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1.Product’s picture
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Figure 1. A Bluetooth module
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Figure 2 50 pieces chips in an anti-static blister package

2. Feature

® \Wireless transceiver
»  Sensitivity (Bit error rate) can reach -80dBm.
»  The change range of output’s power: -4 - +6dBm.
® Function description (perfect Bluetooth solution)
» Has an EDR module; and the change range of modulation depth: 2Mbps - 3Mbps.

> Has a huild-in 2.4GHz antenna; user needn’t test antenna.
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» Has the external 8Mbit FLASH

Can work at the low voltage (3.1V~4.2V). The current in pairing is in the range of 30~40mA.
The current in communication is 8mA.

P10 control can be switched.

Has the standard HCI Port (UART or USB)

The USB protocol is Full Speed USB1.1, and compliant with 2.0.

This module can be used in the SMD.

It’s made through RoHS process.

The board PIN is half hole size.

Has a 2.4GHz digital wireless transceiver.

Bases at CSR BC04 Bluetooth technology.

Has the function of adaptive frequency hopping.

Small (27mm X 13mm X 2mm).

Peripheral circuit is simple.

It’s at the Bluetooth class 2 power level.

Storage temperature range: -40 C - 85°C, operating temperature range: -25 ‘C - +75C

Any wave inter Interference: 2.4MHz, the power of emitting: 3 dBm.

vV V.V V V V V V V V V V V V VY

Bit error rate: 0. Only the signal decays at the transmission link, bit error may be produced. For
example, when RS232 or TTL is being processed, some signals may decay.

Low power consumption

Has high-performance wireless transceiver system

Low Cost

Application fields:

» Bluetooth Car Handsfree Device
» Bluetooth GPS

» Bluetooth PCMCIA , USB Dongle

> Bluetooth Data Transfer
® Software

» CSR
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3. PINSs description
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Figure 3 PIN configuration
The PINs at this block diagram is same as the physical one.

PIN Name | PIN# Pad type Description Note
GND 132122 VSS Ground pot
Integrated 1.8V (+)
supply with On-chip linear
1Vv8 14 VDD PP p_ .
regulator output within
1.7-1.9V
VCC 12 3.3V
e Programmable
AIO0 9 Bi-Directional ) )
input/output line
o Programmable
AIO1 10 Bi-Directional . .
input/output line
o Programmable
Bi-Directional . .
P100 23 input/output line, control
RX EN -
output for LNAC(if fitted)
o Programmable
Bi-Directional . .
PIO1 24 input/output line, control
TXEN i
output for PA(If fitted)
P102 25 Bi-Directional Programmable
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input/output line

Programmable

P103 26 Bi-Directional i i
input/output line
e Programmable
P104 27 Bi-Directional i i
input/output line
. Programmable
P10O5 28 Bi-Directional i i
input/output line
e Programmable
PIO6 29 Bi-Directional . . CLK_REQ
input/output line
o Programmable
PIO7 30 Bi-Directional . . CLK_OuUT
input/output line
. Programmable
P108 31 Bi-Directional . .
input/output line
. Programmable
P109 32 Bi-Directional . .
input/output line
o Programmable
P1010 33 Bi-Directional . .
input/output line
o Programmable
P1011 34 Bi-Directional . .
input/output line
CMOS Input with weak
RESETB 11 .
intemal pull-down
CMOS output, tri-stable with UART request to send,
UART_RTS 4 ) .
- weak internal pull-up active low
CMOS input with weak UART clear to send, active
UART_CTS 3 .
- internal pull-down low
CMOS input with weak .
UART_RX 2 i UART Data input
internal pull-down
CMOS output, Tri-stable
UART_TX 1 i ] UART Data output
with weak internal pull-up
CMOS input with weak Serial peripheral interface
SP1_MOSI 17 ) .
- internal pull-down data input
. . Chip select for serial
CMOS input with weak ) ) i
SPI_CSB 16 . peripheral interface, active
internal pull-up
low
SPI_CLK 19 CMOS input with weak Serial peripheral interface
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internal pull-down

clock

CMOS input with weak

Serial peripheral interface

SPI_MISO 18 .
internal pull-down data Output
USB_- 15 Bi-Directional
USB + 20 Bi-Directional
Default :
1.8V external power 1.8v
1.8V 14 . .
supply input internal power
supply.
PCM_CLK 5 Bi-Directional
PCM_OUT 6 CMOS output
PCM_IN 7 CMOS Input
PCM_SYNC 8 Bi-Directional
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4. The parameters and mode of product
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If you want more information, please visit www.wavesen.com.
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5. Block diagram

Ul
ECM _KEY
; HC-05 ; .
” Eﬁ ﬁ L uart m0 FIOIL 2 p
; S S | UART RD FIOL0 —
] R1114-33 3 & 32
1 3 " - —— €15 PIO? 5 G
1 +— N _ O [— e —— RTS BIO8 — AR
b Xh R 2 K L 4 2 { peM CLE po7 |22 a0 laav
BX TIL § i pi KEY
3 e ‘e m ‘e = BCN_OUT BI06 —=
: LED == ——| PO PIOS —— pe K
5 - : : — K J = e R
R Low10v o ow10v g [ o T
§ S —5— 4loo PIOS 3 A
7 = -] Aol PIOY —o B6 470 o LED
: T RESET POl i H—-
T == 33% —= 133y -
CONE = I 13 a;‘:'D gf_g T e
ke [ B B 7] odks — L
= mmEadms it
Ch Vs dwE
S |] Z5HEE5080
Il
= 4 S call el ol i)
o4 i} 5V
H L Y W E
13 ;i k= c7 B3
24 3 - i D1
cs gl @ _| ||, UART R3D R TIL 1K
L
i = 14 1N3817
o TETIL
11 14
. ——— TIN TIOUT — -
UARTTD W0 |0 aeel v
12 o |1
UARTED B T Egg z E‘Jlg:_ !
m H UART_TD
MAX33]

15

6. Debugging device

6.1 Device

Figure 5 Block diagram

PC, hardware, 3G, 3G Frequency Counter (SP3386), 3.15V DC power supply, Shielding, Bluetooth

Test box.
6.2 Software
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7. Characteristic of test

Test Condition 25°C RH 65%
Min  Typ Max  Unit

1. Carrier Fregq. (ISM Band) 2.4 24835 MHz
2.  RF O/P Power -6 2 4 dBm
3.  Step size of Power control 2 8 dB
4. Freq. Offset ( Typical Carrier freq.) -75 75 KHz
5. Carrier Freq. drift ( Hopping on, drift rate/50uS ) -20 20 KHz
1 slot packet -25 25 KHz
3 slot packet -40 -40 KHz
6. Average Freq. Deviations ( Hopping off, modulation ) 140 175 KHz
Freq. Deviation 115 KHz
Ratio of Freg. Deviation 0.8
7 . Receive Sensitivity @< 0.1% BER( Biterror rate)  -83 dBm
8. Test diagram
3GHz Ferq. <
Counter RS232
A
CHC
RE | oP COM1
LPT1
uuT Interface
. > circuit <4—p Computer
SPI
Shielding Box

Fig 1. Programming and Freq. Alignment
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GPIB
Bluetooth test
<4————p» Computer
set
A
RF I/P COM1
LP1
RS232
RF Port
UUT SPI

Fig 2 RF parameter Test Procedure

www.wavesen.com Phone: 020-84083341 Fax: 020-84332079 QQ:1043073574
Address: Room 527, No.13, Jiangong Road, Tianhe software park, Tianhe district, Guangzhou
Technology consultant: support@wavesen.com

Complaint and suggestion: sunbirdit@hotmail.com

Shielding Box

Post: 510660

Business consultant:sales@wavesen.com




Guangzhou HC Information Technology Co., Ltd.

Start

SMT process

)

“igual Check Repair

| Falled +

- |

Firmware
programming Repair
and RF Freq.

Alignme nt Faliect

ol
v |

RF parameter
test Repair

Falled

Finish

Figd AssemblelAlignmentiTesting Flow Chart

9. AT command set

More information about command set is provided at HC-05 master-salve bluetooth serial module
command set.pdf. Please download it from our company website www.wavesen.com.
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HC Serial Bluetooth Products

User Instructional Manual

1 Introduction

HC serial Bluetooth products consist of Bluetooth serial interface module and Bluetooth adapter, such
as:
(1) Bluetooth serial interface module:
Industrial level:  HC-03, HC-04(HC-04-M, HC-04-S)
Civil level: HC-05, HC-06(HC-06-M, HC-06-S)
HC-05-D, HC-06-D (with baseboard, for test and evaluation)

(2) Bluetooth adapter:
HC-M4
HC-M6

This document mainly introduces Bluetooth serial module. Bluetooth serial module is used for
converting serial port to Bluetooth. These modules have two modes: master and slaver device. The
device named after even number is defined to be master or slaver when out of factory and can’t be
changed to the other mode. But for the device named after odd number, users can set the work mode
(master or slaver) of the device by AT commands.

HC-04 specifically includes:
Master device: HC-04-M, M=master
Slave device: HC-04-S, S=slaver

The default situation of HC-04 is slave mode. If you need master mode, please state it clearly or
place an order for HC-O4-M directly. The naming rule of HC-06 is same.

When HC-03 and HC-05 are out of factory, one part of parameters are set for activating the device.
The work mode is not set, since user can set the mode of HC-03, HC-05 as they want.

The main function of Bluetooth serial module is replacing the serial port line, such as:

1. There are two MCUs want to communicate with each other. One connects to Bluetooth master
device while the other one connects to slave device. Their connection can be built once the pair is made.

This Bluetooth connection is equivalently liked to a serial port line connection including RXD, TXD



signals. And they can use the Bluetooth serial module to communicate with each other.

2. When MCU has Bluetooth salve module, it can communicate with Bluetooth adapter of
computers and smart phones. Then there is a virtual communicable serial port line between MCU and
computer or smart phone.

3. The Bluetooth devices in the market mostly are salve devices, such as Bluetooth printer,
Bluetooth GPS. So, we can use master module to make pair and communicate with them.

Bluetooth Serial module’s operation doesn’t need drive, and can communicate with the other
Bluetooth device who has the serial. But communication between two Bluetooth modules requires at
least two conditions:

(1) The communication must be between master and slave.
(2) The password must be correct.

However, the two conditions are not sufficient conditions. There are also some other conditions
basing on different device model. Detailed information is provided in the following chapters.

In the following chapters, we will repeatedly refer to Linvor’s (Formerly known as Guangzhou HC

Information Technology Co., Ltd.) material and photos.

2 Selection of the Module

The Bluetooth serial module named even number is compatible with each other; The salve module
is also compatible with each other. In other word, the function of HC-04 and HC-06, HC-03 and HC-05
are mutually compatible with each other. HC-04 and HC-06 are former version that user can’t reset the
work mode (master or slave). And only a few AT commands and functions can be used, like reset the
name of Bluetooth (only the slaver), reset the password, reset the baud rate and check the version
number. The command set of HC-03 and HC-05 are more flexible than HC-04 and HC-06’s. Generally,
the Bluetooth of HC-03/HC-05 is recommended for the user.

Here are the main factory parameters of HC-05 and HC-06. Pay attention to the differences:

HC-05 HC-06
Master and slave mode can be switched Master and slave mode can’t be switched
Bluetooth name: HC-05 Bluetooth name: linvor

Password:1234 Password:1234




Master role: have no function to remember the last
paired salve device. It can be made paired to any
slave device. In other words, just set
AT+CMODE=1 when out of factory. If you want
HC-05 to remember the last paired slave device
address like HC-06, you can set AT+CMODE=0
after paired with the other device. Please refer the

command set of HC-05 for the details.

Master role: have paired memory to remember
last slave device and only make pair with that
device unless KEY (PIN26) is triggered by high

level. The default connected PIN26 is low level.

Pairing: The master device can not only make pair

with the specified Bluetooth address, like
cell-phone, computer adapter, slave device, but
also can search and make pair with the slave
device automatically.

Typical method: On some specific conditions,
master device and slave device can make pair with
each other automatically. (This is the default

method.)

Pairing: Master device search and make pair with
the slave device automatically.

Typical method: On some specific conditions,
master and slave device can make pair with each

other automatically.

Multi-device communication: There is only point
to point communication for modules, but the

adapter can communicate with multi-modules.

Multi-device communication: There is only point
to point communication for modules, but the

adapter can communicate with multi-modules.

AT Mode 1: After power on, it can enter the AT
mode by triggering PIN34 with high level. Then
the baud rate for setting AT command is equal to
the baud rate in communication, for example:
9600.

AT mode 2: First set the PIN34 as high level, or
while on powering the module set the PIN34 to be
high level, the Baud rate used here is 38400 bps.

Notice: All AT commands can be operated only

AT Mode: Before paired, it is at the AT mode.

After paired it’s at transparent communication.




when the PIN34 is at high level. Only part of the
AT commands can be used if PIN34 doesn’t keep
the high level after entering to the AT mode.
Through this kind of designing, set permissions for
the module is left to the user’s external control
circuit, that makes the application of HC-05 is very

flexible.

During the process of communication, the module
can enter to AT mode by setting PIN34 to be high
level. By releasing PIN34, the module can go back
to communication mode in which user can inquire
some information dynamically. For example, to

inquire the pairing is finished or not.

During the communication mode, the module

can’t enter to the AT mode.

Default communication baud rate: 9600,

4800-1.3M are settable.

Default communication baud rate: 9600,

1200-1.3M are settable.

KEY: PIN34, for entering to the AT mode.

KEY: PIN26, for master abandons memory.

LED1: PIN31, indicator of Bluetooth mode. Slow
flicker (1Hz) represents entering to the AT mode2,
while fast flicker(2Hz) represents entering to the
AT model or during the communication pairing.
Double flicker per second represents pairing is
finished, the module is communicable.

LED2: PIN32, before pairing is at low level, after
the pairing is at high level.

The using method of master and slaver’s indicator
IS the same.

Notice: The PIN of LED1 and LED?2 are connected
with LED+.

LED: The flicker frequency of slave device is
102ms. If master device already has the memory
of slave device, the flicker frequency during the
pairing is 110ms/s. If not, or master has emptied
the memory, then the flicker frequency is 750m/s.
After pairing, no matter it’s a master or slave
device, the LED PIN is at high level.

Notice: The LED PIN connects to LED+ PIN.

Consumption: During the pairing, the current is

Consumption: During the pairing, the current is




fluctuant in the range of 30-40mA. The mean
current is about 25mA. After paring, no matter
processing communication or not, the current is
8mA. There is no sleep mode. This parameter is

same for all the Bluetooth modules.

fluctuant in the range of 30-40 m. The mean
current is about 25mA. After paring, no matter
processing communication or not, the current is
8mA. There is no sleep mode. This parameter is

same for all the Bluetooth modules.

Reset: PIN11, active if it’s input low level. It can

be suspended in using.

Reset: PIN11, active if it’s input low level. It can

be suspended in using.

Level: Civil

Level: Civil

The table above that includes main parameters of two serial modules is a reference for user

selection.

HC-03/HC-05 serial product is recommended.

3. Information of Package

The PIN definitions of HC-03, HC-04, HC-05 and HC-06 are kind of different, but the package size

is the same: 28mm * 15mm * 2.35mm.

The following figure 1 is a picture of HC-06 and its main PINs. Figure 2 is a picture of HC-05 and

its main PINs. Figure 3 is a comparative picture with one coin. Figure 4 is their package size information.

When user designs the circuit, you can visit the website of Guangzhou HC Information Technology Co.,

Ltd. (www.wavesen.com) to download the package library of protle version.

KEY (26)

Wl LED(24)

HC-06

Figure 1

™ 3
RX(2)

3.av(12)
GND (13)

Figure 2 HC-05
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4. The Using and Testing Method of HC-06 for the First Time
This chapter will introduce the using method of HC-06 in detail. User can test the module
according to this chapter when he or she uses the module at the first time.

PINs description:

PIN1 UART_TXD , TTL/CMOS level, UART Data output
PIN2 UART_RXD, TTL/COMS level, s UART Data input
RESET, the reset PIN of module, inputting low level can reset the module,
PNt when the module is in using, this PIN can connect to air.
VCC, voltage supply for logic, the standard voltage is 3.3V, and can work
PNtz at 3.0-4.2Vv
PIN13 | GND
PIN22 | GND
LED, working mode indicator
Slave device: Before paired, this PIN outputs the period of 102ms square
wave. After paired, this PIN outputs high level.
Master device: On the condition of having no memory of pairing with a
PNz slave device, this PIN outputs the period of 110ms square wave. On the
condition of having the memory of pairing with a slave device, this PIN
outputs the period of 750ms square wave. After paired, this PIN outputs
high level.
For master device, this PIN is used for emptying information about
pairing. After emptying, master device will search slaver randomly, then
PINzo remember the address of the new got slave device. In the next power on,
master device will only search this address.




(1) The circuit 1 (connect the module to 3.3V serial port of MCU) is showed by figure 5.
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Figure 5 The circuit 1

In principle, HC-06 can work when UART_TXD, UART_RXD, VCC and GND are connected.
However, for better testing results, connecting LED and KEY are recommended (when testing the
master).

Where, the 3.3V TXD of MCU connects to HC-06’s UART_RXD, the 3.3V RXD of MCU connects
to HC-06’s UART_TXD, and 3.3V power and GND should be connected. Then the minimum system is
finished.

Note that, the PIN2:UART_RXD of Bluetooth module has no pull-up resistor. If the MCU TXD
doesn’t have pull-up function, then user should add a pull-up resistor to the UART_RXD. It may be easy
to be ignored.

If there are two MCU which connect to master and slave device respectively, then before
paired(LED will flicker) user can send AT commands by serial port when the system is power on. Please
refer to HC-04 and HC-06’s data sheet for detailed commands. In the last chapter, the command set will
be introduced. Please pay attention to that the command of HC-04/HC-06 doesn’t have terminator. For
example, consider the call command, sending out AT is already enough, need not add the CRLF
(carriage return line feed).

If the LED is constant lighting, it indicates the pairing is finished. The two MCUs can communicate

with each other by serial port. User can think there is a serial port line between two MCUs.



(2) The circuit 2 (connect the module to 5V serial port of MCU) is showed by figure 6.

Figure 6 is the block diagram of Bluetooth baseboard. This kind of circuit can amplify Bluetooth
module’s operating voltage to 3.1-6.5V. In this diagram, the J1 port can not only be connected with
MCU system of 3.3V and 5V, but also can be connected with computer serial port.
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Figure 6 The circuit 2
(3) AT command test

Before paired, the mode of HC-04 and HC-06 are AT mode.
On the condition of 9600N81, OK will be received when user send the two letters AT. Please refer to the
last chapter of datasheet for other commands of HC-06. Please pay attention to that sending out AT is
already enough, need not add the CRLF (carriage return line feed).

The command set of Version V1.4 doesn’t include parity. The version V1.5 and its later version
have parity function. Moreover, there are three more commands of V1.5 than VV1.4. They are:

No parity (default) AT+PN



Odd parity AT+PO
Even parity AT+PE
Do not let the sending frequency of AT command of HC-06 exceed 1Hz, because the command of

HC-06 end or not is determined by the time interval.

(4) Pairing with adapter

User can refer to the download center of the company’s website for “The Introduction of IVT” that
introduces the Bluetooth module makes pair with computer adapter. That document taking HC-06-D for
example introduces how the serial module makes pair with the adapter. That method is like to make pair
with cell-phone. But the difference is that cell-phone need a third-party communication software to help.
It’s liked the kind of PC serial helper of and the hyper terminal. A software named “PDA serial helper”
provided by our company is suitable for WM system. It has been proven that this serial module is

supported by many smart phone systems’ Bluetooth, such as, sybian, android, windows mobile and etc.

(5) Pairing introduction

HC-06 master device has no memory before the first use. If the password is correct, the mater
device will make pair with the slave device automatically in the first use. In the following use, the
master device will remember the Bluetooth address of the last paired device and search it. The searching
won’t stop until the device is found. If master device’s PIN26 is input high level, the device will lose the
memory. In that occasion, it’ll search the proper slave device like the first use. Based on this function,

the master device can be set to make pair with the specified address or any address by user.

(6) Reset new password introduction

User can set a new password for the HC-06 through AT+PINxxxx command. But the new password
will become active after discharged all the energy of the module. If the module still has any energy, the
old one is still active. In the test, for discharging all the system energy and activating the new password,
we can connect the power supply PIN with GND about 20 seconds after the power is cut off. Generally,
shutting down the device for 30 minutes also can discharge the energy, if there is no peripheral circuit

helps discharge energy. User should make the proper way according to the specific situation.



(7) Name introduction

If the device has no name, it’s better that user doesn’t try to change the master device name. The

name should be limited in 20 characters.

Summary: The character of HC-06: 1 not many command 2 easy for application 3 low price. It’s

good for some specific application. HC-04 is very similar with HC-06. Their only one difference is

HC-04 is for industry, HC-06 is for civil. Except this, they don’t have difference.

The following reference about HC-04 and HC-06 can be downloaded from company website

Wwww.wavesen.com:

HC-06 datasheet .pdf (the command set introduction is included)
HC-04 datasheet .pdf (the command set introduction is included)
IVT BlueSoleil-2.6 (IVT Bluetooth drive test version)

Bluetooth FAQ.pdf

HC-04-D(HD-06-D)datasheet(English).pdf

HC-06-AT command software (test version) (some commands in V1.5 is not supported by V1.4)

PCB package of Bluetooth key modules (PCB package lib in protel)

IVT software manual.pdf (introduce how to operate the modern and make pair

with Bluetooth module)

PDA serial test helper.exe (serial helper used for WM system)

5 manual for the first use of HC-05

This chapter will introduce how to test and use the HC-05 if it’s the first time for user to operate it.

(1) PINs description

PIN1 UART_TXD, Bluetooth serial signal sending PIN, can connect with MCU’s RXD PIN
UART_RXD, Bluetooth serial signal receiving PIN, can connect with the MCU’s TXD PIN,

PIN2 there is no pull-up resistor in this PIN. But It needs to be added an eternal pull-up resistor.
RESET, the reset PIN of module, inputting low level can reset the module, when the module

PN IS in using, this PIN can connect to air.

PIN12 | VCC, voltage supply for logic, the standard voltage is 3.3V, and can work at 3.0-4.2V

PIN13

GND




LED1, indicator of work mode. Has 3 modes:

When the module is supplied power and PIN34 is input high level, PIN31 output 1Hz square
wave to make the LED flicker slowly. It indicates that the module is at the AT mode, and the
baud rate is 38400;

When the module is supplied power and PIN34 is input low level, PIN31 output 2Hz square

wave to make the LED flicker quickly. It indicates the module is at the pairable mode. If

PINSt PIN34 is input high level, then the module will enter to AT mode, but the output of PIN31 is
still 2Hz square wave.
After the pairing, PIN31 output 2Hz square ware.
Note: if PIN34 keep high level, all the commands in the AT command set can be in
application. Otherwise, if just excite PIN34 with high level but not keep, only some command
can be used. More information has provided at chapter 2.
Output terminal. Before paired, it output low level. Once the pair is finished, it output high
PINSZ level.
Mode switch input. If it is input low level, the module is at paired or communication mode. If
DIN34 it’s input high level, the module will enter to AT mode. Even though the module is at

communication, the module can enter to the AT mode if PIN34 is input high level. Then it will

go back to the communication mode if PIN34 is input low level again.

(2) Application circuit 1 (connect to the 3.3V system)
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Figure 7 Application 1




(3) Application circuit 2 (connect to 5V serial system or PC serial)
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Figure 8 Application circuit 2
(4) AT command test

This chapter introduces some common commands in use. The detail introduction about HC-05

command is in HC-0305 AT command set.

Enter to AT mode:

Wayl: Supply power to module and input high level to PIN34 at the same time, the module will enter to

AT mode with the baud rate-38400.

Way?2: In the first step, supply power to module; In the second step, input high level to PIN34. Then the

module will enter to AT mode with the baud rate-9600. Way1 is recommended.

Command structure: all command should end up with “\r\n” (Hex: 0X0D XO0A) as the terminator. If



the serial helper is installed, user just need enter “ENTER” key at the end of command.

Reset the master-slave role command:
AT+ROLE=0 ----Set the module to be salve mode. The default mode is salve.

AT+ROLE=1 ----Set the module to be master mode.

Set memory command:
AT+CMODE=1

Set the module to make pair with the other random Bluetooth module (Not specified address). The
default is this mode.
AT+CMODE=1

Set the module to make pair with the other Bluetooth module (specified address). If set the module
to make pair with random one first, then set the module to make pair with the Bluetooth module has

specified address. Then the module will search the last paired module until the module is found.

Reset the password command
AT+PSWD=XXXX

Set the module pair password. The password must be 4-bits.

Reset the baud rate

AT+UART== <Param>,<Param2>,<Param3>.

More information is provided at HC-0305 command set
Example:

AT+UART=9600,0,0  ----set the baud rate to be 9600N81
Reset the Bluetooth name

AT+NAME=XXXXX

Summary:
HC-05 has many functions and covers all functions of HC-06. The above commands are the most

common ones. Besides this, HC-05 leaves lots of space for user. So HC-05 is better than HC-06 and



recommended. HC-03 is similar with HC-05. The above introduction also suits HC-03
The following reference about HC-03 and HC-05 can be downloaded from company website

Www.wavesen.com:

HC-03 datasheet .pdf (the command set introduction is included)
HC-05 datasheet .pdf (the command set introduction is included)
IVT BlueSoleil-2.6 (IVT Bluetooth drive test version)

Bluetooth FAQ.pdf

PCB package of Bluetooth key modules (PCB package lib in protel)

IVT software manual.pdf (introduce how to operate the modern and make pair with
Bluetooth module)

PDA serial test helper.exe (serial helper used for WM system)

HC-03/05 Bluetooth serial command set.pdf

6. Ordering information

The website of Guangzhou HC Information Technology Co., Ltd is www.wavesen.com The contact

information is provided at the company website.

Order Way: If you want our product, you can give order to the production center of our company
directly or order it in Taobao. There is a link to Taobao in our company website.

Package: 50 pieces chips in an anti-static blister package. The weight of a module is about 0.9g.

The weight of a package is about 50g.




Please provide the product’s model when you order:
HC-04-M HC-04 master module

HC-04-S HC-04 slave module

HC-06-M HC-06 master module

HC-06-S HC-06 slave module

HC-03

HC-05 HC-03/05 can be preset to be master module or slave module.
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Bluetooth 4.0 BLE module
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Professional bluetooth products suppliers.

Remote control module provider

data transmission module provider

Pl1O state acquisition module provider

Customizable bluetooth module and bluetooth solutions
Jinan high and new technology enterprise

SIG members

Address: D-4020, Qilu soft zone Jinan city,Shandong, China
Telephone: (86) 0531-85117999

WebSite: http://www.jnhuamao.cn

WebSite: http://www.huamaosoft.com

Mail: webmaster@jinhuamao.cn

------------------- Last Version V524 2014-03-08
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The most complete, most convenient, the most stable of
luetooth data transmission, remote control, PIO

acquisition module

---- Master and slave role in one
---- Remote control without other MCU
---- The PIO data acquisition without other MCU
13. Product parameters
BT Version: Bluetooth Specification V4.0 BLE
Send and receive no bytes limit.
Working frequency: 2.4GHz ISM band
Modulation method: GFSK(Gaussian Frequency Shift Keying)
RF Power: -23dbm, -6dbm, 0dbm, 6dbm, can modify through AT
Command AT+POWE.
Speed: Asynchronous: 6K Bytes
Synchronous: 6K Bytes
Security: Authentication and encryption
Service: Central & Peripheral UUID FFEOQO,FFE1
Power: +3.3VDC 50mA
Long range: Open space have 100 Meters with iphone4s
Power: In sleep mode 400uA~1.5mA, Active mode 8.5mA.
Working temperature:—5 ~ +65 Centigrade
Size: HM- 10 26.9mm x 13mm x 2.2 mm; HM-11 18*13.5*2.2mm
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2. Product overview
Thanks for you choose our products. If you want to know more,

www.jnhuamao.cn can help you (Videos, New version datasheet, Module work

flow, project Codes, etc.)

HM Bluetooth module use CSR BlueCore or TI CC2540, Master and slave
roles in one, transmission version and remote control version and PIO state
acquisition functions in one, Support the AT command modify module
parameters, Convenient and flexible.

Transmission version can be used to transmit data between two Bluetooth
devices.

Remote Control version can be used to Control PIO ports output high or
low level without any other MCU.

The PIO state acquisition version can be used to acquisition PIO ports
state without any other MUC. (Only support Bluetooth V2.1)

HM-01, HM-02, HM-03, HM-04, HM-05, HM-06, HM-07, HM-08, HM-09 is
Bluetooth V2.1 version. Use CSR Chip.

HM-10, HM-11, HM-12 is Bluetooth V4.0 BLE version. Use Tl Chip.

HM-01, HM-02, HM-09, HM-10 have same size and same pins.

HM-05, HM-06, HM-07, HM-11 have same size and same pins.

------------------- Last Version V524 2014-03-08 5



http://www.jnhuamao.cn

HM Bluetooth module datasheet

3. Product model

Models VDD Size(mm) Flash Chip BT Version
HM-01 3.3V 26.9*13*2.2 8M BC417143 | V2.1+EDR
HM-02 2.5-3.7V | 26.9*13*2.2 6M BC3/BC4 | V2.1
HM-03 2.5-3.7V | 27.4*12.5*4.3 6M BC3/BC4 | V2.1
HM-04 3.3V Not for sale
HM-05 2.5-3.7V | 13.5*18.5*2.3 6M BC3/BC4 | V2.1
HM-06 2.5-3.7V | 13.5*18.5*2.3 6M BC3/BC4 | V2.1
HM-07 2.5-3.7V | 13.5*18.5*2.3 8M V2.1+EDR
HM-08 3.3V 26.9*13*2.5 8M Class 1 V2.1+EDR
HM-09 2.5-3.7V | 26.9*13*2.2 8M V2.1+EDR
HM-10 2-3.7V 26.9*13*2.2 256Kb | CC2540/1 | V4.0 BLE
HM-11 2.5-3.7V | 13.5*18.5*2.2 | 256Kb | CC2540/1 | V4.0 BLE
HM-15 5v 65*32*16 256KB | CC2540 V4.0 BLE

Last Version V524 2014-03-08
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4. Product certificate
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5. Product pictures

Not for sale
HM-03 HM-04
BT 2.1
Classi
Testing
HM-06 HM-07 HM-08
BT 2.1 BT 2.1 BT 2.1
o)
Dual mode
Testing
HM-11 HM-12 HM-15 BLE HMSensor iBeacon
BLE 4.0 HM-13 USB Dongle
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6. Product technical specifications

This document only include Bluetooth BLE 4.0 document, You can goto

http://www.jnhuamao.cn/bluetooth_en.rar

datasheet. That document include: HM-01, HM-02, HM-03, HM-04, HM-05,

HM-06, HM-07, HM-08, HM-09.
6.1 HM-10 Schematic
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T oy 13mm —]
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6.3 HM-10 package information
‘ ?
1.5mm
‘ *
JiL
1 mm \
4
0.9mm
6.4 HM-10 Device Terminal Functions
No Name Description CC254X
1 UART TX UART interface P1 6
2 UART_RX UART interface P17
3 UART_CTS | UART interface P1 4

Last Version V524 2014-03-08
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4 UART_RTS | UART interface P1_5
5 NC NC

6 NC NC

7 NC NC P2 2
8 NC NC P2_1
9 NC NC P2 0
10 NC NC

11 RESETB Reset if low >100ms. RESET_N
12 VCC 3.3V

13 GND Ground

14 GND Ground

15 USB D- USB interface PIN3
16 NC NC

17 NC NC

18 NC NC

19 NC NC

20 UB D+ USB interface PIN2
21 GND Ground GND
22 GND Ground GND
23 P1O0 System Key P1_3
24 PIO1 System LED P12
25 P102 input/output pin P11
26 P1O3 input/output pin P10
27 PlO4 input/output pin PO 7
28 P1O5 input/output pin PO 6
29 P1O6 input/output pin PO 5
30 PIO7 input/output pin PO 4
31 P1O8 input/output pin PO 3
32 P1O9 input/output pin PO 2

Last Version V524 2014-03-08
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33 P1O10 input/output pin PO_1

34 PIO11 input/output pin PO O

6.5 HM-11 Size

T T beg—— 13.5mMm ——]

TOP VIEW TOPVIEW

1mm€‘_ ? ? _3 J

0.Bmm
2.3mm

6.6 HM-11 Package information

‘ ?
1.5mm
‘ $
JiL
0.9mm \
+

1.2mm

6.7 HM-11 Device Terminal Functions

A B AT aa RN S

18.8amm

No Name Description CC254X
1 UART_RTS | UART interface P1_5
2 UART_TX UART interface P1_6
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3 UART_CTS | UART interface P1 4
4 UART_RX | UART interface P1_7
5 NC NC P2_1
6 NC NC P2 2
7 NC NC PIN2
8 NC NC PIN3
9 VCC V3.3 VCC
10 NC NC or VCC

11 RESETB Reset if low <100ms RESET_N
12 GND Ground GND
13 P1O03 input/output line P11
14 P102 input/output line P10
15 PIO1 System LED PO_7
16 PIO0 System KEY PO_6

6.8 HM-15

HM-15 is based HM-10, a real USB interface.

o

6.9 HM-Sensor

Last Version V524 2014-03-08
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7. System function
How to wake up module from sleep mode?
There are two ways to wake up module from sleep mode.
7.1 Send “l am iron man, | am iron man, | am iron man | am iron.....” string.
Yes, that is a joke, in sleep mode, you can send a long string (Length >
80 or more), that string can made module wake up, and you will receive
“‘OK+WAKE?” string through UART. That string can’t include any AT commands.
7.2 Long press system KEY >=1000 ms.
After wake up module, you can send and receive AT commands.
How to let module into sleep mode?
In discoverable mode, send “AT+SLEEP” string through UART, if all is okay,
module will return “OK+SLEEP” string and into sleep mode.
System KEY function (P100)
Press if Low > 1000ms:
7.3.1 If Module is in sleep mode
Module will wake up immediately, if AT+NOTI value is “1”, module will
send “OK+WAKE” string through UART.
7.3.2 If Module has already connected to remote device
Module will disconnect from remote device.
7.3.3 If Module is standby mode
Module will reset to default configuration. Then restart.
System LED function (PI1O1)
In sleep mode, LED has turned off.
If AT+PIO10 is setup
Unconnected status: Output High 500 ms, Low 500 ms
Connected status: Output High
If AT+PIO11 is setup
Unconnected status: Output Low.
Connected status: Output High.
System work Mode

------------------- Last Version V524 2014-03-08 1 6
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A) Mode O(Transmission mode):

When not connected, through the AT command configuration module,

connection, only for serial data transmission.
B) Mode 1(PIO acquisition mode):

When not connected, through the AT command configuration module,
connection, a) serial data transmission. b) Control of the PIO2,3 output
state(HM-11 has none). c) The acquisition of PIO4 ~ 11 input state(HM-11 only
P102,3).

C) Mode 2(Remote control mode):

When not connected, through the AT command configuration module,
connection, a) serial data transmission. b) Control of the PIO2~11 output
state(HM-11 only P102,3).

8 AT Commands
Factory default setting:

Name: HMSoft; Baud: 9600, N, 8, 1; Pin code: 000000; Peripheral

Role; transmit mode.
AT Command format:
Uppercase AT command format. string format, without any other

symbol. (e.g. \r or \n).
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< HEComAssistant¥1.5

Com Port {5815

Baud rate | 3600 had
Parity Bit |Mone e
Stap Bit |1 w2

Open Com

40AT  |Choose hd
214T  |Choose -

[~ HEx Send Clear Send
[~ HExDisp Clear Recy

£
v

AT

Huabtan technology Uparade | Feset counter‘ transmission interval 1000 ms [ Auto Send Send

HM-10/11 perfect support I0S, Android, FC

WWW. JIlaman. ch Recw:0 Send: 0

On Transmit version: Only accept AT Command from UART interface when
Bluetooth device is not connected with remote device.

On Remote version: Can accept AT Command from UART interface when
Bluetooth Device is not connected with remote device, Also can accept AT
Command from remote Bluetooth device when connected that.

On PIO collection version: Only accept AT Command from UART interface
when Bluetooth device is not connected with remote device.

Bluetooth V2.1 version Command is not here, please download datasheet

from http://www.jnhuamao.cn/Bluetooth en.rar

1. Test Command

Send Receive Parameter
AT OK None
OK+LOST

If Module is not connected to remote device will receive: “OK”
If Module has connected, module will disconnected from remote device, if “AT

+ NOT/I” is setup to 1, will receive: “OK+LOST”

Last Version V524 2014-03-08 1 8
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2. Query module address

Send

Receive

Parameter

AT+ADDR?

OK+ADDR:MAC Address

None

3. Query/Set Advertising

interval

Send

Receive

Parameter

AT+ADVI?

OK+ Get:[Para]

None

AT+ADVI[Para]

OK+ Set:[Para]

Para: 0 ~F
0: 100ms

1: 152.5 ms
2:211.25 ms
3:318.75 ms
4:417.5 ms
5:546.25 ms
6: 760 ms
7:852.5 ms
8:1022.5 ms
9: 1285 ms
A:2000ms
B: 3000ms
C: 4000ms
D: 5000ms
E: 6000ms
F: 7000ms
Default: 9
HMSoft Default: 0

HMSensor Default: 9

The maximum 1285ms recommendations form the 10S system. That is to

say, 1285ms is apple allowed, but in response to scan and connected all the

time will be long.

------------------- Last Version V524 2014-03-08
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This command is added since V517 version.

V522 allow max value F.

4. Query/Set Advertising Type

Send Receive Parameter
AT+ADTY? OK+ Get:[Para] None
AT+ADTY[Para] OK+ Set:[Para] Para: 0 ~ 3

0: Advertising
ScanResponse,
Connectable

I: Only allow last device

connect in 1.28 seconds

2: Only allow Advertising

and ScanResponse.

3: Only allow Advertising

Default: 0
Added since V519
5. Query/Set ANCS switch
Send Receive Parameter
AT+ANCS? OK+ Get:[Para] None
AT+ANCS[Para] OK+ Set:[Para] Para: 0 ~ 1
0: Off
1: On
Default: 0

Note1: This command added in V524.

Note2: Please send AT+RESET to restart module if you set value 1.

Note3: Must execute AT+TYPES3 first.

6. Query/Set whitelist switch

Send

Receive

Parameter

AT+ALLO?

OK+ Get:[Para]

None
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AT+ALLO[Para] OK+ Set:[Para] Para: 0 ~ 1
0: Off

1: On
Default: 0

Note1: This command added in V523.
Note2: Whitelist allow three mac address link to module. Please use AT+AD
command set whitelist mac address.

7. Query/Set whitelist mac address

Send Receive Parameter

AT+AD[para1]?? OK+ Get:[Para2] None

AT+ALLO[Parat1][Para2] OK+ Set:[Para2] Para1: 1,2, 3
Para2: MAC address
Para1 default: 0

Note1: This command added in V523.
E.g.

Send AT+ID1001122334455

Recv OK+Set:001122334455

8. Query/Set battery monitor switch

Send Receive Parameter
AT+BATC? OK+ Get:[Para] None
AT+BATC[Para] OK+ Set:[Para] Para: 0 ~ 1

0: Off
1: On
Default: 0

This command added in V520

9. Query battery information

Send Receive Parameter

AT+BATT? OK+BATT:[Para] Para: 000~100

There has three ways to get battery information:
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a. Before establishing a connection, Send “AT+BATT?” through UART.
b. After established a connection, In Mode 1 or 2, remote side send
“AT+BATT?”

Battery information has included in scan response data package, one hour
update once. You can use Android or IOS discovery module, when module has
been discovered, you can get it from scan result array.

Data format is 0x02, 0x16, 0x00, 0xBO, [reserved], [temperature], [ humidity],
[battery].

Android:

Included in OnLeScan function result array, you can see it direct.

private BluetoothAdapter.LeScanCallback mLeScanCallback = new BluetoothAdapter.LeScanCallback() {
@Override
public void onLeScan(final BluetoothDevice device, int rssi,

byte[] scanRecord) {

String sBatt = ""; //Battery
String sTemp =""; //Temperature
String sHumi = ""; //Humidity
for(inti = 0; i < scanRecord.length; i++)
{
if(i + 7 < scanRecord.length)
{
/ISince V522
if(scanRecord[i] == 0x07 && scanRecord[i + 1] == 0x16

&& scanRecord[l + 2] == 0x00 && scanRecord[l + 3] == 0xB0)

if(scanRecord[i + 7] > 0)

sBatt = String.valueOf(scanRecord][i + 7]);
if(scanRecord[i + 5] > 0)

sTemp = String.valueOf(scanRecord][i + 5]);
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if(scanRecord[i + 6] > 0)

sHumi = String.valueOf(scanRecord[i + 6]);

b
iOS:

c. Included in LeScan function result NSDictionary struct, service id is

0xB000.
10.Set iBeacon into service mode(*)
Send Receive Parameter
AT+BUSHU OK+BUSHU

This command is added in V520, Removed in V521, Please use AT+DELO
This command set iBeacon into service mode until next power on.
In service mode, module not allow any link request.
BUSHU is Chinese spelling, meaning the deployment.
Note: Should to open iBeacon switch first (AT+IBEA).
11.Query/Set Bit format

Send Receive Parameter
AT+BIT7? OK+Get:[parai] Para1: bit7 switch.
AT+BIT7[para1] OK+Set:[para1] 0-----Not compatible

1--—- Compatible
Default: 0

This command is used only for compatible uses 7 data bits, 2 stop bit device.

12.Query/Set baud rate
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Send Receive Parameter
AT+BAUD? OK+Get:[parai] Para1: Baud rate No.
AT+BAUD[para1] OK+Set:[para1] 0--------- 9600

(R 19200
2 38400
R 57600
4o 115200
S 4800
6--------- 2400
7--mmmmme- 1200
8--mm-- 230400
Default: 0(9600)

e.g.
Query baud:
Send: AT+BAUD?
Receive: OK+Get:0
Setup baud:
Send: AT+BAUD1
Receive: OK+Set:1
Note: If setup to Value 7, After next power on, module will not support any
AT Commands, until PIOO0 is pressed, Module will change Baud to 9600.
13.Query/Set Characteristic

Send Receive Parameter
AT+CHAR? OK+Get:[para1] Para1: 0x0001~0xFFFE
AT+CHAR[para1] OK+Set:[para] Default: OxFFE1

e.g. change characteristic value to OXxAAAQ
Send: AT+CHAROxAAAO
Recv: OK+Set:0xAAAQ

14.Clear Last Connected device address
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Send Receive Parameter

AT+CLEAR OK+CLEAR None

Notice: Only Central role is used.

15.Try connect to last succeeded device

Send Receive Parameter

AT+CONNL OK+CONN[Para1] Paral: L, E,F,N
L: Connecting

E: Connect error
F: Connect Fail

N: No Address

Notice: Only Central role is used.
If remote device has already connected to other device or shut down,
“OK+CONNF” will received after about 10 seconds.

16.Try connect an address

Send Receive Parameter
AT+CONJPara1] OK+CONN]JPara2] Para1: Address
Like: 0017EA090909
Para2: A, E, F

A: Connecting
E: Connect error

F: Connect Fail

Notice: Only central role is used.

If remote device has already connected to other device or shut down,
“OK+CONNF” will received after about 10 Seconds.

e.g.

Try to connect an device which MAC address is 00:17:EA:09:09:09

Send: AT+CONO0017EA090909

May receive a reply:

OK+CONNA =========Accept request, connecting
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OK+CONNE ========= C(Connect error
OK+CONN  ========= Connected, if AT+NOTI1 is setup
OK+CONNF ========= (Connect Failed, After 10 seconds

17.Query PIO04~PI10O11 input(output) state

Send Receive Parameter

AT+COL?? OK+ Col:[Para1] Para1: 0x00~0xFF

Para1 is a byte, has 8 bits, bit 7 ~ bit 0 is map to the PIO4 ~ PIO11.
This command is added since V515 version.

18.Query/Set PIO collection rate

Send Receive Parameter

AT+CYC?? OK+ Get:[para1] Para1: 00~99

AT+CYC[para1] OK+ Set:[parai] Unit: seconds
Default: 10

In mode 1, when PIO state is change, module will send OK+Col:[xx] to
UART or remote side. This command is set send interval.
This command is added since V515 version.

19. Start a device discovery scan

Send Receive Parameter

AT+DISC? OK+DISC|para1] Para1: S, E, Address

string

S: Start discovery

E: End discovery

Address string:
Discovered device

address information

max results is 6 devices

Please set AT+ROLE1 and AT+IMME1 first.

e.g.
Send: AT+DISC?
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Recv: OK+DISCS

Recv: OK+DISC:123456789012 (discovered device address information)

If AT+SHOW1 is setup, you will receive then Name information as follow

Recv: OK+NAME: xxx

After send Name value, will send two extra “\r\n” value ASCII byte

Recv: OK+DISC:234567890123

Recv: OK+NAME: xxx

After send Name value, will send two extra “\r\n” value ASCII byte

.....(Max results is 6, use array 0~5)

Recv: OK+DISCE

Connect to a discovered device: AT+CONNO, AT+CONNT1...... AT+CONN5

20.Connect to an Discovery device

Send Receive Parameter
AT+CONN/[para1] OK+CONN][para2] Para1: 0~5
Para2: E, F, 0~5
E: Link error
F: Link failed

0~5: Try to connect

This command is use after execute AT+DISC?

This command will clear all discovery data.

21.Query/Set iBeacon deploy mode

Send

Receive

Parameter

AT+DELOJ[para1]

OK+DELOQJ[para1]

Para1: 1, 2
1: Allowed to broadcast
and scanning

2: Only allow broadcast

After receive OK+DELO[para1], module will reset after 500ms.

This command will let module into non-connectable status until next power on.

22.Query/Set filter of HM modules
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Send

Receive

Parameter

AT+FILT?

OK+ Get:[para1]

AT+FILT[para1]

OK+ Set:[para1]

Para1: 0, 1

0: Will find all BLE modules
1: Only find HM Modules
Default: 1

23.Remove bond information

Send Receive Parameter
AT+ERASE OK+ERASE
Note1: Added in V524 version.
24 .Query/Set flow control switch
Send Receive Parameter
AT+FIOW? OK+ Get:[para1] Para1: 0, 1
AT+FIOW|[para1] OK+ Set:[parai] 0: Off
1: On
Default: 0
25.System Help Information
Send Receive Parameter
AT+HELP? Help Information None
26.Query/Set Module work type
Send Receive Parameter
AT+IMME? OK+ Get:[para1] Para1: 0, 1

AT+IMME[para1]

OK+ Set:[para1]

1: When module is powered
on, only respond the AT
Command, don’t do anything.

until AT + START is received,

or can use
AT+CON,AT+CONNL
0: When power on, work

immediately
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Default: 0
This command is only used for Central role.
27.Query/Set Module iBeacon switch
Send Receive Parameter
AT+IBEA? OK+Get:[para1] Para1: 0, 1
AT+IBEA[para1] OK+Set:[para1] 0: Turn off iBeacon

1: Turn on iBeacon

Default: 0

iBeacon UUID is: 74278BDA-B644-4520-8F0C-720EAF059935.
This command is added since V517 version.

28.Query/Set iBeacon UUID

Send Receive Parameter
AT+IBEO? OK+Get:[para1] Para1: 0x00000001~
AT+IBEQ[para1] OK+Set:[parai] OxFFFFFFFE
Default: 74278BDA

iBeacon UUID is: 74278BDA-B644-4520-8F0C-720EAF059935.
This command can change red color string in iBeacon UUID.
This command is added since V520 version.

e.g.: Send: AT+IBE012345678 change iBeacon UUID red color string to

“12345678”
29.Query/Set iBeacon UUID
Send Receive Parameter
AT+IBE1? OK+Get:[para1] Para1: 0x00000001~
AT+IBE1[para1] OK+Set:[para1] OxFFFFFFFE
Default: B6444520

iBeacon UUID is: 74278BDA-B644-4520-8F0C-720EAF059935.
This command can change red color string in iBeacon UUID.
This command is added since V520 version.

e.g.: Send: AT+IBE112345678 change iBeacon UUID red color string to
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“12345678”
30.Query/Set iBeacon UUID
Send Receive Parameter
AT+IBE2? OK+Get:[para1] Para1: 0x00000001~
AT+IBE2[para1] OK+Set:[para1] OxFFFFFFFE
Default: 8FOC720E

iBeacon UUID is: 74278BDA-B644-4520-8F0C-720EAF059935.
This command can change red color string in iBeacon UUID.
This command is added since V520 version.

e.g.: Send: AT+IBE112345678 change iBeacon UUID red color string to

“12345678”
31.Query/Set iBeacon UUID
Send Receive Parameter
AT+IBE3? OK+Get:[para1] Para1: 0x00000001~
AT+IBE3[para1] OK+Set:[para1] OxFFFFFFFE
Default: AF059935

iBeacon UUID is: 74278BDA-B644-4520-8F0C-720EAF059935.
This command can change red color string in iBeacon UUID.
This command is added since V520 version.

e.g.: Send: AT+IBE112345678 change iBeacon UUID red color string to

“12345678”
32.Query/Set Module iBeacon Marjor version
Send Receive Parameter
AT+MARJ? OK+Get:[paraf] Para1: 0x0001, OXFFFE
AT+MARJ[para1] OK+Set:[para1] Default: OXFFEO

E.g. Change marjor version to 0x0102

Send: AT+MARJO0x0102, if all is okay, module will send back OK+Set:
0x0102

This command is added since V517 version.
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33.Query/Set Module iBeacon minor

Send Receive Parameter
AT+MINO? OK+Get:[para] Para1: 0x0001, OxFFFE
AT+MINOIpara1] OK+Set:[paral] Default: OXFFE1

This command is added since V517 version.

34.Query/Set Module iBeacon Measured power

Send Receive Parameter
AT+MEAS? OK+Get:[para] Para1: 0x0001, OxFFFE
AT+MEAS[parai] OK+Set:[paral] Default: OXFFE1

This command is added since V519 version.

35. Query/Set Module Work Mode

Send Receive Parameter
AT+MODE? OK+Get:[parai] Para1: 0,1, 2
AT+MODE[para1] OK+Set:[parai] 0: Transmission Mode

1: PIO collection Mode +
Mode 0

2: Remote Control Mode
+ Mode 0

Default: 0

Mode 0:

Before establishing a connection, you can

configuration module through UART.

use the AT command

After established a connection, you can send data to remote side from

each other.

Mode 1:

Before establishing a connection, you can use the AT command

configuration module through UART.

After established a connection, you can send data to remote side. Remote

side can do fellows:
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Send AT command configuration module.

Collect PIO04 to the PIO11 pins input state of HM-10.

Collect PIO03 pins input state of HM-11.

Remote control PIO2, PIO3 pins output state of HM-10.

Remote control PIO2 pin output state of HM-11.

Send data to module UART port (not include any AT command and per

package must less than 20 bytes).

Mode 2:

Before establishing a connection, you can use the AT command

configuration module through UART.

After established a connection, you can send data to remote side. Remote

side can do fellows:

Send AT command configuration module.

Remote control PIO2 to PIO11 pins output state of HM-10.

Remote control PIO2, PIO3 pins output state of HM-11.

Send data to module UART port (not include any AT command and per

package must less than 20 bytes).

36.Query/Set Notify information

Send Receive Parameter
AT+NOTI? OK+Get:[para1] Para1: 0, 1
AT+NOTI[para1] OK+Set:[para1] 0: Don’t Notify

1: Notify
Default: O

If this value is set to 1, when link ESTABLISHED or LOSTED module will
send OK+CONN or OK+LOST string through UART.

37.Query/Set Module name

Send Receive Parameter
AT+NAME ? OK+NAME([para1] Paral: module name,
Max length is 12.
AT+NAME[para] OK+Set[para] axienginis
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Default: HMSoft

e.g.

change module name to bill_gates

Send:

AT+NAMEDiIll_gates

Receive: OK+SetName:bill_gates

38.Query/Set Parity bit

Send Receive Parameter
Query: AT+PARI? OK+Get:[parai] None
Set: AT+PARI[para1] OK+Set:[para1] Para1:0,1,2
0:None
1:EVEN
2:0DD

Default: 0 (None)

39.Query/Set PIO1 output status (System LED)

Send Receive Parameter
AT+PIO1? OK+Get:[para1] Para1: 0, 1
AT+ PIO1 [parai] OK+Set:[parai] 0: Unconnected Output

500ms High 500ms Low,
Connected output High.
1: Unconnected output
Low, Connected output
High.

Default: 0

40.Query/Set PIO pins output high or low (Only this time, when module next

power on, this value is not be used)

Send Receive Parameter
AT+PIO[para1]? OK+PIO:[para1][para2] | Para1: 2~B
AT+PIOJ[para1][para2] | OK+PIO:[para1][para2] | Para2:0, 1

HM-11 only has 4 pins.
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Para1 is which PIO pin
you want to Query/Set

Value:
2,3,4,5,6,7,8,9,A,B.

Para2 is Query or setup

value.

0 is low and 1 is high

e.g.
Query P102
Send: AT+P102?
Setup PIO2 output high
Send: AT+PIO21
Receive: OK+PI021
41.Query/Set Pin Code

Send Receive Parameter
AT+PASS? OK+Get:[para1] Paral is Pin Code,
AT+PIN[para1] OK+Set:[parai] 000000~999999
Default: 000000
e.g.
Query Pin Code
Send:  AT+PIN?
Receive: OK+PIN:000000
Setup Pin Code 008888
Send:  AT+PIN008888
Receive: OK+Set:008888
42.Query/Set Module Power
Send Receive Parameter
AT+POWE? OK+Get:[parai] None
AT+ POWE [para1] OK+Set:[para1] Para: 0~ 3
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0: -23dbm
1. -6dbm
2: 0O0dbm
3: 6dbm
Default: 2
43.Query/Set Module sleep type
Send Receive Parameter
AT+PWRM? OK+Get:[para1] None
AT+PWRM[para1] OK+Set:[para1] Para1: 0~1
0:Auto sleep
1:don’t auto sleep
Default: 1
Only support peripheral role.
44 . Restore all setup value to factory setup
Send Receive Parameter
AT+RENEW OK+RENEW None
45.Restart module
Send Receive Parameter
AT+RESET OK+RESET None
46.Query/Set Master and Slaver Role
Send Receive Parameter
AT+ROLE? OK+Get:[para1] Para1: 0, 1
AT+ROLE[para1] OK+Set:[para1] 0: Peripheral
1: Central
Default: 0
47.Query RSSI Value
Send Receive Parameter
AT+RSSI? OK+RSSl:[para1] None

Require: AT+MODE value > 0
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This command only used by Remote device query when connected.

48.Query Last Connected Device Address

Send Receive Parameter
AT+RADD? OK+RADD:MAC Address None
49.Query/Set Module Sensor work interval
Send Receive Parameter
AT+RAT?? OK+Get:[para1] Para1: 00~99
AT+RAT[para1] OK+Set:[paral] 0:Save when connected
1:Don’t Save
Default: 0
Unit: minute
Note: This command is only use for HMSensor
50.Query/Set Stop bit
Send Receive Parameter
AT+STOP? OK+Get:[parai] None
AT+STOP[para1] OK+Set:[para] Para1:0, 1
0: One stop bit
1: Two stop bit
Default: 0 (One stop bit)
51.Work immediately
Send Receive Parameter
AT+START OK+START None
This command is only used when AT+IMME1 is setup.
52.Query Module into sleep mode
Send Receive Parameter
AT+SLEEP OK+SLEEP None
Only support Peripheral role.
53.Query/Set Module save connected address parameter
Send Receive Parameter
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AT+SAVE?

OK+Get:[para1]

None

AT+SAVE[para1]

OK+Set:[para]

Para1: 0~1

0:Save when connected

1:Don’t Save
Default: 0
54.Query/Set sensor type on module PIO11(HM-11 is PIO3)
Send Receive Parameter
AT+SENS? OK+Get:[para1] Para1: 0,1, 2
AT+SENS[para1] OK+Set:[para1] 0: None
1: DHT11
2: DS18B20
Default: 0
Note: This command is use for HMSensor.
55.Query/Set discovery parameter
Send Receive Parameter
AT+SHOW? OK+Get:[parai] None
AT+SHOW/[para1] OK+Set:[para] Para1: 0~1

0:Don’t show name

1:Show name

Default: 0

Please execute AT+FILTO first.

If AT+SHOW1 is setup, AT+DISC? Command will show you name information

included into scan result package.

56.Query/Set Module Sensor Temperature and humidity(if has a sensor)

Send

Receive

Parameter

AT+TEHU?

OK+Get:[parai][para2]

Para1: 000~120
Para2: 000~100

Note: This command is use for HMSensor.

This value is added into scan response data package.
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Data format is 0x02, 0x16, 0x00, 0xBO, [reserved], [temperature], [ humidity],

[battery].
Android:

Included in OnLeScan function result array, you can see it direct.

iOS:

Included in LeScan function result NSDictionary struct, service id is

0xB000.

57.Query DS18B20 Sensor temperature

Send

Receive

Parameter

AT+TEMP? OK+Get:[para]

Para1:

000.000~255.000

Note1: This command is use for HMSensor.

Note2: Added in V523 version.

58. Query/Set module connect remote device timeout value

Send Receive Parameter
AT+TCON? OK+TCON:[para1] None
AT+TCON][para1] OK+Set:[parai] Para1 is timeout value.

when time is up module
will not connect this
address anymore, then
enter search mode.
Para1 allowed value:
000000~999999

Unit is ms.

Default:

000000 Connect forever

This value is only used for Central Role, when module has Last Connected

address.

59. Query/Set Module Bond Mode
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Send Receive Parameter
AT+TYPE? OK+Get:[parai] None
AT+TYPE[para1] OK+Set:[para1] Para1: 0~2

0:Not need PIN Code
1:Auth not need PIN
2:Auth with PIN
3:Auth and bond
Default: 0

Important: If your module version is less than V515, please don’t use

this command. Under android 4.3 AT+TYPE1 is same to AT+TYPE2.

Note1: Value 3 is added in V524.
60. Query/Set service UUID

Send Receive Parameter
AT+UUID? OK+Get:[para1] Para1: 0x0001~0xFFFE
AT+UUIDI[para1] OK+Set:[para1] Default: OXFFEO

e.g. Change UUID value to 0xAAAO
Send: AT+UUIDOXAAAOQ

Recv: OK+Set:0xAAAOQ
61.Query/Set UART sleep type

Send Receive Parameter
AT+UART? OK+Get:[parai] Para1: 0~1
AT+UART[para1] OK+Set:[para1] 0: When module into

sleep mode, you can
wake up module through
UART.

1: When module into
sleep mode, shutdown
UART too.

Default: OxFFEOQ
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Note: This command is only use for HMSensor.

62.Query Software Version

Send Receive Parameter
AT+VERR? Version Information None
AT+VERS?
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Resource:
Bluetooth Module 2.1 datasheet:

http://www.jnhuamao.cn/Bluetooth en.zip

Bluetooth Module 4.0 datasheet:
http://www.jnhuamao.cn/Bluetooth40 en.zip

Bluetooth Module 4.0 USB Dongle

http://www.jnhuamao.cn/HMDongle40 en.zip

Bluetooth 2.1 Com Assistant for android:

http://www.jnhuamao.cn/HMComAssistant.rar

Bluetooth 4.0 Com Assistant for android 4.3:
http://www.jnhuamao.cn/HMBLEComAssistant.rar

Bluetooth 4.0 IOS Code:

http://www.jnhuamao.cn/HMSoft iso7.zip

http://www.jnhuamao.cn/HMSoft iso7.zip
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I3 TEXAS
INSTRUMENTS CC2541

www.ti.com SWRS110D —JANUARY 2012—-REVISED JUNE 2013

2.4-GHz Bluetooth™ low energy and Proprietary System-on-Chip

Check for Samples: CC2541

FEATURES
* RF — High-Performance and Low-Power 8051
— 2.4-GHz Bluetooth low energy Compliant Microcontroller Core With Code Prefetch
and Proprietary RF System-on-Chip — In-System-Programmable Flash, 128- or
— Supports 250-kbps, 500-kbps, 1-Mbps, 2- 256-KB
Mbps Data Rates — 8-KB RAM With Retention in All Power
— Excellent Link Budget, Enabling Long- Modes
Range Applications Without External Front — Hardware Debug Support
End — Extensive Baseband Automation, Including
— Programmable Output Power up to 0 dBm Auto-Acknowledgment and Address
— Excellent Receiver Sensitivity (-94 dBm at Decoding
1 Mbps), Selectivity, and Blocking — Retention of All Relevant Registers in All
Performance Power Modes
— Suitable for Systems Targeting Compliance e Peripherals
With Worldwide Radio Frequency — Powerful Five-Channel DMA

Regulations: ETSI EN 300 328 and EN 300
440 Class 2 (Europe), FCC CFR47 Part 15
(US), and ARIB STD-T66 (Japan)

* Layout
— Few External Components
— Reference Design Provided
— 6-mm x 6-mm QFN-40 Package
— Pin-Compatible With CC2540 (When Not
Using USB or I°C)
* Low Power

— General-Purpose Timers (One 16-Bit, Two
8-Bit)

— IR Generation Circuitry

— 32-kHz Sleep Timer With Capture

— Accurate Digital RSSI Support

— Battery Monitor and Temperature Sensor

— 12-Bit ADC With Eight Channels and
Configurable Resolution

— AES Security Coprocessor

. d ) — Two Powerful USARTs With Support for
— Active-Mode RX Down to: 17.9 mA Several Serial Protocols

— Active-Mode TX (0 dBm): 18.2 mA — 23 General-Purpose /O Pins
— Power Mode 1 (4-us Wake-Up): 270 pA (21 x 4 MA, 2 x 20 mA)
— Power Mode 2 (Sleep Timer On): 1 pA
— Power Mode 3 (External Interrupts): 0.5 pA
— Wide Supply-Voltage Range (2 V-3.6 V)

e TPS62730 Compatible Low Power in Active

— I?’Cinterface

— 21/0 Pins Have LED Driving Capabilities
— Watchdog Timer

— Integrated High-Performance Comparator

Mode
RX D 14.7 MA (3-V | e Development Tools
_ own to: 14.7 mA (3-V supply) _ CC2541 Evaluation Module Kit
— TX(0dBm): 14.3 mA (3-V supply) (CC2541EMK)
— CC2541 Mini Development Kit (CC2541DK-
MINI)

— SmartRF™ Software
— |IAR Embedded Workbench™ Available

* Microcontroller

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

Bluetooth is a trademark of Bluetooth SIG, Inc..

ZigBee is a registered trademark of ZigBee Alliance.

PRODUCTION DATA information is current as of publication date. Copyright © 2012-2013, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas !

Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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SOFTWARE FEATURES
» Bluetooth v4.0 Compliant Protocol Stack for
Single-Mode BLE Solution

— Complete Power-Optimized Stack,
Including Controller and Host

— GAP - Central, Peripheral, Observer, or
Broadcaster (Including Combination
Roles)

— ATT/ GATT — Client and Server

— SMP - AES-128 Encryption and
Decryption

- L2CAP
— Sample Applications and Profiles

— Generic Applications for GAP Central
and Peripheral Roles

— Proximity, Accelerometer, Simple Keys,
and Battery GATT Services

— More Applications Supported in BLE
Software Stack

— Multiple Configuration Options
— Single-Chip Configuration, Allowing
Applications to Run on CC2541

— Network Processor Interface for
Applications Running on an External
Microcontroller

— BTool — Windows PC Application for
Evaluation, Development, and Test

APPLICATIONS

* 2.4-GHz Bluetooth low energy Systems
* Proprietary 2.4-GHz Systems

* Human-Interface Devices (Keyboard, Mouse,
Remote Control)

* Sports and Leisure Equipment
 Mobile Phone Accessories
« Consumer Electronics

CC2541 WITH TPS62730

 TPS62730is a 2-MHz Step-Down Converter
With Bypass Mode

» Extends Battery Lifetime by up to 20%
* Reduced Current in All Active Modes

e 30-nA Bypass Mode Current to Support Low-
Power Modes

* RF Performance Unchanged
» Small Package Allows for Small Solution Size
» (CC2541 Controllable

DESCRIPTION

The CC2541 is a power-optimized true system-on-
chip (SoC) solution for both Bluetooth low energy and
proprietary 2.4-GHz applications. It enables robust
network nodes to be built with low total bill-of-material
costs. The CC2541 combines the excellent
performance of a leading RF transceiver with an
industry-standard enhanced 8051 MCU, in-system
programmable flash memory, 8-KB RAM, and many
other powerful supporting features and peripherals.
The CC2541 is highly suited for systems where
ultralow power consumption is required. This is
specified by various operating modes. Short transition
times between operating modes further enable low
power consumption.

The CC2541 is pin-compatible with the CC2540 in
the 6-mm x 6-mm QFN40 package, if the USB is not
used on the CC2540 and the 1°C/extra 1/O is not used
on the CC2541. Compared to the CC2540, the
CC2541 provides lower RF current consumption. The
CC2541 does not have the USB interface of the
CC2540, and provides lower maximum output power
in TX mode. The CC2541 also adds a HW I°C
interface.

The CC2541 is pin-compatible with the CC2533
RFACE-optimized IEEE 802.15.4 SoC.

The CC2541 comes in two different versions:
CC2541F128/F256, with 128 KB and 256 KB of flash
memory, respectively.

For the CC2541 block diagram, see Figure 1.
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.
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Figure 1. Block Diagram
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ABSOLUTE MAXIMUM RATINGS®
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
Supply voltage All supply pins must have the same voltage -0.3 3.9 Y
Voltage on any digital pin -0.3 VDD +0.3<3.9 Y
Input RF level 10 dBm
Storage temperature range -40 125 °C
All pins, excluding pins 25 and 26, according to human-body P KV
model, JEDEC STD 22, method A114
ESD®@ ﬁql‘lsg:gz,zﬁzrdmg to human-body model, JEDEC STD 22, 1 KV
According to charged-device model, JEDEC STD 22, method 500 Vv
c101

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating

Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) CAUTION: ESD sesnsitive device. Precautions should be used when handling the device in order to prevent permanent damage.

RECOMMENDED OPERATING CONDITIONS
over operating free-air temperature range (unless otherwise noted)

MIN  NOM MAX UNIT
Operating ambient temperature range, Tp -40 85 °C
Operating supply voltage 2 3.6 \%

ELECTRICAL CHARACTERISTICS

Measured on Texas Instruments CC2541 EM reference design with T, = 25°C and VDD =3V,
1 Mbps, GFSK, 250-kHz deviation, Bluetooth low energy mode, and 0.1% BER

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
RX mode, standard mode, no peripherals active, low MCU 17.9
activity ’
RX mode, high-gain mode, no peripherals active, low MCU
L 20.2
activity
- - mA
TX mode, —20 dBm output power, no peripherals active, low
o 16.8
MCU activity
TX mode, 0 dBm output power, no peripherals active, low 18.2
MCU activity '
leore Core current consumption Power mode 1. Digital regulator on; 16-MHz RCOSC and 32-
MHz crystal oscillator off; 32.768-kHz XOSC, POR, BOD and 270
sleep timer active; RAM and register retention
Power mode 2. Digital regulator off; 16-MHz RCOSC and 32- A
MHz crystal oscillator off; 32.768-kHz XOSC, POR, and sleep 1 H
timer active; RAM and register retention
Power mode 3. Digital regulator off; no clocks; POR active; 05
RAM and register retention ’
Low MCU activity: 32-MHz XOSC running. No radio or 6.7 mA
peripherals. Limited flash access, no RAM access. ’
Timer 1. Timer running, 32-MHz XOSC used 90
Timer 2. Timer running, 32-MHz XOSC used 90
Peripheral current consumption Timer 3. Timer running, 32-MHz XOSC used 60 pA
Iperi (Adds to core current l¢oe for each - - -
peripheral unit activated) Timer 4. Timer running, 32-MHz XOSC used 70
Sleep timer, including 32.753-kHz RCOSC 0.6
ADC, when converting 1.2 mA
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CC2541

GENERAL CHARACTERISTICS
Measured on Texas Instruments CC2541 EM reference design with T, = 25°C and VDD =3V

PARAMETER | TEST CONDITIONS MIN  TYP MAX| UNIT
WAKE-UP AND TIMING
Pover e 1. Acive : .
Power mode 2 or 3 — Active oollator il Sar-ip of reguiaior and 16- Mz RCOSC 120 ps
C'rystal ESR =16 Q. Initially running on 16-MHz RCOSC, 500 us
Active — TX or RX with 32-MHz XOSC OFF
With 32-MHz XOSC initially on 180 us
Proprietary auto mode 130
RX/TX turnaround us
BLE mode 150
RADIO PART
RF frequency range Programmable in 1-MHz steps 2379 2496 MHz
2 Mbps, GFSK, 500-kHz deviation
2 Mbps, GFSK, 320-kHz deviation
1 Mbps, GFSK, 250-kHz deviation
Data rate and modulation format 1 Mbps, GFSK, 160-kHz deviation
500 kbps, MSK
250 kbps, GFSK, 160-kHz deviation
250 kbps, MSK
RF RECEIVE SECTION
Measured on Texas Instruments CC2541 EM reference design with T, = 25°C, VDD = 3V, f, = 2440 MHz
PARAMETER ’ TEST CONDITIONS MIN TYP MAX| UNIT
2 Mbps, GFSK, 500-kHz Deviation, 0.1% BER
Receiver sensitivity -90 dBm
Saturation BER < 0.1% -1 dBm
Co-channel rejection Wanted signal at -67 dBm -9 dB
+2 MHz offset, 0.1% BER, wanted signal —-67 dBm -2
In-band blocking rejection +4 MHz offset, 0.1% BER, wanted signal —-67 dBm 36 dB
+6 MHz or greater offset, 0.1% BER, wanted signal —-67 dBm 41
Frequency error tolerance® I2n5ccl)ug)|lrt13 gg;?o?é%igécgeééf%e and drift. Sensitivity better than —-67dBm, ~300 300| KkHz
tso)llgsgr?lcga(tg:‘ error g/lai/)ﬂ)rggranEaFg?tl ‘Ijzngth. Sensitivity better than-67dBm, 250 byte _120 120| ppm
2 Mbps, GFSK, 320-kHz Deviation, 0.1% BER
Receiver sensitivity -86 dBm
Saturation BER < 0.1% -7 dBm
Co-channel rejection Wanted signal at -67 dBm -12 dB
+2 MHz offset, 0.1% BER, wanted signal —-67 dBm -1
In-band blocking rejection +4 MHz offset, 0.1% BER, wanted signal —-67 dBm 34 dB
+6 MHz or greater offset, 0.1% BER, wanted signal —-67 dBm 39
Frequency error tolerance® I2n5ccl)ug)|lrt13 gg;?o?é%igécgeééf%e and drift. Sensitivity better than —67 dBm, ~300 300| KkHz
tso)llgsgr?lcga(tg:‘ error g/lai/)ﬂ)rggranEaFg?tl ‘Ijzngth. Sensitivity better than —67 dBm, 250 byte _120 120| ppm

(1) Difference between center frequency of the received RF signal and local oscillator frequency
(2) Difference between incoming symbol rate and the internally generated symbol rate
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RF RECEIVE SECTION (continued)

Measured on Texas Instruments CC2541 EM reference design with T, = 25°C, VDD = 3V, f, = 2440 MHz

PARAMETER | TEST CONDITIONS MIN TYP MAX| UNIT
1 Mbps, GFSK, 250-kHz Deviation, Bluetooth low energy Mode, 0.1% BER
Receiver sensitivity ) High-gain mode 94 dBm
Standard mode -88
Saturation® BER < 0.1% 5 dBm
Co-channel rejection® Wanted signal =67 dBm -6 dB
+1 MHz offset, 0.1% BER, wanted signal —67 dBm -2
. o +2 MHz offset, 0.1% BER, wanted signal —67 dBm 26
In-band blocking rejection® - dB
+3 MHz offset, 0.1% BER, wanted signal —67 dBm 34
>6 MHz offset, 0.1% BER, wanted signal —-67 dBm 33
_ Minimum interferer level < 2 GHz (Wanted signal —-67 dBm) -21
%‘gﬂ;ﬁ?{}d blocking Minimum interferer level [2 GHz, 3 GHz] (Wanted signal —67 dBm) -25 dBm
Minimum interferer level > 3 GHz (Wanted signal —-67 dBm) -7
Intermodulation® Minimum interferer level -36 dBm
Frequency error tolerance® Iznscéug)llrt\(g ;););Ihogt-i?glécl)_\l)e&alr&e and drift. Sensitivity better than -67dBm, _250 250|  KHz
Symbol rate error Maximum packet length. Sensitivity better than —67 dBm, 250 byte
tolerance ® payload. BER 0.1% —80 801 ppm
1 Mbps, GFSK, 160-kHz Deviation, 0.1% BER
Receiver sensitivity (") -91 dBm
Saturation BER < 0.1% 0 dBm
Co-channel rejection Wanted signal 10 dB above sensitivity level -9 dB
+1-MHz offset, 0.1% BER, wanted signal —67 dBm 2
. o +2-MHz offset, 0.1% BER, wanted signal —-67 dBm 24
In-band blocking rejection - dB
+3-MHz offset, 0.1% BER, wanted signal -—67 dBm 27
>6-MHz offset, 0.1% BER, wanted signal =67 dBm 32
Frequency error tolerance® Iznscéug)l/rt\g ;):)t/rlloﬂt-iallsl‘ltzcge&aln&e and drift. Sensitivity better than —67 dBm, -200 200!  KHz
Symbol rate error Maximum packet length. Sensitivity better than —-67 dBm, 250-byte
tolerance ® payload. BER 0.1% —80 801 ppm
500 kbps, MSK, 0.1% BER
Receiver sensitivity (") -99 dBm
Saturation BER < 0.1% 0 dBm
Co-channel rejection Wanted signal =67 dBm -5 dB
+1-MHz offset, 0.1% BER, wanted signal —-67 dBm 20
In-band blocking rejection +2-MHz offset, 0.1% BER, wanted signal —67 dBm 27 dB
>2-MHz offset, 0.1% BER, wanted signal =67 dBm 28
Frequency error tolerance Iznscéug)l/rt\g ;):)t/rlloﬂt-iallsl‘ltzcge&aln&e and drift. Sensitivity better than —67 dBm, _150 150| KkHz
Symbol rate error tolerance g/l;;ﬂ)r;glmsga’lslga (I)/(ingth. Sensitivity better than —67 dBm, 250-byte _80 80| ppm

(3) The receiver sensitivity setting is programmable using a Tl BLE stack vendor-specific APl command. The default value is standard

mode.

(4) Results based on standard-gain mode.

(5) Difference between center frequency of the received RF signal and local oscillator frequency
(6) Difference between incoming symbol rate and the internally generated symbol rate

(7) Results based on high-gain mode.
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RF RECEIVE SECTION (continued)

Measured on Texas Instruments CC2541 EM reference design with T, = 25°C, VDD = 3V, f, = 2440 MHz

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
250 kbps, GFSK, 160 kHz Deviation, 0.1% BER
Receiver sensitivity ©) -98 dBm
Saturation BER < 0.1% 0 dBm
Co-channel rejection Wanted signal -67 dBm -3 dB
+1-MHz offset, 0.1% BER, wanted signal —-67 dBm 23
In-band blocking rejection +2-MHz offset, 0.1% BER, wanted signal —67 dBm 28 dB
>2-MHz offset, 0.1% BER, wanted signal =67 dBm 29
(9 | Including both initial tolerance and drift. Sensitivity better than —67 dBm, .
Frequency error tolerance 250-byte payload. BER 0.1% 150 150 kHz
Symbol rate error Maximum packet length. Sensitivity better than —-67 dBm, 250-byte _
tolerance 19 payload. BER 0.1% 80 801 ppm
250 kbps, MSK, 0.1% BER
Receiver sensitivity %) -99 dBm
Saturation BER < 0.1% 0 dBm
Co-channel rejection Wanted signal -67 dBm -5 dB
+1-MHz offset, 0.1% BER, wanted signal —67 dBm 20
In-band blocking rejection +2-MHz offset, 0.1% BER, wanted signal —67 dBm 29 dB
>2-MHz offset, 0.1% BER, wanted signal =67 dBm 30
Including both initial tolerance and drift. Sensitivity better than —-67 dBm,
Frequency error tolerance 250-byte payload. BER 0.1% -150 150| kHz
Maximum packet length. Sensitivity better than —67 dBm, 250-byte .
Symbol rate error tolerance payload. BER 0.1% 80 80| ppm
ALL RATES/FORMATS
Spurious emission in RX.
Conducted measurement f<1GHz 67 dBm
Spurious emission in RX. f>1GHz 57 dBm
Conducted measurement

(8) Results based on standard-gain mode.

(9) Difference between center frequency of the received RF signal and local oscillator frequency

(10) Difference between incoming symbol rate and the internally generated symbol rate

(11) Results based on high-gain mode.
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RF TRANSMIT SECTION
Measured on Texas Instruments CC2541 EM reference design with T, = 25°C, VDD = 3 V and f, = 2440 MHz

PARAMETER TEST CONDITIONS MIN TYP  MAX UNIT
Delivered to a single-ended 50-Q load through a balun using 0
maximum recommended output power setting
Output power dBm

Delivered to a single-ended 50-Q load through a balun using

minimum recommended output power setting —23
Programmable output power | Delivered to a single-ended 50-Q load through a balun using 23 dB
range minimum recommended output power setting

f<1GHz -52 dBm
Spurious emission conducted | f> 1 GHz -48 dBm
measurement

Suitable for systems targeting compliance with worldwide radio-frequency regulations ETSI EN 300 328 and
EN 300 440 Class 2 (Europe), FCC CFRA47 Part 15 (US), and ARIB STD-T66 (Japan)

Differential impedance as seen from the RF port (RF_P and RF_N)
toward the antenna

Optimum load impedance 70 +j30 Q

Designs with antenna connectors that require conducted ETSI compliance at 64 MHz should insert an LC
resonator in front of the antenna connector. Use a 1.6-nH inductor in parallel with a 1.8-pF capacitor. Connect
both from the signal trace to a good RF ground.

CURRENT CONSUMPTION WITH TPS62730

Measured on Texas Instruments CC2541 TPA62730 EM reference design with T, = 25°C, VDD = 3 V and f. = 2440 MHz,
1 Mbsp, GFSK, 250-kHz deviation, Bluetooth™ low energy Mode, 1% BER®

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
RX mode, standard mode, no peripherals active, low MCU activity, MCU
14.7
at 1 MHz
RX mode, high-gain mode, no peripherals active, low MCU activity, 16.7
. MCU at 1 MHz ’
Current consumption - - — mA
TX mode, —20 dBm output power, no peripherals active, low MCU activity, 131
MCU at 1 MHz
TX mode, 0 dBm output power, no peripherals active, low MCU activity, 14.3
MCU at 1 MHz ’

(1) 0.1% BER maps to 30.8% PER

32-MHz CRYSTAL OSCILLATOR
Measured on Texas Instruments CC2541 EM reference design with T, = 25°C and VDD =3V

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
Crystal frequency 32 MHz
Crys_tal frequ(ency accuracy _40 40| ppm
requirement
ESR  Equivalent series resistance 6 60 Q
Co Crystal shunt capacitance 1 7| pF
CL Crystal load capacitance 10 16| pF
Start-up time 0.25 ms
The crystal oscillator must be in power down for a guard
. time before it is used again. This requirement is valid for
Power-down guard time - 3 ms
all modes of operation. The need for power-down guard
time can vary with crystal type and load.
(1) Including aging and temperature dependency, as specified by [1]
8 Submit Documentation Feedback Copyright © 2012-2013, Texas Instruments Incorporated
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32.768-kHz CRYSTAL OSCILLATOR

Measured on Texas Instruments CC2541 EM reference design with T, = 25°C and VDD =3V

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
Crystal frequency 32.768 kHz
Crystal frequency accuracy requirement(® -40 40| ppm
ESR  Equivalent series resistance 40 130 kQ
Co Crystal shunt capacitance 0.9 2 pF
C. Crystal load capacitance 12 16 pF
Start-up time 0.4 s
(1) Including aging and temperature dependency, as specified by [1]
32-kHz RC OSCILLATOR
Measured on Texas Instruments CC2541 EM reference design with T, = 25°C and VDD = 3 V.
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Calibrated frequency® 32.753 kHz
Frequency accuracy after calibration +0.2%
Temperature coefficient® 0.4 %/°C
Supply-voltage coefficient® 3 %IV
Calibration time® 2 ms

(1) The calibrated 32-kHz RC oscillator frequency is the 32-MHz XTAL frequency divided by 977.

Frequency drift when temperature changes after calibration
Frequency drift when supply voltage changes after calibration

When the 32-kHz RC oscillator is enabled, it is calibrated when a switch from the 16-MHz RC oscillator to the 32-MHz crystal oscillator

is performed while SLEEPCMD.OSC32K_CALDIS is set to 0.

16-MHz RC OSCILLATOR

Measured on Texas Instruments CC2541 EM reference design with T, = 25°C and VDD =3V

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Frequency® 16 MHz
Uncalibrated frequency accuracy +18%
Calibrated frequency accuracy +0.6%
Start-up time 10 us
Initial calibration time ®) 50 us

(1) The calibrated 16-MHz RC oscillator frequency is the 32-MHz XTAL frequency divided by 2.
(2) When the 16-MHz RC oscillator is enabled, it is calibrated when a switch from the 16-MHz RC oscillator to the 32-MHz crystal oscillator

is performed while SLEEPCMD.OSC_PD is set to 0.
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RSSI CHARACTERISTICS

Measured on Texas Instruments CC2541 EM reference design with T, = 25°C and VDD =3V

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
2 Mbps, GFSK, 320-kHz Deviation, 0.1% BER and 2 Mbps, GFSK, 500-kHz Deviation, 0.1% BER
Reduced gain by AGC algorithm 64
Useful RSSI range® - - : dB
High gain by AGC algorithm 64
RSS! offset® R‘educe.d gain by AGC a‘Igorithm 79 dBm
High gain by AGC algorithm 99
Absolute uncalibrated accuracy® +6 dB
Step size (LSB value) 1 dB
All Other Rates/Formats
Standard mode 64
Useful RSSI range® - - dB
High-gain mode 64
Standard mode 98
RSSI offset® - - dBm
High-gain mode 107
Absolute uncalibrated accuracy® +3 dB
Step size (LSB value) 1 dB
(1) Assuming CC2541 EM reference design. Other RF designs give an offset from the reported value.
FREQUENCY SYNTHESIZER CHARACTERISTICS
Measured on Texas Instruments CC2541 EM reference design with T, = 25°C, VDD = 3 V and f, = 2440 MHz
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
At £1-MHz offset from carrier -109
Phase noise, unmodulated carrier At £3-MHz offset from carrier -112 dBc/Hz
At £5-MHz offset from carrier -119
ANALOG TEMPERATURE SENSOR
Measured on Texas Instruments CC2541 EM reference design with T, = 25°C and VDD =3V
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Output 1480 12-bit
Temperature coefficient 4.5 /1°C
Voltage coefficient Measured using integrated ADC, internal band-gap voltage 1 01V
Initial accuracy without calibration reference, and maximum resolution +10 °C
Accuracy using 1-point calibration +5 °C
Current consumption when enabled 0.5 mA
COMPARATOR CHARACTERISTICS
Ta = 25°C, VDD = 3 V. All measurement results are obtained using the CC2541 reference designs, post-calibration.
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Common-mode maximum voltage VDD \%
Common-mode minimum voltage -0.3
Input offset voltage 1 mV
Offset vs temperature 16 uv/ec
Offset vs operating voltage 4 mV/V
Supply current 230 nA
Hysteresis 0.15 mV
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ADC CHARACTERISTICS
T, = 25°C and VDD = 3 V

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Input voltage VDD is voltage on AVDD5 pin VDD \Y,
External reference voltage VDD is voltage on AVDD5 pin VDD \Y,
External reference voltage differential | VDD is voltage on AVDD5 pin VDD \Y,
Input resistance, signal Simulated using 4-MHz clock speed 197 kQ
Full-scale signal® Peak-to-peak, defines 0 dBFS 2.97 Y,
Single-ended input, 7-bit setting 5.7
Single-ended input, 9-bit setting 7.5
Single-ended input, 10-bit setting 9.3
Single-ended input, 12-bit setting 10.3
1 ) ) Differential input, 7-bit setting 6.5 .
ENOB®  Effective number of bits - — - - bits
Differential input, 9-bit setting 8.3
Differential input, 10-bit setting 10
Differential input, 12-bit setting 11.5
10-bit setting, clocked by RCOSC 9.7
12-bit setting, clocked by RCOSC 10.9
Useful power bandwidth 7-bit setting, both single and differential 0-20 kHz
o Single ended input, 12-bit setting, -6 dBFS® —75.2
THD Total harmonic distortion - — - - 1 dB
Differential input, 12-bit setting, -6 dBFS®) -86.6
Single-ended input, 12-bit setting™® 70.2
) o Differential input, 12-bit setting® 79.3
Signal to nonharmonic ratio - - - - 1 dB
Single-ended input, 12-bit setting, -6 dBFS®) 78.8
Differential input, 12-bit setting, -6 dBFS®) 88.9
N . Differential input, 12-bit setting, 1-kHz sine
CMRR Common-mode rejection ratio (0 dBFS), limited by ADC resolution >84 dB
Single ended input, 12-bit setting, 1-kHz sine
Crosstalk (0 dBFS), limited by ADC resolution >84 dB
Offset Midscale -3 mV
Gain error 0.68%
) ) o 12-hit setting, mean® 0.05
DNL Differential nonlinearity - - - 1 LSB
12-hit setting, maximum® 0.9
12-hit setting, mean® 4.6
o 12-hit setting, maximum® 13.3
INL Integral nonlinearity - - LSB
12-bit setting, mean, clocked by RCOSC 10
12-bit setting, max, clocked by RCOSC 29
Single ended input, 7-bit setting® 35.4
Single ended input, 9-bit setting® 46.8
Single ended input, 10-bit setting™® 57.5
SINAD ) ) o Single ended input, 12-bit setting™® 66.6
Signal-to-noise-and-distortion - — - — dB
(=THD+N) Differential input, 7-bit setting® 40.7
Differential input, 9-bit setting® 51.6
Differential input, 10-bit setting® 61.8
Differential input, 12-bit setting® 70.8
7-bit setting 20
L 9-bit setting 36
Conversion time - - ys
10-bit setting 68
12-bit setting 132

(1) Measured with 300-Hz sine-wave input and VDD as reference.
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ADC CHARACTERISTICS (continued)
T, = 25°C and VDD = 3 V

PARAMETER TEST CONDITIONS MIN  TYP MAX UNIT
Power consumption 1.2 mA
Internal reference VDD coefficient 4 mV/IV
Internal reference temperature o
coefficient 0.4 mV/10°C
Internal reference voltage 1.24 \%
CONTROL INPUT AC CHARACTERISTICS
Tpo=-40°Cto 85°C,VDD=2V1t0o3.6V
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
The undivided system clock is 32 MHz when crystal oscillator is used.
System clock, fsyscik The undivided system clock is 16 MHz when calibrated 16-MHz RC 16 32| MHz
tsvscik = M fsyscik oscillator is used.
See item 1, Figure 2. This is the shortest pulse that is recognized as
. a complete reset pin request. Note that shorter pulses may be
RESET_N low duration recognized but do not lead to complete reset of all modules within the 1 HS
chip.
Interrupt pulse duration Sez_e item 2, Figure 2.This is the shortest pulse that is recognized as 20 ns
an interrupt request.
{C
))
RESET_N
i I | |
— 1 —P :4— 2 —P:
45 - -
| |
Px.n | |
(0 | |
)7 ! f
T0299-01
Figure 2. Control Input AC Characteristics
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SPI AC CHARACTERISTICS

Ta=-40°C to 85°C, VDD =2V 10 3.6 V
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
) Master, RX and TX 250
ty SCK period ns
Slave, RX and TX 250
SCK duty cycle Master 50%
Master 63
to SSN low to SCK ns
Slave 63
. Master 63
t3 SCK to SSN high ns
Slave 63
ts MOSI early out Master, load = 10 pF 7| ns
ts MOSI late out Master, load = 10 pF 10| ns
tg MISO setup Master 90 ns
ty MISO hold Master 10 ns
SCK duty cycle Slave 50% ns
tio MOSI setup Slave 35 ns
t11 MQOSI hold Slave 10 ns
tg MISO late out Slave, load = 10 pF 95| ns
Master, TX only 8
) Master, RX and TX 4
Operating frequency MHz
Slave, RX only 8
Slave, RX and TX 4
SCK
| I
— b —p < t3 pl
| | |
| | —
|
SSN | | |
!
| I
| -t Hln* ts o
| | |
| | |
MOSI DO | X X X D1
|
|
;47 ts —b:« t7 %;
| |
| |
MISO X X DO X X
T0478-01
Figure 3. SPI Master AC Characteristics
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SCK
| |
— b q t3 >
| | |
| | —
|
SSN | | |
I
| I
| ‘€tz pag to
| €l P l9 Py
| | |
| | |
MISO DO | X X X D1
|
|
;47 tio —>:¢ tyq +;
| |
| |
MOSI X X DO X X
T0479-01
Figure 4. SPI Slave AC Characteristics
DEBUG INTERFACE AC CHARACTERISTICS
Tpo=-40°Cto 85°C,VDD=2V1t0o3.6V
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
feik_dbg Debug clock frequency (see Figure 5) 12 MHz
ty Allowed high pulse on clock (see Figure 5) 35 ns
to Allowed low pulse on clock (see Figure 5) 35 ns
EXT_RESET_N low to first falling edge on debug clock (see
t3 : 167 ns
Figure 7)
tq Falling edge on clock to EXT_RESET_N high (see Figure 7) 83 ns
tg EXT_RESET_N high to first debug command (see Figure 7) 83 ns
tg Debug data setup (see Figure 6) 2 ns
t7 Debug data hold (see Figure 6) 4 ns
tg Clock-to-data delay (see Figure 6) Load = 10 pF 30 ns
| | | Time
| | | »
| | | g
| | |
| | |
| | |
| | |
| | |
DEBUG CLK '
P2_2 | ' |
| | |
| | |
| | |
:4— ty ——p— 1, —p:
| |
| 16 !
—— Vg dpg ————— W
T0436-01
Figure 5. Debug Clock — Basic Timing
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Time

DEBUG CLK
P2 2

RESET N

i ——P —— L4 —Pe—— 5 —

T0437-01

Time

DEBUG CLK
P2 2

(to CC2541)

DEBUG DATA
P2 1 x

DEBUG DATA
(from CC2541)
P2_1

D i et B EEE SR

Figure 7. Data Setup and Hold Timing

TIMER INPUTS AC CHARACTERISTICS
Tp=-40°C 10 85°C,VDD =2V 10 3.6 V

o L

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
Synchronizers determine the shortest input pulse that can be
Input capture pulse duration recognized. The synchronizers operate at the current system 15 tsyscLk
clock rate (16 MHz or 32 MHz).
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DC CHARACTERISTICS
T, =25°C, VDD =3V

PARAMETER TEST CONDITIONS MIN TYP  MAX UNIT
Logic-0 input voltage 0.5 \%
Logic-1 input voltage 2.4 \%
Logic-0 input current Input equals 0 V -50 50 nA
Logic-1 input current Input equals VDD -50 50 nA
1/0-pin pullup and pulldown resistors 20 kQ
Logic-0 output voltage, 4- mA pins Output load 4 mA 0.5 \%
Logic-1 output voltage, 4-mA pins Output load 4 mA 25 \%
Logic-0 output voltage, 20- mA pins Output load 20 mA 0.5 \%
Logic-1 output voltage, 20-mA pins Output load 20 mA 25 \%

PIN DESCRIPTIONS

DEVICE INFORMATION

The CC2541 pinout is shown in Figure 8 and a short description of the pins follows.

CcC2541
RHA Package
(Top View)
N -~
CJI CJI
X X
o [§V]
o™ ™
? 3
g S o
5 5 z Z
O Q © ™~ 9 T Yo 8
O > v - 8 &N o N N >
O O oo o o o o <
T T T T T T T T T T
e U WU WU wuwuwUwug
GND |71 I_sf’_3f_3_7_3_6_3_5_3_4_3_3_3_2_ *o—1 R BIAS
SCL [ 32 : :29C: AVDD4
SDA [T T:3 : :281:: AVDD1
NC [T T4 : :27(:: AVDD2
- | | —

P1 5[ 5 | GND 26 ] RF_N
P14 36 | Ground Pad l 251 RF P
Alos | 25 ] R
P1.3[ 37 : :24r_‘: AVDD3
P1 2[ T8 : :23(:: X0SC_Q2
P1 1] D9 : :22.:: X0SC_Qf1

DVDD2 [ 310 "~~~ T T T T T T T T T ~ 21”7 AVDD5

11 12 13 14 15 16 17 18 19 20
o nnnnn
SN YT oY e 2
- O O O O o o 9 o |_|
[ IO o WY« WO o W« WA« W a W M a1 w

@

4

NOTE: The exposed ground pad must be connected to a solid ground plane, as this is the ground connection for the chip.

Figure 8. Pinout Top View
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PIN DESCRIPTIONS

PIN NAME PIN PIN TYPE DESCRIPTION

AVDD1 28 | Power (analog) 2-V-3.6-V analog power-supply connection

AVDD2 27 | Power (analog) 2-V-3.6-V analog power-supply connection

AVDD3 24 | Power (analog) 2-V-3.6-V analog power-supply connection

AVDD4 29 | Power (analog) 2-V-3.6-V analog power-supply connection

AVDD5 21 | Power (analog) 2-V-3.6-V analog power-supply connection

AVDD6 31 | Power (analog) 2-V-3.6-V analog power-supply connection

DCOUPL 40 | Power (digital) 1.8-V digital power-supply decoupling. Do not use for supplying external circuits.

DVDD1 39 | Power (digital) 2-V-3.6-V digital power-supply connection

DVDD2 10 | Power (digital) 2-V-3.6-V digital power-supply connection

GND 1 Ground pin Connect to GND

GND — | Ground The ground pad must be connected to a solid ground plane.

NC 4 Unused pins Not connected

PO_0O 19 | Digital /O Port 0.0

PO_1 18 | Digital /O Port 0.1

PO_2 17 | Digital /O Port 0.2

PO_3 16 | Digital /O Port 0.3

PO_4 15 Digital I/O Port 0.4

PO_5 14 Digital I/O Port 0.5

PO_6 13 | Digital /O Port 0.6

PO_7 12 | Digital /O Port 0.7

P10 11 | Digital /O Port 1.0 — 20-mA drive capability

P11 9 Digital I/O Port 1.1 — 20-mA drive capability

P12 8 Digital I/O Port 1.2

P13 7 Digital I/0 Port 1.3

P1_4 6 Digital I/0 Port 1.4

P1_5 5 Digital I/O Port 1.5

P1 6 38 | Digital I/O Port 1.6

P1_7 37 Digital I/O Port 1.7

P20 36 | Digital I/O Port 2.0

P2_1/DD 35 | Digital I/O Port 2.1 / debug data

P2_2/DC 34 | Digital I/O Port 2.2 / debug clock

pP2_3/ 33 | Digital I/O, Analog I/O | Port 2.3/32.768 kHz XOSC

OSC32K_Q2

P2_4/ 32 Digital I/0O, Analog I/O | Port 2.4/32.768 kHz XOSC

OSC32K_Q1

RBIAS 30 |Analog /O External precision bias resistor for reference current

RESET_N 20 | Digital input Reset, active-low

RF_N 26 |RFI/O Negative RF input signal to LNA during RX
Negative RF output signal from PA during TX

RF_P 25 |RFI/O Positive RF input signal to LNA during RX
Positive RF output signal from PA during TX

SCL 2 I2C clock or digital I/O | Can be used as I>C clock pin or digital I/O. Leave floating if not used. If grounded
disable pull up

SDA 3 I2C clock or digital I/O | Can be used as I°C data pin or digital I/O. Leave floating if not used. If grounded
disable pull up

X0OSC_Q1 22 | Analog I/O 32-MHz crystal oscillator pin 1 or external clock input

XOSC_Q2 23 | Analog I/0 32-MHz crystal oscillator pin 2
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BLOCK DIAGRAM

A block diagram of the CC2541 is shown in Figure 9. The modules can be roughly divided into one of three
categories: CPU-related modules; modules related to power, test, and clock distribution; and radio-related
modules. In the following subsections, a short description of each module is given.

PRl ON-CHIP VOLTAGE i RELRAZERY)
REGULATOR N
RESET NDXF——>  RESET <~ WATCHDOG TIMER <E> [}] bcoupL

x0sc_Q2[X
xosc Q1[X]

POWER-ON RESET

32-MHZ BROWN OUT

CRYSTAL OSC
CLOCK MUX and @ 2
o)
b2.4 CALIBRATION z @ SLEEP TIMER
P23 I CRYSTAL OSC ) I
P2 2
_ DEBUG FCAREEED @ POWER MGT. CONTROLLER
P2_1 INTERFACE RC-0SC
P2_0 JrC
P17 (R ) sram
P16 8031 CPU A\
P15 CORE (—mw ) MEMORY
o1 4 F‘ ARBITRATOR
- FLASH
P1_3 T
b1 2 OMA
P1_1 JrC
N
P1.0 IRQ ) FLASH CTRL
CTRL
PO_7 L
PO 6 ANALOG COMPARATOR Cj} FIFOCTRL (=) 1-KB SRAM
PO_5 ~
g
PO_4 [
0o 3 AES - 3 <:> RADIO
- ENCRYPTION 2 REGISTERS
P0_2 ‘ B 8 [ | |
PO_1 ‘I |||ii\|| DECRYPTION <::> Link Layer Engine
DIO
PO_O
{ 1ol | L3
=
DEMODULATOR E MODULATOR
g (7]
e}
2
spA [X&> Ic @ I éif
scL [Xk> @ B
— > USART 0 @
% &
“— USART 1 @ = 5‘,
3c
— > TIMER 1 (16-Bit) @ 1y =
w3
TIMER 2 @
(BLE LL TIMER)
— > TIMER 3 (8-bit) @
— TIMER 4 (8-bit) @ DIGITAL
@ ~NALOG
~ B wixep
Figure 9. CC2541 Block Diagram
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BLOCK DESCRIPTIONS

A block diagram of the CC2541 is shown in Figure 9. The modules can be roughly divided into one of three
categories: CPU-related modules; modules related to power, test, and clock distribution; and radio-related
modules. In the following subsections, a short description of each module is given.

CPU and Memory

The 8051 CPU core is a single-cycle 8051-compatible core. It has three different memory access busses (SFR,
DATA, and CODE/XDATA), a debug interface, and an 18-input extended interrupt unit.

The memory arbiter is at the heart of the system, as it connects the CPU and DMA controller with the physical
memories and all peripherals through the SFR bus. The memory arbiter has four memory-access points, access
of which can map to one of three physical memories: an SRAM, flash memory, and XREG/SFR registers. It is
responsible for performing arbitration and sequencing between simultaneous memory accesses to the same
physical memory.

The SFR bus is drawn conceptually in Figure 9 as a common bus that connects all hardware peripherals to the
memory arbiter. The SFR bus in the block diagram also provides access to the radio registers in the radio
register bank, even though these are indeed mapped into XDATA memory space.

The 8-KB SRAM maps to the DATA memory space and to parts of the XDATA memory spaces. The SRAM is
an ultralow-power SRAM that retains its contents even when the digital part is powered off (power mode 2 and
mode 3).

The 128/256 KB flash block provides in-circuit programmable non-volatile program memory for the device, and
maps into the CODE and XDATA memory spaces.

Peripherals

Writing to the flash block is performed through a flash controller that allows page-wise erasure and 4-bytewise
programming. See User Guide for details on the flash controller.

A versatile five-channel DMA controller is available in the system, accesses memory using the XDATA memory
space, and thus has access to all physical memories. Each channel (trigger, priority, transfer mode, addressing
mode, source and destination pointers, and transfer count) is configured with DMA descriptors that can be
located anywhere in memory. Many of the hardware peripherals (AES core, flash controller, USARTS, timers,
ADC interface, etc.) can be used with the DMA controller for efficient operation by performing data transfers
between a single SFR or XREG address and flash/SRAM.

Each CC2541 contains a unique 48-bit IEEE address that can be used as the public device address for a
Bluetooth device. Designers are free to use this address, or provide their own, as described in the Bluetooth
specfication.

The interrupt controller services a total of 18 interrupt sources, divided into six interrupt groups, each of which
is associated with one of four interrupt priorities. 1/0O and sleep timer interrupt requests are serviced even if the
device is in a sleep mode (power modes 1 and 2) by bringing the CC2541 back to the active mode.

The debug interface implements a proprietary two-wire serial interface that is used for in-circuit debugging.
Through this debug interface, it is possible to erase or program the entire flash memory, control which oscillators
are enabled, stop and start execution of the user program, execute instructions on the 8051 core, set code
breakpoints, and single-step through instructions in the code. Using these techniques, it is possible to perform in-
circuit debugging and external flash programming elegantly.

The 1/O controller is responsible for all general-purpose 1/0O pins. The CPU can configure whether peripheral
modules control certain pins or whether they are under software control, and if so, whether each pin is configured
as an input or output and if a pullup or pulldown resistor in the pad is connected. Each peripheral that connects
to the 1/O pins can choose between two different 1/O pin locations to ensure flexibility in various applications.

The sleep timer is an ultralow-power timer that can either use an external 32.768-kHz crystal oscillator or an
internal 32.753-kHz RC oscillator. The sleep timer runs continuously in all operating modes except power mode
3. Typical applications of this timer are as a real-time counter or as a wake-up timer to get out of power mode 1
or mode 2.

A built-in watchdog timer allows the CC2541 to reset itself if the firmware hangs. When enabled by software,
the watchdog timer must be cleared periodically; otherwise, it resets the device when it times out.
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Timer 1 is a 16-bit timer with timer/counter/PWM functionality. It has a programmable prescaler, a 16-bit period
value, and five individually programmable counter/capture channels, each with a 16-bit compare value. Each of
the counter/capture channels can be used as a PWM output or to capture the timing of edges on input signals. It
can also be configured in IR generation mode, where it counts timer 3 periods and the output is ANDed with the
output of timer 3 to generate modulated consumer IR signals with minimal CPU interaction.

Timer 2 is a 40-bit timer. It has a 16-bit counter with a configurable timer period and a 24-bit overflow counter
that can be used to keep track of the number of periods that have transpired. A 40-bit capture register is also
used to record the exact time at which a start-of-frame delimiter is received/transmitted or the exact time at which
transmission ends. There are two 16-bit output compare registers and two 24-bit overflow compare registers that
can be used to give exact timing for start of RX or TX to the radio or general interrupts.

Timer 3 and timer 4 are 8-bit timers with timer/counter/PWM functionality. They have a programmable prescaler,
an 8-bit period value, and one programmable counter channel with an 8-bit compare value. Each of the counter
channels can be used as PWM output.

USART 0 and USART 1 are each configurable as either an SPI master/slave or a UART. They provide double
buffering on both RX and TX and hardware flow control and are thus well suited to high-throughput full-duplex
applications. Each USART has its own high-precision baud-rate generator, thus leaving the ordinary timers free
for other uses. When configured as SPI slaves, the USARTs sample the input signal using SCK directly instead
of using some oversampling scheme, and are thus well-suited for high data rates.

The AES encryption/decryption core allows the user to encrypt and decrypt data using the AES algorithm with
128-hit keys. The AES core also supports ECB, CBC, CFB, OFB, CTR, and CBC-MAC, as well as hardware
support for CCM.

The ADC supports 7 to 12 bits of resolution with a corresponding range of bandwidths from 30-kHz to 4-kHz,
respectively. DC and audio conversions with up to eight input channels (/O controller pins) are possible. The
inputs can be selected as single-ended or differential. The reference voltage can be internal, AVDD, or a single-
ended or differential external signal. The ADC also has a temperature-sensor input channel. The ADC can
automate the process of periodic sampling or conversion over a sequence of channels.

The I°C module provides a digital peripheral connection with two pins and supports both master and slave
operation. 1°C support is compliant with the NXP I12C specification version 2.1 and supports standard mode (up to
100 kbps) and fast mode (up to 400 kbps). In addition, 7-bit device addressing modes are supported, as well as
master and slave modes.

The ultralow-power analog comparator enables applications to wake up from PM2 or PM3 based on an analog
signal. Both inputs are brought out to pins; the reference voltage must be provided externally. The comparator
output is connected to the I/O controller interrupt detector and can be treated by the MCU as a regular 1/O pin
interrupt.
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TYPICAL CHARACTERISTICS

RX CURRENT TX CURRENT
VS VS
TEMPERATURE TEMPERATURE
19 19.5
1 Mbps GFSK 250 kHz TX Power Setting = 0 dBm
Standard Gain Setting Vee =3V A
18.5 | Input=-70dBm 19 e
Vec =3V s
g 18 // g 185 //
= = /
£ £ -
8 17.5 8 18 /
17 // 17.5
16.5 17
-40 -20 0 20 40 60 80 -40 -20 0 20 40 60 80
Temperature (°C) oot Temperature (°C) 002
Figure 10. Figure 11.
RX SENSITIVITY TX POWER
VS VS
TEMPERATURE TEMPERATURE
-84 4.0
1 Mbps GFSK 250 kHz 1 TX Power Setting = 0 dBm
Standard Gain Setting Vee=3V
Vee =3V
-86 2.0
= -88 =~ 0.0
[ [
) -
-90 -2.0
-92 -4.0
-40 -20 0 20 40 60 80 -40 -20 0 20 40 60 80
Temperature (°C) 6003 Temperature (°C) o0a
Figure 12. Figure 13.
RX CURRENT TX CURRENT
VS VS
SUPPLY VOLTAGE SUPPLY VOLTAGE
20 20
1 Mbps GFSK 250 kHz TX Power Setting = 0 dBm
19.5 Standard Gain Setting 195 | Tao=25°C
Input = =70 dBm
19 Ta = 25°C 19
?g 185 ?g 185
E 18 E 18
o o
3 175 3 175
17 17
16.5 16.5
16 16
2 2.2 2.4 2.6 2.8 3 3.2 34 3.6 2 2.2 2.4 2.6 2.8 3 3.2 3.4 3.6
Voltage (V) G005 Voltage (V) 00
Figure 14. Figure 15.
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TYPICAL CHARACTERISTICS (continued)

RX SENSITIVITY TX POWER
Vs Vs
SUPPLY VOLTAGE SUPPLY VOLTAGE
-84 4
1 Mbps GFSK 250 kHz TX Power Setting = 0 dBm
Standard Gain Setting Ta=25°C
Ta=25°C
-86 2
€ €
S 5
=~ -88 = 0
(4] (]
> >
(] (]
) )
-90 -2
-92 -4
2 22 24 26 28 3 32 34 36 2 22 24 26 28 3 32 34 36
Voltage (V) G007 Voltage (V) 008
Figure 16. Figure 17.
RX SENSITIVITY TX POWER
VS VS
FREQUENCY FREQUENCY
-84 4
1 Mbps GFSK 250 kHz TX Power Setting = 0 dBm
Standard Gain Setting Ta=25°C
Ta=25°C Vec =3V
-86 Ve =3V 2
€ €
S g 2 N ——
§ § TS ———— .
9 P A e R e P K]
-90 -2

2400 2410 2420 2430 2440 2450 2460 2470 2480

Frequency (MHz)
Figure 18.

G009

Table 1. Output Power®®

-4
2400 2410 2420 2430 2440 2450 2460 2470 2480

Frequency (MHz)
Figure 19.

G010

TXPOWER Setting Typical Output Power (dBm)
OxE1 0
0xD1 -2
0xC1 —4
0xB1 —6
O0xA1l -8
0x91 -10
0x81 -12
0x71 -14
0x61 -16
0x51 -18
0x41 -20
0x31 -23

(1) Measured on Texas Instruments CC2541 EM reference design with T, = 25°C, VDD = 3 V and f, = 2440 MHz. See SWRU191 for

recommended register settings.

(2) 1 Mbsp, GFSK, 250-kHz deviation, Bluetooth™ low energy mode, 1% BER
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Table 2. Output Power and Current Consumption

. Typical Current Consumption Typical Current Consumption
Typical Output Power (dBm) yp mA)® p prith TPS62730 (MA)®@
0 18.2 14.3
-20 16.8 13.1

(1) Measured on Texas Instruments CC2541 EM reference design with Ty = 25°C, VDD =3 V and f. =
2440 MHz. See SWRU191 for recommended register settings.

(2) Measured on Texas Instruments CC2541 TPS62730 EM reference design with T = 25°C, VDD =3V
and f, = 2440 MHz. See SWRU191 for recommended register settings.

TYPICAL CURRENT SAVINGS WHEN USING TPS62730

Current Consumption TX 0 dBm Current Consumption RX SG
25 20 25 CLKCONMOD 0xBF 40
M bc/bc oFF B peipc oFF
M bcibc oN ’7 35 M bc/pc oN |_ 35
20 | ] Current Savings | 20 || ] Current Savings |
30 30
- 25 > = 25 >~
- o L 15 ] [
: " ° £ 2
= S = >
E’ 20 > § 20 S
= b~ = -
s c =1 c
G 10 15 £ 0 10 15 £
=] >
o o
10 10
5 5
5 5
0 0 0 0
2.1 2.4 2.7 3 3.3 3.6 21 2.4 2.7 3 3.3 3.6
Supply (V) Supply (V)
Figure 20. Current Savings in TX at Room Figure 21. Current Savings in RX at Room
Temperature Temperature

The application note (SWRA365) has information regarding the CC2541 and TPS62730 combo board and the
current savings that can be achieved using the combo board.
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APPLICATION INFORMATION

Few external components are required for the operation of the CC2541. A typical application circuit is shown in
Figure 22.

32-kHz Crystal"

2-V to 3.6-V Power Supply

C401

| |
| |
| |
I |
O N
I - —
—i— - LJE |
= : = I |
|
: c321 - :
- ]
© 2FgenNgNY8 g
g 3> *® " xx 2 R301
a 88
] ono 3 § RBIAS [30] M
é X AVDD4 E - Antenna
2] scL NN (50 )
5] son & &  AvDD1 [2g
1w AVDD2 [27}—e
RF_N [2d
5] P1_5 CC2541 l%
6] P1_4 R 29 |
DIE ATTACH PAD AVDD3 [24 '
Z| P1_3 !
5 Pz J__ X0SC_Q2 [23)
B P1‘1 ) X0sc_a1 [22 I I
_—10] bvop2 o Aveos [z N -
I G BN IR
i & & & & & & & &
BIHIEIEIEISIEIEIEIN "—“:H_"
XTAL1
C221 —— —_— C231

Power Supply Decoupling Capacitors are Not Shown
Digital 1/0O Not Connected

(1) 32-kHz crystal is mandatory when running the BLE protocol stack in low-power modes, except if the link layer is in
the standby state (Vol. 6 Part B Section 1.1 in [1]).

NOTE: Different antenna alternatives will be provided as reference designs.

Figure 22. CC2541 Application Circuit

Table 3. Overview of External Components (Excluding Supply Decoupling Capacitors)

Component Description Value
C401 Decoupling capacitor for the internal 1.8-V digital voltage regulator 1puF
R301 Precision resistor +1%, used for internal biasing 56 kQ

Input/Output Matching

When using an unbalanced antenna such as a monopole, a balun should be used to optimize performance. The
balun can be implemented using low-cost discrete inductors and capacitors. See reference design, CC2541EM,
for recommended balun.
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Crystal

An external 32-MHz crystal, XTAL1, with two loading capacitors (C221 and C231) is used for the 32-MHz crystal
oscillator. See 32-MHz CRYSTAL OSCILLATOR for details. The load capacitance seen by the 32-MHz crystal is
given by:
1
CL = 1 1 + Cparasitic

Coo1 Cos (1)

XTALZ2 is an optional 32.768-kHz crystal, with two loading capacitors (C321 and C331) used for the 32.768-kHz
crystal oscillator. The 32.768-kHz crystal oscillator is used in applications where both very low sleep-current
consumption and accurate wake-up times are needed. The load capacitance seen by the 32.768-kHz crystal is
given by:

CL-— 1 4cC

1 1 parasitic
C321 C331 2

A series resistor may be used to comply with the ESR requirement.

On-Chip 1.8-V Voltage Regulator Decoupling

The 1.8-V on-chip voltage regulator supplies the 1.8-V digital logic. This regulator requires a decoupling capacitor
(C401) for stable operation.

Power-Supply Decoupling and Filtering

Proper power-supply decoupling must be used for optimum performance. The placement and size of the
decoupling capacitors and the power supply filtering are very important to achieve the best performance in an
application. TI provides a compact reference design that should be followed very closely.

References

1. Bluetooth® Core Technical Specification document, version 4.0
http://www.bluetooth.com/SiteCollectionDocuments/Core_V40.zip

2. CC253x System-on-Chip Solution for 2.4-GHz IEEE 802.15.4 and ZigBee® Applications/CC2541 System-on-
Chip Solution for 2.4-GHz Bluetooth low energy Applications (SWRU191)

3. Current Savings in CC254x Using the TPS62730 (SWRA365).

Additional Information

Texas Instruments offers a wide selection of cost-effective, low-power RF solutions for proprietary and standard-
based wireless applications for use in industrial and consumer applications. Our selection includes RF
transceivers, RF transmitters, RF front ends, and System-on-Chips as well as various software solutions for the
sub-1- and 2.4-GHz frequency bands.

In addition, Texas Instruments provides a large selection of support collateral such as development tools,
technical documentation, reference designs, application expertise, customer support, third-party and university
programs.

The Low-Power RF E2E Online Community provides technical support forums, videos and blogs, and the chance
to interact with fellow engineers from all over the world.

With a broad selection of product solutions, end application possibilities, and a range of technical support, Texas
Instruments offers the broadest low-power RF portfolio. We make RF easy!

The following subsections point to where to find more information.
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Texas Instruments Low-Power RF Web Site
e Forums, videos, and blogs

* RF design help

* EZ2E interaction

Join us today at www.ti.com/Iprf-forum.

Texas Instruments Low-Power RF Developer Network

Texas Instruments has launched an extensive network of low-power RF development partners to help customers
speed up their application development. The network consists of recommended companies, RF consultants, and
independent design houses that provide a series of hardware module products and design services, including:

« RF circuit, low-power RF, and ZigBee® design services
* Low-power RF and ZigBee module solutions and development tools
* REF certification services and RF circuit manufacturing

Need help with modules, engineering services or development tools?
Search the Low-Power RF Developer Network tool to find a suitable partner.
www.ti.com/Iprfnetwork

Low-Power RF eNewsletter

The Low-Power RF eNewsletter keeps you up-to-date on new products, news releases, developers’ news, and
other news and events associated with low-power RF products from TI. The Low-Power RF eNewsletter articles
include links to get more online information.

Sign up today on
www.ti.com/Iprfnewsletter

REVISION HISTORY

Changes from Original (January 2012) to Revision A Page
¢ Changed data sheet status from Product Preview to Production Data ............ccooiiiiieiiiiiiiiiiiee e 1
Changes from Revision A (February 2012) to Revision B Page
¢ Changed the Temperature coefficient Unit value From: mV/°C TO: / 0.1°C .....coiiiiiiiiieiiiiiiiee e 10
¢ Changed Figure 22 text From: Optional 32-kHz Crystal To: 32-KHz Crystal .........ccccoiiiiiiiiiiii e 24
Changes from Revision B (August 2012) to Revision C Page
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PACKAGE OPTION ADDENDUM

15-Apr-2017

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ ® ® @/5)
CC2541F128RHAR ACTIVE VQFN RHA 40 2500  Green (RoHS CU NIPDAU | Level-3-260C-168 HR -40 to 85 CC2541 Samnles
& no Sh/Br) CU NIPDAUAG F128 L
CC2541F128RHAT ACTIVE VQFN RHA 40 250 Green (RoHS CU NIPDAU | Level-3-260C-168 HR -40 to 85 CC2541 amnles
& no Sh/Br) CU NIPDAUAG F128 L
CC2541F256RHAR ACTIVE VQFN RHA 40 2500  Green (RoHS CU NIPDAU | Level-3-260C-168 HR -40 to 85 CC2541 Samples
& no Sh/Br) CU NIPDAUAG F256
CC2541F256RHAT ACTIVE VQFN RHA 40 250 Green (RoHS CU NIPDAU | Level-3-260C-168 HR -40 to 85 CC2541
& no Sh/Br) CU NIPDAUAG F256 Ll
HPAO1215RHAR ACTIVE VQFN RHA 40 2500 Green (RoHS CU NIPDAU Level-3-260C-168 HR -40 to 85 CC2541 Samnles
& no Sb/Br) F128 L
HPAO1216RHAR ACTIVE VQFN RHA 40 2500 Green (RoHS CU NIPDAU Level-3-260C-168 HR -40 to 85 CC2541 Samnles
& no Sb/Br) F256 L

@ The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: Tl has discontinued the production of the device.

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.
Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.
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© | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
OTHER QUALIFIED VERSIONS OF CC2541 :

o Automotive: CC2541-Q1

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
7'} |¢ KO
i |
& go W
Reel — ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QrSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
CC2541F128RHAR VQFN RHA 40 2500 330.0 16.4 6.3 6.3 15 12.0 | 16.0 Q2
CC2541F128RHAT VQFN RHA 40 250 180.0 16.4 6.3 6.3 1.5 12.0 | 16.0 Q2
CC2541F256RHAR VQFN RHA 40 2500 330.0 16.4 6.3 6.3 1.5 12.0 | 16.0 Q2
CC2541F256RHAT VQFN RHA 40 250 180.0 16.4 6.3 6.3 1.5 12.0 | 16.0 Q2
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TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\‘ /}#\
. 7
- //' "\.\ 7
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
CC2541F128RHAR VQFN RHA 40 2500 336.6 336.6 28.6
CC2541F128RHAT VQFN RHA 40 250 213.0 191.0 55.0
CC2541F256RHAR VQFN RHA 40 2500 336.6 336.6 28.6
CC2541F256RHAT VQFN RHA 40 250 213.0 191.0 55.0
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MECHANICAL DATA

RHA (S*P\/QFN*N40> PLASTIC QUAD FLATRPACK NO—LEAD
6,15
585
8]
B 6,15
\ 5,85
Pin 1 Index Area /40'
Top and Bottom
1
1,00
0.80 0,20 Nominal
' Lead Frame
Q O 08 C ? L.—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—;li Seating P‘Oﬂe
.
0,00
0,50
40X =
1 0 f 0,30
Uuuuuujuuuuu_]
40 O {71
P THERMAL PAD 9
) | d
D) d
) SIZE AND SHAPE =
O SHOWN ON SEPARATE SHEET
) q
) I d
) - 2
k=) R
ANNNNNNNN ﬂ
30 0,50
+0,07
40X 0,23 2005
0,10 W]c[AlB]
@005 mc

Bottom View

4204276 /E 06 /11

NOTES:  A. Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

B. This drawing is subject to change without notice.

C. QFN (Quad Flatpack No—Lead) Package configuration.

D. The package thermal pad must be soldered to the board for thermal and mechanical performance.

E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
F

Package complies to JEDEC MO—-220 variation VJJD-2.
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THERMAL PAD MECHANICAL DATA

RHA (S—PVQFN—-N40) PLASTIC QUAD FLATPACK NO-LEAD
THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

PIN 1 INDICATOR

C0,30 ]

vuuuduujguuyu

e
o

d

40 1

| — Exposed Thermal Pad

4,50+0,10

UUUUUUUUU\L‘J/

ﬂﬂﬂﬂﬂﬂﬂﬂ\ﬂﬂ

20
31

—

INANANANAIIANANANAN(

—

(o]
o
N
e

[ 4,50+0,10 —¥

Bottom View

Exposed Thermal Pad Dimensions

4206355-4/X 08/14

NOTES: A. All linear dimensions are in millimeters
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LAND PATTERN DATA

RHA (S—PVQFN—N40) PLASTIC QUAD FLATPACK NO—LEAD

Example Stencil Design
0,125 Thick Stencil

Example Board Layout (Note E)
Note D —1 =—36x0,5 | ——~—0,230  —— =—36x0,5
~ 0000000002 o8 100000000
= |o o0 0o| X f 50’3_» — =
D 1o 0 0 o & = ‘ =
— = 5168 — 1 5,15 6,75
D 1o 0 0 o| & —) 0,3 — > ,
% O O O O % g g
I %I — (@
9x1,2 - 9x1,2
0000000000 ***~ oo00o00mo

) —-— 5,10 ——

\

6,/ ———

(64% Printed Solder Coverage by Area)

|
|
|
!

Non Solder Mask Defined Pad Example Via Layout Desigr)
: Via layout may vary depending
; T T on layout constraints
(Note D, F)
4,5
0,08 Examle 16x¢0,3\
RO,14 [ 0,85 Solder Mask Opening \@ O O O
I/ M ¥y \\ (Note F)
| . l O O O
\ =1 p_\'\ Pad Geomet 49
ad Geometr
\ 0,07j 0,28 ] (Note 0) © O O
Il Around
© © O O
12x1,0
12x1,0
T 4207627-4/R 08/14

NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC—7351 is recommended for alternate designs.

D. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SLUA271, and dlso the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.

E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.

F.  Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting
recommendations for vias placed in the thermal pad.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated
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