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1.

General

1.1 Overview

BoT-nLE521

The BoT-nLE521 module is a cost-effective, low-power, true system-on-chip (SoC) for
Bluetooth Smart (Bluetooth low energy) applications. It enables robust BLE slave nodes to
be built with very low total bill-of-material costs. BoT-nLE521 combines an excellent RF
transceiver with an industry-standard enhanced Cortec-M4 CPU, in-system programmable
flash memory, 24kB RAM, and many other powerful supporting features and peripherals.

The BoT-nLE521 is suitable for systems where very low power

Consumption is required. Very low-power sleep modes are available. Short transition times

between operating modes further enable low power consumption.

1.2  Block Diagram

192kB Flash
Radio Processor with cache
RF Filter Balun Multiprotocol 64 MHz ARM
2.4GHz Cortex-M4 CPU
24kB RAM
’ Timers / Counters ‘
GPIO 9
< 3 ’ Analog I/0 ‘
9 o
INT_ANT Internal g E .
Antenna . Power T < ’ Digital I/0 ‘
Matihing Oscillators supply <
Network ’ System Peripherals ‘
* A A A A { .
——— SWNDCLK
32 MHz » SWDIO
Crystal » DCC
DEC4
VDD

BoT-nLE521 Block Diagram
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BoT-nLE521

1.3 Features

BT Ver. : Bluetooth 5

Built in Antenna Bluetooth Smart (Bluetooth Low Energy) Module.

ARM® Cortex®-M4 32-bit processor with FPU, 64 MHz

Memory: 192 kB Flash / 24 kB RAM

RF Output Power: MAX +4 dBm (-20 ~ 4 dBm)

RF Receive Sensitivity: -96 dBm

Type 2 near field communication (NFC-A) tag with wakeup-on-field and touch to-pair capabilities
Fully automatic LDO and DC/DC regulator system (Used LDO by Default)
Temperature Sensor

UART (CTS/RTS) with EasyDMA, SPI, and 12C data interfaces.

12-Bit 200 ksps ADC with - 8 configurable channels with programmable gain
Size: 15 mm x 8 mm x 1.8 mm

Operating Voltage: 1.7V to 3.6V

Operating Temperature: -40 to +85°C

RoHS compliant

1.4  Application

- Computer peripherals and 1/0O devices

- Mouse
- Keyboard
- Multi-touch trackpad
Interactive entertainment devices
Remote control
- Gaming controller
Beacons
Personal Area Networks
- Health/fitness sensor and monitor devices
- Medical devices

- Key-fobs + wrist watches

- Remote control toys
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Pin Configuration
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BoT-nLE521

1.6  PIN Description
Pin No. Pin Name Pin Function Description
01 GND GROUND Ground Pin.
02 GND GROUND Ground Pin.
03 GND GROUND Ground Pin.
04 GND GROUND Ground Pin.
05 P0.25 DIGITAL I/0 General purpose 1/0 pin.
06 P0.28 DIGITAL I/O General purpose 1/0O pin.
AIN4 ANALOG INPUT SAADC/COMP input
P0.30 DIGITAL I/0 General purpose 1/0O pin.
o AIN6 ANALOG INPUT COMP input
08 bECA POWER LD1OB V regulator supply decoupling Input from DC/DC converter. Output from 1.3 V
09 DCC POWER DC/DC regulator output
10 vcC POWER Power supply pin.
11 GND GROUND Ground Pin.
P0.00 DIGITAL I/0 General purpose 1/0O pin.
12 XL1 ANALOG INPUT Connection for 32.768 kHz crystal (LFXO)
P0.01 DIGITAL I/0 General purpose 1/0O pin.
B3 XL2 ANALOG INPUT Connection for 32.768 kHz crystal (LFXO)
P0.04 DIGITAL I/0 General purpose 1/O pin.
14 AIN2 ANALOG INPUT SAADC/COMP input
CTS DIGITAL OUTPUT UART CTS
P0.05 DIGITAL I/O General purpose 1/0O pin.
15 AIN3 ANALOG INPUT SAADC/COMP input
RTS DIGITAL INPUT UART RTS
16 P0.06 DIGITAL I/O General purpose 1/0O pin.
RXD DIGITAL INPUT UART RXD
P0.09 DIGITAL I/0 General purpose 1/O pin.
v TXD DIGITAL OUTPUT UART TXD
18 P0.10 DIGITAL I/0 General purpose 1/O pin.
FACTORY_RST DIGITAL INPUT DISCONNECT & FACTORY_RESET
P0.12 DIGITAL I/O General purpose 1/0O pin.
19 ENTER_SLEEP
JWAKE_UP DIGITAL INPUT ENTER_SLEEP / WAKE_UP
20 GND GROUND Ground Pin.
21 P0.14 DIGITAL I/0 General purpose 1/O pin.
22 P0.15 DIGITAL I/0 General purpose 1/0O pin.
P0.16 DIGITAL I/0 General purpose 1/O pin.
3 UART ON/OFF DIGITAL INPUT UART ENABLE / DISABLE
P0.18 DIGITAL I/0 General purpose 1/O pin.
24 AT COMMAND
DIGITAL INPUT AT COMMAND/BYPASS
/BYPASS
P0.20 DIGITAL I/0 General purpose 1/O pin.
25 CONNECTION
SRS DIGITAL OUTPUT CONNECTION STATUS
26 P0.21 DIGITAL I/0 General purpose 1/O pin.
27 SWDCLK DIGITAL INPUT Serial Wire Debug clock input for debug and programming
28 SWDIO DIGITAL I/0 Serial Wire Debug 1/O for debug and programming
29 GND GROUND Ground Pin.
30 GND GROUND Ground Pin.
31 RF RF IN / OUT PORT Bluetooth 50Q transmitter output / receiver input
32 ANT INTERNAL ANTENNA Internal antenna. It should be connected to Pin 32 RF for normal operation.
IN / OUT
33 GND GROUND Ground Pin.
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BoT-nLE521

2. Characteristics

2.1 Electrical Characteristics

= Absolute Maximum Ratings

Symbol Parameter Min. Max. Units
VDD -0.3 +39 \
GND 0 \
V0, VDD<3.6V -0.3 VDD + 0.3 V
V|/o, VDD >3.6V -0.3 +3.9 V
Storage temperature -40 +125 °C
Radio
RF Input Level 10 dBm
ra
MSL Moisture Sensitivity Level 2
ESD HBM Human Body Model 4 kv
ESD CDM Charged Device Model 1000 \Y
write/erase
Endurance Flash Memory Endurance 10000
cycles
Retention Flash Memory Retention 10 years At 40 °C
= Recommended Operating Conditions
Symbol Parameter Min. | Typ. Max. | Units
LDO Regulator Operation (Default
VDD 1.7 3.0 3.6 V
Mode)
VDD DC/DC Regulator Oprtation 2.1 3.0 3.6 \
tg VDD Supply rise time (OV to 1.7V) 60 ms
TA Operation temperature -40 25 85 °C
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BoT-nLE521

= DC Characteristics

Symbol Parameter (condition) Min. | Typ. | Max. |Units
Viy Input high voltage 0.7 X VDD VDD V
Vy Input low voltage VSS 0.3 X VDD V
Vousp Output high voltage, standard drive, 0.5 mA, VDD | VDD-0.4 VDD \Y
VoH.HDH Output high voltage, high drive, 5 mA, VDD > 2.7 | VDD-04 VDD V
VounptL QOutput high voltage, high drive, 3 mA, VDD > 1.7 | VDD-0.4 VDD \Y
VorLsp Output low voltage, standard drive, 0.5 mA, VDD VSS VSS +0.4 V
Vol HpH QOutput low voltage, high drive, 5 mA, VDD > 2.7 V VSS VSS +0.4 \Y
VoL HpL QOutput low voltage, high drive, 3 mA, VDD > 1.7 V VSS VSS +0.4 Vv
Rpy Pull-up resistance 11 13 16 kQ
Rep Pull-down resistance 11 13 16 kQ
|Tx,+4dBm,DCD
c TX only run current (DCDC, 3V) Pge=+4 dBm 7.0 mA
Iy, +4dBm TX only run current Pgg=+4 dBm 154 mA
lrx, TM,DCDC | RX only run current (DCDC, 3V) 1Msps 46 mA
lrx, TM RX only run current TMsps 10.0 mA
lrx.2M,DCDC RX only run current (DCDC, 3V) 2Msps 5.2 mA
[rx,2M RX only run current 2Msps 11.2 mA
ION_RAMOFF_EVENT System ON, No RAM retention, Wake on any event 0.6 A
lon_rRAMON_EvENT | System ON, Full 24 kB RAM retention, Wake on any event 0.8 HA

System ON, Full 24 kB RAM retention, Wake on any event,
lon_RAMON_POF . 0.8 uA
Power fail comparator enabled
System ON, Full 24 kB RAM retention, Wake on GPIOTE
loN_RAMON_GPIOTE} 33 pA
input (Event mode)
System ON, Full 24 kB RAM retention, Wake on GPIOTE
lon_RAMON_GPIOTEPORT 0.8 HA
PORT event
| System ON, Full 24 kB RAM retention, Wake on RTC 15 A
ON_RAMON_RTC (running from LFRC clock) ’ H
lorr RaMOFF RESET! System OFF, No RAM retention, Wake on reset 0.3 MA
lorr RAMON RESET | System OFF, Full 24 kB RAM retention, Wake on reset 0.5 MA
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2.2 RF Characteristics

BoT-nLE521

Symbol Description Min. Typ. | Max. | Units
fop Operating frequencies 2402 2480 MHz
fo11 progres | PLL programming resolution 2 kHz
foi1 cHsp PLL channel spacing 1 MHz
forttasieim | Frequency deviation @ BLE TMsps +250 kHz
forttasieom | Frequency deviation @ BLE 2Msps +500 kHz
Pre Maximum output power 0 4 dBm
Prec RF power control range 24 dB
Precr RF power accuracy +4 dB
Pre1 1 1st Adjacent Channel Transmit Power 1 MHz (1 -25 dBc
Pres 1 2nd Adjacent Channel Transmit Power 2 MHz (1 -50 dBc
Preio 1st Adjacent Channel Transmit Power 2 MHz (2 -25 dBc
Preoo 2nd Adjacent Channel Transmit Power 4 MHz (2 -50 dBc
Pry max Maximum received signal strength at < 0.1% PER 0 dBm
Peens rsp masic Sensitivity, 1Msps BLE ideal transmitter, <=37 96 dBm
bvtes BFR=1E-3
Psensitspempie | Sensitivity, 2Msps BLE ideal transmitter, <=37 -93 dBm
RSSlacc RSSI Accuracy Valid range -90 to -20 dBm +2 dB
RSSlkesowuio RSSI resolution 1 dB
N
RSSlpgriop | Sample period 8 us

2.3  Reference RF Measurement Report (Radiation)

9 RF test cases started: Tue Sep 3 10:42:48 2019
Output Power (TP/TRM-LE/CA/BV-01-C)

Initial conditions:

Test Method: Test mode
Hopping: off
Payload: PRBS9
Payload's length: 37 bytes
Number of packets: 1

Path losses: 21.00dB

Limits:

-20.00dBm <= Pavg <= 10.00dBm, Ppk-av <= 3.00dB

Results (power in dBm):

#ch f(MHz)
0 2402
19 2440
39 2480
Test time: 1 sec.

Pavg Ppk Ppk-av Pmin Verdict
-1.56 -1.29 0.27 -1.89 PASSED
-0.49 -0.29 0.20 -0.78 PASSED
-0.81 -0.56 0.25 -1.12 PASSED

In-band emissions (TP/TRM-LE/CA/BV-03-C)

Initial conditions:

Test Method:

Test mode
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BoT-nLE521

Payload: PRBS9

Payload's length: 37 bytes

Number of sweeps: 10

Path losses: 21.00dB
Limits:

P[N]<=-20.00dBm if abs(M-N)=2,P[N]<=-30.00dBm if abs(M-N)>3,-30.00dBm<=P[i]<=-20.00dBm less then for 3 channels
Results:
freq=2406MHz (M=4), P[N] in dBm:
N P[N] N P[N] N P[N] N P[N]
2401 -39.73 2422 -40.51 2443 -40.23 2464 -39.96
2402 -40.02 2423 -40.16 2444 -39.62 2465 -39.98
2403 -40.03 2424 -44.48 2445 -39.84 2466 -40.07
2404 -33.09 2425 -44.41 2446 -40.06 2467 -39.98
2405 -23.96 2426 -44.41 2447 -39.91 2468 -39.97
2406 -2.25 2427 -39.90 2448 -39.94 2469 -40.09
2407 -21.33 2428 -40.10 2449 -39.62 2470 -40.06
2408 -33.25 2429 -40.10 2450 -39.78 2471 -39.78
2409 -40.29 2430 -40.14 2451 -40.18 2472 -39.80
2410 -40.03 2431 -40.23 2452 -39.80 2473 -40.22
2411 -40.20 2432 -40.15 2453 -39.90 2474 -39.96
2412 -40.14 2433 -39.92 2454 -39.97 2475 -39.64
2413 -40.17 2434 -39.98 2455 -39.87 2476 -39.97
2414 -40.20 2435 -40.07 2456 -39.79 2477 -39.87
2415 -40.32 2436 -40.02 2457 -40.03 2478 -39.87
2416 -39.95 2437 -39.78 2458 -39.92 2479 -40.06
2417 -39.93 2438 -40.03 2459 -40.09 2480 -40.07
2418 -40.00 2439 -40.27 2460 -39.91 2481 -39.89
2419 -40.08 2440 -39.95 2461 -39.83
2420 -40.12 2441 -40.27 2462 -39.64
2421 -40.21 2442 -39.97 2463 -40.14

Verdict: PASSED
freq=2440MHz (M=38), P[N] in dBm:

N P[N] N P[N] N P[N] N P[N]
2401 -39.81 2422 -40.25 2443 -39.74 2464 -40.00
2402 -40.22 2423 -40.09 2444 -39.99 2465 -40.18
2403 -40.24 2424 -40.08 2445 -39.77 2466 -40.05
2404 -40.31 2425 -39.75 2446 -39.97 2467 -39.51
2405 -39.94 2426 -39.94 2447 -39.94 2468 -40.11
2406 -39.97 2427 -39.91 2448 -39.83 2469 -39.93
2407 -40.12 2428 -40.17 2449 -39.84 2470 -40.07
2408 -40.31 2429 -40.00 2450 -39.78 2471 -39.89
2409 -40.05 2430 -39.90 2451 -39.82 2472 -39.81
2410 -40.47 2431 -40.05 2452 -39.90 2473 -40.00
2411 -40.09 2432 -40.00 2453 -40.13 2474 -39.92
2412 -39.92 2433 -40.31 2454 -39.67 2475 -39.96
2413 -40.09 2434 -40.06 2455 -39.94 2476 -39.96
2414 -39.86 2435 -40.18 2456 -39.93 2477 -40.03
2415 -39.99 2436 -40.19 2457 -39.91 2478 -40.27
2416 -40.11 2437 -40.16 2458 -44.38 2479 -40.10
2417 -40.44 2438 -32.25 2459 -44.24 2480 -39.91
2418 -42.71 2439 -22.75 2460 -44.12 2481 -39.93
2419 -44.08 2440 -0.98 2461 -39.71

2420 -42.68 2441 -20.11 2462 -39.62

2421 -40.30 2442 -32.48 2463 -40.29

Verdict: PASSED
freq=2476MHz (M=74), P[N] in dBm:

N P[N] N P[N] N PIN] N P[N]

2401 -40.21 2422 -40.12 2443 -40.20 2464 -39.95
2402 -40.36 2423 -40.21 2444 -39.72 2465 -39.98
2403 -40.12 2424 -40.27 2445 -39.80 2466 -39.97
2404 -40.12 2425 -40.13 2446 -39.89 2467 -39.94
2405 -40.07 2426 -40.13 2447 -40.08 2468 -39.77
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2406
2407
2408
2409
2410
2411
2412
2413
2414
2415
2416
2417
2418
2419
2420
2421

Test time:

-40.03
-40.15
-40.20
-40.28
-40.05
-40.09
-39.97
-40.22
-40.02
-40.49
-40.27
-39.98
-39.85
-40.03
-40.09
-40.39

3 min. 5 sec.

Initial conditions:

Limits:

Results (frequency deviations in KHz):

#ch

0

19

39

Test time:

Test Method:
Hopping:
Payload:

2427
2428
2429
2430
2431
2432
2433
2434
2435
2436
2437
2438
2439
2440
2441
2442

Payload's length:

Number of packets:

-39.95
-40.07
-39.91
-40.10
-40.18
-40.38
-39.92
-39.95
-40.29
-40.17
-40.14
-40.22
-39.94
-40.18
-39.97
-39.86

Test mode
off

2448
2449
2450
2451
2452
2453
2454
2455
2456
2457
2458
2459
2460
2461
2462
2463

Modulation Characteristics (TP/TRM-LE/CA/BV-05-C)

-39.71
-39.98
-39.62
-40.06
-39.96
-40.02
-42.39
-43.75
-42.48
-39.68
-40.01
-39.72
-39.81
-40.13
-39.69
-40.04

2469
2470
2471
2472
2473
2474
2475
2476
2477
2478
2479
2480
2481

Verdict: PASSED

11110000 and 1010 bit patterns

37 bytes
10

225.0KHz <= df1_avg <= 275.0KHz, df2_pass_rate >= 99.90%, df2/df1 >= 0.80

f(MHz)
2402
2440
2480

3 sec.

Initial conditions:

Limits:

#ch
0
19
39

Test Method:
Payload:

df1_avg

258.8
258.0
2576

Payload's length:

Number of packets:

df2_avg
2532
256.4
257.1

Test mode

df2_min

2236
2305
2316

Carrier frequency offset and drift (TP/TRM-LE/CA/BV-06-C)

1010 bit pattern

37 bytes
10

df2_rate(%)
100.00
100.00
100.00

df2/df1

-39.80
-39.86
-40.38
-39.85
-39.89
-32.81
-23.52
-1.96

-20.49
-32.82
-39.55
-39.90
-40.05

Verdict
0.98
0.99
1.00

[fTX-f[n]| <= 150.0KHz, [f[0]-f[n]| <= 50.0KHz, [f[1]-f[0]| <= 23.0KHz, |f[n]-f[n-5]| <= 20.0KHz
Results (maximum of absolute values in KHz):

f(MHz)
2402
2440
2480

Test time:<1 sec.

Initial conditions:

Limits:

Results:
#ch
0

Test Method:
Payload:

fTX-f[n]

12.1
124
128

Payload's length:

Packets to transmit:
RX (DUT) power:

Path losses:

Dirty TX mode:
PER limit mode:

f[0]-f[n]
-5.4
-4.2
-5.0

Receiver sensitivity (TP/RCV-LE/CA/BV-01-C)

Test mode
PRBS9

37 bytes
1500

21.00dB

pkts_sent >= 1500, PER < 30.80%

f(MHz)
2402

pkts_sent

1500

pkts_rcvd

f[1]-f[0]

-37
17
-3.0

-70.00dBm

On

Specification

PER(%)
1500

f[n]-f[n-5]

38
-4.7
-3.3

Verdict

Verdict

0.000

PASSED
PASSED
PASSED

PASSED

PASSED
PASSED
PASSED

BoT-nLE521
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19 2440 1500 1500 0.000
39 2480 1500 1500 0.000
Test time: 4 sec.

Maximum input signal level (TP/RCV-LE/CA/BV-06-C)
Initial conditions:

Test Method: Test mode

Payload: PRBS9

Payload's length: 37 bytes

Packets to transmit: 1500

RX (DUT) power: -30.00dBm

Path losses: 21.00dB

PER limit mode: Specification
Limits:

pkts_sent >= 1500, PER < 30.80%
Results:
#ch f(MHz) pkts_sent pkts_rcvd PER(%) Verdict
0 2402 1500 1500 0.000
19 2440 1500 1500 0.000
39 2480 1500 1500 0.000
Test time: 3 sec.

PER Report Integrity (TP/RCV-LE/CA/BV-07-C)

Initial conditions:

Test Method: Test mode

Payload: PRBS9

Payload's length: 37 bytes

Packets to transmit: 1500

RX (DUT) power: -30.00dBm

Path losses: 21.00dB

PER limit mode: Specification
Limits:

pkts_sent >= 1500, 50.00% <= PER <= 65.40%
Results:
#ch f(MHz) pkts_sent pkts_rcvd PER(%) Verdict
0 2402 1500 750 50.000
19 2440 1500 750 50.000
39 2480 1500 750 50.000
Test time: 3 sec.

Quick (Output Power + Modulation Characteristics + Carrier Frequency Offset Drift)
Initial conditions:

Test Method: Test mode

Hopping: off

Payload: 11110000 and 1010 bit patterns
Payload's length: 37 bytes

Number of packets: 2

Path losses: 21.00dB

Limits:
-20.00dBm < Pavg < 10.00dBm, Ppk-av < 3.00dB
df0_max <= 150.0 KHz, df0_min >= -150.0 KHz

BoT-nLE521

PASSED
PASSED

PASSED
PASSED
PASSED

PASSED
PASSED
PASSED

[fTX-f[n]| <= 150.0KHz, [f[0]-f[n]| <= 50.0KHz, [f[1]-f[0]| <= 23.0KHz, |f[n]-f[n-5]] <= 20.0KHz

225.0KHz <= df1_avg <= 275.0KHz, df2_pass_rate >= 99.90%, df2/df1 >= 0.80
Results (power in dBm, frequency offsets in KHz):

#ch f(MHz) Pavg Ppk Ppk-av Pmin df0_max
0 2402 -2.14 -1.35 0.79 -3.16 10.5
19 2440 -0.76 0.04 0.80 -1.77 10.0

39 2480 -1.04 -0.30 0.74 -2.04 12.7
Results (maximum of absolute values in KHz):

#ch f(MHz) fTX-f[n] f[0]-f[n] f[1]-[0] f[n]-f[n-5]

0 2402 123 -3.3 23 -3.8

19 2440 12.0 3.1 -1.0 37

39 2480 12.1 -4.4 -4.1 27

Results (frequency deviations in KHz):

#ch f(MHz) df1_avg df2_avg df2_min df2_rate(%)  df2/df1

df0_min
8.8

8.9

12.1

Verdict
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0 2402 2584 2537 229.1
19 2440 2583 256.9 233.6
39 2480 258.1 256.4 229.1
Test time: 2 sec.

Carr freq offset + Mod char (preamble)
Initial conditions:

Test Method: Test mode
Hopping: off
Payload's length: 37 bytes
Number of packets: 2

Limits:
df0_max <= 150.0 KHz, df0_min >= -150.0 KHz
df2_avg >= 185.0KHz, df2_min >= 92.5KHZ
Results (frequency offsets and deviations in KHz):

#ch f(MHz) df0_max dfo_min df0_avg
0 2402 10.0 7.7 8.8
19 2440 104 7.8 9.1
39 2480 1.3 109 111
Test time: 1 sec.

9 RF test cases completed: Tue Sep 3 10:46:11 2019

Total test time: 3 min. 23 sec.

100.00
100.00
100.00

df2_avg
250.1
255.8
250.7

df2_min
2413
2426
2411

0.98 PASSED
0.99 PASSED
0.99 PASSED

Verdict

PASSED
PASSED
PASSED

BoT-nLE521
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BoT-nLE521

3. Terminal Description

3.1 Regulator

The following internal power regulator alternatives are supported:

« Internal LDO regulator

« Internal DC/DC regulator
The LDO is the default regulator.

Using the DC/DC regulator will reduce current consumption compared to when using the LDO

regulator, but the DC/DC regulator requires an external LC filter to be connected, as shown in Figure.

DCDCEN

REG

POWER

Supply LDO

VDD 1.3V System power

DCC DEC4 GND
1

0
i

L

LDO Regulator Setup

POWER

REG
Supply
VDD T 1.3V System power
g — >
DC/DC
pce DEC4 GND)|
i, {1

DC/DC Regulator Setup
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BoT-nLES21

3.2 32.768KHz Crystal Oscillator

The BoT-nLE521 external 32.768KHz Crystal does not required for BLE mode

If you choose to use an internal 32.768kHz oscillator, an average of 10uA of current is consumed
compared to an external crystal.

The ANT specification requires + 50ppm accuracy for a 32.768kHz clock. The internal 32.768kHz
oscillator may not meet specifications.

BoT-nLE521 F/W does not yet support ANT Mode.

HFCLKSTART HFCLKSTOP LFCLKSTART LFCLKSTOP

CLOCK

HFINT
Intemal oscillator
P PCLKIM
P PCLK1EM

Xct HFCLK —- PCLKI2M

Il Clock control
HFXO

Crystal oscillator

-

{1 - HCLKEAM

32 MHz

1
H

=
8

|

|

TT

LFRC
RC osclllatar SYNT

u | L

LFX0 LFCLK
32768 kHz ;‘ i Crystal oscillator Clack control - FOLKIKI

HFCLKSTARTED LFCLKSTARTED

Clock control

c1 ‘D| c2

32.768 kHz
crystal

Circuit diagram of the 32.768 kHz crystal oscillator

The load capacitance (CL) is the total capacitance seen by the crystal across its terminals and is

given by:
L (or-c2)
e (cr+c2)

Cr=Cl+C,, +C,,
C2=C2+4C,,,+C,,
C1 and C2 are ceramic SMD capacitors connected between each crystal terminal and ground.

Cpcb1 and Cpcb?2 are stray capacitances on the PCB.
m[O|X] 17 / 23



= 32.768 kHz RC oscillator (LFRC)

BoT-nLES21

Symbol Description Min. Typ. | Max. | Units
fnoM_LFRC Nominal frequency 32.768 kHz
froL_Lrre Frequency tolerance +2 %
froL_caLtrre | Frequency tolerance for LFRC after calibration +500 ppm
= 32.768 kHz crystal oscillator (LFXO)

Symbol Description Min. Typ. | Max. | Units
fnom_Lrxo Crystal frequency 32.768 kHz
froL Lo sle | Frequency tolerance requirement for BLE stack +250 ppm
froL_Lrxo_ant | Frequency tolerance requirement for ANT stack +50 ppm
CLirxo Load capacitance 12.5 pF
Co_Lrxo Shunt capacitance 2 pF
Rs Lrxo Equivalent series resistance 100 kohm
Pb Lrxo Drive level 1 uWw
Coin Input capacitance on XL1 and XL2 pads 4 pF
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BoT-nLE521

4. Power Consumption

23 256
839 524 296 532
N/A 237 7 244

**measure condition  Firmware version : over V0..8.0

Advertising interval : 1280ms
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5. Antenna

5.1  Antenna Layout Guide

5.0

8.0mm

BoT-nLES21

5.0

PCB OUTLINE

0.30

3.10

Clearance Area

BoT-nLE521 LHES QHILE AFEA|

BtEAl 31, 32 Pine 50 Ohm 2IPIC2

Z|CHeh ZA AZ8HOr oLt

— [ —

12,

13

S

!

In order to use the built-in
antenna on the module, please
connect PAD31 and PAD32 as
short as possible.

3¢

29

28

33

14| 15| 16| 17| 18|

19,

27

26

2§

24

23

22

2]

20
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5.2 Recommended Module Mounting

Antenna Clearance Area

5.0 5.0
L

FR-4 PCB

-

Recommended Module Mounting Example

L

= Lo Antenna E 0| PCB 2| £0f
Antenna %Q!% GND7|' EE'IMl'—T'— S\)II\E CgEH xo|.j_;||.5|_| échH_‘ | |_'- I

Wrong Module Mounting Example

BoT-nLES21

5.0

Antenna @92 37| L2
2 = Antenna 0| GNDZ}
A= HEY
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6. Reflow Temperature Profiles

Recommended solder reflow profile are shown in below and follow the lead-free profile |
accordance with JEDEC Std 20C.

Table lists the critical reflow temperatures.

Flux residue remaining from board assembly can contribute to electrochemical migration over time.
This depends on number of factors, including flux type, amount of flux residue remaining after
reflow, and stress conditions during product use, such as temperature, humidity, and potential
difference between pins.

Care should be taken in selecting production board/module assembly processes and materials,

taking into account these factors.

230 ~ 260 degree 4\
= I |
[0 | |
T 180 . ' !
H | I
2 R
T 150 ! ; :
a i (O
B 60 ~ 120 sec. 30 ~ 90 sec.
}.—
' ' Time '
Process Step Lead-Free Solder
Ramp rate 3°C/sec
Preheat Max. 150°C to 180°C, 60 to 180 sec
Time above liquidus +220°C 30 to 90 sec
Peak temperature +255°C +5°C
Time within 5°C of peak temperature 10 to 20 sec
Ramp-down rate 6°C/sec max

WARNING :  For BoT-nLE521
If you have reflow process multiple times in your product, you must be proceed this module in

the final reflow process. If not the Shield can will drop out if shield-can adopted .
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BoT-nLES21

7. Application Schematic
7.1  Reference Application
7.2 Internal ANT. / 3.3V UART Application
7.3  Internal ANT. / 5V UART Application
7.4  External ANT. / 3.3V UART Application

- All reference applications are attached next page.
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B Example Schematic

M INTERNAL ANTENNA

W UART 3.3V level input

M Bypass in Bluetooth connected state
M Default LDO Mode

M Default Internal 32.768KHz Mode

W Not Used WAKE

[w] BoT-nLE521 REF. APPLICATION

CONN_STATUS LED OPTION

B CONNECTION STATE

OUTPUT DESCRIPTION

HIGH DEVICE CONNECTION

Low DEVICE DISCONNECTION
B EXAMPLE 1

LED1005
%

% DEVICEQ} HZ &| 3 LED ON DTCT14EE

% DEVICER} HZ&|H LED ON
LED $47|7} %47t 0| &2 =
W EXAMPLE 2
CONN_STATUS/P0.20
VCC_3.3V
D102

LED 7|7} 8100} t= B2 TR 0| 8%t 3|2 =

FACTORY RESET

VCC_3.3V
swio7

=l

5 o FACTOTY RST/P0.10

xFACTOTY_RST/P0.10

DEFAULT SETTING2 INPUT 8%
4% Ol HIGH RX|A| +OK 8E & SH&7|3t 4EIZ FHAIZICE

|_

c107

4.7uF

u2
VCC_3.3V BoT-nLE521
%INTERNAL ANTENNAZS AL
31PIN I 32PINS %|CHSH ZHA
INTERNAL ANTENNAS At8%
ANT [22
33 1 EpaD R [1RE
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FACTOTY RST/P0.10

UART TXD/P0.09

>> TXD

UART RXD/P0.06

<RXD

J-LINK DEBUG PORT

SWDIO
SWDCLK

UART PORT
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% UART Port for SIG / Wireless Certification
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% DEVICES} @Z = UART MODE PIN HIGH,LOWZE UART MODE 2 2%
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[w] BoT-nLE521 REF. APPLICATION

B Example Schematic

M INTERNAL ANTENNA
W UART 5V level input

M Bypass in Bluetooth connected state
M Default LDO Mod
B Default Internal 3

W Not Used WAKE

e
2.768KHz Mode

CONN_STATUS LED OPTION

B CONNECTION STATE

OUTPUT DESCRIPTION

HIGH DEVICE CONNECTION

Low DEVICE DISCONNECTION
B EXAMPLE 1

% DEVICER} HZ&|H LED ON
LED $47|7} %47t 0| &2
W EXAMPLE 2
VCC_3.3V
D103

% DEVICER} HZ ™ LED ON
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LED1005
%

FACTORY RESET
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=l
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DEFAULT SETTING2 INPUT 27
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B Example Schematic

W EXTERNAL ANTENNA

W UART 3.3V level input

M Bypass in Bluetooth connected state
M Default LDO Mode

M Default Internal 32.768KHz Mode

W Not Used WAKE

[w] BoT-nLE521 REF. APPLICATION

CONN_STATUS LED OPTION

B CONNECTION STATE

OUTPUT DESCRIPTION

HIGH DEVICE CONNECTION

Low DEVICE DISCONNECTION
B EXAMPLE 1
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W EXAMPLE 2
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% UART Port for SIG / Wireless Certification
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