Commission under the 7"" Research Framework Programme. 28
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2.8.2.1 2.4 —2.4835 GHz RF Front end filter

This filter (EPCOS reference E369A) is intended to reject the out of band strong interferers especially
from the 1.8 GHz and 2.5 GHz bands.

Specifications E369A
Parameter Min. Typ. Max. Unit
Operating temperature range 0 - 60 °C
Center Frequency - 2441.75 - MHz
Passband Width 83.5 - - MHz
Max Insertion Loss over 83.5 MHz band @ Fc - 2.2 2.8 dB
Relative attenuation
880- 960 MHz 40 43.5 - dB
960 - 1800 MHz 34 42 - dB
2110- 2170 MHz 40 47 - dB
2700 - 2800 MHz 35 39 - dB
3600 - 5000 MHz 28 44 - dB
Amplitude Ripple over 83.5 MHz band @ Fc - 1.0 2.0 dB
Input V.S.W.R. over Passband - 1.5 2.0
Output V.S.W.R. over Passband - 1.5 2.0
Source Impedance (single - no external matching) - 50 - Q
Load Impedance (single - no external matching) - 50 - Q
Package size DSSP 0.95 x 0.6 mm (CBTO6A)
Package height 0.2 mm + 0.085 mm (bumps)
Pinout configuration : 2x0315 - 0.63 Géfnoplﬁ
Input : 1 S -
Output : 4 “\%%Q -5
SEeEC,
To be grounded : 2,3,5,6 N Y
. | ‘I = o
0.95
6 ‘5 4
!
t
|

Table 10: 2.4-2.4835GHz RF Saw Filter specification
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Figure 19: 2.4-2.4835GHz RF Saw Filter measurement results at 25°C

Note that the 2.4835-2.5GHz band is not covered even if the associated losses should be limited and
should make the wiserband system functional over the 2.4835-2.5GHz band.
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2.8.2.2 2.4835-2. 5GHz RF front-end filter

The 2.4835-2.5GHz is an alternate frequency band of operation, not considered in the project
proposal. The first usage of this band is the downlink of the Globalstar satellite modile phone service.
A secondary usage, presently in discussion, may be Low Power Active Medical Implant operation.

If this dedicated band is targeted, a dedicated optimized filter should be designed, i.e. rejecting as
much as possible the interferers in the crowded ISM 2.4-2.4835GHz band. Such a RF front-end filter
could be defined as below:

This filter is intended to reject the out of band strong interferers especially from the 1.8 GHz, 2.4 GHz
and 2.5 GHz bands.

Specifications proposal

Parameter Min. Typ. Max. Unit
Operating temperature range 0 - 60 °C
Center Frequency - 2491.75 - MHz
Passband Width 16.5 - - MHz
Max Insertion Loss over 16.5 MHz band @ Fc - 2.0 2.8 dB
Relative attenuation

880- 960 MHz 40 - - dB

960 - 2110 MHz 38 - - dB
2110 - 2400 MHz 35 - - dB
2400 - 2440 MHz 27 - - dB
2440 - 2450 MHz 18 - - dB
2535 - 2545 MHz 18 - - dB
2545 - 2560 MHz 25 - - dB
2560 - 3600 MHz 35 - - dB
3600 - 5000 MHz 28 - - dB
Amplitude Ripple over 16.5 MHz band @ Fc - - 1.0 dB
Input V.S.W.R. over Passband - - 2.2
Output V.S.W.R. over Passband - - 2.2
Source Impedance (single - no external matching) - 50 - Q
Load Impedance (single - no external matching) - 50 - Q
Package size DSSP 0.95x 0.6 mm (CBTO6A)
Package height 0.2 mm + 0.085 mm (bumps)

Table 11: 2.4835-2.5GHz RF Saw Filter specification

The pinout configuration and mechanical are the same as for E369A (c.f. preceding section 2.8.2.1).
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Figure 20: 2.4835-2.5GHz RF Saw Filter specification and simulated behavior
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2.8.3 IF1 filter

WiserBAN (257454)

D1.2v3

Two IF1 filters are considered at the beginning of the project. One can consider the BAW filter as a
better choice for the current consumption. But this is a risky solution because involving a less mature
technology than SAW filter that can be considered as a fold-back solution. The two solutions could be
reduced to one choice for the realization of the demonstrators, once the IF1-Filters are evaluated
after the first test-chip silicon characterization.

o IF1 Piezo. Filter
] ~
MATC ANTENNA BIAS IFOUTP IFOUTM IFINP IFINM
—X X
a oins WiserBAN SoC
RADIO Sense
50Q AIST
S 4 VGA
RF SAW | —— \; u :E < ADC }‘_
Filter | —+— _{ LNA > (\2) 3o ><
| IF1 close to 2GHz 7 4 VGA
RF_loDg u \Z < ADC
4 Fs (146 3MHz) Sequencer Fs/4 (36.6MHz)
RF front-end Analog Rx IF 2-Fs (292.6MHz)
Figure 21: transceiver signal paths
2.8.3.1 BAW IF1 filter
This is a 2 GHz narrow-band filter designed together with a dedicated on-chip interface implemented
in the SoC.
Parameter Test conditions, comments Min. Typ. Max | Unit
BAW I[F filter size
Width 1.03 109 1.15 | mm
Length 1.14 120 126 | mm
Height +85um bump height 250 pm
BandWidth Measured at 3 dB 10 MHz
Impedance 1.5 kQ

Table 12: BAW IF1 filter specifications

The IF1 filter is an out-of-chip piezoelectric passive filter with a narrow bandwidth intended to filter
out in-band interferers, especially at multiples of the sub-sampling frequency. An important
characteristic of this filter is to present a high impedance above which allow slow drive current.

This project is funded by the European Commission under the 7"" Research Framework Programme.
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2.8.3.2 SAW IF1 filter

The IF1 filter (EPCOS reference E370A) is an out-of-chip piezoelectric passive filter with a narrow
bandwidth intended to filter out in-band interferers, especially at multiples of the sub-sampling
frequency.

Specification E370A
Parameter Min. Typ. Max. Unit
Operating temperature range 0 - 60 °C
Center Frequency - 2002.29 - MHz
Passband Width 5.0 - - MHz
Max Insertion Loss over 5MHz band @ Fc - 1.8 3.0 dB
Relative attenuation
0.1-1942.5 MHz 23 a4 - dB
1942.4 - 1952.4 MHz 30 40 - dB
1952.4 - 1966.0 MHz 23 29 - dB
2038.0 - 2088.7 MHz 23 27.5 - dB
2088.7 - 2098.7 MHz a4 50 - dB
2098.5 - 5000.0 MHz 23 43 - dB
Amplitude Ripple over 5MHz band @ Fc - 0.1 0.5 dB
Phase Variation over 5MHz band @ Fc - 1.5 10 deg
Group Delay Variation over 5MHz band @ Fc - 5.6 20 ns
Input V.S.W.R. over 5MHz band @ Fc - 1.15 14
Output V.S.W.R. over 5MHz band @ Fc - 1.25 1.5
Source Impedance (differential) 200 Q
Load Impedance (differential) 200 Q
Package size DSSP 0.9 x 0.65 mm
Package height 0.2 mm +0.085 mm (bumps)
Pinout configuration : 1 "'3’2‘0'22:"‘“4 s
. 1)
Input: 1,8 Q@@ @ @’ 5
Output: 4,5 Q Q Q Q b
To be grounded : 2,3,6,7 6 5

0.07
02

—l. 013

side veiw

lﬁ‘_'_'_.

0.9

0.085+0.015

Table 13: SAW IF1 filter specifications
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Table 14: SAW IF1 filter specificationsand measurement results at 25°C
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2.8.4 BAW resonator

This BAW resonator (EPCOS reference E349C) is used, in conjunction with a dedicated on-chip
oscillator, to provide a high frequency low-phase-noise reference to the transceiver. The associated
relative low-current consumption and unique fast settling time is a key characteristic for the
transceiver architecture and the associated low-current consumption.

Two mechanical versions are considered: the first one corresponds to its implementation in a
standard (SAW filter) package whereas the second one is a Chip-Scale-packaging, optimized in size.

Parameter Test conditions, comments Min Typ Max Unit

(F4£,)/2 f;, f, series and parallel 5048 MHz
resonance

Qs 1500

Qp 1500

k* (Cm/Co) 6 %

Co (140Q @ f,) 0.5 pF

Cm 30 fF

Rm 1.1 Q

Ro 0.4 Q

Initial frequency +400 | ppm

Temperature coeff.

o +0.6 | ppm/°C

B -30 | ppb/°C?

ATo=-0/2p +10 | °C

Frequency drift

over -40 to 85°C -150 +3 ppm

over 0 to 50°C -40 +3 ppm

Package size First version 1400 x 1100 pum

Package height 450 pum

Package size second version 800 x 600 pum

Package height 200 + 85 (bump) pm

Table 15: BAW resonator specifications
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Pinout configuration :

Inputs : 3and 4
(any of them can be grounded)

Not connected : 1, 2,5
(any or all of them can be grounded)

D1.2v3
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oo !'_3
3050 4F 2

Figure 22: BAW resonator mechanical description

An important feature of this component necessary to provide a low-noise frequency reference is that

it is potentially tinier than classical AT-cut quartz crystals.
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2.8.5 LF resonator

This low-frequency silicon resonator is used in conjunction with an on-chip oscillator to provide an
ultra-low power and precise frequency reference for long-term time scheduling (Real-Time-Clock).

Parameter Test conditions, comments Min Typ Max Unit
(F,+£,)/2 fs, fo series(zla)nd parallel 05 1 MHz
resonance

FoM Qxk? 30

Co 2 | pF

Initial frequency Not critical ppm

Temperature coeff.

o © -30 ppm/°C

Package size First version 2100 x 1230 pum

Package height 500 pum

Package size second version 660 x 660 pum

Package height 150 + 85 (bump) pm
Table 16: LF Silicon Resonator specifications

Notes:

1. A 32kiHz is flexibly formed from any resonance frequency at the given range.

2. Not critical: correction factors to be used within the oscillator IC will be determined by
calibration measurements.

3. Itis not desirable to have a TCF of smaller magnitude since the LF MEMS resonator has a role of a
temperature sensor as well.

4. Any parasitic resonance should have FoM<2.

Both BAW resonator and LF silicon resonator have too wide production tolerances and temperature
drift. But using the fact that they are uncorrelated, both frequencies can be compensated at system
level using calibrations.

An important characteristic of this component necessary to provide a low frequency reference is that
it is potentially tinier than classical fork quartz crystals (e.g. 32kiHz wristwatch crystal).
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2.9 Radio System-on-Chip

The Radio SoC specification is the objective of deliverable D1.3. For sake of easy reading, a summary
is provided in this section.

2.9.1 Overview

The radio SoC integrates the 2.45GHz radio transceiver and the controller that handles the software
part of the radio communication protocol.

The precise specification is described in the “D1.3 Final radio system architecture and specification”
document.

2.9.2 Transceiver

Typical specification are at 25°C, voltage supply=1.2V, unless otherwise noted.

Parameter Test conditions, comments | Min. Typ. Max | Unit
Voltage supply Core analog and digital 1.08 1.2 132 |V
Temperature Operating -40 25 85 °C
RF frequency ! 2400 2500 | MHz
PeakDatarate ! 2000 | kbit/s
Modulation index ! 2-FSK 0.3 0.5
Channel bandwidth ¥ | -3dB 2 MHz
Sensitivity 1%o BER, for 2Mbit/s MSK -87 dBm
Rejection
Adjacent channel +5MHz for 2Mbit/s MSK 0 dB
Alternate channel ® +10MHz for 2Mbit/s MSK -30 dB
Intermodulation © Adjacent & alternate 0 dB
Transmitted power (©) 2Mbit/s MSK -2 0 dBm
Turnaround time Rx to Tx or opposite 10 Ks
RF&analog current

Receiver Steady state 7.5 mA

Transmitter ® Steady state 7.5 mA
Digital current

Receiver 200 A

Transmitter 100 MA
Startup overhead 7 Rx or Tx 0.25 uC
Leakage 50 nA
SoC dimensions 2.3x2.0x0.25 mm?

Table 17: transceiver specifications
Notes:

1. The RF frequency range is limited by RF the front-end filter and IF1 filter frequencies for
maximum performances (e.g. interferer rejection). Other frequency ranges in the vicinity, such as
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2360MHz to 2400MHz for 802.15.4j or 24835MHz to 2500MHz for 802.15.6 are also possible but
require different piezoelectric components.

2. The peakdatarate can be digitally tuned to integer fractions of the maximum raw datarate in
order to increase the budget link. But note that the sensitivity improvement is not linear because
it is also depending on the channel bandwidth. Note also that the effective datarate is affected
by the protocol overhead (preamble, sync. word, address, CRC, etc).

3. Thanks to the modulation through the RF synthesizer in transmission, the modulation index is
only limited by the digital settings.

4. There is no real interest to lower the channel bandwidth below this minimum because it has to
handle the reference frequencies misalignment. Thanks to X A RF synthesis, the channel center
frequencies can be freely fixed.

5. The rejections are defined as the energy of interferer over the sensitivity plus 3dB at which the
BER is 1%e.. For intermodulation, both adjacent and alternates are at same level and only one of
them is modulated.

6. At 2.4GHz, there is a 40dB free-space path loss associated to the first Im-communication range
with 0dBi antennas. The 1/d” radiated energy density adds 6|20dB free-space propagation losses
every factor of 2|10 in distance.

7. This startup overhead is a very important specification because of the preferred duty cycling
scheme for average current reduction: for intermittent communication, the ultra-low-power
receiver has an average current consumption directly proportional to this value and to the RF
channel sampling frequency. For continuous streaming of information, the average current is
proportional to the average datarate only if this overhead can be neglected versus the
transceiver steady-state current multiplied by the packet duration. The shorter is this packet
duration, the shorter are the latency and the easier is the associated supply noise filtering. Note
that to minimize this overhead, the different sub-blocks are powered on “just in time” depending
on their different startup time inducing a non-constant current profile as described in the Figure
23 below:

Current

Time

Figure 23: standby, radio start-up and active currents
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2.9.3 Controller

The controller is a 32bit RISC general-purpose controller with additional DSP-oriented instruction set
using two MAC engine.

Typical specification are at 25°C, voltage supply=1.2V, unless otherwise noted.

Parameter Test conditions, comments | Min. Typ. Max | Unit
Voltage supply 1.08 1.2 132 |V
10 voltage range " 1.8 3.6 \Y
Temperature Operating -40 25 85 °C
Clock frequency 0.1 32 MHz
Memory Program + Data memory 96 kByte
SoC wakeup time

Power-up 96kB SPI-loading at 5Mbit/s 1 3
From sleep? Using GPIO based IRQ or Timer 10 s
Active current

CPU 50 UA/MHz
Sleep RTC running, 25°C 12 HA
Leakages ™

Digital 2 A

RAM Typical case 25°C 9 HA
RTC current 1 MA

Table 18: transceiver specifications
Notes:

1. Depends in practice of voltage supply of components that are outside of the SoC, e.g. nvRAM
used for the boot (c.f. section 2.10).

2. The sleep state is triggered by a pController instruction. The wake-up is triggered by an event
(typ. a RTC IRQ). During the sleep state, the major part of the digital system is unclocked to
minimize the current consumption. Of course, also to minimize the current consumption, the
BAW oscillator is preferably switched off and then the only available digital clock is coming from
the Silicon resonator oscillator, typically limited to 100kHz. The BAW oscillator starts up very
quickly, i.e. in less than one cycle of the 100kHz clock that limits the frequency switching time: an
instructionwakes up the BAW oscillator and another instruction is necessary to switch the digital
frequency.

3. Without RAM and digital libraries optimized for low leakage.
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2.9.4 Digital peripherals

In addition with the transceiver with its digital baseband several digital peripherals of the controller
have been implemented:

ReQuest Controller manages the interrupt triggered by other peripherals.

GPIOs are general purpose digital Input-Output with push-pull output, selectable pull-up,
input with Schmidt trigger.

SPI with a dedicated NSSOUT pin for selection of nvRAM used by bootloader.
12S multiplexed on GPIO pin as secondary functionality.

UART multiplexed on GPIO pins as third functionality.

JTAG interface for debug and possible interface for external nvRAM.

4x Timers and Watchdog, mainly to generate interrupts.

RTC, mainly for Real Time counting whatever is the state of the system, e.g during sleep
mode.
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2.9.5 Oscillator and clocks

Oscillator and clocks
Two oscillators are integrated:

e Anultra-low-power low-frequency oscillator based on silicon resonator for time precision
(c.f. chapter 2.8.5). An associated 32.768kHz derived clock is used for long-term scheduling
(RTC) and tuning of the BAW resonator.

e Alow-power high-frequency oscillator based on a BAW resonator (c.f. chapter 2.8.4). The
derived clocks are used by the transceiver as low phase noise frequency reference and by the
controller as high-frequency clock source.

Typical specification are at 25°C, voltage supply=1.2V, unless otherwise noted.

Parameter Test conditions, comments | Min. Typ. Max | Unit
Voltage supply 1.08 1.2 132 |V
Temperature Operating -40 25 85 °C
Si resonator osc.
Frequency @ 0.5 1 MHz
Startup time 50 ms
Startup current 0.1 puC
Active current 1 MA
Leakages 0.01 nA
BAW resonator osc.
Frequency @ 2048 MHz
Startup time 20 Ks
Startup current 0.12 puC
Active current 500 MA
Leakages 5 nA
RTC precision 32kiHz, 0°C to +70°C +60 ppm

Table 19: oscillators specifications
Notes:
1. This frequency is divided by fractional ratio to provide a compensated 32.768kHz frequency.

2. This frequency is divided by fixed integer ratio to provide lower clock frequencies (typ. 32MHz) to
the controller.

3. This Real Time Clock frequency is derived by division of Si resonator LF frequency. The division
factor is programmable in order to implement a compensation scheme using both resonator
frequencies and multiple temperature calibrations.

Compared to more classical frequency references based on bulkier quartz crystal, both oscillators are
less accurate. We rely on a calibration scheme using the relative non-correlation of specific drifts to
obtain state of the art frequency precision.
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The BAW frequency reference has less temperature drift than the Silicon resonator frequency
reference that have a monotonic temperature drift. The relative measurement of the low-frequency
reference using the high-frequency reference provides then a temperature measurement that can be
used to compensate both frequency references.

The equations (1) and (2) describes the temperature dependence with polynomial approximation:
Soan)= Faaw@5°C)+ @pyy (6 =25°C)+ By (¢ =25°C) + 7 (¢ =25°C) (1)
Sir = fr(25°C)+ a,y - (1 —25°C)+ B, - (t —25°C) + 7, - (t —25°C)’ (2)
Apaw << Ay (3)

The Figure 24 below compares the BAW and LF frequency deviations with standard quartz crystal
frequency deviations and illustrates a first-order temperature compensation of the BAW frequency:

Oscillator frequency deviation

50 ppm -
R il S S e By (e iy Ry ronE T S SR S I BAW alpha min.
0 ppm — BAW .
~ ~BAW alpha max.
""" LF min
-50 ppm —LF typ
. = = LF max
""" 32kiHz Xtal min.
100 ppm —32kiHz Xtal typ.
i 32kiHz Xtal max.
""" 48MHz Xtal min.
' —48MHz Xtal typ.
-150 ppm

— —43MHz Xtal max.

""" BAW-+asLF"2 alpha min.

[ —BAW+asLF"2 typ.

-200 ppm - ' " —— — 1 — ~BAW+asLF"2 alpha max.
-40.0 °C -15.0°C 10.0°C 35.0°C 60.0 °C 85.0°C

Figure 24: example of oscillator frequency temperature deviations
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2.10 nvRAM

The 65nm that is used for the SoC implementation does not allow the implementation of non-volatile
memory. An off-chip backup memory such as an EEPROM or Flash, with SPI interface for is then

needed. It is used by the ROM-implemented boot program that loads the program after each reset. It
can also be used by the embedded software to store long-term settings such as calibrations, ID’s, etc.

A possible off-the-shelf component is the 1Mbit EEPROM described in the Annex 1. Using this
component fixes the specifications listed in the table below:

Typical specification are at 25°C, voltage supply=2.7V, unless otherwise noted.

Parameter Test conditions, comments | Min. Typ. Max | Unit
Supply voltage 1.8 2.7 5.5 \Y
Temperature -40 85 °C
Supply current
Write 5 mA
Read >MHz 44 | mA
Standby 33 HA
1Mbit read
Time 5MHz 0.2 s
Current 5MHz, integrated 880 uC

Table 20: off-chip non-volatile memory specifications

The typical voltage supply has been chosen at 2.7V for maximum compatibility with large choice of
memories (and possibly micro-controller): lowering this voltage will lower the dynamic current but
also the maximum speed. At first order, the integrated current seems constant.

Note that the emulation of such a SPI memory, for example by a controller external to the WiserBAN
System, allows to possibly suppressing this component from the platform.
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2.11 Power management

2.11.10verview

The WiserBAN project does not cover the integration of complex power management functionalities
such as adiabatic voltage conversions, dynamic voltage scaling, bulk biasing, etc. Moreover, such
power management would need to be generic enough to cover all the demonstration cases.

Nevertheless, a minimum has to be implemented in the platform in order to provide a voltage
supplies compatibles with the SoC specifications. The platform needs two different voltages, one to
supply the SoC core around 1.2V and another over 2.7V to supply the EEPROM and the associated
SoC digital 10s.

Depending on the demonstrators, the primary batteries are either Zinc-air or Lithium types. The
batteries voltages should be compatible with one of the voltage needed for the platform. The other
voltage needs to be elaborated by a buck or boost adiabatic voltage converter for maximum power
efficiency. A buck converter is needed in the case of lithium type of primary battery to provide the
1.2V for the SoC cor. A boost is needed in the case of Zinc-air type of primary battery to provide the
2.7V for the EEPROM and associated SoC digital 10s.

Note also that if the platform environment associated to a given demonstrator can provide both
voltage supplies, the DC-DC converter can be eliminated from the platform.

During MRI examinations, the SOC device will be applied a strong DC magnetic field in addition to an
RF magnetic field. The DC field drives inductors cores into saturation making them ineffective. For
this reason, medical implanted devices must either use inductorless DC-DC converters or provide a
specific MRI operating mode in which no inductors are used during the examination. This
inductorless mode can be implemented by a parallel LDO voltage regulator that may be useful
anyway for reduced current consumption in standby mode. In this mode, the simple linear regulation
instead of adiabatic conversion increase the current consumption reported on the battery.
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2.11.2Battery model

The battery behavior is critical, especially for tiny batteries associated with important serial

D1.2v3

resistance at end of life. A static DC model, with only one equivalent resistance is presumably not

sufficient to properly model the impact of current pulses on the battery. For this reason a dynamic

model, described in the Figure 25 below, is proposed.

Rtranscient

Vsoc Rserie MWV Cathode
) AAAY Ctranscient
8 > n \|
555 |2 3 il
3 & @ 2 /¥
S S =t 2 Vsoc
T 1+
4= Q = 8
g o > Ibattery
4
< © Anode
Figure 25: dynamic model of battery
Typical specification are at 25°C, unless otherwise noted.
Parameter Test conditions, comments Min. Typ. Max | Unit
Low-voltage battery
Voc 1.08 1.25 |V
Capacity 160 mA
Rself—discharge 0.02 MQ
Rserie 05 4 Q
Rtranscient 2 16 Q
Ctranscient 66 461 |J.F
High-voltage battery
Voc 2.90 3.6 v
Capacity 240 mA
Rself—discharge 10 MQ
Rserie 2 16 Q
Rtranscient 8 64 Q
Ctranscien’c 34 240 |J.F

Table 21: Batteries example of specification (to be confirmed, likely by measurement)

Extended model explanation can be founded in Annex 9.
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2.11.31.08V to 1.32V primary voltage supply case

This case allows a direct connection of the battery to the core voltage of the SoC.
The I0s (and EEPROM) supply needs to be elaborated by DC-DC voltage up-conversion.

Possible off-the-shelf components are the tiny inductive boost converters described in the Annexes 2
and 3. The feedback resistive network fixes the output voltage that can be chosen to the minimum
supply voltage of the EEPROM (e.g. 2.7V). This boost converter can shutdown by the SoC’s controller
for minimum current consumption in standby mode.

The ripple produced by such a DC-DC voltage converter should not be a problem for the supplied
digital functionalities.

The associated passive component, i.e. inductor and capacitors need to be carefully chosen
according to a volume-performance tradeoff.

The platform can also benefit from an already “high-voltage” supply existing in the system carrying
the platform.

2.11.42.7V to 3.63V primary voltage supply case

This case allows a direct connection of the battery to the 10s (and EEPROM) voltage. The core voltage
needs to be provided by means of a DC-DC voltage conversion for maximum power efficiency.

Possible off-the-shelf components are the tiny inductive buck converters described in the Annexes 4
and 5.

The output ripple produced by such a DC_DC voltage converter can be a problem for the core analog
functionalities, especially the RF font-end and RF frequency synthesizer: an additional voltage
regulator is then required in order to supply the SoC core with a sufficiently clean voltage. Possible
off-the-shelf components are the tiny Low-Dropout voltage regulators described in the Annexes 6
and 7.

The associated passive component, i.e. inductor and capacitors need to be carefully chosen
according to a volume-performance tradeoff.

Note that the external inductive converters have a quiescent current that is incompatible with the
current consumption required for long autonomy type of applications. Then a complete supply
disconnection controlled by an external controller would be needed.

Note also that an extreme miniaturization and/or minimum standby current research would lead to
avoid the DC-DC conversion and only use a simple voltage regulation. The platform can also benefit
from an already “low-voltage” supply existing in the system carrying the platform (with careful
attention to the associated supply noise).
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2.11.5Radio SoC voltage reference

Different on-chip functionalities might need a fixed voltage reference. To avoid the design effort,
silicon area, current consumption and calibration needed by such an integrated functionality, it has
been decided to use the external supply voltage as reference. Two different cases need then to be
differentiated depending on what is the externally regulated voltage we can rely on as reference (c.f.
preceding sections 2.11.3 and 2.11.4):

e When thereis a 1.2V LDO or voltage step-down in the platform, this 1.2V voltage supply canbe
used to derive an on-chip +2% reference voltage.

e When there is a voltage step-up in the platform to supply external chips (e.g. nvRAM), the
associated voltage can be used to derive an on-chip £2%o reference voltage.

2.11.6Power-on-Reset and EEPROM programming

At power-on, when the supply is provided to the radio SoC, the digital states are unknown and even
some glitches could appears at radio SoC I0s: it is then a priori important to maintain the platform
reset active up to the point where the supply voltage is correctly established.

In fact, the platform reset is directly the radio SoC reset and is also used to access to the on-platform
EEPROM (e.g. for programming) being assured that there is no concurrent access from the radio SoC.
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3 Platform Software architecture

3.1 Overview

The precise specification of the software architecture is described in the “IR4.1 Reconfigurable
baseband and protocol draft architecture description” document that is a WiserBAN internal living
document that is intended to be updated along the specification process up the point it will be
provided externally as “D4.1 BAN upper layers, baseband and DSP architecture specification”.

In order to distribute the software programming but also to facilitate the reuse and secure the
software design, a modular structure of the software is mandatory. The associated modules can be
differentiated in:

e “Application-specific Layer” for software specific to the demonstrators.
e  “Protocol Upper Layer” for hardware-independent part of the radio protocol stack.
e “Hardware Abstraction Layer” if the associated software is hardware-dependant.

A Scheduler sequences the different tasks according to their priority and a hardware-based interrupt
controller allows fast event handling according also to event priority.

Application
Layer CC protocol DS protocol nvMEM ext. Controller Audio Stream
(AR S SRSt S .
Radio Radio 1| SPI SPI PDM
Transport Transport |  Transport Transport Transport
1
Protocol Layer Layer | Layer Layer
Uppe r AY AY 1 Ay Ay Ay
Layer Radio Radio | /<l <l PDN A
Network Network” 1 "“/Network Network Network Scheduler
Layer Layer \ Layer Layer Layer
1
1
---------------- Mp-Ad-i Ay Ry A Y
Hardwar Radio o POM
araware Logical Link Controler Logical Link Controler Logical itk Contiolef.
Abstraction Layer Layer Layer
Layer Ay Ay Ay
Radio SPI PDM
------------ MrediaAccess €ontrot - - -, MediaAccess Control MediaAccess Control
Layer . Layer Layer
1
LD W ¢ 7/
Hardware Ay Ay ' Ay
- - 1
Radio Serial Peripheral ' Pulse Density Modulation
Physical Interface Lo Interfacg =~~~ --~------------
Layer Physical Layer Phys ical Layer
Antenna Spi_nss_soc  spi_miso spi_sck pdm_sck pdm_cs
spi_nss_nvmem  spi_mosi pdm_sd

Figure 26: Software architecture
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Note that we aim to follow “Programming by Contract” philosophy meaning that each piece of code
should be documented with preconditions (input variable and constant type and range, needed
resources, state, needed time or processor cycles for execution, etc), invariant (constants, released
resources, invariant stat, etc), post-conditions (output type and range, unreleased resources, etc).

3.2 Boot

After each reset release, the on-chip memory is loaded from the external non-volatile memory (i.e.
EEPROM). A ROM-based boot program realizes this RAM loading using the SPI peripheral with
specific digital settings. A checksum is then calculated before running the application program in
RAM.

3.3 Hardware Abstraction layer

Or specific platform drivers.

This routine ensemble aggregates all software functionalities that are specific to the hardware
implementation in order to facilitate the software reuse but also to facilitate the work of “high-level”
programmers by providing “standard” software interfaces. The induced modularity facilitates also
the software bench and then secure the overall software.

Abstraction Layer

I 1 1 1 I
[Radlo }[ Timer }[ } UART }[

Figure 27: Abstraction Layer

3.4 Radio Protocol stack

3.4.1 Overview

The physical layer, that manages the raw datarate (i.e. air-interface datarate, equivalent to peak
datarate in absence of Direct Sequence Spread Spectrum and channel coding, modulation and
demodulation type, index, pulse shaping, carrier frequencies, etc), is implemented in hardware and
configured and controlled by HAL routines.

The covered modulation and frame format are the standard Bluetooth Low Energy and 802.15.4-
2006. An additional 2Mbit/s proprietary mode is derived from the 802.15.4-2006 by removing the
spreading coding and decoding. All modes implement hardware-based CRC.
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Application
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Specific
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Figure 28: Software implementation architecture

3.4.2 Media Access Control layer

The Media Access Control part of the Data Link layer, that manages when and at what condition the
transmitter (e.g. Listen-Before-Talk scheme) and the receiver (e.g. radio channel sampling) runs, is
partly implemented in hardware, partly implemented in software using HAL routine calls for handling
the hardware.

The MAC layer is responsible for:
e the association and disassociation of devices to the network (network formation)
e the maintenance of the network
e the management of the access to the radio channel

The WiserBAN network will be managed by a device, denoted as WiserBAN Coordinator. The
Coordinator will be the Remote Control (RC), when it is present, and it could be substituted by
whatever a device in the network, in case of absence of the RC (or simply removal of the RC from the
body).

The Coordinator is in charge of:
e forming the network
e maintaining the network
e maintaining synchronization (i.e., sending SYNCH frames)

e managing the access to the channel (i.e., defining the superframe structure, allocating Time
Slots (TS), etc.).
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The procedure for the formation of the WiserBAN network is based on the association procedure
specified in the IEEE 802.15.4/Zigbee standard.

1. Association Request = the node wishing to join the network will send to the Coordinator an
Association Request Frame, containing the MAC address of the device.

2. Association Response = the MAC address of the device wishing to join the network is
visualized on the screen of the RC. The user checks if the MAC address is correct (i.e., it is the
same he/she knows) and, in this case, the Coordinator sends the Association Response
Frame, otherwise the request is ignored. The Association Response Frame will contain the
BAN ID and the network address selected by the Coordinator, which will be used for
addressing such device in the WiserBAN network.

Once the Coordinator will receive all the association requests coming from the devices to be included
in the network, it will send a broadcast packet, called BAN Notification Frame, informing the nodes
about: the channel used by the network, the default value of the superframe duration and the list of
nodes present in the network, including their network addresses and Node ID. In this way each node
will know the addresses of the other nodes and could send directly data to its destination, without
passing through the Coordinator.

At this point all devices and the Coordinator will enter in the Operating mode.

To establish and maintain the superframe, similarly to what IEEE 802.15.4 and 802.15.6 standards
propose, the Coordinator periodically broadcasts a beacon packet, containing useful management
information.

The period between two consecutive beacons defines a superframe (SF) structure. The SF will have
an active portion and an inactive part; during the latter, nodes can go into a sleeping state, in order
to reduce the power consumption. The duration of the SF (denoted hereafter as T;) and of its active
part (T,) should be set depending on the application requirements.

Adapting 802.15.4, 802.15.6, and BATMAC SF proposals, we can identify several parts to divide the SF
into :

e Beacon portion, reserved for the transmission of the beacon by the Coordinator;

e Indicators portion, where nodes have reserved mini-slots to send an acknowledgement (ACK)
to the Coordinator in case the beacon has been successfully received;

e Contention Free Period (CFP), where the access is TDMA based: a certain number of time
slots (TS) is allocated;

e Contention Access Period (CAP), where the access to the channel is performed according to a
CSMA/CA or a Slotted ALOHA algorithm;

e Acknowledgement (ACK) Period, where mini-slots are assigned to the nodes to communicate
if the transactions in the SF were successful or not;
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e |nactive portion, where nodes go to the sleep state.
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Figure 29: Structure of the proposed superframe.

The duration of the TSs in the CFP will be set such that they could contain the data packet and, in
case an ACK is requested, the turn-around-time and the ACK packet.

The CAP should come after the CFP (and not before it as it is specified in 802.15.4) for several
reasons, such as:

e If an emergency packet failed in the CFP, it potentially could be retransmitted in the CAP;
e The CFP should directly follow the indicator period in order to consider the channel coherent.

The CAP should always be present in a SF, at least to handle slot requests. If no other traffic needs to
be managed in it, the duration of the CAP will be set to its minimum.

When the Remote Control is in the range of the other network devices it will always act as WiserBAN
Coordinator. When, instead, it is out of the range (i.e., it cannot reach the devices), whatever a node
in the network will take the role of Coordinator. In particular, such a node will be the first node
having a packet to be transmitted after the disconnection of the RC.

A device wishing to send data to another device will send a burst of preambles addressing both, the
Coordinator and the destination device. If no ACK from the Coordinator is received, the source node
sends another burst of preambles to be sure the Coordinator is no longer connected to the network.
In such case the device will start sending beacons and forming the superframe according to its new
role of Coordinator. On the other hand, the RC will continue sending synchronization frames, without
receiving any data from the network: if the RC does not receive data from whatever a node in the
network for a given interval of time (timeout to be set properly), it will stop sending synchronization
packets and it will sense the channel periodically to understand if there are packets on the channel.
In case the RC returns in the range of the network and it will receive some packets from the network

This project is funded by the European Commission under the 7"" Research Framework Programme. 54



FP7-1 CT-2009-5 WiserBAN (257454) D1.2v3

nodes, it will transmit a Coordinator Request Frame to the network devices, to take again the role of
Coordinator.
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Figure 30: Wake up mechanism in case of direct transmission of the data.

3.4.3 Logical Link Control layer

The Logical Link Control part of the Data Link layer, that manages the frame (i.e. synchronization,

error checking, acknowledgement, etc), is partly implemented in software, partly implemented in
software in HAL routine.

Half-duplex asked.

The Logical Link Control (LLC) sublayer provides an interface between upper sublayers (e.g.
Application layer) and the MAC data communication protocol sublayer. The LLC provides flow control
of data to MAC sublayer, Buffer management mechanisms, Quality of service and Traffic (Bandwidth)

such as permanent traffic set up when the connection is established or switched traffic Set up and
released on demand via a procedure.

A connection (an LLC flow) must be established before any packets are sent. Each flow category is
defined by associated traffic, priority and QoS parameters. Each Flow has its own packet queue and

its associated priority. This scheme permits to a higher flow priority to used bandwidth to a lower
flow priority (e.g. emergency data used bandwidth to monitoring data).

Several profiles should be defined with the following parameters:

e Priority Level
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e Type of Flows

e Devices Address

e Packet rate

e Acknowledgement policy

e Transmission and retransmission policy i.e. the selected periods for transmission and
retransmission, the number of retransmission allowed,

e Loss Rate acceptable

e Time to Live i.e. time before discarding the data
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4 Radio Communication
4.1 Communication range

4.1.1 Overview

The communication distance is a critical specification that depends on the transceiver link budget,
the antenna gain (or loss) as well as propagation losses:

e The transceiver budget link depends on output power and sensitivity but this sensitivity
depends also on datarate. A good approximation fixes the transceiver budget link (as well as
the consumed power per transmitted bit) inversely proportional to the datarate. This is then
a convenient way to increase an insufficient communication range at the cost of increased
power consumption.

e The antenna gain (and associated losses) depends a lot on chosen antenna that tends
strongly to depend on its associated volume. An important point is also the sensitivity of this
antenna gain related to close environment variation. Frequency agility and/or resonance
frequency tuning may then help a lot to stabilize the antenna performances.

e The propagation losses are certainly the more variable point that impacts the
communication range.

The equation (4) below calculates the margin in dB that need to be positive:

+G

Margin = Pout - Sensitivity + G, Re  Antenna )

Transceiver Budget Link

Antenna ~ APropagat[un Losses

An order of magnitude could be 90dB for the transceiver 2Mbit/s budget link, -10dBi for both
antennas and 60dB for propagation losses.

An exact transceiver budget link is specified in the chapter 2.9.2. Antennas gains (and associated
losses) are specified in the chapter2.7. Demonstrator-specific propagation studies are summarized in
following chapter 2.1.

The precise studies of the different propagation losses associated to demonstrator cases are
described in the “D3.1 Final report on the antenna-human body interactions, around-the-body
propagation” document.
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4.2 Communication latencies versus current tradeoff

4.2.1 Control-commands communication principle

The approach described in this chapter is only a principle description to explain the current-latency
tradeoff for control-command type of communications. Different other protocol principles could be
used (e.g. TDMA) but other scheme should induce similar tradeoffs.

We assume a double constraint on receiver node side: its current consumption needs to be
minimized while guaranteeing a given maximum reaction time.

For intermittent type of control-commands communication, the average receiver current
consumption is fixed by the receiver startup overhead multiplied by the receiver RF channel sampling
frequency as illustrated in the Rx current profile of Figure 31 below and described in the equation (5)
below:

nC
—
T — CTRxOverhead
Irece = T (5)
mA RxCC

ms

Order of magnitude could be 0.25uC for transceiver startup overhead. 50ms of RF channel sampling
period induces an average receiver current of SpA.

For such a scheme, the transmitter needs to repeat its packet to transmit in order to cover the
associated receiver RF channel sampling period to assure that the receiver will catch its transmission.
The scheme is illustrated in the Figure 31 below:

Transceiver overheads RTC + leakages

TX

|
P2 P3 P4, P5

RF channel
sampling period

Rx

Figure 31: Rx and Tx current profiles during control-command communication

The average transmitter current consumption is then fixed by the transceiver startup overhead
increased by the RF channel sampling period and two times the length of the control-command
packet to as described in the equation (6) below:
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~

6 2
— _ ?f—J\_—\ A g Lpacket DS _L;I 1
ITXCC _ djTRxOverhead + ITxCC xQTRXCC + ZXAi_l:Mi (6)
T‘é DCC U T Ixcc

% mA ms —

e e wis A ms

Order of magnitude could be 0.25uC for transceiver startup overhead and 9.5mA peak transmitter
current and 50ms of receiver RF channel sampling and packet of 1kbit transmitted at 2Mbit/s. 10
control-commands per hour in average induces an average transmitter current of 1.35pA.

The receiver RF channel sampling period fixes the minimum guaranteed latency associated to the
control communication. There is then a tunable tradeoff between latency (and transmitter current
consumption) and receiver current consumption as described in the equation (7) below.

bit u
f_jH ..
L I
al _ packetcc ..
716;[6116)/CC - TRxCC + 2X D |
. s .
ms ms &—J’ b j-v =2x LPaCkEICC + CTRxOverhead (7)
kbitls y Latency cc - b j
e I cc TRxcc
j _ CTRx Overhead | PacketDuration
TRxCC = |
< T I

Order of magnitude could be 0.25uC for overhead, 5pA for average Rx current. For 1kbit packet
length and 2Mbit/s peak datarate, the resulting latency is 50.5ms.

This tradeoff depends in practice very little on the peak datarate.
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4.2.2 Data-streaming type of communication principle

The approach described in this chapter is only a principle description to explain the current-latency
tradeoff for data-streaming type of communication. Different other protocol principles could be used
(e.g. together with FHSS) but the tradeoff should remain similar.

We assume a similar constraint on both side of the communication link for the current consumption
minimization.

For data-streaming type of communication, once fixed the maximum datarate depending on the
needed transceiver budget link, the transceiver average current depends mainly on the needed
average datarate, if the transceiver startup overhead can be neglected as illustrated in the Figure 32
below and described in the equation (8) below:

e bit o)
¢ L -
T —_ 2 packet pg 1
! TRxDS — quRxOverhead + ITRxDS A X
——  Dps = Trpepg
mA m mA 5 s
kbitls a ms (8)
- CT ‘RxOverhead + 1 TRx DS % L packet pg
T, RxDS D DS T TRx DS
%\f—1
OverheadCurrent IntegratedCurrentPerBit Die

Order of magnitude could be 0.25uC for transceiver startup overhead and 5ms for packet period and
9.5mA for peak current and 2Mbit/s for peak datarate. 200kbit/s (i.e. 1kbit packet length) induce an
average current consumption of 1mA.

Transceiver overheads average/peak datarate RTC + leakages

Figure 32: Rx and Tx current profiles during data-streaming communication

The overall overhead impact is inversely proportional with the packet length that fixes also the
protocol-induced latency. There is then a tradeoff between current consumption and protocol-
induced latency as described in the equation (9) below:
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Order of magnitude could be 0.25uC for overhead, 1mA for average Rx current, 9.5mA for peak TRx
current. For 1kbit packet length and 2Mbit/s peak datarate, the resulting latency is 5.5ms with 5ms
for transceiver activity period, i.e. 200kbit/s average datarate.

A more important overhead than the transceiver startup overhead may come from packet overhead,
i.e. needed preamble, node address, CRC, etc. Order of magnitude could be 24bit for the preamble
and packet Start-of-Frame, 16bit for the address and 16bit for CRC. The additional associated
overhead at 2Mbit/s and 9.5mA peak current is 0.266uC, i.e. same order of magnitude as the
transceiver startup overhead.

Note also that the overhead coming from software processing of packets is not taken into account
because considered negligible.

Depending on streamed data, another source-coding latency is in practice much more important: on
the transmitter side, this is by principle the delay to acquire the raw signal to compress. And the
more raw signal is acquired, the more efficient tends to be the compression by the use of auto-
correlation extraction (e.g. typ. 20ms for max. speech compression). On receiver side, this is the
same thing by principle (so this double the delay). Of course, the more efficient is the compression,
the lower average datarate is needed and, proportionally, the lower is the average current on both
side of the communication. There is then a tradeoff between current consumption and source-coding
induced latency.

This tradeoff can also be impacted by the needed processing power and associated current
consumption: the more efficient is the compression algorithm, the more processing power it tends to
require. A priori, there is then an optimum algorithm that can be found by constrained optimization
but the choice of it may need in practice a lot of trial-and-errors. Note that this is further complicated
by the fact that the source-coding algorithm may be strongly asymmetrical (compression-
decompression) in term of needed processing power. We can also be limited by the maximum
processing power available.
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4.2.3 Other important aspects

42.3.1 Timing precision

For simplicity of explanation, the above description of communication principles assumes no possible
synchronization at long-term (e.g. for control-command communication described principle) and
perfect synchronization at short-term (e.g. for data-streaming communication described principle).
On one hand, possible synchronization may help to save energy by avoiding transmitting or receiving
when not necessary. The energy saving is in practice related to the precision of the long-term time
reference (i.e. frequency and jitter). On the other hand, even at short-term, the synchronization
cannot be perfect and a time margin needs to be added that can be interpreted as a timing overhead
(e.g. in blue on the Figure 31 and Figure 32). This overhead is also related to the precision of the
short-term time reference (i.e. frequency and jitter linked to phase noise).

4.2.3.2 Network asymmetry

If particular nodes of the network can consume more energy than the common implanted or
wearable nodes, e.g. a base station or a central data sink node with more important or rechargeable
battery, some asymmetry can be implemented in the protocol to dissymmetry also the energy
consumption in order to maximize the autonomy, especially for control-command type of
communication.
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4.2.3.3 Standby modes

In addition to the active communication-induced current consumption, several other consumptions
such as the consumption related to the time reference, the dynamic consumption of the controller or
the leakages need to be taken into account for the autonomy calculations. Overall current
minimization may then imply to define several standby modes depending on re-startup time and
associated energy.

In general, the less current the mode consumes, the more time it needs to get back into normal
active mode when all functionalities can be used.

An example of functional modes is given in the table below:

Modes Test conditions, comments | Min. Typ. Max | Unit
Normal
Current Duty-cycled communication 1 10 mA
Sleep Triggered by sleep instruction
Current RTC running, 25°C 12 A
Sleep to Normal After timer IRQ, 1 cycle
Normal to sleep After “sleep” instruction 1 cycle
Off
Current™ Drawn from1.2V supply 12 HA
Off to Normal ? 64kByte loading from EEPROM 0.5 3
Normal to Off 1kByte load to EEPROM 8 ms

Table 22: Modes specifications

1. This current does not take into account possible quiescent or leakage current induced by off-chip
components, especially the DC-DC buck converter if needed.

2. This Off to normal transition that needs a RAM reloading from off-chip EEPROM does not only
take time but current (c.f. chapter 2.10).
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Annexes 1: EEPROM
r M95MO1-R
Y/ MO5MO1-W

1 Mbit serial SP| bus EEFROM
with high speed clock

Features

July 2008

Compatible with SPI bus serial interface
(Positive Clock SPI modes)

Schmift trigger inputs for enhanced noise
margin

Single supply veltage: 1.8V o 55V
High speed

— 5 MHz clock rata

— 5 ms Writa time

Statlus Register

Hardwara Protection of the Status Register
Byle and Page Write (up to 256 bytas)
Sali-imed programming cycle
Adjustable size read-only EEPROM arsa
Enhanced ESD Prodection

More than 1 000 000 Writa cycles

Maore than 40-year data retention

Packages
— ECOPACKE [RoHS compliant)

\ 2

{__,
1,.‘!
=)

SOEN (MM)
150 mils width

.

SOEW (MW)
208 milzs width

oo
LT

=)
o 0l

WLESP (65)

Doc 10 13264 Rev 7

1141

w2 coum
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LIC3526L-2/LTC3526LB-2

TECHNOLOGY

FEATURES

= Nelivers 3.3V al 100mA from a Single Alkaline/
NiMH Cell or 3.3V at 200mA from Two Cells

Vi Start-Up Voltage: GE0mY

1.5V 1o 5.25V Vgyr Range

Up to 94% Efficiency

Qutput Disconnect

2MHz Fixed Frequency Operation

Vi > Vgyr Operation

Integrated Soft-Start

Current Mode Control with Internal Compensation
Burst Mode® Dperation with 9pA | {LTC3526L-2)
Low Moise PWNM Operation (LTC3526LE-2)
Internal Synchronous Rectifier

Logic Controlled Shutdown (g < 1p#)

Anti-Ring Cantrol

Low Profile {Zmm < 2mm x 0.75mm) &-Lead
OFN Package

APPLICATIONS

550mA 2MHz Synchronous

Step-Up DC/DC Converters

iNn 2mm x 2mm DFN

DESCRIPTION

The LTC®3526L-2/LTC3526L8-2 are synchronous, fixed
frequency step-up DC/DC converters with output discon-
nect. Synchronous rectification enables high efficiency in
the low profile 2mm = 2mm DFN packaoe. Battery life in
single AARAM powered products is extended further with
4 630mY start-up voltage and operation down to 500m\
once started.

A switching frequency of 2MHz minimizes solution foot-
print by allowing the use of tiny, low profile inductors
and ceramic capacitors. The current mode PYWM design
is internally compensated, reducing external parts count.
The LTC3526L-2 featuras Burst Mode operation at light
lnad conditions allowing it to maintain high efficiency over
4 wide range of load. The LTC35261B-2 features fixed
frequency operation for low noise applications. Anti-ring
circuitry reduces EMI by damping the inductor in discon-
tinuous mode. Additional features include a low shutdown
current of under Tp& and thermal shutdown.

The LTC3526L-2/LTC3526LB-2 are housed im a 2mm

m Medical Instruments 2mim x 0.75mm DFN package.
m [|gise Canﬁeling HEEdﬂhﬂﬂES ir (T _TI:_l_'l.hu,I.ﬁ:rsj Whisd i fiaiebnned trackareasies off Lirear Taebnkigy Corporatien
- WirEIESS MiEE AN alber irndervenics b 1he progary ol thar mapectisg s
= Bluetooth Headsets
Efficlency and Power Loss vs Load Current
0 — - ]
24 I i W11
1) 120
] . ;
W - _
15N 02y ] Y Vo 1 1T ‘3;’,“,' £ w 10 %
S B e SR et 2 o L 0 5
_— T L. =, lrawerLoss| [} | 2
":“ zmw T = =
T e k] H 01
- 1 N 1
0 ]

omoad 1 0 1000
LAAD CURRERT {md

5B

Ly Lnee

.
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Annexes 3: Boost DC-DC converter

SC122

Low Voltage Synchronous
Boost Converter

POWER MANAGEMENT

Features

Input voltage — 0.7V to 1.6V

Minimum start-up voltage — (LB5Y

Output voltage fixed at 3.3V

Peak input current limit — 350maA typically

Cutput current 95mdA at v, = 1.6V, 50mai atV | = 0.5V
Efficiency up to 80%

Internal synchronous rectifier

Switching frequency — 1.2MHz

Power save (voltage hysteretic) control

Anti-ringing circuit

Operating supply current (measured at OUT) — 40uA
Mo forward conduction path during shutdown
MLPD-UT-5 1.5 = 2.0 x 0.6 [mm) package

Lead-free and halogen-free

WEEE and RoH5 compliant

Applications

m  Electric toothbrushes
m  Personal medical products
m  Single-cell alkaling, MiCd, or MiMH applications

Description

The SC122 is a high efficiency, low noise, synchronous
step-up DC-DC converter. |t produces a fixed 3.3V output
from a single cell alkaline or NiMH battery. It features an
internal 1.2A switch and synchronous rectifier to achieve
high efficiency and to eliminate the need for an external
Schottky diode.

The SC122 operates exclusively in voltage-hysteretic
power save mode [PSAVE) for high efficiency under light
load conditions. It features anti-ringing circuitry for
reduced EMI in noise sensitive applications. While dis-
abled, the cutput remains in a high impedance state to
preserve the charge on the output capacitor. This permits
ultra-low idle quiescent currents in applications inwhich
the 5C122 can be periodically enabled by an extermal con-
troller to recharge the output capacitor.

Low quiescent current is obtained despite a high 1.2MHz
operating frequency. Small external components and the
space saving MLPD-UT-6, 1.5x2.0x0.6 (mm) package,
make this device an excellent choice for small handheld
applications that require the longest possible battery life.

Typical Application Circuit

L1
* IN Lx
SinglaL L
Call — EM ouT . [ 3av
{1.2v}) i
cw T GHND GHND
— CUL"
sC122
February 1, 2010 £ 2010 S2mtech Corporation 1
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Annexes 4: Buck DC-DC converter

Nattenal
Nesrdeomdtocior

LM3677

Oelabar 28, 2008

3MHz, 600mA Miniature Step-Down DC-DC Converter for

Ultra Low Voltage Circuits

General Description

The LM38TT sleg-down DC-DC converbar is aplimized lar
powaring ulira-law vollage drcuils from a sngle Li-lan call
batlery and ingul volage rails Trem 2.7V o 5.5V, |E provides
up b GO0 mA load current over he entire inpul vollags range.
The LM3IGTT is conligurad bo diflerenl lixed vollage oulpul
optians as wel as an adjuslable sutpul vallage warsion range
Trom 1.2V 1o 3.3V,

The davica offers superiar falures and perfarmance lor ma-
bile phones and similar porlable applicalions with comgles
power managemeanl syslems. Autamalic intelligen swilching
betwesan PYWM low-noise and PFM low-cumen mode ollers
impraved syslam contral. During PWM mode operation, the
devics aperales al a fiked frequency of 3 MHZ (iyp). PWM
mode drives osds from ~ B0 mA 1o 600 mA max, Hyslaretic
FFM mode exiends the batlery lile by reducing the quisscent
curfaril 1 16 @A {typ.} during light load and standby aperalion.
Intarnal eynchromnaus recliicaion pravides high aliciency. In
shutdawn mode (Enable pin pubsd daown), the device urns
ol and reduces batlery cansumpdion ba 0.01 pA (iyp.).

The LMEETT is available in & lead-free (NOFB) B-bump ricna
SMD packags and E-pin LLP package. A swilching Iregueancy
ol 3 MHE {typ.) allows use of iny surlace-maunt companents.
Only three exlemal surface-mounl companents, an induclar
and two ceramic capacilons, ars requinad.

Features

B 16 pA Iypical guigscent currenl

® B0 mA maximum load capability

3 MHE PWM Nixed swilching reausncy (o)

Aulomatic PFMPWM mode swilching

Available in S-burmg micra SMD package and E-pin LLP
packaga

Inermal synchraneus rectilication for high sllidensy
Imermal soll slarl

0.01 W typical shutdawn current

Oparales fram a singhe Li-lan call batlery

Orily thres tiny sunlace-mount sxlemal camponens
reguired {salulion size less han 20 mma)
B Currenl overload and thermal shuldawn prolection

Applications
B Mabia Phones

= PDAs

m WP Flayers

B OW-LAN

B Porable Instuments

m Digilal il Cameras

B Porable Hard Dizk Drivas

Typical Application Circuits

LE LR
Y W Y Vg b | .
) ML, | -
m"I I Souy
A ¥ uF onD LM3ET I W oF
F ]
gﬁ 3 =

FIGURE 1. Typical Applicatien Circuil

FIGURE 2. Typical Application Circuil - ADJ. Version

Efficiency vs. Dutput Current
(Vayr = 1.8V)

EFFICIENCY (%)
nB&BKEEHREHBEE

[T TTT T TIm
-I LT I

1 p00E Malioral Semiconduciar Corparation A000R4

oo, nalional cam

D1.2v3

s1Nna41) abejjop moT AN 40} 18UBAUOD DA-0Q UMmog-dalg aimelully Vw09 ‘ZHINE LL9ENT
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SC191

Low Supply Ripple Synchronous
Buck Conversion Regulator

POWER MAMNAGEMENT

Description

The SC191 is a synchronous step-down comverter with
integrated power devices and an integrated front-end
LDO regulator ta minimize input supply ripple. If supply
ripple is not a concern, the front-end LDO regulater can be
bypassed externally to maximize efficiency.

Theinternal MOSFET switches provide peak current greater
than 550mAto achieve a DT output of at least 330mA over
the rated input voltage range, making the SC191 ideal for
single-cell Li-ion battery applications as well as fised 3.3V
and BV fixed input applications. The output is a fixed 1.2V
- ideal for low-voltage microprocessors.  Other voltage
optiens are available (censult the factory for details).

Additional features include internal soft-start to limit in-

Features

Less than 1mV Supply Ripple

2.9V e 5.5V Input Range

330mA Guaranteed Output Current
Fixed Freguency 1MHz Operation
No Schottky Diode Required
Ower-Current Protection
OverVoltage Pratection
OverTemperature Protection
Soft-Start

Mo External Compensation Required
MLPD-8, 2.3mm x 2.3mm Package
WEEE and RoHS Compliant

A E R ESEE RN E

Applications

rush current, over-current protection, overtemperature ¥ Cell Phones
protection, and over-voltage protection, # Cordless Phones
& Motebook and Subnotebook Computers
The 1MHz ewitching frequency aliows the uge of small ¥ FDAs and Mobile Communicators
surface mount capacitors and inductors, and no other ‘#® WLAN Peripherals
external compensation components are needed. The # Wireless Modules
devien is available in a low profile (0.8mm max height) # 1 UHon ar 3 NiMH/NIC Powered Dovices
2.3mm x 2.3mm MLPD &-lead package, minimizing area
without compramising performance. Patent Pending
cal Application Circuit
L
. SC191 5 e
Vi . Lx . Vour
4
HE T
-g:; 2 P wout ©
1 =]
¥ 4TF
7 & o
PGEMD [ o] ATF

April 12, 2008

www sarmlech.com
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Annexes 6: Low-voltage LDO
MIC5232
®
ml : a — 10mA Ultra-Low Quiescent Current
= L pCap LDO

General Description

The MIC5232 is an ultra-low quiescent current, low-
dropout linear regulator that is capable of operating
fram a single-cell lithium ion battery. Consuming only
1.8p& of quisscent current while operating, the
MICE232 is ideal for stand-by applications like
powering real-time  clocks or memory in baltery
operated electronics.

The MIC5232 is capable of providing 10mA of output
current and has low output noise, providing a small,
efficient solution ideal for any keep-alive application.
Including reverse current prolection, keeping reverse
leakage (Woyr = V) down to 20nA.

The MIC5232 is a pCap design, operating with very
small ceramic oulput capacitors for stability, reducing
required board space and componant cost.

The MIC5232 is available in fixed cluigut wvoltages in
the miniatura B-pin 2mm = 2mm MLF™ package and
thin 50T-23-5 package with an operating junction
temperature range of -40°C to 125°C.

Features
+ |mput vollage range: 2.7V to 7.0V
Ultra-low 1q: Only 1.Bps operating current
Stable with 0.47pF ceramic culput capacitor
Low dropouwt voltage of 100mY @ 10maA
Reversa Battery Protection
High output accuracy:

— #2.0% inifial accuracy

— #3.0%: over lemperature
+ Logic-Level Enable Input
Miniature -pin 2mm x 2mm MLF® package
# Lead-Fres Thin 30OT-23-5 Package
# Tight Load and Line Regulation

Applications

« Real-Time Clock Power Supply

« Stand-by Power Supply

= SEAM Memory Back-up Supply

« Callular Telephones and Motebook Computars

Typical Application

MIC5232-1.2YD5

Wiy

W
'.uwnTE VNG voUuT Tc 120
‘"FI EM I (-8
GMD

!

1.5 Real-Time Clock Back-up Supply

Ground Pin Current
¥s. Input Voltage

=27
Ty
=2 .
g | —r T T
S5
AL
a1l
gn
a Nour = 13V -
Ya U = 100us |
T = 0A4THF

5335445555 665
IMPUT VOLTAGE (V)

MLF and MicroLeadFrame are registered trademarks of Amkar Technolagy, Inc.

Micral Inc, + 2180 Fortune Drive » San Jose, CA 85137 « USA + fal +1 {408 944-0800 ~ tax + 7 [409) 4741000 « hisp:iaasw. micral.com

Saptember 2008

MO9-090508-C
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Annexes 7: Low-voltage LDO

LT3009 Series
TECHNOLOGY 3uA lg. 20mA

Low Dropout Linear Regulators

FEATURES DESCRIPTION

= |lltralow Quiescent Current: 3pA The LT®3009 Series are micropower, low dropout voltage
® |nput Voltage Range: 1.6V to 20V (LDO) lingar regulators. The devices supply 20mA output
= Juiput Current: 20mA currentwitha dropoutvoltage of 280mY. No-load quiescent
= Dropout Voltage: 280mV current is 3pA. Ground pin current remains at less than
® Adjustable Output (Vapy = Yoyt = G00mVY) 5% of output current as load increases. In shutdown,
= Fixed Output Voltages: 1.2V, 1.5\ 1.8V, 2.5V, quiescent current is less than 1pf

3.3¢ 5V

The LT3009 regulators optimize stability and transient

= Output Tolerance: +2% Over Load, Line and Temperature  oop, 1o '\ivh jow ESR ceramic capacitors, requiring a
- ﬁ[:glfnmmﬂ': ESR, Geramic Output Gapacitors min_imum of only 1uf. The regulamfs do not require the
w Shutdown Current: <1uA addition of ESH_ as is common with other regpla_tu_:rrs.
® Current Limit Pr mé ction Internal prqt_ec[mn circuitry includes curment limiting,
® Reverse-Battery Protection thermal I|m|t|n|;_|, reverse-battery protection and reverse-
® Thermal Limit Protection Gurrant protaction.
® Bl ead SC70 and 2mm = 2mm DFN Packages The LT3009 Series are ideal for applications that require
moderate output drive capability coupled with ultralow
standby power consumption. The device is available in
APPLICATIONS fixed outputvoltages of 1.2\ 1.5, 1.8V, 2.5V, 3.3% and 5V,
m Low Current Battery-Powered Systems and as an adjustable device with an output voltage ranga
® Keep-Alive Power Supplies down to the B00mY reference. The LT3009 is available in
= Remote Monitaring the E-lead DFM and 8-lead SC70 packages.
Utlllw MEtEI'S LT, LT TG, LT Linaar Teodvolegy ard the Lineas kago sno repivbesd iadensarks of Linear

Teehnabygy Corpocaiion. Al aler iadansarks ire T8 groparty of heir sespecie seire

Hotel Door Locks

TYPICAL APPLICATION
3.3 20mA Supply with Shuldown Dropout Voltage/Quiescent Currenl

i) oD = 2 L0

[ i 3 n 1 1 ! 1 J#a 45
AT = 1uF 1F E 30 | S S — - } 35 &
awy T mmess | T o BROPOLT =
= = = = 0 VOLTAEE —{ 30
SHON =31 es g
G0 S o L
L E 150 =
100 1=

&0 - . B . . . . 05

I
-5 -2 0 B S0 7F 0 135 950
TEMPERATURE {0

L LT 1
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MA46H120 Series

GaAs Constant Gamma Flip-Chip
Varactor Diode

WiserBAN (257454)
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M

Technology Salutions

Features

« Constant Gamma for Linear Tuning
« Low Parasitic Capacitance

+ Silicon Nitride Passivation

« Polyimide Scratch Protection

« Surface Mount Configuration

Description

M/A-COM  Technology Solutions’
MA4E6H120 series is a gallium arsenide flip
chip hyperabrupt varactor diode. These
devices are fabricated on OMCWD epitaxial
wafers using a process designed for high
device uniformity and extremely low
parasitics. The MA46H120 diodes are fully
passivated with silicon nitride and have an
additional layer of polyimide for scratch
protection. The protective coatings prevent
damage to the junction during automated or
manual handling. The flip chip configuration
is suitable for pick and place insertion.

Ordering Information

Part Number Package
MALEH1 20-W Whole Wafer
MA4EH120 Gel Pack
| MAVR-D00120-12030W | Waffle Pack

Electrical Specifications @ T, =+25"C

Braaidowt Voltage i fx = 1024, Vi, = 20 V¥ Minimem
Roversa Loakage Curreal f@ by = T4V, [ = 100 md Marimim

Absolute Maximum Ratings "*

J

-40°C to +125°C
-65°C to +150°C
100 mvW
. +235°C for 10 seconds -
1. Exgeeding any one or combinalion of these limils may cause.
parmanent demeges 1o this davics

MA-COM doas not recemmand sustainad oparaticn nesr
Ihese survivability limits.

Operating Temperatura
Storage Temperaiure
Powaer Dissipation

Mounting Temperature

Chip Layout

Front View (Circuit Side)

Back View (Operator Side)

Schematic

FLIPCHIP TURING WARACTOR EQUINALENT CIRCLIT

A BRI L

D—X -'\N"‘—.H'L\Eﬂ[!,—r—ﬂ

Cpanagilic
Comaiie |

Cr Cr Cr @ Factor Gamma
(PFl (PF) {PFl
f=1MHz, V=0V f=1MHz, V=4V f=1MHz, V=10V f=50MHz, V=4V V=212V
Min Typ Max | Min Typ Max | Mn Typ Max | Min Typ Max | Min Typ Max
MALEHTZD 1.1 0.30 040 | 0.4 0.20 | 3000 ng 1

" Spacilications are subjact o change withcal prior notification

ADVAMCED: [uba Shests conmin ifermalion reganding o oot ki-Cow Techrical Sokions is
aarekienng lrdevelopmant. Parfomans s based on iged specificalions, smaisied rosiis,
AT pIOAHVTe Maasureme nis. Corensiment i3 desedop 5 nol guananised

PRELIM RARY: Duln Sheabs conlain inlomstion regarding a product MA-COM Technical Salutions
hm under s ioprent. Parkareancs s bmsesd on engnssing feek Specdeslion s el

= Morth America Te: B0 366 2266 | Fax 970,366 206
» Europe Tel: a4 1008 574,200 | Fae: 44,1500, 574 300
= faiaPacfic Tek 8144644 3296 1 Fax 8744544 5290
il v mesm oo o adcitore cits shests and procduc inbormoalon,

Mactunical culine b baen (oo Engirmaering smmpes sndior et cifs rrury ba avi bl Somime- s oo Techio) Solions andlis st masmes fie i do rmss changes b e

mrank i producs in vokimes B ot guaneieed
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Annexes 9:Battery dynamic model

Batteries may have quite different behavior with dynamic current (i.e. pulse currents) than at DC.
Depending on the use cases, a dynamic electrical model may then be mandatory. Such a model is
used, inspired by the publication “Accurate Electrical Battery Model Capable of Predicting Runtime
and |-V Performance”, Min Chen and Gabriel A. Rincén-Mora, IEEE transactions on energy
conversion, vol. 21, no. 2, june 2006.

Rtranscient
\V/soc Rserie MWV Cathode
o Ctranscient
%) I5§] > +
£ § g ‘J<—> V/soc
Y= O (@]
é O > Ibattery
< ° Anode

Figure 33: dynamic model of battery

The State-Of-Charge of the battery is modelized by a capacity loaded at the begin-of-life by the
standard capacity given in mAH multiplied by the begin-of-life open-circuit voltage:

%Ccapacit,\VSOC(O)2 = CapaCilymAH' 36E6 VOC(IOO %)
Vsoc(o) = Voc(loo %) (10)
7.2E6- Capacity,,,,
C. = -
= capacity VOC(IOO %)

The fully charged battery voltage is taken as the maximum voltage across the Ccapacity as well as the
maximum Voc(Vsoc). This maximum voltage and the minimum usable voltage define the usable
capacity.

The Rself-discharge is fixed by the battery leakage.The Rserie is linked to the instantaneous voltage
drop and the sum of Rserie and R transient is linked to the DC voltage drop. The Ctransient is linked,
with Rtransient, to the time constant extracted from the battery voltage transient associated with a
current pulse.

Note that several parallel RC can be added to the model to precise the dynamic behavior.

Note also that the temperature-dependent behavior is not taken into account.
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Typical specification are at 25°C, unless otherwise noted.

Parameter Test conditions, comments Min. Typ. Max | Unit
Low-voltage battery
Voe 1.08 1.25 |V
Capacity 160 mAh
Rself-discharge 0.02 MQ
Rserie 0.5 4 0]
Riranscient 2 16 Q
Ciranscient 66 461 KF

130V

1.25V

1L.20V

LI5SV

Liov

.05V

.00V

095V

0,90V

085V

080V

100%

7.00 Q2

6.00 Q

5.00Q

4.00 Q

3.00Q

2.00Q

1.00 Q

0.00 Q

100%

Table 23: Example of batteries specifications

Open-Circuit voltage versus usable capacity

\\

A\

L

80% 60% 40% 20% 0%
——Zinc-Air open-circuit voltage
— Short 10mA pulses load voltage

= continuous 10mA load voltage

Internal resistances versus usable capacity

/

80% 60% 40% 20% 0%

—Zinc-Air Rserie  —Zinc-Air Rtranscient

130V

Output voltage indicial response for 10mA peak

125V

L20V

115V

LoV

105V

100V

095V

090V

085V

030V

0us

500 pF -
450 uF |

400 yF |

200 ps 400 ps 600 ps 800 us 100

—Zinc-air Begin-of-Life transcient
~—Zinc-Air End-of-Life transcient

Internal capacitance versus usable capacity

0 s

350 uF

300 uF
250 pF |

200 pF |

150 pF

100 pF
50 uF

0pF +

100%

80% 60% 40% 20%

Zinc-Air Ctranscient

Figure 34: Example of dynamic model results
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Annexes 10: microSD card mechanical drawing

[cOM MON DIMENSIONS Notes: a3 -
SYMBOL || MIN NOM AX NOTE = =
A 10.90 11.00 11.10 1.DIMENSIONING AND TOLERANCING PER
A 9.60 9.70 9.80 ASME Y14 .5M-1994
A - 3.85 - BASIC 7-[Adh= M 8- A5
A 7.60 7.70 7.80 2.DIMENSIONS ARE IN MILLIMETERS.
A - 1.10 - BASIC
Al 0.75 080 | 085 &o PLANARITY IS ADDITIVE TO C1 MAX
Al - - 8.50 THICKNESS.
A 0.90 - N
A8 0.60 0.70 0.80
A9 0.80 - - 36
B 14.90 15.00 15.10
30 40 50
64 84 .04
.30 50 [[1.70 ) 3
42 52 62
BS 2.80 2.90 3.00
B6 5.50 - - pamm
B7 0.20 030 [0.40
B8 1.00 110 [1.20 39
B9 - - 9.00
B10 7.80 7.90 8.00
B11 1.10 1.20 1.30
C 0.90 1.00 1.10
C1 0.60 0.70 0.80
c2 0.20 030__[l0.40
C3 0.00 - 0.15
D1 1.00 -
D2 100
D3 100 - -
R1 0.20 040 060 o
R2 0.20 040 | 0.60
R3 0.70 080 | 0.90 i : A
~ 570 550 550 Fgure E-2:Mechanical Description: Bottom View
R5 0.70 0.80 0.90
R6 070 o080 o090 r=RpAN
R7 2950 |[30.00__[30.50
R10 - 0.20 -
=
RLL - 0.20 - ce
R17 0.10 0.20 0.30 B4 R3 AL
R18 0.20 0.40 0.60 \ R4
R19 0.05 - 0.20
| :
=— DETALL A
L J 135°
Bl
R1
2 R2
[
A
R19
FR7
R1I
I
=] - —
=Dl D2 Rio—"| B3 B2 ;
ﬁ e L RS R6
k] KEEPOUTAREA " c
D3
A VIEW A \ BL /
CDNTACT/
vl SURFACE
DEAL A
Fgure E-4:Mechanica Description: Ke e pout Area Figure E-1:Mechanical Description:  Top View
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Annexes 11:Compression coax board-to-board STAX®

r=
-
Tyco
Electronics RFCoax Canedars
STAX Coax Connectors (Continued)
Description Part Number
STAX SMT Coax Conneactor Assembly
Consists of STAX Coax elastomer myround SMT holder ke
Mating SMT Target Holder:
Cuﬁlrn\s al\gngrnem between PCBs 619238-2

STAX Coax RF Elastomer only:
Used with customer fumiahy-d ikt

ed holder

Part Number 619238-2
SMT Mating Target Holder

500
[197]

0 r

Hote: Part Numbers are RoHS compliant except # Indicates non-RoHS compliant.

206
Cataog 1307101 Dimensions aeinmilimdas  Dimensiors are shown for USA 1-800-22 6752 Smih Amaica 55-11-2103-6000
Resised 307 and inches unless dherwise: e e PUIposes oy Ganaia 1-005-470-4475 Hong King 85277351628
spediial Vaues n brakes Spediicahons subjert Mexico: 0-800-733 806 Japan $1-44 844 513
st ivaeans o change. G Amaica 52-55-1106-0803 UK 44-3706-080-A8
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Annexes 12: Comments on D1.1 demands

Iltems have been sorted and grouped in the following categories:
e Transmission
e Supply
e Interface
e Quality and Reliability
Comments have been added

1  Transmission

This section groups all the items relating to channel, data rate, latency, networking, range and
compatibility. Channel

1.1.1 Channel requirements

Reference | Requirement Status

R1 2.5GHz band support 5

The 2.4GHz to 2.4835GHz ISM is covered but the upward extension to 2.5GHz, for the 802.15.6, or
the downward extension to 2.36GHz, for the 802.15.4j, would need different passives: An alternate
RF front-end SAW filter has been designed by EPCOS in order to cover the 2.4835-2.5GHz band and
the rest of the system (RF synthesizer, etc) as been specified to cover this band extension. This is not
the case for the downward extension (even if not specified, he RF synthesizers should be able to
address down to 2.36GHz).

R2 Extension to 2.5GHz 3

C.f. above remark forthe R 1

R3 Tunable modulation index 3

On Tx side, thanks to the modulation by dynamic digital programming of the RFsynthesizer, the
modulation index is very precise and will be easily made programmable. The limit is in fact more on
the maximum raw symbol rate limited by the synthesizer close loop bandwidth. On The Rx side,
constraints upon bandwidth may limit the maximum modulation index for maximum symbol rates.

R4 . 3(medical
Extension to 2.5GHz o
monitoring)

C.f. above remark for the R 1 in same chapter.

Table 24 Channel requirements
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1.1.2 Channel parameters

Reference | Description Min Typ Max Unit Status

P1 Channel width 0.1 1 MHz 5

Thanks to >A RF frequency synthesis, the center frequency can be tuned very precisely and
freely to whatever frequency needed. The receiver bandwidth (e.g. -3dB) needs to be fixed
taking into account the signal bandwidth (depending on raw symbol rate, modulation index
and pulse shaping) and the Rx-Tx relative reference frequency uncertainty. The BAW
frequency uncertainty is quite important (e.g. £400ppm max. initial frequency tolerance)
and a calibration scheme needs to be implemented in order to narrow the overall
uncertainty. The selectivity, e.g. adjacent channel and far interferer rejection specification is
based on Bluetooth Low Energy and 802.15.4 2006 specifications.

P2 Frequency range 24 2.5 GHz 5

C.f. above remark for the R 1 in chapter 1.1.1.

Table 25 Channel parameters
1.2 Data rate

1.2.1 Data rate requirements

Reference | Requirement Status

RS Peak data rate >2kB/s, in small bursts 5

The specified peak datarate is 2Mbit/s. Any peak datarate reduction improves the
sensitivity. But too low peak datarate may be impractical because of relative frequency
reference imprecision. Any average datarate reduction can be implemented with reduction
of average current consumption.

R6 3
Tunable data rat
unable data rate (Eb tradeoffs)

On transmitter side, it is quite simple to scale down the peak datarate by integer division
factor (possibly with the addition of an interpolation filter in digital domain). On receiver
side, it should be also quite simple to implement the same scheme in digital domain
(possibly with a decimation filter). The difficulty may be to implement the same scaling for
the channel prior to analog to digital conversion. So by principle it should be quite easy to
implement a datarate scale down over a decade but maybe at the cost of reduced channel
filtering performances. Note that the narrowing of the channel filter is limited by the obtain
RF frequency precision. Regarding this aspect, an Automatic Frequency Control may be
considered for Data Streaming type of communication. Some limited Direct Sequence
Spread Spectrum scheme, such as what is used in 802.15.4 2006 can also be considered. In
practice, there is no AFC implemented and the raw modulation schemes that are considered
are the 2Mbit/s MSK and the 1Mbit/s GFSK. Note that duty cycling the transceiver activity

This project is funded by the European Commission under the 7"" Research Framework Programme. 83



FP7-1 CT-2009-5

WiserBAN (257454)

D1.2v3

Reference

Requirement

Status

reduces the peak data rate to an average data rate by reducing approximately by the same
amount the current consumption: by principle any average data rate lower than the peak
data rate can be configured.

1.2.2 Data rate parameters

Table 26 Data rate requirements

Reference | Description Min Typ Max Unit Status
P3 Data rate 1 MBit/s 3
C.f. above remark for the R5 and R 6 in chapter 1.2.1.

P4 Data rate 1 kBit/s 3

C.f. above remark for the R 5 and R 6 in chapter 1.2.1: this data rate is too low to gain on

sensitivity linearly because of relative frequency imprecision.

P5 Data rate 100 kBit/s 3
C.f. above remark for the R5 and R 6 in chapter 1.2.1.
P6 Data rate 30 kBit/s 3

C.f. above remark for the R 5 and R 6 in chapter 1.2.1: this data rate is too low to gain on

sensitivity linearly because of relative frequency imprecision.

P7

Data rate

5

kBit/s

C.f. above remark for the R 5 and R 6 in chapter 1.2.1: this data rate is too low to gain on

sensitivity linearly because of relative frequency imprecision.

P8

Data rate

5

kBit/s

C.f. above remark for the R 5 and R 6 in chapter 1.2.1: this data rate is too low to gain on

sensitivity linearly because of relative frequency imprecision.

P9

Useful data rate (non-
streaming)

2

kBit/s

C.f. above remark for the R 5 and R 6 in chapter 1.2.1: this data rate is too low to gain on

sensitivity linearly because of relative frequency imprecision.

P10

Data rate

30

200

1000

kBit/s

C.f. above remark for the R 5 and R 6 in chapter 1.2.1: lower data rate is too low to gain on

sensitivity linearly because of relative frequency imprecision.
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Reference | Description Min Typ Max Unit Status
P11 Data rate 3 kbit 5

C.f. above remark for the R 5 and R 6 in chapter 1.2.1: this datarate is too low to gain on
sensitivity linearly because of relative frequency imprecision.

P12 Data rate (payload) 200 kbit 5

C.f. above remark for the R5 and R 6 in chapter 1.2.1.

P13 Data rate (payload) 1.2 Mbit 5
C.f. above remark for the R5 and R 6 in chapter 1.2.1.
P14 Data rate 20 kbit 5

C.f. above remark for the R 5 and R 6 in chapter 1.2.1: this datarate is too low to gain on
sensitivity linearly because of relative frequency imprecision.

P15 Data rate (payload) 300 kbit 5

C.f. above remark for the R 5 and R 6 in chapter 1.2.1.

P16 Data rate 10 kbit 2

C.f. above remark for the R 5 and R 6 in chapter 1.2.1: this datarate is too low to gain on
sensitivity linearly because of relative frequency imprecision.

P17 Data rate 20 2000 kbit/s 5

C.f. above remark for the R 5 and R 6 in chapter 1.2.1: lower datarate is too low to gain on
sensitivity linearly because of relative frequency imprecision.

P18 Data rate 10 1000 Kbit 4

C.f. above remark for the R 5 and R 6 in chapter 1.2.1: lower datarate is too low to gain on
sensitivity linearly because of relative frequency imprecision.

P19 Data rate 1000 kbit/s 5
C.f. above remark for the R 5 and R 6 in chapter 1.2.1.
P20 Data rate 1000 Kbit/s 2
C.f. above remark for the R 5 and R 6 in chapter 1.2.1.
P21 Data rate 20 2000 | kbit/s 5

C.f. above remark for the R 5 and R 6 in chapter 1.2.1: lower datarate is too low to gain on
sensitivity linearly because of relative frequency imprecision.

Table 27 Data rate parameters
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1.3 Latency and delays

1.3.1 Latency and delays requirements

Reference | Requirement Status

R7 Latency <1s to initiate communication, then <50ms 3

C.f. above remark for the R 5 and R 6 in chapter 1.2.1. For extremely long latencies, wake up
from Off mode can be considered in order to limit the leakages.

RS Tolerance to long latencies (several tens of ms) by the MCU 5
controlling the WiserBAN radio sub-system

This is inherent to Control-Command type of communication described in chapter 4.2.1.

Table 28 Latency and delays requirements

1.3.2 Latency and delays parameters

Reference | Description Min Typ Max Unit Status

P22 Latency 500 ms 3

Any average data rate reduction can be implemented with reduction of average current
consumption with tradeoff on latency. This max. latency should be covered without
problem.

P23 Delay 300 ms 3

C.f. P 22 in same chapter.

P24 Latency 300 ms 3

C.f. P 22 in same chapter.

P25 Latency 500 ms 3

C.f. P 22 in same chapter.

P26 Delay 15 ms 3

Any average data rate reduction can be implemented with reduction of average current
consumption with tradeoff on latency. This latency should be covered without problem
except source coding (e.g. audio compression & decompression).

P27 Latency 250 ms 3

C.f. P 22 of same chapter
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Reference | Description Min Typ Max Unit Status
P28 Delay 25 ms 3
C.f. P 26 of same chapter
P29 Latency 200 ms 3
C.f. P 22 of same chapter
P30 Latency 200 ms 3
C.f. P 22 of same chapter
P31 Delay 5 ms 3

Any average datarate reduction can be implemented with reduction of average current
consumption with tradeoff on latency. This latency is not a problem for the communication
itself but will be hard to comply with in case of source coding.

P32 Latency (link 50 ms 4
established)

C.f. P 22 of same chapter

P33 Wake-up time 100 s 3

From sleep mode, tough but aligned with one of the more constrain specification of the

platform.

P34 Latency 1 2 4 ms 5
C.f. P 31 in same chapter.

P35 Wake up time 20 s 5

From sleep mode, tough but aligned with one of the more constrain specification of the
platform. If number not reached in practice, it could be possible to run the BAW oscillator

continuously to reach the number.

P36 Latency 100 ms 5
C.f. P 22 of same chapter
P37 Wake-up time 100 s 1
C.f P 33 in same chapter
P38 Latency (without 1 ms 5
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Reference

Description

Min Typ

Max

Unit

Status

compression)

Any average datarate reduction can be implemented with reduction of average current
consumption with tradeoff on latency. This latency is not a problem for the communication

only.

P39 Timing Jitter (bilateral +/-50 us 5
Cl case)

Should not be a problem because number much lower than the data rate itself.

P39 Wake-up time 100 ms 0

No problem except if needs to be waked up from Off state: in this case only extremely short

software can be compliant (because of on-chip RAM reload from EEPROM).

P 40

Latency (without
compression)

1

ms

Any average data rate reduction can be implemented with reduction of average current
consumption with tradeoff on latency. This latency is not a problem for the communication

only.
P41 Timing Jitter (bilateral +/-50 s 5
Cl case)

C.f. P 39 of same chapter.
P42 Latency 1 ms 5
C.f. P 38 of same chapter.
P43 Timing Jitter (trigger) +/-50 us 5
Specification imprecise but assumed to be the same as P 39 of same chapter.
P44 Wake-up time 100 s

0
C.f. P 33 of same chapter.
P45 Latency (activation) 1 ms 0
C.f. P 38 of same chapter.
P46 +/-50 Hs >
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Reference | Description Min Typ Max Unit Status
Specification not comprehensible.

P47 50 ys 5
Specification not comprehensible.
P48 Timing Jitter 0.5 m 5

For synchronizing of sound processing: basically not a problem this specification has to
consider tradeoff on current consumption.

P 49 Wake-up time

Specification not comprehensible.

P50 Latency (without 1 ms 5
compression)

C.f. P 38 of same chapter.

P51 Timing jitter +/-50us 5

C.f. P 44 of same chapter.

P52 Wake-up time 100 s 0

C.f. P 33 of same chapter.

P53 Latency 100 ms 1

C.f. P 22 of same chapter.

P54 Wake-up time 100 s 0

C.f. P 33 of same chapter.

P55 Latency 200 ms 1

C.f. P 22 of same chapter.

P56 Wake-up time 100 s 1

C.f. P 33 of same chapter.

P57 Latency 250 ms 1

C.f. P 22 of same chapter.

P58 Set-up time 3 S 5

Not a problem.
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Reference

Description Min Typ Max Unit

Status

P 59

Latency 100 ms

C.f. P22 of

same chapter.

P 60

Wake-up time 100 LS

C.f.P33of

same chapter.

P61

Latency 200 ms

C.f. P22 of

same chapter.

P62

Wake-up time 100 s

C.f.P33of

same chapter.

Table 29 Latency and delays parameters

1.4 Networking

1.4.1 Networking requirements

Reference

Requirement

Status

R9

Bidirectional radio link

With Half-Duplex link.

R10

2 and 3 nodes BAN (works with 2 Hl only or with additional
remote)

Star-shape

multi-node protocol foreseen.

R11

Bidirectional radio link

C.f. R 9 of same chapter.

R12

Listen before talk

0

Taken into account (the “CA” in CSMA-CA means “Collision Avoidance” which is in practice a

mechanism similar to the “Listen Before Talk”).

R13 Preferred topology Star, Remote is in the center 2
Cf.R10
R14 Channel management 5

Any type of slow frequency hopping, listen before talk, etc can be implemented in
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Reference | Requirement Status
software.

R15 Bluetooth (audio profile) and Bluetooth LE compatibility
5

mode

The Bluetooth audio profile will not be covered: it would overstress the design with
particularly important impact on current consumption (but everything will be attempt to

make possible the interaction at hardware level even if not fully compliant).

R 16 Bidirectional radio link (half duplex) 5

C.f. R 9 of same chapter.

R 17 Bidirectional radio link (TX power management, acknowledge) 5

C.f. R 9 of same chapter.

R18 Bluetooth audio profile 5

C.f. R 15 of same chapter.

R19 Bidirectional radio link (TX power management, acknowledge) 5

C.f. R 9 of same chapter and R 20 of chapter 3.1.1.

R21 Bidirectional radio link (half duplex) 5

C.f. R 9 of same chapter.

R 22 Bidirectional radio link (full duplex) 5

C.f. R 9 of same chapter.

R23 Bidirectional radio link (wake up) 5

According to response time /current consumption tradeoff.

R24 Bidirectional radio link > (meshed
network)

C.f. R9 of same chapter.

R25 Listen before talk 5 (CSMA-CA)

C.f. R 12 of same chapter.
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Reference | Requirement Status
R26 Bluetooth LP compatible 5t
Targeted for PHY layer but complete software-based protocol stack may be out-of-project.
R27 802.15.4-2006 compatible 5
Targeted for PHY layer but complete software-based protocol stack may be out-of-project.
R 28 Bidirectional radio link 4
C.f. R9 of same chapter.

R29 Coexistence 5
Specification needs to be stated.
R 30 Compatibility with existing communication standards 4
C.f.R25andR 26.
5 (reliable
R31 Bidirectional radio link (,
links)
C.f. R 9 of same chapter.
R32 Listen before talk 3
C.f. R 12 of same chapter.
R33 Bluetooth le compatible 5
C.f. R 26 of same chapter.
R34 802.15.4-2006 compatible 3
C.f. R 27 of same chapter.
R35 Channel management 4
C.f. R 14 of same chapter.
R 36 Bidirectional radio link 5
C.f. R9 of same chapter.
R37 Bluetooth LE compatible 5
C.f. R 26 of same chapter.
Table 30 Networking requirements

1.4.2 Networking parameters
Reference | Description Min Typ Max Unit Status
P63 Number of devices 6
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Reference | Description Min Typ Max Unit Status
Taken into account.

Table 31 Networking parameters

1.5 Link range

1.5.1 Link range requirements
Reference | Requirement Status
R 38 Range 2 to 5m 5
C.f. chapter 4.1.

Table 32 Link range requirements

1.5.2 Link range parameters
Reference | Description Min Typ Max Unit Status
P64 Range 3m 3
C.f. chapter 4.1.

P 65 Range Im 3
C.f. chapter 4.1.
P 66 Range 10m 3
C.f. chapter 4.1.
P67 Range Im 3
C.f. chapter 4.1.
P 68 Range HI-to-HlI 0,3m 3
C.f. chapter 4.1.
P69 Range Remote-to-HI Im 3
C.f. chapter 4.1.
P70 Range 0,3m 3
C.f. chapter 4.1.
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Reference | Description Min Typ Max Unit Status
P71 Range 2 3 10 m 5
C.f. chapter 4.1.

P72 Distance range 3 m 4
C.f. chapter 4.1.
P73 Distance range 5 m 4
C.f. chapter 4.1.
P74 Distance range 5 m 4
P75 Distance range 5 m 4
C.f. chapter 4.1.
P76 Distance range 0.5 m 5
C.f. chapter 4.1.
P77 Distance range 3 m 4
C.f. chapter 4.1.
P78 Distance range 3 10 m 5
C.f. chapter 4.1.
P79 Distance range 3 m 4
C.f. chapter 4.1.
Table 33 Link range parameters

1.6 Electromagnetic compatibility

1.6.1 Electromagnetic compatibility requirements
Reference | Requirement Status
R 39 Worldwide regulatory compliance 5

As far as it remain in 2.4GHz to 2.483GHz ISM band: compliance with 802.15.6 and 802.15.4j
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Reference | Requirement Status
may ask for different modulation not covered
R 40 Worldwide regulatory compliance 5
C.f. R 39 of same chapter.

R41 Interoperability with other protocols & perturbators 5
Specification needs to be stated.
R 42 Immunity to MRI 5
Specification needs to be stated.
R43 Can survive 200 V/m at 2.45 GHz 5

Depends on the antenna gain, not impossible but need to be checked: it would be

interesting

to precise the specification especially the test setup.

162 E

None.

Table 34 Electromagnetic compatibility requirements

lectromagnetic compatibility parameters

2 Supply

This section groups the items related to the supply voltage and the power consumption

2.1 Supply requirements

Reference | Requirement Status
R 44 Supply voltage range <1.8 to >2.3V 2
C.f. chapter 2.6.2.
R 45 Autonomy at least 9 days @ <120J/day 5
Depends on tradeoff explained in previous chapters... and battery capacity.
Table 35 Supply requirements

2.2 Supply parameters

Reference | Description Min Typ Max Unit Status
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Reference | Description Min Typ Max Unit Status
P 80 Standby current <200 nA 5

Impossible with existing memory and digital gate libraries, except with complete supply
disconnection.

P8l Peak current 20 mA 4

Taken into account.

P 82 Power consumption 1 10mwW mwW 5
active

Targeted but depends on tradeoffs explained in previous chapters

P83 Power consumption 1 3 uW 5
idle

C.f. P 80 of same chapter.

P 84 Power consumption 1 3 uW 4
sniff mode

Possible for analog only, c.f. P 80 of same chapter for digital.

P 85 Standby current (sniff 5 pw 5
mode, RSSI, no RF)

C.f. P 84 of same chapter.

P 86 Standby current (sniff 50 pw 5
mode, RSSI, RF noise
present)

Possible but depends on tradoff described in previous chapters

P87 Standby current (sniff 5 uW 5
mode, RSSI, no RF)

C.f. P 84 of same chapter.

P 88 Standby current (sniff 50 pw 5
mode, RSSI, RF noise
present)

C.f. P 86 of same chapter.
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Reference | Description Min Typ Max Unit Status
P89 Standby current (sniff 5 pw 5
mode, RSSI, no RF)

C.f. P 84 of same chapter.

P90 Standby current (sniff 50 pw 5
mode, RSSI, RF noise
present)

C.f. P 86 of same chapter.

P91 Operating power 1 mw 5
consumption

C.f. P 86 of same chapter.

P92 5 HW 5

?

P93 50 HW 5

?

P94 Operating power 100 W 4
consumption

C.f. P 86 of same chapter.

P95 Standby current (sniff
mode, RSSI, no RF)

?

P 96 Standby current (sniff
mode, RSSI, RF noise
present)

?

P97 Operating current 0.5 mW 5
consumption

C.f. P 86 of same chapter.

This project is funded by the European Commission under the 7"" Research Framework Programme.

97



FP7-1 CT-2009-5 WiserBAN (257454) D1.2v3
Reference | Description Min Typ Max Unit Status
P98 Standby current (sniff 5 pw 5

mode, RSSI, no RF)
C.f. P 84 of same chapter.
P99 Standby current (sniff 50 pw 5
mode, RSSI, RF noise
present)
C.f. P 86 of same chapter.
P 100 Tx consumption 10 mA 3
Targeted below for max. datarate.
P 101 Rx consumption 10 mA 3
Targeted below for max. datarate.
P 102 Standby current 5 A 5
C.f. P 84 of same chapter.
P 103 Tx consumption 10 mA 3
C.f. P 100 of same chapter.
P 104 Rx consumption 10 mA 3
C.f. P 101 of same chapter.
P 105 Standby current (sniff 2 PA 4
mode, RSSI, no RF)
C.f. P 84 of same chapter.
2.3
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Reference | Description Min Typ Max Unit Status

P 106 Standby current 20 pHA 5
current (sniff mode,
RSSI, RF noise present)

C.f. P 84 of same chapter.

P 107 Tx consumption 10 mA 3

C.f. P 100 of same chapter.

P 108 Rx consumption 10 mA 3

C.f. P 101 of same chapter.

P 109 Standby current 5

C.f. P 84 of same chapter.

Table 36 Supply parameters

3 Interface

This section groups all the items relating to the interface aspects on the RF side, on the application
side and on the mechanical side.

3.1 RF interface

3.1.1 RFinterface requirements

Reference | Requirement Status

R 46 Adaptive antenna matching 1

Specified for antennas described in chapter 2.7.2 chapter 0.

R 47 Adaptive antenna matching 5

C.f. R 46 of same chapter.

R 48 TX power management 2

There is very little current saving by reducing the Tx power below the targeted one because
of overhead such as the BAW oscillator and RF synthesizer consumption. So we did not
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Reference | Requirement Status
consider any tuning on RF power (but it’s possible).

R 49 TX power management 5
C.f. R 48 of same chapter.

R 50 TX power management 3
C.f. R 48 of same chapter.

R51 TX power management 5
C.f. R 48 of same chapter.

R52 TX power management 5
C.f. R 48 of same chapter.

R53 TX power management 0
C.f. R 48 of same chapter.

R >4 Adaptive antenna matching 3
C.f. R 46 of same chapter.

R 35 Programmable pulse shaping 3
Taken into account.

R 56 Tunable RF output power 3
C.f. R 48 of same chapter.

R57 Tunable RF output power 3
C.f. R 48 of same chapter.

R>58 Adaptive antenna matching 3
C.f. R 46 of same chapter.

R 59 Tunable RF output power 3
C.f. R 48 of same chapter.

R 60 Adaptive antenna matching 4
C.f. R 46 of same chapter.
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Reference | Requirement Status
R 61 TX power management 3
C.f. R 48 of same chapter.

R 62 Adaptive antenna matching 3
C.f. R 46 of same chapter.
Table 37 RF interface requirements

3.1.2 RF interface parameters
Reference | Description Min Typ Max Unit Status
P 110 Sensitivity -102 -92 dBm 5
Max. considered for 1mbit/s and min considered for 100kbit/s.

P111 Input impedance 50 Q 5

(antenna)

Taken into account.

P112 RF interface impedance 50 Q 5
C.f. P 111 of same chapter.

P113 Output power 0 dBm 5
Taken into account.

P114 Output power -20 0 dBm 5

Taken into account, c.f. R 48 of same chapter if RF output power tuning

is understood.

P 115

Output power -10

dBm

5
C.f. R 48 of same chapter.
P 116 Input impedance 50 Q 4
C.f. P 111 of same chapter.
P 117 RF interface impedance 50 Q 5
C.f. P 111 of same chapter.
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Reference | Description Min Typ Max Unit Status
P118 Output power 0 dBm 5
C.f. R 113 of same chapter.

Table 38 RF interface parameters

3.2 System and interface

3.2.1 System and interface requirements
Reference | Requirement Status
R 63 12C Interface >

Not considered because we prefer SPI serial because of possible reuse of EEPROM interface:

It’s possible but it would add additional pins.

R 64 Low pin-count: interface <6 lines, serial 4

The SPI (SoC and EEPROM access) need 5pins and PDM 3 additional pins.

R 65 Low processing power requirement for the MCU controlling 5
the WiserBAN radio sub-system

C.f. chapter 2.9.3.

R 66 Low memory footprint requirement for the MCU controlling 5

the WiserBAN radio sub-system

All protocol intended to be integrated non-chip so a simple SPI interface should be enough

to control the SoC and exchange data.

R67 Device-wakeable Yes 5
Yes using on-chip RTC-based interrupt (if leakages ok).

R 68 Host-wakeable Yes 5
Yes through interrupt on an interface port (or supply disconnection).

R 69 Listen before talk (2.5GHz Band) 5
Taken into account.

R70 Data integrity 5

A hardware CRC is planned. Further verification can be implemented in software.
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Reference | Requirement Status
R71 12S Interface (adapted) 5
Yes, confirmation needed that the “adapted” correspond to a PDM interface.

R72 12C Interface >
C.f. R 63 of same chapter.
R73 SPI Interface 0

Yes, in Master mode for interface to EEPROM and possibly on Slave mode for interface with

off-chip controller.

R74 FLASH/EEPROM >
Yes but off-chip.

R75 RAM 5
96kBytes partitionable into program and memory banks.

R76 GPIO 3
All digital 10s can be configured as standards GPIOs.

R 77 Voltage regulator up to 7V input 2

The power management is implemented off-chip on the platform (to focus the SoC design

on more challenging functionalities).

R78 Peripheral logic level scalable 5
This is the SoC “high voltage”, c.f. chapter 2.6.2.

R79 Encryption 1
Not considered in hardware but always possible in software.

R 80 Low duty cycle RX, wake up on RSSI (sniff mode) 5
Targeted, c.f. chapter 4.2.1.

R81 Encryption 0

C.f. R 78 in same chapter.
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Reference | Requirement Status
R 82 Wake up: activation with RC 5
No, with RTC based on Low-Frequency silicon Resonator
R 83 Embedding of control data (RC functionality) 5
Specification not understood.

R84 12S Interface (adapted) 5
C.f. R 71 of same chapter.
R 85 12S Interface (adapted) 5
C.f. R 71 of same chapter.
R 86 Wake up: activation with RC 5
C.f. R 82 of same chapter.
R 87 Data integrity 5
C.f. R 71 of same chapter.
R 88 Wake up: activation with Codeword (sniff mode) 5
C.f. R 80 of same chapter.
R 89 12C Interface 5
C.f. R 63 of same chapter.
R 90 SPI Interface 0
C.f. R 73 of same chapter.
R91 Encryption 5
C.f. R 78 in same chapter.
R92 Encryption 3
C.f. R 78 in same chapter.
R93 Wake up: activation 5
C.f. R 80 in same chapter.
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Reference | Requirement Status

R94 12C Interface 5

C.f. R 63 of same chapter.

R 95 SPI Interface 0

C.f. R 73 of same chapter.

R 96 Encryption 0

C.f. R 78 in same chapter.

R 97 Wake up: activation 5

C.f. R 80 in same chapter.

R 98 12S Interface (adapted) 5

C.f. R 71 of same chapter.

R99 Encryption 0

C.f. R 78 in same chapter.

R 100 Low duty cycle RX, wake up on RSSI (sniff mode) 5

C.f. R 80 of same chapter.

R 101 12C Interface 5

C.f. R 63 of same chapter.

R 102 RSS| 5

Yes, mandatory for wakeup on RF.

R 103 AGC 5

Yes, implemented in hardware.

R 104 FEI | AFC 3

Yes, yet, a priori implemented in software for maximum flexibility (i.e. in physical layer).

R 105 5 (protocol

Controller .
and sensing)

Yes, low-power general purpose 32bit uC with additional instruction set dedicated to DSP (2
MAC 1 //).

R 106 SPI & PDM interface 5

Yes.
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Reference | Requirement Status
R 107 I12C interface 5
C.f. R 63 of same chapter.

R 108 I2C interface 3
C.f. R 63 of same chapter.

R 109 12S interface 3
Yes.

R110 UART interface 3
Yes but multiplexed on existing digital 10s.

R111 JTAG interface 3
Yes, for test and debug purpose but multiplexed on the limited number of digital 10s.
R112 RF remote programming 3
A priori, should be feasible.

R113 Real Time Clock 5
Yes, with on-platform Low-Frequency silicon resonator.

R114 4 Hardware Timers with PWM 3
Yes.

R115 Clock outputs 3
Yes but multiplexed on the limited number of digital 10s.

R116 Regulated voltage outputs 3
No, c.f. R77 of same chapter.

R117 GPIO 5
C.f. R 76 of same chapter.

R118 Ultra-low-power comparators 3

Not presently, specification and use to be precised.

R119 Regulators

5 (RF & digital)

No, c.f. R77 of same chapter.

R 120

Voltage step-up 3
No, c.f. R77 of same chapter.
R121 Voltage step-down 3

No, c.f. R77 of same chapter.
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Reference

Requirement

Status

3 (t° sensing &

R122 Low-resolution ADC voltage
monitoring)

No, c.f. R77 of same chapter, specification and use to be precised.

R123 Brown out 5 (POR)

No, c.f. R77 of same chapter.

R124 LED current sources 3

No, c.f. R77 of same chapter.

R125 RSS| 5

C.f. R 102 in the same chapter.

R126 Micro-Controller 5

C.f. R 105 in same chapter.

R 127 Sp 5

C.f. R 73 of same chapter.

R128 UART interface 3

C.f. R 110 in same chapter.

R129 JTAG interface 3

C.f. R 111 in same chapter.

R130 Real Time Clock 5

C.f. R 113 in same chapter.

R131 High-resolution ADC 3

C.f. R 122 in same chapter.

R132 Brown out & Power-On-Reset 5

C.f. R 77 in same chapter.

R133 Encryption 4

C.f. R 78 in same chapter.

R134 Data integrity 4

C.f. R 71 of same chapter.

R 135 Low duty cycle RX, wake up on RSSI (sniff mode) 4

C.f. R 80 of same chapter.
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Reference | Requirement Status
R 136 I2C Interface 5
C.f. R 63 of same chapter.

R 137 integrated Controller 3
C.f. R 105 of same chapter.

R138 SPI & PDM interface 3
C.f. R 106 of same chapter.

R139 I2C interface 5
C.f. R 63 of same chapter.

R 140 UART interface 3
C.f. R 110 of same chapter.

R141 JTAG interface 3
C.f. R 111 of same chapter.

R 142 RF remote programming 3
C.f. R 112 of same chapter.

R143 Real Time Clock 3
C.f. R 113 of same chapter.

R 144 Voltage step-up 3
No, c.f. R77 of same chapter.

R 145 Voltage step-down 3
No, c.f. R77 of same chapter.

R 146 Low-resolution ADC 3
No, c.f. R77 of same chapter.

R 147 LED current sources 3
No, c.f. R77 of same chapter.

R 148 Privacy 4

Specification that need precision: if mean encryption, c.f. C.f. R 78 in same chapter.

Table 39 System and interface requirements

3.2.2 System and interface parameters

Reference

Description

Min Typ

Max

Unit

Status
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Reference | Description Min Typ Max Unit Status
P 119 device protocol stack 5 kBytes 5

memory footprint
(RAM)

If by “device” it means the SoC, 5kBytes will not be enough to cover the complete protocol

stacks.
P 120 device protocol stack 50 kBytes 5
memory footprint
(ROM)
C.f. P 110 in the same chapter: except the boot and possibly some small functions, the
software will be placed in big majority in RAM for debug purposes.
P121 Listen before talk Yes 5
Taken into account.
P 122 SPI Interface Yes 5
C.f. R 73 of chapter 3.2.1.
P123 Memory 64 128 256 kBytes 5
C.f. chapter 2.9.3.
P124 MCU clock 0.1 10 MHz 3
C.f. chapter 2.9.3.
P 125 MCU consumption 25 UA/MHz 3
C.f. chapter 2.9.3.
P 126 Memory 128 kBytes 5
C.f. chapter 2.9.3.
P 127 MCU clock 10 MHz 5
C.f. chapter 2.9.3.
P128 Memory 64 128 256 kBytes 5

C.f. chapter 2.9.3.
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Reference

Description

Min

Typ

Max

Unit

Status

P 129

MCU clock

0.1

10

MHz

C.f. chapter

2.9.3.

P 130

MCU consumption

25

uA/MHz

C.f. chapter

2.9.3.

Table 40 System and interface parameters

3.3 Mechanical interface

3.3.1 Mechanical interface requirements

Reference

Requirement

Status

R 149

Size < 25mm? x Imm

Order of magnitude but TBC precisely.

R 150

Size < 150mm? x 1mm

C.f. R 149 in same chapter.

3.3.2 Mechanical interface parameters

None.

Table 41 Mechanical interface requirements
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4 Quality and reliability

This section

groups all the items related to the quality aspects

4.1 Quality and reliability requirements

D1.2v3

Reference | Requirement Status
R 151 Reliability (implanted) 5
Specification needing to be stated.
R 152 Link reliability 3
Specification needing to be stated.
R 153 QoS: sensitive to errors 4
Specification needing to be stated.
R 154 QoS: sensitive to latency 3

Specification

needing to be stated.

Table 42 Quality and reliability requirements

4.2 Quality and reliability parameters

None.
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