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YCHIOT MAX2001 / MAX2001C UWB Module Features Overview

The MAX2001 and MAX2001C module is an ultra-wideband transceiver
module based on the DW1000 chip design of Qorvo, which is self-
developed by YCHIOT. The module integrates the antenna and all radio
frequency circuits, power management and clock circuits. This module
can be used in TWR or TDOA positioning systems to locate targets with
an accuracy of less than 10cm; and the module supports data
transmission rates up to 6.8Mbps.
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KEY FEATURES KEY BENEFITS
® Comply with IEEE802.15.4-2011 ultra-wideband | ® Used for object positioning in real-time
standard; positioning system with an accuracy of up to 10
® Support the radio frequency band from 3.5GHz to cm
4.2GHz; ® Communication and Ranging distance over 400
® The output power of transmitter can be meters
programmed and controlled; Tyically, the output | ® It has a larger communication range, reducing
power of transmitter is over-22dbm/Mhz; the additional infrastructure required in RTLS
® Fully coherent receiver, maximum use distance, (Real Time Location System);
high accuracy; ® High multipath fading immunity;
® The design complies with FCC&ETSI UWB spectrum | ®  Enable high-density label distribution in RTLS
standards; (Real-time Location System);
® The power supply is 2.8V~3.6V; ® The package interface is compatible with the
® The data transmission rate is 110kbps, 850kbps, and original DWM1000.
6.8Mbps in three modes; ® The MAX2001C Module support 0.5ppm 38.4M
® The maximum data packet length is 1023 bytes, TCXO.
which meets the application requirements of high | APPLICATIONS
data volume exchange; ® Precision real time location systems (RTLS) using
® Integrated MAC support function TWR or TDOA schemes in a variety of markets.
®  Support TWR and TDOA positioning; ® Location-aware wireless sensor networks
(WSNs)
The host interface is SPI;
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DOCUMENT INFORMATION

Disclaimers

YCHIOT reserves the right to change product specifications without notice. As far as possible changes to
functionality and specifications will be issued in product specific errata sheets or in new versions of this
document. Customers are advised to check the latest product description documents on the official website
of YCHIOT.

LIFE SUPPORT POLICY

YCHIOT products are not authorized for use in safety-critical applications (such as life support) where a
failure of the YCHIOT product would reasonably be expected to cause severe personal injury or death.
YCHIOT customers using or selling YCHIOT products in such a manner do so entirely at their own risk and
agree to fully indemnify YCHIOT and its representatives against any damages arising out of the use of YCHIOT
products in such safety-critical applications.

A

Aiad\
* Caution! ESD sensitive device. Precaution should be used when handling the device in order to
prevent permanent damage.

REGULATORY APPROVALS

All products developed by the user incorporating the DWM1000 must be approved by the relevant authority
governing radio emissions in any given jurisdiction prior to the marketing or sale of such products in that
jurisdiction and user bears all responsibility for obtaining such approval as needed from the appropriate
authorities.
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1 MAX2001 Series Module OVERVIEW

The MAX2001 module is an IEEE 802.15.4-2011 UWB implementation, including Qorvo DW1000 UWB
transceiver, and other components reside on-module. MAX2001 enables cost effective and reduced complexity
integration of UWB communications and ranging features, greatly accelerating design implementation.

1.1 MAX2001 Functional Description

The DW1000 on board the MAX2001 is a fully integrated low-power, single chip CMOS RF transceiver IC
compliant with the IEEE 802.15.4-2011 [1] UWB standard. The MAX2001 module requires no RF design as the
antenna and associated analog and RF components are on the module.

The module contains an on-board 38.4 MHz reference crystal. The crystal has been trimmed in production to
reduce the initial frequency error to approximately 2 ppm, using the DW1000 IC’s internal on-chip crystal
trimming circuit, see section 2.1.1.

Always-On (AON) memory can be used to retain MAX2001 configuration data during the lowest power
operational states when the on-chip voltage regulators are disabled. This data is uploaded and downloaded
automatically. Use of MAX2001 AON memory is configurable.

The on-chip voltage and temperature monitors allow the host to read the voltage on the VDDAON pin and the
internal die temperature information from the MAX2001.

See the DW1000 Datasheet [2] for more detailed information on device functionality, electrical specifications
and typical performance.

1.2 MAX2001 Power Up

3.3 V Supplies
(VDDACN / VDD / VDD)
EXTON | Texl_nn e
RSTn
—— Tgon —P
STATE OFF POWER UP INIT

Figure 1.2 MAX2001 Power-up Sequence

When power is applied to the MAX2001, RSTn is driven low by internal circuitry as part of its power up
sequence. See Figure 1.2 above. RSTn remains low until the on-module crystal oscillator has powered up and
its output is suitable for use by the rest of the device, at which time RSTn is deasserted high.

Table 1: DW1000 Power-up Timings

Parameter Description Nominal Value Units
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Von Voltage threshold to enable power up 2.0 \

Text_on Time at which EXTON goes high before RSTn is released 3 ms

RSTn held low by internal reset circuit / driven low by
Tbig_on o 3 ms
external reset circuit

RSTn may be used as an output to reset external circuitry as part of system bring-up as power is applied.

An external circuit can reset the DWM1000 by asserting RSTn for a minimum of 10 ns. RSTn is an asynchronous
input. MAX2001 initialization will proceed when the pin is released to high impedance. RSTn should never be
driven high by an external source. Please see DW1000 Datasheet [2] for more details of DW1000 power up.

1.3  SPI Host Interface

The DW1000 host communications interface is a slave-only SPI. Both clock polarities (SPIPOL=0/1) and phases
(SPIPHA=0/1) are supported. The data transfer protocol supports single and multiple byte read/writes
accesses.All bytes are transferred MSB first and LSB last. A transfer is initiated by asserting SPICSn low and
terminated when SPICSn is deasserted high.

See the DW1000 Datasheet [2] for full details of the SPI interface operation and mode configuration for clock
phase and polarity.

Cycle | 4« 1 o 1 2« 1 a4 1 =« 1 &« | + | =« | o L_____ 8*Number of
: L 1= o[« f ] e[ @] o [ o pme

Number, #

SPIPOL=0, SPIPHA=0

D oo U N U e W/ W WV WV W W

SPIPOL=1, SPIPHA=0

e T\ LN
4
SPICSn \ /_

smso ) wse X' s X X X X X
T B G G I G S G G G G G G £

Figure 1.3.2 DW1000 SPI Timing Diagram
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Figure 1.3.3 DW1000 SPI Detailed Timing Diagram
Table 1.3 MAX2001 SPI Timing Parameters

Parameter Min. Typ. Max | Unit Description

SPICLK The maximum SPI frequency is 20 MHz when the CLKPLL is
50 ns locked,

Period otherwise the maximum SPI frequency is 3 MHz.

t 38 ns SPICSn select asserted low to valid slave output data

t 12 ns SPICLK low to valid slave output data

13 10 ns Master data setup time

ta 10 ns Master data hold time

ts 32 ns LSB last byte to MSB next byte

ts 10 ns SPICSn de-asserted high to SPIMISO tri-state

t; 16 ns Start time; time from select asserted to first SPICLK

ts 40 ns Idle time between consecutive accesses

to 40 ns Last SPICLK to SPICSn de-asserted

1.4 General Purpose Input Output (GPIO)

TheMAX2001 provides 8 configurable pins. On reset, all GPIO pins default to input. GPIO inputs, when
appropriately configured, are capable of generating interrupts to the host processor via the IRQ signal.

GPIOO, 1, 2, & 3, as one of their optional functions, can drive LEDs to indicate the status of various chip
operations. Any GPIO line being used to drive an LED in this way should be connected as shown. GPIO5 & 6 are
used to configure the operating mode of the SPI as described in the DW1000 Datasheet [2]. See DW1000
Datasheet [2] and DW1000 User Manual [3] provide full details of the configuration and use of the GPIO lines.

1.5 AON Memory

Configuration retention in lowest power states is enabled in MAX2001 by provision of an Always-On (AON)
memory array with a separate power supply, VDDAON. The MAX2001 may be configured to upload its
configuration to AON before entering a low-power state and to download the configuration when waking up
from the low —power state.
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1.6 One-Time Programmable (OTP) Memory

The MAX2001 contains a 56x32 -bit user programmable OTP memory on the DW1000 device that is used to
store per chip calibration information.

1.7 Interrupts and Device Status

DWM1000 has a number of interrupt events that can be configured to drive the IRQ output pin. The default
IRQ pin polarity is active high. A number of status registers are provided in the system to monitor and report
data of interest. See DW1000 User Manual [3] for a full description of system interrupts and their configuration
and of status registers.

1.8 MAC

A number of MAC features are implemented including CRC generation, CRC checking and receive frame
filtering. See the DW1000 Datasheet [2] and DW1000 User Manual [3] for full details.
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2 MAX2001 CALIBRATION

2.1 MAX2001 CALIBRATION

Depending on the end-use application s and the system design, MAX2001 settings may need to be tuned. To
help with this tuning a number of built in functions such as continuous wave TX and continuous packet
transmission can be enabled. See the DW1000 User Manual [3] for further details.

2.1.1 MAX2001 Crystal Oscillator Trim

MAX2001 modules are calibrated at production to minimise initial frequency error to reduce carrier frequency
offset between modules and thus improve receiver sensitivity. The calibration carried out at module
production will trim the initial frequency offset to less than 2 ppm, typically.

2.1.2 Transmitter Calibration

In order to maximise range, MAX2001 transmit power spectral density (PSD) should be set to the maximum
allowable for the geographic region in which it will be used. For most regions this is -41.3 dBm/MHz.

As the module contains an integrated antenna, the transmit power can only be measured over the air. The
Effective Isotropic Radiated Power (EIRP) must be measured and the power level adjusted to ensure
compliance with applicable regulations.

The MAX2001 provides the facility to adjust the transmit power in coarse and fine steps; 3 dB and 0.5 dB
nominally. It also provides the ability to adjust the spectral bandwidth. These adjustments can be used to
maximise transmit power whilst meeting regulatory spectral mask.

If required, transmit calibration should be carried out on a per DWM1000 module basis, see DW1000 User
Manual [3] for full details.1

2.1.3 Antenna Delay Calibration

In order to measure range accurately, precise calculation of timestamps is required. To do this the antenna
delay must be known. The MAX2001 allows this delay to be calibrated and provides the facility to compensate
for delays introduced by PCB, external components, antenna and internal MAX2001 delays.

To calibrate the antenna delay, range is measured at a known distance using two MAX2001 systems. Antenna
delay is adjusted until the known distance and reported range agree. The antenna delay can be stored in OTP
memory.

Antenna delay calibration must be carried out as a once off measurement for each MAX2001 design
implementation. If required, for greater accuracy, antenna delay calibration should be carried out on a per
MAX2001 module basis, see DW1000 User Manual [3] for full details.
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3 MAX2001 SERIES MODULE PIN CONNECTIONS

3.1  Pin Numbering

MAX2001-SMA / CA / IPEX module pin assignments are as follows (viewed from top):

e

\

e ———

e —

e

e —

e ——

ey
Pin1 Pin 24 Pin 1 Pin 24 Pin 1 Pin 24
Pin 2 Pin 23 Pin 2 Pin 23 Pin 2 Pin 23
Pin 3 Pin 22 Pin 3 Pin 22 Pin 3 Pin 22
Pin 4 Pin 21 Pin 4 Pin 21 Pin 4 Pin 21
Pin 5 Pin 20 Pin5 Pin 20 Pin 5 Pin 20
Pin 6 Pin 19 Pin 6 Pin 19 Pin 6 Pin 19
Pin7 Pin 18 Pin7 Pin 18 Pin7 Pin 18
Pin 8 Pin 17 Pin 8 Pin 17 Pin 8 Pin 17

PN L = L Ll

Figure 3.1.1 MAX2001-SMA / CA / IPEX Pin Diagram

3.2  Pin Descriptions

Table 3.2.1 MAX2001 Pin functions

SIGNAL NAME PIN 1/0 (Default) DESCRIPTION

SPICLK 20 DI SPI clock

SPIMISO 19 DO (O-L) SPI data output. Refer to DW1000 Datasheet for more details [2].
SPIMOSI 18 DI SPI data input. Refer to DW1000 Datasheet for more details [2].

SPI chip select. This is an active low enable input. The high-to-low
transition on SPICSn signals the start of a new SPI transaction.
SPICSn 17 DI SPICSn can also act as a wake-up signal to bring DW1000 out of
either SLEEP or DEEPSLEEP states Refer to DW1000 Datasheet for

more details [2].

When asserted into its active high state, the WAKEUP pin brings
the

WAKEUP 2 DIO DW1000 out of SLEEP or DEEPSLEEP states into operational
mode.

If unused, this pin can be tied to ground.

© YCHIOT 2016-2023 ALL RIGHTS RESERVED Page 11
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EXTON

DO (O-L)

External device enable. Asserted during wake up process and
held active until device enters sleep mode. Can be used to
control external DC-DC converters or other circuits that are not
required when the device is in sleep mode so as to minimize
power consumption. Refer to DW1000 Datasheet for more
details [2].

IRQ/ GPIO8

22

DIO (O-L)

Interrupt Request output from the DW1000 to the host
processor. By default IRQ is an active-high output but may be
configured to be active low if required. For correct operation in
SLEEP and DEEPSLEEP modes it should be configured for active
high operation. This pin will float in SLEEP and DEEPSLEEP states
and may cause spurious interrupts unless pulled low.

When the IRQ functionality is not being used the pin may be
reconfigured as a general purpose 1/0 line, GPIOS.

GPI107

DIO(1)

Defaults to operate as a SYNC input — refer [2]. THIS
FUNCTIONALITY IS NOT APPLICABLE TO THE DW1000. This pin
may be reconfigured as a general purpose I/O pin, GPIO7 under
software control.

GPIO6 /
SPIPHA

DIO(1)

General purpose I/0 pin.

On power-up it acts as the SPIPHA (SPI phase selection) pin for
configuring the SPI mode of operation. Refer to Section 5.2.2 and
the DW1000 Datasheet for more details [2].

After power-up, the pin will default to a General Purpose 1/0 pin.

GPIO5/SPIPOL

10

DIO(1)

General purpose I/0 pin.

On power-up it acts as the SPIPOL (SPI polarity selection) pin for
configuring the SPI operation mode. Refer to Section 5.2.2 and
the DW1000 Datasheet for more details [2].

After power-up, the pin will default to a General Purpose 1/0 pin.

GP104

11

DIO(l)

General purpose I/0 pin.

GPI0O3 / TXLED

12

DIO(1)

General purpose 1/0 pin.

It may be configured for use as a TXLED driving pin that can be
used to light a LED following a transmission. Refer to the DW1000
User Manual [2] for details of LED use.

GP102/RXLED

13

DIO(1)

General purpose I/0 pin.

It may be configured for use as a RXLED driving pin that can be
used to light a LED during receive mode. Refer to the DW1000
User Manual [2] for details of LED use.

GPIO1 /SFDLED

14

DIO(1)

General purpose 1/0 pin.

It may be configured for use as a SFDLED driving pin that can be
used to light a LED when SFD (Start Frame Delimiter) is found by
the receiver. Refer to the DW1000 User Manual [2] for details of
LED use.

GPIOO /

15

DIO(1)

General purpose 1/0 pin.
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RXOKLED

It may be configured for use as a RXOKLED driving pin that can be
used to light a LED on reception of a good frame. Refer to the
DW1000 User Manual [2] for details of LED use.

RSTn

DIO(O-H)

Reset pin. Active Low Output.

May be pulled low by external open drain driver to reset the
DW1000. Refer to DW1000 Datasheet for more details [2].

VDDAON 5 P External supply for the Always-On (AON) portion of the chip.
3.3 V supply pins. Note that for programming the OTP in the
VDD3V3 6.7 P DWM1000 module this voltage may be increased to a nominal

value of 3.8 V for short periods.

8,21
GND G Common ground.
,23,24
Common ground (MAX2001 series Module)
XTAL 16

External XTAL Signal (MAX2001C series Module)

Table 3.2.2 Explanation of Abbreviations

| Input
10 Input / Output
(0] Output
G Ground
P Power Supply
PD Power Decoupling
O-L Defaults to output, low level after reset
O-H Defaults to output, high level after reset

Defaults to input.

Note: Any signal with the suffix ‘n” indicates an active low signal.
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4 ELECTRICAL SPECIFICATIONS

4.1 Nominal Operating Conditions

Table 4.1 MAX2001 Operating Conditions

Parameter Min. Typ. Max. Units Condition/Note
Operating temperature -40 +85 °C
Supply voltage VDDAON, VDD3V3 | 2.2 33 3.6 Y Normal operation

Note that for programming
the OTP in theMAX2001 the
3.7 3.8 3.9 Vv VDD3V3 voltage must be
increased to 3.8 V nominal
for short periods.

Supply voltage VDD3V3 for
programming OTP

GPIO[0-7]

WAKEUP

RS 26 rotage tht ray b mpplcd
SPICSn to tthe pins ' i
SPIMOSI

SPICLK

Note: Unit operation is guaranteed by design when operating within these ranges

4.2 DC Characteristics

Tamb = 25 °C, all supplies centred on typical values

Table 4.2 MAX2001 DC Characteristics

Parameter Min. Typ. | Max. | Units Condition/Note
Supply current DEEP SLEEP mode 60 uA
Supply current SLEEP mode 61 uA
Total current drawn from all supplies.

Supply current IDLE mode 13.4 mA
Supply current INIT mode 3.5 mA
TX3.3 V supplies

PP 140 mA
(VDDAON, VDD)
RX3.3 V supplies

160 mA Channel 2
(VDDAON, VDD)
Digital input voltage high 0.7*vDD \
Digital input voltage low 0.3vDD | V
Digital output voltage high 0.7*vDD \ Assumes 500 Q load
Digital output voltage low 0.3vDD | V Assumes 500 Q load
© YCHIOT 2016-2023 ALL RIGHTS RESERVED Page 14
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GPIO,IRQ, 6
SPIMOSI
10 mA
,EXTON 4
Digital Output Drive Current

4.3 Receiver AC Characteristics

Tamb= 25 °C, all supplies centred on nominal values

Table 4.3 MAX2001 Receiver AC Characteristics

Parameter Min. Typ. Max. Units Condition/Note
Frequency range 3244 20000 MHz
Channel bandwidth 499 MHz
In-band blocking level 30 dBc Continuous wave interferer
Out-of-band blocking level
55 dBc Continuous wave interferer

4.4 Receiver Sensitivity Characteristics

Tamb = 25 °C, all supplies centred on typical values. 20 byte payload. These sensitivity figures assume an antenna
gain of 0 dBi and should be modified by the antenna characteristics quoted in Table 4.4 depending on the
orientation of the MAX2001.

Table 4.4 MAX2001 Typical Receiver Sensitivity Characteristics

Packet Receiver
Data Rate . Units Condition/Note
Error Rate Sensitivity
kb q Preamble
110kbps -102 Bm/500 MHz 2048
c Preamble
0, -
1% 850kpbs 101 dBm/500 MHz 1024
Preamble Carrier All
6.8Mbps -93 dBm/500 MHz 956 frequency measurements
performed on
‘b dBm/ Preamble offset : =+ Channel
110kbps -106 Bm/500 MHz
2048 10ppm 2,16MHz
Preamble
0, -
10% 850kpbs 102 dBm/500 MHz 1024
b q Preamble
6.8Mbps -94 Bm/500 MHz 256
4.5 Reference Clock AC Characteristics
25°C, all supplies centred on typical values
© YCHIOT 2016-2023 ALL RIGHTS RESERVED Page 15
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Table 4.5 MAX2001 Reference Clock AC Characteristics

Parameter Min. Typ. Max. Units Condition/Note
On-board crystal
oscillator reference 38.4 MHz
frequency
On-board crystal Internally trimmed to +/- 2 ppm under
L +25 ppm . .
trimming range typical conditions.
On-board crystal
frequency stability +30* ppm -40°C to +85°
with temperature
On-board crystal
) y +3 ppm/3year | @25°C +2°C
aging
Lo Power RC
wooTow 5 12 15 KHz
Oscillator

*By using the temperature monitoring capability of the DW1000 chip on the MAX2001 module it is possible to

dynamically trim the crystal during run time to maintain the +/- 2ppm specification over the full temperature range

of operation.

4.6 Temperature and Voltage Monitor Characteristics

Table 4.6 MAX2001 Temperature and Voltage Monitor Characteristics

Parameter Min. Typ. Max. Units Condition/Note
Voltage Monitor Range 2.4 3.75 \
Voltage Monitor Precision 20 mV
Voltage Monitor Accuracy 140 mV
Temperature Monitor Range -40 +100 °C
Temperature Monitor Precision 0.9 °C

4.7 Transmitter AC Characteristics

Table 4.7 MAX2001 Transmitter AC Characteristics (Tamb =25 T, all supplies centred on typical values)

Parameter Min. Typ. Max. Units Condition/Note
Frequency range 3244 4500 MHz
Channel Bandwidths 500 MHz Channel 1, 2
Output power spectral density
-23.1 dBm/MHz
(programmable)
Power level range 37 dB
© YCHIOT 2016-2023 ALL RIGHTS RESERVED Page 16
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Coarse Power level step 3 dB
Fine Power level step 0.5 dB
Output power variation with
0.05 dB/°C
temperature
Output power variation with
2.73 dB/v Channel 2
voltage
@ * RBW 30 kHz * RBW 30 kHz
Att 0de VBW 100 kHz M1[1] -49.96 dBm Att 10 dB VBW 100 kHz M1[1] -23.12dBm
Ref -20.00 dBm SWT 2.25 4.163700000 GHz Ref -10.00 dBm SWT 2.2s 4.000000000 GHz
1Pk iR 1Pk | _ 1
max | 30 4B Max | 20 9B M,_,:L\_/‘\
-40 dBm -30 dBm /
M1 /
-50 dBm ./“"‘"W"’”TI“‘“"" \‘H -40 dBm // {L
-60 dBm 2 -50 dBm | &
N NV i
-70 dBm w/ \4‘% 6 r|\| ‘M"J,u
-80 dBm s e -70 dBm
Mww ]"wu%w )
-390 dBm -80 dBm
-100 dBm -90 dBm
-110 dBm -100 dBm
CF 4.0 GHz Span 2.0 GHz CF 4.0 GHz Span 2.0 GHz

Table 4.6.1 DWM1000 Transmit power
Test equipment: spectrum analyzer FSL6- ROHDESCHWARZ

4.8 Antenna Performance

Table 4.6.2 MAX2001-SMA Transmit power

MAX2001-SMA use external antenna, MAX2001-CA use built-in ceramic antenna ACS5200HFAUWB (Partron).The

parameter comparison is shown in the figure below. For more antenna selection, please refer to ap07-YCHIOT UWB

Antenna and Cable Product Specification V1.3.

Table 4.8 Comparison of external antenna and built-in ceramic antenna

Parameter External antenna Built-in ceramic antenna
Frequency band 3.1~ 6GHz 3.1~ 8GHz
Gain 3.0dBi 2.1~ 2.6dBi@ (3.168GHz ~ 4.753GHz)
Input resistance 50Q 5000
VSWR <2.2 <2.0
Polarization mode Vertical Vertical

Radiation direction

Omnidirectional

Omnidirectional

Size

Total length 80mm

Length 8mm*Width 6mm*Heightlmm
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4.9 Absolute Maximum Ratings

Table 4.9 MAX2001 Absolute Maximum Ratings

Voltage VDD3V3 / VDDAON -0.3 4.0 \Y,
Receiver Power 0 dBm
Temperature - Storage temperature -40 +85 °C
Temperature — Operating temperature -40 +85 °C
ESD (Human Body Model) 2000 "
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5 APPLICATION INFORMATION

5.1 MAX2001 Peripheral circuit design

A simple application circuit integrating MAX2001 needs to provide 3.3V power supply to VDD3V3, and the 10uF
and 0.1uF decoupling capacitors should be as close as possible to the module power supply, and the SPI
interface (MISO / MOSI / CS / CLK) is connected to the microcontroller, and the IRQ pin is passed 10K is pulled
low, RSTn is connected to the ordinary |0 port of the microcontroller, WAKEUP, EXTON and SYNC can be
disconnected. Refer to Figure 5.1

; EXTON VSS gg—
WAKEUP VSS
VCe33 —{RsTn RQ 22
T 2 SYNC vss-2L
Y VDDAON CLKf2Q— 10K
1+ T 6 {vpp3vd  SPMIsOH2—
10uF —T—0.1uF 71vypD3v3  SPIMOSIHE—
VSS SPI_CSn L L
— GND
OonNn<tTmaAa — O
GND 0000000,
[ W Wy a WY o W WY a WY o W ¥/ |
QCLUUVLOLVLUVLO>
\ MAX2001C Series
NANETTS .
— MAAOK | L This pin connected to external
= GND

38.4M TCXO

Figure 5.1 YCHIOT MAX2001 Interface and peripheral components

5.1.1 SPIBus

The SPI signal bus and mode configuration pins may need to be treated carefully if it is desirable to connect
additional SPI devices to the SPI bus, or to configure the SPI for a non-default clock polarity of phase behaviour.
Please see the DW1000 Datasheet [2] for a description of all SPI clock polarity and phase configurations,
referred to as SPI modes. The SPI MISO line may be connected to multiple slave SPI devices each of which is
required to go open-drain when their respective SPICSn lines are de-asserted.

VDDIOA
— GPIOS | 6oka [ Main Controller
(SPIPOL) é ~55kQ -« SPICSn o
£ 2 Mcu
DW1000 - SPIMOSI =
o GP|05_._ N @ g_}. RPi
(SPIPHA) % ~55kQ r. = SPIMISO > 0
T Arduino
= SPICLK
~55kQ é
Figure 5.1.1 SPI Bus Connections
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5.1.2 Configuring the SPI Mode

The SPI interface supports a number of different clock polarity and clock / data phase modes of operation. These

modes are selected using GPIO5 & 6 as follows:

Table 5.1.1 DW1000 SPI Mode Configuration

GPIO 5 GPIO 6 SPI
Description (from the master / host point of view)

(SPIPOL) | (SPIPHA) | Mode

0 0 0 Data is sampled on the rising (first) edge of the clock and launched on the falling
(second) edge.

0 1 1 Data is sampled on the falling (second) edge of the clock and launched on the
rising (first) edge.

1 0 5 Data is sampled on the falling (first) edge of the clock and launched on the rising
(second) edge.

1 L 3 Data is sampled on the rising (first) edge of the clock and launched on the falling
(first) edge.

Note: The 0 on the GPIO pins can either be open circuit or a pull down to ground. The 1 on the GPIO pins is a pull
up to VDDIO.

GPIO 5 / 6 are sampled / latched on the rising edge of the RSTn pin to determine the SPI mode. They are
internally pulled low to configure a default SPI mode 0 without the use of external components. If a mode
other than 0 is required then they should be pulled up using an external resistor of value no greater than 10
kQ to the VDDIO output supply. MAX2001 uses GPIO5/6 to control the external PA and LNA and requires pull-
down GPIO 5/6 to connect to a 10K resistor to be pulled down to ground.

5.2 Schematic diagram of MAX2001 Application

Figure 5.2.1 and Figure 5.2.2 provide the connection method of MAX2001 based on STM32F103T8U6/NRF52832
MCU for reference only.

STM3IZL I03TELG

DW RSTn g PAO-WEUEF PRO ; DWW WUP VCC33
) : —Let pal PRI ke — l
MAX300] DW IROn o B pm2moorl it 10k
Dy aise e PAS POIITDO < — 0 1uF
\ " L0k HES b pag PBAINTRST (o— o =
ow wup | 3] LXTON vss 21— <o{ pas PS5 [t GHD g, =4
D“"RSTII—; WAKEUF VES 55— Y PAE PB6 <ﬁ':1_ 10K GND
vy RS 1 gery IRO =4 a7 PR7 N—hl-cmn
- | ST VSS | —— GHD 2 2 | [LopT
| VDDAON 71 (LK 2ol pag OSC INPDO [0 —o—]
+ £ VDD3V3 SPL MISO Lol pas 0SC OUTEDL P
VDD3VI  SPL MOSI — Pall — .
q SPL CSn D N&S PALl 1 [
g Pal2 15 10k :F'r | [ L0pE
————— = g PAI3ITMS/SWDIO BOOTD = |||' GND 1
z 20~ PAT4ITCK/SWCLK 1 Lok
PAISITDI NRST Jveess
olel=efefzlfe] g _]_
T ” D 3 e
Lok o A ven s 0.1uF
L0k T 5] vee “ s vorss =
t - 2 z DDA CCLY

g,
2

4]

el

GND

Figure 5.2.1 MAX2001 and STM32F103T8U6wiring diagram

© YCHIOT 2016-2023 ALL RIGHTS RESERVED Page 20

www.ychiot.com



YCHIOT MAX2001 LONG RANGE UWB MODULE DATASHEET V2.0

MAX2001 |||_| 0.1uT = EF
GRD
o DHTON s i DECI £ ;
- DW RSTa T MAKELE ‘I'Pfé [ DW IRgn = o ERTE— ] MLl xe2
VECH3 — sve VS e h\-‘lu’ | PealEL el
T 3 VDDAON  SPI CLK & SCK Lok DW RSTa E PRAOZIALIND DECS

DW Wup
; X 1 N IS0 OO3AIN] DEC2
+ | vDDav 3 . ;
b LBE‘« z: :g% &1053 T v MUs! 12pF] 12pF = POAO4AIND VES,
et BNt S ves | Cpre 17T D NSS = —— POOSIAING ANT
sS SPL CSn = —
= —— roue P23 =—
L o —= GND i
= 8535533, GND —g] Meo? P23 =E—
GND EEEEEEEE — P08 P2l =—
povbowoe —11— roos L swplo i
| []] —= oo SSWDOLK (—=2—
| 2
ERAN E
m i ASERIRSREERF
10K Sfeeeeeesees
10K e
— 10K VCLRS ﬂ"—'ﬂ|5|2|23°ﬁﬁﬂ?i
GND
L l_/ R v
GND IU LT 10K
GND

Figure 5.2.1 MAX2001 and NRF52832 wiring diagram

5.3 MAX2001 Wiring Descriptions

When designing the bottom board PCB of MAX2001, the power amplifier part and antenna part on the
MAX2001 board should be kept away from metal and any materials that will affect the RF signal to clear the
PCB under the module. The EMC/EMI design of the radio frequency module needs to be fully considered.
YCHIOT provides the MAX2001 development evaluation kit Mini4sPlus development board, as shown in Figure
5.3.1, and provides DEMO positioning for a fee.

@ (il Ome
L1

O = B FARM |
(- | &SHaZFISTRLER
| N =

(ol

BOARD MODEL
UWB MINI4

WENZHOU YCHIOT LTD
PROTOTYPING PLATFORM

CCCERCIOCON

1 L1 1
| B . | I:II:I.

pn el = S
(XXX ]
(XXX ]

L1 L1 | | -
1 | | -

sl -l
(X X X ] (X X X ]
(X X X ] (X X X B | [ ]

oTLTD
PLATFORM

HW 20180612

Figure 5.3.1 YCHIOT MAX2001-SMA development board Mini4sPlus

5.4  Precautions for drive control of MAX2001

5.4.1 Key control signals

Table 5.3.1 Explanation of three key control signals
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Name (Default)
Genaral 10 port
After power-on, it is used as the SPIPHA (SPI phase selection) pin to configure
GPIO6 / the working mode of SPI, refer to chapter 5.2.2 or DW1000 data manual. After
EXTRXE/ | 9 DIO(1) power on, this pin can be configured as a general 10 port
SPIPHA It can also be configured as EXTRXE (External Receiver Enable) external receiver
enable terminal. When configured in this mode, when DW1000 is receiving,
this pin is high.
Genaral 10 port
After power-on, it is used as the SPIPOL (SPI polarity selection) pin to configure
GPIO5 / the working mode of SPI. Refer to chapter 5.2.2 or DW1000 data manual. After
EXTTXE/ | 10 | DIO(I) power on, this pin can be configured as a general 10 port
SPIPOL It can also be configured as EXTTXE (External Transmit Enable) external
transmit enable terminal. When configured in this mode, when DW1000 is
transmitting, this pin is high.
GPIO4 / Genaral 10 port
EXTPA 11 | DIO(1) It can also be configured as EXTPA (External Power Amplifier) external power
amplifier enable terminal.

Note: GPIO4 / GPIO5 / GPIO6 have been configured as EXTPA, EXTTXE and EXTRXE

5.4.2 Schematic diagram of PA and LNA working principle

Pin30 GPIO6
Pin16 RF P
[ o
® | Balun
PA DW1000
Pin33 GPIO5
Figure 5.3 Schematic diagram of PA and LNA working principle
Table 5.3.2 GPIO5/6 Truth Table
GPIO5 GPIO 6 Mode Status

0 0 PA Disable, LNA Disable Idle

0 1 PA Disable, LNA open Receive

1 0 PA open, LNA Disable Transmit

1 1 Error /
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5.4.3 Code modification

Only need to turn on and off the PA and LNA at the right time to achieve the predetermined power amplifier
effect. Users who use the official Qorvo API functions only need make a few lines of code to changes to the
program. The following code needs to be added to the last few lines under the dwt_initialise() function in the
deca_device.c file (line 253~263). For detailed register information, please refer to page 10 of the document
"aps009_dw1000_under_laes v1.3".

{

uint32 reg;

// Set up MFIO

reg = dwt_read32bitreg(GPIO_CTRL ID);

reg |= 0x00014000 ; //7 and 8 to mode - to be used with PA

reg |= 0x00050000 ; //8 and 9 to mode - RX/TX testing

dwt _write32bitreg(GPIO_CTRL_ID,regq) ;

//disable fine grain sequencing - this is needed when using PA on the TX

dwt writelé6bitoffsetreg(PMSC_ID,PMSC_TXFINESEQ OFFSET,PMSC_TXFINESEQ DIS MASK) ;

5.4.4 Case Analysis

Hardware development platform: Mini4sPlus label
Program ranging algorithm: DS-TWR

Test object: GPIO5 and GPIO6 of MAX2001 module
Test instrument: ordinary oscilloscope

As shown in the figure, using our Mini4sPlus label, under the oscilloscope, T1 (yellow) represents the waveform
of GPIO5, and T2 (blue) represents the waveform of GPI06. Combining the truth table of GPIO5/6 in Table
5.3.2, it can be seen that in a TWR ranging cycle, the PAis turned on twice, respectively when the Poll command
and the Final command are sent. After the tag sends the Poll, it immediately enters the receiving state, that is,
GPIO6 is pulled high and the LNA is turned on.

M 50.0ms  7.000ms

CH2
Wl A

CH1
3SR

CH1 =2.00V CH2 =2.00V

Figure 5.4 GPIO 5 and GPIO6 electrical level analysis of MAX2001 module
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6 PACKAGE INFORMATION

6.1 Module Drawings

MAX2001 and MAX2001C are both a 24-pin stamp package, and the pin definition is fully compatible with

DWM1000. All measurements below are in millimeters.

lf

MAX2001-SMA

T00ZXVW gMn
' AL7 LOIHDA

3.2mm

R ;

MAX2001-CA

TO00ZXVYW gMN
all LOIHDA

34mm

12.5mm

5

MAX2001-IPEX /
MAX2001C-IPEX

c =<
=0
© T
20
=
s o
=0

30mm

X
L
=
o~
o
o
AN
X
<
=

13.0mm

12.5mm
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6.2 Recommended Module Package

AT
NS
g g 40.0mm
@ E |
ot { ! 0 ______
+
b |
20
P 13.0mm
1.60mm | | |
1.40mm
__NY__|lppprapnd v
AT
34.0mm
VA=
c
£3
@ E ______
£0
=
|
; 2 o 13.0mm
. N__|mppannnd
1.60mm |
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30.0mm

13.0mm

|
\ 4 O DY

1.60mm | | |
1.40mm

Figure 6.2 MAX2001 Module Land Pattern (Unit: mm)

Table 6.2 Module Weight

Unit weight 3.2 g
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7 SMT Production and Storage

7.1 SMT Production

It is recommended to use manual welding for UWB module welding to avoid internal device movement caused
by improper temperature control and secondary reflow soldering, which may affect product performance. If
reflow soldering production is necessary, the recommended maximum reflow soldering temperature is 235-
246 Celsius degree, and the maximum temperature cannot exceed 246 Celsius degree The furnace
temperature curve (lead-free SMT flow welding) and related parameters of the MAX2001 module during
manufacturing are shown in Figure 6.3. The production suggestions are as follows, please read carefully:

1) It is recommended that the temperature of Reflow soldering should not exceed the temperature as shown
in Fig. 6.3. It is recommended to reduce the overall curve by about 5 degrees. In summer, the temperature can
be reduced appropriately;

2) The maximum number of reflow times for this module is 1. To avoid damage to the module due to repeated
heating, it is recommended that customers install the module after completing the reflow soldering on the
first side of the PCB;

3) For the first batch of SMT production, manufacturers should first pass through 5-10 modules in the furnace
to check if the furnace temperature is suitable;

EREK 140 150 160 170 180 185 185 200 235 250 250 240
TRE 140 150 160 170 180 185 185 200 235 250 250 240
FERA (A4/4): 105.0

25

W
N

20 5

\

21 ) 73 4 I£5 76 ) [Z8 ri:] 210 Z11 Z12

[C2> 91 % 92.30 8% 68.00 -AT% 34.76 — -37%
rC3> 33 9 98.69 20% 75.26 2% 39.62 28%
[Ca> 72 %, 103.54 45% 69.68 -35% 40.01 33%
[C5> 43 %% 116.44 88% 61.60 -89% 33.20 -57%
[ W .81 24.14 13.66 6.81
Figure 6.3 MAX2001 Module Solder Profile
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7.2 Storage

Recommended storage conditions: temperature 2315 Celsius degree, and relative humidity 35-60%. Under
recommended storage conditions, the module can be stored in a sealed bag/box for 12 months. Under
workshop conditions of 2315 Celsius degree and relative humidity below 60%, the workshop life of the module
after unpacking is 168 hours. Under these conditions, the module can be directly refluxed for production or
other high-temperature operations. Otherwise, it is necessary to store the module in an environment with a
relative humidity of less than 10% (such as a moisture-proof cabinet) to keep the module dry.
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8 ORDERING INFORMATION

Antenna
Product Demo Model Crystal i Status
interface
T 10ppm .
UWB RF PP Ceramic
35 MAX2001-CA In-stock
module ° I TCXO antenna
£0
Z =
§5
- U
—_— SMA outer
UWB RF T 10ppm
e MAX2001-SMA screw inner In-stock
module £ 0 TCXO
; I hole
> 9
s 5
20
10ppm
MAX2001-IPEX IPEX interface In-stock
- TCXO
UWB RF 5
© T
module 28
2
S ot
2o External )
MAX2001C-IPEX IPEX interface In-stock
TCXO

For technical question, retail and bulk purchase of MAX2001 and MAX2001 evaluation board, please contact:

Mr. Lin 15606880772 (BD)

Mr. Wu 13296707815 (After sales)

QQ:171932915

WecChat: 15606880772

Purchase Link: https://ychiot.taobao.com/

Official Website: http://www.ychiot.com/
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System

9 GLOSSARY
Abbreviation Full Title Explanation
Equivalent The amount of power that a theoretical isotropic antenna (which evenly
. distributes power in all directions) would emit to produce the peak
EIRP Isotropically
power density observed in the direction of maximum gain of the antenna
Radiated Power ,
being used
European ) ) ¢ )
ETS| Telecommunication Regulatory body in thfe EU charged.W|th the m.anagement 9 the radio
spectrum and the setting of regulations for devices that use it
Standards Institute
Federal | body in th h d with th f the radi
ECC Communications Regulatory body in t g USA c arge- with the management 9 the radio
spectrum and the setting of regulations for devices that use it
Commission
GPIO General Purpose Pin of an IC that can be configured as an input or output under software
Input / Output control and has no specifically identified function
Institute of Electrical | |5 the world’s largest technical professional society. It is designed to
IEEE and Electronic serve professionals involved in all aspects of the electrical, electronic and
Engineers computing fields and related areas of science and technology
Long Inter-Frame ] )
LIFS ] Defined in the context of the IEEE 802.15.4-2011 [1] standard
Spacing
Circuit normally found at the front-end of a radio receiver designed to
LNA Low Noise Amplifier | amplify very low level signals while keeping any added noise to as low a
level as possible
Physical radio channel configuration in which there is a direct line of
LOS Line of Sight . 4 . & .
sight between the transmitter and the receiver
Physical radio channel configuration in which there is no direct line of
NLOS Non Line of Sight ny nve :
sight between the transmitter and the receiver
PGA Programmable Gain | Amplifier whose gain can be set / changed via a control mechanism
Amplifier usually by changing register values
Circuit designed to generate a signal at a particular frequency whose
PLL Phase Locked Loop . & & i w 8 "p. g y
phase is related to an incoming “reference” signal.
PPM Parts Per Million Used to quantify verY small relat‘ive prf)r.)ortions. Just as 1% is one out
of a hundred, 1 ppm is one part in a million
Generally used to refer to signals in the range of 3 kHz to 300 GHz. In
. the context of a radio receiver, the term is generally used to refer to
RF Radio Frequency L . ) .
circuits in a receiver before down-conversion takes place and in a
transmitter after up-conversion takes place
RTLS Real Time Location System intended to provide information on the location of various items

in real-time.
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Start of Frame ] )
SFD o Defined in the context of the IEEE 802.15.4-2011 [1] standard.
Delimiter
SpI Serial Peripheral An industry standard method for interfacing between IC’s using a
Interface synchronous serial scheme first introduced by Motorola
Temperature A crystal oscillator whose output frequency is very accurately
TCXO Controlled Crystal maintained at its specified value over its specified temperature range of
Oscillator operation.
Method of measuring the physical distance between two radio units by
. exchanging messages between the units and noting the times of
TWR Two Way Ranging . . , .
transmission and reception. Refer to Qorvo’s website for further
information
Method of deriving information on the location of a transmitter. The
time of arrival of a transmission at two physically different locations
. . whose clocks are synchronized is noted and the difference in the arrival
Time Difference of ) ) i ) ] )
TDOA val times provides information on the location of the transmitter. A
Arriva number of such TDOA measurements at different locations can be used
to uniquely determine the position of the transmitter. Referto Qorvo’s
website for further information.
) UWB (Ultra Wideband) A radio scheme employing channel bandwidths
UWB Ultra Wideband .
of, or in excess of, 500MHz
WSN Wireless Sensor A network of wireless nodes intended to enable the monitoring and
Network control of the physical environment
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10 Appendix

10.1 MAX2001 ROHS Report

CPST

Test Report No. 190220031001 Date: Feb 27, 2019 Page 1 of 9

Applicant: WENZHOU YCHIOT LTD

Room 307, YanChuang Building, ChaShan Street, Ouhai, Wenzhou, Zhejiang

Applicant Address: Provinee: Chiina

The following samples were submitted and identified on behalf of the clients as

Sample Name: UWB RF module
Model of test equipment: MAX2001
Trade mark: )\

YCHIOT
CPST Internal Reference No.:  C190220031
Sample Received Date: Feb 20, 2019

Number of Sample Received: 08 pcs

Test Period: Feb 20, 2019 to Feb 27, 2019
Test Method: Please refer to next pages
Test Result: Please refer to next pages

TESTED BY : REVIEWED BY: APPROVED BY:
h‘q . .
Oirncley, Weng wnhine. L WUl Pan
Wang Guang Yu, Andy Liu Xiao Fang, Sunshine Pan Jian Ding, Will
Project Leader Report Reviewer Technical Supervisor

This Test Report is issued by the Company subject to its General Conditions of Service printed overleaf or available on request and accessible at
www.cpstlab.com. Attention is drawn to the limitations of liability, indemnification and jurisdictional issues defined therein. Unless otherwise stated the
results shown in the test report refer only to the sample(s) tested. This test report cannot be reproduced, except in full, without prior written permission
of the Company. Any unauthorized ion, forgery or falsification of the content or appearance of this report is unlawful and offenders may be
prosecuted to the fullest extent of the law.

Eurones (Dongguan) Consumer Products Testing Service Co., Ltd t(86-769) 38937858 (86-769) 38937859 Hitp:// www.cpstlab.com
ﬂ 400 111 6218

3/F., Huafeng Building, No.77, Hetian Avenue, Houjie, Dongguan, Guangdong, China. Postcode: 523945 E-mail: service@cpstlab.com
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CPST

Test Report No. C190220031001 Date: Feb 27, 2019 Page 2 of 9
CONCLUSION ;
TESTED SAMPLES TEST ITEM RESULT

1. RoHS Directive 2011/65/EU Annex Il amending Annex (EU)2015/863
and amending Annex (EU)2017/2102
— Lead, Cadmium, Mercury, Hexavalent Chromium, PBBs
UWB RF module and PBDEs Content PASS
—Di-(2-ethylhexyl) phthalate(DEHP), Benzylbutyl phthalate(BBP),

PASS
Dibutyl phthalate (DBP), Diisobutyl phthalate(DIBP) Content

This Test Report is issued by the Company subject to its General Conditions of Service printed overleaf or available on request and accessible at
www.cpstlab.com. Attention is drawn to the limitations of liability, indemnification and jurisdictional issues defined therein. Unless otherwise stated the
results shown in the test report refer only to the sample(s) tested. This test report cannot be reproduced, except in full, without prior written permission
of the Company. Any unauthorized alteration, forgery or falsification of the content or appearance of this report is unlawful and offenders may be
prosecuted to the fullest extent of the law.

Eurones (Dongguan) Consumer Products Testing Service Co., Ltd t(86-769) 38937858 f(86-769) 38937859 Hitp:/ www.cpstiab.com
ﬁ 400 111 6218

3/F., Huafeng Building, No.77, Hetian Avenue, Houjie, Dongguan, Guangdong, China. ~ Postcode: 523945 E-mail: - service@cpstiab.com
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10.2 1509001 Certification documents

QUALITY MANAGEMENT SYSTEM
CERTIFICATE

This is to Certify that the QUALITY MANAGEMENT SYSTEM of

Wenzhou Yanchuang Internet of Things
Technology Co., Ltd.

Registered Address: Room 307, Technology R&D Building, Wenzhou Vocational and
Technical College, Chashan Street, Ouhai District, Wenzhou City

Audit Address: 2nd Floor, Smart Cube Student Workstation, No. 165, Gaoke Road,
Chashan Street, Ouhai District, Wenzhou City, Zhejiang Province

has been assessed by NOA Certification and found to comply with

GB/T 19001-2016 idt 1ISO9001:2015

for the scope of

Sales of UWB Radio Frequency Modules

Certificate Number: NOA1995514
Unified Social Credit Code: 91330304MA285MWF1H
Initial Certification Date: 03 Sep. 2019 =

Surveillance Audit Pass Label: Certification Manager
; L
_ L
I AS ACCREDITED
Management Systems
Certification Body

1S0 9001
MANAGEMENT
CERTIFICATION Please scan the QR code
B MSCB-261 above by WeChat to check
certificate validity.
Certificate Issue Date: 09 Sep. 2022 Certificate Expiry Date: 02 Sep. 2025
Re-certification Audit Date: 30 Aug. 2022 Original Certificate Expeiry Date: 02 Sep. 2022

This certificate is issued by NOA Testing & Certification Group Ltd. The certificate holder shall perform the supervision and audit in accordance with the
certification and accreditation rules and the certification contract, and affix a surveillance audit pass label to maintain the validity of certificate. To verify
the validity of certificate, please visit our website (www.noagroup.com) or scan the QR code above by WeChat, or visit the CNCA website.(www.cnca.gov.cn)

NOA Testing & Certification Group Ltd.

<] Add.:Building 26,Lane 2777,East Jinxiu Road,Free Trade Zone,Shanghai,China  Email:noa @noagroup.com

:
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Version MAX2001-datasheet-v2.0
Created Time 2020/11/20

[1] IEEE802.15.4-2011 or "IEEE Std 802.15.4™-2011" (Revision of IEEE Std
802.15.4-2006). IEEE Standard for Local and metropolitan area networks — Part
15.4: Low-Rate Wireless Personal Area Networks (LRWPANSs). IEEE Computer
Society Sponsored by the LAN/MAN Standards Committee. Available from
http://standards.ieee.org/

Reference
[2] Qorvo DW1000 Datasheet www.Qorvo.com
[3] Qorvo DW1000 User Manual www.Qorvo.com
[4] Partron(Now manufactured by Abracon) Dielectric Chip Antenna, P/N
ACS5200HFAUWB(Now ACA-107-T), www.digikey.com also see www.abracon.com
Last Updated 2023/06/30

Vanky Wang 2020-11-20 V1.0 Release
V1.7
Lynn 2022-02-08 Update module reflow temperature curve

Update ISO9001 certification documents

V1.8
Lynn 2022-05-01 Add the description and specification of MAX2001C Module
Update ISO9001 certification documents

Lynn 2023-01-01 V1.9

Update ISO9001 certification documents

Update the diagrams in chapter 6.2

Lynn 2023-01-01 V2.0
Add chapter 7: Production and Storage
Update chapter 8
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