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7 (Product) Bluetooth Low Energy Module

f GO  (Solution) Nordic nRF5340 WLCSP Package

7 E (Model No.) MDBT531 1M (Chip Antenna)

MDBT531 P1M (PCB Antenna)

7 N (Part No.) see 4.3 Order Code

Working distance (in Meters)

Operating
Model 125 Kbps 1 Mbps 2 Mbps Temperature
MDBT53-1M over 240 over 200 over 160 -40 ~ 105
MDBT53-P1M over 210 up to 180 up to 140 -40 ~ 105

Wor king range is tested in open sp
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1. Overall Introduction

Ray ®a dMDB&5 MDBPH sB®B2stack (Bluetooth | ow energ
designed Marskidc DMBEE sol, utwihomr h | nCPol rSRIY AR S :
TWII @ PDMPWMADCNF@GnUYSB nterfaces for connecting

sensor s.

Featur es:

1.

o 01~ WN

Embedded 2. 4GHz tr BhseesqOBletothy)pEEEs802. 15. 4
(@fHrear & Zi P& e2x. 4GBz ARFpon customer ds preferen

. Compact giL)é x&i( a3 (1HYD r1 . Bm.

Low power requlidsowapeadls, average and idle mod
Be compatible with a | arge installed base of
Fully coverage of BLE software stack.

BLE & RF transmission switching helps produc

har dwar e.

1.1. Application

t Addvanced computer peripherals and I /o devices

t Mu ktoiuch trackpad

t Advanced wearabl es

t Heal t h / fitness sesmsor and monitor devi ce
P Wirel gsnengaenabl ed devi ces.

t Wireless audi o devices

t Bluetooth Low Energy Audio
t True wireless earbuds

t Headphones, microphones and speakers
tInterowé Things (1 oT)

t Smart home sensors and controll ers

t 1 ndustrial |l oT sensors and controll ers

tl nteractive entertainment devices

t Remote control s
t Gaming controllers

t Professional Lighting

t Wireless tomnaat ed



1.2.

Lt Supply
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. TV
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operation
I / O pins

or external

and nRF24AP |

of Departur e

nstructions

t ARME Cor-M88Ewith TrustZoneE technol ogy

t1 64 MHz operation

£1256 kB fl ash

t1+64 kB |l ow | eakage RAM

t BluetoothE 5. 2200EEE2802GH5%. 4ransceiver
£t -98 dBm sensitivity in 1 Mbps Bluetooth Lo
£+ -104 dBm sensitivity in 125 kbps Bluetooth
$+-101 dBm sensitivity in | EEE 802.15. 4
£t 20 to +3 dBm configurable TX power

t Onair companRMI2, wiRmM51, nRF24L,

t} Supported data rates:
t Bluetoe2 hMbp®2, 1 Mbps, 500 kbps, and 125 Kk
t 1 EEE 8020®&5@ kbps
t Proprietardy Mbpls GHZz Mbps

t Angle of Arrival (AoA) and Angl e

1 12Bit AES/ ECB/ @CM/cAARtosfed yompacpgpeitoBNCTIry

t SPI master/ sl ave with EasyDMA

11 2C compawi bé emaswoer / sl ave with EasyDMA

t UART (CTS/RTS) with EasyDMA

t Up to-b3ixxt 3FtZ2hmeopuwiter mode

tUp to 2kmeeabunter (RTC)

Appl ication Core

t ARME Cor-M88Ewith TrustZoneE technol ogy

t+12BHz or 64 MHz operation

t Singlrecisi omoifhtooatming ( FPU)

t Digital signal processing (DSP) i

t1 MB flash and 512 kB | ow | eakage RAM
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2. Product Dimension

2.1.
t+ MD B 33

GND )

SWDCLK ¢2
P1.08 (3
SWDIO (g
P0.27 (5
RESET (g)
P0.26 (m
P0.24 3
P0.25 (9)
P1.06 (10
P1.04 (1)
P0.21 (12)
P0.20 (13)
P0.19 (14)
P0.12 (15
P0.18 (1¢)
P0.11 (1)
P0.10 (1g)
P0.09 (19)
P0.07 (20
P0.13 1)
P1.05 (22)
P0.15 (23

PCB Dimensions & Pin Indication

TOp (Unit: mm)

PCB Size (in mm)
Min. Norm MAX.
L 14.3
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H 1.85
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|
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t MD B33-P
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2.2. Recommended Layout of Solder Pad

Graphs are Valew,i WnTopi n mm,

r— as wide as possible —j
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2.3. RF Layout Suggestion (aka Keep-Out Area)

Make sure fic\ok&Gepuinhihe &d o ass you can regardl es
PCB.

No Ground Pad should be included in tHhAeCHOTrr es:s
LAYER

Pl ace the motdhhé eed pavacofdsPCB to have better per
center.

Wel come to send us your seayoue @ agPBEFoTOMCORVE
Raytwad h Ltaiytolue i ieRaiye vaicn gMoidredDlURN@.o mpangy.6 s name

No Ground-Pad Area
3. 3mMmm

LA
|

3./7mm

Ground Area

Top layer


mailto:service@raytac.com

Please add via holes in GROUND area as many

as possible, especially around the four corners.

3.7mm

A A A
L 9.3mm

e ¥
(TTVELLLY

Ground Area

Top layer

No Ground-Pad Area

A

A

="

Ll

Ground Area

Bottom layer



Exampl il ©ToREROMMBNDED ou't

where should be
NO-GROUND area

Ground Area

where should be
/ NO-GROUND area

Ground Area




If ther e

i s floiramn d wetd,

mi ni mize the | ayout space.
NN N\ Where should be
N -~
.\ \|/ NO-GROUND area

Ground Area

2.4. Footprint & Design Guide

Pl easeSuppobtptafig e

2D/ 3D drawing/lsordétrawdgfapammended

of our website

stplaec emo d u luep pcearn

t o

rbi eg tpbu tc oornn et

downl oad. TI
spec for ex


http://www.raytac.com/document/index.php?index_m_id=12

2.5. Pin Assignment

Pin No. Name Pin Function Description
Q) GND Power Ground
(2) SWCLK Debug Serial wire debug 1/O for debug and programming
3) P1.08 Digital I1/0 General-purpose 1/0
(4) SWDIO Debug Serial wire debug I/O for debug and programming
P0.27 Digital I1/0 General-purpose 1/0
© AING6 Analog input Analog input
(6) NRESET Reset Pin RESET with internal pull-up resistor
P0.26 Digital I1/0 General-purpose 1/0
@ AIN5 Analog input Analog input
(8) P0.24 Digital I/0 General-purpose 1/0
P0.25 Digital I1/0 General-purpose /0
© AIN4 Analog input Analog input
(10) P1.06 Digital I/0 General-purpose 1/O
(11) P1.04 Digital I/O General-purpose 1/0
(12) P0.21 Digital I/O General-purpose I/0
(13) P0.20 Digital I/0 General-purpose 1/0O
(14) P0.19 Digital I/O General-purpose 1/0
P0.12 Digital I1/0 General-purpose 1/0
a DCX DCX for SPIM4 Dedicated pin for high-speed SPI
P0.18 Digital I1/0 General-purpose /0
4o CSN CSN for QSPI Dedicated pin for Quad SPI
PO.11 Digital I1/0 General-purpose 1/0
) CSN CSN for SPIM4 Dedicated pin for high-speed SPI
P0.10 Digital I1/0 General-purpose /0
(9 MISO MISO for SPIM4 Dedicated pin for high-speed SPI
P0.09 Digital I1/0 General-purpose 1/0
4o MOSI MOSI for SPIM4 Dedicated pin for high-speed SPI
P0.07 Digital I1/0 General-purpose /0
20 AIN3 Analog input Analog input

17



Pin No. Name Pin Function Description
PO. 13 Digital I/0 General-purpose 1/0

& 100 100 for QSPI Dedicated pin for Quad SPI

(22) P1. 05 Digital I/O General-purpose 1/O
PO. 15 Digital I/0 General-purpose 1/0

#) 102 102 for QSPI Dedicated pin for Quad SPI

(24) GND Power Ground

(25) PO. 22 Digital I/O General-purpose 1/0
PO. 17 Digital I1/0 General-purpose 1/0

(20 SCK SCK for QSPI Dedicated pin for Quad SPI
PO. 14 Digital 1/0 General-purpose 1/O

@7 101 101 for QSPI Dedicated pin for Quad SPI
PO. 16 Digital I1/0 General-purpose 1/0

29 103 103 for QSPI Dedicated pin for Quad SPI
P0.08 Digital I/0 General-purpose 1/0O

) SCK SCK for SPIM4 Dedicated pin for high-speed SPI
P0.03 Digital I/0O General-purpose 1/0

(%0 NF e NFC input NFC antenna connection
P1.03 Digital I/0O General-purpose 1/0

D TWI TWI 1 Mbps High-speed pin for 1 Mbps TWI
P0.02 Digital I1/0 General-purpose 1/0

42 NFC1 NFC input NFC antenna connection
P1.02 Digital I1/0 General-purpose 1/0

33 TWI TWI 1 Mbps High-speed pin for 1 Mbps TWI
P0.00 Digital I1/0 General-purpose 1/0

34 XL1 Analog input Connection for 32.768 kHz crystal
P0.06 Digital I1/0 General-purpose 1/0

%) AIN2 Analog input Analog input
P0.01 Digital I1/0 General-purpose 1/0

(%) XL2 Analog input Connection for 32.768 kHz crystal

18



Pin No. Name Pin Function Description
P0.04 Digital I1/0 General-purpose 1/0
(37)
AINO Analog input Analog input
(38) VDD Power Power supply
P0.05 Digital I1/0 General-purpose 1/0
(39)
AIN1 Analog input Analog input
(40) DCCH Power DC/DC converter output
(41) VDDH Power High voltage power supply
(42) GND Power Ground
(43) P1.01 Digital I/0 General-purpose 1/O
(44) VBUS Power 5V input for USB 3.3V regulator
(45) P1.00 Digital I/0 General-purpose /O
(46) D+ Digital I1/0 USB D+
47 P1.15 Digital I/0 General-purpose I/0
(48) DI 1711 Digital 1/0 USB-D
(49) P1.14 Digital I/O General-purpose 1/O
(50) DCCD Power DC/DC converter output
(51) P1.13 Digital I/O General-purpose 1/O
(52) DECD Power Digital regulator supply decoupling
(53) P1.12 Digital I1/0 General-purpose 1/O
(54) DCC Power DC/DC converter output
(55) P1.11 Digital I/0 General-purpose I/0O
(56) P0.31 Digital I1/0 General-purpose 1/0O
(57) P0.30 Digital I1/0 General-purpose /O
(58) DECR Power Regulator supply decoupling
(59) P1.10 Digital I1/0 General-purpose /O
P0.28 Digital I1/0 General-purpose /O
(60)
AIN7 Analog input Analog input
(61) GND Power Ground

19



Pin No. Name Pin Function Description

(62) P0.23 Digital I1/0 General-purpose 1/0
(63) P1.07 Digital I1/0 General-purpose 1/0
(64) P1.09 Digital I1/0 General-purpose 1/0
(65) P0.29 Digital I1/0 General-purpose 1/0

20



3. Main Chip Solution

RF IC Crystal Frequency
Nordic NRF5340 / WLCSP 32MHZ / CL = 8pF / 20ppm
3MHz crystal iI's already inside the modul e. The

capacitor for 32MHZ crystal
Def authi pncapacitor is enabled = 12.5pF
CAPVALUE: AAAAA-c7hiQ®11cCalp a/ciaamor enable: B = 1

Value ID Description
A RW  CAPVALUE Value representing capacitance, calculated using provided
equation
B RW  ENABLE Enable on-chip capacitors on XC1 and XC2
Disabled 1] Capacitor disabled (use external caps)
Enabled 1 Capacitor enabled

How to calcul ate CAPVALUE:

CAPVALUE = (((FICR->XOSC32MTRIM.SLOPE+56)* ( CAPACITANCE*2-14))
+ ((FICR->XOSC32MTRIM.OFFSET-8)<<4)+32)>>6;

CAPVALUE = (((1®»%6p) &)Ee@reskbft 4 digits)+32)
= ((57 x 11) +1289832» right shift 6
= 787(DEC)right shift 6 digits
= 0011 0001 OO0O11(BIN) right shift 6 digi
= 0000 1100(BI N)
Where HXOGRCcC32MTRI M. SLOPE = 1 (fixed for NRF53.
Desired CAPACI TANCE = 12.5PF
FI CRKosc32MTRI M. AQFF SETIi xed for NRF5340)
8(DEC) left shift 4 digits = QOBIONBIN)12&FD



4. Shipment Packaging Information

Model Antenna Photo
MDBT53-1M Chip/Ceramic
MDBT53-P1M PCB/Printed

- Unit Weight of Module:

MDBT53-1M: 0.41 g (80.02 g) ; MDBT53-P1M: 0.38 g (80.02 g)

- Packaging Type: Tray or Tape

& Reel.

Tray

Tape & Reel

MPQ
(Min. Packa

88 pcs per tray

1,500 pcs per reel

Carton Contents
(per carton)

1,760 pcs

1,500 pcs

Carton Dimension
L)Yx W)x (H)cm

37x21x13

37x36X%x6

Gross Weight

about 2.4 kgs

about 1.9 kgs

22



4.1.
Label

d a t2e0 Bc@81d, e

For

Ther e mag knaog

Marking on Metal Shield

cont ext L2lfamrd dttercode

Raytac Corporation
FCCID: SH6MDBT53
IC:8017A-MDBT53
CMIITID: 2022DJ1251
Model No.: MDBTS53
[R]1 201-210873

~ RCE

Raytac Corporation
FCCID: SH6MDBT53
IC: 8017A-MDBT53
Model No.: MDBT53

[R]201-210873

“RCES

on metal(syp hwietl d

fare2mpddéebefore

23



4.2. Packaging Info

4.2.1. Tray Packaging
Anstatic tray is specifically designed for mas:c
automatic machine

Bef oJrud ! 12022

a 10,20 & ™
(Coooooooooo
ﬂmmmmmmmmmmm
e 1 e B A B e
: DBDDDDDDDDD[
L e 1 e e B e e B
N i  f E s f (|
1 B A B e e o
o B 5
N |.28.00_] |L7:80 D
l - == Unit: mm
1 5 '

Af tdeul §f 12022

l

24



4.2.2. Reel Packaging

2.20

©9 ) €9 :
015701 16.00%0.1 47% g@
SARREA A AR AR AR
| 8 ¢
\w r_@@%
| |
e
Y 7 I T
39.60
w 24.00 | £0.30
P1 16.00 | x0.10
El 1.751%0.10
F 11.50 £0.10
DO 1.50 | +0.1/-0
PO 4.00|x0.10
P2 2.00 £0.10
AQ 9.601%0.10
BO | 14.60|x0.10
KO 2.20|£0.10
T 0.30%0.05

|

14.60

25



4.3. Order Code

Each nhoadselt wo options of packaging. Pl ease

to us.
Model Tray Tape & Reel
MDBT53-1M MD-240A6-007 MD-240A6-007R
MDBT53-P1M MD-240A6-008 MD-240A6-008R

MPQ of Reel p &dPagi A diys pla,ckagi ng

S

us

8 8

26
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5. Specification

Any technical spec shall refer to NOont edtss of f
bel ow am&kF5RB3adm Mbjective ProdauctploemasSeeclifadl at
full spec.

5.1. Absolute Maximum Ratings

Min. Max. Unit
Supply voltages
VDD -0.3 +3.9 v
VDDH -0.3 +5.8 v
VBUS -0.3 +5.8 v
VSS -0.3 0 v
1/0 pin voltage
Vijo, VDD <3.6V -0.3 VDD +0.3 v
Vijo, VDD >3.6 V -0.3 3:9 V
NFC antenna pin current
INFc1/2 80 mA
Radio
RF input level 10 dBm
Environmental WLCSP package
Storage temperature -40 +125 €
Moisture Sensitivity Level 1
(MsL)
ESD Human Body Model 2 kv
(HBM)

Pins DECR and DECN are 1.4

ESD Charged Device Model 500 \
(com)

Flash memory
Endurance 10 000 write/erase cycles

Retention 10 years at 40°C

27


https://infocenter.nordicsemi.com/pdf/nRF5340_PS_v1.3.pdf

5.2. Operating Conditions

VDD VDD supply voltage, independent of DCDC enable 1.7
VDDH VDDH supply voltage, independent of DCDC enable 2.5
VBUS VBUS USB supply voltage 4.35
TA Operating temperature -40

5.3. Electrical Specifications

5.3.1. General Radio Characteristics

fop
fpLL,cH,sp
foELTA,1M
fpELTA,BLE, 1M
foELTA,2M
fDELTA,BLE,2M

fskeps

1:l::hip, IEEE 802.15.4

Operating frequencies 2360
PLL channel spacing

Frequency deviation @ 1 Mbps

Frequency deviation @ Bluetooth LE 1 Mbps
Frequency deviation @ 2 Mbps

Frequency deviation @ Bluetooth LE 2 Mbps
On-the-air data rate 125

Chip rate in IEEE 802.15.4 mode

3.0

3.7

5.0

1.0

+170

+250

+320

+500

2000

3.6
5.5
5.5
105

2500

2000

\
\)
\

°C

MHz
MHz
kHz
kHz
kHz
kHz
kbps
kchip/s



5.3.2. Radio Current Consumption (Transmitter)

Symbol

Itx,PLUS3dBM,DCDC
Irx,pLUS3dBM
lrx,0dBM,DCDC
Itx,0dBM

Itx, MINUS2dBM,DCDC
by, MINUS2dBM
Irx,MINUS8dBM,DCDC

¢, MINUSBdBM

Description

TX only run current DC/DC, 3 V, Pre = +3 dBm
TX only run current Pge = +3 dBm

TX only run current DC/DC, 3V, Pgg = 0 dBm
TX only run current Pgg = 0 dBm

TX only run current DC/DC, 3V, Pre= -4 dBm
TX only run current Pgep = -4 dBm

TX only run current DC/DC, 3 V, Pge = -8 dBm

TX only run current Pgp = -8 dBm

IT)(,MINUSlZdBM,DCDC TX OI"||\.|' run current DC/DC, 3 V, PRF =-12 dBm

Iy, MINUS12dBM

TX only run current Pgg = -12 dBm

|T)(,MINU516dBM,DCDC X Only run current DC/DC, 3V, PRF =-16 dBm

Irx, MINUS 16dBM

TX only run current Prg = -16 dBm

I'I')(,MINUSZI]dBM,DCDC TX Only run current DC/DC, 3 V, PRF =-20dBm

I, MINUS20dBM

TX only run current Pgg = -20 dBm

I'I')(,MINUSdI]dBM,DCDC TX C‘l"ll'&Ir run current DC/DC, 3V, PRF =-40 dBm

Iy, MINUS20dBM
ISTART.TX,DCDC

IstarTTX

5.3.3. Radio Current Consumption (Receiver)

Symbol

Irx,1m,DCDC

IrRx,1m

Irx,2m,DCDC

Irx,2m

ISTART,RX,1M,DCDC

ISTART,RX,1M

TX only run current Pge = -40 dBm
TX start-up current DC/DC, 3V, Pgr=4 dBm

TX start-up current, Pge = 4 dBm

Description

RX only run current DC/DC, 3 V, 1 Mbps/1 Mbps Bluetooth
LE mode

RX only run current LDO, 3 V, 1 Mbps/1 Mbps Bluetooth LE
mode

RX only run current DC/DC, 3V, 2 Mbps/2 Mbps Bluetooth
LE mode

RX only run current LDO, 3 V, 2 Mbps/2 Mbps Bluetooth LE
mode

RX start-up current DC/DC, 3V, 1 Mbps/1 Mbps Bluetooth
LE mode

RX start-up current 1 Mbps/1 Mbps Bluetooth LE mode

Typ.
51
11.3
3.4
9.1
2.7
7.2
2.2
5.8
2.0
5.0
1.8
4.5
1.7
4.2
1.5
3.8
2.4
5.4

Typ.

2.7

6.7

31

79

2.1

5.3

Max.

Max.

Units
mA
mA
mA
mA
mA
mA
mA
mA
mA
mA
mA
mA
mA
mA
mA
mA
mA

mA

Units

mA

mA

mA

mA

mA

mA
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5.3.4. Transmitter Specification

Pre Maximum output power 3.0 dBm
Prec RF power control range 23.0 dB
PRrecr RF power accuracy +2 dB
Pre1,1 1st Adjacent Channel Transmit Power 1 MHz (1 Mbps) -24 dBc
Prr2,1 2nd Adjacent Channel Transmit Power 2 MHz (1 Mbps) -52 dBc
Pre1,2 1st Adjacent Channel Transmit Power 2 MHz (2 Mbps) -25 dBc
Prr2,2 2nd Adjacent Channel Transmit Power 4 MHz (2 Mbps) -50 dBc
Eym Error vector magnitude in IEEE 802.15.4 mode = w %rms
Pharmand, IEee 802.15.4 2nd harmonics in IEEE 802.15.4 mode -51 dBm
Pharm3rd, IEe€ 802.15.4 3rd harmonics in IEEE 802.15.4 mode -51 dBm
Pacpg, iEEEs02.15.4  |EEE 802.15.4 Relative adjacent Channel Power, offset > 3.5 -36 dBc
MHz ™
Pacea, iEE802.15.4  |EEE 802 15.4 Absolute adjacent Channel Power, offset > 3.5 -36 dBm
MHz ™

5.3.5. RSSI Specifications

RSSlacc RSSI accuracy +2 dB
RSSIpesoLuTioN RSSI resolution 1 dB
RSSlpgrion RSSI sampling time from RSSI_START task 0.25 us

RSSIserTiE RSSI settling time after signal level change 15 s



5.3.6. Receiver Operation

Symbol

Prx,max

Psens,imim
Psens,imam

PSENS,I'I',SP,lM,BLE

PSENS,IT,LP,ZLM,BLE

PSEI\IS,IT,S P,2M,BLE

PsEns,T,BLE LE125K
PSEns,T,BLE LES00K

PSENS,IEEE 802.15.4

Description Min.
Maximum received signal strength at <0.1% PER
Sensitivity, 1 Mbps nRF mode ideal transmitter 12
Sensitivity, 2 Mbps nRF mode ideal transmitter 12
Sensitivity, 1 Mbps Bluetooth LE ideal transmitter, packet
length < 37 bytes BER = 1E-33

Sensitivity, 1 Mbps Bluetooth LE ideal transmitter, packet
length > 128 bytes BER = 1£-4 ™

Sensitivity, 2 Mbps Bluetooth LE ideal transmitter, packet
length < 37 bytes

Sensitivity, 125 kbps Bluetooth LE mode

Sensitivity, 500 kbps Bluetooth LE mode

Sensitivity in IEEE 802.15.4 mode

Typ.

95
-92

-98

-97

-95

-104

-100

-101

Units

dBm
dBm

dBm

dBm

dBm

dBm

dBm
dBm
dBm

2 Typical sensitivity applies when ADDRO is used for receiver address correlation. When ADDRJ[1...7]
are used for receiver address correlation, the typical sensitivity for this mode is degraded by 3 dB.

13 As defined in the Bluetooth Core Specification v4.0 Volume 6: Core System Package (Low Energy
Controller Volume).

14

Equivalent BER limit < 10E-04.

5.4. Application CPU Performance

Symbol

WeiasH128

WrLASHCACHE128

Weam12e

WeriasHes

WELASHCACHES4

Wgames
CMELasHCACHE 128
CMEAsH128/MHz
CMELasH128/mA
CMEasHCACHESS
CMELASHB4/MHz

CMELasHBa/mA

Description Min.
CPU wait states, running CoreMark at 128 MHz from flash,

cache disabled

CPU wait states, running CoreMark at 128 MHz from flash,

cache enabled

CPU wait states, running CoreMark at 128 MHz from RAM

CPU wait states, running CoreMark at 64 MHz from flash,

cache disabled

CPU wait states, running CoreMark at 64 MHz from flash,

cache enabled

CPU wait states, running CoreMark at 64 MHz from RAM

CoreMark, running from flash, cache enabled, HFXO128M

CoreMark per MHz, running from flash, cache enabled, HFXO128M
CoreMark per mA, running from flash, cache enabled, DCDC 3V, HFX0128M
CoreMark, running from flash, cache enabled, HFXO64M

CoreMark per MHz, running from flash, cache enabled, HFXO64M

CoreMark per mA, running from flash, cache enabled, DCDC 3V, HFX064M

Typ.

514
4.0
66
257
4.0

Units

CoreMark
CoreMark/ MHz
CoreMark/mA
CoreMark
CoreMark/MHz

CoreMark/mA
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5.5. Network CPU Performance

Symbol Description Min. Typ. Max. Units

WrLASH CPU wait states, running from flash, cache disabled 0 4

W ELASHCACHE CPU wait states, running from flash, cache enabled 0 5

Wgam CPU wait states, running from RAM 0

CMELASHCACHE CoreMark, running from flash, cache enabled 244 CoreMark

CMELASH/MHzZ CoreMark per MHz, running from flash, cache enabled 3.8 CoreMark/
MHz

CMELASH/mA CoreMark per mA, running from flash, cache enabled 101 CoreMark/
mA

5.6. Power Management

5.6.1. Sleep

Symbol Description Min. Typ. Max. Units
lon_ipLe System ON, O kB application RAM, wake on any event 1.3 uA
lon_IDLE1,LDO System ON, Ok application RAM, wake on any event, regulator = LDO 3.3 uA
lon_ipLE2 System ON, wake on any event 1.3 uA
lon_IDLE2,LDD System ON, wake on any event, regulator = LDO 3.4 uA
lon_iDLE3 System ON, wake on any event, power-fail comparator enabled 1.3 uA
ION_IDLE3,128MHz System ON, wake on any event, power-fail comparator 785 uA

enabled, clock=HFINT128M

lon_IDLEA System ON, wake on GPIOTE input (event mode, 48 uA
LATENCY=LowLatency)

lon_IDLE4_LP System ON, wake on GPIOTE input (event mode, 1.3 uA
LATENCY=LowPower)

lon_IDLES System ON, wake on GPIOTE PORT event 1.3 uA

lon_ipLes System ON, 0 kB application RAM, wake on RTC (running 1.5 uA

from LFXO clock)

lon_iDLe7 System ON, wake on RTC (running from LFXO clock) 1.5 uA

lon_iDLES System ON, 0 kB application RAM, wake on RTC (running 1.7 uA
from LFXO clock), 5 V supply on VDDH, VREGH output =3.3V

lon_IDLE7 System ON, 0 kB network RAM, wake on netwark RTC 1.5 uA
(running from LFXO clock)

lon_IDLES System ON, 64 kB network RAM, wake on network RTC 1.7 uA

(running from LFXO clock)



lon_IDLES System ON, 0 kB application RAM, wake on RTC (running 2.1 uA
from LFRC clock)

lon_ibLE10 Both cores in System ON, wake on any event. 1.3 uA
VREQH=Disabled.

lon_IDLE10_VREQH Both cores in System ON, wake on any event. 1.4 uA

VREQH=Enabled.

lorro System OFF, O kB application RAM, wake on reset 1.0 uA
lorro,L0o0 System OFF, 0 kB application RAM, wake on reset; regulator = LDO 1.4 uA
lopr1 System OFF, 0 kB application RAM, wake on LPCOMP 0.9 uA
lorr2 System OFF, wake on reset 09 uA
lorrs System OFF, O kB application RAM, wake on reset, 5V 1.1 uA

supply on VDDH, VREGH output = 3.3V

lorr3,L00 System OFF, 0 kB application RAM, wake on reset, 5V 1.4 uA
supply on VDDH, VREGH output = 3.3V; regulator = LDO
loFFa System OFF, 512 kB application RAM + 64 kB network RAM, 24 UuA

wake on reset

5.6.2. Application CPU Running

lappcPUO CPU running CoreMark from flash, regulator = LDO, clock = 15.5 mA
HFINT128M
lappcpu2 CPU running CoreMark from flash, clock = HFXO128M 8.0 mA
lappcpU3 CPU running CoreMark from flash, clock = HFXO64M 3.6 mA
lapPcPUA CPU running CoreMark from flash, clock = HFINT128M 7.8 mA
|lappcPUS CPU running CoreMark from flash 3.3 mA
lapPcPUR CPU running CoreMark from RAM, clock = HFINT128M 7.9 mA
IapPCPUS CPU running CoreMark from RAM 3.4 mA
lappcPU10 CPU running CoreMark from RAM, clock = HFXO128M 8.2 mA

lapPcPU11 CPU running CoreMark from RAM, clock = HFXO64M 3.6 mA



5.6.3. Network CPU Running

InETCPUO CPU running CoreMark from flash, regulator = LDO 5.1 mA
INETCPU1 CPU running CoreMark from flash 2.4 mA
InETCPU2 CPU running CoreMark from flash, clock = HFXO64M 2.6 mA
INETCPU3 CPU running CoreMark from RAM, regulator = LDO 4.3 mA
INETCPUA CPU running CoreMark from RAM 2.0 mA
InETCRPUS CPU running CoreMark from RAM, clock = HFXO64M 2.2 mA

5.6.4.12S Active

li2s0 12S transferring data @ 2 x 16 bit x 16 kHz 2000 uA
(CONFIG.MCKFREQ = 32MDIV63, CONFIG.RATIO = 32X),

clock = HFXO64M

li2s1 12S transferring data @ 2 x 16 bit x 16 kHz 2170 uA
(CONFIG.MCKFREQ = 510000, CONFIG.RATIO = 32X), clock =
HFXO ACLK @ 12.288 MHz

lias2 12S transferring data @ 2 x 16 bit x 48 kHz 2310 uA
(CONFIG.MCKFREQ,= 505286656, CONFIG.RATIO = 32X),

clock = HFXO ACLK @ 12.288 MHz



5.6.5.NFCT Active

IsENSE System ON, current in SENSE STATE (this current does not 1.3 uA

apply when in NFC field)

|ACTIVATED System ON, current in ACTIVATED STATE, clock = HFXO64M 1080 uA

5.6.6. PDM Active
Symbol  Deseipton M Typ Max Uit

lpDM,RUN PDM receiving and processing data @ 1 Msps (RATIO = 655 uh
64, PDMCLKCTRL = 135274496), stereo mode, clock =
HFXO64M

lppm,run,aclk  PDM receiving and processing data @ 1 Msps (RATIO = 64, 1045 uA
PDMCLKCTRL = 343597056), stereo mode, HFXO ACLK =

12.288 MHz



5.6.7. PWM Active
= T

lpwm,RUNO PWM running at 125 kHz, top = 10, duty = 50% 560 uA

lpwm,RUNT PWM running at 16 MHz, top = 10, duty = 50% 560 uA

lpwm,RUNLLDO  PWM running at 16 MHz, top = 10, duty = 50%; regulator = 1035 uA
LDO

Ipwm,RUN2 PWM running at 125 kHz, top = 10, duty = 50%, clock = 750 uA
HFX064M

lpwm,RUN3 PWM running at 16 MHz, top = 10, duty = 50%, clock = 755 uA
HFX064M

5.6.8. QDEC Active

lapec,RUN QDEC running 480 uA

5.6.9. QSPI Active
ol G b T O Tip

laspl,iDLE QSPl idle (enabled, but not activated) 45 uA
laspLactive  QSPI active (activated, but not transferring data) 1790 UA
laspi,DATA QSPI transferring data (activated, and transferring data to/ 4430 uA

from external flash memory), SCKFREQ = 96 MHz, quad

mode, clock = HFX0192M



5.6.10. SAADC Active
N O =

IsaAADC,RUN SAADC sampling @ 16 ksps, acquisition time = 20 us, clock 980 uA
= HFX064M
IspaDC,TASK SAADC sampling @ 1 kHz from RTC in task mode, 160 uA

acquisition time = 20 us, clock = HFINT64M and LFXO

5.6.11. Timer Running

Himero One TIMER running @ 1 MHz 475 uA
IrimEr1 One TIMER running @ 1 MHz, clock = HFXO64M 670 uA
Himer2 One TIMER running @ 16 MHz 560 uh
ITiMER2,LDO One TIMER running @ 16 MHz; regulator = LDO 1040 uA
lrimER3 One TIMER running @ 16 MHz, clock = HFXO64M 750 uA
IriMER3,LDO One TIMER running @ 16 MHz, clock = HFXO64M; regulator 1280 uA
LDO
imERa One TIMER running @ 16 MHz, clock = HFINT128M 750 uA
INETTIMERD One network TIMER running @ 1 MHz 170 uA
INETTIMER1 One network TIMER running @ 1 MHz, clock = HFXO64M 400 uA
INETTIMER2 One network TIMER running @ 16 MHz 220 uA

INETTIMER3 One network TIMER running @ 16 MHz, clock = HFXO64M 445 uA



5.6.12.

SPIM Active

Ispimo
Ispim1
Ispim2
Ispimv3
Ispima

Ispivis

5.6.13.

SPIM transferring data @ 2 Mbps

SPIM transferring data @ 2 Mbps, clock = HFXO64M
SPIM transferring data @ 8 Mhps

SPIM transferring data @ 8 Mbps, clock = HFXO64M
SPIM transferring data @ 32 Mbps

SPIM transferring data @ 32 Mhbps, clock = HFXO64M

SPIS Active

935

1145

1705

1930

2115

2345

Ispiso

Ispis1

Ispis2

5.6.14.

SPIS configured and idle (enabled, no CSN activity)
SPIS transferring data @ 2 Mbps

SPIS transferring data @ 2 Mbps, clock = HFXO64M

TWIM Active

145

713

913

Irwimo
Irwinm1
Irwimz
lrwims
Irwinva

Irwims

TWIM transferring data @ 100 kbps
TWIM transferring data @ 100 kbps, clock = HFXO64M
TWIM transferring data @ 400 kbps
TWIM transferring data @ 400 kbps, clock = HFXO64M

TWIM transferring data @ 1000 kbps

TWIM transferring data @ 1000 kbps, clock = HFXO64M

965

1170

1000

1205

2050

2295



5.6.15. TWIS Active

Irwis,IDLE TWIS configured and enabled (IDLE state) 45 UuA
rwiso TWIS transferring data @ 100 kbps 945 uA
Irwis1 TWIS transferring data @ 400 kbps 985 uA
Irwisz TWIS transferring data @ 100 kbps, clock = HFXO64M 1150 uA
Irwis3 TWIS transferring data @ 400 kbps, clock = HFXO64M 1185 uA

5.6.16. UARTE Active

IUARTE,IDLEO UARTE RX idle (started, waiting for data, no data transfer) 645 uA

|UARTE,IDLEL UARTE RX idle (started, waiting for data, no data transfer), 840 UA

clock = HFXO64M

luarTEQ UARTE transferring data @ 1200 bps, clock = HFXO64M 885 uA
luARTEL UARTE transferring data @ 115200 bps, clock = HFXO64M 890 uA
lyaRTE2 UARTE receiving data @ 115200 bps, clock = HFXO64M 890 uA
lUARTE3 UARTE transmitting and receiving data @ 115200 bps, clock 895 uA

= HFXO064M



5.6.17. USBD Active

Symbol Description

luse,ACTIVEVBUS Current from VBUS supply, USB active
lusB,SUSPEND,VBUS Current from VBUS supply, USB suspended, CPU sleeping

luse,ACTIVENVDD Current from VDD supply (normal voltage mode), all RAM

retained, CPU running, USB active

luse,SUSPEND,VDD Current from VDD supply (normal voltage mode), all RAM

retained, CPU sleeping, USB suspended

luss,suspenpyvop,ioo  Current from VDD supply (normal voltage mode), all RAM

retained, CPU sleeping, USB suspended, regulator = LDO

lUsB, ACTIVE,VDDH Current from VDDH supply (high voltage mode), VDD=3 V

(VREGH output), all RAM retained, CPU running, USB active

lUsB,SUSPEND,VDDH Current from VDDH supply (high voltage mode), VDD=3
V (VREGH output), all RAM retained, CPU sleeping, USB

suspended

luse,susPEND,VDDH,LDO Current from VDDH supply (high voltage mode), vDD=3
V (VREGH output), all RAM retained, CPU sleeping, USB

suspended, regulator = LDO

lusg, DISABLED,VDD Current from VDD supply, USB disabled, VBUS supply

connected, all RAM retained, CPU sleeping

Typ. Max.

1.2

180

3.0

815

135

3.2

2340

125

Units

mA

uA

mA

UA

uA

mA

uA

uA

uh
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6. Block Diagram

SWD

Trace pins

DAPBUS

Application core

Debug and trace

Network core

Arm
Cortex-M33
64/128 MHz

DSP, FPU, TrustZone

AMLI (64/128 MHz AHB)
2-way set
associative

cache Synchronous

bridge

AMLI (64/128 MHz AHB)

Synchronous

bridge

KmMU
NVMC
SPIM 0.4
SPIS0..3
TWIMO0..3
TWIS 0.3
UARTE 0..3
GPIOTE
DPPIC
WDTO..1
ComP
LPCOMP
EGU 0.5
QsPI

GPIO PO/
P1

QDECO0..1

SPU
CTRL-AP
CLOCK
POWER
RESET
PWM 0..3
PDM
125

Asynchronous
bridge

Arm
Cortex-M33
64 MHz

AMLI (64 MHz AHB)

Synchronous

bridge

UARTE
GPIOTE
IPC

IPC
NFCT
MUTEX
TIMER 0..2
RTCO..1
vMmcC

USBD

CryptoCell
312

DPPIC
WDT
EGU

GPIO PO/
P1

TIMER 0..2
RTCO..1
vMmC
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/. Antenna

/7.1. MDBT53

Antenna Gain and Efficiency

Test Result
Frequency (MHz) 2400 2410 | 2420 | 2430 | 2440 | 2450 | 2460 | 2470 | 2480 | 2490 | 2500
Gain (dBi) -0.98 074 | 067 | 062 | 074 | -081 063 | 045 | 039 | -046 | -064
Peak EIRP (dBm) -0.98 074 | 067 | 062 | -074 | -081 063 | 045 | 039 | 046 | -064
Directivity (dBi) 5.82 576 5.65 564 550 5.40 5.59 5.85 6.11 6.35 657
Free Space
EIRP (2450 MHz) — XY cut
Total
2450 MHz|
5
g
Max: 10
Min: -25
Scale: sidiv
Free Space Free Space

EIRP (2450 MHz) — XZ cut

EIRP (2450 MHz) — YZ cut

Total

2450 MHz

Power (dBm)

Max: 10
Min: -25
Scale: Sldiv

Max: 10
Min: -25
Scalle: 5/div

Power (dBm)

Total

2450 MHz|
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1.2.

MDBTS53-P

Antenna Gain and Efficiency

EIRP (2450 MHz) — XZ cut

EIRP (2450 MHz) — YZ cut

Test Result
Frequency (MHz) 2400 2410 2420 | 2430 2440 | 2450 | 2460 | 2470 2480 | 2490 2500
Gain (dBi) 232 282 | 28 | 298 | -315 | 343 | 339 | 315 | 283 | 265 | -2.53
Peak EIRP (dBm) 232 282 | 28 | 298 | 315 | 343 | 339 | 315 | 283 | 265 | -2.53
Directivity (dBi) 517 475 479 471 449 410 412 442 4.98 5.49 5.97
Free Space
EIRP (2450 MHz) — XY cut
Total
2450 MHz|
£
§
Max: 10
Min: -25
Scale: 5/div
Free Space Free Space

Min: -25
Scale: 5/div

Total

Power (dBm)

2450 MHz

Scale: s/div

Power (dBm)

Total

2450 MHz|
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8. Reference Circuit

This chapter shows a differ enBe fcoormebigneatttiionng osft
pl ease read bel owert@tues s pipdlrieefdu Itloy al |l the refe

., 32MHz crgastrtaebdy inside the modul e.

, Modul e -psogrammed with Rayt ac utseksbOng ec mdd.
neesd o add exter naXlav)3t2h 7i6ntlelarmami twaor Kk .

Bel ow i s the FW ertéeBagl7r68kagi 0&2) .

ID R/W  Field Value ID Value Description

A RW  INTCAP Control usage of internal load capacitors

External Use external load capacitors

C6PF 6 pF internal load capacitance

0
1

C7PF 2 7 pF internal load capacitance
3

C9PF 9 pF internal load capacitance

Decimal: 1
Hexadecimal: 0x00000001
Binary: 0b00000000000000000000000000000001

SDK default seFtinger Aak ILpa@ capacito

You can -D€Eemowdiet haddi ng external 3RA0T68khz,
related events.

., When using internal 32.768khz RC oscillator,

, WhehNOTusing NFC, please remove NFC1 / C19 |/



8.1.

Recommendwihisthhneg hii gplpeist vbeshgan

Normal Voltage LDO and DC/DC Mode

3.

6 V.

S u pVvpDl Dy

and connect VDD and VDDH together
8.1.1. LDO Mode
. . PO.12:
debug / programming interface POLISC P10 C
PO.11 ¢ P0.27
PO.10C RESET C
P0.09< P0.26C
YD P0.07 O——— P0.24 SWDIO
- P0.13 O—— P0.25C 0 SWCLK
—— SWDIO P1.05 O— P1.06C
——O SWCLK PO.15 Cn P1LO4C
—1 P0.21C 5 P0.29
L P0.20C P1.09
kg = P0.19C P1.07
P0.23
Dol £l Dot =t K e ol =l Kt Bt Kol Kl et =t wilstr|enjed
o L] [l Bl == ||~ ||| T|en| N - Nl =] Bef B
= Mi
| N822R377528538232228% ¢ 2a854q
NECI C21 p0.03 8ag< zlg‘g‘g.o,zzsz:gaggggmg S EzEE
) — 4 Y= — v ) ~
I ‘ = 2| 6N 2 23EEZE g 978" g
) ’ P0.220—2— P0.22 £ SEZZEYc = = =
TESRY
_LC|9 P0.02 P0.17 C—5=— P0.17/QSPI SCK E=35352
* e P0.14 C—5— PO.14/QSPII SSEEER
P0.16 o—55— PO.16/QSPI3
— P0.08 C—55— PO.OS/HSPL SCK
= 7 PO.OINFC2
P1.03 C—5— P1.03/TWI 3
—ne MDBTS3_Module
P1.02C0—=— P1.O2TWI =
XLI ;g b nRF5340
=|E S P0.06 O—3z— PO.0G/AIN2
Cxe : 57— PO.OI/XL2
T 32.768KHz I P0.04 R P0.04/AINO
S5— VDD
P0.05C S PO.OS/AINI
4 | DCCH
NC | 31
) | VDDH ~
VDD P5] £ £
~ _l__ GND (=]
— @ Q.0 oS
= 328 2 2Xo20%u=ml0SYy =)
Cl1 Sm3+_‘._'u_'m_'u_'c;c'm_'c' z
4.7uF [V -V = -V a NV o DY a - W = WD vy sH = V- 98 . 9 &)
? f‘ngﬁ\Dl\x@O—(\r‘vv»cl\xoo{ -
-+ =t |=r|=t ||| |n]|n|nn|n|nln|nln ] o o
PLOIC 5 P0.28 =
P1.00 O—— P1.10
PLI5 5 P0.30
PL14C 5 P0.31
PLI3¢
I 5V Bl12G
i B PLIIC
VCC ——
227 5V NC
D- — D- Y R22 [ NC
D+ D+ YT NC
7 NWR3: U NC
DI— 2.2 % NC
N " T 3o |
USB-CON_MINI —

po

45



8.1.2. DC/DC Mode

s . PO.2O—m
debug / programming interface PO.8———— | PLSO———————
PO.11 P0.27 O———————
PO.10C RESET O————
P0.09° P0.26 O———
oD P0.07 P0.24C 5 SWDIO
— P0.13 00— P0.25 O— —O SWCLK
o swpio P1.05O— P1.06 O—
) SWCLK PO.15 0 P1LO4 0
= 0210 ——OP029
L P0.20 ——PLO9
L = PO.19: —OPLOT
0 P0.23
o) |||~ o gl el = el (]
a A k) E=1 Ul ho s o — =l O]
M1
csssgsssreanzsiashrsex & fssn
8:\.8322 | »Q]&-f-a.n.a..itr.sms;u.g &) EzzE
— 24 w eSSz ZEEE q 8% 3
GND 2 S3nangd s 8 8 &
2| po.22 £ SS=Z=SE = = =
P0.17/QSPI_SCK S35
P0.14/QSPI1 SSEEE
PO.16/QSPI3
PO.0OS/HSPI_SCK
PO.03/NFC2
P1O3/TWI
2t MDBT53 Module
PLO2TWI nRF5340
T 240 PO.00/XLI
PO.06/AIN2
:
Caxe ALE PO.0I/XL2
T 32.768KHz | P0.04/AINO
VDD
P0.0S/AINI
DCCH
VDD | RPH =
2 B o =
== » 2.0 oS
= S28 2 Xo20%unRfuSq =}
Cl1 bt o T SRRy & T < ML o RS Dt ol TR D Z
4.7uF [N S = S - W O U - v O o
? e o o o ) ed o il koAl c{ |
| <r| ||| T 1l K2l Kel Kel Kal Bel el Kl Kl el K=l o
P1.01C- 5 P0.28 =
P1.00 O— SPLIO
PLISC 5 P0.30
PL14 O P03
PLI3¢
15 sV e
1 Q R31 -
vee —— o =
o e El -
ll)l; 4 W O 2W2 | 10uH ,
a3 ¥ €25 pic S
e | 8 4nF 2 1uF
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8.2. High Voltage LDO and DC/DC Mode
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8.2.2. DC/DC Mode
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8.3. USB Power LDO and DC/DC Mode

Recommaersd ng when the device is powered by USB.
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8.3.2. DC/DC Mode
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8.4. USB Disabled
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9. Certification

9.1. Declaration ID

O

Declaration ID ¥ QDID{s) + Company ¥  Specification Name
DO56376 170219 - Controller Subsystem Raytac Corporation 52
157450 - Host Subsystem
Profile Description Service Description
Alert Notification Profile Alert Notification Service

Blood Pressure Service

Blood Pressure Profile
Device Information Service

Cycling Speed & Cadence Service

Cycling Speed & Cadence Profile
Device Information Service

Glucose Service

Glucose Profile
Device Information Service

Health Thermometer Service

Health Thermometer Profile
Device Information Service

Heart Rate Service

Heart Rate Profile
Device Information Service

HID Service

HID over GATT Profile
Battery Service

Link Loss Service

Proximity Profile Immediate Alert Service

TX Power Service

Running Speed & Cadence Service

Running Speed & Cadence Profile
Device Information Service

Time Profile Time Profile Service

Glucose Profile (Central)

Mesh Provisioning Service

Mesh Profile
Mesh Proxy Service




9.2. FCC Certificate (USA)

BLE 1 Mb&s2 Mbps

telefication

TCB A TCB
Certification

Issued Under the Authority of the
Federal Communications Commission

By:
Telefication B.V. Date of Grant: 11/24/2021
Wilmersdorf 50
Apeldoorn, NL-7300 AC Application
Netherlands Dated: 11/16/2021
Raytac Corp.
5F., No.3, Jiankang Rd., Zhonghe Dist.,
New Taipei City,, 23586
Taiwan
Attention: Venson Liao , R&D Manager
NOT TRANSFERABLE

EQUIPMENT AUTHORIZATION is hereby issued to the named
GRANTEE, and is VALID ONLY for the equipment identified hereon for
use under the Commission's Rules and Regulations listed below.

FCC IDENTIFIER: SHBMDBT53
Name of Grantee: Raytac Corp.

Equipment Class: Digital Transmission System
Notes: Bluetooth Module
Modular Type: Single Modular
Frequency Output  Frequency Emission
Grant Notes FCC Rule Parts Range (MHZ) Watts  Tolerance Designator
15C 2402.0 - 2480.0 0.002

Modular Approval. Power output listed is conducted. This grant is valid only when the module is sold to OEM
integrators and must be installed by the OEM or OEM integrators. The antennas used for this transmitter as shown
in this filing must not be co-located or operating in conjunction with any other antenna or transmitter. End-users may
not be provided with the module installation instructions.OEM integrators and end-users must be provided with
transmitter operating conditions for satisfying RF exposure compliance.

Certificate No.: George Lo

21218144 1/AAI00 Product Assessor ( T 0’?‘7 GZL"




9.3. TELEC Certificate (Japan)

BLE 1 Mbps & 2 Mbps

sy telefication

Chamber of Commerce
51565536 S—— [—
www.telefication.com

Certificate
of

Radio Equipment in JAPAN
No: 201-210873 / 00

Telefication, operating as Conformity Assessment Body (CAB ID Number: 201) with respect to Japan, declares that
the listed product complies with the Technical Regulations Conformity Certification of Specified Radio equipment
(ordinance of MPT N° 37,1981)

Product description: Bluetooth Module
Trademark: Raytac Corporation
Type designation: MDBT53
Hardware / Software version:1/1
Variants: See Annex 3

Manufacturer: Raytac Corporation
Address: 5F, No. 3, Jiankang Rd., Zhonghe Dist.
City: 23586 New Taipei City
Country: Taiwan

This certificate is granted to:
Name: Raytac Corporation
Address: 5F, No. 3, Jiankang Rd., Zhonghe Dist.
City: 23586 New Taipei City
Country: Taiwan
This certificate has THREE Annexes.

Apeldoorn, 17 November 2021

David Chen PRODUCTS
RVAL 224
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9.4. NCC Certificate (Taiwan)
BLE 1 Mbps

MD B T35

&

2

Mb p s
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