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1  Overview 
This document gives a brief overview of the process for using the Qualcomm Atheros modular 
SiP approval for AR4100(P) devices. The FCC has granted Qualcomm Atheros AR4100(P) 
device modular SiP approval. The AR4100(P) is a System-in-Package (SiP) device that 
implements the majority of the RF design within the SiP. The remaining RF tasks that users must 
perform are the: 50 Ω trace to the antenna, placement of passive devices, follow layout, and 
stack-up guides from the Qualcomm Atheros reference design.  The AR4100(P) is factory 
calibrated, which makes the SiP RF performance predictable as long as the user follows the 
reference design in a copy exactly method. Three different antenna configurations are supported 
in Qualcomm Atheros modular SiP approval.  


NOTE: This document covers both the AR4100 and the AR4100P products. For the purposes of this 
document, the devices are called out as AR4100(P) to cover both products.  


2  Using Modular Approval 
To ease the process of using modular SiP approval for AR4100(P), Qualcomm Atheros has 
arranged with an Authorized Design Center to manage and provide design review services for a 
low, pre-negotiated fee of $749. This fee also covers the distribution of design materials, which 
are covered under the non-disclosure clause in the Customer Agreement.  These steps must be 
followed to have the rights to use Qualcomm Atheros modular SiP approval for the AR4100(P). 
 Register with the Authorized Design Center and complete the required NDA and acceptance 


agreements. (www.cardaccessengineering.com/certi-fi). 
 Download the design guidelines for FCC certification and copy them exactly as provided. 
 When the design is complete, submit the design files to the Authorized Design Center for 


review.  Note that design reviews may take up to five business days. 
 Provide credit card payment to the Authorized Design Center. 
 Once the design has passed the design review, FCC certificates are released to the customer. 


3  Design Center Support 
Currently, the only Authorized Design Center qualified to support the Qualcomm Atheros 
AR4100(P) modular SiP approval flow is Card Access Engineering. The “Certi-Fi” is 
Card Access Engineering web-based system for administering the AR4100(P) regulatory 
approval process, which simplifies the modular certification process makes it easy to track. 
To learn more, visit the web site at:  


www.cardaccessengineering.com/certi-fi 


Additional information can be directly requested from Card Access Engineering at: 


Card Access Engineering 
Email: sales@caengineering.com 
Phone: +1.801.748.4900, extension 3 
Web: www.cardaccessengineering.com 



mailto:sales@caengineering.com

http://www.cardaccessengineering.com/
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1 General Description


The AR4100 is a small form-factor, single stream, 802.11 b/g/n WiFi System-in-Package (SIP) 
solution. The AR4100 has been developed to support applications hosted by low-resource 
microcontrollers that send infrequent data packets over the network. Typically, these 802.11 
applications place a higher priority on system cost, power consumption, ease of use, and fast 
wake-up times as compared to high throughput. The AR4100 integrates all WiFi functionality into 
a low-profile, 8.3 mm x 9.2 mm LGA package that can be easily mounted via low-cost PCB 
manufacturing flows. The device requires only a few external bypass capacitors and a connection 
to an antenna for a board-level design.


The AR4100 employs the world's lowest power consumption embedded architecture. It has been 
optimized for client applications in the home and enterprise that have lower data rates, and 
transmit or receive data on an infrequent basis. The AR4100 features standby current consumption 
as low as 5 μA. Additional optimizations, including a reduced host driver footprint, allow easy 
integration with low-cost microcontrollers. 


The AR4100 also includes Qualcomm Atheros’ industry leading high-efficiency, high-output 
EPA™ power amplifier with zero calibration and integrated LNAs. RF matching circuits, a 
reference crystal, and a T/R switch are also integrated, eliminating the need for an external RF 
components and thus enabling direct antenna connection. The end result is a device that is the best-
in-class for ease of system design.


At the heart of the AR4100 is an ultra low-power radio architecture and proprietary power save 
technologies. An on-chip embedded CPU handles complete 802.11 b/g/n processing to minimize 
host processor loading.
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AR4100 Features


AR4100, ultra-low power, single stream (1x1) system-in-package IEEE 802.11n featuring:


 Low energy


 Low power modes capable of 5 μA


 Fast wakeup from host


 Low system resource requirements:


 Small, simple host driver


 Enable low resource MCU hosts


 Simple low-cost wireless system integration:


 Simple design supporting 2- or 4- layer PCB support


 Near zero RBOM


 Integrated RF front end, RF shield, 32-KHz sleep clock, and system clock


 Direct connect to a 50-Ω antenna


 Qualcomm Atheros world class leading 802.11n WiFi:


 Best in class Rx sensitivity for superior throughput rate-over-range performance


 Integrated high-power, high-efficiency linearized power amplifier


 Low density parity check (LDPC) encoding for improved uplink robustness over range


 WiFi protected setup (WPS)


 Standard interfaces: 
 SPI slave, SPI master, and UART


System Block Diagram
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2 Features Summary


2.1 Overview
The AR4100 is a single package combination IEEE 802.11 b/g/n. It supports 802.11 including full 
digital MAC and baseband engines that handle all 802.11b (CCK) and 11g/n (OFDM). An 
embedded low-power CPU core minimizes host loading to provide an easy-to-implement solution.


The AR4100 is architected for ultra-low power consumption, with near zero power consumption 
in power down modes with fast wakeup.


2.2 Integrated Radio Front End


The AR4100 consists of an integrated on-chip power amplifier that features the following:


 Atheros proprietary EPA™ linearization technology for WiFi


 Integrated crystal


 Integrated receive and transmit RF matching and switching to enable direct antenna 
connection with high performance, low power consumption, and near-zero RBOM for lowest 
solution cost


2.3 Power Requirements and Management


The AR4100 requires a 3.3 V and 1.8 V supplies to be provided from the system. The AR4100 
power management engine utilizes advanced power save techniques such as: gating clocks to idle 
or inactive blocks, voltage scaling to specific blocks in certain states, fast start and settling circuits 
to reduce Tx and active duty cycles, CPU frequency scaling, and other techniques to optimize 
power consumption across all operation states. 


For applications with a small transmit duty cycle, the AR4100 has the ability to quickly wake up 
and burst data out at a high rate and go back into standby mode, thus taking advantage of the 5 μA 
of power consumption in standby mode.


2.4 Manufacturing Calibration
The AR4100 utilizes internal self-calibration circuits to maintain optimal performance over 
temperature, time and process variation. The AR4100 does not require any customer 
manufacturing line calibration. 
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2.5 Reference Frequency
The AR4100 incorporates a reference frequency crystal.


2.6 Internal Sleep Clock
The AR4100 incorporates an integrated on-chip sleep clock to regulate internal timing.


2.6.1 Standard Host Interface


The AR4100 supports a GSPI (Generic SPI) Slave Port when interfacing to a host MCU.


2.6.2 Other Interfaces


GSPI Master for interfacing to an external NVMEM for firmware load into the AR4100 upon 
power up.


2.7 802.11n
The AR4100 incorporates the latest generation of 802.11n technology from Qualcomm Atheros.


This includes hardware-based AES, AES-CCMP, and TKIP engines for faster data encryption, and 
supports industry leading security features including WiFi Protected Setup (WPS), along with 
standard WEP/WPA/WPA2 for personal environments.


2.8 Host Offloading (WiFi)
The AR4100 integrates a complete 802.11n MAC/BB/PHY processing to minimize host processor 
loading. The AR4100 offloads the complete 802.11 b/g/n baseband and MAC functions as 
standard feature, including: 


 Link maintenance 


 802.11 frame transmission sequence to initiate the connection with an access point (AP)


 Background scanning, including transmission of probe request


 Signal quality detection and automated maintenance of current AP list


 Roaming to a new AP


 Rate adaptation, including automatic retry


 Encapsulation of 802.3 frames from the host to 802.11 frames


 Provides a full MAC interface that transacts 802.3 frames across the interface to the AR4100


 Encryption and decryption (hardware ciphers) for WEP/TKIP/AES-CCMP


 IEEE PowerSave; periodic wakeup when in sleep mode to check for buffered traffic


 Security negotiation


 WPS
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3 WiFi Functional Description


3.1 Overview
The AR4100 is a single chip 802.11 b/g/n device based on cutting edge technology, optimized for 
low power embedded applications.


3.2 Reset Control
The AR4100 CHIP_PWD_L pin can be used to completely reset the entire chip. After this signal 
has been de-asserted, the AR4100 waits for host communication through the GSPI. Once the host 
has initiated communication, the AR4100 turns on its crystal and later on its PLL. After all clocks 
are stable and running, the resets to all blocks are automatically de-asserted. 


3.2.1 CPU Reset


CPU reset is different from the other resets mentioned above. There are three scenarios where the 
CPU reset can be asserted:


 The AR4100 CHIP_PWD_L pin is asserted or the host has not initiated communication.
 The polarity of a package pin is set to hold the CPU in reset until the host clears an internal 


AR4100 register.
 An internal AR4100 register is set by the host driver.


3.3 Reset Sequence
After a COLD_RESET event (e.g., host deasserts AR4100_CHIP_PWD_L) the AR4100 enters 
the HOST_OFF state. From that point the reset sequence is as shown:


1. The host writes the enable bit in the SPI_CONFIG register via the GSPI. 


2. This bring the chip to a WAKEUP transient state from where it goes to an ON state (after the 
PLL clock has stabilized).


3. The ROM code executes the HOST_PROXY, which waits for the host to indicate whether to 
continue loading and executing firmware or whether to enter a boot message interface (BMI) 
state. The former is the normal mode; BMI is typically used to continue the host driving the 
AR4100 via BMI messages. BMI allows loading alternate firmware images into the RAM 
(e.g., to update the firmware in NVMEM, or run alternate firmware images for special tests).


4. If the host writes a special memory location (variable) to indicate that the firmware is to 
continue being loaded from host, then it does so and executes the loaded firmware. It 
eventually sends a WMIREADY event to the host 


5. The host can now send further WMI commands.
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3.4 Hardware Power States
AR4100 hardware has five top level hardware power states. Table 3-1 describes the power states. 


3.4.1 Sleep State Management


Sleep state minimizes power consumption while saving system states. In SLEEP state, all high 
speed clocks are gated off and the external reference clock source is powered off. The internal 
regulator supplies are also turned off during SLEEP. For the AR4100 to enter SLEEP state, the 
MAC, and CPU systems must not be active.


The system remains in sleep state until a WAKEUP event causes the system to enter WAKEUP 
state, wait for the reference clock source to stabilize, and then ungate all enabled clock trees. The 
CPU wakes up only when an interrupt arrives.


Table 3-1 Power Management States


State Description


OFF CHIP_PWD_L pin assertion immediately brings the chip to this state.


Sleep clock is disabled.


No state is preserved.


Only host interface is active. 


HOST_OFF Most of the AR4100 is turned OFF. In this state the GSPI is enabled in a limited way 
such that only some of the registers are accessible. This state allows the host write to 
the SPI_CONFIG to move out of the HOST_OFF state. 


SLEEP Only the sleep clock is operating.


The reference clock is disabled.


Any wakeup events (MAC, host, LF-Timer) will force a transition from this state to the 
WAKEUP state.


All internal states are maintained.


WAKEUP A transient state between sleep/HOST_OFF and ON state.


ON The high speed clock is operational and sent to each block enabled by the clock 
control register.


Lower level clock gating is implemented at the block level, including the CPU, which 
can be gated OFF using the WAITI instruction while the system is ON. No CPU, host, 
and WLAN activities will transition to sleep states.







MKG-16487 Ver. 3.0 7
MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION


AR4100 System in Package 802.11n– GA Version Preliminary Data Sheet WiFi Functional Description


Figure 3-1 depicts the state transition diagram.


3.5 System Clocking (RTC Block)


The AR4100 controls the clocks and power going to other internal modules. 


The host interface clock represents another clock domain for the AR4100. This clock comes from 
the GSPI host and is completely independent from internal clocks. It drives the host interface logic 
as well as certain registers which can be accessed by the host in HOST_OFF and SLEEP states.


Figure 3-1 AR4100 Power States 
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4 Electrical Characteristics


4.1 Absolute Maximum Ratings
Table 4-1 summarizes the absolute maximum ratings and Table 4-2 lists the recommended 
operating conditions for the AR4100. Absolute maximum ratings are those values beyond which 
damage to the device can occur. 


Functional operation under these conditions, or at any other condition beyond those indicated in 
the operational sections of this document, is not recommended.


NOTE Maximum rating for signals follows the supply domain of the signals.


4.2 Recommended Operating Conditions


Table 4-1 Absolute Maximum Ratings


Symbol (Domain) Parameter Max Rating Unit


AVDD18 Analog 1.8 V supply –0.3 to 2.5 V


VDDIO I/O supply –0.3 to 4.0 V


HOST_POWER Host interface I/O supply –0.3 to 4.0 V


VDD33 Antenna and PA 3.3 V supply –0.3 to 4.0 V


PAREG_BASE External 3.3 V supply –0.3 to 4.0 V


VBAT_42 External 3.3 V supply –0.3 to 4.8 V


RFin Maximum RF input (reference to 50–Ω input) +12 (including switch and balun loss) dBm


Tstore Storage temperature –45 to 135 °C


ESD Electrostatic discharge tolerance 2000 V


Table 4-2 Recommended Operating Conditions


Symbol (Domain) Parameter Min Typ Max Unit


AVDD18 Analog 1.8 V supply 1.71 1.8 1.89 V


VDDIO I/O supply 1.71 — 3.46 V


HOST_POWER Host interface I/O supply 1.71 — 3.46 V


VDD33_PA Antenna and PA 3.3 V supply 3.14 — 3.46 V


PAREG_BASE External 3.3 V supply 3.14 3.3 3.46 V


VBAT_42 External 3.3 V supply 3.14 3.3 3.46 V


Tambient Ambient temperature –30 — 85 °C
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4.3 DC Electrical Characteristics


Table 4-3 and Table 4-4 list the general DC electrical characteristics over recommended operating 
conditions (unless otherwise specified).


Table 4-3 General DC Electrical Characteristics (For 3.3 V I/O Operation)


Symbol Parameter Conditions Min Typ Max Unit


VIH High Level Input Voltage 0.7 x Vdd — — V


VIL Low Level Input Voltage — — 0.3 x Vdd V


IIL Input Leakage 
Current


Without Pull-up 
or Pull-down


0 V < Vin < Vdd
0 V < Vout < Vdd


0 — –3 nA


With Pull-up 0 V < Vin < Vdd
0 V < Vout < Vdd


16 — 48 μA


With Pull-down 0 V < Vin < Vdd
0 V < Vout < Vdd


–14 — –47 μA


VOH High Level Output Voltage Ioh = –4 mA 0.9 x Vdd — — V


Ioh = –12 mA 0.9 x Vdd — — V


VOL Low Level Output Voltage Ioh = 4 mA — — 0.1 x Vdd V


Ioh = 12 mA — — 0.1 x Vdd V


Table 4-4 General DC Electrical Characteristics (For 1.8 V I/O Operation)


Symbol Parameter Conditions Min Typ Max Unit


VIH High Level Input Voltage 0.7 x Vdd — — V


VIL Low Level Input Voltage — — 0.3 x Vdd V


IIL Input Leakage 
Current


Without Pull-up 
or Pull-down


0 V < Vin < Vdd
0 V < Vout < Vdd


0 — –3 nA


With Pull-up 0 V < Vin < Vdd
0 V < Vout < Vdd


3.5 — 13 μA


With Pull-down 0 V < Vin < Vdd
0 V < Vout < Vdd


–6.2 — –23 μA


VOH High Level Output Voltage Ioh = –4 mA 0.9 x Vdd — — V


Ioh = –12 mA 0.9 x Vdd — — V


VOL Low Level Output Voltage Ioh = 4 mA — — 0.1 x Vdd V


Ioh = 12 mA — — 0.1 x Vdd V
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Figure 4-1 and Figure 4-2 show the recommended power up/down and reset sequences for the 
AR4100 using external 3.3 V and 1.8 V supplies.


Figure 4-1 Power Up/Power Down Timing 


Figure 4-2 Reset and Power Cycle Timing


Where:
VBAT = VBATTERY_42
I/O = VDDIO, HOST_POWER


Table 4-6 summarizes the transmitter characteristics for AR4100.


VBAT, VDD33, 
I/O supply


1.8V supply


CHIP_PWD_L


Ta Tb Tc Td


power up power down


VBAT, VDD33, 
I/O supply


1.8V supply


CHIP_PWD_L


Te


Table 4-5 Timing Diagram Definitions


Symbol Description Min (μsec)


Ta Time between VBAT, VDD33, and I/O supplies valid and 1.8 V supply valid1 0


Tb Time between 1.8 V supply valid and CHIP_PWD_L deassertion 5


Tc Time between CHIP_PWD_L assertion and 1.8 V supply invalid 0


Td Time between 1.8 V supply invalid and VBAT, VDD33, and I/O supplies invalid N/A2


Te Length of CHIP_PWDP_L pulse 5


1. Supply valid represents the voltage level has reached 90% level.
2. No strict requirements. This parameter can also be negative.


Table 4-6 Frequency, Power Out and Reference Oscillator Frequency


Parameter Conditions Min Typ Max Unit


Frequency range — 2.412 — 2.484 GHz


Output power — — — 19.0 dBm
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4.4 Typical Power Consumption Performance
 


Table 4-7 Typical Current Consumption – Low Power States (Individual Voltage Rails)


Mode
Typical Current Consumption [mA]


1.8 V1 3.3 V2


OFF 0.000 0.004


HOST_OFF 0.043 0.005


SLEEP 0.210 0.005


1. AVDD18, VDDIO
2. PAREG_BASE, VBAT_42, VDD33
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5 Pin Assignments and Descriptions


Table 5-1 shows the PCB footprint and pin assignments (bottom view of the chip) of the AR4100.


Table 5-2 and Table 5-3 show pin assignments and pin definitions.


The following nomenclature is used for signal names:


The following nomenclature is used for signal types:


NC No connection should be made to 
this pin


_L At the end of the signal name, 
indicates active low signals


P At the end of the signal name, 
indicates the positive side of a 
differential signal


N At the end of the signal name 
indicates the negative side of a 
differential signal


IA Analog input signal


I Digital input signal


IH Input signals with weak internal 
pull-up, to prevent signals from 
floating when left open


IL Input signals with weak internal 
pull-down, to prevent signals 
from floating when left open


I/O A digital bidirectional signal


OA An analog output signal


O A digital output signal


P A power or ground signal
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Table 5-1 AR4100 Pin Assignment and Ball-Out


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17


A GND AVDD18 AVDD18 VDDIO NC VDD33 VBAT_42 PAREG_
33_OUT


PAREG
_BASE


DVDD12 GND NC NC NC NC NC NC


B AVDD12 NC NC NC SW_REG_
OUT


VDD33 VBAT_42 PAREG_
33_OUT


NC NC NC NC NC NC NC NC NC


C HOST_
POWER


NC NC NC


D SPI_MOSI NC NC NC


E SPI_CS NC NC GND


F NC NC E_
GND1


E_
GND2


E
_GND3


E_
GND4


E_
GND5


E_
GND6


NC NC


G SPI_INT E_
GND7


E_
GND8


E_
GND9


E_
GND10


E_
GND11


E_
GND12


NC NC


H SPI_MISO E_
GND13


E_
GND14


E_
GND15


E_
GND16


E_
GND17


E_
GND18


NC NC


J SPI_CLK E_
GND19


E_
GND20


E_
GND21


E_
GND22


E_
GND23


E_
GND24


NC NC


K GND E_
GND25


E_
GND26


E_
GND27


E_
GND28


E_
GND29


E_
GND30


NC NC


L NC E_
GND31


E_
GND32


E_
GND33


E_
GND34


E_
GND35


E_
GND36


NC NC


M NC SPIM_
CS_N


(Note: the 36 E_GND* pins are not aligned with the outer pins.
See “Package Dimensions” on page 17.)


NC NC


N NC SPIM_
MISO


NC NC


P NC SPIM_
CLK


NC NC


R NC SPIM_
MOSI


NC NC NC NC HMODE1 NC TDI NC NC NC NC NC NC NC GND


T
NC NC GND WIFI_


RF
GND DEBUG_


UART_
TX_D


HMODE0 TMS TCK DBG_
UART_


RXD


CHIP_
PWD_L


GND NC GND NC GND NC
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Table 5-2 Pin Assignments and Descriptions 


Pin 
Number Pin Name Pin 


Number Pin Name Pin Number Pin Name


A1 GND D2 NC R2 SPIM_MOSI


A2 AVDD18 D16 NC R3 NC


A3 AVDD18 D17 NC R4 NC


A4 VDDIO E1 SPI_CS R5 NC


A5 NC E2 NC R6 NC


A6 VDD33 E16 NC R7 HMODE1


A7 VBAT_42 E17 GND R8 NC


A8 PAREG_33_OUT F1 NC R9 TDI


A9 PAREG_BASE F2 NC R10 NC


A10 DVDD12 F16 NC R11 NC


A11 GND F17 NC R12 NC


A12 NC G1 SPI_INT R13 NC


A13 NC G16 NC R14 NC


A14 NC G17 NC R15 NC


A15 NC H1 SPI_MISO R16 NC


A16 NC H16 NC R17 GND


A17 NC H17 NC T1 NC


B1 AVDD12 J1 SPI_CLK T2 NC


B2 NC J16 NC T3 GND


B3 NC J17 NC T4 WIFI_RF


B4 NC K1 GND T5 GND


B5 SW_REG_OUT K16 NC T6 DEBUG_UART_TXD


B6 VDD33 K17 NC T7 HMODE0


B7 VBAT_42 L1 NC T8 TMS


B8 PAREG_33_OUT L16 NC T9 TCK


B9 NC L17 NC T10  DEBUG_UART_RXD


B10 NC M1 NC T11 CHIP_PWD_L


B11 NC M2 SPIM_CS_N T12 GND


B12 NC M16 NC T13 NC


B13 NC M17 NC T14 GND


B14 NC N1 NC T15 NC


B15 NC N2 SPIM_MISO T16 GND


B16 NC N16 NC T17 NC


B17 NC N17 NC F6, F7, F8, F9, F10, 
F11, G6, G7, G8, G9, 


G10, G11, H6, H7, H8, 
H9, H10, H11, J6, J7, 


J8, J9, J10, J11, K6, K7, 
K8, K9, K10, K11, L6, 
L7, L8, L9, L10, L11, 


E-GND 1...36


C1 HOST_POWER P1 NC


C2 NC P2 SPIM_CLK


C16 NC P16 NC


C17 NC P17 NC


D1 SP_MOSI R1 NC
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Table 5-3 Signal-to-Pin Relationships and Descriptions 


Signal Name Pin Type Reset 
State


I/O Pad Supply 
Domain Description


Digital Control


HMODE0 T7 I X VDDIO WiFi host mode select, floating input 
must be tied high or low; see design 
guide for configuration details


HMODE1 R7 I X VDDIO WiFi host mode select, floating input 
must be tied high or low; see design 
guide for configuration details


CHIP_PWD_L T11 I, PD Low HOST_POWER WLAN power down 
(0=power down, 1=WLAN awake)


Host Interface (SPI Mode)


SPI_CLK J1 I X HOST_POWER SPI clock must be driven


SPI_CS E1 I/O PU HOST_POWER SPI chip select


SPI_INT G1 I/O PU HOST_POWER SPI interrupt


SPI_MISO H1 I/O PU HOST_POWER SPI data output


SPI_MOSI D1 I/O PU HOST_POWER SPI data input


Master SPI Flash Interface


SPIM_CLK P2 I/O X VDDIO Master SPI clock for SPI flash interface


SPIM_CS_N M2 I/O High VDDIO Master SPI chip select for SPI flash 
interface


SPIM_MISO N2 I/O High VDDIO Master SPI data input for SPI flash 
interface


SPIM_MOSI R2 I/O X VDDIO Master SPI data output for SPI flash 
interface


RF Port


WIFI_RF T4 A_I/O N/A N/A RF antenna port


System Test


DEBUG_
UART_RXD


T10 I/O Low VDDIO Reconfigured after software download 
as debugging UART RXD


DEBUG_
UART_TXD


T6 O High VDDIO Reconfigured after software download 
as debugging UART TXD


TCK T9 I, PU High VDDIO WiFi JTAG TCK
Used with debugging only


TDI R9 I, PU High VDDIO WiFi JTAG TDI 
Used with debugging only


TMS T8 I, PU High VDDIO WiFi JTAG TMS
Used with debugging only
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Signal Name Pin Description


Power Supply


AVDD12 B1 Power supply bypass; 
WiFi analog 1.2 V supply from internal LDO, 
connect to external bypass capacitor


AVDD18 A2, A3 Power supply input; 
WiFi 1.8 V digital, RF, baseband, and 
synthesizer supplies


DVDD12 A10 Power supply bypass; 
WiFi digital 1.2 V supply from internal LDO, 
connect to external bypass capacitor


E_GND1...36 F6, F7, F8, F9, F10, F11, G6, G7, G8, G9, G10, 
G11, H6, H7, H8, H9, H10, H11, J6, J7, J8, J9, 
J10, J11, K6, K7, K8, K9, K10, K11, L6, L7, L8, 


L9, L10, L11


Ground pads at center of package;
All 36 must be connected to the ground plane 
with sufficient vias; follow design note 
recommendations 


(Note that these pins are not aligned to the outer 
pins. See “Package Dimensions” on page 17.)


GND A1, A11, E17, K1, R17, T3, T5, T12, T14, T16 All ground pins must be grounded; 
follow design note recommendations


HOST_
POWER


C1 Power supply input; 
1.8 V or 3.3 V Host IO () power supply input


PAREG_33_
OUT


A8, B8 Power supply bypass; 
internal regulator output, connect to external 
bypass capacitor


PAREG_BASE A9 Power supply input, 3.3 V supply; 
see design guide for details


SW_REG_OUT B5 Power supply bypass; 
internal regulator output, leave disconnected


VBAT_42 A7, B7 Power supply input;
see design guide for details


VDD33 A6, B6 Power supply input; 
WiFi antenna and WiFi PA 3.3 V supplies


VDDIO A4 Power supply input; 
WiFi digital I/O supply for XTAL oscillator


No Connect


NC A5, A12, A13, A14, A15, A16, A17, B2, B3, B4, 
B9, B10, B11, B12, B13, B14, B15, B16, B17, 
C2, C16, C17, D2, D16, D17, E2, E16, F1, F2, 
F16, F17, G16, G17, H16, H17, J16, J17, K16, 


K17, L1, L16, L17, M1, M16, M17, N1, N16, N17, 
P1, P16, P17, R1, R3, R4, R5, R6, R8, R10, 
R11, R12, R13, R14, R15, R16, T1, T2, T13, 


T15, T17


No connect
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6 Package Dimensions


Figure 6-1 and Figure 6-2 show the AR4100 package dimensions.


Figure 6-1 AR4100 Package Dimensions Top and Side Views
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Figure 6-2 AR4100 Pin Assignments
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7 Assembly Guidelines


This section describes the assembly guidelines and solder material information. 


Manufacturer 
Name


Kester


Solder Past Part 
Number


EM808-Sn96.5% Ag3.0% Cu0.5% SAC305 alloy with Type 3 powder, water 
soluble solder paste
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8 Design Guidelines


Refer to the Internet of Things Wireless System Release (I-WSR) 1.4 System Specification for 
detailed system requirements and specifications.
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9 Ordering Information


For more information on the AR4100 or other solutions from Qualcomm Atheros, contact your 
local representative:


Qualcomm Atheros, Inc.
t +1 408.773.5200
f +1 408.773.9940


Qualcomm Atheros, Inc. Hong Kong Limited
t +852 8206.1131
f +852 8206.1301


Qualcomm Atheros KK-Japan
t +81 3.5501.4100
f +81 3.5501.4129


Atheros (Shanghai) Co., Ltd.
t +86 21.5108.3626
f +86 21.5027.0100


Qualcomm Atheros Intl, LLC-Taiwan
t +886 2.8751.6385
f +886 2.8751.6397


Qualcomm Atheros Korea
t+82 31.786.0428


For more information on Qualcomm Atheros, Inc. and Qualcomm Atheros, Inc. GPS technology, 
please visit www.qca.qualcomm.com. 
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Regulatory Warning Regarding Allowed Antennas and SiP Module 
Implementation by End Integrators 
The Qualcomm Atheros AR4100 SiP module (FCCID: PPD-AR4100) may only be used with the 
antenna options specified in this document and in the document PPD-AR4100 SiP Module: 
Certified Antennas and Layout. 


You must contact Qualcomm Atheros, Inc. representative to discuss any proposed deviations 
from the specifications in this document. No deviation may be made without prior written 
agreement with Qualcomm Atheros, Inc. Any such deviation may require retesting and additional 
FCC certification submissions before being accepted. 


As a condition of use, Qualcomm Atheros SiP module users agree to abide by the Customer 
Agreement for Use of SiP Modular Certifications. Failure to follow Customer Agreement or the 
requirements in this document will invalidate the Modular Certifications. 


 


NOTE: This document must be read in conjunction with the document PPD-AR4100 SiP Module: 
Certified Antennas and Layout. 


 


Qu
alc


om
m A


th
ero


s C
on


fid
en


tia
l 







 


80-Y2257-1 Rev. A 3 Confidential and Proprietary - Qualcomm Atheros, Inc.  
 MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION  
  


Contents 


1 Introduction ....................................................................................................... 4 


2 Antennas Allowed to be Used with the SiP Module ...................................... 5 


3 Antenna Placement and RF Hazard (SAR) Compliance ................................ 6 


4 Colocation of Radio Module with Other Integrated or Plug-In Radios ........ 7 


5 Required Host System Labeling ...................................................................... 8 


6 Required User Manual Wording for Host System .......................................... 9 


  


Qu
alc


om
m A


th
ero


s C
on


fid
en


tia
l 







AR4100 SiP Modular Certification Instructions to OEM Integrators Introduction 


80-Y2257-1 Rev. A 4 Confidential and Proprietary - Qualcomm Atheros, Inc.  
 MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION  
   


1  Introduction 


This document describes mandatory steps required by the OEM integrator when designing and 
manufacturing any system utilizing a Qualcomm Atheros System in Package (SiP) module 
referred to as the SiP integrating system. Also refer to the Qualcomm Atheros Regulatory 
Compliance Guide available on the Qualcomm Atheros customer support site or from your 
Qualcomm Atheros customer support representative. 


This guide applies to WLAN Client modules that act under control of an Access Point. This 
document does not apply to a Client module or Access Point with radar detection feature. 


WARNING: Failure to comply with all requirements and conditions in this document may result in non-
compliance of the SiP integrating system with FCC rules and invalidate the Qualcomm Atheros 
FCC certification for the module. 
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2  Antennas Allowed to be Used with the 
SiP Module 


The Integrator must request from Qualcomm Atheros sales or regulatory contact person the 
current version of the document PPD-AR4100 SiP Module: Certified Antennas and Layout, 
which specifies the allowable antennas and connection method for use with the certified SiP 
module.  


NOTE: You must contact the Qualcomm Atheros Regulatory Group to discuss necessary actions where 
alternate antenna models or connection schemes are desired. Any such deviations from the 
Certified Antenna specifications provided by Qualcomm Atheros must not be implemented 
without prior written acceptance. Unauthorized deviations may invalidate the FCC certification 
of the SiP Module. 
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3  Antenna Placement and RF Hazard 
(SAR) Compliance 


For SiP integrating systems or systems certified as FCC Mobile Category devices, the FCC Grant 
of approval for the Qualcomm Atheros module is only valid when the integrator ensures antenna 
placement in the host system maintains the following minimum separation for each respective 
antenna variation of the AR4100 SiP module between any part of the antenna element(s) and any 
part of the end user’s body (considering their likely or usual operation position and grip): 4 mm 
for chip antenna variant, 17 mm for PCB antenna variant, and 11mm for PIFA antenna variant. 
This spacing is naturally met by non-mobile systems such as access points or desktop PCs. 
Laptop PCs typically have integrated antennas placed high in the LCD display assembly. 
However, many of the host devices that use a Qualcomm Atheros SiP module will fall under FCC 
Portable Category. 


Additional certification testing including RF Exposure (SAR) testing and an FCC certification 
submission are required to gain permission to place antennas closer than the mentioned minimum 
separation distance by the end-user for each antenna variant. Such SiP integrating systems will 
require certification per FCC rules for a host. 


This separation distance limit is specified on the FCC modular grant of approval (dated 
7/19/2011): 


“allows this module to be used in stand-alone portable exposure condition without 
restriction on host platform with the most conservative antenna to user separations of 1.1 
cm for PIFA antenna, 1.7 cm for PCB antenna, and 0.4 cm for Chip ...” 


NOTE: You must contact the Qualcomm Atheros Regulatory Group to evaluate need for RF exposure 
evaluation and additional FCC testing and submission for host PCs where antenna element will 
not maintain the separation from end user per above description. 
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4  Colocation of Radio Module with Other 
Integrated or Plug-In Radios 


The FCC Grant of approval for the Qualcomm Atheros SiP module includes a restriction that no 
other radio be operated inside the same host system. If other radio devices are to be integrated 
with the Qualcomm Atheros SiP module then additional evaluation and FCC submission may be 
required - outside of the scope of the existing Qualcomm Atheros SiP modular approval.  


Also, the end-user instructions (provided by the integrator of the Qualcomm Atheros SiP module) 
must warn end users to turn off the radio while any other plug-in radio is being operated in the 
same host system. 


This restriction is specified on the FCC modular grant of approval: 


“The antenna used for this transmitter must not be co-located or operating in conjunction 
with any other antenna or transmitter.” 


NOTE: You must contact the Qualcomm Atheros Regulatory Group to evaluate need for additional FCC 
evaluation for cases where any co-located radio exists in the same host PC as the Qualcomm 
Atheros SiP module. 
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5  Required Host System Labeling 


FCC ID and Industry Canada ID on Host System 
In addition to affixing the FCCID on the Qualcomm Atheros SiP module, the OEM Integrator 
must affix the SiP’s FCCID on the outside of the product (on the host).   


Example wording to appear somewhere on the outside of the host system visible to the end user:  


Contains FCCID: PPD-AR4100* 


FCC Logo on the Host System 
The FCC logo shown below must appear on the host system, signifying declared compliance of 
the system with FCC digital emissions rules.  


 


 
The AR4100 component will also be produced using the designation AR6103. There is no difference 
in the hardware. This is done for marketing purposes. 
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6  Required User Manual Wording for Host 
System 


The FCC requires the following text (or equivalent) be included in the documentation provided to 
the end user. The following example text can be used by the integrator in the end user documents: 


Satisfying RF Exposure Compliance and Radio Compliance 
FCCID: PPD-AR4100 
This device generates and radiates radio-frequency energy in compliance with FCC radio 
frequency radiation exposure guidelines for an uncontrolled environment. This equipment must 
be installed and operated while maintaining a minimum body-to-antenna distance of 1.1cm for 
PIFA antenna, 1.7 cm for PCB antenna and 0.4 cm for Chip. The integrator can select applicable 
value based on antenna type in host device. 


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, and (2) this device must accept 
any interference received, including interference that may cause undesired operation. 
This product does not contain any user serviceable components. Any unauthorized product 
changes or modifications will invalidate warranty and all applicable regulatory certifications 
and approvals. 
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Include the following co-location statement (unless special permission was 
granted allowing co-location of additional radios with the Qualcomm 
Atheros SiP module): 


“This radio module may not be operated with any other radio or transmitting antenna, unless 
the Qualcomm Atheros SiP module is disabled” 


FCC Part 15 Digital Emissions Compliance 
We [System Manufacturer Name, Address, Telephone], declare under our sole responsibility 
that the product [System Name] complies with Part 15 of the FCC Rules. Operation is subject 
to the following two conditions: (1) this device may not cause harmful interference, and (2) 
this device must accept any interference received, including interference that may cause 
undesired operation. 
WARNING: This equipment has been tested and found to comply with the limits for a Class B 
digital device, pursuant to Part 15 of the FCC Rules. These limits are designed to provide 
reasonable protection against harmful interference in a residential installation. This 
equipment generates uses and can radiate radio frequency energy and, if not installed and 
used in accordance with the instructions, may cause harmful interference to radio 
communications.  
However, there is no guarantee that interference will not occur in a particular installation. If 
this equipment does cause harmful interference to radio or television reception, which can be 
determined by turning the equipment off and on, the user is encouraged to try to correct the 
interference by one or more of the following measures: 
Reorient or relocate the receiving antenna. 
Increase the separation between the equipment and receiver. 
Connect the equipment into an outlet on a circuit different from the one the receiver is 
connected to. 
Consult the dealer or an experienced radio/TV technician for help. 
The user may find the following booklet prepared by the Federal Communications 
Commission helpful:  
The Interference Handbook 
This booklet is available from the U.S. Government Printing Office, Washington, D.C. 20402. 
Stock No. 004-000-00345-4. 
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AR4100 SiP Modular Certification Instructions to OEM Integrators Required User Manual Wording for Host System 


80-Y2257-1 Rev. A 11 Confidential and Proprietary - Qualcomm Atheros, Inc.  
 MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION  
  


Industry Canada requires the following wording to the end user in French 
and English: 


Industry Canada Notice:  
This device complies with Canadian RSS-210. 


To prevent radio interference to the licensed service, this device is intended to be operated 
indoors and away from windows to provide maximum shielding. Equipment (or its 
transmitting antenna) that is installed outdoors is subject to licensing. The installer of this 
radio equipment must ensure that the antenna is located or pointed such that it does not emit 
RF field in excess of Health Canada limits for the general population; consult Safety Code 6, 
obtainable from Health Canada's web site www.hc-sc.gc.ca/rpb. 


"This Class B digital apparatus complies with Canadian ICES-003" 


Cet appareil numérique de la classe B est conforme à la norme NMB-003 du Canada 


Avis de Conformité à la Réglementation d'Industrie Canada: 


Pour empêcher toute interférence aux services faisant l'objet d'une licence, cet appareil doit 
être utilisé à l'intérieur seulement et devrait être placé loin des fenêtres afin de fournir un 
écran de blindage maximal. L'installateur du présent matériel radio doit s'assurer que 
l'antenne est située ou pointée de manière à ce que cette dernière n'émette pas de champs 
radioélectriques supérieurs aux limites specifées par Santé Canada pour le grand public; 
consulter le Code de sécurité 6, disponible sur le site Web de Santé Canada, à l'adresse 
suivante: www.hc-sc.gc.ca/rpb.  


End of Required User Manual Wording to end user 
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