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Model WF-R51B-ESA1 
 

 

➢ Compatible WLAN Standards 

IEEE Std. 802.11 a/b/g/n/ac/ax 

Bluetooth V2.1/4.2/5.3 

 

➢ SoC 

RTL8851BE  

 

➢ Product Size  

16mm×12mm×1.9mm 

 

➢ Product Weight 

2.5 g 
 

 

 

 

 

Sichuan AI-Link Technology Co., Ltd. 

 

Anzhou Industrial Park, Mianyang, Sichuan, P.R.C 

 

+86-0816-2438701 

 

http://www.ailinkiot.com 

 

ai-link@ailinkiot.com 
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Features 
 

WLAN 

 IEEE 802.11 a/b/g/n/ac/ax compliant 

 Support 20/40MHz bandwidth in 2.4GHz and 20/40/80MHz in 

5GHz band 

 Dual bands 1T1R mode 

 RTL8851BE data rate up to 600.5Mbps with PCIe Gen1.1 

 

Bluetooth 

 Bluetooth v5.3 (BT 5.3 Logo Compliant) 

 Compliant with Bluetooth v2.1+EDR 

 Integrated MCU to execute Bluetooth protocol stack 

 Supports all packet fypes in basic rate and enhanced data rate 

 Supports Secure Simple Pairing 

 Enhanced BT/WIFI Coexistence Control to improve transmission 

quality in different profiles 

 Dual Mode support: Simultaneous LE and BR/EDR 
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1 General Description 
 

1.1 System Overview 

Model WF-R51B-ESA1 is a highly integrated WiFi module by AI-Link, 

based on the SoC RTL8851BE, featuring a 1x1 a/b/g/n/ac/ax dual-band 

Wi-Fi, and a Bluetooth v5.3 subsystems.  

 

The finely tuned hardware architecture and baseband algorithms 

provide superlative RF performance, as well as low power consumption. 

Intelligent MAC design powers a highly efficient offload engine; the 

hardware supports standard features of higher level of security, 

performance, and conforms most international regulations, offering the 

great performance at any time, in any circumstance.  

 

1.2 System Properties 

Dimension Typically, 16mm×12mm×2.3mm 

Chipset RTL8851BE 

Operating 

Frequency 

2.4GHz：2.412~2.4835 GHz 

5 GHz：5.150~5.850GHz 

Antenna 2 IPEX-4 Connector 

Operating 

Voltage 
3.3V±5% 

PCB 

Information 
4-layers design (0.6+/-0.1mm) 

Peripheral 

Interface 

WIFI@PCIE 

BT@USB 

Rate 

11b: 1, 2, 5.5 and 11Mbps 

11a/g: 6, 9, 12, 18, 24, 36, 48 and 54 Mbps 

11n:  MCS0~7, up to 150Mbps 

11ac: MCS0~9, Nss=1, BW=80MHz up to 433.3Mbps 

11ax: MCS0~11, Nss=1, BW=80MHz up to 600.5Mbps 

Operating 

Temperature 
-10℃ to +70℃ 
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Storage 

Temperature 
-40℃ to +85℃ 

ESD 

Protection 
IEC(Contact discharge)：±2000V 

 

1.3 Diagram 

The hardware architecture for the module is shown in Figure 1. The AI-

Link’s WF-R51B-ESA1 module Complies with IEEE standards 

802.11a/b/g/n/ac/ax; it also supports 1x1 and could reach up to data 

rate of 600.5 Mbps. Meanwhile, it is also a module of Bluetooth v5.3 and 

Wi-Fi Dual-band. 

 

Figure 1:  WF-R51B-ESA1 Block Diagram 
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2 Mechanical Dimensions 

2.1 Mechanical Outline Drawing 

 Typical Dimension (W x L x T): 16.0mmx 12.0mm x 1.9mm 

 General tolerance: ±0.2mm 

 
 

 

 

 

 

 

 

 

 

Top View              Side View              Bottom View 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



[AI-Link Confidential]                                      WF-R51B-EPA1G 

All rights reserved © Sichuan AI-Link Technology Co., Ltd                                 ~ 11 ~ 

2.2 M2 Standard Pin Definitions(Module Key E) 

序号 定义 功能 

1～3 NC NC 

4～5 3.3V 3.3V INPUT 

6 GND GND 

7 NFC_RF_DIS NC 

8 NFC_INT NC 

9 NFC_CLK NC 

10 NFC_DATA NC 

11 COEX_RXD GPIO6 

12 COEX_TXD GPIO12 

13 COEX3 GPIO7 

14～16 NC NC 

17 GND GND 

18～19 NC NC 

20 GND GND 

21～22 NC NC 

23 GND GND 

24 HST_WAKE_DEV GPIO13 

25 NC NC 

26 GND GND 

27 SLP_CLK External 32.768KHz input 

28 WL_DIS_N Enable pin for WL device(GPIO9) 

29 PCIE_WAKEN PCIe wake signal（ active low） 

30 PCIE_CLKREQN PCIe clock request(active low) 

31 PCIE_PERSTN PCIe host indication to reset the device 

32 GND GND 

33 PCIE_RCLK_N PCIe differential Clock input —N 

34 PCIE_RCLK_P PCIe differential Clock input —P 

35 GND GND 

36 PCIE_TX_N PCIe Transmit Data —N 
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37 PCIE_TX_P PCIe Transmit Data —P 

38 GND GND 

39 PCIE_RX_N PCIe Receive Data —N 

40 PCIE_RX_P PCIe Receive Data —P 

41 GND GND 

42～57 NC NC 

58 PCM_SYNC PCM_SYNC (input/output)(GPIO2) 

59 PCM_IN PCM_IN (input)(GPIO0) 

60 PCM_OUT PCM_OUT (output)(GPIO1) 

61 PCM_CLK PCM_CLK (input)(GPIO3) 

62 GND GND 

63 BT_DIS_N Enable pin for BT device(GPIO11) 

64 BT_LED BT_LED 

65 WL_LED WL_LED 

66 NC NC 

67 HST_WAKE_BT GPIO13 

68 GND GND 

69 USB_DM USB Serial Differential Data Minus 

70 USB_DP USB Serial Differential Data Plus 

71 GND GND 

72～73 3.3V 3.3V INPUT 

74～96 GND GND 

2.3 IPEX definition 
 

 

 

 

 

 

 

 

 

 

1、 ANT1=2.4G WIFI；ANT2=5G WIFI+BT 

2、 ANT1=5G WIFI+BT；ANT2=2.4G WIFI 
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2.3 Product Photos 
                    

  

 

 

 

 

 

 

 

 

 

Bottom View                       Top View 

2.4 Label Information 

 Top Label                               

 

 

 

 

 

 

⚫ WIFI MAC information QR code 

 BT Mac =WIFI Mac + 1 

⚫ Part number：WF-R51B-ESA1 

⚫ Manufacturer：四川爱联科技股份有效公司 
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3 RF Characteristics 

 

3.1 Wi-Fi Subsystem 

Items Contents 

WLAN 

Standard 
IEEE 802.11a/b/g/n/ac/ax 

Frequency 

Range 

2.400 GHz ~ 2.4835 GHz @ 2.4G 

5.150GHz ~5.850GHz @ 5G 

Channels 
CH1 to CH13 @ 2.4G 

CH36 to CH165 @ 5G 

Modulation 

Mode 

802.11b: DBPSK, DQPSK ,CCK 

802.11 a/g/n: BPSK, QPSK, 16QAM, 64QAM 

802.11 ac: BPSK, QPSK, 16QAM, 64QAM,256QAM 

11ax: BPSK, QPSK, 16QAM, 

64QAM,256QAM,1024QAM 

Output Power 

& EVM 

Power Value EVM 

2.4G 

802.11b/11Mbps: 17±2dBm ≤ -10dB 

802.11g/54Mbps: 16±2dBm ≤ -25dB 

802.11n HT20/MCS7: 16±2dBm ≤ -28dB 

802.11n HT40/MCS7: 16±2dBm ≤ -28dB 

802.11ax HE20/MCS11: 14±2dBm ≤ -35dB 

802.11ax HE40/MCS11: 14±2dBm ≤ -35dB 

5G 

802.11a /54Mbps:16±2dBm ≤ -25dB 

802.11n HT20 /MCS7:16±2dBm ≤ -28dB 

802.11n HT40 / MCS7: 16±2dBm ≤ -28dB 

802.11ac VHT20/MCS8: 15±2dBm ≤ -30dB 

802.11ac VHT40/MCS9: 14±2dBm ≤ -32dB 

802.11ac VHT80/MCS9: 14±2dBm ≤ -32dB 

802.11ax HE20/MCS11: 12±2dBm ≤ -35dB 

802.11ax HE40/MCS11: 12±2dBm  ≤ -35dB 

802.11ax HE80/MCS11: 12±2dBm ≤ -35dB 
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Items Contents 

Receiver 

Sensitivity 

@2.4G/5G/6G 

PER≤10% 

2.4 

Rate Type Max 

2.4G 

802.11b/11Mbps PER≤8%  -85dBm 

802.11g/54Mbps  -71dBm 

802.11n HT20/MCS7 -68dBm 

802.11n HT40/MCS7 -67dBm 

802.11ax HE20/MCS11 -57dBm 

802.11ax HE40/MCS11 -55dBm 

5G 

802.11a /54Mbps -71dBm 

802.11n HT20 /MCS7 -68dBm 

802.11n HT40 /MCS7 -67dBm 

802.11ac VHT20 /MCS8 -64dBm 

802.11ac VHT40 /MCS9 -58dBm 

802.11ac VHT80 /MCS9 @5G -56dBm 

802.11ax HE20 /MCS11 @5G -57dBm 

802.11ax HE40 /MCS11 @5G -55dBm 

802.11ax HE80 /MCS11 @5G -51dBm 
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3.2 Bluetooth Subsystem 

Items Contents 

Host Interface USB 

TX Characteristics 

Channel 
BR、EDR:CH0 toCH78 

LE:CH0 to CH39 

Modulation GFSK、π/4-DQPSK 、8PSK 

TX Power 

Rate Type Min(dBm) Typ(dBm) Max(dBm) 

1DH5  4  

2DH5  4  

3DH5  4  

1LE  4  

2LE  4  

RX Characteristics 

RX 

Rate Type Min(dBm) Typ(dBm) Max(dBm) 

1DH5

（BER<0.1%） 
  -85 

2DH5

（BER<0.01%） 
  -85 

3DH5

（BER<0.01%） 
  -79 

1LE

（PER<30.8%） 
  -89 

 
2LE

（PER<30.8%） 
  -87 

* Note: [1] Typical RF Output Power are tested at room temp.25℃ 
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4 Interface 

4.1 PCIE interface 

The module supports PCI Express End Point which is fully compliant with 

the PCI Express Base Specification Revision 1.1. It supports PCI Express 

Gen1 (2.5Gbps) differential bus speed. The module supports PCI Express 

low power operations such as ASPM L1.0, ASPM L1.CLK_PM,ASPM L1.SS 

(L1.1 and L1.2), and PCI PM L2 state. It also supports WAKE_N for device 

wakeup host scenario, as well as remote wake-up signaling. The PCI 

Express interface is only used for Wi-Fi operations. The DMA ring and 

the data structure are controlled by the descriptor-based PDMA engine 

over PCI Express interface 

4.2 USB Interface 

The module supports the USB (USB v2.0 specification) device port, Use 

USB as the host interface for Bluetooth. 

 

5 Electrical Current Consumption 

5.1 WLAN Current Consumption 

Description Value Unit 

5G Transmit@HE80,11ax 330 mA 

5G Receive@HE80,11ax 130 mA 

2.4G Transmit@HE40,11ax 250 mA 

2.4G Receive@HE40,11ax 120 mA 

2.4G Transmit@OFDM11Mbps,11b 260 mA 

2.4G Receive@OFDM11Mbps,11b 180 mA 

 *Note: 

[1] Results are measured provided VDD33 is 3.3V. TX power is measured 

at the antenna port. The temperature is 25oC. 

[2] The duty cycle for TX/RX measurement is 100%. 

[3] The chip variation is +/- 25%. 
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6 Software Information 

 

6.1 RF Driver 

RTL8851B_PCIE_MP_Package_ALPHA_v2.0.45 or later. 

6.2 Normal Driver 

Please contact AI-LINK directly. 

 

*Note:  

The software (driver) package version is subject to change without notice 

because it may encounter several updates. It is advised to consult with 

AI-Link for the best right driver package. 

 

7 RF Connector Dimension 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: The dimensions of the connector 
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8 Package, Storage & Disposal 

8.1 Packaging Information:  

 

 

 

 

 

 

 

 

 

 

 

1、产品放置方向、标签粘贴位置、包装按示意图进行； 

2、每卷放1600只产品，每小盒放1卷，大箱共8装个小盒，产品数量共12800只/箱; 

3、外箱尺寸：370mm*300mm*370mm，小盒尺寸：360mm*360mm*37mm; 

4、真空包内放置2g干燥剂2袋，6色湿度卡1张; 

5、其它未尽事宜按客户的包装要求执行。 
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8.2 Storage 

All electronic components must be stored in a clean, well-ventilated 

place free of corrosive gas. Unless otherwise specified, the temperature 

and humidity of the storage place must meet below requirements: 

 Temperature：-40~85℃； 

 Humidity：20%~75%； 

 Humidity sensitivity grade： MSL 3 

 Container Requirement: products shall be placed in a container well-

functioning as an electrostatic shielding. 

8.3 Disposal 

The waste disposal of this product and the package should comply with 

the applicable local/regional /state/ international regulations. 
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