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Higher integration receiver controller MCU for wireless power
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This product offers:

¢ AC/DC conversion and modulation/demodulation circuit for
bi-directional communication to support industrial standards

with foreign object detection (FOD)
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36-pin WLCSP (AL)

Bl

32-pin QFN (FM)

* USB/adapter power switcher to charge products with wire mm mm

and wireless with priority.
¢ Up to 15 W with proper external transistors

* QFN package for industrial application and WLCSP

5x5x0.58 Pitch 0.5 3.1 x 3.0 x 0.6 Pitch 0.4

package for space constrained consumer applications

Performance
* 24 MHz ARM® Cortex®-M0+ core
* Single cycle 32-bit x 32-bit multiplier

Memories and memory interfaces
* 16 KB program flash memory
* 4 KB SRAM

System peripherals

e LDO provides 5 V and 3 A output to down system

* CNC controls the communication and provides AC
protection

* High voltage input PMC module with three power
modes: Run, Wait, Stop

¢ VR with reset or interrupt, selectable trip points

* WDOG with independent clock source

» Serial wire debug interface

Clocks

32.768 kHz or 4 MHz to 24 MHz crystal oscillator

* Internal 20 kHz low-power oscillator (LPO)

* Internal clock source (ICS)

¢ Internal FLL with internal or external reference,
precision trimming

Operating Characteristics
* Input from rectifier voltage range: 3.5 to 20 V
e Temperature range (ambient): -40 to 85°C

Freescale reserves the right to change the detail specifications as may be required to permit
improvements in the design of its products. © 2014-2015 Freescale Semiconductor, Inc. All

rights reserved.

Human-machine interface
* One interrupt module (IRQ)
* Up to 13 general-purpose input/output (GPIO)

Communication interfaces
¢ One UART module
¢ One I12C module

Analog Modules

* One 12-bit analog-to-digital converters (ADC) with
up to 4 external channels

¢ One programmable gain amplifier (PGA) with
differential input and output

* One analog comparator (ACMP) containing a 6-bit
DAC and programmable reference input

Timers
* Two 2-channel FTMs with basic TPM function
¢ One periodic interrupt timers (PIT)
* One FSK demodulation timer (FSKDT)
» System tick timer (SysTick)
¢ One real time clock (RTC)

Security and integrity modules
* 80-bit unique identification number per chip
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A
Ordering Information
Part Number! Memory Maximum number of NO's
Flash (KB) SRAM (KB)
MWPR1516CFM(R) 16 4 13
MWPR1516CALR 16 4 13

1. To confirm current availability of ordererable part numbers, go to http://www.freescale.com and perform a part number
search.

Related Resources

Type Description Resource

Selector Guide |The Freescale Solution Advisor is a web-based tool that features Solution Advisor
interactive application wizards and a dynamic product selector.

Product Brief The Product Brief contains concise overview/summary information to | WPR1516PB!
enable quick evaluation of a device for design suitability.

Reference The Reference Manual contains a comprehensive description of the |WPR1516RM’

Manual structure and function (operation) of a device.

Chip Errata The chip mask set Errata provides additional or corrective WPR1516_0N49M'
information for a particular device mask set.

Package Package dimensions are provided in package drawings. QFN 32-pin: 98ASA00615D1

drawing

WLCSP 36-pin: 98ASA00789D'

1. To find the associated resource, go to http://www.freescale.com and perform a search using this term.

Figure 1 shows the functional modules in the chip.

2 MWPR1516 16 KB Flash, Rev2, 1/2015.
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WPR1516 Family
ARM® Cortex™-MO0+ System Memories and Memory Interfaces Clocks
Core
Internal Program External
watchdogs flash RAM clock
Debug Interrupt PMC IcS
interfaces controller
Security Analog Timers UHV Communication |Human-Machine
and Integrity Interfaces Interface (HMI)
Watchdog 12-bit ADC FSKDT CNC UART NMI
x1 x1 x1 X1
Analog
comparator FTM LDO 12C GPIO
x1 X2 x1 1
6-bit DAC PIT
X1

Figure 1. Functional block diagram
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1 Ratings

1.1 Thermal handling ratings

Ratings

Symbol | Description Min Max. Unit Notes
Tsta Storage temperature -55 150 °C 1
Tspr Solder temperature, lead-free — 260 °C 2

—

Determined according to JEDEC Standard JESD22-A103, High Temperature Storage Life.

2. Determined according to IPC/JEDEC Standard J-STD-020, Moisture/Reflow Sensitivity Classification for Nonhermetic
Solid State Surface Mount Devices.

1.2 Moisture handling ratings

Symbol

Description

Min.

Max.

Unit

Notes

MSL

Moisture sensitivity level

1. Determined according to IPC/JEDEC Standard J-STD-020, Moisture/Reflow Sensitivity Classification for Nonhermetic
Solid State Surface Mount Devices.

1.3 ESD handling ratings

Symbol | Description’ Min Typ. Max Unit Notes
Vuesm | Electrostatic discharge voltage, human body model -2000 — +2000 \ 2
Vcom  |Electrostatic discharge voltage, charged-device model |  -500 — +500 \Y 3

AT Latch-up current at ambient temperature of 85 °C -100 — +100 mA 4

1. Parameter is achieved by design characterization on a small sample size from typical devices under typical conditions,
unless otherwise noted.
2. Determined according to JEDEC Standard JESD22-A114, Electrostatic Discharge (ESD) Sensitivity Testing Human
Body Model (HBM).
3. Determined according to JEDEC Standard JESD22-C101, Field-Induced Charged-Device Model Test Method for
Electrostatic-Discharge-Withstand Thresholds of Microelectronic Components.
4. Determined according to JEDEC Standard JESD78, /C Latch-Up Test.

MWPR1516 16 KB Flash, Rev2, 1/2015.
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Ratings

1.4 Voltage and current operating ratings

Absolute maximum ratings are stress ratings only, and functional operation at the
maximum is not guaranteed. Stress beyond the limits specified in the following table
may affect device reliability or cause permanent damage to the device. For functional
operating conditions, refer to the remaining tables in this document.

This device contains circuitry protecting against damage due to high static voltage or
electrical fields; however, it is advised that normal precautions be taken to avoid
application of any voltages higher than maximum-rated voltages to this high-impedance
circuit. Reliability of operation is enhanced if unused inputs are tied to an appropriate
logic voltage level (for instance, either Vgg or Vpp) or the programmable pullup resistor
associated with the pin is enabled.

Table 1. Voltage and current operating ratings

Symbol Description Min. Max. Unit
VRec Supply voltage from wireless receiver rectifier 0 20 \Y
Vaciacz  |AC voltage input from wireless receiver coil -0.3 21 Vv
lvReC Maximum current into Vggc 0 120 mA
Vbio Digital input voltage (except RESET_b, EXTAL, and XTAL) -0.3 Vpp+0.3
Vapb_IN Wired power input voltage 0 12
Vaio * Analog'!, RESET, VOUT_FB, EXTAL, and XTAL input -0.3 Vpp+0.3 \Y
voltage
e VOUT and ISENS input voltage -0.3 5.5
Ip Instantaneous maximum current single pin limit mA
- -25 25
¢ for GPIO pins
 for other pins except power pins -10 10

1. Analog pins are defined as pins that do not have an associated general-purpose I/O port function.

6 MWPR1516 16 KB Flash, Rev2, 1/2015.
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General
2 General
2.1 Nonswitching electrical specifications
2.1.1 DC electrical characteristics
This section includes information about power supply requirements and I/O pin
characteristics.
Table 2. DC characteristics
Symbol Descriptions Min. Typical' Max. Unit
— Operating voltage — 3.13 — 5.5 \'
Von Output high | All I/O pins, standard- |5V, ligag=-5| Vpp—0.8 — — \Y
voltage drive strength mA
loHT Output high Max total I for all 5V — — -100 mA
current ports
VoL Output low | All I/O pins, standard- | 5V, ligag =5 — — 0.8 \"
voltage drive strength mA
loLT Output low Max total I, for all 5V — — 100 mA
current ports
ViH Input high All digital inputs Vpp>4.5V | 0.70 x Vpp — — \%
voltage
ViH Input high All digital inputs 3.13V <Vpp| 0.75 % Vpp — — \"
voltage <45V
Vi Input low All digital inputs 3.13V <Vpp — — 0.30 x Vpp \
voltage <45V
Vi Input low All digital inputs Vpp>3.3V — — 0.35 x Vpp Vv
voltage
Viys Input All digital inputs — 0.06 x Vpp — — mV
hysteresis
il Input leakage | All input only pins (per | Viy = Vpp or — 0.1 1 A
current pin) Vss
llozl Hi-Z (off-state) | All input/ output (per | Vin = Vpp or — 0.1 1 A
leakage pin) Vss
current
llozrorl | Total leakage | All input only and I/O | V |y = Vpp or — — 2 A
combined for Vss
all inputs and
Hi-Z pins
Table continues on the next page...
MWPR1516 16 KB Flash, Rev2, 1/2015. 7
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Nonswitching electrical specifications

Table 2. DC characteristics (continued)

Symbol Descriptions Min. Typical' Max. Unit
Rpy Pullup All digital inputs, when — 30.0 — 50.0 kQ
resistors enabled (all I/0O pins
other than PTAG6 or
PTA7
Rpy? Pullup PTA6 and PTA7 — 30.0 — 60.0 kQ
resistors
lic DC injection Single pin limit VN < Vss, -0.2 — 2 mA
3,4,5,6
current Total MCU limit, | Ym>Vop 5 — 25
includes sum of all
stressed pins
Cin Input capacitance, all pins — — — 7 pF
VRam RAM retention voltage — 2.0 — — \Y,
1. Typical values are measured at 25 °C. Characterized, not tested.
2. The specified resistor value is the actual value internal to the device. The pullup value may appear higher when
measured externally on the pin.
3. This item applies to the GPIO share pads only.
4. All functional non-supply pins, except for PTA6 and PTA7, are internally clamped to Vpp.

5. Input must be current limited to the value specified. To determine the value of the required current-limiting resistor,
calculate resistance values for positive and negative clamp voltages, then use the large one.

6. Power supply must maintain regulation within operating Vpp range during instantaneous and operating maximum current
conditions. If the positive injection current (V|, > Vpp) is higher than Ipp, the injection current may flow out of Vpp and
could result in external power supply going out of regulation. Ensure that external Vpp load will shunt current higher than
maximum injection current when the MCU is not consuming power, such as no system clock is present, or clock rate is
very low (which would reduce overall power consumption).

Table 3. Power supply electrical characteristics

Symbol Description Min. Typ1ical Max. | Unit
Vppi1.g Output voltage core Full performance mode| 1.72 1.83 1.98 \
Reduced power mode?| — 1.6 — v
Vpor Output Voltage Full performance mode| 2.6 2.81 2.9 \Y,
Flash Reduced power mode2| — 1.69 — v
Vpp2 Output voltage Vpp Full performance mode 3.5 V<Vggc<4.5V| 3.13 — 4.5 \Y
Full performance mode 4.5 V< Vggc<5.3 V| 4.19 — 5.25 \
Full performance mode Vregc=5.3 V| 4.75 4.99 5.25 \
Reduced power mode2| 2.5 — 5.75 Y
Ibp Load current Vpp Full performance mode 3.5V < Vggc<4.5V 0 — 28 mA
Full performance mode 4.5V < Vggc<5.3 V 0 — 28 mA
Full performance mode Vggc=5.3 V 0 — 50 mA
Reduced power mode? 0 — 5 mA
VREEH Output voltage 4.1 V<Vgee<4.5 V| 3.781 3.8 3819 | V
VRerH 4.5 V<VRec<4.9 V| 3.781/ | 3.8/4.24| 3.819/ | V
4179 4.221
Table continues on the next page...
8 MWPR1516 16 KB Flash, Rev2, 1/2015.
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Nonswitching electrical specifications

Table 3. Power supply electrical characteristics (continued)

VREFH

Symbol Description Min. | Typical | Max. | Unit
1
Veec 2 4.9V| 3.781/ | 3.8/4.2/ | 3.819/| V
4.179/ 4.6* 4.221/
4.577 4.623
— VRepH accuracy Vgec=VRerH + 0.3, 0—70 °C — — 0.5 %
VRec=VRerH + 0.3, -40—85 °C — — 0.8 %
lREFH OUtpUt current VRECZVREFH +0.3 0 — 5 mA

Vivwa | Vop Low voltage
warning assert level

PMC_LVCTLSTAT1[SLVWSEL]=0b| 3.43 3.63 3.83 Vv
PMC_LVCTLSTAT1[SLVWSEL] = 1b| 3.94 4.14 4.34

VLVWD VDD Low voltage
warning deassert

PMC_LVCTLSTAT1[SLVWSEL]=0b| 3.54 3.74 3.94 Vv
PMC_LVCTLSTAT1[SLVWSEL] = 1b| 4.08 4.28 4.48

level

VivRA Vpp low voltage reset assert 2.97 3.02 — \Y

VLvRD Vpp low voltage reset deassertl — — 3.13 \%

VivwrerHa | Low voltage warning PMC_VREFHLVW[LVWCFG]=00b| 3.34 3.54 3.74 Vv

:g\r/;REFH assert PMC_VREFHLVW[LVWCFG]=01b| 343 | 363 | 383 | V

PMC_VREFHLVW[LVWCFG]=10b| 3.86 4.06 4.26 Vv

PMC_VREFHLVW[LVWCFG]=11b| 4.11 4.31 4.51 Vv

Vi vwrerHa |Low voltage warning PMC_VREFHLVW[LVWCFG]=00b| 3.45 3.65 3.85 \'%

:‘Z\SQ’IREFH deassert PMC_VREFHLVW[LVWCFG]=01b| 355 | 375 | 395 | V

PMC_VREFHLVW[LVWCFG]=10b| 4.00 4.20 4.40 \Y

PMC_VREFHLVW[LVWCFG]=11b| 4.27 4.47 4.67 Vv

Vivriga |Low voltage reset for Vppq g assert level 1.49 1.69 1.89 \Y

Vivrigp |Low voltage reset for Vpp g deassert level 1.56 1.76 1.96 \'%

Vivropra | Low voltage reset for Vppg assert level 2.44 2.64 2.84 \"

Vivroorp | Low voltage reset for Vppr deassert level 2.52 2.72 2.92 Vv
fLPocLK Trimmed LPOCLK output frequency — 20 — kHz

dfipocLk | Trimmed LPOCLK internal clock Af / fyominal® -5 — 5 %

tspEL LPOCLK start up delay — 25 50 us
dVut Temperature sensor slope — 5.07 — mV/°

C

Vyr Temperature sensor output voltage — 1.57 — \Y

THTIA High temperature interrupt assert® 95 110 125 °C

TuTD High temperature interrupt deassert® 85 100 115 °C

Vgg Bandgap output voltage

1.13 1.2 1.32 \Y

Vucsag HC Bandgap output voltage

1.14 1.15 1.16 \

tste rec | Recovery time from not including Vrgp| — 15 — us
Stop including Vrepy| — 1 — ms

1. Typical values are measured at 25 °C.
MWPR1516 16 KB Flash, Rev2, 1/2015. 9
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Nonswitching electrical specifications

Power supply enters reduced power mode when MCU is in Stop mode.
VDD is from VDD1-

This typical value is configurable based on Vggc.

User need to trim the LPOCLK in order to get +5% LPOCLK

This is junction temperature.

ook wh

NOTE
Unless noted, VDD1 and VDD2 must be shorted on the
application board.

04

0.35
03
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Voo~ Vou
(V)
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—@=-25C
85C
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.=
L
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Figure 2. Typical oy Vs. Vpp-VoH (standard drive strength) (Vpp =5 V)
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Nonswitching electrical specifications
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Figure 3. Typical lg_ Vs. Vo_ (standard drive strength) (Vpp =5 V)

2.1.2 Supply current characteristics

This section includes information about power supply current in various operating

modes.
Table 4. Supply current characteristics (at 5.5 V)
Parameter Symbol Bus Freq. Typical’ Max. Unit Temp.
Run supply current FEI mode, Rlpp 24 MHz 13.17 — mA -40-85 °C
all modules clocks enabled; 12 MHz 9.37 _
run from flash
6 MHz 7.49 —
Run supply current FEI mode, Rlpp 24 MHz 11.17 — mA -40-85 °C
all modules clocks disabled; 12 MHz 8.37 _
run from flash
6 MHz 6.99 —
Run supply current FBE mode, Rlpp 24 MHz 14.01 17 mA -40-85 °C
all modules clocks enabled; 12 MHz 8.65 —
run from RAM
6 MHz 6.60 —
Run supply current FBE mode, Rlpp 24 MHz 10.61 13 mA -40-85 °C
all modules clocks disabled:; 12 MHz 765 —
run from RAM
6 MHz 6.09 —
Wait mode current FBE mode, Wipp 24 MHz 8.23 10 mA -40-85 °C
all modules clocks enabled

Table continues on the next page...

MWPR1516 16 KB Flash, Rev2, 1/2015.
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Nonswitching electrical specifications

Table 4. Supply current characteristics (at 5.5 V) (continued)

Parameter Symbol Bus Freq. Typical' Max. Unit Temp.
12 MHz 6.52 —
6 MHz 5.53 —
Stop mode supply current no Slpp — 700 — A -40-85 °C
clocks active (except CNC
clock)

1. Data in Typical column was characterized at 25 °C or is typical recommended value.

2.1.3 EMC performance

Electromagnetic compatibility (EMC) performance is highly dependent on the
environment in which the MCU resides. Board design and layout, circuit topology
choices, location and characteristics of external components as well as MCU software
operation play a significant role in EMC performance. The system designer must
consult the following Freescale applications notes, available on freescale.com for
advice and guidance specifically targeted at optimizing EMC performance.
* AN2321: Designing for Board Level Electromagnetic Compatibility
* AN1050: Designing for Electromagnetic Compatibility (EMC) with HCMOS
Microcontrollers
* AN1263: Designing for Electromagnetic Compatibility with Single-Chip
Microcontrollers
* AN2764: Improving the Transient Immunity Performance of Microcontroller-
Based Applications
* AN1259: System Design and Layout Techniques for Noise Reduction in MCU-
Based Systems

2.1.3.1 Radiated Emissions
Table 5. EMC radiated emissions operating behaviors for 32-pin QFN
package
Symbol | Description Frequency Typ. Unit Notes
band
(MHz)
VRE1 Radiated emissions voltage, band 1 0.15-50 dBuVv 1,2
VRe2 Radiated emissions voltage, band 2 50-150 dBuVv
VRE3 Radiated emissions voltage, band 3 150-500 16 dBuVv
VRes Radiated emissions voltage, band 4 500-1000 5 dBuV
Vee ec  |IEC level 0.15-1000 M — 2,3
12

Freescale Semiconductor, Inc.
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1. Determined according to IEC Standard 61967-1, Integrated Circuits - Measurement of Electromagnetic Emissions,
150 kHz to 1 GHz Part 1: General Conditions and Definitions and IEC Standard 61967-2, Integrated Circuits -
Measurement of Electromagnetic Emissions, 150 kHz to 1 GHz Part 2: Measurement of Radiated Emissions —TEM
Cell and Wideband TEM Cell Method. Measurements were made while the microcontroller was running basic
application code. The reported emission level is the value of the maximum measured emission, rounded up to the next
whole number, from among the measured orientations in each frequency range.

2. VRecT=5.0V, Ta =25 °C, fogc = 32.768 kHz (crystal), fsys = 24 MHz, fgys = 24 MHz

3. Specified according to Annex D of IEC Standard 61967-2, Measurement of Radiated Emissions—TEM Cell and
Wideband TEM Cell Method

2.2 Switching specifications

2.2.1 Control timing
Table 6. Control Timing

Rating Symbol Min. Typical' Max. Unit

Bus frequency (tcyc = 1/ fays) faus DC — 24 MHz

Internal low power oscillator frequency? fLrpo 16 20 26 KHz
External reset pulse width tExTRST 1.5 % — — ns

teve
Reset low drive tRsTDRV 34 x tcyc — — ns
External NMI pin interrupt pulse width - I 100 — — ns
Asynchronous path

IRQ pulse width Asynchronous path?3 tiun 100 — — ns
Synchronous path tHIL 1.5 x tcye — — ns
Port rise and fall time - — tRise — 10.2 — ns
Normal drlvgosgg)ngth (load = tran — 95 — ns

1. Typical values are based on characterization data at Vpp = 5.0 V, 25 °C unless otherwise stated.
2. It can be configured by PMC_RC20KTRM[OSCOT].

3. This is the shortest pulse that is guaranteed to be recognized as a IRQ pin request.
€ textrst

RESET_b pin \ /

Figure 4. Reset Timing

MWPR1516 16 KB Flash, Rev2, 1/2015. 13
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Thermal specifications

— b —]
< 3
IRQ \
IRQ /
~— 7
- fyy—>

Figure 5. IRQ Timing

2.2.2 FTM module timing

Synchronizer circuits determine the shortest input pulses that can be recognized. These
synchronizers operate from the timer clock.

Table 7. FTM Input Timing

Function Symbol Min. Max. Unit
Input capture pulse ticpw 15 — tTimm1
width

1. timer = 1/fTimer

~«—tcpw —»]

FTMCHn N\
FTMCHn \ /

Figure 6. Timer Input Capture Pulse

N—— — 7
~<—ticpw —>

2.3 Thermal specifications

2.3.1 Thermal operating requirements
Table 8. Thermal operating requirements of WLCSP package

Symbol Description Min. Max Unit | Notes
Ty Die junction temperature -40 95 °C
Ta Ambient temperature -40 85 °C 1

1. Maximum T, can be exceeded only if the user ensures that T; does not exceed the maximum. The simplest method to
determine T, is: Ty = Ta + 64 % chip power dissipation.

14 MWPR1516 16 KB Flash, Rev2, 1/2015.
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Thermal specifications

Table 9. Thermal operating requirements of QFN package

Symbol Description Min Max Unit | Notes
Ty Die junction temperature -40 105 °C
Ta Ambient temperature -40 85 °C 1

. Maximum Tx can be exceeded only if the user ensures that T, does not exceed the maximum. The simplest method to
determine Tis: Ty = Ta + 6y x chip power dissipation.

2.3.2 Thermal characteristics

This section provides information about operating temperature range, power

dissipation, and package thermal resistance. Power dissipation on I/O pins is usually
small compared to the power dissipation in on-chip logic and voltage regulator
circuits, and it is user-determined rather than being controlled by the MCU design. To

Table 10. Thermal Attributes

take Ppo into account in power calculations, determine the difference between actual
pin voltage and Vgg or Vpp and multiply by the pin current for each I/0 pin. Except in
cases of unusually high pin current (heavy loads), the difference between pin voltage
and Vg or Vpp will be very small.

Board type Symbol Description 32 QFN 36 Unit Notes
WLCSP
Single-layer (1S) Reua Thermal resistance, junction to 97 129.8 °C/W 1,2
ambient (natural convection)
Four-layer (2s2p) Reua Thermal resistance, junction to 33 71.4 °C/W 1,3
ambient (natural convection)
Single-layer (1S) Resma | Thermal resistance, junction to 81 116.5 °C/W 1,3
ambient (200 ft./min. air speed)
Four-layer (2s2p) Resma | Thermal resistance, junction to 27 68.0 °C/W 1,3
ambient (200 ft./min. air speed)
— Reys Thermal resistance, junction to 12 48.6 °C/W 4
board
— Reyc Thermal resistance, junction to 1.3 8.1 °C/W 5
case
— Yr Thermal characterization 3 0.2 °C/W 6
parameter, junction to package top
outside center (natural convection)
— Y5 Thermal characterization — 14.3 °C/W 7
parameter, junction to package
bottom outside center (natural
convection)

. Junction temperature is a function of die size, on-chip power dissipation, package thermal resistance, mounting site
(board) temperature, ambient temperature, air flow, power dissipation of other components on the board, and board

thermal resistance.

MWPR1516 16 KB Flash, Rev2, 1/2015.
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Peripheral operating requirements and behaviors

2. JESD51-2 with the single layer board (JESD51-3) horizontal.

Per JEDEC JESD51-6 with the board (JESD51-7) horizontal.

Thermal resistance between the die and the printed circuit board per JEDEC JESD51-8. Board temperature is measured

on the top surface of the board near the package.

5. Thermal resistance between the die and the solder pad on the bottom of the package. Interface resistance is ignored.

6. Thermal characterization parameter indicating the temperature difference between package top and the junction
temperature per JEDEC JESD51-2. When Greek letters are not available, the thermal characterization parameter is
written as Psi-JT.

7. Thermal characterization parameter indicating the temperature difference between package bottom center and the
junction temperature per JEDEC JESD51-12. When Greek letters are not available, the thermal characterization
parameter is written as Psi-JB.

»w

The average chip-junction temperature (Ty) in °C can be obtained from:
Ty=Ta+ (Pp X 0ja)

Where:

T A = Ambient temperature, °C

0; = Package thermal resistance, junction-to-ambient, °C/W

Pp =Pnr + Pro

Pint = Ipp X Vpp, Watts - chip internal power

P10 = Power dissipation on input and output pins - user determined

For most applications, Py << Pyt and can be neglected. An approximate relationship
between Pp and Tj (if Py 1s neglected) is:

Pp=K -+ (TJ + 273 °C)
Solving the equations above for K gives:
K =Pp x (TA + 273 °C) + GJA X (PD)2

Where K is a constant pertaining to the particular part. K can be determined by
measuring Pp (at equilibrium) for an known T . Using this value of K, the values of Pp
and T can be obtained by solving the above equations iteratively for any value of Ty.

3 Peripheral operating requirements and behaviors

3.1 UHV modules

16 MWPR1516 16 KB Flash, Rev2, 1/2015.
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3.1.1 LDO electrical characteristics

This section provides data about the LDO module electrical characteristics.

Table 11. LDO electrical characteristics

Sy | Description Min. Typical Max. | Unit
mb
ol
VqUT Regulated output voltage 4.2 5 5.2 Vv
Vout | Output voltage accuracy — 22 — %
A
Vrn1 |Over voltage protection de- LDO_CR[OVTHLD]=00b — 4.27 — \
assert LDO_CR[OVTHLD]=01b 4.62
LDO_CR[OVTHLD]=10b 5.33
LDO_CR[OVTHLD]=11b 5.78
V1h2 | Over voltage protection assert |LDO_CR[OVTHLD]=00b — 4.8 — Vv
LDO_CR[OVTHLD]=01b 5.2
LDO_CR[OVTHLD]=10b 6.0
LDO_CR[OVTHLD]=11b 6.5
ILm | Current limit threshold, with 33 mQ 0.3 N x 1.4/(511 x 10 x — A
sample resistor: 100 mQ 01 Rsense)?
ItH1 | Over current protection LDO_CR[OCTHLD]=000b — 1.05/(10 x Rsense) — A
threshold LDO_CR[OCTHLD]=001b 1.10/(10 x Rsense)
LDO_CR[OCTHLD]=010b 1.15/(10 x Rsense)
LDO_CR[OCTHLD]=011b 1.20/(10 x Rsense)
LDO_CR[OCTHLD]=100b 1.25/(10 x Rsense)
LDO_CR[OCTHLD]=101b 1.30/(10 x Rsense)
LDO_CR[OCTHLD]=110b 1.35/(10 x Rsense)
LDO_CR[OCTHLD]=111b 1.40/(10 x Rsense)

1. Voyr is configurable by LDO_VTRM[VTRM], it must be lower than 5.2 V. User can check the voltage dropout of
MOSFET to avoid over power consumption.

2. This value is affected by the precision of the output voltage divider resistor.

3. Nis configured by LDO_VTRM[VTRM].

3.1.2 Programmable gain amplifier (PGA) electronic
characterizations

This section includes information about PGA.

MWPR1516 16 KB Flash, Rev2, 1/2015. 17
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Table 12. PGA electrical characteristics (4.5 V < VDDA <5.5V)

Symbol | Description Min. Typical Max. Unit
Gain Programmable PGA_CTRL[GAIN]=00b — 8 —
gain PGA_CTRL[GAIN]=01b 10
PGA_CTRL[GAIN]=10b 15
PGA_CTRL[GAIN]=11b 20
dGain/dT |Gain versus temperature — 10 — ppm/°C
Vos Input referred offset voltage’ -12 — 12 mV
dVos/dT  |Input referred offset voltage versus temperature — 20 — pVv/eC
Iin_Blias | Input BIAS current — — 250 A
Bw(-3 dB) |PGA -3 dB PGA_CTRL[GAIN]=00b — — 2.0 MHz
bandwidth PGA_CTRL[GAIN]=01b 16
PGA_CTRL[GAIN]=10b 1.0
PGA_CTRL[GAIN]=11b 0.8
PSRR Power supply rejection ratio — -60 — dB
CMRR |Common mode rejection ratio — -60 — dB
VR_CM_IN |Input common mode voltage 4.5 5 5.5 \
VR_DM_IN |Input differential PGA_CTRL[GAIN]=00b — — 250 mV
mode voltage PGA_CTRL[GAIN]=01b 200
PGA_CTRL[GAIN]=10b 130
PGA_CTRL[GAIN]=11b 100

1. The output referred offset of PGA is digitized by the on-chip ADC and stored in certain memory of each chip, customer
can access the data to perform system level calibration.

3.1.3 Communication and clamp controller (CNC) electronic
characterizations

This section includes information about FSK Zero-Crossing, VREC and VAD analog
comparators.

Table 13. FSK analog comparator electrical specifications

Symbol | Characteristic Min. Typical Max. Unit
Vppa |Supply voltage 3.5 — 5.5 Vv
loppa | Power consumption — 270 — A
Van  |Analog input range Vss — Vpp-1.4 \'
Vaio |Analog input offset voltage — — 20 mV
Vy Analog CNC_ANACFG1[ZCDHYST] = 00b — 0 — mV
comparator CNC_ANACFG1[ZCDHYST] = 01b 18
hysteresis
18 MWPR1516 16 KB Flash, Rev2, 1/2015.
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Table 13. FSK analog comparator electrical specifications

Symbol | Characteristic Min. Typical Max. Unit
CNC_ANACFG1[ZCDHYST] = 10b 40
CNC_ANACFG1[ZCDHYST] = 11b 60

Table 14. CNC over-voltage protect (OVP) and low-voltage protect (LVP)
electrical specifications

Symbol | Characteristic Min. Typical Max. Unit
VRec.ove | VREC OVP CNC_ANACFG1[VRECOVLVL]=00b| — 25.7 — Y%
assert CNC_ANACFG1[VRECOVLVL]=01b| 215 225 232
CNC_ANACFG1[VRECOVLVL]=10b| 19.3 20.3 21.2
CNC_ANACFG1[VRECOVLVL]=11b| 16.4 171 18
VRec-over | VREC OVP de- CNC_ANACFG1[VRECOVLVL]=00b| — 20.4 — %
assert CNC_ANACFG1[VRECOVLVL]=01b| 17 17.8 18.4
CNC_ANACFG1[VRECOVLVL]=10b| 15.2 16.2 16.8
CNC_ANACFG1[VRECOVLVL]=11b| 12.8 13.5 14
Vgec.Lve | VREC LVP assert 4.3 4.5 4.7 Vv
VRec.Lvpr | VREC LVP de-assert 4.9 5.1 5.3 v
Vapovp | VAD OVP assert 5.5 5.7 5.9 v
Vap-ovpr |VAD OVP de-assert 5.15 5.3 55 \Y
Vap-ok VAD LVP assert 415 4.3 455 \Y
Vap-ok VAD LVP de-assert 3.95 4.0 4.25 \
3.2 Core modules
3.2.1 SWD electricals
Table 15. SWD full voltage range electricals
Symbol Description Min. Max. Unit
Ji SWD_CLK frequency of operation
* Serial wire debug 0 24 MHz
J2 SWD_CLK cycle period 1/J1 — ns
J3 SWD_CLK clock pulse width
* Serial wire debug 20 — ns
J4 SWD_CLK rise and fall times — 3 ns
Table continues on the next page...
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Table 15. SWD full voltage range electricals (continued)

Symbol Description Min. Max. Unit
J9 SWD_DIO input data setup time to SWD_CLK rise 10 — ns
J10 SWD_DIO input data hold time after SWD_CLK rise 3 — ns
J11 SWD_CLK high to SWD_DIO data valid — 35 ns
J12 SWD_CLK high to SWD_DIO high-Z 0 — ns

SWD_CLK (input)

Figure 7. Serial wire clock input timing

SWD_CLK / \ /!
i
SWD_DIO : <' Input data valid )I—
54 Q11) »
SWD_DIO i >'< Output data valid
« @12) g
SWD_DIO X
< @) g
SWD_DIO <' Output data valid
Figure 8. Serial wire data timing
3.3 Clock modules
20 MWPR1516 16 KB Flash, Rev2, 1/2015.

Freescale Semiconductor, Inc.




g |

Peripheral operating requirements and behaviors

3.3.1 External oscillator (OSC) and ICS characteristics
Table 16. OSC and ICS specifications (temperature range = -40 to 85 °C

ambient)

Characteristic Symbol Min Typical’ Max Unit
Crystal or Low range (RANGE = 0) fio 31.25 32.768 39.0625 kHz
resonator High range (RANGE = 1) i 4 — 24 MHz
frequency
Load capacitors C1,C2 See Note?
Feedback resistor Low Frequency, Low-Power Mode® Re — — — MQ
Low Frequency, High-Gain Mode — 10 — MQ
High Frequency, Low-Power Mode — 1 — MQ
High Frequency, High-Gain Mode — 1 — MQ
Series resistor - Low-Power Mode 3 Rs — 0 — kQ
Low Frequency High-Gain Mode _ 200 _ kQ
Series resistor - Low-Power Mode3 Rs — 0 — kQ
High Frequency
Series resistor - 4 MHz — 0 — kQ
High Frequency, 8 MH _ 0 _ KO
High-Gain Mode z
16 MHz — 0 — kQ
24 MHz — 0 — kQ
Crystal start-up Low range, low power tesTL — 1000 — ms
grznt; EI;%V‘I’(Laane = Low range, high gain — 800 — ms
crystal; High High range, low power tcsTH — 3 — ms
range = 24 MHz High range, high gain — 15 — ms
crystal4®
Internal reference start-up time tiRsT — 20 50 us
Internal reference clock (IRC) frequency trim range fint_t 31.25 — 39.0625 kHz
Internal reference T=25°C,Vpp=5V fint_tt — 37.5 — kHz
clock frequency,
factory trimmed
DCO output FLL reference = fint_t, flo, or thi/RDIV faco 40 — 50 MHz
frequency range
Factory trimmed T=25°C,Vpp=5V| Afip st -0.5 — 0.5 %
internal oscillator
accuracy
Deviation of IRC | Over temperature range from -40 °C to Afint 1 -1 — 0.5 %
over temperature 85°C
when trimmed at Over temperature range from 0 °C to Afint -0.5 — 0.5
T=25 °C, VDD = 85°C -
5V
Frequency Over temperature range from -40 °C to|  Afgeo st -2 — 1.5 %
accuracy of DCO 85°C
output using Over temperature range from 0 °C to|  Afgeo 1t -1 — 1.5
factory trim value 85°C -
Table continues on the next page...
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Table 16. OSC and ICS specifications (temperature range = -40 to 85 °C ambient)

(continued)
Characteristic Symbol Min Typical’ Max Unit
FLL acquisition time*8 tacquire — — 2 ms
Long term jitter of DCO output clock (averaged over 2 ms Citter — 0.02 0.2 Y%ofdco
interval)’

N —

ok

Data in Typical column was characterized at 5.0 V, 25 °C or is typical recommended value.

See crystal or resonator manufacturer's recommendation.

Load capacitors (C4,C,), feedback resistor (Rg) and series resistor (Rg) are incorporated internally when RANGE = HGO
=0.

This parameter is characterized and not tested on each device.

Proper PC board layout procedures must be followed to achieve specifications.

This specification applies to any time the FLL reference source or reference divider is changed, trim value changed, or
changing from FLL disabled (FBELP, FBILP) to FLL enabled (FEI, FEE, FBE, FBI). If a crystal/resonator is being used
as the reference, this specification assumes it is already running.

Jitter is the average deviation from the programmed frequency measured over the specified interval at maximum fgs.
Measurements are made with the device powered by filtered supplies and clocked by a stable external clock signal.
Noise injected into the FLL circuitry via Vpp and Vgg and variation in crystal oscillator frequency increase the Cjiyer
percentage for a given interval.

OSsC
EXTAL XTAL
Re Rs

11 |-

[T
Crystal or Resonator
G L —
Ca

=)

Figure 9. Typical crystal or resonator circuit

3.4 Memories and memory interfaces
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3.4.1 NVM specifications

Peripheral operating requirements and behaviors

This section provides details about program / erase times, program / erase endurance

for the flash memory.

Table 17. Flash characteristics

Characteristic Symbol Min.! Typical? Max.? Unit*
NVM Bus frequency fnvMBUS 1 — 25 MHz
NVM Operating frequency favmor 0.8 1 1.05 MHz
Erase Verify All Blocks tvEvALL — — 4653 teye
Erase Verify Flash Block tRD1BLK — — 4626 tcye
Erase Verify Flash Section trRD1SEC — — 482 tcye
Read Once tRDONCE — — 464 tove
Program Flash (2 words) tram2 0.14 0.14 0.35 ms
Program Flash (4 words) tpgMa4 0.23 0.23 0.56 ms
Program Once tPGMONCE 0.22 0.23 0.23 ms
Erase All Blocks tERSALL 95.54 100.31 100.56 ms
Erase Flash Block tERSBLK 95.54 100.31 100.56 ms
Erase Flash Sector terspPG 19.11 20.06 20.10 ms
Unsecure Flash tunsecu 95.55 100.31 100.57 ms
Configure NVM tconENVM — — 381 teye
Verify Backdoor Access Key tvEYKEY — — 482 tcye
Set User Margin Level tMLoADU — — 420 teye
FLASH Program/erase endurance T, to NELPE 10k 100 k — Cycles
Ty =-40°Cto 105 °C
Data retention at an average junction tp ReT 15 100 — years
temperature of T ayg = 85 °C after up to
10,000 program / erase cycles

e A

tcve = 1/ fnvmBus

Minimum times are based on maximum fyymop and maximum fyywvsus
Typical times are based on typical f\ymop and maximum fyymsus
Maximum times are based on typical fyymop and typical fyymsus plus aging

Program and erase operations do not require any special power sources other than the

normal Vpp supply. For more detailed information about program and erase

operations, see the Memory section.

3.5 Analog

MWPR1516 16 KB Flash, Rev2, 1/2015.

23

Freescale Semiconductor, Inc.



Peripheral operating requirements and behaviors

3.5.1 IFR measurement conditions

The value stored in the IFR is measured under the conditions of the following table.

Table 18. IFR measurement conditions

Symbol Descriptions Value Unit
VREFH ADC reference voltage 5 \'%
VREC Supply voltage from wireless receiver rectifier 5 \Y
Vppx I/0 supply voltage 5 \'

faus Bus frequency 24 MHz
Ta Ambient temperature 25 °C
— Code execution From RAM —
— NVM activity — —

3.5.2 ADC characteristics

This section describes the ADC characteristics.

Table 19. ADC Operating Conditions

Characteristic Symbol Min Typ Max Unit
Reference potential Low VRL Vssa — Vbpa/ 2 \Y
High VRH Vbba — Vbpa \Y
/2
Differential reference voltage' VgH - VRL 3.13 5.0 55 \'%
ADC Clock Frequency (derived from bus clock via fATDCLK 0.25 — 8.33 MHz
the prescaler bus)
Buffer amplifier turn on time (delay after module trRec — — 1 [VE
start / recovery from Stop mode)
ADC disable time toisABLE — — 3 bus clock
cycles
ADC Conversion Period? 12-bit resolution Nconviz 19 — 39
- . ADC clock
10-bit resolution Nconvio 18 — 38 cycles
8-bit resolution Nconvs 16 — 36

1. Full accuracy is not guaranteed when differential voltage is less than 4.50 V.
2. The minimum time assumes a sample time of four ATD clock cycles. The maximum time assumes a sample time of 24
ATD clock cycles.

24 MWPR1516 16 KB Flash, Rev2, 1/2015.
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SIMPLIFIED
INPUT PIN EQUIVALENT
CIRCUIT Z o
Paa **** T2 SIMPLIFIED
Zss Ieakag : ! CHANNEL SELECT
< - ! IRCUIT
| due ° T CIRCUT _ ADC SAR
R as | Inpu D R Aom | ENGINE
° ‘ ‘protectlo ‘ ‘ \/\/\/—O/
\ + | | \
| V a0 | | | |
= |
—C ! [ [ |
V as S | | | | |
‘ | | -z :
— _— I — | — — |
B - ‘ T - | !
<- T - o= -=== \

\
R ADIN :
X A0~ o9
INPUT PIN ‘
R aoin |
@ W\/—O/O—v—ﬁ
- _ _
INPUT PIN ’ — C a0
Figure 10. ADC Input Impedance Equivalency Diagram
Table 20. ADC Electrical Characteristics
Characteristic Symbol Min Typical Max Unit
Max input source resistance Rs — — 1 KQ
Total input capacitance Non sampling CiNN — — 10 pF
Total input capacitance sampling Cins — — 16
Input internal Resistance RinaA — 5 15 KQ
Disruptive analog input current INA 0.25 — 25 mA
Coupling ratio positive current injection Ko — — 1E-4 A/A
Coupling ratio negative current injection Kn — — 5E-3 A/A
Table 21. ADC Conversion Performance
Characteristic’ Symbol Min Typical Max Unit
Resolution 12-Bit LSB — 1.25 — mV
Differential Nonlinearity 12-Bit DNL -4 +2 4 counts
Integral Nonlinearity 12-Bit INL -5 +2.5 5 counts
Absolute Error? 12-Bit AE -7 +4 7 counts
Resolution 10-Bit LSB — — mV
Differential Nonlinearity 10-Bit DNL -1 +0.5 1 counts
Integral Nonlinearity 10-Bit INL 25 +1 25 counts
Absolute Error2 10-Bit AE -3 +2 3 counts
Table continues on the next page...
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Table 21. ADC Conversion Performance (continued)

Characteristic! Symbol Min Typical Max Unit
Resolution 8-Bit LSB — 20 — mV

Differential Non-linearity 8-Bit DNL -0.5 0.5 counts
Integral Non-linearity 8-Bit INL -1 + 1 counts
Absolute Error? 8-Bit AE -1.5 +1 1.5 counts

1. The 8-bit and 10-bit mode operation is structurally tested in production test. Absolute values are tested in 12-bit mode.
2. These values include the quantization error which is inherently 1/2 count for any ADC.

NOTE

Supply voltage Vppa =35.12 V. External Vggr = Vry - VrL =
5.12 V. fapccLk = 8.0 MHz The values are tested to be valid
with no IO PORT output drivers switching simultaneous with

conversions.

3.5.3 Analog comparator (ACMP) electricals
Table 22. Comparator electrical specifications

Characteristic Symbol Min Typical Max Unit
Supply current (Operation mode) lopa — 10 20 A
Supply current, low-speed mode (EN = 1, IbpLs — 18 20 A
PMODE = 0)

Analog input voltage Vain Vgs - 0.3 — Vppa \
Analog input offset voltage Vaio — — 40 mV
Analog comparator hysteresis (HYST=0) Vy — 15 20 mV
Analog comparator hysteresis (HYST=1) Vy — 20 30 mV
Analog comparator initialization delay’ — — 40 ys
Supply current (Off mode) IpDAOFF — 60 — nA
6-bit DAC current adder (enabled) Ibaceb — 7 — A
Propagation Delay o — 0.4 1 [VES
6-bit DAC integral non-linearity INL -0.5 — 0.5 LSB?
6-bit DAC differential non-linearity DNL -0.3 — 0.3 LSB2

1. Comparator initialization delay is defined as the time between software writes to change control inputs (writes to

DACEN, VRSEL, PSEL, MSEL, VOSEL) and the comparator output settling to a stable level.

2. 1LSB = Vigference/64

26
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3.6 Communication interfaces

3.6.1

Peripheral operating requirements and behaviors

Table 23. 12C timing

Inter-Integrated Circuit Interface (12C) timing

Characteristic Symbol Standard Mode Fast Mode' Unit
Minimum | Maximum | Minimum | Maximum
SCL Clock Frequency fsoL 0 100 0 4002 kHz
Hold time (repeated) START condition. | typ; STA 4 — 0.6 — ys
After this period, the first clock pulse is
generated.
LOW period of the SCL clock tLow 4.7 — 1.3 — ys
HIGH period of the SCL clock thigH 4 — 0.6 — ps
Set-up time for a repeated START tsy; STA 4.7 — 0.6 — V&
condition
Data hold time for 12C bus devices typ; DAT 03 3.454 0° 0.98 us
Data set-up time tgu; DAT 2506 — 1004, 7 — ns
Rise time of SDA and SCL signals te — 1000 20 +0.1Cp8 300 ns
Fall time of SDA and SCL signals t — 300 20 +0.1C,’7 300 ns
Set-up time for STOP condition tsy; STO 4 — 0.6 — V&
Bus free time between STOP and tsur 4.7 — 1.3 — ps
START condition
Pulse width of spikes that must be tsp N/A N/A 0 50 ns
suppressed by the input filter

No o s

Fast mode is fully supported on all pins at VDD > 2.7 V. If VDD < 2.7 V, only pins that support high drive strength can
support fast mode with maximum bus loading.
The maximum SCL Clock Frequency in Fast mode with maximum bus loading can only achieved when using the High
drive pins (see Voltage and current operating behaviors) or when using the Normal drive pins and VDD > 2.7 V

The master mode 12C deasserts ACK of an address byte simultaneously with the falling edge of SCL. If no slaves
acknowledge this address byte, then a negative hold time can result, depending on the edge rates of the SDA and

SCL lines.

The maximum tHD; DAT must be met only if the device does not stretch the LOW period (tLOW) of the SCL signal.
Input signal Slew = 10 ns and Output Load = 50 pF

Set-up time in slave-transmitter mode is 1 IPBus clock period, if the TX FIFO is empty.

A Fast mode I2C bus device can be used in a Standard mode 12C bus system, but the requirement tsu: paT = 250 ns
must then be met. This is automatically the case if the device does not stretch the LOW period of the SCL signal. If
such a device does stretch the LOW period of the SCL signal, then it must output the next data bit to the SDA line t;nax
+ tsy: pat = 1000 + 250 = 1250 ns (according to the Standard mode I2C bus specification) before the SCL line is
released.

Cy, = total capacitance of the one bus line in pF.
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'S tHD; DAT thigH 'SR
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Figure 11. Timing definition for fast and standard mode devices on the I12C bus

4 Dimensions

4.1 Obtaining package dimensions
Package dimensions are provided in package drawings.

To find a package drawing, go to freescale.com and perform a keyword search for the
drawing’s document number:

If you want the drawing for this package Then use this document number
32-pin QFN 98ASA00615D
36-pin WLCSP 98ASA00789D
5 Pinout

5.1 Signal multiplexing and pin assighments

The following table shows the signals available on each pin and the locations of these
pins on the devices supported by this document.

NOTE
VDDI1 and VDD2 must be short on PCB.

PTAG6 and PTA7 are true open drain pins. The external pullup
resistor must be added to make them output correct values in
using [2C0, GPIO, and UARTO.
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Pinout
The NC pin must be floating, and do not tie it to the any of
the VDD or VSS.
2| % Pin Name Defaul ALTO ALTI ALT2 ALT3
QRN | WLC
5P

— | ©3 ] vsst VSSt VSt
— | o4 [ vsst VSt VSt
— | D3 | voDi VDDt VD1
— | D4 | voDi VD1 VD1
1 | Al | VREC VREC VREC
2 | A2 | VoDt VD1 VD1
3| A3 | vsst VSSt VSt
4| B3 |PTAO DISABLED PTAO SBAR_INT EXTAL
5 | B4 |PTAl DISABLED PTAT SBAR_OUTO XTAL
6 | A4 |PTA2 DISABLED PTA2 BUSOUT SBAR_OUTT FTMo_CHO
7| A5 | PTA3 DISABLED PTA3 CLAMP ACNIPO_OUT FTMO_CHf
8 | A | PTA4 SWDIO PTA4 SWDIO FTM1_CHO
9 | B6 | PTAS SWCLK PTAS SWCLK FTM1_CHf
10 | B5 | PTAS DISABLED PTAG 12C0_SDA UARTO_RX
11| Cs |PTA7 DISABLED PTA7 1200_50L UARTO_TX
12 | 0 | vssy Vss2/ vss2l

VSSA VSSA VSSA
13 | D |VDD2 VDD2/ VDD2/

VDDA VDDA VDDA
14 | E5 | PTBO RESET_b PTBO IRQ NMLb RESET_b

RESET_b/

NMLb
15 | D5 | PTBI DISABLED PTB1 ADCADO SBAR_INO
16 | E5 |PTB2 DISABLED PTB2 ADCADI ACMPO_INO
17 | Fo | PTB3 DISABLED PTB3 ADCAD? ACNPO_INf
18 | E4 | PTB4 DISABLED PTB ADCAD3
19 | F5 | VSS3 VSS3 VS83
20 | F4 | VREFH VREFH VREFH
21 | F3 |vouTFB VOUT_FB VOUT_FB
23 | F2 | vour vout vout
2 | F1 [ ISENS ISENS ISENS
2% | E2 | CLot cLet CLC
2 | D2 [ VLC VLC VLC
27 | E1[6D GD GD
28 | DI | VBOOT VBOOT VBOOT
29 | C2 [ ADIN AD_IN AD_IN
0 | B2 |ADEN AD_EN AD_EN
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Pinout
2| 3% Pin Name Default ALTO ALTH ALT2 ALT3
QFN | WLC
SP
3 C1 | AC AC1 ACT
32 | Bl | AC2 AC2 AC2

5.2 Device pin assighment

EI ZI g (@) 6
N
8%22¢238+<3
o LILITLILILLILIL
8 5 8 1 8 & & 8
VREC [ ]1 24 [_| ISENS
voD1 [ ]2 23 | vout
vsst | s 22 [ | NC
PTAO | 4 21 [_| vouT_FB
PTA1 [ s 20 [_| VREFH
PTA2 [ 6 19 [ vss3
PTA3 | ]~ 18 [_| PTB4
PTA4 | s 17 [_| PTB3
> 2 = & @ ¥ @ ¢
HENENENERERENEN
n © N <« <« -
< < £ I o m
EEE 28 sk &R
AN
282
> 8

PTBO/RESET_b/NMI_b

Figure 12. 32-pin QFN package

NOTE
The NC pin must be floating, and do not tie it to the VDD or
VSS.
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1 2 3 4 5 6
A VREC VDD1 VSS1 PTA2 PTA3 PTA4 A
B AC2 AD_EN PTAO PTA1 PTA6 PTA5 B
VSS2/
c ACH AD_IN VsS1 VSS1 PTA7 VSSA c
VDD2/
D | vBOOT VLC VDD1 VDD1 PTB1 VDDA D
PTBO/
E GD cLCH cLc2 PTB4 PTB2 |RESET.b/| E
NMI_b
F ISENS VOUT | VOUT_FB| VREFH VSS3 PTB3 F
1 2 3 4 5 6

Figure 13. 36-pin WLCSP package

6 Ordering Parts

6.1 Determining valid orderable parts

Valid orderable part numbers are provided on the web. To determine the orderable
part numbers for this device, go to freescale.com and perform a part number search
for the following device numbers: WPR1516.

7 Part Identification

7.1 Description

Part numbers for the chip have fields that identify the specific part. You can use the
values of these fields to determine the specific part you have received.

7.2 Format

Part numbers for this device have the following format:

Q WPR## FFFR T PP N
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7.3 Fields

This table lists the possible values for each field in the part number (not all
combinations are valid):

Field Description Values
Q Qualification status * M = Fully qualified, general market flow
¢ P = Prequalification
WPR## WPR family e WPR15
FFF Program flash memory size * 16 =16 KB
R Silicon revision ¢ (Blank) = Main
* A = Revision after main
T Temperature range (°C) e C=-40t085°C
PP Package identifier e FM=32 QFN (5 mm x 5 mm)
e AL=36 WLCSP (3.1 mm x 3.0 mm)
N Packaging type * R =Tape and reel
¢ (Blank) = Trays

7.4 Example
This is an example part number:

MWPR1516CFM

8 Terminology and guidelines

8.1 Definition: Operating requirement

An operating requirement is a specified value or range of values for a technical
characteristic that you must guarantee during operation to avoid incorrect operation and
possibly decreasing the useful life of the chip.

8.1.1 Example

This is an example of an operating requirement:
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Symbol Description Min. Max. Unit

Vop 1.0 V core supply 0.9 1.1 \Y,
voltage

8.2 Definition: Operating behavior

Unless otherwise specified, an operating behavior is a specified value or range of
values for a technical characteristic that are guaranteed during operation if you meet
the operating requirements and any other specified conditions.

8.2.1 Example

This is an example of an operating behavior:

Symbol Description Min. Max. Unit

—_

Iwp Digital I/O weak pullup/
pulldown current

0 130 LA

8.3 Definition: Attribute

An attribute is a specified value or range of values for a technical characteristic that
are guaranteed, regardless of whether you meet the operating requirements.

8.3.1 Example

This is an example of an attribute:

Symbol Description Min. Max. Unit

CIN_D Input capacitance: — 7 pF
digital pins

MWPR1516 16 KB Flash, Rev2, 1/2015.
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8.4 Definition: Rating

A rating 1s a minimum or maximum value of a technical characteristic that, if exceeded,
may cause permanent chip failure:

* Operating ratings apply during operation of the chip.
* Handling ratings apply when the chip is not powered.

8.4.1

Example

This is an example of an operating rating:

Symbol

Description

Min. Max. Unit

Vbp

1.0 V core supply
voltage

8.5 Result of exceeding a rating

40

30

20

Failures in time (ppm)

/

/

/

J

The likelihood of permanent chip failure increases rapidly as
soon as a characteristic begins to exceed one of its operating ratings.

l— Operating rating

Measured characteristic
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8.6 Relationship between ratings and operating requirements

o) o
[\ N\
((;\0\ » o s o @3@
‘a‘\(\g @ Q““ ‘e Q\)\X ‘a‘\(\g
N A0 N N
o of® o’ o
Fatal range Degraded operating range Normal operating range Degraded operating range Fatal range
Expected permanent failure - No permanent failure - No permanent failure - No permanent failure Expected permanent failure
- Possible decreased life - Correct operation - Possible decreased life
- Possible incorrect operation - Possible incorrect operation
—00 o0
Operating (power on)
) *)
« «@
N N
&‘Qg <3\'\<\Q’
we® we®
Fatal range Handling range Fatal range
Expected permanent failure No permanent failure Expected permanent failure

Handling (power off)

8.7 Guidelines for ratings and operating requirements
Follow these guidelines for ratings and operating requirements:

* Never exceed any of the chip’s ratings.

* During normal operation, don’t exceed any of the chip’s operating requirements.

* If you must exceed an operating requirement at times other than during normal
operation (for example, during power sequencing), limit the duration as much as
possible.

8.8 Definition: Typical value

A typical value is a specified value for a technical characteristic that:
 Lies within the range of values specified by the operating behavior
* Given the typical manufacturing process, is representative of that characteristic
during operation when you meet the typical-value conditions or other specified
conditions

Typical values are provided as design guidelines and are neither tested nor guaranteed.
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8.8.1 Example 1

This is an example of an operating behavior that includes a typical value:

Symbol Description Min. Typ. Max. Unit

Iwp Digital I/0 weak 10 70 130 HA
pullup/pulldown
current

8.8.2 Example 2

This is an example of a chart that shows typical values for various voltage and
temperature conditions:

5000

4500 //
4000
T
3500 J
’/‘/ & 150°C
g 3000
2 A 105°C
S 2500
a m 25°C
£ 2000
X —40°C

1500

1000

] ] il— —l— —
0 T T T T T
0.90 0.95 1.00 1.05 1.10
Vbp (V)

8.9 Typical value conditions

Typical values assume you meet the following conditions (or other conditions as
specified):
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Table 24. Typical value conditions

Revision history

Symbol Description Value Unit
Ta Ambient temperature 25 °C
Vpp 3.3 V supply voltage 3.3 \

9 Revision history

The following table provides a revision history for this document.

Table 25. Revision history

Rev. No.

Date

Substantial Changes

1/2015

Initial public release.
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