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A & & # (Product): BT 4.2 & BT 5 Module (nRF52832)

A &35 (Model No.): MDBT42Q — 512K (Chip Antenna)

MDBT42Q - P512K (PCB Antenna)

Advantage of MDBT42Q & MDBT42Q-P series:

1. Long working distance:
MDBT42Q: over 80 meters in open space.
MDBT42Q-P: up to 60 meters in open space.

2. Declaration ID includes all Nordic applied profiles.

3. Granted main regional certification such as FCC (USA), CE(EUV)
TELEC (Japan), SRRC (China), IC (Canada), NCC (Taiwan),
and KC (South Korea).
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1. Overall Introduction

Raytac’s MDBT42Q & MDBT42Q-P is a BT 4.0, BT 4.1, BT 4.2 and BT 5 stack (Bluetooth low
energy or BLE) module designed based on Nordic nRF52832 SoC solution, which
incorporates: GPIO, SPI, UART, 12C, 12S, PWM, ADC and NFC interfaces for connecting

peripherals and sensors.

Features of the module:

Dual Transmission mode of BLE & 2.4Ghz RF upon customer’s preference.

Compact size with (L) 16 x (W) 10 x (H) 2.2 mm.

Low power requirements, ultra-low peak, average and idle mode power consumption.
Be compatible with a large installed base of mobile phones, tablets and computers.
Fully coverage of BLE software stack. See 1.3 Profile & Service Information.

S S o

BLE & RF transmission switching helps products fit all operation system and most

hardware.

1.1. Application
« loT
- Home automation
- Sensor networks
- Building automation
+ Personal Area Networks
+ Health / fitness sensor and monitor device
+ Medical devices
+ Key-fobs and wrist watches
« Interactive entertainment devices
- Remote control
« Gaming controller
- Beacons
« AAWP wireless chargers and devices
« Remote control toys
« Computer peripherals and 1/0O devices
- Mouse
- Keyboard
- Multi-touch trackpad



1.2. Features

« Multi-protocol 2.4GHz radio

+ 32-bit ARM Cortex — M4F processor

+ 512KB flash programmed memory and 64KB RAM
- Software stacks available as downloads

« Application development independent from protocol stack

+ On-air compatible with nRF51, nRF24AP and nRF24L series

« Programmable output power from +4dBm to -20dBm
« RSSI
+ RAM mapped FIFOs using EasyDMA
« Dynamic on-air payload length up to 256 bytes
+ Flexible and configurable 32 pin GPIO
« Programmable peripheral interface - PPI
« Simple ON / OFF global power mode
« Full set of digital interface all with Easy DMA including:
- 3 x Hardware SPI master ; 3 x Hardware SPI slave
- 2 X two-wire master ; 2 x two-wire slave
- 1 x UART (CTS/ RTS)
- PDM for digital microphone
- 12S for audio
+ Quadrature demodulator
+ 12-bit / 200KSPS ADC
- 128-bit AES ECB / CCM / AAR co-processor

- Low cost external crystal 32MHz + 40ppm for Bluetooth ; + 50ppm for ANT Plus

+ Low power 32MHz crystal and RC oscillators
« Wide supply voltage range 1.7V to 3.6V
+ On-chip DC/DC buck converter
« Individual power management for all peripherals
« Timer counter
+ 5 x 32-bit
« 3 X 24-bit RTC

« Type 2 near field communication (NFC-A) tag with wakeup-on-field and touch-to-pair

capabilities

+ 3x 4-channel pulse width modulator (PWM) units with EasyDMA



1.3. Profile & Service Information
Profile & Service are supported by MDBT42Q & MDBT42Q-P as below:

Profile Description

Service Description

Alert Notification Profile

Alert Notification Service

Blood Pressure Profile

Blood Pressure Service

Device Information Service

Cycling Speed & Cadence Profile

Cycling Speed & Cadence Service

Device Information Service

Glucose Profile

Glucose Service

Device Information Service

Health Thermometer Profile

Health Thermometer Service

Device Information Service

Heart Rate Profile

Heart Rate Service

Device Information Service

HID over GATT Profile

HID Service

Battery Service

Proximity Profile

Link Loss Service

Immediate Alert Service

TX Power Service

Running Speed & Cadence Profile

Running Speed & Cadence Service

Device Information Service

Time Profile

Time Profile Service

Glucose Profile (Central)




2. Product Dimension
2.1. PCB Dimensions & Pin Indication
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- MDBT420Q-P

PCB SIZE: (L) 16 x (W) 10 x (H) 2.2 mm
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2.2. Recommended Layout of Solder Pad

Graphs are all in Top View, Unit in mm.
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2.3. RF Layout Suggestion (aka Keep-Out Area)
Please follow below instruction to have better wireless performance. Make sure to keep the
“‘No-Ground-Pad” as wider as you can when there is no enough space in your design.

Welcome to send us your layout in PDF for review at service@raytac.com with title “Layout
reviewing — MDBT42Q/MDBT42Q-P — YOUR company’s name”.

No Ground-Pad Area

__ 10mm

3.8mm

Ground Area

Top layer


mailto:service@raytac.com

Please add via holes in GROUND area as many
as possible, especially around the four corners.
A A A A

3.8mm

Ground Area

Top Ia'yer~ -
" No Ground-Pad Area

4 ¢
| |

3.8mm

Ground Area

Bottom layer



Examples of “NOT RECOMMENDED” layout

\
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Ground Area

\\ \ f\T where should be
AWWWAN No GROUND area

Ground Area

2.4. Footprint & Design Guide

Click to download from our official website.



http://www.raytac.com/download/MDBT42/MDBT42Q_MDBT42Q-P%20Footprint_Design%20Guide-20171016.zip

2.5. Pin Assignment

Pin No. Name Pin function Description
(1) GND Ground The pad must be connected to a solid ground plane
(2) P0.25 Digital I1/0 General-purpose digital I/O
3) P0.26 Digital I1/0 General-purpose digital I/O
4) P0.27 Digital I1/0 General-purpose digital I/O

P0.28 Digital I1/0 General-purpose digital I/O
© AIN4 Analog input |SAADC/COMP/LPCOMP input
P0.29 Digital I1/0 General-purpose digital I/O
© AIN5S Analog input  |[SAADC/COMP/LPCOMP input
P0.30 Digital I/0 General-purpose digital 1/0
" AING Analog input |SAADC/COMP/LPCOMP input
P0.31 Digital I/0 General-purpose digital I/O
®) AIN7 Analog input |SAADC/COMP/LPCOMP input
© DEC4 Power 1V3 regulator supply decoupling. Input from DC/DC converter.
Output from 1V3 LDO .
(10) DCC Power DC/DC converter output pin
(11) VDD Power Power-supply pin
(12) GND Ground The pad must be connected to a solid ground plane
P0.00 Digital /O General-purpose digital 1/0
& XL1 Analog input |Connection to 32.768khz crystal (LFXO)
P0.01 Digital I/0 General-purpose digital I/O
W XL2 Analog input |Connection to 32.768khz crystal (LFXO)
P0.02 Digital I/10 General-purpose digital 1/0
& AINO Analog input |SAADC/COMP/LPCOMP input
P0.03 Digital I1/0 General-purpose digital I/O
(19) AIN1 Analog input [SAADC/COMP/LPCOMP input
P0.04 Digital I1/0 General-purpose digital I/O
4 AIN2 Analog input |SAADC/COMP/LPCOMP input
P0.05 Digital I1/0 General-purpose digital I/O
(18) AIN3 Analog input [SAADC/COMP/LPCOMP input
(29) P0.06 Digital I1/0 General-purpose digital I/O
(20) P0.07 Digital I1/0 General-purpose digital I/O
(22) P0.08 Digital I1/0 General-purpose digital I/O

15



Pin No. Name Pin function Description
P0.09 Digital /O  |General-purpose digital I/O
¢ NFC1 NFC input  |NFC antenna connection
P0.10 Digital I/O  |General-purpose digital I/O
23) NFC2 NFC input  [NFC antenna connection
(24) GND Ground The pad must be connected to a solid ground plane
(25) PO.11 Digital /O  |General-purpose digital 1/0
(26) P0.12 Digital I/O  |General-purpose digital I/O
(27) P0.13 Digital /O  |General-purpose digital 1/0
P0.14 Digital /O  |General-purpose digital I/O
(29) TraceData(3) Trace port output
P0.15 Digital /O  |General-purpose digital I/O
(29) TraceData(2) Trace port output
PO0.16 Digital /O |General-purpose digital I/O
(30) TraceData(1) Trace port output
(31) PO.17 Digital /O  |General-purpose digital 1/0
P0.18 Digital I/O  |General-purpose digital I/O
(32 TraceData(0) Trace port output
(33) P0.19 Digital I/10 General-purpose digital I/O
P0.20 Digital /O  |General-purpose digital I/O
L) TraceCLK Trace port clock output
P0.21 Digital I/0 General-purpose digital I/0
2 RESET Configurable as system RESET pin
(36) SWDCLK Digital input |Serial Wire debug clock input for debug and programming
(37) SWDIO Digital 110 Serial Wire debug I/O for debug and programming
(38) P0.22 Digital I/O  |General-purpose digital I/O
(39) GND Ground The pad must be connected to a solid ground plane
(40) P0.24 Digital I/O  |General-purpose digital I/O
(412) P0.23 Digital I/O  |General-purpose digital I/O
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2.6. GPIO Located Near the Radio

Below remarks are extracted from Nordic’s nRF52832 Spec. Any updates shall refer to

Nordic’s official release as final reference.

20.2.1 GPIO located near the radio

Radio performance parameters, such as sensitivity, may be affected by high frequency digital I/O with large
sink/source current close to the Radio power supply and antenna pins.

Table 23: GPIO recommended usage on page 109 identifies some GPIO that have recommended usage
guidelines to maximize radio performance in an application.

Table 23: GPIO recommended usage

Pin GPIO Recommended usage

27 P0.22 Low drive, low frequency I/O only.
28 P0.23

29 PO.24

37 PO.25

38 P0.26

39 P0.27

40 P0.28

41 PO.29

42 P0O.30

3. Main Chip Solution

RF IC Crystal Frequency

Nordic NRF52832 32MHZ

32MHz crystal is already inside the module.

17



4. Shipment Packaging Information

Antenna Model

MDBT42Q-512K

Chip/Ceramic
Antenna

PCB/Printed
Antenna

- Unit Weight of Module: MDBT42Q-512K: 0.64g/pc ; MDBT42Q-P512K: 0.62g/pc
- Packaging Type: Tray only

- Minimum Package Quantity (MPQ): 88 pcs per Tray

- Carton Contents: 1760 pcs per carton (20 Full Tray + 1 Empty Tray)

- Dimension of Carton: (L) 37 x (W) 21 x (H) 13 cm

- Gross Weight: approx. 2.80 kgs per full carton (contains 1760pcs)




4.1. Marking on Metal Shielding

Raytac Corporation
FCCID: SHEMDBT42Q
IC: 8017A-MDBT42Q
CMIITID: 2016DJ4571
Model No.: MDBT42Q

c € @ [R]201-160496

19



5. Specification

Any technical spec shall refer to Nordic’s official documents as final reference.

5.1. Absolute Maximum Ratings

Note Min. Max. Unit
Supply voltages
VDD -0.3 +3.9 A
VSS 0 \Y
I/0 pin voltage
Vo, VDD €3.6 V -0.3 VDD +03V V
Vo, VDD >3.6 V -0.3 39V v
NFC antenna pin current
INFC1/2 80 mA
Radio
RF input level 10 dBm
Environmental (QFN package)
Storage temperature -40 +125 °C
MSL Moisture Sensitivity Level 2
ESD HBM Human Body Model 4 kv
ESD CDMgg Charged Device Model 750 vV

(QFN48, 6x6 mm package)
Flash memory
Endurance 10 000 Write/erase cycles

Retention 10 years at 40°C

5.2. Operation Conditions

Symbol Parameter Min. Nom. Max. Units
VDD Supply voltage, independent of DCDC enable 1.7 3.0 3.6 Vv

tr vop Supply rise time (0 V to 1.7 V) 60 ms
TA Operating temperature -40 25 85 °C

Important: The on-chip power-on set circuitry may not function properly for rise
times longer than the specified maximum.

20



5.3. Electrical Specifications

5.3.1. General Radio Characteristics

Symbol Description Min. Typ. Max. Units
fop Operating frequencies 2360 2500 MHz
feLLPROG,RES PLL programming resolution 2 kHz
foLLcH,sp PLL channel spacing 1 MHz
foELTA 1M Frequency deviation @ 1 Msps +170 kHz
fDELTA,BLE, 1M Frequency deviation @ BLE 1Msps +250 kHz
foELTA2M Frequency deviation @ 2 Msps +320 kHz
fskgps On-the-air data rate 1 2 Msps

5.3.2. Radio Current Consumption (Transmitter)

Symbol Description Min. Typ. Max. Units
Itx pLUSAdBM, DCDC TX only run current (DCDC, 3V) Ppr =+4 dBm 7.5 mA
Ity pLUSAdBM TX only run current P = +4 dBm 16.6 mA
ITX,0dBM,DCDC TX only run current (DCDC, 3V)Pgg = 0dBm 5.3 mA
Itx,0dBM TX only run current Pgg = 0dBm 11.6 mA
Itx, MINUSadBM,DCDC TX only run current DCDC, 3V Pge = -4dBm 4.2 mA
lrx, MINUS2dBM TX only run current Pgg = -4 dBm 9.3 mA
ITx, MINUS8dBM,DCDC TX only run current DCDC, 3V Ppg = -8 dBm 3.8 mA
% MINUSSdBM TX only run current Pgpp = -8 dBm 8.4 mA
Irx,minUs12dBM,DcDc TX only run current DCDC, 3V Ppp =-12 dBm 3.5 mA
I, MINUS12dBM TX only run current P =-12 dBm 7.7 mA
Ix,MiNUs16dBM,Dcoc  TX only run current DCDC, 3V Pge =-16 dBm 33 mA
lrx, MINUS16dBM TX only run current Pgg = -16 dBm 7.3 mA
Ix,miNUs20dBM,Dcoc TX only run current DCDC, 3V Pge =-20 dBm 3.2 mA
I, MINUS20dBM TX only run current Pgp = -20 dBm 7.0 mA
Irx,minUsaodBm,Dcpc - TX only run current DCDC, 3V Ppp =-40 dBm 2.7 mA
Symbol Description Min. Typ. Max. Units
lrx, MINUS40dBM TX only run current Pge = -40 dBm 5.9 mA
IsTART, TX,DCDC TX start-up current DCDC, 3V, Pgr =4 dBm 4.0 mA

IsTART, TX TX start-up current, Ppe =4 dBm 8.8 mA



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

Description Min.
RX only run current (DCDC, 3V) 1Msps / 1Msps BLE

RX only run current 1Msps / 1Msps BLE

RX only run current (DCDC, 3V) 2Msps

RX only run current 2Msps

RX start-up current (DCDC 3V) 1Msps / 1Msps BLE

RX start-up current 1Msps / 1Msps BLE

5.3.4. Transmitter Specification

Symbol
Pre
Prec
Precr
Prr1,1
Pre2,1
Pre1,2

Prr2,2

Description Min.
Maximum output power

RF power control range

RF power accuracy

1st Adjacent Channel Transmit Power 1 MHz (1 Msps)

2nd Adjacent Channel Transmit Power 2 MHz (1 Msps)

1st Adjacent Channel Transmit Power 2 MHz (2 Msps)

2nd Adjacent Channel Transmit Power 4 MHz (2 Msps)

5.3.5. Receiver Operation

Symbol
Prx,max
Psens,im,1m
Psens,iT,sp,1M,BLE

I:‘SENS.IT,LP,:lM,BI.E

Psens,m,2m

Description Min.

Maximum received signal strength at < 0.1% PER

Sensitivity, 1Msps nRF mode®®

Sensitivity, 1Msps BLE ideal transmitter, <=37 bytes BER=1E-3°
Sensitivity, 1Msps BLE ideal transmitter >=128 bytes BER=1E-4

17

Sensitivity, 2Msps nRF mode®®

Typ. Max.
5.4

11.7

5.8

12.9

3.5

7.5

Typ. Max.

24

-25
-50
-25
-50

Typ. Max.

-93
-96
-95

-89

Units
mA
mA
mA
mA
mA
mA

Units
dBm
dB
dB
dBc
dBc
dBc
dBc

Units
dBm
dBm
dBm
dBm

dBm

22



5.3.6. RX Selectivity

Symbol

C/IiM.co—channel
C/l1m,1MHz
C/l1m,21MH2
C/l1m,-2MHz
C/lim +2mHz
C/l1m,-3mHz
C/lim,+3MHz
C/l1m,+6MHz
C/I1I\a"IBLE,|:c|—|:heznnel
Symbol
C/l1mBLE,-1MHz
C/11MBLE,+1MHz
C/11MBLE,2MHz
C/l1MBLE,+2MHz
C/11mBLE,>3MHz
C/11MBLE,image
C/11MBLE,image, 1MHz
Cf“IZI\a"l,::o—::hannel
C/lam,2MHz
C/1am,+2MHz
C/lam,-aMHz
C/lam, +amHz
C/1om,-6MHz
C/12m,+6MHz

C/lam,212MHz

Description

1Msps mode, Co-Channel interference

1 Msps mode, Adjacent (-1 MHz) interference
1 Msps mode, Adjacent (+1 MHz) interference
1 Msps mode, Adjacent (-2 MHz) interference
1 Msps mode, Adjacent (+2 MHz) interference
1 Msps mode, Adjacent (-3 MHz) interference
1 Msps mode, Adjacent (+3 MHz) interference
1 Msps mode, Adjacent (26 MHz) interference

1 Msps BLE mode, Co-Channel interference
Description
1 Msps BLE mode, Adjacent (-1 MHz) interference
1 Msps BLE mode, Adjacent (+1 MHz) interference
1 Msps BLE mode, Adjacent (-2 MHz) interference
1 Msps BLE mode, Adjacent (+2 MHz) interference
1 Msps BLE mode, Adjacent (>3 MHz) interference

Image frequency Interference

Min.

Adjacent (1 MHz) interference to in-band image frequency

2Msps mode, Co-Channel interference

2 Msps mode, Adjacent (-2 MHz) interference
2 Msps mode, Adjacent (+2 MHz) interference
2 Msps mode, Adjacent (-4 MHz) interference
2 Msps mode, Adjacent (+4 MHz) interference
2 Msps mode, Adjacent (-6 MHz) interference
2 Msps mode, Adjacent (+6 MHz) interference
2 Msps mode, Adjacent (212 MHz) interference

5.3.7. RX Intermodulation

Symbol

Pimp,1m

Description

IMD performance, 1 Msps, 3rd, 4th, and 5th offset channel

Pimp,im,BLe  IMD performance, BLE 1 Msps, 3rd, 4th, and 5th offset channel

Pimp,2m

IMD performance, 2 Msps, 3rd, 4th, and 5th offset channel

Typ.

Typ.
-33
-30
-33

Max.

Max.

Max.

Units
dB
dB
dB
dB
dB
dB
dB
dB
dB
Units
dB
dB
dB
dB
dB
dB
dB
dB
dB
dB
dB
dB
dB
dB
dB

Units
dBm
dBm
dBm

23



5.3.8. Radio Timing Parameters

Symbol

trxen

trxen, FasT

trxpisasLe

trxpisABLE,2m

trxen

trxen,FAST

tswitcn

trxpIsaABLE

trxcramn

trxcHAIN

trxcHAIN,2M

Description Min.

Time between TXEN task and READY event after channel
FREQUENCY configured

Time between TXEN task and READY event after channel
FREQUENCY configured (Fast Mode)

Time between DISABLE task and DISABLED event when the
radio was in TX and mode is set to 1Msps

Time between DISABLE task and DISABLED event when the
radio was in TX and mode is set to 2Msps

Time between the RXEN task and READY event after channel
FREQUENCY configured in default mode

Time between the RXEN task and READY event after channel
FREQUENCY configured in fast mode

The minimum time taken to switch from RX to TX or TX to RX
(channel FREQUENCY unchanged)

Time between DISABLE task and DISABLED event when the
radio was in RX

TX chain delay

RX chain delay

RX chain delay in 2Msps mode

5.3.9. RSSI Specifications

Symbol
RSSlacc

RSSIresoLuTioN
RSSlpgrion

Description Min.
RSSI Accuracy Valid range -90 to -20 dBm
RSS! resolution

Sample period

0o =

Typ. Max.

140

40

140

40

20

0.6
9.4

Max.

Units

us

us

us

us

us

us

us

us

us

us

us

Units
dB
dB

us
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5.3.10. CPU

Symbol

WreLasH
WELASHCACHE
Wgram
IpDFLASHCACHE
IDDFLASHCACHEDCDC
IpDFLASH
IppFLASHDCDC
IppbrRAM
IpprAMDCDC

IDDFLASH/MHz

IDDELASHDCDC/MHzZ

Symbol
CMELasH

CMELASH/MHz

CME ast/ma

Description Min.
CPU wait states, running from flash, cache disabled 0
CPU wait states, running from flash, cache enabled 0

CPU wait states, running from RAM

CPU current, running from flash, cache enabled, LDO

CPU current, running from flash, cache enabled, DCDC 3V
CPU current, running from flash, cache disabled, LDO
CPU current, running from flash, cache disabled, DCDC 3V
CPU current, running from RAM, LDO

CPU current, running from RAM, DCDC 3V

CPU efficiency, running from flash, cache enabled, LDO

CPU efficiency, running from flash, cache enabled, DCDC 3V

Description Min.

CoreIVIark3, running from flash, cache enabled

CoreMark per MHz, running from flash, cache enabled

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

5.3.11. Power Management

Symbol
loN_RAMOFF_EVENT
lon_RAMON_EVENT
lon_RAMOFF_RTC
loFF_RAMOFE_RESET
loFF_RAMOFF_GPIO
|oFF_RAMOFF_LPCOMP
loFF_RAMOFF_NFC

loFF_RAMON_RESET

Description Min.
System ON, No RAM retention, Wake on any event
System ON, Full RAM retention, Wake on any event
System ON, No RAM retention, Wake on RTC

System OFF, No RAM retention, Wake on reset

System OFF, No RAM retention, Wake on GPIO

System OFF, No RAM retention, Wake on LPCOMP
System OFF, No RAM retention, Wake on NFC field
System OFF, Full RAM retention, Wake on reset

Typ. Max.

7.4
3.7
8.0
3.9
6.7
3.3
125

58

Typ. Max.

215
3.36

58

Typ. Max.
1.2
1.5
1.9
0.7
1.2
1.9
0.7
1.0

Units

mA
mA
mA
mA
mA
mA
HA/
MHz
HA/
MHz
Units
Coreh
CoreN
MHz
Coreh

mA

Units
HA
HA
QA
QA
QA
pA
HA
pA
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6. Block Diagram

nRF52832
RAM; RAM, RAM, RAM; RAM, RAM: RAM: RAM; GPIO |} |-
T <1 TPUL e e g : : H H
3 = 3 w w W W
SWCLK >
7| swop
SWDIO - > ~
AHB
CTRL-AP Muli-Layer
AHB-AP ETM <L
CPU AHB TO APB FICR UICR Flash
BRIDGE
ARM
CORTEX-M4 - % A
NVIC SysTick | ‘ NVMC ‘
RNG
PRESET— 1~ POWER <:> |
> RTC [0 2]
__TIMER 0.4
e & | —
N |
XC1 - - ECB
XC2 » <:>
i = CLOCK
PO = M A master ) EasyDMA
X2 <Gft——
CCM
ANT2 - - S
master EasyDMA
ANT1 g - RADIO
AAR
EasyDMA master
master ) EasyDMA
< >
NFC2 - > - <_> . >
NFC1 - > £ > SPIM[0.2] =
EasyDMA master / <1
\ { EasyDMA
GPIOTE [ "-ﬁf\mm&r
COMP < ;) TWIS [0.1n] =
p LPCOMP L — o ) EasyDMA
AINO - AIN7 = SAADC [— TWIM[D.1] I
<} —
EasyDMA master \ master EasyDMA
LED @ =
A QDEC
B UARTE [0] ~
ouTo OUT<3J P , \ R
EasyDMA master 3 < master > EasyDMA
MCK <3
LRCK <}—— 1
SCL I
< - 25 T < SPIS [0.2]
SDOUT =2} =
SDIN @ — ) )
EasyDMA master 3 < master 3 EasyDMA
ClK <7 ﬁ |
DIN _— PDM
EasyDMA master

SCK
MOsI
MISO

SCL
SDA

SCL
SDA

CSN
MISO
MOsSI
SCK
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/. Antenna

7.1. MDBT42Q Series

Test Result

Frequency (MHz) 2400 2410 2420 2430 2440 2450 2460 2470 2480 2490 2500
Gain (dBi) -3.68 -2.91 -2.34 -1.98 -1.66 -1.60 -1.77 -2.00 -2.60 -3.35 -4.10
Peak EIRP (dBm) -3.68 -2.91 -2.34 -1.98 -1.66 -1.60 -1.77 -2.09 -2.60 -3.35 -4.10
Directivity (dBi) 408 5.1 512 5.02 403 476 458 438 411 3.77 342

Free Space
EIRP (2450 MHz) — XY cut

2450 MH2

Power (dBm)

Max: 4

Free Space
EIRP (2450 MHz) — XZ cut
Total

Free Space
EIRP (2450 MHz) — YZ cut

2450 MMz

Power (dBm)

Max: 2
Min: .20
Scale: 2div




1.2.

MDBT42Q-P Series

Test Result
Frequency (MHz) 2400 2410 2420 2430 2440 2450 2460 2470 2480 2490 2500
Gain (dBi) -3.87 -3.06 -2.31 -2.01 -2.04 -2.31 -2.24 -1.598 -1.61 -1.71 -1.97
Peak EIRP (dBm) -3.87 -3.06 -2.31 -2.01 -2.04 -2.31 -2.24 -1.96 -1.61 -1.71 -1.97
Directivity (dBi) 3.79 4.00 425 4.17 3.86 3.51 3.54 39N 4.39 444 4.49
Free Space
EIRP (2450 MHz) — XY cut
Total
2450 MHz
s
:
Max: 5
Min: -25
Scale: &div
Free Space
EIRP (2450 MHz) — XZ cut
Total
2450 Mrz
E
2
Max: 5
Min: -25
Scale: §/div
Angle ()
Free Space
EIRP (2450 MHz) — YZ cut
Total
2450 MHz
T
=
Max: 5
Min: -25
Scale: 5/div
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8. Reference Circuit

Module’s default is using “DC-DC mode”, and must connect it to external
32.768khz to work.

REMARK:

*When NOT using DC-DC mode, please remove L2 /L3 /C13. **

*When NOT using NFC, please remove NFC1/C19/C21. **

** When using internal 32.768khz RC oscillator, please remove X2 /C12/C13. **

| c12
‘ i R Ml
12pF L ‘
C13 :l_l_nggﬂ_‘mn1 T | ooonq: OEEEEESR
S2768E0 3T 5 ] Y-
i : = | PO.OVXL2
‘ | Do P0.02 71;— P0.02 _
| - Optional rooio— P03 MDBT42Q-MODULE
o POOIOT ] 004 NRF52832QFN
P00SO[z—t POOS o -
. L P0.07 05— P0.07
NEC =T P%fg P0.0SOE— P0.08 =
5 P0.09 E ¥
| = = = P0.10 =5
[ca1 & 2 | op Soozoccmos=2Ad 39
== po10 [ SCo---o-o0408838 2d
= SlERERIEFFFEIREREE g+
PO.11 —_—
P0.12 Llopos =
P0.13 O— oro22 L—opoo4
P0.14 O—— O SWDIO
P0.150 L 5 sweik
P0.16 O | PO21RESET
P0.170 5 P0.20
P0.18C OP0.19
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9. Certification

9.1.

Declaration ID

QDL Bluetooth® qualified design listing
The Bluetooth SIG Hereby Recognizes

Raytac Corporation
Member Company
MDBT42 Series nRF52 Bluetooth Low Energy Module

Qualified Design Name

Declaration ID: D033661
Qualified Design ID: 91882

Specification Name: 4.2

Project Type:  End Product

Model Number: MDBT42/MDBT42-P/MDBT42Q/MDBT42Q-P/MDBT42V/IMDBT42V-P

Listing Date: 29 December 2016 Assessment Date: 29 December 2016

Hardware Version Number: V1 Software Version Number

This eertificate acknowledges the Bluetooth® Specifications declared by the member are achieved in aceordance with
the Blustooth Qualification Process as specified within the Bluetooth Specifications and as reauired within the current PRD

€3 Bluetooth™

QDL Bluetooth® qualified design listing
The Bluetooth SIG Hereby Recognizes

Raytac Corporation
Member Company
Multiprofile Subsystem for MDBTXX series medule

Qualified Design Name

Declaration 1D D033622

Qualified Design ID: 91659

Specification Name: 4.2

Project Type:  Profile Subsystem

Model Number:  Multiprofile Subsystem for MDBTXX series module

Listing Date: 19 December 2016 Assessment Date. 19 December 2016

Hardware Version Number: NA Software Version Number: 1

This certificate acknowledges the Bluetooth® Specificationa declared by the member are achieved in accordance with
the Bluetooth Qualification Process as specified within the Bluetooth Soecifications and as reauired within the current PRD

€3 Bluetooth
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QDL Bluetooth® qualified design listing
The Bluetooth SIG Hereby Recognizes

Raytac Corporation
Member Company

nRF52xxx Bluetooth Module
Qualified Design Name

Declaration ID: D036781

Qualified Design ID: 100551

Specification Name: 5.0

Project Type:  End Product

Model Number:  MDBT42/MDBT42-P/IMDBT42Q/MDBT42Q-P/MDBT42V/MDBT42V-P
Assessment Date: 30 August 2017

Listing Date: 30 August 2017
Software Version Number: 2

Hardware Version Number: 1

This certificate acknowledges the Bluetooth* Specifications declared by the member are achieved in accordance with
the Bluetooth Qualification Process as specified within the Bluetooth Specifications and as reauired within the current PRD

€3 Bluetooth™
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9.2.

FCC Certificate (USA)

TCB

telefication

GRANT OF EQUIFPMENT
AUTHORIZATION TCB

Certification
Issued Under the Authority of the

Federal Communications Commission

Raytac Corp.

5F., No.3, Jiankang Rd., Zhonghe Dist.,
Mew Taipei City,, 23586

Taiwan

Attention: Venson Liao , R&D Manager

FCC IDENTIFIER: SHEMDET42G
MName of Grantee: Raytac Corp.

By:
Telefication B.W. Date of Grant: 0272172017
Edisonstraat 12a
Zevenaar, NL-6902 PK Application
Metherlands Dated: 02/21/2017

NOT TRANSFERAELE

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

Equipment Class: Digital Transmission System
MNotes: BT 4.2 Module
Modular Type: Single Modular
Grant Motes FCC Rule Parts
15C

C2PC: To change module to be cerified under portable device.

Frequency Cutput  Fregquency Emission
Range (MHZ) Watts  Tolerance Designator

2402.0 - 2480.0 0.0023

Power output listed iz 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 antenna's as listed in this application 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.:
162181172/AA/01

Mohammad Elhaj
Product Assessor
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9.3. TELEC Certificate (Japan)

s telefication

Chamber of Commerce
51565536
www, telefication.com

Certificate
MoEq.l'p:enthJAPAN

No: 201-160496 / 00

{ordinance of MPT N* 31,1984)

Product description: BT 4.2 Module
Trademark: Raytac
Type designation: MDBT42Q
Hardware / Software version:1/ 1
Variants: See Annex 3

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

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

Zevenaar, 19 August 2016

/C-:;w

Telefication, operating as Conformity Assessment Body (CAB 1D Number: 201) with respect to Japan, declares that
the listed product complies with the Technical Regulations Conformity Certification of Terminal equipment

CAB 2 W\
PRODUCTS

i e RvA 771
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9.4. NCC Certificate (Taiwan)

MDBT420 Series

=

Ll A

SGS &R A R A PR )
&0 F 4R E B A A REEH

W F HEARREFH R

SR ER R EE S R AR
# ° Gnstar Corporation
# ° BT 4.2 Module

i - Raytac
A
+

& &
=

: MDET420Q
BT V4.2 single mode LE (GFSK): 3.57dBm

* (Peak)
~ L 4 % % : 2402-2480MHz

 E Brod W 10554084 198
- BROEREARE_(((ccamieLp1igoT?

o #

Ok B g

HEL FREA A UERE B EAPH L SHARARE - SERE L0 MR -
BUANECH B BHMTH LB - Pk - R - M B E - BEWN
A A L

BR BN FEAEHNERFERE- RN Y - HARH A PRETHE - T84
B WA AL R FA R RS SR L A i RS R
EEEAREFTEAFER SR R -

oA A ST A A e R R R A T T RS
BISHEME « B4 AFEdh EREE P HE &k AR FERR 3 s B 5 H MM EH
A HA SRR ke 2NAN  BHEL TESFMNHAEHERSERE - &
AHEHERREF AN NER  HEFANBEEAGTRE -

A B H A Eah BT R A EG. 101 BT
FodEHSSHMATHHEAESEY A 28 SRS Nk -

A B M A 85 i Chip Antenna + X & Bif%: Raytac » 4 3 MDBT42Q » 4 i#: -1.6dBi -
AEFRERA T AN AETTES s [FE] EA0T ¥ EHE 2L TEHER
o i NFPEETRAEEESHEEYSE - SEHENAT S - X EH T RELETE
e  ARAF R ETENESHEESE  HEHFEMNLE RS - BT P BAEY
EHag AR ERMAE - Hy B 3 A 0E

A ApERRERMNEE R ¥R WA BEAY A LTSN .
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MDBT420-P Series

SO & st s s s

[ ]

=
s}

o

#
i
£

- B
R
A
i

~ % By H M¥: 10554 08H 198
C RREBREAN U ({((ccaMisLPugITI

1&3h R 4HAERA X REEH
W& BEARETFARe
T E R Y 3R AR
# * Ginstar Corporation
# ° BT 4.2 Module
re - Raytac
i
#

3

i B
&

: MDBT42Q-P

- BT V4.2 single mode LE (GFSK): 3.57dBm
~ (Peak)

T fF #F & @ 2402-2480MHz

LEg

HELARBA LA URE - BRELAPE SHANEER - SERE LS MERTA -
SUADFESHZ B BHMTH LR -8 - R -HEANEHBE - BEWH
L it

HE A ETEEHNERTFEME- A S AN LS PS8 TS - THEHL
Bt WS AT R TSR - M (IR Tk A A S ] A A iR
HFEERARGETAER A a REE -

A A SR AR L SR AR RS A - REE TV MRS E N
BISHMT 4 ASSd @RS Y HFE £k AR FREF P B5 FHHMEH
WA SRR EndaeIAA AR TESEFIHAESHER ST &
HoHBEUREF EoNGEE HRFEAABELATHE -

ABHAE B BHETRE M G101 M -

A d EH S HEAE LR REMEY A BE 0 L0k B AR

A EHEM A 47 & PCB Anfenna -+ X # 8 i Raytac - 938 MDBT42Q-F - 4§ &5:
-1.61dBi -

ARFwEsas voe ANRETES [Pl TR 0T £ EHSaEARER
B AREMEETEN EEHELESE  BEHIRAET LS - EHFARELARE
BatiiE c A WA FREFEN BEHEESE BEHFELL TS - BEF R ERT
WEHBEARFERMBE - A5 YA 28 -

Aogr 8] 104 B TR R R R MR AT A wiRES -
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9.5. CE Test Report (EU)

SGS Reference No: E1/2016/90006C-01

VERIFICATION OF EMC COMPLIANCE

Verification No. - E1/2016/90006C-01

Representative Model No. : MDBT42Q

Added Model(s) . MDBT42Q-P

Product Name . BT 4.2 Module

Brand Name . Raytac

Applicant . Raytac Corporation

Address of Applicant - 5F, No.3, Jiankang Rd., Zhonghe Dist., New Taipei City , 23586, Taiwan
Test Report Number : E1/2016/90006-01

Date of Issue : May 18, 2017

Applicable Standards : EN301489-1,11:2017-02, EN 301 48917211 - 2017-02

EN 55032 : 2015+AC:2016-07
EN 61000-4-2 : 2009, EN 61000-4-3 : 2006+A1:2008+A2:2010

Conclusion

The apparatus meets the requirements of the above standards and hence compliance the essential
requirements under article 3.1b of the RED (2014/53/EU ) Directive.

*This verification is only valid for the equipment and configuration described, and in conjunction with
the test report as detailed above.

Authorized Signatory:

aReue b SRR g o
NASe(/ | “L/L‘»’l‘}/"-'{
.

SGS TAIWAN LTD.
Wisely Huang
Technical Asst. Supervisor
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9.6. IC Certificate (Canada)

telefication bv

telefication

The Netherlands
Chamber of Commerce
LIRAEE3E

www telefication.com

Certification of equipment means only that the equipment has met the
requirements of the above-noted specification. Licence applications,
where applicable to use cerified equipment, are acted on accordingly
by the Industry Canada issuing office and \‘;illﬂji:ﬁend on the existing
radio envirenment, service and location of ion. This certificate is
izsued on condition that the holder complies and will continue to
comply with the requirements and procedures issued by Industry
Canada. The equipment for which this certificate is issued shall mot be
manufactured, mported, distributed, leased, offered for sale or sold
unless the equipment complies with the applicable technical
specifications and procedures issued by Industry Canada.

DATE 21 Feb 2017 BY

This certificate has one annex.

TECHNICAL ACCEPTANCE CERTIFICAT D'ACCEPTABILITE
CERTIFICATE TECHNIQUE
CERTIFICATION No.
No. DE CERTIFICATION 8017A-MDBT42Q
TELEFICATION No.
No. DE TELEFICATION 162170280/AA/01
TEST SITE No.
No. DE LABORATOIRE 46204-5
ISSUED TO i
DEL"\.I'RE A Raytac Corporation
TYPE OF EQUIPMENT )
GENRE DE MATERIEL Blustooth device
TRADE NAME AND MODEL Raytac / MDBT42Q
MARGUE ET MODELE Raytac / MDET42G-P
CERTIFIED TO SPECIFICATION RSS-102 ISSUE g
CERTIFIE SELON LE CAHIER DES CHARGES RES 247 EDITION 1

La cerification du matériel signifie seulement que le matériel a safisfait
au exigences de la norme indiquée ci-dessus. Les demandes de
licences necessaires pour Mutilisation du matériel certifié sont traitées en
consequence par le bureau de délivrance dindustrie Canada et

depen des conditions radio ambiantes, du service et de
remplacement d'exploitation. Le présent certificat est déliveé 3 la
condition que le titulaire satisfasse et continue de satisfaire aux
exigences et aux proceédures dindustrie Canada. Le matériel 3 'égard
duguel le presmt certificat est délivra ne doit pas Ehefd:nme imports,
distribué, loué, mis en vente ou vendu & meins d'étre confiorme aux
pm-cedunes ot ax specificaions techniques applicables publiées par
Industrie Canada.

ISFUED BY TELEFICATION BV, RECOGNIZED CERTIFICATION EQDY BY INDUSTRY CAMADA
DELIVRE PAR TELEFICATION BV, ORGANISME DE CERTIFICATION RECONMNU PAR INDUSTRIE CANADA

1 heraby attast that e subject egquipment was lested and found in comphance with the above-noted speciicalion.
Jatteste, par la présente, que le maténal a fait Nobje! dessai el 8 8id jugé conforme 2 la spacification ci-dassus

Mohammad Elhaj
Product Assessor

N
o~ PHODUCTS
RvA [ 77!
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9.7. SRRC Certificate (China)

L s _mie. giR TR _gVe. _gSR. _gey  geS. £ g

TEBEHIRE

Radio Transmission Equipment

DESRELE

Type Approval Certificate

HAMFLTARAT (£3) : )

A P fE N RS IE R Ao 2R i Al T

In accordance with the provisions on the Radio )

- - . . 0

R L gilite, FAEKWLHES |

Regulations of the People’s Republic of China , the following : :

FOr R AN LSS R G2k 21 b

g radio transmission equipment , after examination , conforms :

r y B LN el | o - N b
G PeARBRAE, ICEAEICHI A : qurr oz 2016004511
’ to the provisions with its CMIIT ID: L
;

¢

'l LR ﬁ# :

Validity Scaled by :'

2016 " g/l 12! {

Year Month Date if

K




9.8. KC Certificate (South Korea)

BSXDI9C0.317D-CaHl A

USSR S 2 HEASM
Certificate of Broadcasting and Communication Equipments
Qi E= ﬁ‘g Raytac Corporation

Trade Name or Applhcant

'7|X_|XI %? . SHAES SM717| EHGOIESLUAAHE £4717)
Quipment Name
712243 MDBT42Q

Bask Model Num ber

e e s

Serkes Model Number MDBT42Q-P

USH=E

Certification No. MSIP- CRM- ryt- MDBT42Q

= x
ﬁ!,:;,xut{fﬂfay} Raytac Corporation / CHE}

Countey of Origin

QISEY 2016-10-06

Date of Certification

7|E}

Qthers
$ ZIxp = rEobd) HdssZ=22 w2&ol wet ASEIASE SHELICH

It is verified that foregoing equipment has been certificated under the Clause 2,
Article 58-2 of Radio Waves Act.

2016 (Year) 108 Month) 06 @ ate)

= e
Yoo (I

Director General of National Radio Research Agency

¢« OIE W2 WAL ZMIE WEAHEY B ZIEA" 8 L350 R85I0i0} ﬁ.,;l-lC}.
HEAl e e A E U ASO0| 28 + USLIC




9.9. RoHS & REACH Report

Please click link below to download full report.

RoHS Report for MDBT420 & MDBT420-P

REACH Report for MDBT42Q & MDBT42Q-P

40


https://mega.nz/#!Ag4liRgT!VQz3Pap8KEiRDVjXuGBf_0jSB6RH2GbYPU4W7OU3GAU
https://mega.nz/#!w451jT5S!-SfNRIefasPYMCJO_Z80lMBnNt4tC4-YsyU_UcjWw3A

9.10. End-Product Label

It is suggested using following content adding to package or user manual or label to obey the
regulation. Any rules of end-product label shall refer to each certification for final reference.

9.10.1. FCC (USA)

The FCC statement should be included in the user manual when there is no enough space on
label. Otherwise, it should be included on the label.

“This device complies with part 15 of the FCC rules. Operation is subject to the following two
conditions. (1) This device may not cause harmful interference. (2) This device must accept

any interference received, including interference that may cause undesired operation.”

The final end product must be labeled in a visible area with the following: “Contain FCC ID:
SH6MDBT42Q".

9.10.2. TELEC (Japan)

When manufacturer is placing the product on the Japanese market, the product must be
affixed with the following Specified Radio Equipment marking:

— R [201-160496
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9.10.3. NCC (Taiwan)

AT ARG AR SRR B BT AP A W S AR

MDBT42Q Series | ({({{ CCAMI16LP1180T2

MDBT420-P Series |{((CCAMI6LP1181TI

B RBRAT I FEHEEAR L PR EFOAL YR ZEHIEH N > ZEHEAR
AT LB EARHE PR E RN R ZEHALAN BRI ARLT S o
P RRMASLEM R R AR RIS 0 B BY Al

9.10.4. IC (Canada)
The IC statement should be included in the user manual when there is no enough space on
label. Otherwise, it should be included on the label.

“This device complies with Industry Canada license-exempt RSS Standard(s). Operation is
subject to the following two conditions. (1) This device may not cause harmful interference. (2)
This device must accept any interference received, including interference that may cause

undesired operation.

Le présent appareil est conforme aux CNR d'Industrie Canada applicables aux appareils
radio exempts de licence.L'exploitation est autorisée aux deux conditions suivantes: (1)
I'appareil ne doit pas produire de brouillage, et (2) l'utilisateur de I'appareil doit accepter tout
brouillage radioélectrique subi, méme si le brouillage est susceptible d'en compromettre le

fonctionnement.”

The final end product must be labeled in a visible area with the following: “Contain IC ID:
8017A-MDBT42Q".
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10. Basic Facts for nRF52 Chip
Below is the comparison chart between nRF52840, nRF52832 and nRF52810. Any
discrepancy shall refer to Nordic’s technical document as final reference.

NRF52840 NRF52832 NnRF52810

RAYTAC . W . 5

Click to see “Full List of Raytac’s BLE Modules
Model No.:
Bluetooth 5 v
Long Range (x4)
Bluetooth 5
High Speed El i v
Bluetooth 5
Advertisement \Y V V
Extension (x8)
Flash (kBytes) 1024 512 192
RAM (kBytes) 256 64 24
ANT V Vv V
IEEE 802.15.4 V
ARM® TrustZone® v
Cryptocell
UsB V
QSPI \
NFC Vv V
12S V V
SPI, TWI, UART,

V V V
PWM
PDM V \/ V
ADC, Comparators V \V V
Supply Range (V) 1.7t0 5.5 1.7to 3.6 1.7to 3.6
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Full List of Raytac’s BLE Modules

Raytac Corporation Bluetooth Module Family Solution By:
Copyright © Al Rights Reserved N NORP'IC

ﬁ e |
i o e

MDBT40 MDBT40-P MDBT50 MDBT42Q : MDBT42Q-P MDBT42 MDBT42-P MDBT42V  MDBT42V-P
nRF51822 & nRF51422 nRF52840 nRF52810 & nRF52832 nRF52832 nRF52832

MDBT40 & MDBT40-P Series

. Nordic IC Flash
Series Solution Raytac No. Version Antenna RAM Memory
MDBT40-256V3 Chip 16 kb 256 K
MDBT40 nRF51822 3 A
MDBT40-256RV3 ntenna 32 kb 256 K
MDBT40-P256V3 PCB 16 kb 256 K
MDBT40-P nRF51822 3
MDBT40-P256RV3 Antenna 32 kb 256 K
MDBT40 MDBZ-géC\)/?vA i Chi 16 kb
NRF51422 3 'P 256 K
- ANT MDBT40-ANT Antenna 32 kb
-256RV3
MDBT40 MDgggngNT PCB 16 kb
nRF51422 3 256 K
- ANT-P MDBT40-ANT Antenna 32 kb
-P256RV3
MBaBr']I':O nRF51822 MDBT40-n256V3 3 N/A 16 kb 256 K
MDBT40 MDBT40-ANT
- ANT-Nano nRF51422 -N256V/3 3 N/A 16 kb 256 K
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MDBT42 Series

OFN Package IC

. Nordic IC Flash
Series Solution Raytac No. Version | Antenna RAM Memory
nRF52832 MDBT42Q-512K Chip 64kb | 512K
MDBT42Q 1
nRF52810 MDBT42Q-192K Antenna | o4 p | 192K
nRF52832 | MDBT42Q-P512K PCB 64kb | 512K
MDBT42Q-P 1
nRF52810 | MDBT42Q-P192K Antenna | o4yp | 192K
WLCSP Package IC
. Nordic IC Flash
Series Solution Raytac No. Valon Antenna RAM Memory
MDBT42 MDBT42-512K 1 Chip
Antenna
nRF52832 — 64kb | 512K
MDBT42-P MDBT42-P512K 1 Antenna
. Nordic IC Flash
Series Solution Raytac No. Version | Antenna RAM Memory
Chip
MDBT42V MDBT42V-512K 1 Antenna
nRF52832 5CB 64kb | 512K
MDBT42V-P MDBT42V-P512K 1 Antenna
MDBT50 Series
. Nordic IC Flash
Series Solution Raytac No. Version | Antenna RAM Memory
Chip
MDBT50 MDBT50-1M Antenna
nRF52840 1 5CB 256 kb | 1MB
MDBT50-P MDBT50-P1M Antenna
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Release Note

2016/03/24 Version A: 15t release

2016/08/26 Version B:

(1) Updated list of Raytac’s BLE model no..

(2) Added schematic of MDBT42Q-P and RF layout reference in Chapter 2.

(3) Updated packing info in Chapter 4.

(4) Added antenna info in Chapter 7.

(5) Updated info of regional certificates in Chapter 9.

2017/05/22 Version C:

(1) Added CE Test Report (RED directives), Declaration ID certificate, and KC certificate.
Updated FCC and IC certificate for portable device.

(2) Updated layout & footprint guide in Chapter 2.

2017/07/31 Version D:

(1) Updated RF layout guide in Chapter 2.

(2) Updated RoHS & REACH reports.

2017/10/31 Version E:

(1) Updated Chapter 2, Chapter 9 and list of model no.

(2) Added Chapter 10.
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