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2.1 Pin Assignment

Pin No Power supplies Signal | Description
Type

10, 12, 16, 18, 27, VB_SYNTH, VB_VCO, VB_RF2, VB_RF, VB_A, VB_RAM, 1.8V Regulated supply voltage

35, 40 VB_DIG

13, 49 VDD1, VDD2 3.3V Supplies: VDD1 for analogue,
VDD?2 for digital

32, 6, 3, 7, Paddle VSS1, VSS2, VSS3, VSSS, VSSA ov Grounds (see appendix A.2 for
paddle details)

28 NC No connect

General
39 RESETN CMOS | Reset input
8,9 XTAL_OUT, XTAL_IN 1.8v System crystal oscillator
Radio

11 VCOTUNE 1.8v VCO tuning RC network

14 IBIAS 1.8v Bias current control

17 RF_IN 1.8V RF antenna

Analogue Peripheral 1/0

21, 22,23, 24 ADC1, ADC2, ADC3, ADC4 3.3V | ADC inputs

15 VREF 1.8v Analogue peripheral reference
voltage

29, 30 DAC1, DAC2 3.3V DAC outputs

19, 20 COMP1M/EXT_PA_B, COMP1P/EXT_PA_C 3.3V Comparator 1 inputs and
external PA control

25, 26 COMP2M, COMP2P 3.3V Comparator 2 inputs

Digital Peripheral 1/0
Primary Alternate Functions

33 SPICLK CMOS | SPI Clock Output

36 SPIMOSI CMOS | SPI Master Out Slave In Output

34 SPIMISO CMOS | SPI Master In Slave Out Input

37 SPISELO CMOS | SPI Slave Select Output O

38 DIOO SPISEL1 CMOS | DIOO or SPI Slave Select Output
1

41 DIO1 SPISEL2 PCO CMOS | DIO1, SPI Slave Select Output 2
or Pulse Counter0 Input

42 DIO2 SPISEL3 RFRX CMOS | DIO2, SPI Slave Select Output 3
or Radio Receive Control Output

43 DIO3 SPISEL4 RFTX CMOS | DIO3, SPI Slave Select Output 4
or Radio Transmit Control Output

44 DIO4 CTSO JTAG_TCK CMOS | DIO4, UART 0 Clear To Send
Input or JTAG CLK

45 DIO5 RTSO JTAG_TMS CMOS | DIO5, UART 0 Request To Send
Output or JTAG Mode Select

46 DIO6 TXDO JTAG_TDO CMOS | DIO6, UART 0 Transmit Data
Output or JTAG Data Output

47 DIO7 RXDO JTAG_TDI CMOS | DIO7, UART 0 Receive Data
Input or JTAG Data Input

48 DIO8 TIMOCK_GT PC1 CMOS | DIOS8, Timer0 Clock/Gate Input
or Pulse Counterl Input

50 DIO9 TIMOCAP 32KXTALIN 32KIN CMOS | DIO9, TimerQ Capture Input, 32K
External Crystal Input or 32K
Clock Input
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At reset, the contents of this memory are copied into RAM by the software boot loader. The Flash memory devices
that are supported as standard through the JN5148 bootloader are given in Table 1. NXP recommends that where
possible one of these devices should be selected.

Manufacturer Device Number

SST (Silicon Storage Technology) 25VF010A (1Mbit device)
Numonyx M25P10-A (1Mbit device),
M25P40 (4Mbit device)

Table 1: Supported Flash Memories

Applications wishing to use an alternate Flash memory device should refer to application note [2] JN-AN-1038
Programming Flash devices not supported by the JN51xx ROM-based bootloader. This application note provides
guidance on developing an interface to an alternate device.

4.4.1 External Memory Encryption

The contents of the external serial memory may be encrypted. The AES security processor combined with a user
programmable 128-bit encryption key is used to encrypt the contents of the external memory. The encryption key is
stored in eFuse.

When bootloading program code from external serial memory, the JN5148 automatically accesses the encryption key
to execute the decryption process. User program code does not need to handle any of the decryption process; it is
transparent.

With encryption enabled, the time taken to boot code from external flash is increased.

4.5 Peripherals

All peripherals have their registers mapped into the memory space. Access to these registers requires 3 clock
cycles. Applications have access to the peripherals through the software libraries that present a high-level view of
the peripheral’s functions through a series of dedicated software routines. These routines provide both a tested
method for using the peripherals and allow bug-free application code to be developed more rapidly. For details, see
the JN51xx Integrated Peripherals API User Guide (JN-UG-3066)[5].

4.6 Unused Memory Addresses

Any attempt to access an unpopulated memory area will result in a bus error exception (interrupt) being generated.
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6 Reset

A system reset initialises the device to a pre-defined state and forces the CPU to start program execution from the
reset vector. The reset process that the IN5148 goes through is as follows.

When power is applied, the 32kHz RC oscillator starts up and stabilises, which takes approximately 100usec. At this
point, the 32MHz crystal oscillator is enabled and power is applied to the processor and peripheral logic. The logic
blocks are held in reset until the 32MHz crystal oscillator stabilises, typically this takes 0.75ms. Then the internal
reset is removed from the CPU and peripheral logic and the CPU starts to run code beginning at the reset vector,
consisting of initialisation code and the resident boot loader. [7] Section 22.3.1 provides detailed electrical data and
timing.

The IJN5148 has five sources of reset:
e Internal Power-on Reset
e External Reset
e Software Reset
e Watchdog timer

e Brown-out detect

@ Note: When the device exits a reset condition, device operating
parameters (voltage, frequency, temperature, etc.) must be met to ensure
operation. If these conditions are not met, then the device must be held in
reset until the operating conditions are met. (See section 22.3)

6.1 Internal Power-on Reset

For the majority of applications the internal power-on reset is capable of generating the required reset signal. When
power is applied to the device, the power-on reset circuit monitors the rise of the VDD supply. When the VDD
reaches the specified threshold, the reset signal is generated and can be observed as a rising edge on the RESETN
pin. This signal is held internally until the power supply and oscillator stabilisation time has elapsed, when the internal
reset signal is then removed and the CPU is allowed to run.

VDD

Internal RESET

RESETN Pin

Figure 11: Internal Power-on Reset

When the supply drops below the power on reset ‘falling’ threshold, it will re-trigger the reset. Use of the external
reset circuit show in Figure 12 is suggested.
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8.1.1 Radio External Components

In order to realise the full performance of the radio it is essential that the reference PCB layout and BOM are carefully
followed. See Appendix B.4.

The radio is powered from a number of internal 1.8V regulators fed from the analogue supply VDD1, in order to
provide good noise isolation between the digital logic of the JN5148 and the analogue blocks. These regulators are
also controlled by the baseband controller and protocol software to minimise power consumption. Decoupling for
internal regulators is required as described in section 2.2.1, Power Supplies

For single ended antennas or connectors, a balun is not required, however a matching network is needed.

The RF matching network requires three external components and the IBIAS pin requires one external component as
shown in schematic in B.4.1. These components are critical and should be placed close to the JN5148 pins and
analogue ground as defined in Table 8: IN5148 Printed Antenna Reference Module Components and PCB Layout
Constraints. Specifically, the output of the network comprising L2, C1 and L1 is designed to present an accurate
match to a 50 ohm resistive network as well as provide a DC path to the final output stage or antenna. Users wishing
to match to other active devices such as amplifiers should design their networks to match to 50 ohms at the output of
L1

VB_RF2
RF_IN
VB_RF1

CZOllPOnF

E

00nF

- <_
T> VB_RF
f L2 2.7nH

To Coaxial Socket
' or Integrated Antenna

AR T

|
| |_|'
c31

L15.6nH C1 47pF

Figure 15 External Radio Components

8.1.2 Antenna Diversity

Support is provided for antenna diversity. Antenna diversity is a technique that maximises the performance of an
antenna system. It allows the radio to switch between two antennas that have very low correlation between their
received signals. Typically, this is achieved by spacing two antennas around 0.25 wavelengths apart or by using two
orthogonal polarisations. So, if a packet is transmitted and no acknowledgement is received, the radio system can
switch to the other antenna for the retry, with a different probability of success.

The JN5148 provides an output (ADO) on DIO12 that is asserted on odd numbered retries and optionally its
complement (ADE) on DIO13, that can be used to control an antenna switch; this enables antenna diversity to be
implemented easily (see Figure 16 and Figure 17).
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16 Four-Wire Digital Audio Interface

The JN5148 includes a four-wire digital audio interface that can be used for interfacing to audio CODECs. The
following features are supported:

e Compatible with the industry standard I2S interface

e  Option to support I2S, left justified and right justified modes

e  Optional support for connection to mono sample FIFO with data transferred on the left or right channel
e  Master only

e Transmit on falling edge and receive on rising edge

e Up to 8MHz maximum clock range

e Maximum system size of 32-bits, allowing up to 16-bits per channel (left or right channels)

e  Option for pad bit insertion, allowing length of transfer per channel to be anything from 16 to 32 bits
e Data Transfer size range of 1 to 16-bits per channel

e  Option to invert WS (normally O for left, but allow 1 for left instead)

e Continuous clock output option to support CODECs which use it as a clock source

e Separate input and output data lines

e Option to invert idle state of WS (to indicate left or right)

The Word Select (WS), Data In (SDIN), Clock (SCK) and Data Out (SDOUT) lines are alternate functions of DIO
lines 12,13,17 and 18 respectively.

Data transfer is always bidirectional. Data placed in the Data Buffer before a transfer command is issued will be
transmitted on SDOUT whilst the data received on SDIN will be placed in the Data Buffer at the end of the transfer.
Indication that a transfer has completed is by means of an interrupt or by polling a status bit.

Left channel data is always sent first, with MSB first on each channel. The interface will always transfer both left and
right channel data. For mono data transfer, the user should pad out the unused channel with 0’s, and ignore any data
returned on the unused channel.

The length of a data transfer is derived as follows:
e When padding is disabled — Data Transfer Length = 2 x Data Transfer Size
e When padding is enabled — Data Transfer Length = 2 x (16 + Extra Pad Length)

Timing of the 3 main modes is shown in Figure 38, Figure 39 and Figure 40. The Data Buffer shows how the data is
stored and how it will be transferred onto the interface. SD Max Size indicates how the maximum transfer size (16
with no additional padding) will transfer, whilst SD 3-bits indicates how 3 bits of data will be aligned when padding is
enabled. Received data in the Data Buffer will always be padded out with 0’s if the Data Transfer Size is less than 16-
bits, and any bits received beyond 16-bits when extra padding is used, will be discarded. In the examples, the polarity
of WS is shown with Left channel = 0, and the idle state is Right Channel.
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17 Random Number Generator

A random number generator is provided which creates a 16-bit random number each time it is invoked. Consecutive
calls can be made to build up any length of random number required. Each call takes approximately 0.25msec to
complete. Alternatively, continuous generation mode can be used where a new number is generated approximately
every 0.25msec. In either mode of operation an interrupt can be generated to indicate when the number is available,
or a status bit can be polled.

The random bits are generated by sampling the state of the 32MHz clock every 32kHz system clock edge. As these
clocks are asynchronous to each other, each sampled bit is unpredictable and hence random.
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18 Sample FIFO

A 10 deep FIFO is provided to buffer data between the CPU and either the four-wire digital audio interface or the
DAC/ ADC. It supports single channel input and output data, up to 16 bits wide. When used it can reduce the rate at
which the processor has to generate/process data, and this may allow more efficient operation. Interrupts can be
generated based on fill levels and also FIFO empty and full conditions. Normal configuration of the digital audio
interface or the DAC/ ADC is still required when accessing the data via the FIFO.

When used with the DAC / ADC functions a timing signal is generated by the DAC/ ADC functions to control the
transfer of data to and from the FIFO and the analogue peripherals. The transfers will occur at the sample rate
configured within the DAC / ADC functions.

When the FIFO is linked to the four-wire digital audio interface, timer 2 must be used to generate an internal timing
signal to control the flow of data across the interface. The timer does not require any external pins to be enabled. The
timer should be set up to produce a PWM output with a rising edge generated every time a digital audio transfer is
required. The transfer rate is typically configured to be the audio sample rate, e.g. 8kHz. If the transfer rate is too fast
or slow data will be transferred correctly between the FIFO and the digital audio block.
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all the data specified in the length field to the IN5148. The master must then deassert IP_SEL to show the transfer
is complete.

The master may initiate a transfer to read data from the JN5148 by asserting the slave select pin, IP_SEL, and
generating its status byte on IP_DI with RXRDY set. After receiving the status byte from the JN5148, it should check
that the JN5148 has a buffer ready by reading the TXRDY bit of the received status byte. If the TXRDY bit is 0,
indicating that the JN5148 does not have data to send, it must terminate the transfer by deasserting IP_SEL unless it
is transmitting data to the JN5148. If the TXRDY bit is 1, indicating that the JN5148 can send data, then the master
must generate a further 8 clocks on IP_CLK in order to receive the message length on IP_DO. The master must
continue clocking the interface until sufficient clocks have been generated to receive all the data specified in the
length field from the IN5148. The master should then deassert IP_SEL to show the transfer is complete.

Data can be sent in both directions at once and the master must ensure both transfers have completed before
deasserting IP_SEL.
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20.3 Comparators

The JN5148 contains two analogue comparators COMP1 and COMP2 that are designed to have true rail-to-rail
inputs and operate over the full voltage range of the analogue supply VDD1. The hysteresis level (common to both
comparators) can be set to a nominal value of OmV, 10mV, 20mV or 40mV. In addition, the source of the negative
input signal for each comparator (COMP1M and COMP2M) can be set to the internal voltage reference, the output of
DAC1 or DAC2 (COMP1 or COMP2 respectively) or the appropriate external pin. The comparator outputs are routed
to internal registers and can be polled, or can be used to generate interrupts. The comparators can be disabled to
reduce power consumption.

The comparators have a low power mode where the response time of the comparator is slower than normal and is
specified in section 22.3.10. This mode may be used during non-sleep operation however it is particularly useful in
sleep mode to wake up the JN5148 from sleep where low current consumption is important. The wakeup action and
the configuration for which edge of the comparator output will be active are controlled through software. In sleep
mode the negative input signal source, must be configured to be driven from the external pins.
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21 Power Management and Sleep Modes

21.1 Operating Modes

Three operating modes are provided in the JN5148 that enable the system power consumption to be controlled
carefully to maximise battery life.

° Active Processing Mode
. Sleep Mode
° Deep Sleep Mode

The variation in power consumption of the three modes is a result of having a series of power domains within the chip
that may be controllably powered on or off.

21.1.1 Power Domains
The JN5148 has the following power domains:

. VDD Supply Domain: supplies the wake-up timers and controller, DIO blocks, Comparators, 32kHz RC and
crystal oscillators. This domain is driven from the external supply (battery) and is always powered. The wake-up
timers and controller, and the 32kHz RC and crystal oscillators may be powered on or off in sleep mode through
software control.

. Digital Logic Domain: supplies the digital peripherals, CPU, ROM, Baseband controller, Modem and Encryption
processor. It is powered off during sleep mode.

. Analogue Domain: supplies the ADC, DACs and the temperature sensor. It is powered off during sleep mode
and may be powered on or off in active processing mode through software control.

. RAM Domain: supplies the RAM during sleep mode to retain the memory contents. It may be powered on or off
for sleep mode through software control.

. Radio Domain: supplies the radio interface. Itis powered during transmit and receive and controlled by the
baseband processor. It is powered off during sleep mode.

The current consumption figures for the different modes of operation of the device is given in section 22.2.2.

21.2 Active Processing Mode

Active processing mode in the IN5148 is where all of the application processing takes place. By default, the CPU will
execute at the selected clock speed executing application firmware. All of the peripherals are available to the
application, as are options to actively enable or disable them to control power consumption; see specific peripheral
sections for details.

Whilst in Active processing mode there is the option to doze the CPU but keep the rest of the chip active; this is
particularly useful for radio transmit and receive operations, where the CPU operation is not required therefore saving
power.

21.2.1 CPU Doze

Whilst in doze mode, CPU operation is stopped but the chip remains powered and the digital peripherals continue to
run. Doze mode is entered through software and is terminated by any interrupt request. Once the interrupt service
routine has been executed, normal program execution resumes. Doze mode uses more power than sleep and deep
sleep modes but requires less time to restart and can therefore be used as a low power alternative to an idle loop.

Whilst in CPU doze the current associated with the CPU is not consumed, therefore the basic device current is
reduced as shown in the figures in section 22.2.2.1.

21.3 Sleep Mode

The IN5148 enters sleep mode through software control. In this mode most of the internal chip functions are
shutdown to save power, however the state of DIO pins are retained, including the output values and pull-up enables,
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22.2.2 DC Current Consumption

VDD =2.0t0 3.6V, -40to +85° C

22.2.2.1 Active Processing

Mode: Min Typ Max Unit Notes
CPU processing 1600 + HA SPI, GPIOs enabled. When in
32,16,8 or 4MHz 280/MHz CPU doze the current related to
CPU speed is not consumed.
Radio transmit 15.0 mA CPU in software doze — radio
transmitting
Radio receive 17.5 mA CPU in software doze — radio in
receive mode
The following current figures should be added to those above if the feature is being used
ADC 655 HA Temperature sensor and battery
measurements require ADC
DAC 215/235 HA One / both
Comparator 73/0.8 HA Normal / low-power
UART 20 HA For each UART
Timer 30 HA For each Timer
2-wire serial interface 70 HA
22.2.2.2 Sleep Mode
Mode: Min Typ Max Unit Notes
Sleep mode with 1/0O wakeup 0.12 pA Waiting on 1/O event
Sleep mode with 1/0 and RC 1.25 HA As above, but also waiting on timer
Oscillator timer wakeup — event. If both wakeup timers are
measured at 25°C enabled then add another 0.05pA
32kHz crystal oscillator 15 HA As alternative sleep timer
The following current figures should be added to those above if the feature is being used
RAM retention— measured at 2.2 HA For full 128kB retained
25°C
Comparator (low-power mode) 0.8 HA Reduced response time
22.2.2.3 Deep Sleep Mode
Mode: Min Typ Max Unit Notes
Deep sleep mode— measured 100 nA Waiting on chip RESET or 1/0
at 25°C event

© NXP Laboratories UK 2013
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Parameter Symbol Min Max Unit
Clock period tek 125.0 - ns
Data setup time tsi 15 - ns
Data hold time thi 15 ns
Data invalid period tvo - 40 ns
Select set-up period tsss 15 - ns
Select hold period tssh 15 - ns
Select asserted to output data driven tiz 20 ns
Select negated to data output tri-stated thz 20 ns
22.3.4 Two-wire Serial Interface
] Tl
te— et et et 1l R o ] et L
SIF_CLK / \ j \
—> ‘ tHD STA ‘ 4" - > FtF tSU'STA - tSU STO ing
S ' Gippat ' Sr : P S
> ten
Figure 50: Two-wire Serial Interface Timing
Standard Mode Fast Mode
Parameter Symbol Unit
Min Max Min Max
SIF_CLK clock frequency fscL 0 100 0 400 kHz
Hold time (repeated) START condition. tho:sTa 4 - 0.6 - us
After this period, the first clock pulse is
generated
LOW period of the SIF_CLK clock tLow 4.7 - 13 - ps
HIGH period of the SIF_CLK clock thich 4 - 0.6 - ps
Set-up time for repeated START condition tsu:sTa 4.7 - 0.6 - us
Data setup time SIF_D tsu:paT 0.25 - 0.1 - ps
Rise Time SIF_D and SIF_CLK tr - 1000 20+0.1Cb 300 ns
Fall Time SIF_D and SIF_CLK te - 300 20+0.1Cb 300 ns
Set-up time for STOP condition tsu:sto 4 - 0.6 - us
Bus free time between a STOP and START tsur 4.7 - 1.3 - ps
condition
Pulse width of spikes that will be tsp - 60 - 60 ns
suppressed by input filters (Note 1)
Capacitive load for each bus line Co - 400 - 400 pF
Noise margin at the LOW level for each Vil 0.1vDD - 0.1vDD - \%
connected device (including hysteresis)
Noise margin at the HIGH level for each Vin 0.2vDD - 0.2vDD - \%
connected device (including hysteresis)

© NXP Laboratories UK 2013
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Note 1: This figure indicates the pulse width that is guaranteed to be suppressed. Pulse with widths up to 125nsec
may alos get suppressed.
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22.3.5 Four-Wire Digital Audio Interface

t

ck
SCK \ /
thc tIc
oy
WS/SDOUT
tr thr
SDIN ><
Maximum .
Generic
Parameter Symbol | Frequency (8MHz) Unit
Min Max Min Max
DAI_SCK clock period tex 125 - 125 - ns
LOW period of the DAI_SCK clock tic 43 - 0.35t« - ns
HIGH period of the DAI_SCK clock the 43 - 0.35t - ns
Transmit delay time tatr - 50 - 0.4tk ns
Receive set-up time tsr 25 - 0.2tk - ns
Receive hold time thr 0 - 0 - ns
22.3.6 Wakeup and Boot Load Timings
Parameter Min Typ Max Unit Notes
Time for crystal to stabilise 0.84 ms Reached oscillator
ready for Boot Load amplitude threshold
Time for crystal to stabilise 1.0 ms
ready for radio activity
Wake up from Deep Sleep 0.84 + 0.5* ms Assumes SPI clock to
or from Sleep (memory not program size in external Flash is
held) kBytes 16MHz
Wake up from Sleep 0.84 ms
(memory held)
Wake up from CPU Doze 0.2 ps
mode
Wake up from Sleep using 0.29 ms
24MHz RC oscillator
(memory held)
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Appendix A Mechanical and Ordering Information

A.1 56-pin QFN Package Drawing
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Figure 51: 56-pin QFN Package Drawings
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Controlling Dimension: mm

millimetres
Symbol -
Min Nom. Max.
A | 0.9
Al 0.00 0.01 0.05
A2 |- 0.65 0.7
A3 0.20 Ref.
b 0.2 0.25 0.3
8.00 bsc
D1 7.75 bsc
D2 6.20 6.40 6.60
E 8.00 bsc
El 7.75 bsc
E2 6.20 6.40 6.60
0.30 0.40 0.50
e 0.50 bsc
vl 0° | - 12°
R 0.09| - | -
Tolerances of Form and Position
aaa 0.10
bbb 0.10
cce 0.05

81




A.2 PCB Decal

The following PCB decal is recommended; all dimensions are in millimetres (mm).

0.230
IIIIIIIIIIIIIW#
1.noa
_t

0,300

4,000

8,000

6,400

| 6400 |

Figure 52: PCB Decal

/ The PCB schematic and layout rules detailed in Appendix B.4 must
be followed. Failure to do so will likely result in the IN5148 failing
to meet the performance specification detailed herein and worst
case may result in device not functioning in the end application.

]
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A.3 Ordering Information

The standard qualification for the JN5148 is Industrial temperature range: -40°C to +85°C, packaged in a 56-pin QFN
package.

Ordering Code Format:
JN5148/XXX

XXX: ROM Variant

001 Supports all available networking stacks

Ordering Codes:

Part Number Ordering Code Description

JN5148-001 JN5148/001 JN5148 microcontroller

The chip is available in three different reel quantities:
o 500 on 180mm reel

o 1000 on 180mm reel

o 2500 on 330mm reel

Where this Data Sheet is denoted as “Advanced” or “Preliminary”, devices will be either Engineering Samples or
Prototypes. Devices of this status are marked with an Rx suffix after the ROM identifier to identify the revision of
silicon during these product phases - for example JN5148-001R1-T.

The Standard Supply Multiple (SSM) for Engineering Samples or Prototypes is 50 units with a maximum of 250 units.
If the quantity of Engineering Samples or Prototypes ordered is less than a reel quantity, then these will be shipped in
tape form only, with no reel and will not be dry packaged in a moisture sensitive environment.

The SSM for Production status devices is one reel, all reels are dry packaged in a moisture sensitive bag see A.5.3.
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A.5.2 Reel Information: 180mm Reel

Surface Resistivity Between 10e° — 10e™ Ohms Square

Material High Impact Polystyrene, environmentally friendly, recyclable

All dimensions and tolerances are fully compliant with EIA-481-B and are specified in millimetres.

6 window design with one window on each side blanked to allow adequate labelling space.

Y& SECTION B-8'
R
o

60°+15"

-’
) 4'130

Figure 56: 180mm Reel Dimensions
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Component | Value/Type Function PCB Layout Constraints

Designator

C13 10uF Power source decoupling

Cl4 100nF Analogue Power decoupling | Adjacent to U1 pin 13

C16 100nF Digital power decoupling Adjacent to U1 pin 49

C15 100nF VB Synth decoupling Less than 5mm from U1 pin 10

Cc18 47pF VB Synth decoupling Less than 5mm from U1 pin 10

Cc2 10nF VB VCO decoupling Less than 5mm from U1 pin 12

C24 47pF VB VCO decoupling Less than 5mm from U1 pin 12

C3 100nF VB RF decoupling Less than 5mm from U1 pin 16 and U1 pin 18

C12 47pF VB RF decoupling Less than 5mm from U1 pin 16 and U1 pin 18

C8 100nF VB A decoupling Less than 5mm from U1 pin 27

C9 47pF VB A decoupling Less than 5mm from U1 pin 27

C6 100nF VB RAM decoupling Less than 5mm from U1 pin 35

C7 100nF VB Dig decoupling Less than 5mm from U1 pin 40

R1 43k | Bias Resistor Less than 5mm from U1 pin 14

C20 100nF Vref decoupling Less than 5mm from U1 pin 15

u2 4Mbit Serial Flash Memory (Numonyx M25P40)

Y1 32MHz Crystal (AEL X32M000000S025) (CL = 9pF, Max ESR 40R)

C10 15pF +/-5% COG Crystal Load Capacitor Adjacent to pin 8 and Y1 pin 1

Cl1 15pF +/-5% COG Crystal Load Capacitor Adjacent to pin 9 and Y1 pin 3

R2 Not fitted

C1 47pF AC Coupling Must be copied directly from the reference design.
Phycomp 2238-869-15479

L1 5.6nH RF Matching Inductor
MuRata LQP15MN5N6B02

L2 2.7nH Load Inductor

MuRata LQP15MN2N7B02

Table 8: IN5148 Printed Antenna Reference Module Components and PCB Layout Constraints

The paddle should be connected directly to ground. Any pads that requiring connection to ground should do so by
connecting directly to the paddle.
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Disclaimers

Limited warranty and liability — Information in this document is believed to be accurate and reliable. However, NXP Semiconductors does not give
any representations or warranties, expressed or implied, as to the accuracy or completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental, punitive, special or consequential damages (including - without limitation -
lost profits, lost savings, business interruption, costs related to the removal or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason whatsoever, NXP Semiconductors’ aggregate and cumulative liability towards
customer for the products described herein shall be limited in accordance with the Terms and conditions of commercial sale of NXP Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed, authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or malfunction of an NXP Semiconductors product can reasonably be expected to
result in personal injury, death or severe property or environmental damage. NXP Semiconductors and its suppliers accept no liability for inclusion
and/or use of NXP Semiconductors products in such equipment or applications and therefore such inclusion and/or use is at the customer’s own risk.

Applications — Applications that are described herein for any of these products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the specified use without further testing or modification.

Customers are responsible for the design and operation of their applications and products using NXP Semiconductors products, and NXP
Semiconductors accepts no liability for any assistance with applications or customer product design. It is customer’s sole responsibility to determine
whether the NXP Semiconductors product is suitable and fit for the customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers should provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.

NXP Semiconductors does not accept any liability related to any default, damage, costs or problem which is based on any weakness or default in the
customer’s applications or products, or the application or use by customer’s third party customer(s). Customer is responsible for doing all necessary
testing for the customer’s applications and products using NXP Semiconductors products in order to avoid a default of the applications and the
products or of the application or use by customer’s third party customer(s). NXP does not accept any liability in this respect.

Export control — This document as well as the item(s) described herein may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Limiting values — Stress above one or more limiting values (as defined in the Absolute Maximum Ratings System of IEC 60134) will cause
permanent damage to the device. Limiting values are stress ratings only and (proper) operation of the device at these or any other conditions above
those given in the Operating Conditions section or the Electrical Characteristics sections of this document is not warranted. Constant or repeated
exposure to limiting values will permanently and irreversibly affect the quality and reliability of the device.

AEC unqualified products — This product has not been qualified to the appropriate Automotive Electronics Council (AEC) standard Q100 or Q101
and should not be used in automotive applications, including but not limited to applications where failure or malfunction of an NXP Semiconductors
product can reasonably be expected to result in personal injury, death or severe property or environmental damage. NXP Semiconductors accepts no
liability for inclusion and/or use of NXP Semiconductors products in such equipment or applications and therefore such inclusion and/or use is for the
customer’s own risk.

Product specification — The information and data provided in a Product data sheet shall define the specification of the product as agreed between
NXP Semiconductors and its customer, unless NXP Semiconductors and customer have explicitly agreed otherwise in writing. In no event however,
shall an agreement be valid in which the NXP Semiconductors product is deemed to offer functions and qualities beyond those described in the
Product data sheet

All products are sold subject to NXP Semiconductors’ terms and conditions of sale, supplied at the time of order acknowledgment and published at
http://www.nxp.com/profile/terms.

Trademarks

All trademarks are the property of their respective owners.
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