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1. Introduction

Ampak Technology would like to release a low-cost, small size, low-power consumption module which
includes BLE functionalities. The highly integrated AP6208 module makes the possibilities of Bluetooth 5.4
Low Energy, Multiprotocol dual radio, Zigbee, Thread and Matter protocols 2.4 GHz proprietary modulations
multi-rate, Building automation, Medical, Industrial transport-asset tracking, Factory automation and
control...etc. application.

1.1 Description

This compact module is a total solution for a combination of Dual-Radio Bluetooth 5.4 and |IEEE 802.15.4
technologies with Microcontroller Processor. The module is specifically developed for embedded system
devices. The AP6208 module also integrates an Arm Cortex-M4 CPU running at 160 MHz and has a high-
speed UART interface for connection with an external host processor.

The BT system is a dual-radio Bluetooth 5.4+ compliant baseband processor and 2.4 GHz transceiver. It
also has tightly-coupled support for IEEE 802.15.4 (Thread, Zigbee, etc.) using the 2.4 GHz Bluetooth radio.

The BT system supports all mandatory SIG BT 5.4+ features. In addition, it supports ranging technologies
such as high-accuracy distance measurement (HADM), which is expected to be included in Bluetooth
standards greater than BT 5.4+.

The AP6208 module also supports worldwide regulatory requirements and the latest publicly available
revisions of the Thread, Zigbee, and Matter standards.

The BT system includes an Arm core (running at 160 MHz) paired with 1640 KB of ROM memory for
program storage and boot ROM, 544 KB of system-data RAM, and 1664 KB of code RAM. It also has 256 bytes
of user accessible OTP for storing wafer ID, RF/analog calibration settings, and other system configuration

settings.

1.2 Applications

Building automation

Industrial transport — asset tracking
Factory automation and control
Medical

YV V V V

AMPAK Technology Inc.
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2. Features

>

YV VV V V V V V

Y VY

Complies with BT Core Specification Version 5.4 with support for future 6.0 specifications such as high
accuracy distance measurement (HADM).

Supports two 2.4 GHz band radios concurrently.

Supports Bluetooth Class 1 and Class 2 TX operation.

Supports Electronic Shelf Label (ESL).

Supports HADM/channel sounding (BT 6.0 compliance expected).

Supports BLE-LR, angle of departure (AoD), angle of arrival (AoA), and HW-capable ISOC.

Supports BLE Zephyr open-source software stack.

Supports IEEE 802.15.4 (OpenThread and ZBOSS) up to version 2.

Supports firmware download over UART for shared flash with a host processor, or from local,
dedicated serial flash over an SPI.

Four GPIO and antenna-selection pins for AoD and AoA determination or HADM (channel sounding).

Supports secure boot.

A simplified block diagram of the module is depicted in the figure below.

AMPAK Technology Inc.
6F.-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047 , Taiwan http://www.ampak.com.tw

System Block Diagram

VBAT 3.3V
VDDIO 1.8V
LDO_VDD 1.05V

IoT Module AP6208

Interface List

IHigh-speed UART,
1

2.4 GHz,
Dual-Radio
Bluetooth 5.4 &
IEEE 802.15.4

:SPI (Serial Peripheral Interface)

[
il2C (Master to control external sensors)
[

:Debug UART

SoC
Processor

:B-Wire IEEE 802.15.2 coexistence interface
ifor Wi-Fi and BT coexistence

[

'Serial Enhanced Coexistence Interface
:(SECI} for Wi-Fi and BT coexistence.

REF_CLK
80 MHz
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3. General Specification

3.1 General Specification

Model Name

AP6208

Product Description

2.4 GHz, Dual-Radio Bluetooth 5.4 and |IEEE 802.15.4 Module

Dimension

Lx W :12x 12 (typical) mm > H:1.78 (Maximum) mm

Module type package

Stamp type with metal lid

MCU Interface

High-speed UART, SPI, 12C, Debug UART

3-wire |IEEE 802.15.2 coexistence interface for Wi-Fi and BT coexistence
SECI for Wi-Fi and BT coexistence

Operating temperature

-40°Cto 85°C

Storage temperature

-40°C to 105°C

Humidity

Operating Humidity 10% to 95% Non-Condensing

3.2 DC Characteristics

3.2.1 Absolute Maximum Ratings

Symbol Description Min. | Max. | Unit
VDD_3P3V DC Power supply for SIP Module 3.3V -0.5 3.7 Vv
VDD_1P8V DC Power supply for SIP Module 1.8V -0.4 | 2.07 \Y
VDD_1P0O5V DC Power supply for SIP Module 1.05V -0.4 |1.2075| V

3.2.2 Recommended Operating Ratings

Symbol Min. Typ. | Max. | Unit
VDD_3P3V 3.135 3.3 | 3.456 Vv
VDD_1P8V 1.71 1.8 1.89 Vv
VDD_1P0O5V 1.008 1.05 | 1.092 Vv

AMPAK Technology Inc.
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3.3 Power Sequence

The AP6208 module is powered on from this state, it is the same as a normal power-up and the device does
not retain any information about its state from before it was powered down.
The figure below shows the power sequence diagram.

(vog'lg /
1.8V /
1,05V /

—» <« 140 ps ( ( —» 4 <2ms
BT_REG_ON D \
260
0.72Vv > il he ((
(VDDC) B
VDDC_OK j(
(Power-on Reset) J

3.4 Frequency References

An external crystal is used for generating all radio frequencies and normal-operation clocking.
The AP6208 module uses an external crystal to provide a frequency reference. The recommended
configuration for the crystal oscillator including all external components is shown in below figure. Consult

the reference schematics for the latest configuration.

C Recommend 12pF

I I XTAL_XOP
= 80 MHz
C
I I ® XTAL XON
Recommend 12pF

AMPAK Technology Inc.
6F.-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047 , Taiwan http://www.ampak.com.tw
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The recommended default frequency reference is an 80 MHz crystal. The signal characteristics for the

crystal oscillator interface are provided in below table and Crystal oscillator requirements®.

Crystal®
Parameter Conditions/Notes
Min. Typical Max. Unit
Frequency — — 80 - MHz

Frequency tolerance over the
lifetime of the equipment, Without trimming -20 — 20 ppm
including temperature®

Crystal load capacitance — — 8 — pF
ESR — — — 50 Q
Drive level External crystal must be able to 150 _ _ W

tolerate this drive level.

a. The parameter values in this table apply when using an 80 MHz crystal.
b. Use BT_XTAL_XOP and BT_XTAL_XON.
c. It is the responsibility of the equipment designer to select oscillator components that comply with these

specifications.

AMPAK Technology Inc.
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4. System Interface

4.1 UART Host Interface

The AP6208 module UART host interface is a standard 4-wire interface (RX, TX, RTS, and CTS) with
adjustable baud rates from 9600 bps to 12 Mbps. The baud rate may be selected through a vendor-specific
UART HCl command. The UART has a 2600-byte receive FIFO and a 2600-byte transmit FIFO to support
host-transport traffic. Access to the FIFOs is conducted through the AHB interface through either DMA or
the CPU. The UART supports the Bluetooth 5.4 UART HClI specification: H4, a custom Extended H4, and H5,
as well as the OpenThread Spinel protocol. The default baud rate is 115.2 Kbaud.

The UART supports the 3-wire H5 UART transport, as described in the Bluetooth specification (Three-
wire UART Transport Layer). Compared to H4, the H5 UART transport reduces the number of signal lines
required by eliminating the CTS and RTS signals.

The AP6208 module UART can perform XON/XOFF flow control and includes hardware support for the
Serial Line Input Protocol (SLIP). It can also perform wake-on activity. For example, activity on the RX or CTS
inputs can wake the chip from a sleep state.

Normally, the UART baud rate is set by a configuration record downloaded after device reset. Support
for changing the baud rate during normal HCl UART operation is included through a vendor-specific
command that allows the host to adjust the contents of the baud rate registers. The AP6208 module UARTs
operate correctly with the host UART as long as the combined baud rate error of the two devices is within
+2%.

The diagram below is UART timing.

1
] 1
]
BT_UART CTS N hY /1
[} 1

]
]
]
:.4—1
]
]
]
]
]
1

BT_UART_TXD

: : Midpoint of STOP bit Midpoint of STOP bit
] [
T T
[] [
1 1
] ]
1
[] (]
1 ]
BT UART RTS N ! /
[] 1
T [}
) (]

AMPAK Technology Inc.
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UART Timing specifications:
Reference Characteristics Minimum Typical Maximum Unit
1| eevimem o tons — s e
T — Jos [euemes
s | Seime ot — o [

4.2 Peripheral/Debug UART Interface

The peripheral/debug UART has the following features:
<> 256-byte RX and TX FIFOs.
< A4-pininterface.

The PUART_RXD and PUART_TXD signals can be multiplexed to one of the following three pairs of pins,

respectively:

<~ TX_CONFX2 and BT_STATUS2

4.3 Serial Flash Interface

The serial flash interface supports the following features:

<> A SPI-compatible serial bus.

R IR

A maximum serial flash size of 64 MB.

A 24 MHz (maximum) clock frequency.

3-byte and 4-byte addressing modes.

high speed mode.
Note: To minimize ripple at the AP6208 module of SPI_CLK port to within +20% of VDDIO due to

transmission-line effects, use a series resistor on the SPI_CLK line to the serial flash, preferably close to the

serial flash port.

AMPAK Technology Inc.

6F.-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047 , Taiwan

Programmable instructions output to serial flash.

A configurable dummy-cycle count that is programmable from 1 to 15.

http://www.ampak.com.tw

Support for either x1 or x4 addresses with two data lines (one input and one output).

An option to change the sampling edge from rising-edge to falling-edge for read-back data when in
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Serial flash read-register timing
Extended 0 7 8 9 10 11 12 13 14 15
ax NSNS NSNS N NSNS NS N
LSB
DO X Command /D
MSB LSB
D1 High-2 ()() Dor ¥ Door ¥ Dowr ) Do Dor X Dawr ) Dow )} Dow XDour

MSB

|:| Don’t care

Serial flash write-register timing
Extended 0 7 8 9 10 11 12 13 14 15

LSB

LSB | i
DO X Command ( b Din >< Diy >< Din >< Din Din >< Din >< Din >< Diy { Dn
MSB | MsB i

Memory fast-read timing
<> 24-bit addressing is used, so A[MAX] = A[23] and A[MIN] = A[O].
<> For an extended SPI protocol, Cx = 7 + (A[MAX] + 1).

Extended 0 7 8 C,

LS8 | AIMIN] ; :
o e N0 T
D1 —()/LHigh-Z%) ('(’ '/ Dour >< Dour Dour >< Dour >< Dour X Dour Dour >< Dour ;DouT

- MSB

Dummy Cycles

- Don’t care

Memory-write timing
For an extended SPI protocol, Cx = 7 + (A[MAX] + 1)

Extended 0 7 8 [of

oo ) commans ) Y Cow 0 om0 ow X on X o X ow X ow X ow Yo

MSB " A[MAX] ' MSB

AMPAK Technology Inc.
6F.-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047 , Taiwan http://www.ampak.com.tw
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4.4 Serial Flash Parameters

Serial flash timing parameters diagram

T_DVCH

Clock (CLK)

Data out (Dgy1) from serial flash device
(D1 in Serial [Extended] mode)

e e ]

_cLQ
| i
i i
Data in (D)) to serial flash device !
(DO in Serial [Extended] mode) ! i
I ] [}
| R
IT_cLQv |
Serial flash timing parameters table
Parameter Description Minimum Maximum Unit
T_DVCH Data setup time 2 - ns
T_CHDX Data hold time 3 - ns
T_CLQX Output hold time 1 - ns
T_CLQV Output valid time (with a 10 pF load) - 5 ns

4.5 Serial Enhanced Coexistence Interface

An external handshake interface is available to enable signaling between the device and an external co-
located wireless device, such as a Wi-Fi IC, to manage wireless medium sharing for optimum performance.

The below figure shows the Wi-Fi coexistence interface.

WiFi-Module
SECI_OUT B4 » <] UART_IN

——SECI N e[| uART_OUT

BT GCI

NOTE: SECI_OUT and SECI_IN are multiplexed on the GP10s,

AMPAK Technology Inc.

6F.-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047 , Taiwan http://www.ampak.com.tw
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4.6 1%CInterface

The AP6208 module supports a I12C master interface. The Standard, Fast, and Fast-mode Plus modes are
supported. The 12C interface is a 2-wire serial bus that is compatible with the 12C Specification (version 2.1).
The AP6208 module 12C interface supports the following features:

Parallel-to-12C bus protocol converter and interface.

Standard mode (100 kbps), Fast mode (400 kbps), and Fast-mode Plus (1 Mbps).
Single-master capability.

Support for both 7-bit and 10-bit addressing.

Available as a GPIO alternate function.

R T IS

Clock and data glitch filtering.

The SCL and SDA signals can be multiplexed to one of the following four pairs of pins, respectively:
TDO and TDI.

SPI_MISO and SPI_MOSI.

> %

12C timing specifications of table

Fast-mode Plus®" _
Parameter Symbol Minimu - Maximu U: I
m Typical m

SCL clock frequency fscL 0 - 1000 kHz
Bus-free times between a stop and start condition tguf 500 — — ns
the st clock puse s generated. | oSt | 260 | = |- e
Low period of the SCL clock tLow 500 — — ns
High period of the SCL clock tHIGH 260 — — ns
Set-up time for a repeated start condition tsu:sTA 260 — — ns
Data hold time tHD-DAT o° — 4504 ns
Data setup time tsu;pAaT | 260° - — ns
Setup time for stop condition tsu:sTo 260 - - ns
Pulse width of spikes suppressed by the input filter tsp 0 — 10 ns

a. All timing values are referenced to minimum (VIH) and maximum (VIL) levels and were obtained over
process, voltage, and temperature.
b. For Fast-mode Plus, the hardware currently supports the 4th mode, not the 3rd mode.

c. A device must internally provide a hold time of at least 300 ns for the serial data (SDA) signal to bridge

AMPAK Technology Inc.
6F.-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047 , Taiwan http://www.ampak.com.tw
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the undefined region of the serial clock line (SCL).

d. This must be met because the AP6208 module does not stretch the low period of the SCL signal.

e. A Fast-mode Plus device can be used in Fast mode or Standard mode, but the TSU,DAT > 100 ns (Fast
mode) or TSU;DAT > 250 ns (Standard mode) requirement must be met. This automatically applies because
the AP6208 module does not stretch the low period of the SCL signal for Fast-mode Plus.

The below figure shows clock and data timing
SDA{ / J\ X
. taur! \

SCL|

= Thp; par

......

The SDA and SCL lines can source and sink 2 mA and have internal 45 kQ pull-up resistors. To drive the
capacitive load of the 12C interface, external pull-up resistors will be required to keep the rise time less than
300 ns between 30% of VDD_10 and 70% of VDD_IO. The rise time is modeled by a simple RC circuit where
R is the total pull-up resistance (the parallel combination of the internal and external resistors) and C is the

total capacitance of the signal line, the trace capacitance, and all connected pins.

AMPAK Technology Inc.

6F.-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047 , Taiwan http://www.ampak.com.tw
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5. RF Specification

5.1 Bluetooth Specification

Feature

Description

General Specification

Bluetooth Standard

BDR ~ EDR ~ LE(1Mbps ~ 2Mbps ~ 500 kbps, and 125 kbps)

Frequency Band

2402 MHz ~ 2480 MHz

Number of Channels

40 channels for BLE

Modulation GFSK, t/4-DQPSK
RF Specification
Output Power,tolerance + 2.5dB
CL1 (dBm)
BDR Output Power 7
EDR Output Power 7
BLE Output Power 7
Sensitivity, tolerance + 2.5dB

Sensitivity @ BER=0.1%

Y ’ -90 dBm
for GFSK (1Mbps)
Sensitivity @ BER=0.01%

Y ° -93 dBm
for m/4-DQPSK (2Mbps)
Sensitivit BER=0.01%

ve ° -87 dBm
for 8DPSK (3Mbps)
Sensitivit PER=30.8%

v e ’ -92 dBm
for LE (2Mbps)
Sensitivity @ PER=30.8%

Y ° -94 dBm
for LE (1Mbps)
Sensitivit PER=30.8%

v e ° -101 dBm
for LE (500Kbps)
Sensitivit PER=30.8%

v e ° -105 dBm
for LE (125Kbps)

GFSK (1Mbps):-20dBm
Maximum Input Level
1/4-DQPSK (2Mbps) :-20dBm

AMPAK Technology Inc.

6F.-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047 , Taiwan
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5.2 IEEE 802.15.4 (Thread, Zigbee)(TBD)
IEEE802.15.4 (250Kbps) RF_TX PERFORMANCE
ltem Sym. TYP tolerance UNIT
Output power TBD 1 dBm

IEEE802.15.4 (250Kbps) RF_RX PERFORMANCE

ltem Sym. TYP tolerance UNIT
Sensitivity 250Kbps TBD 1 dBm
Frequency Offset KHz

AMPAK Technology Inc.

6F.-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047 , Taiwan http://www.ampak.com.tw
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6. Pinout Information

6.1 Schematic Symbol

44

< N N

GND
GND

VDD_1P0O5V

GND
ANT PAD 0

T8 GND
ANT_PAD 1

=~ GND
GND

8 GND

M SYS RESET B

oM JTAG_TDI
JTAG_TDO
VDD_3P3V

JTAG TRST

JTAG TCK
JTAG TMS

AMPAK Technology Inc.
6F.-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047 , Taiwan

GND

BT_XTAL_XON

N ©) 0 O <
<

GND
MODE_SEL

VDD_1P8V

TEST_ENABLE

BT_XTAL_XOP

BT_REG_ON

AP6208

m
|_
L
0
u
@
=
T

BT STATUS

TX CONFX2

ANT SELO

SECI_IN
SECI_OUT
JTAG_CE

O |0 o IO
—

16

BT GPIO 2

33
BT_STATUS2

UART_CTS
UART_RTS
UART_RXD
UART_TXD
SPI_MOSI
SPI_CSB &5
SPI_MISO
SPI_CLK &7
SW_RESET B
RF_ACTIVE2

http://www.ampak.com.tw
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6.2 Module Pin Descriptions

The below table provides the signal name, type, and description of each pin in the AP6208 module. The
symbols shown under Type indicate pin directions (I/O = bidirectional, | = input, O = output), if any.

No Name Type Description
1 GND GND Ground
Antenna-0
2 ANT_PAD O I/0 ) o )
Dual radio receiver input and transmitter output
3 GND GND Ground
Antenna-1
4 ANT_PAD_1 I/0 ] o )
Dual radio receiver input and transmitter output
GND GND Ground
6 GND GND Ground
7 GND GND Ground
Miscellaneous Signals
8 SYS_RESET_B | _
External active-low system reset
Miscellaneous Signals
9 JTAG_TDI
JTAG TDI signal
Miscellaneous Signals
10 JTAG_TDO 0
JTAG TDO signal
11 VDD_3P3V I 3.3V input supply pin for digital padring
Miscellaneous Signals
12 JTAG_TCK I )
JTAG TCK signal
Miscellaneous Signals
13 JTAG_TRST I
- JTAG Test reset
Miscellaneous Signals
14 JTAG_TMS )
JTAG TMS signal
Miscellaneous Signals
15 HW_RESET B External active-low hardware reset. Warm reset that
triggers a FW download.
Coexistence Interface
SECI_IN when used with another Ampak wireless
16 SECI_IN

device; otherwise, TX confirmation (TX_CONFX) input

of a primary 3-wire Bluetooth coexistence interface.

AMPAK Technology Inc.

6F.-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047 , Taiwan http://www.ampak.com.tw
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Coexistence Interface
SECI_OUT when used with another Ampak wireless
device; otherwise, RF active (RF_ACTIVE) output of a
primary 3-wire Bluetooth coexistence interface.

17 SECI_OUT 0]

Miscellaneous Signals

18 JTAG_CE
- JTAG chip-enable input

Miscellaneous Signals
19 BT_STATUS 0 STATUS output line of a primary 3- wire Bluetooth
coexistence interface

BT_DEV_WAKE

20 ANT_SELO o )
HOST Wake-Up Bluetooth Device

Miscellaneous Signals
Usable as the PUART RXD signal. Also usable as the TX
21 TX_CONFX2 T _ _
confirmation (TX_CONFX) input of a secondary 3-wire

Bluetooth coexistence interface.

Miscellaneous Signals
22 BT_GPIO_ 2 I/O ,
GPIO_2. Usable as an external interrupt source.

(1)Miscellaneous Signals
RF_ACTIVE output line of a secondary 3-wire
Bluetooth coexistence interface or usable as a
23 RF_ACTIVE2 0] debugging port

(2)BT_HOST_WAKE
Bluetooth Device to Wake-Up HOST

Miscellaneous Signals
24 SW_RESET_B External active-low software reset. Warm reset that

does not trigger a FW download.

Serial Peripheral Interface

25 SPI CLK 0]
- SPI clock

Serial Peripheral Interface
26 SPI_MISO o
SPI main in, subnode out

Serial Peripheral Interface
27 SPI_CSB 0]
- SPI chip select

Serial Peripheral Interface
28 SPI_MOSI 0]
- SPI main out, subnode in

UART Interface

29 UART_TXD 0]
- UART serial output.

AMPAK Technology Inc.

6F.-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047 , Taiwan http://www.ampak.com.tw
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UART Interface
30 UART_RXD
UART serial input.
UART Interface
31 UART_RTS 0]
UART request-to-send.
UART Interface
32 UART_CTS
- UART clear-to-send.
Miscellaneous Signals
Usable as the PUART TXD signal. Also usable as the
33 BT_STATUS2 0] ] )
STATUS output line of a secondary 3-wire Bluetooth
coexistence interface.
Miscellaneous Signals
34 TEST_ENABLE 0: Normal operating mode
1: Test mode.
Miscellaneous Signals
Mode selection:
35 MODE_SEL
0: MCM mode
1: Standalone mode
Miscellaneous Signals
36 BT _REG_ON 0: Turn internal PMU off.
1: Turn internal PMU on.
37 VDD_1P8V I 1.8V VDDIO input supply pin
38 GND GND Ground
Crystal (XTAL) Interface
39 BT_XTAL_XOP | _ _
External 80MHz_XTAL oscillator input
Crystal (XTAL) Interface
40 BT_XTAL_XON 0 ]
External 80MHz_XTAL oscillator output
41 GND GND Ground
42 VDD_1P0O5V [ 1.05V input supply pin for radio circuit
43 GND GND Ground
44 GND GND Ground
Notes:

This is original define. More Alternate function mapping reference to below table

AMPAK Technology Inc.
6F.-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047 , Taiwan
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6.3 GPIO Alternative Signal Functions

GPIO stands for general purpose input/output. It is a type of pin found on an integrated circuit that does
not have a specific function. While most pins have a dedicated purpose, such as sending a signal to a
certain component, the function of a GPIO pin is customizable and can be controlled by the software.

6.3.1 Core-level Mux selection Table

Function Number
Pin
0 1 3 4 5 6 7 11 12 13 14 15
BT_UART_CTS | UART.CTS | _ _ UARTZ_ | A_GPIO[ | _ SPICS | _ B
_N _N RTS_N 1] B
BT_UART_RTS | UART_RTS | : _ UARTZ_ | AGPIO[ | _ SPILMI | B
_N _N CTS_N 0] S0
BT_UART_RXD | UART_RXD | — - SDA UART2_ | _ GPIO[5] | — - SPLMO | _ -
RXD sl
BT_UART_TXD | UART_TXD | — — ScL UART2_ | _ GPIO[4] | — - SPLCL | _ -
TXD K
BT_CORE_SIG AGPIO[O] | — B _ B _ _ _ _ _ _ SPI_CL
0 K
BT_CORESIG | , o, o) | — N B 3 B N B B B B SPI_CS
_1 B
BT_CORE_SIG aGPo2] | — B _ B _ B _ SDA _ _ SPI_MO
2 Sl
BT_CORE_SIG SPI_MI
3 A_GPIO[3] | — - - - - - - SCL - - S0
BT_CORE_SIG UART2_ SPI_MO
o A_GPIO[S] | — = - - - - rRTs.N | SCL - - si
BT_CORE_SIG UART2_ SPI_MI
5 A_GPIO[E] | — - - — - - CS.N | T SDA - S0
BT_CORE_SIG UART2_ SPI_CS
_6 GPIO[7] - - - - - - RXD - - - B
BT_CORE_SIG UART2_ SPI_CL
7 GPIoje] - - - - - - TXD - - - K
B;_CORE_SIG GPIO[1] _ B _ B _ _ _ _ _ _ _

AMPAK Technology Inc.
6F.-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047 , Taiwan http://www.ampak.com.tw
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Function Number
Pin
0 1 3 4 5 6 7 11 12 13 14 15
BT_CORE_SIG _ _ _ _ _ _ A_GPIO[ | _ _ _ _ _
9 7]
BT_CORE_SIG
_10 GPIO[O] — — - - — — — - - — -
UART2_
BT_GPIO5 GPIO[5] - - - - - - CTS_N - — - SCL
UART2_
BT_GPIO4 GPIO[4] - - - - - - RTS_N - - - SDA
UART2_
BT_GPIO3 GPIO[3] XD - - — - - - - — - -
UART2_
BT_GPI02 GPIO[2] — RTS_N - — - - - - - - -
BT_AJTAG_TDI | AJTAG_TDI | — - SPIL_MI GPIO[5] | GPIO[6] | GPIO[7] | — A_GPIO[ | A_GPIO[ | A_GPIO[ SDA
S0 4] 5] 6]
BT_AJTAG_TD AJTAG_TD SPI_MO A_GPIO[ | A_GPIO[ | A_GPIO[
0 0 - - S| GPIO[5] | GPIO[B] | GPIO[7] | — 4] 5] 6] SCL
BT_AJTAG_TM | AJTAG_TM SPI_CS A_GPIO[ | A_GPIO[ | A_GPIO[
s s - - B GPIO[5] | GPIO[6] | GPIO[7] | — 4] 5] 6] -
BT_AITAG_TC AJTAG_TC SPI_CL A_GPIO[ | A_GPIO[ | A_GPIO[
K K - - K GPIO[5] | GPIO[B] | GPIO[7] | — 4] 5] 6] -

AMPAK Technology Inc.
6F.-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047 , Taiwan http://www.ampak.com.tw
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6.3.2 Top-level Mux selection Table

Function Number

Pad Name
0 (Default) 1 2 3

TDI BT_AJTAG_TDI BT_AJTAG_TDI BT_AJTAG_TDI BT_AJTAG_TDI
TDO BT_AJTAG_TDO BT_AJTAG_TDO BT_AJTAG_TDO BT_AJTAG_TDO
T™S BT_AJTAG_TMS BT_AJTAG_TMS BT_AJTAG_TMS BT_AJTAG_TMS
TCK BT_AJTAG_TCK BT_AJTAG_TCK BT_AJTAG_TCK BT_AJTAG_TCK
UART_CTS BT_UART_CTS_N BT_UART_CTS_N BT_UART_CTS_N BT_UART_CTS_N
UART_RTS BT_UART_RTS_N BT_UART_RTS_N BT_UART_RTS_N BT_UART_RTS_N
UART_RXD BT_UART_RXD BT_UART_RXD BT_UART_RXD BT_UART_RXD
UART_TXD BT_UART_TXD BT_UART_TXD BT_UART_TXD BT_UART_TXD
SPI_CLK BT_CORE_SIG_O BT_CORE_SIG_O BT_CORE_SIG_O BT_CORE_SIG_O
SPI_CSB BT_CORE_SIG_1 BT_CORE_SIG_1 BT_CORE_SIG_1 BT_CORE_SIG_1
SPI_MISO BT_CORE_SIG_2 BT_CORE_SIG_2 BT_CORE_SIG_2 BT_CORE_SIG_2
SPI_MOSI BT_CORE_SIG_3 BT_CORE_SIG_3 BT_CORE_SIG_3 BT_CORE_SIG_3
SECI_IN SECI_IN — TX_CONFX —
SECI_OUT SECI_OUT — RF_ACTIVE -
BT_STATUS | BT_CORE_SIG_9 — — BT_STATUS
TX_CONFX2 | BT_CORE_SIG_6 — — TX_CONFX2
zF‘ACTIVE BT_CORE_SIG_8 — — RF_ACTIVE2
ST‘STATUS BT_CORE_SIG_7 — — BT_STATUS2
ANT_SELO ANT_SELO BT_CORE_SIG_10 — —

AMPAK Technology Inc.
6F.-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047 , Taiwan
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6.4 Module Pin Number Define

PIN OUTLINE
<TOP VIEW>

44 43 42 41 40 39 38 37 36 35 34

33
32
31
30
29
28
27
26
25
24
23

T o ©WoONOORA WN

— —

121314151617 1819 20 21 22
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7. Dimensions

7.1 Module Physical Dimension

4
050
%12.00
0.90
20—
<TOP VIEW>
,‘ f
| x1.08mm MaX
[ TTTITITITITITITITITITT ] f
<SIDE VIEW>

unit : mm
Tolerance : £0.1mm

B

9.00 12,

e

12,000 |
<BOTTOM VIEW>

®0.7

PHYSICAL DIMENSIONS
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7.2 Module Recommended Footprint

RECOMMENDED FOOTPRINT
<TOP VIEW>

T e

il |

Pin1— N | -—“—
J_-

.
| N
0.50 —

*IIII

9.00 11.375

LT

| '
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= LA

- 9.00 =!

\

~ 11.375

Unit : mm
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® Solder paste layer design is generally the same as recommended footprint.
(P B S ek T i s AR 2 RS )

® If soldering quality with good wetting on upright side is essential for PQC, how to optimize the
aperture design in the stencil to adjust the amount of solder paste would be crucial.
In addition, a kind of stencil design with stepped thickness in partial area would be considered if the
thickness of stencil is about 0.1mm or thinner. Please optimize the stencil design by manufacture
engineer or contact AMPAK FAE for assistance.
(A RAELRNZ 8 5 B M TES - AMB(Li4ERa fLakat LR E E Y &2 IR F HEAY -
JCEHAE R RETZ 0.1mm BEEHE - ﬁ%)fﬁ%ﬁﬁbﬂ?ﬁﬂ%ﬁﬂ%ﬁ ° S e e BAE TRRRTLLE
{ESfSEEE T, BOR I 48 (E R R S F E).

Solder paste

i 7 Er
:\-§ E \ I Soldering pad

\
N 0.5~1mm

Option A Optlon B

//
/

AMPAK Technology Inc.
6F.-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047 , Taiwan http://www.ampak.com.tw

26




A

AP6208 Datasheet AMPAK Technology Inc.

8. Recommended Reflow Profile

<260°C

217°C

200°C

150°C

A Temperature

3°C /sec max.

3°C /sec max.

4

——————————————————— - 60~90s >
typically
60~120s
\ r typically
3°C /sec max.
>
Ramp up Soak Reflow Cool down

Time

1. Referred to IPC/JEDEC standard
2. Peak Temperature : <260°C(Time within 5°C of actual Peak Temperature 20-40 seconds)

3. Cycle of Reflow : 2 times max.
4. Adding Nitrogen (N2) to implement 2000ppm or less of oxygen concentration during reflow process

is recommended.
5. If the shelf time is exceeded, be sure baking step to remove the moisture from the component

AMPAK Technology Inc.
6F.-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047 , Taiwan
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9. Package Information

9.1 Label

Label A= Anti-static and humidity notice

Label B> MSL caution / Storage Condition

AMPAK Technology Inc.

6F.-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047 , Taiwan

Bag Seal Date:

LEVEL

Caution

This bag contains
MOISTURE-SENSITIVE DEVICES

If blank, see adjacent
bar code label

. Calculated shelf life in sealed bag: 12 months at <40°C and

<90% relative humidity (RH)

. Peak package body temperature: ‘C

If blank, see adjacent bar code label

. After bag is opened, devices that will be subjected to reflow

solder or other high temperature process must be

a) Mounted within: hours of factory conditions
If blank, see adjacent bar code label

<30°C/60% RH, or
b) Stored per J-STD-033

. Devices require bake, before mounting, if:

a) Humidity Indicator Card reads >10% for level 2a - 5a
devices or >60% for level 2 devices when read at 23 + 5°C

b) 3a or 3b are not met

. If baking is required, refer to IPC/JEDEC J-STD-033 for

bake procedure

If blank, see adjacent bar code label

Note: Level and body temperature defined by IPC/JJEDEC J-STD-020

http://www.ampak.com.tw
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Label C—> Inner box label .
PO: D
AMK DEVICE: Ll
PKG S/N: T I YOO O AR AR
IPKGYYMMDDNNNNN

Model Name:

P/N:

Quantity:
Date Code:

Lot Code:

LT
APXXXXXXXX (R3HF)

0 ORI TR A RN
99X-XXX-XXXXR

UL
QQQQ

UL
YYWW

0N 0 T
)9,0,0,0,0,0,0.0,¢

Label D> Carton box label .

_ AMPAKTechnoIogyInc

PO:
AMK DEVICE:

Model Name:

Part No.:

Quantity:

Lot D/C:

Manufacture:

AMPAK Technology Inc.

6F.-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047 , Taiwan

U NCAV O AR A
APXKXKXKXX (R3HF)

N A A
QOX-XXX-XKXXXR

LI
QQQQ

AR QAN AN SO
XXXXXXXXX  YYWW QQQQ

R TR
YYYY/MM/DD

http://www.ampak.com.tw
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9.2 Label Packing Dimension
Rows |Content Note Packaging Type |Packing Quantity |Note
Row 1 | APXXXXXX Model Name Reel / Bag / Box [1500pcs 13" reel
APXXXXXX Row 2 [XXXXXXXX or XXXXXXXXX Lot Code Carion 7500pcs 5Box
I (8 digitals or 9 digitals )
Row 3 | YYWW Date Code
o Row 4 | Through hole or non through hole (pin1

P2 PO P1

e [ W 24002030
[ & 6 o|d 4 & o b { a0 | 12305010

- BO | 12.30%0.10

F — KO | 1.80%0.10

> E 1.75¢0.10
< 2

[ i F | 11.50£0.10

PO 4.00%0.10

— P1 | 16.00£0.10

P2 2.00£0.10

A0 \ DO 1.50 40
J D1 D1 21.50MIN
Sl Ll i Ko

1. Material : Black Conductive Polystyrene Alloy.
2. All dimensions meet EIA-481-D requirements.
3. Thickness : 0.30£0.05mm.

330.0 100.0

AMPAK Technology Inc.
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Humidity indicator

AMPAK Technology Inc.
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9.3 MSL Level / Storage Condition
. LEVEL
Caution
This bag contains 4
MOISTURE-SENSITIVE DEVICES

If Blank,ses adlacent
bar code label

1. Calculated shelf life in sealed bag:12months at<40Tand
<90% relative humidity(RH)

2. Peak package body temperature: 250 C

t blank,see adjacent bar code label

3. After bag is opened,devices that will be subjected to reflow
solder ar other high temperature process must be

a) Mounted within: 72 hours of factory conditions
If blank,see adjacent bar code laba

=30C/60% RH.or
b) Stored per J-STD-033

4. Devices reguire bake,before mounting,if:

a) Humidity Indicator Card reads>10% for level 2a-5a
devices or>60% for level 2 devices when read at 23+57T

n) 3a or 3b are not met.

5.1f baking is required, refer to |IPC/JEDEC J-5TD-033 for
Dake procedure,

Bag Seal Date:

If blank,see adjacent bar code labal

Mote:Laval and body temperature defined by |PC/JEDEC J-3T0D-020

AMPAK Technology Inc.
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10. Order Information
Item Product Name Description
2.4 GHz, Dual-Radio Bluetooth 5.4 and IEEE
1 AP6208
802.15.4 Module & Board I/O ANT_PAD

AMPAK Technology Inc.
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