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1. Introduction

1.1 Overview

The AMPAK Technology® AP12690_M2P is a fully Wi-Fi and Bluetooth functionalities 2230 M.2 card
(KEY E) with seamless roaming capabilities and advance security, also it could interact with different
vendors’ 802.11a/b/g/n/ac/ax/be 2x2 Access Points with MIMO standard and supports with dual
stream in 802.11be 160MHz to connect the wireless LAN. Furthermore AP12690_MZ2P included
PCIE interface for Wi-Fi, UART/ PCM interface for Bluetooth

In addition, this compact module is a total solution for a combination of Wi-Fi + BT technologies.

The module is specifically developed for tablet, OTT box and portable devices.

AP12690_M2P M.2 Key E card
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1.2 Product Features

IEEE 802.11 Key Features

IEEE Wi-Fi 7 compliant.

Lead Free design which is compliant with ROHS requirements.

TX and RX low-density parity check (LDPC) support for improved range and power efficiency.

Dual-stream spatial multiplexing up to 2.8 Gbps data rate and 3Gpbs in RSDB mode.

20/40/80/160 MHz channels for 2X2 5GHz and 6GHz radio, and 20MHz channels for 2X2
2.4GHz radio.

Client MU-MIMO

Supports PCl express revision 3.0 and power management running at Gen3 speeds.

Real-Simultaneous dual-band (RSDB) mode support.

Supported Partial RU(Resource Unit) in 802.11ax/be.

Supported Multi RU in 802.11be.

Supported Preamble Puncturing in 802.11be(BW160MHz).

Supported non-HT(802.11a) preamble in 6GHz.

Bluetooth Key Features

Bluetooth host digital interface:
- HCI UART (up to 4 Mbps)
- 12S for audio data
Complies with Bluetooth Core Specification Version 6.0 with provisions for supporting future
specifications. With Bluetooth Class 1 or Class2 transmitter operation.
Supports extended synchronous connections (eSCO), for enhanced voice quality by allowing
for retransmission of dropped packets.
Dual-core support.
Supports High power mode.
Bluetooth Core Specification Version 6.0, including the following support:
B Low energy(LE) isochronous channels
LE power control
LE enhanced connection update
LE channel classification

|
|
|
B LE audio

IEEE 802.15.4/Thread Key Feature

® Support IEEE 802.15.4/Thread that can act as Border Router.
AMPAK Technology Inc.
6F-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047, Taiwan 3 http://www.ampak.com.tw
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2. General Specification

2.1 General Specification

Model Name AP12690_M2P

Product Description 2T2R 802.11 a/b/g/n/ac/ax/be Wi-Fi 7 + Bluetooth 6.0
Dimension Lx W :30x 22 (typical) mm > H: 4.38(max) mm

Wi-Fi Interface Support PCle V3.0 compliant and runs at Gen3 speeds
Bluetooth Interface Peripheral UART / 12S for audio data

Operating temperature -30°C to 75°C (Note)

Storage temperature -40°C to 105°C

o Operating Humidity 10% to 95% Non-Condensing
Humidity

Storage Humidity 5% to 95% Non-Condensing

Note: The optimal RF performance specified in the data sheet, however, is guaranteed
only -10 °Cto +55 °C and 3.3V < VBAT < 4.8V without derating performance.

2.2 DC Characteristics

2.2.1 Absolute Maximum Ratings

Symbol Description Min. | Max. | Unit
3.3Vaux Input supply voltage -0.5 | 45 Vv
Used by PMU to power up or power down the
WL_REG_ON _ ,
internal regulators used by the WLAN section.
Used by PMU to power up or power down the
BT_REG_ON

internal regulators used by the Bluetooth section.
Digital Bus UART / PCM/GPIO Bus 05 | 2.07 V
BT_HOST_WAKE Bluetooth device wake-up HOST
BT_DEV_WAKE HOST wake-up Bluetooth device
WL_HOST_WAKE | WLAN device wake-up HOST
WL_DEV_WAKE | Host wake up WLAN Device
PCIE_PERST L PCle system reset

AMPAK Technology Inc.
6F-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047, Taiwan 4 http://www.ampak.com.tw
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PCle clock request signal which indicates when the
PCIE_CLKREQ_L , 05 207 | v
REFCLK to the PCle interface can be gated.

PCl power management event output. Used to
request a change in the device or system power state.
PCIE_PME_L _ _ o 05 207 | v
The assertion and de-assertion of this signal are

asynchronous to the PCle reference cloc

Extreme caution must be exercised to prevent electrostatic discharge (ESD) damage.

Symbol Condition ESD Rating | Unit
ESD_HAND_HBM |Human body model (HBM)Contact discharge 2000 Vv
ESD_HAND_CDM |Charged device model (CDM) contact discharge 500 Vv

Note:ESD specifications only apply to production parts. Applicable test specifications: ANSI/ESDA
$20.20 2014 JS-001-2014 and ANSI/ESDA S20.20 2014 JS-002-2014.

2.2.2 Recommended Operating Rating

Voltage rails Min. Typ. Max. Unit
3.3Vaux - 3.3 4.2 \
WL_REG_ON
BT_REG_ON
1.62 1.8 1.98 V

Digital Bus(PCM/UART/GPIO)
BT_HOST_WAKE
BT_DEV_WAKE
WL_HOST_WAKE
WL_DEV_WAKE
PCIE_PERST_L
PCIE_CLKREQ_L
PCIE_PME_L

1.62 1.8 1.98 \Y%

AMPAK Technology Inc.
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3. Wi-Fi RF Specification(TBD)

3.1 2.4GHz RF Specification(TBD)

Conditions : VBAT=3.3V ; VDDIO=1.8V ; Temp:25°C

Feature

Description

WLAN Standard

IEEE 802.11b/g/n/ac/ax/be & Wi-Fi compliant

Frequency Range

2.400 GHz ~ 2.4835 GHz (2.4GHz ISM Band)

Number of Channels

2.4GHz : Chl1~Ch13

Modulation

802.11b : DQPSK ~ DBPSK ~ CCK

802.11 g/n : OFDM /64-QAM -~ 16-QAM ~ QPSK ~ BPSK
802.11ac/ax/be : OFDM(A) /1024-QAM ~ 256-QAM -~ 64-QAM -~

16-QAM ~ QPSK ~ BPSK

Resource Unit

Partial RU :

BW20MHz : 26T ~ 52T ~ 106T ~ 242T

Multi RU :
BW20MHz : 52T+26T ~ 106T+26T

The transmit EVM quality & spectrum mask are compliant with IEEE 802.11 standard

Output Power , tolerance + 1.5 dB

1Mbps 2Mbps 5.5Mbps 11Mbps
802.11b
18 18 18 18
6 ~ 9Mbps 12 -~ 18Mbps 24Mbps 36Mbps 48Mbps
18 17.5 17.5 17 17
802.11g
54Mbps
17
MCS0~2 MCS3 MCS4 MCS5 MCS6
802.11n 18 17.5 17.5 17 17
20MHz Mcs7
16
MCS0~2 MCS3 MCS4 MCS5 MCS6
802.11n 18 17.5 17.5 17 17
20MHz MCS7 MCS7
16 15
HEO0~2 HE3 HE4 HE5 HEG6
802.11ax/be 18 17.5 17.5 17 17
20MHz HE7 HE8 HE9 HE10 HE11
16 15 14 14 14
AMPAK Technology Inc.
6F-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047, Taiwan 6 http://www.ampak.com.tw
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Note: The specifications of RF output power are subject to change to fulfill the safety regulation and requirements in end-user
product.
Sensitivity, tolerance + 2 dB
CCK modulation PER = 8% - OFDM modulation PER = 10%
Data Rate Spec.(dBm)
1Mbps -95
802.11b 2Mbps -92
5.5Mbps -89
11Mbps -87
Data Rate Spec.(dBm) Data Rate Spec.(dBm)
6Mbps -91 24Mbps -83
802.11g
9Mbps -89 36Mbps -80
12Mbps -88 48Mbps -75
18Mbps -86 54Mbps -74
Data Rate Spec.(dBm) Data Rate Spec.(dBm)
MCSO0 -91 MCs4 -79
802.11n_20MHz
MCS1 -88 MCS5 -76
MCS2 -86 MCS6 -73
MCS3 -82 MCS7 -72
Data Rate Spec.(dBm) Data Rate Spec.(dBm)
MCSO -91 MCs4 -79
802.11ac_20MHz MCS1 -88 MCS5 -76
MCS2 -86 MCS6 -73
MCS3 -82 MCS7 -72
MCS8 -70
Data Rate Spec.(dBm) Data Rate Spec.(dBm)
HEO -91 HE6 -75
HE1 -90 HE7 -74
802.11ax/be_20MHz
HE2 -87 HE8 -70
HE3 -85 HE9 -68
HE4 -81
HES -77
Maximum Input 802.11b : -10 dBm
Level 802.11g/n/ax : -20 dBm

AMPAK Technology Inc.
6F.-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047, Taiwan 7
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3.2 5GHz RF Specification(TBD)

Conditions : VBAT=3.3V ; VDDIO=1.8V ; Temp:25°C

Feature Description

WLAN Standard IEEE 802.11a/n/ac/ax/be & Wi-Fi compliant

Frequency Range 5.15~5.35GHz ~ 5.47~5.725GHz ~ 5.725~5.85GHz (5GHz UNII Band)
5.15~5.35GHz : Ch36 ~ Ch64

Number of Channels 5.47~5.725GHz : Ch100 ~ Ch144

5.725~5.85GHz : Ch149 ~ Ch165

802.11a : OFDM /64-QAM ~ 16-QAM ~ QPSK ~ BPSK

802.11n : OFDM /64-QAM -~ 16-QAM ~ QPSK ~ BPSK

Modulation 802.11ac : OFDM /256-QAM ~ OFDM /64-QAM ~ 16-QAM ~ QPSK ~ BPSK
802.11ax/be : OFDM(A)/ 4096-QAM ~ 1024-QAM ~ OFDM /256-QAM ~ OFDM
/64-QAM ~ 16-QAM -~ QPSK ~ BPSK

Partial RU :
BW20MHz : 26T ~ 52T ~ 106T ~ 242T
BWA40OMHz : 26T ~ 52T ~ 106T ~ 242T ~ 484T
BWS80OMHz : 26T ~ 52T ~ 106T ~ 242T ~ 484T ~ 996T
BW160MHz: 26T ~ 52T ~ 106T ~ 242T ~ 484T ~ 996T ~ 996T+996T
Multi RU :
BW20MHz : 52T+26T ~ 106T+26T
BWA40MHz : 52T+26T ~ 106T+26T
BW80MHz : 52T+26T ~ 106T+26T ~ 484T+242T
BW160MHz: 484T+242T ~ 966T+484T ~ 966T+484T+242T
Preamble Puncturing pattern:
1-2-4-8(484+242 80MHz)
3-~12 48~ 192(966+484 160MHz )
1-2-4-8-16~32~ 64~ 128(966+484+242 160MHz)

Resource Unit

Output Power , tolerance + 2 dB
The transmit EVM quality & spectrum mask are compliant with IEEE 802.11 standard

Frequency (MHz) 6~9Mbps 12~18Mbps 24Mbps 36Mbps
5150~5350 15 15 15 15
5470~5725 15 15 15 15
802.11a 5745~5845 15 15 15 15
Frequency (MHz) 48Mbps 54Mbps
5150~5350 15 15
5470~5725 15 15

AMPAK Technology Inc.
6F-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047, Taiwan 8 http://www.ampak.com.tw
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5745~5845 15 15
Frequency (MHz) MCS0~2 MCS3 MCs4 MCS5
5150~5350 15 15 15 15
5470~5725 15 15 15 15
802.11n 5725~5845 15 15 15 15
20MHz Frequency (MHz) MCS6 MCS7
5150~5350 15 14
5470~5725 15 14
5725~5845 15 14
Frequency (MHz) MCS0~2 MCS3 MCs4 MCS5
5150~5350 15 15 15 15
5470~5725 15 15 15 15
802.11n 5725~5845 15 15 15 15
40MHz Frequency (MHz) MCS6 MCS7
5150~5350 14 14
5470~5725 14 14
5725~5845 14 14
Frequency (MHz) MCS0~2 MCS3 MCs4 MCS5
5150~5350 15 15 15 15
5470~5725 15 15 15 15
802.11ac 5725~5845 15 15 15 15
20MHz Frequency (MHz) MCS6 MCS7 MCS8
5150~5350 15 14 12
5470~5725 15 14 12
5725~5845 15 14 12
Frequency (MHz) MCS0~2 MCS3 MCsa MCS5
5150~5350 15 15 15 15
5470~5725 15 15 15 15
802.11ac 5725~5845 15 15 15 15
40MHz Frequency (MHz) MCS6 MCSs7 MCS8 MCS9
5150~5350 14 14 12 10
5470~5725 14 14 12 10
5725~5845 14 14 12 10
Frequency (MHz) MCS0~2 MCS3 McCsa MCS5
802.11ac 5150~5350 15 15 14.5 14.5
80MHz 5470~5725 15 15 14.5 14.5
5725~5845 15 15 14.5 14.5
6F-2, No. 23, Huankﬁﬂiﬁ.ﬁﬁ;hcﬂs Il-ios%)c/hlunc(;.unty 302047, Taiwan 9 http://www.ampak.com.tw
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Frequency (MHz) MCS6 MCS7 MCS8 MCS9
5150~5350 14 14 10 10
5470~5725 14 14 10 10
5725~5845 14 14 10 10
Frequency (MHz) HEO™~2 HE3 HE4 HE5
5150~5350 15 15 15 15
5470~5725 15 15 15 15
5725~5845 15 15 15 15
Frequency (MHz) HE6 HE?7 HE8 HE9
802.11ax 5150~5350 14.5 14.5 12 12
20MHz 5470~5725 14.5 14.5 12 12
5725~5845 14.5 14.5 12 12
Frequency (MHz) HE10 HE11
5150~5350 10 10
5470~5725 10 10
5725~5845 10 10
Frequency (MHz) HEO~2 HE3 HE4 HE5
5150~5350 15 15 15 15
5470~5725 15 15 15 15
5725~5845 15 15 15 15
Frequency (MHz) HE6 HE?7 HES8 HE9
802.11ax 5150~5350 14.5 14.5 12 10
40MHz 5470~5725 14.5 14.5 12 10
5725~5845 14.5 14.5 12 10
Frequency (MHz) HE10 HE11
5150~5350 8 8
5470~5725 8 8
5725~5845 8 8
Frequency (MHz) HEO~2 HE3 HE4 HE5
5150~5350 15 15 14.5 14.5
5470~5725 15 15 14.5 14.5
5725~5845 15 15 14.5 14.5
802.11ax
SOMHz Frequency (MHz) HE6 HE7 HE8 HE9
5150~5350 14 14 10 10
5470~5725 14 14 10 10
5725~5845 14 14 10 10
Frequency (MHz) HE10 HE11
6F-2, No. 23, Huank?ll\ﬂniﬁﬁiigimg Il-ios%)c/hlunc(;mty 302047, Taiwan 10 http://www.ampak.com.tw
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5150~5350 8 8
5470~5725 8
5725~5845 8
Frequency (MHz) HEO™~2 HE3 HE4 HES
5150~5350 15 15 14 14
5470~5725 15 15 14 14
5725~5845 15 15 14 14
Frequency (MHz) HE6 HE7 HE8 HE9
802.11ax 5150~5350 13 13 10 10
160MHz 5470~5725 13 13 10 10
5725~5845 13 13 10 10
Frequency (MHz) HE10 HE11
5150~5350 7 6.5
5470~5725 7 6.5
5725~5845 7 6.5
Frequency (MHz) EHTO0~2 EHT3 EHT4 EHT5
5150~5350 15 15 15 15
5470~5725 15 15 15 15
5725~5845 15 15 15 15
Frequency (MHz) EHT6 EHT?7 EHT8 EHT9
802.11be 5150~5350 14.5 14.5 12 12
20MHz 5470~5725 14.5 14.5 12 12
5725~5845 14.5 14.5 12 12
Frequency (MHz) EHTO EHT11 EHT12 EHT13
5150~5350 10 10 9 8
5470~5725 10 10 9 ]
5725~5845 10 10 9 ]
Frequency (MHz) EHTO0~2 EHT3 EHT4 EHT5
5150~5350 15 15 15 15
5470~5725 15 15 15 15
5725~5845 15 15 15 15
802.11be Frequency (MHz) EHT6 EHT?7 EHTS EHT9
40MHz 5150~5350 14.5 14.5 12 10
5470~5725 14.5 14.5 12 10
5725~5845 14.5 14.5 12 10
Frequency (MHz) EHTO EHT11 EHT12 EHT13
5150~5350 8 8 7 6

AMPAK Technology Inc.
6F-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047, Taiwan 11 http://www.ampak.com.tw
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5470~5725 8 8 7 6
5725~5845 8 8 7 6
Frequency (MHz) EHTO~2 EHT3 EHT4 EHT5
5150~5350 15 15 14.5 14.5
5470~5725 15 15 14.5 14.5
5725~5845 15 15 14.5 14.5
Frequency (MHz) EHT6 EHT?7 EHT8 EHT9
802.11be 5150~5350 14 14 10 10
80MHz 5470~5725 14 14 10 10
5725~5845 14 14 10 10
Frequency (MHz) EHTO EHT11 EHT12 EHT13
5150~5350 8 8 7 6
5470~5725 8 8 7 6
5725~5845 8 8 7 6
Frequency (MHz) EHTO0~2 EHT3 EHT4 EHT5
5150~5350 15 15 14.5 14.5
5470~5725 15 15 14.5 14.5
5725~5845 15 15 14.5 14.5
Frequency (MHz) EHT6 EHT7 EHT8 EHT9
802.11be 5150~5350 14 14 10 10
160MHz 5470~5725 14 14 10 10
5725~5845 14 14 10 10
Frequency (MHz) EHTO EHT11 EHT12 EHT13
5150~5350 7 7 6 5
5470~5725 7 7 6 5
5725~5845 7 7 6 5

Note: The specifications of RF output power are subject to change to fulfill the safety regulation and requirements in end-user product.

Sensitivity, tolerance + 2 dB, OFDM modulation PER = 10%
Data Rate Spec.(dBm) Data Rate Spec.(dBm)
6Mbps -91 24Mbps -83
802.11a
9Mbps -89 36Mbps -79
12Mbps -88 48Mbps -75
18Mbps -86 54Mbps -74
Data Rate Spec.(dBm) Data Rate Spec.(dBm)
802.11n_20MHz
MCSO0 -91 MCS4 -79
MCS1 -88 MCS5 -75
AMPAK Technology Inc.
6F-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047, Taiwan 12 http://www.ampak.com.tw

 Ba—



>

AP12690_M2P Datasheet ampak technology Inc.

MCS2 -86 MCS6 -73
MCS3 -82 MCS7 -72
Data Rate Spec.(dBm) Data Rate Spec.(dBm)
MCSO -88 MCS4 -76
802.11n_40MHz
MCS1 -85 MCS5 -72
MCS2 -83 MCS6 -71
Mmcs3 -80 MCs7 -69
Data Rate Spec.(dBm) Data Rate Spec.(dBm)
MCSO -91 MCS5 -75
802.11ac_20MHz MCS1 -88 MCSé6 -73
MCS2 -85 MCS7 -72
Mmcs3 -82 MCs8 -68
Mcsa -79
Data Rate Spec.(dBm) Data Rate Spec.(dBm)
MCSO -88 MCS5 -72
802.11ac_40MHz MCS1 -85 MCS6 -71
MCS2 -83 MCS7 -69
MCS3 -80 MCS8 -65
MCS4 -76 MCS9 -63
Data Rate Spec.(dBm) Data Rate Spec.(dBm)
MCS0 -85 MCs5 -69
802.11ac_80MHz MCS1 -82 MCS6 -67
MCS2 -79 MCS7 -66
MCS3 -76 MCS8 -62
MCS4 -73 MCS9 -60
Data Rate Spec.(dBm) Data Rate Spec.(dBm)
HEO -91 HE6 -75
HE1 -90 HE7 -73
802.11ax_20MHz
HE2 -87 HE8 -70
HE3 -84 HE9 -68
HE4 -81 HE10 -64
HE5 -76 HE11 -62
Data Rate Spec.(dBm) Data Rate Spec.(dBm)
HEO -89 HE6 -72
802.11ax_40MHz
HE1 -87 HE7 -70
HE2 -84 HES8 -67
HE3 -82 HE9 -65
AMPAK Technology Inc.
6F-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047, Taiwan 13 http://www.ampak.com.tw
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HE4 -78 HE10 -62
HE5 -74 HE11 -59
Data Rate Spec.(dBm) Data Rate Spec.(dBm)
HEO -85 HE6 -68
HE1 -84 HE7 -67
802.11ax_80MHz
HE2 -81 HE8 -63
HE3 -78 HE9 -61
HE4 -74 HE10 -58
HE5 -70 HE11 -55
Data Rate Spec.(dBm) Data Rate Spec.(dBm)
HEO -85 HE6 -68
HE1 -84 HE7 -67
802.11ax_160MHz
HE2 -81 HE8 -63
HE3 -78 HE9 -61
HE4 -74 HE10 -58
HE5 -70 HE11 -55
Data Rate Spec.(dBm) Data Rate Spec.(dBm)
HEO -91 HE6 -75
HE1 -90 HE7 -73
802.11be_20MHz HE2 -87 HE8 -70
HE3 -84 HE9 -68
HE4 -81 HE10 -64
HE5 -76 HE11 -62
HE12 HE13
Data Rate Spec.(dBm) Data Rate Spec.(dBm)
HEO -89 HE6 -72
HE1 -87 HE7 -70
802.11be_40MHz HE2 -84 HE8 -67
HE3 -82 HE9 -65
HE4 -78 HE10 -62
HE5 -74 HE11 -59
HE12 HE13
Data Rate Spec.(dBm) Data Rate Spec.(dBm)
HEO -85 HE6 -68
802.11be_80MHz
HE1 -84 HE7 -67
HE2 -81 HES8 -63
HE3 -78 HE9 -61
AMPAK Technology Inc.
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HE4 -74 HE10 -58
HE5 -70 HE11 -55
HE12 HE13
Data Rate Spec.(dBm) Data Rate Spec.(dBm)

HEO -85 HE6 -68
HE1 -84 HE7 -67

802.11be_160MHz HE2 -81 HES -63
HE3 -78 HE9 -61
HE4 -74 HE10 -58
HE5 -70 HE11 -55
HE12 HE13

Maximum Input
Level 802.11a/n/ac/ax/be : -30 dBm

3.3 6GHz RF Specification(TBD)

Conditions : VBAT=3.3V ; VDDIO=1.8V ; Temp:25°C

Feature Description

IEEE 802.11ax/be

WLAN Standard
Non-HT(802.11a) preamble for ack/beacon

Frequency Range 5.925~ 7.125GHz

5955~5415MHz : 6G1 ~ 6G93 ~ 643576515MHz : 6G97 ~ 6G113
653576855MHz : 6G117 ~ 6G181 ~ 6875~7115MHz : 6G185 ~ 6G233

Number of Channels

802.11ax/be : OFDM(A) /4096-QAM -~ 1024-QAM -~ 256-QAM -~ 64-QAM -~
Modulation 16-QAM ~ QPSK ~ BPSK

Partial RU :
BW20MHz : 26T ~ 52T ~ 106T ~ 242T
BWA40MHz : 26T ~ 52T ~ 106T ~ 242T ~ 484T
BW80MHz : 26T ~ 52T ~ 106T ~ 242T ~ 484T ~ 996T
BW160MHz: 26T ~ 52T ~ 106T ~ 242T ~ 484T ~ 996T ~ 996T+996T
Multi RU :
BW20MHz : 52T+26T ~ 106T+26T
BWAOMHz : 52T+26T ~ 106T+26T
BWS80MHz : 52T+26T ~ 106T+26T ~ 484T+242T
BW160MHz: 484T+242T ~ 966T+484T ~ 966T+484T+242T
Preamble Puncturing pattern:

124 - 8(484+242 80MHz)

Resource Unit

AMPAK Technology Inc.
6F-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047, Taiwan 15 http://www.ampak.com.tw

 Ba—



>

AP12690_M2P Datasheet ampak technology Inc.

3~12 -~ 48 ~ 192(966+484 160MHz )
1~2~4-~8-16~32~64 -~ 128(966+484+242 160MHz)
Output Power(dBm) , tolerance + 2 dB
The transmit EVM quality & spectrum mask are compliant with IEEE 802.11 standard
Frequency (MHz) HEO™~2 HE3 HE4 HE5
5955~5415 14 14 13.5 13.5
6435~6515 14 14 13.5 13.5
6535~6855 14 14 13.5 13.5
6875~7115 12 12 12 12
Frequency (MHz) HE6 HE7 HES HE9
5955~5415 13.5 12.5 10.5 10.5
802.11ax
2OMHa 6435~6515 135 12.5 10.5 10.5
6535~6855 135 12.5 10.5 10.5
6875~7115 12 12 10.5 10.5
Frequency (MHz) HE10 HE11
5955~5415 9.5 9.5
6435~6515 9.5 9.5
6535~6855 9.5 9.5
6875~7115 9.5 9.5
Frequency (MHz) HEO™~2 HE3 HE4 HE5
5955~5415 14 14 13 13
6435~6515 14 14 13 13
653576855 14 14 13 13
6875~7115 12 12 12 12
Frequency (MHz) HE6 HE?7 HES HE9
5955~5415 12.5 12.5 11 9
802.11ax
2OMH 6435~6515 12.5 12.5 11 9
6535~6855 12.5 12.5 11 9
6875~7115 12 12 11 9
Frequency (MHz) HE10 HE11
5955~5415 8 8
6435~6515 8 8
6535~6855 8 8
6875~7115 8 8
802.11ax Frequency (MHz) HEO0~2 HE3 HE4 HE5
80MHz 5955~5415 14 14 13 13
6F-2, No. 23, Huank?ll\ﬂniﬁﬁiigimg Il-ios%)c/hlunc(;mty 302047, Taiwan 16 http://www.ampak.com.tw
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6435~6515 14 14 13 13
6535~6855 14 14 13 13
6875~7115 12 12 12 12
Frequency (MHz) HE6 HE7 HES HE9
5955~5415 12.5 12.5 10 9
6435~6515 125 125 10 9
6535~6855 125 125 10 9
6875~7115 12 12 10 9
Frequency (MHz) HE10 HE11
5955~5415 8 8
6435~6515 8 8
6535~6855 8 8
6875~7115 8 8
Frequency (MHz) HEO~2 HE3 HE4 HE5
5955~5415 14 14 13 13
6435~6515 14 14 13 13
6535~6855 14 14 13 13
6875~7115 12 12 12 12
Frequency (MHz) HE6 HE7 HES HE9
5955~5415 12.5 12.5 10 9
sz Hax 6435~6515 12.5 12.5 10 9
160MHz
6535~6855 12.5 12.5 10 9
6875~7115 12 12 10 9
Frequency (MHz) HE10 HE11
5955~5415 8 8
6435~6515 8 8
6535~6855 8 8
6875~7115 8 8
Frequency (MHz) EHTO~2 EHT 3 EHT 4 EHT 5
5955~5415 14 14 13.5 13.5
6435~6515 14 14 13.5 13.5
6535~6855 14 14 13.5 13.5
802-11be 6875~7115 14 14 13.5 13.5
20MHz
Frequency (MHz) EHT 6 EHT 7 EHT 8 EHT 9
5955~5415 135 12.5 10.5 10.5
6435~6515 135 12.5 10.5 10.5
6535~6855 135 12.5 10.5 10.5
6F-2, No. 23, Huank?ll\ﬂniﬁﬁiigimg Il-ios%)c/hlunc(;mty 302047, Taiwan 17 http://www.ampak.com.tw
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6875~7115 135 125 10.5 10.5
Frequency (MHz) EHT 10 EHT 11 EHT12 EHT13
5955~5415 8.5 8.5 7.5 7.5
6435~6515 8.5 8.5 7.5 7.5
65356855 8.5 8.5 7.5 7.5
6875~7115 8.5 8.5 7.5 7.5
Frequency (MHz) EHTO~2 EHT 3 EHT 4 EHT5
5955~5415 14 14 13 13
6435~6515 14 14 13 13
6535~6855 14 14 13 13
6875~7115 14 14 13 13
Frequency (MHz) EHT 6 EHT 7 EHT 8 EHT 9
5955~5415 135 125 10.5 10.5
802-11be 6435~6515 13.5 12.5 10.5 10.5
40MHz
6535~6855 135 12.5 10.5 10.5
6875~7115 135 12.5 10.5 10.5
Frequency (MHz) EHT 10 EHT 11 EHT12 EHT13
5955~5415 8.5 8.5 7.5 7.5
6435~6515 8.5 8.5 7.5 7.5
6535~6855 8.5 8.5 7.5 7.5
6875~7115 8.5 8.5 7.5 7.5
Frequency (MHz) EHTO0~2 EHT 3 EHT 4 EHT5
5955~5415 14 14 13 13
6435~6515 14 14 13 13
6535~6855 14 14 13 13
6875~7115 14 14 13 13
Frequency (MHz) EHT 6 EHT 7 EHT 8 EHT 9
5955~5415 13.5 12.5 10.5 10.5
802-11be 6435~6515 13.5 12.5 10.5 10.5
80MHz
65356855 135 12.5 10.5 10.5
6875~7115 135 12.5 10.5 10.5
Frequency (MHz) EHT 10 EHT 11 EHT12 EHT13
5955~5415 8 8 7 6.5
6435~6515 8 8 7 6.5
653576855 8 8 7 6.5
6875~7115 8 8 7 6.5
Frequency (MHz) EHTO~2 EHT 3 EHT 4 EHT5
6F-2, No. 23, Huankﬁﬂiﬁ.ﬁﬁ;hcﬂs Il-ios%)c/hlunc(;.unty 302047, Taiwan 18 http://www.ampak.com.tw
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802.11be
160MHz

5955~5415 14 14 13 13
6435~6515 14 14 13 13
6535~6855 14 14 13 13
6875~7115 14 14 13 13
Frequency (MHz) EHT 6 EHT 7 EHT 8 EHT 9
5955~5415 135 125 10.5 10
6435~6515 135 125 10.5 10
6535~6855 135 12.5 10.5 10
6875~7115 135 12.5 10.5 10
Frequency (MHz) EHT 10 EHT 11 EHT12 EHT13
5955~5415 7 7 6 5.5
6435~6515 7 7 6 5.5
6535~6855 7 7 6 5.5
6875~7115 7 7 6 5.5
Note: The specifications of RF output power are subject to change to fulfill the safety regulation and requirements in end-user product.

Sensitivity, tolerance + 2 dB, OFDM modulation PER < 10%
Data Rate Spec.(dBm) Data Rate Spec.(dBm)
HEO -86 HE6 -70
HE1 -84 HE7 -68
802.11ax_20MHz
HE2 -81 HES -64
HE3 -79 HE9 -62
HE4 -75 HE10 -59
HES -72 HE11 -56
Data Rate Spec.(dBm) Data Rate Spec.(dBm)
HEO -85 HE6 -68
HE1 -83 HE7 -67
802.11ax_40MHz
HE2 -80 HES -63
HE3 -77 HE9 -61
HE4 -74 HE10 -58
HE5 -70 HE11 -55
Data Rate Spec.(dBm) Data Rate Spec.(dBm)
802.11ax_80MHz HEO -82 HE6 -65
HE1 -80 HE7 -64
HE2 -77 HES8 -60
AMPAK Technology Inc.
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HE3 -75 HE9 -58
HE4 -71 HE10 -55
HE5 -67 HE11 -53
Data Rate Spec.(dBm) Data Rate Spec.(dBm)
HEO -82 HE6 -65
HE1 -80 HE7 -64
802.11ax_160MHz
HE2 -77 HES -60
HE3 -75 HE9 -58
HE4 -71 HE10 -55
HE5 -67 HE11 -53
Data Rate Spec.(dBm) Data Rate Spec.(dBm)
EHTO -86 EHT 7 -68
EHT 1 -84 EHT 8 -64
802.11be_20MHz EHT 2 -81 EHT 9 -62
EHT 3 -79 EHT 10 -59
EHT4 -75 EHT 11 -56
EHT 5 -72 EHT 12 -56
EHT6 EHT13
EHTO -85 EHT 7 -67
EHT 1 -83 EHT 8 -63
EHT 2 -80 EHT 9 -61
802.11be_40MHz
EHT 3 -77 EHT 10 -58
EHT4 -74 EHT 11 -55
EHT 5 -70 EHT 12
EHT6 -68 EHT13
EHTO -82 EHT 7 -64
EHT 1 -80 EHT 8 -60
EHT 2 -77 EHT 9 -58
802.11be_80MHz
EHT 3 -75 EHT 10 -55
EHT4 -71 EHT 11 -53
EHT S -67 EHT 12
EHT6 -65 EHT13
EHTO -82 EHT 7 -64
EHT 1 -80 EHT 8 -60
802.11be_160MHz
EHT 2 -77 EHT 9 -58
EHT 3 -75 EHT 10 -55
EHT4 -71 EHT 11 -53
AMPAK Technology Inc.
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EHT 5 -67 EHT 12

EHT6 -65 EHT13

Maximum Input
802.11ax/be : -30dBm
Level

AMPAK Technology Inc.
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4. Bluetooth Specification(TBD)

Conditions : VBAT=3.3V ; VDDIO=1.8V ; Temp:25°C

Feature

Description

General Specification

Bluetooth Standard

LELR(128/512Kbps)

BDR ~ EDR(2Mbps & 3Mbps) ~ LE(1/2Mbps) -

Host Interface

UART

Frequency Band

2402 MHz ~ 2480 MHz

Number of Channels

79 channels for classic ~ 40 channels for BLE

Modulation

GFSK, m/4-DQPSK, 8DPSK

RF Specification

Output Power , tolerance + 2 dB

Middle Power (dBm)

High Power(dBm)

BDR Output Power 6 17
EDR Output Power 6 14
BLE Output Power 6 17

Sensitivity, tolerance + 2 dB

Sensitivity @ BER=0.1%

for LELR (500Kbps)

for GFSK (1Mbps) e

Sensitivity @ BER=0.01% -91 dBm

for n/4-DQPSK (2Mbps)

Sensitivity @ BER=0.01% -85 dBm

for 8DPSK (3Mbps)

Sensitivity @ PER=30.8% -90 dBm

for LE (1Mbps)

Sensitivity @ PER=30.8% -91dBm

for 2LE (2Mbps)

Sensitivity @ PER=30.8% -102 dBm
for LELR (125Kbps)

Sensitivity @ PER=30.8% -96 dBm

Maximum Input Level

GFSK (1Mbps):-20dBm

n/4-DQPSK (2Mbps) :-20dBm

AMPAK Technology Inc.
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8DPSK (3Mbps) :-20dBm

Note* : The Bluetooth BDR output power is able to be configured by firmware (hcd file).

5. IEEE 802.15.4 Specification(TBD)

Conditions : VBAT=3.3V; VDDIO=1.8V ; Temp:25°C

Feature Description
General Specification

Zigbee Standard IEEE 802.15.4
Host Interface UART

Frequency Band

2405 MHz ~ 2480 MHz

Number of Channels

16 channels(channel 11~channel 26)

Channel list 2405(ch11) ~ 2410(ch12)... ~ 2480(ch26)
Modulation OQPSK(250kbps)
RF Specification
Output Power , tolerance + 2 dB

dBm

OQPSK Output Power* 10
Sensitivity, tolerance + 2 dB

Sensitivity @ PER=1% -101 dBm

for 250kbps OQPSK

Note* : The output power is able to be configured by firmware (hcd file).

AMPAK Technology Inc.

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

 Ba—



AP12690_M2P Datasheet ampak Technology Inc.

6. Pin Definition

6.1 Pin Outline

M.2_2
3 GND 3.3Vaux_0 2
— 3 .3Vaux_0 74—
X—5 1 NC 3.3Vaux_1 [
X—71 NC1 NC18 [g—X
—g 1 GND1 PCM_CLK/I12S SCK(10)(0/1.8V) [0
X111 NC9 PCM_SYNC/I2S WS(10)(0/1.8V) [17—
X131 NC11 PCM_OUT/I2S SD_OUT(0)(0/1.8V) 14—
X151 NC13 PCM_IN/I2S SD_IN(1)(0/1.8V) 16—
X171 NC15 NC19 15— X
X191 NC17 GND10 55—
X—>11 NC19 BT_HOST_WAKE(O)(0/1.8V) 55—
—53-1 NC2 UART TXD (0)(0/1.8V) 57—
X751 NC3 Key5 25X
X571 Key1 Key6 X
X591 Key2 Key7 35X
X311 Key3 Key8 37X
X331 Key4 UART RXD (1)(0/1.8V) 34—
—735-1 GND2 UART RTS (0)(0/1.8V) 35—
—=37—1 PERNO UART CTS (1)(0/1.8V) 38—
—39~1 PERpO BT_DEV_WAKE(I)(0/1.8V) [70
—2711 GND3 WL_HOST_WAKE(0)(0/1.8V) [47—
——31 PETnO WL_DEV_WAKE 74—
—45 | PETpO GPIO_2 246
—27-1 GND4 GPIO_3 28—
—249 | REFCLKnO GPIO_5 50—
— 51 | REFCLKpO EXT_LPO [ 57—
—1531 GND5 PCIE_PERST [54 —
—55-1 CLKREQO#(10)(0/1.8V) BT_REG_ON(I)(0/1.8V) 55—
—157-1 PCIE_PME#(10)(0/1.8V) WL_REG_ON(I)(0/1.8V) [ 55—
—15g | GND6 NC25 o X
X—g1 1 NC12 NC26 [g7—X
X—g31 NC13 NC27 gz—X
—&5 1 GND7 WL_DBG_UART RX g6
X—671 NC14 WL_DBG_UART_TX g8
X—g91 NC15 NC30 70X
—7171 GND8 NC31 77X
X—7371 NC16 3.3Vaux_2 [74
DS ' NC17 3.3Vaux_3 [
—1 GND9
75pin

AMPAK Technology Inc.
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NO Name Type Description
TOP
1 GND G Ground connections
3 NC — No connect
5 NC — No connect
7 GND G Ground connections
9 NC — No connect
11 NC — No connect
13 NC — No connect
15 NC — No connect
17 NC — No connect
19 NC — No connect
21 NC — No connect
23 NC — No connect
Module Key — Mechanical Key
Module Key - Mechanical Key
Module Key - Mechanical Key
Module Key - Mechanical Key
33 GND G Ground connections
WLAN PCl Express® interface
35 PCIE_RX_M | . _ o _
Receiver differential pair (x1 lane)_Negative
WLAN PCl Express® interface
37 PCIE_RX_P | ) ) ) ) o
Receiver differential pair (x1 lane)_Positive
39 GND G Ground connections
WLAN PCI Express® interface
41 PCIE_TX_M 0 ] ) ) ] )
Transmitter differential pair (x1 lane) Negative
WLAN PCI Express® interface
43 PCIE_TX_P 0 ] ) ) ] .
Transmitter differential pair (x1 lane) _Positive
45 GND G Ground connections
WLAN PCI Express® interface
47 PCIE_REFCLK_M | |PCle differential clock inputs (Negative). 100MHz
differential.
WLAN PCl Express® interface
49 PCIE_REFCLK_P I ) ] ) o
PCle differential clock inputs (Positive). 100MHz
AMPAK Technology Inc.
6F-2, No. 23, Huanke 1st Rd., Zhubei City, Hsinchu County 302047, Taiwan 25 http://www.ampak.com.tw
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3.3V

P

differential.

51 GND G Ground connections
PCle clock request signal which indicates when the
REFCLK to the PCle interface can be gated.

53 PCIE_CLKREQ L oD 1 =the clock can be gated.
0 =the clock is required.
PCIE_CLKREQ_L is supplied by VDDIO_LV, which can be
1.8V.
PCl power management event output. Used to request a
change in the device or system power state. The

55 PCIE PME L oD assertion and de-assertion of this signal are

- - asynchronous to the PCle reference clock. This signal has

an open-drain output structure, as per the PCl Bus Local
Bus Specification, revision 2.3.

57 GND G Ground connections

59 NC — No connect

61 NC — No connect

63 GND G Ground connections

65 NC — No connect

67 NC — No connect

69 GND G Ground connections

71 NC — No connect

73 NC — No connect

75 GND G Ground connections

BOTTOM
2

VDD system power supply input

3.3V P VDD system power supply input
NC — No connect
Bluetooth® 12S
8 BT _I12S_CLK I/0 |12S Clock; can be an output (master) or an input (non
master)
Bluetooth® I2S
10 BT 12S WS I/0 |12S Word Select (WS); can be an output (master) or an
input (non master)
Bluetooth® I2S
12 BT_I12S_DO /O
12S data output
Bluetooth® I2S
14 BT _I2S_DI /O _
12S data input
AMPAK Technology Inc.
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16 NC — No connect
18 GND G Ground connections
20 BT_HOST_WAKE (1.8V) 0] Bluetooth wake up Host
Bluetooth® UART
22 BT_UART_TXD O |UART serial output. Serial data output for the HCI UART
interface.
Module Key — Mechanical Key
Module Key — Mechanical Key
Module Key — Mechanical Key
Module Key — Mechanical Key
Bluetooth® UART
32 BT_UART_RXD | |UART serial input. Serial data input for the HCI UART
interface.
Bluetooth® UART
34 BT_UART_RTS_N O |UART request-to-send. Active low request-to-send signal

for the HCI UART interface. BT LED control pin.

Bluetooth® UART

36 BT_UART_CTS_N | |UART clear-to-send. Active low clear-to-send signal for
the HCI UART interface.

38 BT_DEV_WAKE (1.8V) I HOST wake-up Bluetooth device

40 WL_HOST_WAKE O |Programmable GPIO_0 pin / WLAN wake up host

42 WL_DEV_WAKE | [Programmable GPIO_1 pin / Host wake up WLAN device

44 GPIO_2 I/0 |Programmable GPIO_2 pin

46 GPIO_3 I/O |Programmable GPIO_3 pin

48 GPIO_5 I/O |Programmable GPIO_5 pin

50 LPO_IN I External Low Power Clock input (32.768KHz)

PCle system reset. This input is the PCle reset as defined
52 PCIE_PERST L | (PU)|in the PCle base specification version1.1.
PERST L is supplied by VDDIO_LV, which can be 1.8V.

When a PCle host is shared between the WLAN and BT
54 BT _REG_ON | |subsystems, BT _REG_ON is not used and must be driven

low or left floating.

When this pin is high, the regulators are enabled and the
WLAN section is out of reset.

When this pin is low, the WLAN section is in reset. If
BT_REG_ON and WL_REG_ON are both low, the

regulators are disabled.

56 WL_REG_ON |

This pin has an internal 100k ohm pull-down resistor

AMPAK Technology Inc.
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that is auto enabled and disabled when the input is low
and high, respectively.
58 NC - No connect
60 NC - No connect
62 NC — No connect
Programmable GPIO_10 pin
64 WL_DBG_UART_RX I/0 ] )
UART Serial data input for the WLAN debug.
Programmable GPIO_11 pin
66 WL_DBG_UART_TX I/0 ]
UART Serial data output for the WLAN debug.
68 NC — No connect
70 NC — No connect
72 3.3V P VDD system power supply input
74 3.3V P VDD system power supply input

AMPAK Technology Inc.
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7. Dimensions

7.1 Module Physical Dimensions

‘ T 4.36—|-<30/P¢3.50

1-;0_ Jé} N @ 5.%9 {
- .
A apseoor
A | B o x3000
0 _[ D]
D _,
— i ) i
20 /1 | EECCCCCITTTION | MONCTICN |~ 2o ( |

N\ —
R0.50 L J L J - ISOMATRIC VIEW
1.075 1.20 —1.075 SCALE 1:1

Detail A
8.375—=| -
2.45 o
W ' _7/2x20't5'
II I
I 1 OO x4.38mm MAX
LH@ - o ] ——+} 2x0.3£0.25
1.0mm MAXﬁ 0.2 MINAH-
‘ *22.00 0.6+£0.08
GOLD FINGER TO GOLD FINGER
[(Hol5® * e B A R AT, SRR e
7.2 RF Coaxial Connector
(Unit: mm)
2.00 zois
1.76 +o1s ©

7

|

I

T
.
40 015
1.68
(200)

I

[

0.16

_(057
060 1oy

Housing ‘
Contact.

Ground contact
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7.3 Socket Dimension

910 MAX
INCLUDING
LAND PATTERN
f175]
| MOODULE SEATING PLANE
TO ALIGNMENT POST

Height | A (MAX) | B (MAX)
22 MAX H2.3 2.25 0.41
INCLUDING  20.1540.08

LAND PATTERN H25 245 0.61
H2.8 275 0.89

H3.2 3.20 1.54

H4.2 4.20 2.54

ALL DIMENSIONS mm

4.30 MAX
INCLUDING
LAND PATTERN

oo | .

l---J-—L

-
—
beee
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AP12690 M2P Datasheet ampak Technology Inc.

Block Diagram ———
GHD A5V 0
H—g{ NC A3Vmo 1 [
a8 P Ccrzs sckioNGH BV |5
Layout differential pairs nl_i ) FEM_ _Q.a._m._.ﬁ
NC11 FCM_OUTIZS S0 OUT{ONN &)
100 ohm Data (RX/TX) 100 ohm T e R
y e 4 S
T T F
Differential impedance 100 Ohm i 1 BT_HOST_WASE|DNDT #4) I BT pasr Wi, )
mmﬂo_lx 5 nez AR TD OXON B AT T T _UART_THD (2]
M| NC3 Ky
<<_|)Z Ay ke (= *
Hg| Keve Key? %
PCle 3.0 |~ 3 e e s o B s AT RN GG ART XD I
A |__ Dpifferential impedance 100 Ohm b ey EEEELY S et %md e
Compliancel  Data B eoehxs = e oy e 2 IR L QRIS
" . . . FCIE_TX_M Cf GnD3 WL_HOST_WAKE{ONO 5} — WIL_DEV_WAKE .
3| PCIE_TX WL DEV WAKE
RX/TX Differential impedance 100 Ohm ] _a_m‘;‘wH — % i [T i G cey w12
ot merros yp PCIEREFCLE M _ory AT BN o Sri s oy S 4
CLK, REFCLKpD EXT LFD TOIE_PLRET_LF
PCIE CLKREQ LF GNDS PCIE_PERST N BT HEQ ON T L
PRETF cL 2 BT_REC_CHONOA.B 7 W RER OHF
PCIE_PMERIIH0N BV} WL_REG_GNINON #v) o
| e s =
Ay e e 84X .y EAT_LPO:Host CLE Option(Deafult include
GHDT WL_DEG_UART_RX KOS 5 i - { e NI
» mm i e DRe AR T |m|x|.“=u_ 32K 0SC, This pin could be NC)
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8. Host Interface Timing Diagram

8.1 Reset and Regulator Control Signals Sequencing

The module has signals that allow the host to control power consumption by enabling or disabling
the Bluetooth, WLAN and internal regulator blocks. These signals are described below.
Additionally, diagrams are provided to indicate proper sequencing of the signals for carious
operating states. The timing value indicated are minimum required values: longer delays are also
acceptable.
® WL_REG_ON: This signal is used by the PMU to power up the WLAN section. It is also
OR-gated with the BT_REG_ON input to control the internal regulators. When this pin is high,
the regulators are enabled and the WLAN section is out of reset. When this pin is low, the
WLAN section is in reset. If BT_REG_ON and WL_REG_ON are both low, the regulators are
disabled.
® BT _REG_ON: This signal is used by the PMU to decide whether or not to power down the
internal regulators. If BT_REG_ON and WL_REG_ON are low, the regulators will be disabled.
® |t suggests customers connect WL_REG_ON and BT_REG_ON to GPIOs for control, otherwise
unexpected errors may occur when boot-up the device.
® In the figure, The VDDIO power supply has been included in the module. When VBAT is
power-up, VDDIO will rise to high level after 15 ms.

® The module main chip has an internal power-on reset (POR) circuit. The device will be held in
reset for a maximum of 110 ms after VDDC and VDDIO have both passed the POR threshold.
Wait at least 150 ms after VDDC and VDDIO are available before initiating PCle accesses.

Note: The VBAT and VDDIO 10%—90% rise-times slopes must be greater than 50 ps/V.

~—

VBAT* 90% of VH

VDDIO

A

>100 us after VBAT
WLAN Firmware

= ‘
WL_REG_ON /(
Initialization
BT_REG_ON J/

*Notes:
1. The VBAT and VDDIO 10%—-90% rise-time slopes must be greater than 50 us/V.
2. VBAT should be up before or at the same time as VDDIO. VDDIO should NOT be present first or be held high before VBAT is high.
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WLAN Is ON, Bluetooth Is ON

VBAT* 'l
vDDIO ’

WL_REG_ON

BT_REG_ON

“Notes:
1. The VBAT and VDDIO 10%~90% rise-time slopes must be greater than 50 ps/V.
2. VBAT should be up before or at the same time as VDDIO. VDDIO should NOT be present first or be held high before VBAT is high.

WLAN Is OFF, Bluetooth IsOFF

~

VBAT* 90% of VH
VDDIO
>100 us after VBAT
< >/
WL_REG_ON
BT_REG_ON
*Notes:

1. The VBAT and VDDIO 10%-90% rise-time slopes must be greater than 50 ps/V.
2. VBAT should be up before or at the same time as VDDIO. VDDIO should NOT be present first or be held high before VBAT is high.

WLAN Is ON, Bluetooth Is OFF

VBAT ."I‘; Q0% ef VK

VoD
»100 us after VBAT

WL_REG_ON

ET_REG_ON

*Notes:
1. The VBAT and VDDIO 10% 90% rise-time slopes must be greater than 50 ps/V.
2 VBAT should bea up befare or at the same time as VDDIC. VDDIO shoud NOT be present first or be held high hefore VBAT is high.

WLAN Is OFF, Bluetooth Is ON
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8.2 WL_REG_ON and BT_REG_ON De-assertion Durations

WL_REG_ON \ /

BT_REG_ON \

20 ms
minimum

—
s o \ T

20 ms
minimum
WL_REG_ON
BT_REG_ON \ /
20 ms
minimum
WL_REG_ON \ /
BT REG _ON
20 ms
minimum

WL_REG_ON and BT_REG_ON De-assertion Durations for Various Reset Scenarios
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8.3 Start-Up Sequences

The following figure shows the WLAN subsystem start-up sequence and

Startup Sequence—BT Subsystem, shows the Bluetooth subsystem start-up sequence.

VBAT'?
VDDIO

LPO_IN®

WL_REG_ON ‘
—» 4 <950 ps
vDDC ‘
(from internal PMU) €— < 104 ms—p
Internal POR
After a fixed delay following Internal POR and WL_REG_ON
4— <4 ms—p going high, the device responds to host FO (address 0x14)
reads.
L
Device requests for reference clock
<4 8ms— P

After 8 ms the reference dock is
assumedto be up. Access to PLL
registers is possible.

Host Interaction:

Host polls FO (address 0x14) until it reads a
predefined pattern.

Host sets wake-up-wlan bit and

waits 8 ms, the maximum tme

for reference clock availability. After 8 ms, host programs PLL
registers to set crystal frequency

Chip active interrupt is asserted after the PLL locks

Host downloads
code.

Notes:

1. The VBAT and VDDIO 10%—90% rise-time slopes must be greater than 50 microseconds/V.

2. VBAT should be up before or at the same time as VDDIO. VDDIO should not be present firstor be held high before VBAT is high.
3. LPO_IN must start on or after VDDIO assertion and before WL_REG_ON assertion.

Start-Up Sequence

AMPAK Technology Inc.
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The following figure shows the BT subsystem startup sequence. The following information applies to
the startup sequence:

The BT_REG_ON low-to-high transition starts BT subsystem initialization. BT_REG_ON will be
ignored while VDDIO is low.

The external LPO clock (LPO_IN), if used, must be present before BT_REG_ON assertion.

To initiate UART communication, the host must assert BT_UART_CTS_N low, which it can do at any
time.
To enable UART communication, the BT subsystem must assert BT_UART_RTS_N low, which it can’
t do until after:
— It has completed its initialization, and
— It has detected BT_UART_CTS_N low assertion.

VDDIO
T>0
«— »
LPO_IN “““““ H H
GPIO_21
(BT OVER UART SEL)
T>0
«—>

BT _REG_ON J

BT subsystem
initialization
(~40 ms)

BT_UART_RTS_N e It has initialized, and
- It detects BT UART CTS N assertion.

________________ w BT subsystem asserts low after: -‘

—— Driven
""" Pulled

Startup Sequence—BT Subsystem

Note: Regarding Startup Sequence—BT Subsystem Figure:
1.Although not shown, VBAT must be present.
2. The time axis (x-axis) is not to scale.
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3. The assertion of BT_REG_ON is dependent on the completion of WLAN firmware initialization
4. If BT_UART_CTS_N is asserted before the BT subsystem finishes its initialization sequence,
then UART communication can begin very shortly after BT subsystem initialization. If
BT_UART_CTS_N is asserted after the BT subsystem finishes its initialization sequence, then
UART communication can begin within 12.5 ms of BT_UART_CTS_N assertion; that is, the BT
subsystem will assert BT_UART_RTS_N within 12.5 ms of BT_UART_CTS_N assertion.

8.4 Power-Down Sequence—Dedicated WLAN PCle Host and BT UART

Host

<+— >100 us—»

WL_REG_ON

BT REG_ON

VBAT

VDDIO

AMPAK Technology Inc.
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8.5 PCle Interface Description

The PCl Express (PCle) core on the AP12690_MZ2P is a high-performance serial I/0 interconnect that
is protocol compliant and electrically compatible with the PCl Express Base Specification v3.0

running at Gen3 speeds.

PCle Power-On Timing

VBAT
VDDIO
— . S
i RN
WL _REG ON _'I e T _.1| e Tttt fiee
BT_REG_ON ' .

WL_COLD_START_AVAIL
(Intemal Signal)

vonG 4’_' i+ T szoor —

WL_Intemal POR_L

|

o
CLKREQ_L 7~\| :‘*N
rerac— I U U UL iy U UL

Tﬂ"ﬁ'&ﬂ’rﬂ Tﬂ"ﬁ:hﬂ'vﬂ S
PERST L — | Tommeg Toemmmumang = [*—
First Config. Access D |~
Timing Parameter Notes Value? Unit
T\'ddiozregon - 0.1 ms
Tregonzeold_st 3.4 ms + 162 instruction-level parallelism (ILP) cycles 10,13 ms
Teold_stapor 54 ILP cycles 224 ms
Tcwstama“ 509 ILP cycles 2117 ms
TperstZﬂrstoonﬂg - 6.0 ms
Tvddioon2firstconfig Tuddiozregon * Tregon2cold st + Terystalavail * T perst2firsteonfi 37.4P ms
Tregonzcold_st {warm) 162 ILP C}"C|ES 6.73 ms

a. The time values assume an ILP tolerance of £30%.
b. With VDDIO as a reference, 37.4 ms is the minimum system wait time before issuing the first configuration access.
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8.6 12S Interface Description

The AP12690_M2P has an 12S digital audio port for Bluetooth audio. The interface supports:

® A maximum 96 kHz audio rate for 32-bit samples (16-bit left-channel and 16-bit right-channel
samples).

® Simultaneous transmission and reception.

® Half-duplex operation on a single data pin.

® Clock master and non-master modes.

BT_12S_CLK and BT_I2S_WS become outputs in master mode and inputs otherwise, whereas

BT _12S_DO is always an output. The channel word length is 16 bits, and the data is justified so that

the MSB of the left-channel data is aligned with the MSB of the I2S bus, in accordance with the 125

specification. The MSB of each data word is transmitted one bit clock cycle after the BT_I2S_WS

transition, synchronous with the falling edge of the bit clock. Left-channel data is transmitted when

BT_I2S_WS is low, and right-channel data is transmitted when BT_I2S_WS is high. Data bits sent by

the AP12690_M2P are synchronized with the falling edge of BT_12S_CLK and should be sampled by

the receiver on the rising edge of BT_I2S_CLK.

When configured for master clock mode, the master clock is generated from the input reference

clock using an N/M clock divider.

Transmitter Receiver

Min. Min. Max. Min. Max

it
WENS . Max.

Clock period T Ty — — — T, — — — a

aster Mode: Clock Generated by Transmitter or Receiver

HIGH the 0.35T,, — — — 0.35T,, — — — b

LOWtLC 035Ttl‘ —_ —_— — 035Tll‘ — —_ —_— b

Non-Master Mode: Clock Accepted by Transmitter or Receiver

HIGH tyc — 0.35T; — — — 0.35T, — — c
LOW tLC h— 035T1F — - — 0351—“- — —_— c
Rise time tge — — 0.15Ty, — — — — — d

Transmitter

Delay tgq — — — 0.8T — — — — e
Hold time tj,, 0 — — — — — — — d
Setup time tg, — — — — — 0.2T, — — f
Hold time t},, — — — — — 0 — — f
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a. The system clock period T must be greater than Ttr and Tr because both the transmitter and
receiver have to be able to handle the data transfer rate.

b. At all data rates in master mode, the transmitter or receiver generates a clock signal with a fixed
mark/space ratio. For this reason, tHC and tLC are specified with respect to T.

c. In non-master mode, the transmitter and receiver need a clock signal with minimum high and low
periods so that they can detect the signal. So long as the minimum periods are greater than 0.35Tr,
any clock that meets the requirements can be used.

d. Because the delay (tdtr) and the maximum transmitter speed (defined by Ttr) are related, a fast
transmitter driven by a slow clock edge can result in tdtr not exceeding tRC which means thtr
becomes zero or negative. Therefore, the transmitter has to guarantee that thtr is greater than or
equal to zero, so long as the clock rise-time tRC is not more than tRCmax, where

tRCmax is not less than 0.15Ttr.

e. To allow data to be clocked out on a falling edge, the delay is specified with respect to the rising
edge of the clock signal and T, always giving the receiver sufficient setup time.

f. The data setup and hold time must not be less than the specified receiver setup and hold time.
Note: The time periods specified in Figure, I12S Transmitter Timing, and Figure, 12S Receiver
Timing, are defined by the transmitter speed. The receiver specifications must match the

transmitter performance.

Figure, 12S Transmitter Timing

A
=

»

[ ¢——t,c > 0.35T—P the > 0.35T——P

A Vi =2.0V
CLK
. . - V,=0.8V
- th[r20_>|

o, < 0.8T—————P

DI, DO, and WS ><

T = Clock period

T = Minimum allowed clock period for transmitter
T=T,

* tpc is only relevant for transmitters not in master mode.
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Figure, 12S Receiver Timing

A

T >

l—t, > 0.35T—p| —t, > 0.35—P
4 A Vy = 2.0V

CLK /
5 N . V,=0.8V

—t, 202T—Pp| [—t, >20———P

4
DI, DO, and WS
N A

T = Clock period
T, = Minimum allowed clock period for transmitter
T>T,

Lo

8.7 UART Interface Description

The AP12690_M2P UART host interface is a standard 4-wire interface (RX, TX, RTS, and CTS) with
adjustable baud rates from 9600 bps to 4.0 Mbps. The interface features an automatic baud rate
detection capability that returns a baud rate selection. Alternatively, the baud rate may be selected
through a vendor-specific UART HCl command.

The UART has a 1040-byte receive FIFO and a 1040-byte transmit FIFO to support EDR. Access to
the FIFOs is conducted through the AHB interface through either DMA or the CPU. The UART
supports the Bluetooth 5.4 UART HCI specification: H4, a custom Extended H4, and H5. The default
baud rate is 115.2 K baud.

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 AP12690_M2P 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, or by
automatic baud rate detection, and the host does not need to adjust the baud rate. 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 AP12690_M2P
UARTSs operate correctly with the host UART as long as the combined baud rate error of the two

devices is within £2%.
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Figure. UART Timing

BT_UART_CTS_N N /

.,4_1_H r—2

— R, H
BT_UART_TXD ! \ V4 e >/ '
E -------------
! Midpoint of stop bit Midpoint of stop bit
W
(]
(]
3—p!
:
A
)
H

7.l--

BT_UART_RXD >< >/

BT_UART_RTS_N

Table UART Timing Specifications

Reference Characteristics Minimum Typical Maximum

Delay time, BT_UART_CTS_N . .
! low to BT_UART_TXD valid - - 15 Bit periods
Setup time, BT_UART_CTS_N
2 high before midpoint of stop - - 0.5 Bit periods
bit

Delay time, midpoint of stop bit
to BT_UART_RTS_N high

- - 05 Bit periods
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9. Package Information

9.1 Module Label

L T
1{*0__@ \P ‘[@“ s,

.

o

— APGGI0P
s - 17.0%17.0mm>
h=25mm MAX>

o
CJ

T -
fmmmmmmm M | e
Ro.sojj—_- 1079 I‘EU—J L —'J -1075

8.375—=

Al

9.2 Packing

ltems | Photo Description

1

Tray plate base and cover

2 Bubble wrap must cover the tray
pallet
3 Inner box (Box)

Quantity:100pcs/box
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4 " Inner box (Box) label
(ITPKG SN e
PO: Iml
(P)Model Name: 230000000 The label content includes
(1P)PIN: TN barcode
51P P/N: mﬁl
(L)kot Code: i
(D)Date Code: W
(Q)Quantity: I\?\Iﬁl?
Product size: LxWmm
MSL:NA
Made in Xooxxxx
[RoHS [ HIF]
L y
5 4 inner boxes per outer box
(Carton)
Quantity: 400pcs/outer box
(Carton)
6 Outer box (Carton)
Quantity: 400pcs/outer box
(Carton)
7 | Outer box (Carton) label
AMPAK Technology Inc. ( )
“vcmmnNQ:ﬁmmmWﬁ”““ The label content includes
RO: o b g
(P)Model Name: mm" arcoce
(1PPMN: YT T (YUY
51P PIN: N
(LD)Lot DIC:

e T

XPKGYYMMDDnnann 00000 YYWW  Q0Q
UL ETUERTC LR L CUTE L CTTT R TEIT ) R TITIT

XPKGYYMMDDnnnnn  X000000K YYWW  QOQ
LU T L LR R ETCTEE L VO LT 1 AT O

XPKGYYMMDDnnnnn XOC000K — YYWW — Q0Q
LTI RTEETLEL T U TTEE LT T TR T

_— Q00

(Q)Quantity: T
. YYYY/MMWDD
Manufacture: AR
Product size: LWmm
MSL:NA
Made in JXO(XX
RoHS| HIF
[
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