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VERSION HISTORY

Version Comment

1.1 First release

Standard gain mode option for the receiver added. Figure 22 corrected.
1.2 Ceritification info updated. Footprint and PCB land pattern figures revised.
Design check list added. Layout guide updated. Range chapter added.
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BLE121LR Bluetooth® Smart Module

DESCRIPTION

BLE121LR is a Bluetooth Smart Long Range
module targeted for Bluetooth Smart
applications where the best possible RF
performance and range are required. At +8
dBm TX power and -98 dBm sensitivity
BLE121LR has best-in-class RF performance
and can provide Bluetooth Smart connectivity
up to 450 meters. BLE121LR integrates all
features required for a Bluetooth Smart
application: Bluetooth radio, software stack
and GATT based profiles. and it can also host
end user applications, which means no
external micro controller is required in size,
price  or power constrained devices.
BLE121LRBluetooth Smart module also has
flexible hardware interfaces to connect to
different peripherals or sensors. Although
BLE121LR Bluetooth Smart Long Range
Module is target for applications requiring high
RF performance, it is still has relatively low
power consumption and can be power using a
standard 3V coin cell batteries.

APPLICATIONS:

Smart home accessories
beacon devices

Health and fitness sensors
Medical sensors

iPhone and iPad accessories
Security and proximity tags

=4 =4 =8 -4 -8

KEY FEATURES:

1 Bluetooth v. 4.0 Single Mode Compliant
0 Master and slave modes
o Up to eight connections
1 Integrated Bluetooth Smart Stack
0 GAP, ATT and GATT
0 Bluetooth Smart profiles
 Best-in-Class RF Performance
o Transmit power : +8 dBm
0 Receiver sensitivity: -98 dBm
0 Range up to 450 meters
1 Low Current Consumption
o Transmit: 36 mA (+8 dBm)
0 Receive: 33 mA (-98 dBm)
o Power mode 3: 0.5 uA
1 Flexible Peripheral Interfaces
o UART and SPI
o I12C, PWM and GPIO

o 12-bit ADC
9 Host Interfaces:
o UART

1 Programmable 8051 Processor for
Stand-alone Operation
o Simple Bluegiga BGScript™
scripting language for quick
application development
o Bluegiga Profile Toolkit™
allowing the quick development
of GATT based profiles
 Dimensions: 14.7 x 13.0 x 1.8 mm
i Bluetooth, CE, FCC, IC, South Korea
and Japan qualified
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1 Design Check List

Board edge

A Makesurethat the programing o Min17mm_, \ Min 17mm
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DCDC. Theperationof P1_7must
not be alteredby SW.

Bluegiga Technologies Oy
Page 6 of 34



2 BLE121LR Product numbering

Available products and product codes

Product code Description

BLE121LR-A-M256K BLE121LR with an embedded chip antenna and with 256k internal flash
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3 Pinout and Terminal Description

Figure 1: BLE121LR

Pin Number Pin Name Pad Type Description
1-3, 14, 15,
2 31.36 GND GND GND
13 AVDD Supply voltage
23 DvDD Supply voltage
7 Reset Reset Active low reset. Internal pull-up.

Table 1: Supply and RF Terminal Descriptions

Pin Number Pin Name Pad Type Description
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Table 2: Configurable I/O Terminals

Pin Number Pin Name Pad Type Description
24 SCL I12C clock
25 SDA I2C data
On / by-pass control for an external
18 DCDC_CNTRL Output DCDC converter

Table 3: Non-configurable Terminals

Bluegiga Technologies Oy
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PERIPHERAL / PO P1 P2 HARDWARE.XML Example (*
FUNCTION 716|151 4]|3 2 110716543 2 110| 2 1
ADC A7|A6| A5 | A4| A3 | A2 | Al | AO
C SS MO MI < :ll " :Il H " :ll n
USART 0 SPI (* Alt.1 usart channel="0" mode sp?_master alternate="1" .
Alt.2 MO[MI| C |SS <usart channel="0" mode="spi_master" alternate="2" .
: RT|CT | TX [RX D < . R T
USART 0 UART Alt.1 c usart channel="0" mode="uart" alternate="1
Alt.2 D TX|RX|RTI|CT| r | R <usart channel="0" mode="uart" alternate="2" ...
USART 1 SPI (** [Alt.1 Ml |[MO| C [SS C E|E <usart channel="1" mode="spi_master" alternate="1" .
USART 1 UART [Alt.1 RX|TX|RT|CT c : 2 <usart channel="1" mode="uart" alternate="1" ...
3 2 1 0 < H :|| n :ll n
TIMER 1 Alt.1 o RIR t!mer !ndex 1" alternate="1" ...
Alt.2 | 3 N oO|Vv|V <timer index="1" alternate="2" ...
T E| E - . - e
. 110 < = ="1" ...
TIMER 3 Alt.1 R NS t!mer !ndex 3" alternate="1
Alt.2 o]0 <timer index="3" alternate="2" ...
. L <ti i ="4" ="1" ...
TIMER 4 Alt.1 tfmer fndex 4" alternate="1
Alt.2 <timer index="4" alternate="2" ...
DEBUG DC|DD
OBSSEL 514]3]2

*) Refer to BLE Configuration Guide for detailed settings

**) SS is the slave select signal when BLE121LR is set as SPI slave. When set as SPI master, any available /0 can be used as chip select signal of

BLE121LR

NOTE: Pins configured as peripheral 1/0 signals do not have pull-up / -down capability

Bluegiga Technologies Oy
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3.1 1/O Ports

3.1.1 1/O Configurations

Each I/O port can be configured as an input or output. When configured as input, each 1/O port can also be
configured with internal pull-up, pull-down or tri-state. Pull-down or pull-up can only be configured to whole
port, not individual pins. Unused I/O pins should have defined level and not be floating. See the BLE
Configuration Guide for more information about the configuration.

During reset the 1/O pins are configured as inputs with pull-ups.

Note: Pins configured as peripheral I/O signals do not have pull-up / -down capability

312 Reserved |/ O06s
The high current driving pins P1_0 and P1_1 are reserved for the internal RF front end control. These pins are
not exposed in BLE121LR and they candt be used for appl

P1_7 is also used for the RF front end control but as an output it can be used to control the external DCDC for
loweringthe peak current drawn from the battery. The functi
used then P1_7 should be left not connected.

3.2 UART

UART baud rate can be configured up 2 Mbps. See the BLE Configuration Guide for more information.
Following table lists commonly used baud rates for BLE121LR

Baud rate (bps) Error (%)
2400 0.14
4800 0.14
9600 0.14

14 400 0.03
19 200 0.14
28 800 0.03
38 400 0.14
57 600 0.03
76 800 0.14
115 200 0.03
230 400 0.03

Table 5: Commonly used baud rates for BLE121LR

Bluegiga Technologies Oy
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4 Electrical Characteristics

4.1 Absolute Maximum Ratings

Note: These are absolute maximum ratings beyond which the module can be permanently damaged. These are not
maximum operating conditions. The maximum recommended operating conditions are in the Table 7.

Rating Min Max Unit

Storage Temperature -40 +85 °C
AVDD, DVDD -0.3 3.9 \Y,
Other Terminal Volatages VSS-0.4 VDD+0.4 \%

Table 6: Absolute Maximum Ratings

4.2 Recommended Operating Conditions

Rating Min Max Unit

Operationg Temperature Range -40 +85 °C

AVDD, DVDD (*,** *** 2.0 3.6 \Y

Table 7: Recommended Operating Conditions

*)  All supply nets must have the same voltage

**)  Supply voltage noise should be less than 10mVpp. Excessive noise at the supply voltage will reduce the
RF performance.

***) The supply voltage has an impact on the TX power, see Figure 7.

4.3 DC Characteristics

Parameter Test Conditions i Max | Unit

Logic-0 input voltage 0.5 \%

Logic-1 input voltage DVDD =3V0 25 \%

Logic-0 input current Input equals OV -50 50 nA

Logic-1 input current Input equals VDD -50 50 nA
I/O pin pull-up and pull-down resistors 20 k q

For detailed I/O terminal characteristic and timings refer to the CC2541 datasheet available in
(http://www.ti.com/lit/ds/symlink/cc2541.pdf)

Table 8: DC Characteristic

Bluegiga Technologies Oy
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4.4 Current Consumption

Power mode hardware.xml Min Typ | Max | Unit

<txXxpower power 25 mA
. <slow clock enab
Transmit <tXxpower ower
(8VO supply, <sl o Ve cl oc kp enab 36 mA
without DCDC)
<txXxpower power 39 mA
<slow cl ock eeon/a>b |
<t xpower power *x
Transmit <slow clock enab 32 mA
(With DCDC) <txpower power -
<slow clock enabl 35 mA
<slow clock enab 28 mA
Receive
<slow clock enabl 33 mA
Power mode 1 <sleeposc enable="true" ppm="30" /> 2.7 mA
Power mode 2 <sleeposc enable="true" ppm="30" /> 1.3 HA
Power mode 3 *kk 0.5 MA

**) Using DCDC reduces transmit power by ~2 dB and thus lowers also the peak current drawn by the module

***) To enter PM1 and PM2 sleep oscillator must be enabled in the hardware.xml. PM3 is not dependent on
the sleep clock. The module will enter PM3 automatically when there is no activity which would require clock.

PM3 can be disabled in hardware.xml, forexample<s | eep enabl e=fitrued max _

Figure 2: BLE121LR TX peak current as a function of the setting in the HW configuration file
RXpeak33mA

TXpeak39mA )
(slowzlockdisabled (slowclockdisabled
TXpeak36 mA RXpeak28 mA
(slowclockenabled (slowclockenahled
/

11mAr EE A A IS : 11

1.3uA 1.3uUA

>
1ms/div

Figure 3: Typical current consumption profile while advertising

Bluegiga Technologies Oy
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BLE121LR TX peak current vs HW configuration
40
35
£
— 30
€
5
- 25
&
20
15
0 1 2 3 4 5 6 7 8 3 10
TXP setting in the harware.xml

Figure 4: BLE121LR TX peak current as a function of hardware.xml TXP setting (Example: <txpower
power=" 9" bias="5" /> )

4.4.1 Current Consumption When Using TPS62730 DCDC Converter

TPS62730 DCDC converter provides 20% reduction to the peak current drawn from 3.0V supply and 15%
reduction to the peak current drawn from 2.7V supply. This is achieved by converting higher power supply
down to 2.1V supply with a switching mode regulator. The module turns the DCDC on when the processor is
active and off (by-pass mode) when the processor is not active.

Because the TX power of BLE121LR depends on the supply voltage, the TX power is reduced when using
TPS62730 DCDC converter. The reduced TX power in turn reduces the peak current drawn by the module.
Thus when using TPS62730 with BLE121LR from 3.0V supply, the peak current is reduced in total by:

1 ~4 mA because of lower TX power

=

-20% because of the switching mode regulator converting from 3.0V down to 2.1V

)

Peak current drawn from 3.0V supply in total (Max TXP, slow clock enabled):
(36 MAT 4mA) *0.8 =25.6 mA

4.5 RF Characteristics

Rating Min Typ Max Unit
Transmit power 8 dBm
Transmit power variation within BT band 1 1.8 dB
Transmi':epn(:\F/)v(_()-:trra \{S:éa:f:g\évithin the +-15 dB
Sensitivity (Defausl)t(,)lgi(?ﬁ)r; gain mode, PER .08 dBm
Sensitivity (sta;ggg)g(a:in mode, PER 92 dBm

*) Standard gain mode can be set using an APl command. Please refer to the Bluetooth Smart Software API
Reference document.

Figure 5: BLE121LR RF characteristics

Bluegiga Technologies Oy
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BLE121LR TXP vs temperature
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Figure 6: Typical transmit power as a function of temperature
BLE121LR TXP vs supply voltage
]
* —. 4
3 }
2 |
1 |
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Figure 7: BLE121LR transmit power as a function of supply voltage
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BLE121LR TXP vs HW configuration

TXP (dBm)

Q 1 2 3 4 5 6 7 8 9 10
Setting in the hardware.xml

Figure 8: BLE121LR TX power as a function of the setting in the HW configuration file (Example:

<txpower power=" 9" bias="5" /> )
z
z
wue
Legend
2400.00(MHz)
—2440.00(MHz)
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X
X
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Figure 9: Radiation pattern of BLE121LR when mounted to a carrier board
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Figure 10: Radiation pattern of BLE121LR when mounted to a carrier board
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Figure 11: Radiation pattern of BLE121LR when mounted to a carrier board
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4.6 Range of BLE121LR

m Sensitivity Direction Attenuation Link Budget Range Range

BLE121L R [S:Re[=T0 -98 dBm Front -3dB 100d80) 47om Q) 450m

BLE121LR IR0 -98dBm Back -7dB 92d8@  3oom @  300m

BLE121LR RS0 -98 dBm Side -5dB o6dB@  37om @  340m

S -40
P
Lagerdd Lo g 50
X0 (W ‘.,.
Ny
o1 0P ( [‘“u."‘\ N
e 50 7\ ‘ Plane Earth Loss |
J - | I . \ ‘ Free Space Loss
LY
/,’ 1“, il \ 70
&= fdenad  SEL { - ™~
| [ ) 5 ~ N
\ | e ™~ \
\ | ‘Z){ -80
k [ / 8
\ | / f
| / -90
! f \\
. \
o - o
Q\
1800
-110 \‘
N
-120
10 100 100C

Ranggm)
Figure 12: Range of BLE121LR vs BLE121LR when antennas are 1.5m above GND

The range of BLE121LR is dependent on the mother board layout, height of the antennas above GND and
any obstacles within the RF path or near the RF path (multipath propagation). See Figure 25 how the layout
impacts to the range of BLE121LR.

In an open field the received power is a sum of the line-of-sight wave and the ground-reflected wave.
Depending on the phase of the ground-reflected wave, it either amplifies or attenuates the total received
power. Figure 14 shows how the antenna height from ground impacts to the RF path loss and range in an
open field.

RF power propagates in free space Within a virtual fi pi
Anyobst acl es within the area of this Apipe wi || attenuat
thelink. The radius of the fipiped can be apepr OX|mated by
D3/
12

Where R is the radius, D is the distance between the antennas and lambda is the wave length (12.2 cm).
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Figure 13: RF propagation area between TX and RX

-40 j— ]
Distance(m)
.50 Height(m) |
AT .
60 | —Z

AN

= Antennas @ 0.5m

e

10

100

\

]

Range= 310m

Distancgm)

Range= 160m

Figure 14: Impact of module height above GND to RF path loss
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5 Physical Dimensions
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Figure 15: Footprint of BLE121LR (top view)
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Figure 16: Physical dimensions (top view)

1.9 mm
<>

Figure 17: Physical dimensions (side view)
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Figure 18: Recommended land pattern for BLE121LR-A

Figure 19: Module placed on the recommended PCB land pattern
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