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Abstract

This document describes the Bluetooth Range Extender v.2 module, based on the DA14580 SoC.
Target hardware: 580 RD QFN40 Module_RF PA_vC — Board Number: 078-56-C.
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1 Terms and definitions

BLE Bluetooth Low Energy

BOM Bill Of Materials

DUT Device Under Test

ERP Effective Radiated Power

FW Firmware

LPF Low Pass Filter

PA Power Amplifier

PCBA Printed Circuit Board Assembled

PCB Printed Circuit Board

RF Radio Frequency

SoC System on Chip

SPDT Single Pole Double Throw

2 References

1. DA14580 Low Power Bluetooth Smart SoC, Datasheet, Dialog Semiconductor

2. SKY66111-11 Datasheet

3. AN-B-020 End product testing and programming guidelines.(This document is susceptible to be replaced)
4. UM-B-012 DA14580/581/583 Creation of a secondary boot loader
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3 Introduction

The DA14580 Range Extender v.2 module design is based on the Dialog Semiconductor DA14580
BLE Smart SoC, where enhanced RF transmitted power is presented. This module serves as
reference design to potential customers requesting BLE functionality with Nominal RF Output power
up to +9.3 dBm (Peak RF Output Power +9.8 dBm). From physical perspective, the module is a two
layer PCBA where the digital and power interfaces of the DA14580 are accessible to the user. This
document presents the system, technical specifications, physical dimensions and test results.

~

Figure 1: DA14580 Range Extender v.2 module

4  System overview

4.1 Features

Highly integrated Dialog Semiconductor DA14580 Bluetooth ® Smart SoC

Module can be used as either stand-alone or as a data pump on a system with an external
processor

Module satisfies all Bluetooth requirements

No external crystal or additional passive components are required for module operation, as the
module is equipped with two crystal oscillators one at 16MHz (XTAL16M) and a second at
32.738KHz (XTAL32K). The 32.738 KHz is used as the clock of Extended/ Deep Sleep modes.

Access to processor via JTAG, SPI, UART or 12C

22 GPIOs available on module at a 1.27 mm pitch, suitable for keyboard designs

Operating voltage: 2.4 V to 3.3 V. Suitable for operation from a single coin cell battery.
On-board printed inverted F-type antenna (Figure 1)

RF connector for conducted measurements( Figure 1)

Up to +9.3 dBm Nominal Maximum Output Power (+9.8dBm Peak Maximum Output Power).
Rx sensitivity: better than -90 dBm

Supply current:

-Tx : less than 17 mA peak current @ 3.0 V

-Rx: less than 6 mA peak current @ 3.0 V

-Extended - Sleep current: less than 1.6pA @ 3.0 V
15.25 mm x 24 mm, 37 pins, two layer PCBA
Operating temperature: —40 “C to +85 'C

Test FW based on DA14580_581_583 SDK_3.0.10.1
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Table 1: Electrical characteristics

Characteristic Value Comments
Specification tested at typical
Battery voltage (Veat_av) 24Vt033V voltage of 3.0 V
Operating frequency range 2400 MHz to 2483.5 MHz
Conducted output power +9.3 dBm Vear s3v =3V, Ta=+15t0 +35°C
Maximum bypass loss 0.6 dB Vear a3v =3V, Ta=+151t0 +35 °C
Receiver sensitivity Better than -90 dBm Vear 3v =3V, Ta=+15t0 +35°C
Tx Power = +9.3 dBm,
Peak Tx current <17mA Veat av =3V, Ta = +15 to +35 °C
Peak extended-sleep current <1.6pA Vear s3v =3V, Ta=+15t0 +35°C

4.2 General description

The system consists of the DA14580 Bluetooth Low power SoC, the SKY6611-11 Front-end module
and a discrete low pass filter. The radio front end is connected to a PCB trace antenna as Figure 2
shows.

The power amplifier is controlled by the CTRL1 and CTRL2 signals. CTRL1 is generated from pin
PO_3 and CTRL2 is generated from PO_2 of the DA14580. On pin PO_3 and pin PO_2 the internal
Radio_TXEN and Radio_RXEN signals are software allocated.

DA14580 Sky6611-11 Discrete

QFN40 LPF

T

VBAT 3V

Figure 2: Block diagram

The amplifier circuit is the SKY66111-11 from Skyworks. The CTX pin is used as the TX control
signal and amplifier bias voltage. CTX pin is connected to the amplifier BIAS pin via resistor RBIAS.
The resistor value is adjusted in order to get a Nominal RF Output Power of +9.3 dBm. More
information for the power output adjustment can be found in Sky66111-11 datasheet®.
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Figure 3: Sky66111-11 Power Amplifier

4.3 Bluetooth SoC

The DA14580 integrated circuit has a fully integrated radio transceiver and baseband processor for
Bluetooth ® Smart. It can be used as an application processor as well as a data pump in systems
with an external processor.

The DA14580 contains an embedded One-Time-Programmable (OTP) memory for storing Bluetooth
profiles as well as custom application code. The qualified Bluetooth® Smart protocol stack, which is
stored in a dedicated ROM, and the customer application software which is stored in system RAM,
run on the embedded ARM Cortex MO processor. Low leakage Retention RAM is used to store
sensitive data and connection information while in Deep Sleep mode.

The Radio Transceiver implements the RF part of the Bluetooth Smart protocol. Together with the
Bluetooth 4.0 PHY layer, it provides a 93 dB RF link budget for reliable wireless communication. All
RF blocks are supplied by on-chip low drop out regulators (LDOs). The RF port is single ended 50 Q,
S0 no external balun is required.

The DA14580 has dedicated hardware for the Link Layer implementation of Bluetooth® Smart and
interface controllers for enhanced connectivity capabilities.

The reset line of the DA14580 (pin RST) is active high. On this module the RST pin is available on
module pin 21.

Main debug port for the DA14580 is the JTAG. JTAG consists of two signals, SWDIO and SWCLK.

The frequency tolerance specification for BLE is 50 ppm. In order to compensate ageing and offset
effects, an external crystal shall have an accuracy of +15 ppm or better. The DA14580 crystal (Y1)
has a fundamental frequency of 16 MHz and load capacitance not higher than 10 pF. The crystal is
located on the module itself. Also, an internal programmable capacitance bank is available in the
DA14580. In this way, the crystal oscillator frequency can be tuned.

For sleep mode the on chip RCX oscillator is utilized. In addition, a 32 kHz crystal (Y2) with a
tolerance of 50 ppm (500 ppm max) can be assembled on the module. The crystal load capacitance
shall not be higher than 10 pF.

The external digital interfaces available for the module are:
e 2 UARTSs with hardware flow control up to 1 MBd

e SPl interface

® |2C bus at 100 kHz, 400 kHz
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e 3-axis capable Quadrature Decoder
There is also a 4-channel 10-bit ADC available externally to the module.

The module includes 22 GPIOs (including JTAG signals) that are available externally. The interfaces
are multiplexed with the GPIOs and can be enabled by appropriate programming.

The DA14580 is equipped with a DC-DC converter that can be configured as either Buck or Boost.
For this module, the DC-DC converter is configured as a Buck converter (C5, C2, L1, C3).

The DA14580 is available in three packages: WLCSP34, QFN40 and QFN48. In this reference
application the QFN40 has been used.
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Figure 4: DA14580 QFN40 SoC, Range Extender ver.2 module
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4.4 RF front end

This part of the design is implementing the amplification of the RF transmitted signal while the
transmitted harmonics as well as the Tx spurious emissions remain within the FCC/ETSI
specification.

The operation of the RF front end is controlled by the DA14580. There are two RF paths: one
through the amplifier and one bypass path. The amplifier path is enabled during transmission. The
RF signal passes through the PA, the low pass filter and the RF matching network. In the bypass
path, the RF signal received at the antenna is driven directly to the BLE transceiver.

Power Amplifier Path
DQAé;igo . | Amplifier F e Low Pass Matching
‘ | . ; i A
BTLE SoC - SKY66111-11 Filter circuit
Amplifier_b_)f;_)ass path
Figure 5: RF front end signal paths
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Figure 6: RF front end schematic

4.4.1 Radio front end control signals

4411 Radio front end control signals

In general, three different radio control signal can be extracted from DA14580:
- extrc_txen, it can be used as Tx_En control signal of the RF front end.

- extrc_rxen or radcntl_rxen radio. Both signals are of the same duration. They can be used
as Rx_En control signals for the RF front end.

- event_in_process that can be used for wlan co-existence signal.

The signals are extracted by using the BLE diagnostic port. Two registers need to be programmed:

- BLE_DIAGCNTL_REG where it is defined which signals will be extracted from each port.
Register specification of BLE_ DIAGCNTL_REG :
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Table 2: BLE_ DIAGCNTL_REG (0x40000050) register specification

Bit Mode | Symbol Description Reset
R/W DIAG3_EN 0: Disable diagnostic port 3 output. All outputs are set to 0. 0x0
1: Enable diagnostic port 3 output.
- Reserved 0x0
R/W DIAG3 Only relevant when DIAGENS = 1. 0x0
Selection of the outputs that must be driven to the diagnostic
port 3.
R/W DIAG2_EN 0: Disable diabnostic port 2 output. All outputs are set to 0. 0x0
1: Enable diagnostic port 2 output.
- Reserved 0x0
R/W DIAG2 Only relevant when DIAGEN2 = 1. 0x0

Selection of the outputs that must be driven to the diagnostic
port 2. See chapter 2.15 for a detailed description.

RMW DIAG1_EN 0: Disable diagnostic port 1 output. All outputs are set to 0. 0x0
1: Enable diagnostic port 1 output.

] - Reserved 0x0

R/W DIAG1 Only relevant when DIAGEN1T = 1. 0x0

Selection of the outputs that must be driven to the diagnostic
port 1. See chapter 2.15 for a detailed description.

RW DIAGO_EN 0: Disable diagnostic port 0 output. All outputs are set to 0. 0x0
1: Enable diagnostic port 0 output.
- Reserved 0x0
RMW DIAGO Only relevant when DIAGENO = 1. 0x0
Selection of the outputs that must be driven to the diagnostic
port O.

- BLE_CNTL2_REG where the BLE diagnostic port is enabled and the straight or reverse pin
assignment is defined. This function is controlled by two register bit-fields, DIAGPORT_SEL
and DIAGPORT_REVERSE. Description presented below on Table 3.
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Table 3: BLE_CNTL2_REG (0x40000200) register specification

Bit Mode | Symbol Description Reset
R/W DIAGPORT_REVERS | BLE/RADIO Diagnostic Port Reverse order. 0
E

When this bit is "1", the mapping of the diagnostic bus DIAG-
PORT[7:0] (controlled by DIAGPORT_SEL) to GPIOs (con-
trolled by Pxy_MODE_REGI[PID]) is reversed. The mapping

IS:

If "0" then DIAGPORT[7] is mapped to PO[7], etc.
DIAGPORTI[4] is mapped to PO[4],

DIAGPORTI3] is mapped to PO[3] and P1[3], etc. and
DIAGPORTI0] is mapped to PO[0] and P1[0].

If "1" then DIAGPORT[7] is mapped to PO[0] and P1[0], etc.
DIAGPORT[4] is mapped to PO[3] and P1[3],
DIAGPORTI3] is mapped to PO[4], etc. and

DIAGPORTI0] is mapped to PO[7].

R/W DIAGPORT_SEL BLE/RADIO Diagnostic Port Selection. 0x0

Controls the multiplexing of the internal diagnaostic signals
towards the 8-bit diagnostic bus DIAGPORTI[7:0]. The DIAG-
PORT[7:0] bit order may or may not be reversed by using the
DIAGPORT_REVERSE bitfield and then it will be directed to
the GPIOs PO[7:0] and P1[3:0]. (Note that the P1[3:0] diag-
nostic signals are the same with PO[3:0] signals_)

The DIAGPORT][7:0] value, depending on the
DIAGPORT_SEL value, is:

00: {BLE_DIAG2[7:5], BLE_DIAG1[4:3], BLE_DIAGO[2:0]}
01: {BLE_DIAG2[7:5], BLE_DIAG1[4:3], BLE_DIAGO[2]
,wakeup_lp_irq, deep_sleep_stat 32k}

10: RADIO_DIAGO[7:0]

11: RADIO_DIAG1[7:0]

In BLE_CNTL2_REG the port and the pins assignment order is defined. Only port 0 (P0_[0:7]) and
port 1 (P1_[0:3]) of the chip can be utilized.

BLE_CNTL2_REG BLE_DIAGCNTL_REG BLE_CNTL2_REG BLE_CNTL2_REG BLE_DIAGCNTL_REG BLE_CNTL2_REG

(DIAGPORT_ SELECT=0) [DIAGO, DIAGL, DIAG?] (DIAGPORT_ REVERSE =0) (DIAGPORT_ SELECT=0) [DIAGO, DIAGL, DIAG?] (DIAGPORT_ REVERSE =1)
DiagOutf0] — P0_0 ;Uf P10 DiagOut/0] —> P0_7
DIAGO | DiagOutft] — P01 & P11 DIAGO | DiagOutft] > P06
DiagOut2] —» P0_2 DiagOut2] —> P05
BLE oG DiagOut[3] |5 P03 BLE DAGL DiagOut[3] |y P04
DIAGNOSTIC DiagOut4] | » P04 DIAGNOSTIC DiagOutd] | » P03
DiagOut[5] —»f P0_5 DiagOut[5] —»  P0_2

DIAG2 | DiagOut[s] > P06 DIAG2 | DiagOut[6] —> PO_1 ‘or: P11

DiagOut{7] > P0O_7 DiagOut{7] —> P00 jorj P10

Figure 7: Diaghostic port to pins assignment and register settings
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For having all pins extracted in parallel, a combination of register setting and pin availability must be
arranged. For example it is preferable to avoid assigning PO_4 and PO_5 to RF control signals. PO_4
and PO_5 are used for UART ports in testing and production tests.

The available pins are presented below:

Table 4: Diagnostic port availability and settings for control pins

Function Diagnostic port settings DA14580 assigned Pins
BLE_DIAGCNTL_REG BLE_CNTL2_REG
DIAGPORT_ DIAGPORT_
DIAG port DIAGX REVERSE=0 | REVERSE =1
Tx_Enable DIAG1 0x28 PO_3 PO _4
DIAG1 0x28 PO_4 PO_3
DIAG2 0x08 PO_5 PO_2
Rx_Enable — —
- DIAG2 0x0c PO_6 PO 1, P11
DIAGO Ox1F PO _2 PO 5
DIAG2 0x08 PO_7 PO 0, P10
Wlan coexist DIAG2 0x0D PO_7 PO 0, P10
DIAG2 Ox1F PO_6 PO 1, P11

4412 Suggested pin assignment

A suggested pin assignment for extracting all rf control signals at the same time is presented below:

Table 5: Suggested pin assignment for extracting all RF control signals

function Signal used Diagnostic port settings DA14580 assigned Pins
BLE_DIAGCNTL_REG BLE_CNTL2_REG
DIAG port DIAGX DIAGPORT_REVERSE =0
PA_Tx Enable extrc_txen DIAG1 0x28 PO_3
PA Rx Enable | radcntl_rxen DIAGO Ox1F PO_2
event_in_

WIlan coexist DIAG2 0x08 PO _7

process

For more options on the pin assignment please read paragraph 4.8: Development mode-peripheral
pin mapping.
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Below, screenshots from the radio control signals during operation are presented. The proximity
reporter_fh application was used.

RF_Tx_signal

C4

- cntr signal

o '

!
|
|
i

|
|
|

TX enable cntr signal

Figure 9: Rising edge of Tx_En control signal
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RF_Tx_signal

RX cntr signal
[}

TX enable cntr signal

ELEDYNE LECR

Figure 10: Detail from Tx_En to Rx_En signal

4.4.2 Power amplifier

The amplifier circuit is the SKY66111-11% from Skyworks. The VBIAS pin is connected to the bias
voltage via resistor R7. The resistor value is adjusted so that the +9.3 dBm output power is achieved
at maximum 16.15 mA current consumption.

There are two Low Pass Filters options for the power amplifier. The first one is at the input of the
Skyworks amplifier and is formed by C6, C7 and L3 and the second is at the output of the Skyworks
amplifier and is formed by L4, L5, C18 and C19. The second LPF is used in the current design.

The power amplifier is supplied from pin VBAT_3V directly.
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The low pass filter is placed after the amplifier matching network in order to suppress the harmonics
generated due to the amplifier’s nonlinearity. The filter presents low losses in the 2.4 GHz to 2.5 GHz
frequency range (max. loss: 0.5 dB). The ripple on the pass band was chosen equal to 0.1dB.

SHD

SMD

VBAT_3V

ci7
1z I L4 LS
2.7nH 2.7nH 10pF

ANTA
FIFA

1.2pF NP C16
MR

Low Pas iltar:
L4, LE= 2.TnE / LOGOITHINTEOOD
C1B8=1.2pF/ CEMO33ISCIHIRZAADLD

Figure 11: Low pass filter

2n7 2n7

[ 1p2

1.2pF

LE

E 33nH

Figure 12: T- shaped, 3-poles, Low Pass Filter

The filter is a T- type Chebyshev 3" order low pass filter. The filter configuration is presented in

Figure 12.

Component value:

- 2,7nH : LQG15HN2N7S02 / Murata
- 1.2pF: GRM1555C1H1R2CZD1/ Murata

Frequency response measurements are presented in Figure 13 below.
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444 Antenna

Figure 13: Simulation results of LPF response

4441 Range Extender v.2 on Interposer

The antenna is a printed Inverted F Antenna (IFA). The antenna was designed according to the size
of the module and the available antenna space (15.24 mm x 24 mm). The measurements for the
characterization of the antenna radiation pattern were performed with Range Extender v.2 module
mounted on an interposer board. The matching components values for the antenna measurement
are: C20= 1.2pF and L6=3.3nH.

User manual

= ¥uieoL3

~
1

O ONDVesy
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Figure 14: Range Extender v.2 on interposer
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Figure 15: Antenna geometry on Range Extender v.2

Flo Vnw Channel Sweep Calbvaton Ilace Scals M:ui}u Syﬂm Wpdnw Help

 Spen [2000000000 GHz [3]

>Ch1: Seart 144500 GHe —— 1 Stop 344500 GHz

Cot. CH1 811 | C 1-Port LCL |

Figure 16: Measured S11 paramater for IFA

Gain measurements were performed in an anechoic chamber. The maximum gain was measured at
0 dBi.

Table 6: Antenna gain Range Extender v.2 with interposer

Parameter G (dBi)

Maximum gain 0
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Standing [dBm)]

= yertical polarization

horizontal polarization

total

Figure 17: Radiation diagram for the board placed vertically on the short edge

Laying [dBm]

vertical polarization

horizontal polarization

total

Figure 18: Radiation diagram for the board placed horizontally
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4.4.4.2 Range Extender v.2 stand alone

Measurements for the characterization of the antenna radiation pattern were also performed with
Range Extender v.2 not soldered on interposer. In this case the matching components values differ
from the values of the module on the interposer. The matching values of the components are: C20=
1.2pF and C16=1pF.

Figure 19: Range Extender v.2 stand-alone

Gain measurements were performed in an anechoic chamber. The maximum gain was measured at

-10 dBi.

Table 7: Antenna gain Range Extender v.2 stand-alone

Parameter G (dBi)

Maximum gain -10

Standing [dBm]

vertical polarization

horizontal polarization

e O t 2l

Figure 20: Radiation diagram for the board placed vertically on the short edge

User manual Revision 1.1 14-September-2015

CFR0012-00 Rev 1 24 of 60 © 2015 Dialog Semiconductor



UM-B-045 dialog

SEMICONDUCTOR

DA14580 Range extender v.2 reference application Company confidential

Laying [dBm]

} ‘-‘ 5 == yertical polarization

horizontal polarization

total

Figure 21: Radiation diagram for the board placed horizontally

The stand-alone board presents lower antenna gain than the board mounted on the interposer. This
is explained due the small ground size of the board. It is recommended for Range Extender v.2 to be
mounted on a pcb with bigger ground surface or when embedded to a new design to follow the
dimensions in Figure 22.

Figure 22: IFA antenna implementation

The dimensions above are given for a typical FR1 PCB substrate, 1mm thick. The antenna length is
adjusted for resonance including a 1mm plastic enclosure placed in contact with the PCB antenna.
The red outline indicates the antenna footprint, i.e. required allocation of PCB space. The footprint of
the antenna is available per request in dxf format.

Legend (Figure 22):
Clearance between antenna arm and GND plane right a.
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Antenna width b.

Antenna height c.

Clearance between the antenna arm and GND plane below d.

Minimum GND plane size required for correct operation of the antenna e.
Antenna traces width f.

4.5 Power system and requirements

The Range Extender v.2 module is supplied by a single power supply through pins VBAT_3V. For
the DA14580 SoC, the VBAT_3V voltage variations are handled by the internal DC-DC converter.
The DC-DC converter’s external components are an inductor L1 (2.2 uH) and three capacitors C3,
C1 and C2 (all three capacitors are equal to 1 uF).

The RF power amplifier and its circuitry are supplied directly from the external power source. The
module is intended for use with a +3 V coin cell battery (e.g CR2450 type). The Vgar 3y Voltage range
is 2.4 V to 3.0 V, whereas the absolute maximum voltage is 3.6 V.

The overall current consumption in Tx mode does not exceed 17 mA @ 3.0 V supply. The current
consumption by the front end circuits (amplifier) does not exceed 11 mA, whereas in extended- sleep
mode the consumption of the system is expected to be in less than 1.6 uA.

- File  Edit  Tools Scope -

2.130257 2129081 2127906

Markers & Measurements () Ranges..  AUTO SCALE ‘Q Q.

Marker 1 Measurements Between Markers Marker 2
Time -2.138891 s A =10.188 ms Freq = 98.155 Hz -2.128703 s
Avg Max
A-I1 1.777 pA 2.105533 mA 16.151728 mA 0A

Figure 23: Current consumption for Advertisement frame

4.6 Trimming the 16MHz Xtal

For ensuring best operation of the Module, the 16MHz XTAL must be trimmed. The frequency is
trimmed by two on-chip variable capacitor banks. Both capacitor banks are controlled by the same
register. For trimming the XTAL apply procedure described on AN-B-020° End product testing and
programming guidelines.
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4.7 PCBA

A 2-layer FR4 PCB with 1.024 mm standard thickness is used. The PCB size is 15.25x24 mm. There
are 37 connection pads which are made as castellation (1/2 open drill) with 1.27 mm pitch.

The connection pad assignment is shown in Table 8 below. The pin numbering is counter clockwise,
as seen from the PCB top starting in the top left corner.

Schematic and BOM are presented in Figure 25 and Table 9.

Figure 24: Top view of PCBA

Table 8: Module Pin assignment

Pin Signal name Pin Signal name Pin Signal name
(Left side of the PCB (Bottom side of the (Right side of the
seen from the top) PCB seen from the PCB seen from the
top) top)
1 GND 15 PO_7 29 SWCLK
2 P2_7 16 GND 30 GND
3 P2_8 17 GND 31 P12
4 VPP 18 P2_2 32 P1_3
5 P2_9 19 VBAT_3V 33 GND
6 P2_0 20 GND 34 P2_5
7 PO_0O 21 RST 35 P2_6
8 PO_1 22 P2_3 36 GND
9 GND 23 P2_4 37 GND
10 GND 24 GND
11 PO_4 25 P10
12 PO_5 26 GND
13 P2 1 27 P11
14 PO_6 28 SWDIO
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Figure 25: Schematic of DA14580 Range Extender v.2 Module
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Table 9: Bill of Materials

Ref. Value Description Manuf. MPN Footpr.
DA1458 Dialog
Ul O_QOFN4 BT Low Energy System on a Chip Semiconductor DA14580-01AT1 QFN40
SKY661 Front-End Module, 2.4GHz- Skyworks
vz 11 2.485GHz Solutions, Inc. SKY66111-11 MCM
L3, R3, )
RS RG 0 RES 0.0 OHM 1/20W 0201 SMD | Vishay/Dale CRCWO02010000Z0ED | 0201
0,
R7 3.3K RES 3.3K OH'\SA'\ing 1% 0201 Vishay/Dale CRCWO02013K30FKED | 0201
Y1 16.000M CRYSTAL 16MHZ 10PF SMD T . 7M-16.000MEEQ-T
Hz Corporation
v2  [32768K| cpvsTAL 32.768KkHZ 7PESMD | APTACON | \BS07.32 768KHZ-7-T
Hz Corporation
C1, C2, TDK
C3,C5, | 1.0uF |CAP MLCC 1.0uF 10V X5R 10% . C1005X5R1A105K050BB| 0402
Corporation
C14
C8, C9, CAP MLCC 0201 10pF 25volts
C13, C17 10pF COG Murata GRMO0335C1E100JA01D | 0201

CAP MLCC 0201 1.2pF 25volts

C18, C20| 1.2pF COG +/-0.25pF

Murata GRMO0335C1E1R2CA01D| 0201

INDUCTOR Power 2.2uH,

L1 2.2uH 500mA, 400MHz Taiyo Yuden BRL1608T2R2M 0603
L4,L5 2.7nH Fixed Inductors 2.7 NH +-.1NH Murata LQPO3TN2N7B00D 0201
Fixed Inductors 3.3nH 0.1nH
L6 3.3nH 500MHz Murata LQPO3TN3N3B02D 0201
RF Connectors / Coaxial Johnson / Cinch
J1 NP Connectors UMC STRT JACK Connectivity 128-0711-201 umcC
RECEP SURFACE MOUNT Solutions
Not Populated Components
Ref. Value Description Manuf. MPN Footpr.
C6,C7,C
15,C16,C NP Capacitors
19
R8 NP Resistors
ANT1 Printed Antenna
TP1,TP2 Test Points
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On the following table the pins used for development/ testing are described.

Table 10: Development/ testing mode pin mapping

SoC DA14580 Function SoC DA14580 Function
Pin # | assigned Pin # assigned

Pins Pins
1 PO 0O Available External Use 21 SWITCH Connection for the external

DCDC-converter inductor.

2 PO_1 Available External Use 22 P10 Available External Use
3 PO_2 PA_Rx Enable 23 VBAT1V
4 PO 3 PA_Tx Enable 24 P11 Available External Use
5 NC 25 P1_5 SWDIO
6 PO_4 UART TX 26 P1_4 SWCLK
7 PO_5 UART RX 27 P1_2 Available External Use
8 P2_1 Available External Use 28 P13 Available External Use
9 PO_6 Available External Use 29 XTAL16Mp
10 PO_7 WLAN coexist 30 XTAL16Mm
11 XTAL32Km 31 VDCDC_RF
12 XTAL32Kp 32 P2_5 Available External Use
13 P2_2 Available External Use 33 P2_6 Available External Use
14 VBAT_RF 34 RFIOm
15 VBAT3V 35 RFIOp
16 GND 36 P2 7 Available External Use
17 RST RESET 37 P2_8 Available External Use
18 P2_3 Available External Use 38 VPP
19 VDCDC 39 P2 9 Available External Use
20 P2 4 Available External Use 40 P2 0 Available External Use

*Note: Any available pin can be used for interfacing external SPI data Flash. See secondary boot loader
document for further details*
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By default in the secondary boot loader” all the SPI GPIO signals are assigned to Port0. However as
it has been mentioned in paragraph 4.4.1, PO_2 and PO_3 pins are utilized to extract the radio control
signals. So if SPI communication with a peripheral is needed, a modification in the configuration
settings for the peripherals contained in header file periph_setup.h can be made.

// SPI Flash settings
// SPI Flash Manufacturer and ID

#define
fdefine

W25X10CL_MANF_DEV_ID (OXEF10)
W25X20CL_MANF_DEV_ID (OxEF11)

// SPI Flash options

#define
#define
#define
#define
#define
#define

W25X10CL_SIZE 131072
W25X20CL_SIZE 262144
W25X10CL_PAGE 256
W25X20CL_PAGE 256
SPI_FLASH_DEFAULT SIZE 131072
SPI_FLASH_DEFAULT PAGE 256

//SPI initialisation parameters

#define
#define
fdefine
fdefine
fdefine
#define
// URART
#define
#define
#define
#define

SPI_WORD MODE SPI_8BIT MODE
SPI SMN | MODE  SPI MASTER MODE
SPI POL MODE SPI CLK INIT _HIGH
SPI_PHA MODE  SPI_PHASE 1
SPI_MINT EN  SPI_NO MINT
SPI_CLK DIV  SPI_XTAL DIV 2
GPIOs assignment

UART GPIO_PORT GPIO_PORT 0
UARI‘_TX_PIN GPIO PIN 3
UART _RX PIN GPIO_PIN_S
UART BAUDRATE baudrate 57K6

// SPI GPIO assignment

fdefine
fdefine
#define
fdefine
fdefine

SPI_GPIO PORT  GPIO_PORT_0
SPI_CS_PIN GPIO PIN 3
SPI_CLK PIN  GPIO_PIN 0
SPI_DO_PIN GPIO_PIN_6
SPI_DI_PIN GPIO_PIN S

// EEPROM GPIO assignment

#define
#define
f#define

I2C_GPIO_PORT  GPIO_PORT 0
I2C_SCL_PIN GPIO_PIN 2
I2C_SDA_PIN GPIO_PIN 3

// W25X10CL Manufacturer and ID
// W25X10CL Manufacturer and ID

// SPI Flash memory size in bytes
// SPI Flash memory size in bytes
// SPI Flash memory page size in bytes
// SPI Flash memory page size in bytes
// SPI Flash memory size in bytes
// SPI Flash memory page size in bytes

Figure 26: DA14580/581/583 configuration settings for peripherals, periph_setup.h

User manual

Revision 1.1 14-September-2015

CFR0012-00 Rev 1

31 of 60 © 2015 Dialog Semiconductor



UM-B-045 dialog

SEMICONDUCTOR

DA14580 Range extender v.2 reference application Company confidential

4.9 Software
The following instructions are based DA14580_581 583 SDK_3.0.10.1. Instructions are valid for
both Keil 4 and Keil 5 projects. Screenshots shown are in Keil 5.
Inserting in a project (example in proximity reporter)
1. Copy app_range extender folderto dk apps\src\modules\app\src\app utils
2. Open the project and add app_range extender.c in app group of the keil project

Right click ‘apps’ and select “Add existing files to Group ‘app’ ”. Add
app_range extender.c

File Edit View Project Flash Debug Peripherals Tools SVCS

NEda| &2 o@& | | p
& i %'?a?l prox_reporter |Z| 45 | u
Project » E _] boot_vectors.s
=% Project: prox_reporter 569
=45 prox_reporter 570
3 boot 571 H#ifdef UE
- h 572
i are 573
i1 patches 574
3 driver 575
3 host 576
. d aTT
L nvds 578
L rwhle 579
i profiles 580
£ app = 581
,QQ Options for Group ‘app'... Alt+F7

Add Mew Hem to Group ‘app’...
Add Existinp.Files to Group ‘app’...

Remove Group ‘app’ and its Files

Open Build Log
%% Rebuild all target files
Build target F7

ﬁ Manage Project ltems... I

v | Show Include File Dependencies

T X R T T

Figure 27: Step 2 of adding app_range_extender

3. Add the app_range_extender folder in the compiler include paths.

File Edit WView Project Flash Debug Peripherals Tools SVCS  Window Help

NSd@| & @A | | m | = = 1= i
£ B e | EQ| prox_reporter EH;,:_\_%H & & ™ @&
Project o @ _1 boot_gi(}pﬁons for Target...
=% Project: prox_reporter 6 Configure target options e

Figure 28: Step 3a of adding app_range_extender
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In the target options, select the C/C++ tab and in the end add:
AN\ LU\ L L\ sre\modules\app\src\app utils\app range extender
(separate from the previous path with a semicolon)

- -
h| Options for Target 'prox_reporter' u
P get pi P!

Device I Target I Qutput I Listing I User C/Cs+s |A5rn I Linker I Debug I Lkilties I

— Pre

o Symbaols

Define: I
Undefine: I

— Language / Code Generation

I~ Execute-only Code I~ Strict ANSIC e
Optimization: ||_e\,3| 1(03) vl [~ Enum Container always int I‘“"I Wamings :l'
[~ Optimize for Time I Plain Charis Signed ™ Thumb Mode
[~ Split Load and Store Muttiple [~ Read-Only Position Independent [T Mo Auto Includes
[ One ELF Section per Function I” Read-Write Position Independert [~ €95 Mode
lng:tﬂe I.\..\:.\..\..\..\..\src\dialog\indude:c:\KeiI\.ﬁRM\CMSIS\Indude:C:\KeiI\ARM\RV31\INC:.\..\..\..\..\s m
| 1]
Misc :
Controls I—c99 -thumb ¢ -preinclude da14580_corfigh -bss_threshold=0
Compiler  |-c —cpu Cortex-MD -D__EVAL -D__MICROLIB i -g 03 —apes=interwork -\ % LA AN N s -
control  [\dialogtinclude -lo:\Keil " ARMYCMSIS Include -IC:A\KeilWARMAVRYITANG -5 A hsrc\pifrefip
string

[ ok || camcel || Defauts | Help

Figure 29: Step 3b of adding app_range_extender

4.In app <project> proj file, add the line:

#include "app range ext.h" inthe Include files section

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

@] A9 e [PRAREEE LB wesameoE A e @] e 6 @A
(S B S | W oo EF SRS
Project R ] app_proxr_proj.c
=71 Project: prox_reporter 26 #include "wkupct guadec.h” // SW configuration
[=l43 prox_reporter 27
3 boot 28 E#;f (BLE_AFP_PRESENT)
29
3 arch 30 L/
3 patches 31 | * INCLUDE FILES
B8 driver 2 | s R R R R R R R R R R R R R R R R R R KRR R R R
3 host 33 |~/
34 |
2 nvds 35 "app sec.n"
3 rwble 36 "app proxr_proj.h"
{3 profiles 37 "arch_sleep.h"
ER= 38 .
33 "co_math.h" // Common Maths Definition
L7 appe 10 -
|1 app.secc 41 []#if (NVDS_SUFPORT)
] app_sec_task.c 42 clude "nvds.h" // WVDS Definitions
B app._task.c a3 dif // (NVDS_SUPPORT)
- 24
10 appbatte 45 lude "spi_flash.h"
|11 app_batt_task.c 26
|1 app_findme.c 27 | #i ude "app_range_ext.h" // Bdded for range extender support
|11 app_findme_tesk.c i u,
49 [/
L1 app_proxrc 50 | * FUNCTION DEFINITIONS
|11 app_proxr_taskc B |k ke
@1 app_dis.c 52 | =/
ij app_dis_task.c ::
) app_proxr_proj.c 55 [_i/"
ij app_spotar.c BE | #rvrmdmd i r R R R R A R R R R A R R R R R R R R R R R R R R A A AR R R R R R R R R AR AR A AR R R AR R R R R AR AR R AR AR R
|1 app_spotar_task.c 57 | * @brief Button press callback function. Registered in WKUPCT driver.
ij app_range_ext.c 58 -
59 * Breturn void.
G | e e e e e e e e R o R

Figure 30: Step 4a of adding app_range_extender
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and callapp_range extender enable() inapp_init func()

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
T EEH@] 2 @]9 e | E R R R EEE G| B aeerangeetenderens] 3 @t | @ @ O O &
S B @ | B prorepone LR d= e @

Project 4 ] app_prox_proj.c
=% Project: prox_reporter 164 T IO T T
Eﬁ prox_reporter 165 * Bbrief app_api function. Project's actions in app_init
@3 boot 4 "

167 * Breturn void.
£ areh LGB | Rk stk ks kR bk Rk
[0 patches 169 | */
3 driver I’\\s 170
£ host 171 | void app init_func(void)
172 H{
3 nvds 173 E
£ rwhble 174 H#if (BLE_PROX_REPORTER)
[ profiles 175 app_proxr_init (GPIO_ALERT_LED PCRT, GPIC_ALERT LED PIN);
176
177 alert state.ll alert 1vl = PROXR ALERT HIGH: //Link Loss default Rlert Lewvel
app.c 178 alert:state.txl_j_lvl = 0x00; - - // TX power level indicator
app_sec.c 179 | #elif (BELE_FINDME LOCATCR)
app_sec_task.c 180 app_findl_init():
app_task.c 181 | fendif
182 -
app_batt.c 183 []#if (BLE_BATT_ SERVER)
app_batt_task.c 184 app_batt_init();
app_findme.c 185 | #endif
186 -

app_findme_task.c
187 H#if (BLE_DIS_SERVER)

app_proxr.c 188 app dis init():
app_proxr_task.c 189 | #endif
app_dis.c 180 -
app_dis_task.c 191 [H{#if (BLE_SPCTA_RECEIVER)
192 app_spotar init (app_ spotar status):
@PP_Proxi_proj.c 193 | #endif
app_spotar.c 194 |
app_spotar_task.c 185 app_range_extender enable(): // Added for range extender support
1396
app_range_ext.c
Pprange 187 H
198 L

Figure 31: Step 4b of adding app_range_extender
5.Inperiph setup.c, add the line:

#include "app range ext.h" inthe Include files section

File Edit View Project Flash Debug Peripherals Tools SVCS  Window Help
NEedd@ » c@&|9 6|« | p JE 5| (# app_range_eenderenly] B ¢ | @ | @ O & &
S @ | §B rocreporter ERET R

Project 2 ] periph setup.c || app_proxr_proj.c
=% Project: prox_reporter =1
B4 prox_reporter F Bk AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR R AR AR AR R AR AR AR R AR AR AR AR AR AR AR AR AR AR AR R RA AR
3 boot 3 - a
4 * @file periph setup.c
= arch : . PETIRA_ e
ij arch_main.c [ #* @Bbrief Peripherals setup and initialization.
] jump_table.c 7 *
ij arch_sleep.c B8 * Copyright (C) 2012. Dialog Semiconductor Ltd, unpublished work. This computer
- 9 * program includes Confidential, Proprietary Information and is a Trade Secret of

] nmi_handler.c

10 # Dialog Semiconductor Ltd. 211 use, disclosure, and/or reproduction is prohibited
ij penph_setup.c 11 * unless authorized in writing. A11 Rights Reserved.
| arch_system.c 12 ®
ij arch_patch.c 13 * <bluetooth.supportB@diasemi.com> and contributors.
14 *
3 driver 16 L =/
[ host 17 H/*
£ rvds 18 | * INCLUDE FILES
r— 19 B L T
20 -/
= profiles 21 #i "rwip config.n" /f SW configuration
03 app 2z % "periph_ setup.h"” // periphera configuration
23 # "global_io.h"
24 #i "gpio.h"
25 #i "uart.h"” // UART initialization
28
27 "app_proxr_proj.nh"
28
239 "app_range_ext.h" // BAdded for range extender support
30

31 H#ifndef _PERIPH_SETUP_H_
32 | #define _PERIPH SETUP_

Figure 32: Step 5a of adding app_range_extender
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and call app_range extender enable()attheendofperiph init ()

File Edit View Project Flash Debug Peripherals Tools SYCS  Window Help
S E@| s @9 e [ RE R EEE G| D g etenderens] 3 | @] @ O & &)
: 2 | ¥4 procreporter HR[d= e 2@

ol
s "B ] periph_setup.c | | ] app_proxr_proj.c
=% Praject: prox_reporter 118 * @brief Enable pad's and peripheral clocks assuming that peripherals' power domain is d
=] @ prox_reporter 119 =
E3 boot 120 * @return void
b B B L R ]
=HiF arch
122 | +/
|1 arch_main.c 123 | void periph inic(veid) // set iZe, spi, uwart, uart? serial clks
E jump_table.c 124 [H{
ﬂ arch_sleep.c 125 f/ Power up peripherals' power domain
128 SetBitsl6 (PMU _CTRL REG, PERIPH SLEEP, 0);
3 nmi_handler.c 127 while (! (GetWordl6 (SYS STAT REG) & PER IS UP))
|1 periph_setup.c 128 - - -
|1 arch_system.c 129 SetBits16(CLE 16M REG, XTAL16 BIAS SH ENABLE, 1):
[ arch_patch.c da
131 f/rom patch
£ patches 132 patch func();
J driver 133 -
3 host 134 //Init pads
[ nvds 135 set_pad functions(};
136
d rwhble 137
3 profiles 138 []#if (BLE_APP PRESENT)
[ app 139
140 #if ELE_PROX REPORTER
141 app_proxr port reinit (GPIO ALERT LED PORT, GFIO ALERT LED PIN):
142 [ #if USE_PUSH BUTTON
[} 143 app button_enable();
144 | fendif // USE_PUSH_BUTTON
145 #elif BLE_FINDME LOCRTOR
146 H #if USE_PUSH_BUTTON
147 app_button snable ()
148 #endif // USE_PUSH_BUTTON
149 |#endif //BLE_PROX_REPORTER
150 [#if BLE BATTERY SERVER
151 app batt port_reinit():
152 | #endif //BLE_BATTERY SERVER
153
154 | #endif //BLE APFF PRESENT
433 g
156 // Enable the pads
157 SetBitsl6(5YS_CTRL_REG, PAD LATCH EN, 1):
158
159 app_range_extender enable(): // Added for range extender support
160
161 |}
Figure 33: Step 5b of adding app_range_extender
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Inserting in the production test tool

1. Follow above steps 1-3

2.Incustom gtl hci.c,

add the line:

#include "app range ext.h" inthe Include files section

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
NSH@| & cBR[(9 e @ | prR R I 11| @ apprange ot Faea@le 0 &
H g Lo = iy
i 2 0| ¥ prodtest EFIE- R A ]
Project a ] custom_gti_hdi.c
=% Project: prod_test 20 O/~
© 45 prod_test 21 | * INCLUDE FILES
=53 boot 2; ,;x“,”“”””“u”””“,”“,”,”“u”””“”””“u”””“”””“u”””“,
[ arch ot |
-3 patches 25 lude "rwip_config.h" /f SW configuration
3 driver 26
3 host 27 []#if (GTL_ITF && BLE EME PRESENT)
03 nvd 28
mvds 29 "co_bt.h" // BT standard definitions
3 rwble 30 "co_sndia
3 misc 31 "co_utils
= app 32 "co_error.h"
33
[ customer_prad.c 2a P
ij custom_lIld_evt.c as "gtl_sav,n”
] custom_lld_dsta.c 36 "gtl_hei.h"
1] custom_lid.c 37 "gtl eif.h”
- 38 "gtl task.h"
[ custom_gtl_eif.c e grl_task.h
[ custom_gtl_hci.c 40 "1lm cask.hn
] «tal_cal.c 41
ij pulse.s 42 "arch.h"
0 rdtest 43 "pll_vcocal lut.h"
rdtest.apl.c 44 "rf 580.h"
|7 rdtest lowlevel.c 45
[ rdtest_support.c 46 "customer prod.h"
0 _supp ]
|1 app_range_ext.c 47
48 "app_range_ext.h" // Bdded for range extender sqpportl
43

and callapp _range extender enable()ingtl hci rx header func()

| File Edit View Project Flash Debug Peripherals

Fla& e ey

Tools SVCS Window Help

% | 2 5 5| % app_range et

Fael@le coa

] custom_gtl_hci.c

NSH&@ + @9 |« | ®
S EEe S| R prod test
Project L
i 1% Project: prod_test 1te
=) f prod_test 159 |
3 boot dEn
161
3 arch B
3 patches 163
3 driver 164
3 host Az
166
3 nvds P
3 rwhle 168
£3 misc 163 [
0@ xo B
ij customer_prod.c 172 |
[ custom_lid_evt.c 173
L] custom_lid_data.c 174
[1 custem_lid.c 175
176
.J custom_gtl_eif.c 177
[ custom_gtl_hei.c 178
L1 stal_cal.c 179
[ pulses i
[ rdtest is1 |
rdtest_api.c 182
1 rdtest lowlevel.c 183
[ rdtest support.c 184
|1 app_range_ext.c 453
Fp-rang 186 |
187

H

// Bllocate the kernel message

if (opcode != HCI_UNMODULATED_ON_CMD OPCODE && opcode != HCI_LE END_PROD_RX TEST_CMD_OPCCDE &
5& opcode !=HCI_TX_START CONTINUE_TEST CMD OBCODE && opcode !=HCI_TX END_CONTINUE_TEST CMD_
5& ! (opcode=—HCI_LE TX TEST_CMD OPCCDE && length_rx—5 ) && ! (opcode——HCI_SLEEP_TEST_CMD_

s ! (opcode==HCI_XTAL TRIM CMD CPCODE) && ! (opcode==HCI_OTP_RW_CMD OFCCDE)
5& ! (opcode=—HCI_CTP_READ CMD_OPCODE) && ! (opcode=—HCI_OTE WRITE CMD_OBCODE)

s ! (opcode==HCI_REGISTER_RW_CMD_OPCODE) s& ! (cpcode==HCI_CUSTOM_ ACTION_CMD_OPCODE)
s& ! (opcode==HCI_RDTESTER CMD CPCCDE) && ! (opcode==HCI_FIRMWARE VERSION CMD_OPCODE))

gl env.p msg rx = ke param2msg (ke msg alloc(msgid, dest_id, TASK GTL, alloc_length));
gtl_env.p_msg_rx->param_len = length_rx:
¥
else //@WR coming in this loop means we handle the customer production commands, they are not
/f and will be handled in 'gtl_hci_rx_header' or in 'gtl_hci_rx header and gtl_hci_rx_payl
i
gtl_env.p_msg rx = ke_param2msg(ke_msg_alloc(msgid, dest_id, TASK GTL, alloc_length)):
grtl_env.p_msg_rx->id = opcode;
gtl_env.p msg rx->param len = length_ rx:

app_range extender enable(); // Added for range extender support

// SetWordlé (P1_RESET_DATA_REG,
h

0x04) ; //SET P1.2

void gtl_heci_rx payload(void)

Figure 34: Inserting app_range_extender in the production test tool
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5 Measurements

5.1 Basic performance measurements

5.1.1 Receiver sensitivity (conducted)

5.1.1.1  Test description

In this test the Rx sensitivity of Range Extender v.2 Module was measured.

51.1.2 Test setup

The Range Extender v.2 Module was mounted on a DK Development Board with the use of an
intermediate interposer board. The R&S®CBT Bluetooth® Tester from Rohde & Schwarz was used.
An RF cable assembly was connected to J1 connector (UMC RF Series) and at the other end
through an attenuator to the R&S®CBT Bluetooth® Tester from Rohde & Schwarz. The results from
a dirty transmitter on one of the boards are reported below.

5.1.1.3 Test results

The conducted RF sensitivity with dirty transmitter shows that the sensitivity is better than -90 dBm
for the most of the channels.
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Bluetooth Low Energy PER Search

TX Start Level: -96.0 dEm, Packetz 1500, Psyosd PRES 5, Length: 37 Bytes, Diny Tranem itler: specifcation tabie

Channelzcan: from Ch. 00 fo Ch. 33, with delaied values

R¥ Level @ Ch: 00, FER: 28.53%, Count: 13 ] -51.40 dBm w
RX Level @ Ch: 01, PER: 25.33%, Count: 08 ] -91.40 dBm W
R Level @ Ch: 02 PER: 30.33%, Count: { ] -51.40 dBm W
R Lewvel @ Ch: 03 FER: 31.20%, Count: 07 ] -530.60 dBm W
RX Level @ Ch: 04, PER: 30 60%, Count: 07 | -31.50 dBm W
R¥ Level @ Ch: 05 PER: 25.67%, Count: 11 ] -91.40 dBm W
RX Level @ Ch: 08 FER: 31.53%, Count: 08 ] -91.40 dBm W
R¥ Level @ Ch: OF, FER: 31.47%, Count: 03 ] -91.10 dBm w
R Level @ Ch: 08 FER: 31.07%, Count: 08 ] -31.40 dBm W
R Level @ Ch: 05, FER: 28.53%, Count: 05 | -81.10 dBm W
R Level @ Ch: 10 FER: 31.13%, Count: 11 ] -531.00 dBm W
RX Level @ Ch: 11, PER: 3247%, Count: 10 | -30.70 dBm W
R¥ Level @ Ch: 12 PER: 25.53%, Count: 12 ] -591.10 dBm w
RX Level @ Ch: 13 FER: 28.80%, Count: 03 ] -31.10 dBm W
R¥ Level @ Ch: 14 FER: 28.53%, Count: 03 ] -591.10 dBm w
RX Level @ Ch: 15 FER: 31.60%, Count: 14 ] -89.20 dBm w
R Level @ Ch: {8 FER: 25.27%, Count: {3 ] -51.20 dBm W
R¥ Level @ Ch: 17, FER: 25.33%, Count: 03 ] -531.10 dBm W
RX Level @@ Ch: 18 PER: 31.40%, Count: 1 | -31.30 dBm W
R¥ Level @ Ch: 15, PFER: 25.40%, Count: 03 ] -50.40 dBm W
R Level @ Ch: 20, FER: 30.07%, Count: 1 ] -31.20 dBm W
R¥ Level @ Ch: 24, FER: 25.60%, Count: 05 ] -91.20 dBm w
RX Level @ Ch: 22 FER: 25.33%, Count: 03 ] -31.20 dBm W
R Level @ Ch: 23, FER: 25.008, Count: 11 ] -50.80 dBm W
RX Level @ Ch: 24, FER: 25.80%, Count: 05 ] -91.20 dBm W
RX Level @ Ch: 25 FER: 31.53%, Count: 08 ] -91.40 dBm W
R¥ Level @ Ch: 26 PER: 25.53%, Count: 1 ] -50.90 dBm w
RX Level @ Ch: 27, FER: 23.93%, Count: 03 ] -30.40 dBm W
R¥ Level @ Ch: 28 FER: 25.40%, Count: {8 ] -590.90 dBm w
R Level @ Ch: 25, FER: 30.20%, Count: 11 ] -531.00 dBm W
RX Level @ Ch: 30 PER: 23.73%, Count: 18 | -30.90 dBm W
R¥ Level @ Ch: 31, FER: 28.87%, Count: 08 ] -88.80 dBm W
RX Level @ Ch: 32 PER: 31.00%, Count: 09 | -31.10 dBm W
R Level @ Ch: 23, FER: 25.53%, Count: 05 ] -81.20 dBm "
R Level @ Ch: 34, FER: 253.33%, Count: 1 ] -530.90 dBm W
R¥ Level @ Ch: 35 PER: 25.53%, Count: 07 ] -90.60 dBm w
R Lewvel @ Ch: 38 FER:31.13%, Count: 05 ] -531.20 dBm W
R Level @ Ch: 37, FER: 25.408, Count: 11 ] -51.00 dBm W
R¥ Level @ Ch: 38 FER: 31.13%, Count: 12 ] -591.10 dBm w
RX Level @ Ch: 33, FER: 23.07%, Count: 10 ] -30.30 dBm W
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5.1.2 Transmitter output power (conducted)

5.1.2.1  Test description

In this test the conducted RF output power of Range Extender v.2 Module was measured.

51.2.2 Test setup

The Range Extender v.2 Module was mounted on a DK Development Board with the use of an
intermediate interposer board. In order to evaluate the TX output power, production test firmware
was used. Conducted transmitted output power was measured by using the R&S®CBT Bluetooth®
Tester from Rohde & Schwarz. An RF cable assembly was connected to J1 connector (UMC RF
Series) and at the other end through an attenuator to the R&S®CBT Bluetooth® Tester. Bursts of 10
packets were transmitted by the DA14580. The packet length was 37 and the pattern was
“01010101”. Three channels were recorded, channels 0, 19 and 39.

5.1.2.3 Test results

Measurements were performed on a number of samples.

Annex: omina Power Graphic

Mode: Channelscan, Start Channel: 00, Stop Channel: 38, Average: blue, Min: green, Max: red

9.50 dBm-

9.00 dBm-

g0 BW+—4—4H—"F+—"+—"F+—-+—"+—"F—»A—F—F—F———f
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 39

Red: maximum
Blue: average

Green: minimum

Figure 35: Nominal conducted output power per channel
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Annex:

Peak Power Graphic
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Mode: Channelscan, Start Channel: 00, Stop Channel: 38, Average: biue, Min: green, Max: red

10.00 dBm+

9.50 dBm+

9.00 dBm
0

Red: maximum
Blue: average

Green: minimum

Figure 36: Peak conducted output power per channel

Table 12: Tx output power

I 1 I 1 I
T T T T T T
20 22 24 26 28 30

Parameter Veat 3v (V) Pout (dBm)
Nominal Tx output power, average +3.0 cHao CHI9 CH39
9.35 8.87 8.57
Peak Tx output power, average +3.0 9.88 9.34 9.03
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5.1.3 Current consumption

51.3.1 Test setup

The board used in the test presented optimal RF performance. The integrated printed antenna was
used to perform the measurements.

Following instruments were used for the test:
e Multimeter

e 3V, 100 mA power source
o Agilent N6705B

The current profiles were evaluated using proximity reporter firmware with embedded PA control.
During this test the Advertisement, Connection and Extended Sleep modes were evaluated.

5.1.3.2 Advertisement mode

For this measurement the DUT was supplied by 3 V. FW was downloaded and the JTAG
programmer and then it was disconnected.

Table 13: Peak current during Advertisement mode

Channel | Frequency (MHz) | Parameter | lpgak (MA)
0 2402 Ipeak0, TX 16.15
12 2440 Ipeak12, TX 15.91
39 2480 Ipeak39, TX 14.68

Tools Scope Hep @ / Scope fi- Data Logger

5
2
23
=
=
=
2
o
)
3
=g
=R

-2.138486 -2137311 -2.132608 -2131432 -2.130257 -2.129081 -2.127906
&)

Markers & Measurements () Ranges..  AUTO SCALE @ Q Q

Marker 1 Measurements Between Markers Marker 2
Time -2.138891 s A =10.188 ms Freq = 98.155 Hz -2.128703 s
Avg Max
A-I1 1.777 pA 2.105533 mA 16.151728 mA 0A

Figure 37: Supplu current during an Advertisement frame
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5.1.3.3 Connection mode

For this measurement the DUT was supplied by 3 V. FW was downloaded and the JTAG
programmer was disconnected and connection with an iPhone 4S was established.

Table 14: Peak current during Connection mode

Parameter lpeak (MA)

Ipeak, TX 16.74

File  Edit  Tools Scope Hep @ /> Scope fiw- Data Logger

5
3
23
c
3
2
)
()
=
s

-3.535627 -3.! -3.533979 -3 £) -3.530683 -3.529859 -3.529035 -3.528211 -3.527387

Markers & Measurements () Ranges... s [S§

Marker 1 Measurements Between Markers Marker 2
-3.535111 s A =6.944ms Freq = 144.014 Hz -3.528167 s

Avg Max
3.023 pA 819.205 uA 16.741768 mA 2.284 A

Figure 38: Supply current during a Connection frame
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5.1.3.4  Extended sleep mode

For this measurement the DUT was supplied by 3 V. FW was downloaded and the JTAG
programmer was disconnected. FW was setting the RF path to Rx.

Table 15: Average current in Extended Sleep mode

Parameter lav (MA)

Imean 1.58

File  Edit  Tools Scope Help ’ U™ Scope it~ Data Logger

=
2
=
=
=
=
ES
o
)
=l
Ed
S

0.390585 0.393710 0.399960 0.403085 0.412460
@]

Markers & Measurements () Ranges.. AUTOSCALE iy & &

Marker 1 Measurements Between Markers Marker 2
384.335 ms A =31.25ms Freq=32Hz 415.585 ms
Avg Max
1.515 pA 1.58 pA 1.676 pA 1.554 pA

Figure 39: Supply current during Extended Sleep mode
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5.3 FCC/ ETSI Measurements

5.3.1 Emission limitation conducted (transmitter)

5.3.1.1  Test description

In this test the level of the harmonics produced by the Tx path was measured.

5.3.1.2 Test setup

The Range Extender v.2 Module was mounted on a DK Development Board with the use of an
intermediate interposer board. In order to evaluate the harmonics levels production, the production
test firmware with embedded PA signal control was used. The boards under test, were set into
continuous transmit mode. An RF cable assembly was connected to J1 connector (UMC RF Series)
and in the other end were connected to the spectrum analyser. Three channels were tested,
channels 0, 19 and 39.

5.3.1.3 Test results

Table 16: Conducted Tx harmonics at Vgar 3y = 3.0 V @ CH00, CH19, CH39

Parameter (dBm) CHOO0 - 2402MHz CH19 - 2440MHz CH39 - 2480 MHz
2nd harmonic power -52.40 -52.56 -52.40
3rd harmonic power -58.54 -58.04 -56.76
4th harmonic power -55.70 -55.64 -56.81
5th harmonic power -59.52 -58.06 -56.66

All measurements comply with the limits specified in FCC 15.247/ Sub clause (d). Please note that
the 2" harmonic power is has a 11.2 dBm margin to the FCC limits (-41.2 dBm).

5.3.2 Emission limitation radiated (transmitter)

5.3.2.1  Test description

In this test the level of radiated spurious emissions produced in the Tx mode was measured in the
certified semi-anechoic RF chamber at AT4W labs.

5.3.2.2 Test setup

For the measurements, the device under test comes with its OTP preloaded with the production test
firmware with embedded PA signal control. This software can be configured to generate the required
test patterns. The hardware configuration for the test is shown in Figure 40.
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USB cable to PC
UART
cable

Power Supply
Cable

Figure 40: Range Extender v.2 mounted on the interposer board for radiated measurements

The board was set to continuous transmission mode with a 100% duty cycle.

The measurements were conducted for the range of 30 to 1000MHz, 1 GHz to 3 GHz and from 3GHz
to 18 GHz according to FCC Part 15C and for the range of 30 to 1000 MHz and 1 to 12.75 GHz for
ETSI EN 300 328 1.8.1.

A board with Nominal RF Output Power equal to +9.3 dBm was used for this test.

The situation and orientation was varied to find the maximum radiated emission. It was also rotated
360° and the antenna height was varied from 1 to 4 meters to find the maximum radiated emission.
Measurements were made in both horizontal and vertical planes of polarization. All tests were
performed in a semi-anechoic chamber at a distance of 3 m for the frequency range 30 MHz-1000
MHz and at distance of 1m for the frequency ranges above 1 GHz.

5.3.2.3 Test results

The results of the radiated measurements are given on Figure 41 to Figure 53. All measured FCC
values comply with the emission limits specified in FCC 14.247/ Sub-clause (d). Additionally radiated
emissions limits which fall in restricted bands, as defined in FCC 15.205(a) also comply with the
radiated emissions limits specified in 15.209.

As far as ETSI transmitter unwanted emission in the spurious domain, they all comply to the limits
described in ETSI 300 328 1.8.1 paragraph 4.3.1.9.2.
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FREQUENCY FANGE 30 MHz-1000 MHz.

Highest Channel.

Figure 41: FCC, Frequency Range from 30MHz to 1 GHz, CH39

FREQUENCY RANGE 1 GHz to 3 GHz.
CHANNEL: Lowest (24021 MHz).
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Note: The peak shown in the plot above the limit is the carrier frequency.
Figure 42: FCC, Frequency from 1GHz to 3GHz, CHOO
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CHANNEL: Middle (2440 MHz).
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Note: The peak shown in the plot above the limit 15 the carrier frequency.

Figure 43: FCC, Frequency from 1GHz to 3GHz, CH19

CHANNEL: Highest (2450 MHz).
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Note: The peak shown in the plot above the limit 15 the carrier frequency.

Figure 44: FCC, Frequency from 1GHz to 3GHz, CH39
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FREQUENCY RANGE 3 GHz to 18 GHz.
CHANNEL: Lowest (2402 MHz).
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Figure 45: FCC, Frequency from 3GHz to 18GHz, CHOO

CHANNEL: Middle (2440 MHz).
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Figure 46: FCC, Frequency from 3GHz to 18GHz, CH19
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CHANNEL: Highest (2450 MHz).
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Figure 47: FCC, Frequency from 3GHz to 18GHz, CH39
FREQUENCY RANGE 231 GHz to 2.39 GHz. (RESTRICTED BAND)
CHANNEL: Lowest (2402 MHz).
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Figure 48: FCC, Frequency Range 2.31 GHz to 2.39 GHz (Restricted band- CHOO)
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CHANNEL: Middle (2440 MHz).
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Figure 49: FCC, Frequency Range 2.31 GHz to 2.39 GHz (Restricted band- CH19)

CHANNEL: Highest (2480 MHz).
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Figure 50: FCC, Frequency Range 2.31 GHz to 2.39 GHz (Restricted band- CH39)
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FREQUENCY RANGE 2 4835 GHz to 2.5 GHz (RESTRICTED BAND)
CHANNEL: Lowest (2402 MHz).
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Figure 51: FCC, Frequency Range 2.4385 GHz to 2.5 GHz (Restricted band- CHOO)
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Figure 52: FCC, Frequency Range 2.4385 GHz to 2.5 GHz (Restricted band- CH19)
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CHANNEL: Highest (2480 MHz).
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Figure 53: FCC, Frequency Range 2.4385 GHz to 2.5 GHz (Restricted band-CH39)
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6 FCC/IC Certification and CE marking

6.1 Standards and conformity assessment

The Range Extender v.2 module was tested and found compliant by a qualified laboratory to the
following standards:

For FCCI/IC certification:

Complete RF testing according to FCC part 15.247, 15.209.

FCC Rules and Regulations 47 CFR Chapter | Part 15 Subpart B (10-01-12 Edition) and ICES-
003 ISSUE 5. This covers:

o Continuous Conducted Emission of Power Leads, frequency range 0.15 + 30 MHz.
o Radiated Emission — Electromagnetic field, frequency range 30 MHz + 26 GHz

For CE marking:

Complete RF testing according to ETSI EN 300 328 v1.8.1
EMC testing according to EN 301 489-1 V.1.9.2 & EN 301 489-17 vV2.2.1

o Radiated Emission- Electromagnetic Field measure. Frequency Range 30 MHz + 6 GHz.
Test standard EN 55022 (2010)/ AC (2011).

o Radiated RF Electromagnetic Field Immunity Test. Frequency Range 80 MHz + 2.7 GHz.
Test standard, EN 61000-4-3 (2006) / A1 (2008) / A2 (2010).

e FElectrical Safety testing according to EN 61010-1: 2010
o Electrostatic Discharge Immunity Test. Test standard EN 61000-4-2
® ROHS 2011/65/CE (includes screening for 20 elements).

6.2 FCC/IC Regulatory notices

Dialog Semiconductor has not approved any changes or modifications to this device by the user. Any
changes or modifications could void the user’s authority to operate the equipment.

Dialog Semiconductor n’approuve aucune modification apportée a l'appareil par l'utilisateur, quelle
qu’en soit la nature. Tout changement ou modification peuvent annuler le droit dutilisation de
l'appareil par I'utilisateur.

This device complies with Part 15 of the FCC Rules and Industry Canada licence-exempt RSS
standard(s). Operation is subject to the following two conditions: (1) this device may not cause
interference, and (2) this device must accept any interference, including interference that may cause
undesired operation of the device.

Le présent appareil est conforme aux CNR d'Industrie Canada applicables aux appareils radio
exempts de licence. L'exploitation est autorisée aux deux conditions suivantes : (1) I'appareil ne doit
pas produire de brouillage, et (2) I'utilisateur de I'appareil doit accepter tout brouillage radioélectrique
subi, méme si le brouillage est susceptible d'en compromettre le fonctionnement.

This device complies with FCC/IC radiation exposure limits set forth for an uncontrolled environment
and meets the FCC radio frequency (RF) Exposure Guidelines and RSS-102 of the IC radio
frequency (RF) Exposure rules. This transmitter must not be co-located or operating in conjunction
with any other antenna or transmitter.
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Le présent appareil est conforme a I'exposition aux radiations FCC / IC définies pour un
environnement non contr6lé et répond aux directives d'exposition de la fréquence de la FCC
radiofréquence (RF) et RSS-102 de la fréquence radio (RF) IC régles d'exposition. L'émetteur ne doit
pas étre colocalisé ni fonctionner conjointement avec a autre antenne ou autre émetteur.

This equipment has been tested and found to comply with the limits for a Class B digital device,
pursuant to part 15 of the FCC Rules. These limits are designed to provide reasonable protection
against harmful interference in a residential installation. This equipment generates uses and can
radiate radio frequency energy and, if not installed and used in accordance with the instructions, may
cause harmful interference to radio communications. However, there is no guarantee that
interference will not occur in a particular installation. If this equipment does cause harmful
interference to radio or television reception, which can be determined by turning the equipment off
and on, the user is encouraged to try to correct the interference by one or more of the following
measures:

- Reorient or relocate the receiving antenna.

- Increase the separation between the equipment and receiver.

- Connect the equipment into an outlet on a circuit different from that to which the receiver is
connected.

- Consult the dealer or an experienced radio/TV technician for help.

CAN ICES-3 (B) / NMB-3 (B)
This Class B digital apparatus complies with Canadian ICES-003.

Cet appareil numérique de classe B est conforme a la norme canadienne NMB-003.

6.3 1999/5/EC Directive regulatory notices

This device has been evaluated against the essential requirements of the 1999/5/EC Directive.

C HactosweTo Dialog Semiconductor geknapupa, ye DA14580 RANGE EXTENDER
Bulgarian | oTroBapsi Ha CbLLECTBEHUTE M3UCKBAHWA U OPYrUTE NPUITOXUMU N3UCKBAHUS Ha
OupektnBa 1999/5/EC.

Ovime Dialog Semiconductor ”, izjavljuje da je ovaj DA14580 RANGE EXTENDER je u

Croatian . R . : S
! skladu s osnovnim zahtjevima i drugim relevantnim odredbama Direktive 1999/5/EC.

Dialog Semiconductor timto prohlaSuje, Ze tento DA14580 RANGE EXTENDER je ve
Czech shodé se z&kladnimi pozadavky a dalSimi pfisluSnymi ustanovenimi smérnice
1999/5/ES.

Undertegnede Dialog Semiconductor erkleerer herved, at folgende udstyr DA14580
Danish RANGE EXTENDER overholder de vaesentlige krav og gvrige relevante krav i direktiv
1999/5/EF.

Hierbij verklaart Dialog Semiconductor dat het toestel DA14580 RANGE EXTENDER in
Dutch overeenstemming is met de essentiéle eisen en de andere relevante bepalingen van
richtlijn 1999/5/EG.

Hereby, Dialog Semiconductor, declares that this DA14580 RANGE EXTENDER is in
English compliance with the essential requirements and other relevant provisions of Directive
1999/5/EC.
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Estonian

Kéesolevaga kinnitab Dialog Semiconductor seadme DA14580 RANGE EXTENDER
vastavust direktiivi 1999/5/EU pdhinduetele ja nimetatud direktiivist tulenevatele teistele
asjakohastele satetele.

German

Hiermit erklart Dialog Semiconductor, dass sich das Geréat DA14580 RANGE
EXTENDER in Ubereinstimmung mit den grundlegenden Anforderungen und den
Ubrigen einschlagigen Bestimmungen der Richtlinie 1999/5/EG befindet.

Greek

ME THN MAPQYZA Dialog Semiconductor AHAQNEI OTI DA14580 RANGE
EXTENDER ZYMMOP®QNETAI MNMPOZ TIX OYZIQAEIZ AMAITHZEIZ KAI TIZ AOINEX
IXETIKEZ AIATAZEIZ THXZ OAHTIAZ 1999/5/EK.

Hungarian

Alulirott, Dialog Semiconductor nyilatkozom, hogy a DA14580 RANGE EXTENDER
megfelel a vonatkozé alapvetd kdvetelményeknek és az 1999/5/EC iranyelv egyéb
elbirasainak.

Finnish

Dialog Semiconductor vakuuttaa taten etti NAME OF PRODUCT tyyppinen laite on
direktiivin 1999/5/EY oleellisten vaatimusten ja sité koskevien direktiivin muiden ehtojen
mukainen.

French

Par la présente Dialog Semiconductor déclare que l'appareil DA14580 RANGE
EXTENDER est conforme aux exigences essentielles et aux autres dispositions
pertinentes de la directive 1999/5/CE.

Icelandic

Hér med lysir Dialog Semiconductor yfir pvi ad DA14580 RANGE EXTENDER er i
samreemi vid grunnkrofur og adrar krofur, sem gerdar eru i tilskipun 1999/5/EC

Italian

Con la presente Dialog Semiconductor dichiara che questo DA14580 RANGE
EXTENDER & conforme ai requisiti essenziali ed alle altre disposizioni pertinenti
stabilite dalla direttiva 1999/5/CE.

Latvian

Ar 8o Dialog Semiconductor deklare, ka DA14580 RANGE EXTENDER atbilst
Direktivas 1999/5/EK bitiskajam prasibam un citiem ar to saistitajiem noteikumiem.

Lithuanian

Siuo Dialog Semiconductor deklaruoja, kad $is DA14580 RANGE EXTENDER atitinka
esminius reikalavimus ir kitas 1999/5/EB Direktyvos nuostatas.

Maltese

Hawnhekk, Dialog Semiconductor, jiddikjara li dan DA14580 RANGE EXTENDER
jikkonforma mal-htigijiet essenzjali u ma provvedimenti ohrajn relevanti li hemm fid-
Dirrettiva 1999/5/EC.

Norwegian

Dialog Semiconductor erkleerer herved at utstyret DA14580 RANGE EXTENDER er i
samsvar med de grunnleggende krav og gvrige relevante krav i direktiv 1999/5/EF.

Polish

Niniejszym Dialog Semiconductor oswiadcza, ze DA14580 RANGE EXTENDER jest
zgodny z zasadniczymi wymogami oraz pozostatymi stosownymi postanowieniami
Dyrektywy 1999/5/EC

Portuguese

Dialog Semiconductor declara que este DA14580 RANGE EXTENDER esté4 conforme
com 0s requisitos essenciais e outras disposi¢des da Directiva 1999/5/CE.

Slovak

Dialog Semiconductor tymto vyhlasuje, Ze DA14580 RANGE EXTENDER spifia
zakladné poZiadavky a vSetky prisludné ustanovenia Smernice 1999/5/ES.

Slovenian

Dialog Semiconductor izjavlja, da je ta DA14580 RANGE EXTENDER v skladu z
bistvenimi zahtevami in ostalimi relevantnimi dologili direktive 1999/5/ES.

Spanish

Por medio de la presente Dialog Semiconductor declara que DA14580 RANGE
EXTENDER cumple con los requisitos esenciales y cualesquiera otras disposiciones
aplicables o exigibles de la Directiva 1999/5/CE.

Swedish

Harmed intygar Dialog Semiconductor att denna DA14580 RANGE EXTENDER star |
Overensstammelse med de vasentliga egenskapskrav och dvriga relevanta
bestammelser som framgar av direktiv 1999/5/EG.

In order to satisfy the essential requirements of 1999/5/EC Directive, the product is compliant with
the following standards:
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RF spectrum use (R&TTE art.

3.2) EN 300 328 v1.8.1

EMC (R&TTE art. 3.1b) EN 301 489-1 V1.9.2 + EN 301 489-17 vV2.2.1

Health & Safety (R&TTE art. | EN 60950-1:2006 +A11:2009+ A12:2011 + Al1l:2010 +
3.1a) AC:2011 + A2: 2013

The conformity assessment procedure referred to in Article 10 and detailed in Annex IV of Directive
1999/5/EC has been followed with the involvement of the following Notified Body:

AT4 wireless, S.A.

Parque Tecnologico de Andalucia
C/ Severo Ochoa 2

29590 Campanillas — Malaga
SPAIN

Notified Body No: 1909

Thus, the following marking is included in the product:

€ 1909

There is no restriction for the commercialization of this device in all the countries of the European Union.
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7 Appendix A: Range Extender v.2 with SPI Data Flash

Range Extender v.2 can be used with external SPI Data Flash Memory. Any available pins can be
used to interface the external data Flash. The appropriate configuration settings for peripherals must
be set in secondary boot loader as described in paragraph 4.8. The following application example
schematic contains Range Extender  v.2 with external SPI Data Flash.
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Figure 54: Range Extender v.2 Module with external SPI Flash

Revision 1.1

14-September-2015

CFR0012-00 Rev 1

58 of 60

© 2015 Dialog Semiconductor




[ ]
¢Jdialog
SEMICONDUCTOR

DA14580 Range extender v.2 reference application Company confidential

8 Revision history

Revision Date Description

1.0 16-07-2015 Initial version. FCC/ETSI final certification reports pending for
end of September 2015. All measurement regarding compliance
to FCC/ETSI will be updated from the final certification reports.
All FCC/ ETSI tests have been found to pass.

11 14-09-2015 Initial version: modification related to reduction of the output
power.
2.0 ygggr‘ra' FCC/ETSI | The document will be updated in the following sections.

- Chapter 4.9: Software: upgrade with version SDK 5.02

- Chapter 4.10: Test platform ( future chapter): PRO DK
Interposer Description

- Chapter 5.3: FCC/ETSI Measurements: upgrade with
final results

- Chapter 6: FCC/IC Certification and CE marking
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Status definitions

Status Definition

DRAFT The content of this document is under review and subject to formal approval, which may result in
modifications or additions.

APPROVED The content of this document has been approved for publication.
or unmarked

Disclaimer

Information in this document is believed to be accurate and reliable. However, Dialog Semiconductor does not give any
representations or warranties, expressed or implied, as to the accuracy or completeness of such information. Dialog
Semiconductor furthermore takes no responsibility whatsoever for the content in this document if provided by any information
source outside of Dialog Semiconductor.

Dialog Semiconductor reserves the right to change without notice the information published in this document, including without
limitation the specification and the design of the related semiconductor products, software and applications.

Applications, software, and semiconductor products described in this document are for illustrative purposes only. Dialog
Semiconductor makes no representation or warranty that such applications, software and semiconductor products will be
suitable for the specified use without further testing or modification. Unless otherwise agreed in writing, such testing or
modification is the sole responsibility of the customer and Dialog Semiconductor excludes all liability in this respect.

Customer notes that nothing in this document may be construed as a license for customer to use the Dialog Semiconductor
products, software and applications referred to in this document. Such license must be separately sought by customer with
Dialog Semiconductor.

All use of Dialog Semiconductor products, software and applications referred to in this document are subject to Dialog
Semiconductor’'s Standard Terms and Conditions of Sale, unless otherwise stated.

© Dialog Semiconductor. All rights reserved.

RoHS Compliance

Dialog Semiconductor complies with European Directive 2001/95/EC and from 2 January 2013 onwards to European Directive
2011/65/EU concerning Restriction of Hazardous Substances (RoHS/RoHS2).

Dialog Semiconductor’s statement on RoHS can be found on the customer portal https://support.diasemi.com/. RoHS
certificates from our suppliers are available on request.

Contacting Dialog Semiconductor

United Kingdom (Headquarters)
Dialog Semiconductor PLC
Phone: +44 1793 757700

Germany Headquarters
Dialog Semiconductor GmbH
Phone: +49 7021 805-0

The Netherlands

Dialog Semiconductor B.V.
Phone: +31 73 640 8822

Email:
enquiry@diasemi.com
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North America
Dialog Semiconductor Inc.
Phone: +1 408 845 8500

Japan

Dialog Semiconductor K. K.
Phone: +81 3 5425 4567
Taiwan

Dialog Semiconductor Taiwan
Phone: +886 281 786 222

Web site:
www.dialog-semiconductor.com
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Singapore
Dialog Semiconductor Singapore
Phone: +65 64 849929

China
Dialog Semiconductor China
Phone: +86 21 5178 2561

Korea

Dialog Semiconductor Korea
Phone: +82 2 3469 8291
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