Q)N
EBYTE

E104-BT5040U User manual

nRF52840 USB-Type Bluetooth Module

Chengdu Ebyte Electronic Technology Co.,Ltd.



EBYTE Chengdu Ebyte Electronic Technology Co., Ltd. E104-BT5040U Datasheet

Contents
L0107 L5 4L OSSR 1
0 O 015 (o 1o 10 (15 o) s PO ST PPPR PO OOPP PPt 1
| LT 1001 (=1 TP P PRSPPI 2
B 1) G T O T S —— 2
B o 3 1411 1) ¢SSP 3
2.1 LIMIE PATAIMELETS. ¢ uveeteeeiiitiiee ettt ettt e ettt e e e et e e e e s et e e e e et e et e e e smnaneeeesensaaeeee e e amnnteeeeennnneeeeesnnnneas 3
).7) \Wheid iy | BT ST oomonmnau00050000000000000000000000000000000300000030 005 0930005093000500300050030000003000300000300050030005093003003000G00I0000030TI003 3
3. Dimensions and Pin DefInition........cccoiiiiiiiiiiiiiiii i 5
4 DEVERIOPIMCIL. ...ttt e e e e a e h e ea e s 7
IR e L O P I T 0 O —— 7
A T O Ry I A ) T — 7
4.3THhE MOAIIEA COAES. . -uuveeeeieiiiiiteeiieet ettt et e e e st e e s eaaae e e e e e iaaeeeeeenbaeeeeesmnaneeeesenannneeeeennnneeeeennnn 8
AR B 1 KAy (I D D L Iy —— 8
4.3.2 Disable Hash value CheCK fUNCTION. c-+tteeeureteiitieieiiteeiiee et ettt ettt e ettt e ettt eeirteesbeeeesmteesnneeesmbeeeenaeesnneessmreeeannee 8
4.4 DIFU GUIAE -+t euveeneteeuteentteeuteestte et esttesuteesttesateesuteeuseesbaeeuseaabeesaseestesateessteeateeabeeeateeaseesubeeaseesateeseenateeabeesnneenbeesnneenneens 9
5. HATAWALE NNOTICE. ... uviviiiiiiii i e s b e b e e e sa e ae s sa e e sa e e sae b sas e b sanns 11
5.1 HATAWATE INOTICE: +e e uvuereeeeeiitteeeeeitt et e e ettt et e e e ettt e e e ettt eeeesaanneeeeesmnaaeeeesennaantee e e annaeeeeeeannsaeeeeesannaneeeesennnnneeeeennnn 11
0. FAQ e s b e et s ba e e aa e e e be e sba e e e bt e e sab e e e sanaeas 12
(5.1 ConmuimiEaien Fmngs 1S {00 §iEifibomooosommmomooesmmmmoimesmeiosisniimmeisamuummammmomasmosmusosmesmssaIsesIaIsaIaasamuamIsauauIO 12
SV QU] S Ea Sy At Ol AT T —— 12
IR O TR A P e — 12
7. WELIAING GUIAC. ...ttt sa e s a e a e 13
[ R ] O T [y T e ——— 13
T2 RETIOW CUIVE. e uteeeeeeiiiiit ettt ettt et e e ettt e e s e e e e e st e e e e e e aaabae e e e e e nmaaeeeeeesemnaeeeeesamnaneeeeenmnnnteeeennnnneees 13
8. REVISION NISLOTY.c.viuviuiiiieiieiiciiccc ettt 14
0. ADOUL US. .. 14

J D § 0L (0 Y6 11 Te15 T ) s DU OO

Copyright©2020, Chengdu Ebyte Electronic Technology Co., Ltd.


http://www.ebyte.com/product-view-news.aspx?id=452

E;\YEI'E Chengdu Ebyte Electronic Technology Co., Ltd. E104-BT5040U Datasheet

1.1 Introduction

E104-BT5040U is a small Bluetooth wireless module with USB interface
designed and produced by Ebyte; the function and pin of the module
correspond to the official Nordic nRF52840 USB Dongle module (the relevant
schematic diagram can be downloaded on the official website of Nordic). It
comes with a high-performance PCB antenna and uses the Bluetooth Low
Energy (BLE) SOC solution.

E104-BT5040U uses Nordic imported genuine nRF52840 RF chip which
supports Bluetooth 4.2 and Bluetooth 5.0; the chip comes with
high-performance ARM CORTEX-M4 core, 32M+32.768kHz industrial-grade
crystal oscillator, and has UART, 12C, SPI, ADC, DMA Rich peripheral resources such as, PWM, etc.; nRF52840 leads to most of the

1/0 ports (please check the pin definitions for details), which is convenient for users to carry out multi-directional development.

E104-BT5040U is a hardware platform with factory program. See below for specific usage.

1.2 Features

Under ideal conditions, the communication distance can reach 250m;

The maximum transmit power is 6mW, and the software is multi-level adjustable;
Support the global license-free ISM 2.4GHz frequency band;

Equipped with 32.768kHz clock crystal oscillator;

Built-in high-performance low-power ARM@Cortex-M4 processor;

Sufficient memory: 1024kB Flash, 256kB RAM;

USB power supply, USB has ESD protection;

Industrial-grade standard design, supporting long-term use at -40°C~85°C;

PCB antenna without external antenna.

—

.3 Applications

Smart home and industrial sensors, etc.;
Security system, positioning system;
Wireless remote control, UAV;
Wireless game remote control;
Healthcare products;

Wireless voice

Automotive industry applications.
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2. Parameters

2.1 Limit Parameters

The main parameters Value
Notice
Min Max
USB power supply voltage (V) 0 5.5 Over 5.5V will permanently burn the module
VBUS power supply hole (V) 0 5.5 Over 5.5V will permanently burn the module
VDD power supply hole power )
0 3.6 Over 3.6V will permanently burn the module
supply (V)
Blocking power (dBm) - 10 It is less likely to burn when used at close range
Working temperature (‘C) -40 +85 Industrial grade
2.2 Working Parameters
Value
Description Notes
Min Typical Max
Working voltage (V) 435 5 5.5 USB/VBUS power supply
Communication level (V) 0 33 3.6 Using 5V level is risky to burn
Working temperature (C) -40 - +85 Industrial design
Working frequency (MHz) 2360 2402 2500 Support ISM frequency band
TX only run current (DCDC, 3V) PRF =+8 dBm (mA) 17.05
TX only run current (DCDC, 3V) PRF =+4 dBm (mA) 12.68
TX only run current (DCDC, 5V, REGO out = 3.3 V)PRF 795
TX | =0dBm (mA) '
TX only run current (DCDC, 3V)PRF = 0dBm (mA) 7.63
TX current (3V) 1Mbps BLE measured from VBAT with 1
PRF=9dBm (mA)
RX only run current (DCDC, 3V) 1Mbps / 1Mbps BLE 271
(mA) '
RX
RX only run current (DCDC, 3V) 2Mbps / 2Mbps BLE 87
(mA) .
Max TX Power (dBm) 7.5 8 8.5

-103dBm@BLE 125kbps Long range mode

Rx Sensitivity (dBm)

-95dBm@BLE 1Mbps
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Description Value Notes
. Clear weather, open location, antenna height 2.5 meters, air
Reference distance 250m
rate 1Mbps
Crystal frequency 32MHz/32.768kHz
supporting agreement BLE4.2/5.0

Power supply

USB/1.27mm L

Interface method

USB/1.27mm FL

nRF52840-QIAAC0/aQFN ™

IC full name
73
FLASH 1024kB
RAM 256kB
Kernel ARM@ Cortex ® -M4
Dimensions 59*18mm Housing and ports size counted
Antenna Type PCB Antenna
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3. Dimensions and Pin Definition
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Pin No. Name Direction Functions

1 GND — Power Ground

2 P0.10 124 See nRF52840 chipset datasheet

3 P0.09 L24 See nRF52840 chipset datasheet

4 P1.04 U24 See nRF52840 chipset datasheet

5 P1.02 W24 See nRF52840 chipset datasheet

6 P1.00 AD22 See nRF52840 chipset datasheet

7 P1.07 P23 See nRF52840 chipset datasheet

8 P1.01 Y23 See nRF52840 chipset datasheet

9 P0.24 AD20 See nRF52840 chipset datasheet

10 P0.22 ADIS8 See nRF52840 chipset datasheet

11 P0.20 ADI16 See nRF52840 chipset datasheet

12 P0.17 ADI2 See nRF52840 chipset datasheet

13 P0.15 ADI10 See nRF52840 chipset datasheet

14 P0.13 ADS8 See nRF52840 chipset datasheet

15 P0.14 AC9 See nRF52840 chipset datasheet

16 VBUS USB5V This interface cannot be powered at the same time as the USB interface, the maximum is 5.5V
17 VDD — Chip power supply pin, maximum 3.6V, cannot be supplied with USB power supply at the same time
18 GND — Power Ground

19 P0.04 J1 See nRF52840 chipset datasheet
20 P0.26 Gl See nRF52840 chipset datasheet
21 P0.11 B19 See nRF52840 chipset datasheet
22 P0.31 A8 See nRF52840 chipset datasheet
23 P0.29 A10 See nRF52840 chipset datasheet
24 P0.02 Al2 See nRF52840 chipset datasheet
25 P1.15 Al4 See nRF52840 chipset datasheet
26 P1.13 Al6 See nRF52840 chipset datasheet
27 PIL.11 B19 See nRF52840 chipset datasheet
28 P1.10 A20 See nRF52840 chipset datasheet
29 GND — Power Ground
30 GND — Power Ground
31 \% VDD
32 R RESET
33 D SWDIO Download interface, try to avoid USB and VDD supplying power at the same time
34 C SWCLK
35 G GND

36 RST RESET Reset button.

37 SW P1.06 function button

38 LEDI1 RGB LED R (red): P0.08; G (green): P1.09; B (blue): P0.12;
39 LED LED P0.06
40 G GND
41 D+ USB Test Port
42 D-
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| 43 | \% | VBUS USB Test Port

4. Development

4.1 Development Tool

No. Item Notes

1.The module is embedded with ARM MCU. For program downloading, please use the J-LINK
downloader. Any other serial port or JTAG. ISP. ICP are unavailable to download.

is not loaded in the program, in the second development, you need to use the official burning tool

: Burn code; you can also use the official burning tool nRFgo studio to burn the protocol stack, and then
Firmware | download it with IAR or KEIL.
Testing . ) .
2 Testing board is not available.
Board

4.2Factory Default Firmware

The factory firmware of E104-BT5040U is only DFU firmware (device firmware upgrade).

Main features of DFU:

Update application, SoftDevice and bootloader

Certification update

Downgrade prevention

Hardware compatibility verification

Multiple transmission methods: (BLE, UART, USBD)

Support application with or without SoftDevice

Support the replacement of SoftDevice-dependent firmware with SoftDevice-independent firmware

Support the replacement of SoftDevice-independent firmware with SoftDevice-dependent firmware

The burn firmware needs to be completed in two parts. Since the protocol stack provided by NORDIC

nRFgo studio to burn the protocol stack, and then use nRFgo studio to burn. The hex of the application

The factory DFU firmware is compiled with the sample program "nRF5SDK160098a08¢2\examples\dfu\open_bootloader" in the

SDK16.0 firmware (nRF5SSDK160098a08e2.zip).
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4.3The Modified Codes

4.3.Public Key(dfu public key.c)

#ifdeft NRF_DFU DEBUG_VERSION

/** @brief Public key used to verify DFU images */

#else

/** @brief Public key used to verify DFU images */
_ ALIGN(#) const uint8_t pk[64] =
{

0xc2, 0xdf, 0x7a, 0x7f, 0x4a, 0x64, 0xcd, 0x56, 0x63, 0x77, 0x82, 0x94, 0x49, 0x70, 0xe8, 0x1b, 0x8f, 0x69, 0x31, 0xd7, Oxcb,
0x71, 0x0f, 0x2d, Oxcc, 0x03, 0x7d, 0x6f, 0x26, 0x14, Ox1d, 0x32,

0x55, 0xa2, 0x2f, Oxea, 0x7e, 0x1d, Oxca, 0x52, 0xa0, 0x86, 0x9f, Oxee, 0x16, 0x43, 0xc8, 0x8e, 0x3f, Oxbc, Oxcc, 0xa3, 0x2b,
0x36, 0xel, 0x0e, 0xdb, Oxeb, 0x6f, 0x7b, 0x3c, 0x79, 0x67, 0x55
33
#endif

4.3.2 Disable Hash value check function

File Routing: “nRF5SDK160098a08e2\components\libraries\bootloader\dfu\nrf dfu_validation.c”. Disable below codes.
err_code =nrf _crypto_ecdsa_verify(&m_verify context,

&m public_key,

m_init_packet hash,

hash_len,

m_signature,

sizeof(m_signature));

1l if (err_code != NRF_SUCCESS)

!/l {

// NRF_LOG_ERROR("Signature failed (err_code: 0x%x)", err_code);
!/l NRF_LOG_DEBUG("Signature:");

// NRF_LOG HEXDUMP DEBUG(m_signature, sizeof(m_signature));
!/l NRF_LOG_DEBUG("Hash:");

// NRF _LOG HEXDUMP DEBUG(m_init packet hash, hash len);
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!/l NRF_LOG_DEBUG("Public Key:");

// NRF_LOG _HEXDUMP DEBUG(pk, sizeof(pk));

!/l NRF_LOG_FLUSH();

/l

/l return NRF_DFU_RES CODE_INVALID_OBJECT;
!/l }

4.4 DFU Guide

There are many ways to use DFU, such as upgrading through APP, UART upgrading, etc. Here we only introduce how to use
E104-BT5040U and nrf connect.

The version of nrf connect in the document is V3.3.1. Start the nrf connect software, as shown in the figure below:

nRF Connectv3.3.1 = a X

APPS SETTINGS

Bluetooth Low Energy

e General tool for development and testing with Bluetooth Low Energy i ‘ b
£

Getting Started Assistant -

Programmer
2 Tool for flash programming of nRF SoCs =
X 5
a
8
LTE Link Monitor
| Link monitor and AT command terminal | Instll . ‘
= =TT

Take the first item as an example (Bluetooth Low Energy). Select "Open" to display the interface as shown in the figure below, and
select "Launch anyway". Start the Bluetooth Low Energy APP.

Version problem x

The app only supports nRF Connect *2.4.0 while your
installed version is 3.3.1. It might not work as expected.

Launch anyway

Select the virtual serial port corresponding to E104-BT5040U.

nRF Connect v3.3.1 - Bluetooth Low Energy

F7F593B2931F ~ | @ Connection Map Server Setup

F7F593B2931F
« Serial port: COM37

Close device
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E104-BT5040U has no application firmware when it is powered on for the first time. The app will prompt the user to program the

module, select "Yes" and wait for the firmware update to complete.

Confirm x ]

Device must be programmed, do you want to proceed?

=]

After the firmware update is complete, the following page appears. At this time, you can use the bluetooth low energy function
normally.

nRF Connect v3.2.1 - Bluetooth Low Energy

F7F59382931F ~ | @ Connection Map Server Setup

Discovered devices

g -
nRF5x Options

Generic Acoess

Generic Attribute

Log oon

1241 88 VAIIGAlNg CONNECUMILY TNMWATE TOT GEVICE WILT SEal NUIMDEY F /FOYILY3 IF |
17:26:15.218 Connectivity firmware is valid.

17:2605218 | ivity firmware version: bl 4.1.1+May-07-2019-15-12-18. SoftDevice AP! version: 3. Baud rate: 100000C.

17:26:15.222 Opening adapter connected to COM38

17:26:16155 | Successfully opened COM38. Baud rate: 1000000. Flow control: none. Parity: none

17:2616157 | Resel performed on adapter COM38
M 217X cintercnnested 1 COME ofuy

TS T IR TR

T
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5. Hardware Notice

5.1 Hardware Notice

® [t is recommended to use a DC stabilized power supply to supply power to the module, and the power ripple coefficient is as
small as possible, and the module needs to be grounded reliably;

®  Please pay attention to the correct connection of the positive and negative poles of the power supply. Reverse connection may
cause permanent damage to the module;

®  Please check the power supply to ensure that it is within the recommended supply voltage. If it exceeds Max, it will cause
permanent damage to the module;

®  Please check the stability of the power supply, the voltage should not fluctuate greatly and frequently;

®  When designing the power supply circuit for the module, it is often recommended to reserve more than 30% of the margin, and
the whole machine is conducive to long-term stable operation;

®  The module should be as far away as possible from the power supply, transformer, high-frequency wiring and other parts with
large electromagnetic interference;

®  High-frequency digital wiring, high-frequency analog wiring, and power wiring must avoid the bottom of the module. If it is
necessary to pass under the module, assume that the module is soldered to the Top Layer, and the top layer of the contact part of the
module is covered with copper (all copper And well grounded), it must be close to the digital part of the module and routed in the
Bottom Layer;

®  Assuming that the module is soldered or placed on the Top Layer, it is also wrong to randomly route the wires on the Bottom
Layer or other layers, which will affect the stray and receiving sensitivity of the module to varying degrees;

®  Assuming that there are components with large electromagnetic interference around the module, it will greatly affect the value of
the module. According to the intensity of the interference, it is recommended to stay away from the module. If the situation permits,
proper isolation and shielding can be done;

®  Assuming that there are traces with large electromagnetic interference around the module (high-frequency digital,
high-frequency analog, power wiring), it will greatly affect the value of the module. According to the intensity of the interference, it is
recommended to stay away from the module. Isolation and shielding;

®  [f the communication line uses 5V level, a 1k-5.1k resistor must be connected in series (not recommended, there is still a risk of
damage);

®  Try to stay away from part of the physical layer that is also 2.4GHz TTL protocol, for example: USB3.0;

®  The antenna installation structure has a great influence on the value of the module. Make sure that the antenna is exposed,
preferably vertically upward. When the module is installed inside the case, a high-quality antenna extension cable can be used to
extend the antenna to the outside of the case;

®  The antenna must not be installed inside the metal shell, which will greatly reduce the transmission distance.

®  [tis recommended to add a 200R protection resistor to the RXD/TXD of the external MCU.
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6. FAQ

6.1 Communication range is too short

When there is a straight line communication obstacle, the communication distance will be attenuated accordingly;
Temperature, humidity, and co-frequency interference will increase the communication packet loss rate;

The ground absorbs and reflects radio waves, and the test results near the ground are poor;

Sea water has a strong ability to absorb radio waves, so the seaside test results are poor;

If there is a metal object near the antenna or placed in a metal shell, the signal attenuation will be very serious;

The power register setting is wrong, the air speed setting is too high (the higher the air speed, the closer the distance);
®  The low voltage of the power supply at room temperature is lower than the recommended value, the lower the voltage, the lower
the power output;

®  The matching degree of the antenna and the module is poor or the quality of the antenna itself is problematic.

6.2 Module is easy to damage

®  Please check the power supply to ensure that it is within the recommended power supply voltage. If it exceeds Max, the module
will be permanently damaged;

®  Please check the stability of the power supply, the voltage should not fluctuate greatly and frequently;

®  Please ensure anti-static operation during installation and use, and high-frequency components are electrostatically sensitive;

®  Please ensure that the humidity during installation and use should not be too high, and some components are humidity sensitive
devices;

®  [fthere is no special requirement, it is not recommended to use it at too high or too low temperature.

6.3 Error Rate 1s High

®  There is co-frequency signal interference nearby, stay away from the interference source or modify the frequency and channel to
avoid interference;

®  The clock waveform on SPI is not standard, check whether there is interference on the SPI line, and the SPI bus line should not
be too long;

®  Unsatisfactory power supply may also cause garbled codes. Ensure the reliability of the power supply;

®  Poor or too long extension cables and feeders can also cause high bit error rates.
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7. Welding Guide

7.1 Reflow Temperature

Profile Feature It LR HFAE Sn-Pb Assembly Pb-Free Assembly
Solder Paste BE Sn63/Pb37 Sn96.5/Ag3/Cu0.5
Preheat Temperature min ~ ( Tsmin) B/ N THRLFE 100°C 150°C
Preheat temperature max (Tsmax) B R TR 150°C 200°C
Preheat Time (Tsmin to Tsmax)(ts) TR ] 60-120 sec 60-120 sec
Average ramp-up rate(Tsmax to Tp) SEY bR 3°C/second max 3°C/second max
Liquidous Temperature (TL) WARE 183°C 217°C
Time (tL) Maintained Above (TL) VAR ZE LA _E R (] 60-90 sec 30-90 sec
Peak temperature (Tp) WA iR 5 220-235°C 230-250°C
Aveage ramp-down rate (Tp to Tsmax) P T REE R 6°C/second max 6°C/second max
Time 25°C to peak temperature 25°C B VARG [ B 1] 6 minutes max 8 minutes max

7.2 Reflow Curve
Critical Zone
Ramp-up : TLto Tp
ﬂ il [ R e A = tLE
2 Tsmax i
- R | :
M : :
- - :
8 TSmin s :
£ - ... :
o ts — g
Preheat :
Ramp-down

25 j
€ t 25C to Peak 3

Time

=
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8. Revision history

Version

Date

Description

Issued by

1.0

2020-11-20

Initial Version

Ren

9. About Us

Sales hotline: 4000-330-990
Support: support@cdebyte.com

(((:))> ®

EByYTE ChengduEbyte Electronic Technology Co.,Ltd.
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