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1 Introduction

The MC13234/MC13237 is Freescale’s low cost
System-on-Chip (SoC) solution for the IEEB02.15.4
Standard that incorporates a complete, low power, 2.4
GHz radio frequency transcemith TX/RX switch, an
8-bit HCS08 CPU, andfanctional set of MCU
peripherals into a 48-pin LGA package. This product
targets wireless RF remote control and other
cost-sensitive applicatiomanging from home TV and
entertainment systems teedical and supports all
ZigBee node types. ThRdC13234/MC13237 is a highly
integrated solution, with vg low power consumption.

The MC13234/MC13237 contains Bifr transceiver that
is an 802.15.4 Standard 2006 compliant radio that
operates in the 2.4 GHz ISM frequency band. The
transceiver includes a low noise amplifier, 1 mwW
nominal output power amplifi€PA), internal voltage
controlled oscillatr (VCO), integrated transmit/receive
switch, on-board power sulyregulation, 12-bit ADC
and full spread-spectrum encoding and decoding.

The on-chip CPU is badeon the Freescale HCS08
family of microcontrollerunits (MCU). The onboard
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MCU peripheral set has been defined to suppertalgeted applications. A dedicated DMA block
transfers packet data between RAM and the transceiver to off-load the CPU and allow higher efficiency
and increased performance.

1.1  Ordering information

Table 1provides ordering information to include RAMas$h, and feature detail differences associated
with the MC1323x family of devices

Table 1. Orderable parts details

Operating
Device Temp Range Package Memory Options
(TA)
MC13234CHT —40°to 85°C | -GA-48 8 KB RAM, 128 KB flash
MC13234CHTR2 | —40°to 85°C | .GA-48 8 KB RAM, 128 KB flash
Tape and Reel
MC13237CHT —40°to 85°C | -GA-48 B8 KB RAM, 128 KB flash
MC13237CHTR2 | —40°to 85°C | .GA-48 8 KB RAM, 128 KB flash
Tape and Reel

2 Features
This section provides a simplified block diag and highlights th1C13234/MC13237 features.

2.1  Block diagram
Figure 1shows a simplified block diagram of the MC13234/MC13237.
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NOTE: MC13237 Rev 1.1 does not support SPI module. It is planned to be fixed in a future revision.
The 12-Bit ADC module is available only in MC13237 and not available in MC13234.

Figure 1. MC13234/MC13237 simplified block diagram

2.2 Features summary
*  Fully compliant IEEE 802.15.4 Standard 2006streiver supports 250 kb@sQPSK data in
5.0 MHz channels and full spread-spectrum encode and decode
— 2.4 GHz
— Operates on one of 16 selectable channels per IEEE 802.15.4

— Programmable output powertwio dBm nominal output paav, programmable from —30 dBm
to +2 dBm typical

— Receive sensitivity of =94 dBm (typical) at 1% PER, 20-byte @aakuch better than the IEEE
802.15.4 Standard requirement of -85 dBm

— Partial power down (PPD_RX) Listen mode i¢afale to reduce curremthile in receive mode
and waiting for an incoming frame

* Small RF footprint
— Integrated transmit/receive switch
— Differential input/output port (typically used with a balun)
— Low external component count
«  Hardware acceleration for IEEB02.15.4 applications
— DMA interface
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— AES-128 security module

— 16-bit random number generator
— 802.15.4 auto-sequence support
— 802.15.4 receiveirame filtering

» 32 MHz crystal reference oscillator; onboard toad capability supplements external load
capacitors

* Onboard 1 kHz oscillator for wake-up timingaaroptional 32.768 kHz crystal for accurate low
power timing

» Transceiver event timer module has 4 tiroerparators available to help manage the
auto-sequencer and topplement MCU TPM resources

+ HCSO08 8-bit, 32 MHz CPU

* Flash memory
— 131072 bytes organized as 128 segments by 1024 bytes
— Programmable over the full p@wvsupply range of 1.8 V-3.6 V
— Automated programand erase algorithms
— Flexible protection scheme toguent accidental program or erase
— Security feature to prevent urthorized access to the flash

* RAM
— 8 KBytes of SRAM

*  Powerful in-circuit debug and flash programming availablensehip module (BDM)

— Two comparator and 9 trigger modes

— Eight deep FIFO for storing changéflow addresseand event-only data

— Tag and force breakpoints

— In-circuit debugging vth single breakpoint

Multiple low power modes (less thapAin Stop3)
Keyboard interrupt (KBI) modules

— MC13234
— Two keyboard control modules capablesopporting up to a 12 x 12 keyboard matrix
— 12 dedicated KBI pins support a 6 x 6 matvithout impactingother 10 resources
— 12 KBI interrupts with selectable polarity

— MC13237
— One keyboard control module capablesagpporting up to a 8 x 8 keyboard matrix
— 8 dedicated KBI pins support a 4 x 4 matithout impactingother 10 resources
— 8 KBl interrupts with selectable polarity

e Serial communication interface (SCI)
— Full duplex non-return to zero (NRZ2)
— Baud rates as high as 1 Mbps can be supported
— LIN master extended break generation
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— LIN slave extended break detection

— Wake-up on active edge
Serial peripheral interface (SPI)

— Full-duplex or single-wire bidirectional

— Double-buffered transmit and receive

— Master or slave mode; MSB-first or LSB-first shifting
Inter-integrated circuit (IIC) interface

— Up to 100 kbps baud rate with maximum bus loading

— Baud rates as high as 800 kbps can be programmed

— Multi-master operation

— Programmable slave address

— Interrupt driven byte-by-byte data transfer

— Supports broadcast mode and 10-bit addressing

*  Four 16-bit timer/pulse widthoaulators (TPM[4:1]}— each TPM module has assigned GPIO
pin and provides

— Single channel capability
— Input capture
— Output compare
— Buffered edge-aligned or center-aligned PWM
* 8-Channel, 12-bit resolutisdC (available only in MC13237)
— 11.2 Effective Number of Bits (ENOB)
— 2.5us conversion time
— Internal 1.7 m\W/C temperature sensor
— Internal bandgap reference
— Operation in Stop3
— Fully functional from 1.8 V to 3.6 V
Carrier modulator timer (CM¥ IR remote carrier generatonodulator, and transmitter.
Real-time counter (RTC)
— 16-bit modulus counter with binaor decimal based prescaler;
— External clock source for precise time basagtiof-day, calendar or task scheduling functions
— Capable of greater than one day interrupt.
System protection features
— Programmable low voltage warning and interrupt (LVI)
— Optional watchdog timer (COP)
— lllegal opcode detection
1.8 V to 3.6 V operating voltagéwon-chip voltage regulators.
Up to 32 GPIO
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— MC13234: 32 GPIOs
— MC13237: 28 GPIOs
— Hysteresis and selectable pullup resistors on all input pins
— Configurable slew rate ardtive strength on all output pins
 —40°C to +85°C operating temperature range
* RoHS-compliant 7 x 7 mm 48-pin LGA package
Table 2. MC13234 and MC13237 Comparison

Feature MC13234 MC13237
Radio IEEE 802.15.4 compliant
CPU 32 MHz HCS08
Flash memory 128K
RAM 8K
BDM Yes
Low power modes Yes
KBI Two (12 interrupts) One (8 interrupts)
SCI Yes
SPI Yes Not available in rev. 1.1
lc Yes
TPM Yes
CMT Yes
RTC Yes
LVD Yes
COP Yes
ADC No Yes
GPIO 32 28

2.3 Software solutions

Freescale provides a powdrémftware environment dad the Freescale BeeKRitireless Connectivity
Toolkit. BeeKit is a comprehensie®debase of wireless networking libraries, application templates, and
sample applications. ThgeeKit GraphicaUser Interface (GUIpart of the BeeKiWireless Connectivity
Toolkit, allows users to createodify, and update various wirelasstworking implementations. A wide
range of software functionality is available to complemenit43234/MC13237 and #se are provided

as codebases within BeeKit. Tlolowing sections describe tlavailable tools, however due to
continuous updates that occur on FSL softwareiiigguto applicationsregineering is recommended.
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2.3.1 Simple Media Access Controller (SMAC)

The Freescale Simple Media Accesm@oller (SMAC) is asimple ANSI C based code stack available
as sample source code. The SMédh be used for developing proprgt&F transceiver applications
using the MC13234/MC13237.

*  Supports point-to-point andshetwork configurations
*  Proprietary networks
e Source code and applioatexamples provided

2.3.2 IEEE® 802.15.4 2006 Standard-Compliant MAC

The Freescale 802.15.4 Standard-Compliant MAC is a code stack avadaiiigct code. The 802.15.4
MAC can be used for developing MC13234/MC13237 eking applications based on the full IEBEE
802.15.4 Standard that use custom NeknLayer and application software.

e Supports star, mesh, and cluster tree topologies
*  Supports beaconed networks

*  Supports GTS for low latency

*  Multiple power saving modes

* AES-128 security module

* 802.15.4 sequence support

e 802.15.4 receivimame filtering.

2.3.3 SynkroRF platform

The SynkroRF Network is a genepalrpose, proprietary networking layiat sits on top of the IEEE
802.15.4 MAC and PHY layers. Itdesigned for wireless personal anedworks (WPANS) and conveys
information over short distances amdhg participants in the network.dhables small, power efficient,
inexpensive solutions to be implentet for a wide range of applicatior ome key characteristics of an
SynkroRF network are:

* An over-the-air data rate of 250 kbps in the 2.4 GHz band.

* 3independent communication channels in the 2.4 GHz band (15, 20, and 25).
* 2 network node types, controller and controlled nodes.

e Channel agility mechanism.

* Low latency TX mode automatically eleabin conditions ofadio interference.

* Fragmented mode transmission and reception, automatically enabled in conditions of radio
interference.

Robustness and ease of use.
Essential functionality to build and support a CE network.

The SynkroRF network layer uses components fravstAndard HC(S)08 Fresde platform, which is
also used by the Freescale’s implementatiorg0@f15.4. MAC and ZigBee™ layge For more details
about the platform components, seefheescale Platform Reference Manual.
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2.3.4 BeeStack Consumer

Freescale’s ZigBee RFACE stacalled BeeStack Consumer, is a rating layer that sits on top of the
IEEE® 802.15.4 MAC and PHY layers. Itdesigned for standards-basedeldss personal area networks
(WPANS) of home entertainment products and cgaweformation over shodistances among the
participants in the network. It enables small, power efficient, inexpensive solutions to be implemented for
a wide range of applicatns. Targeted applications include D8} top box, A/V receers, DVD players,
security, and othesonsumer products.

Some key characteristics oBaeStack Consumer network are:

* An over-the-air data rate of 250 kbps in the 2.4 GHz band

* 3 independent communication channels in the 2.4 GHz band
* 2 network node types, controller node and target node

*  Channel agility mechanism

» Provides robustness and ease of use

* Includes essential functionalitytieild and support a CE network

The BeeStack Consumer layer uses components from the standard HCS08 Freescale platform, which is
also used by the Freeseainplementations of 802.15.4. MAC or Zig8™ layers. For more details about
the platform components, see treescal e Platform Reference Manual.

2.3.5 ZigBee-Compliant Network Stack

Freescale’s BeeStack architecture builds on tg8&e protocol stack. Bags®n the OSI Seven-Layer
model, the ZigBee stack ensures inter-operailiypng networked devices. The physical (PHY), media
access control (MAC), and netwdilKWK) layers create the foundation for the application (APL) layers.
BeeStack defines additional servitesmprove the communication betwdawers of the protocol stack.

At the application layer, the apghtion support layer (ASL) facilitaseanformation exchange between the
application support sub-layer (APS) and application objectsllfsidggBee Device Objects (ZDO), in
addition to other manufacturer-desigregaplications, allow for a wide rangé useful tasks applicable to
home and industrial automation.

BeeStack uses the IEEE 802.15.4-compIMAC/PHY layer that is not paof ZigBee itself. The NWK
layer defines routing, network creation and cguarfation, and device synchronization. The application
framework (AF) supports aath array of services thdefine ZigBee functionalitZigBee Device Objects
(ZDO) implement appliation-level services in atlodes via profiles. A securigervice provider (SSP) is
available to the layers that use encryption (N@fid APS), i.e., Advancdgincryption Standard (AES)
128-bit security.

The complete Freescale BeeStack protocol stack includes the following components:
* ZigBee Device Objects (ZDQ)hZigBee Device Profile (ZDP)
» Application support sub-layer (APS)
* Application framework (AF)
*  Network (NWK) layer
e Security service provider (SSP)
* |EEE 802.15.4-compliant MA@ Physical (PHY) layer
MC13234/MC13237 Advance Information Data Sheet, Rev. 1.2
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3 Integrated IEEE 802.15.4 Transceiver (radio and
modem)

The MC13234/MC13237 is a IEEEB02.15.4 fully-compliant transceivproviding a complete 2.4 GHz
radio solution with 250 kbps offset-quadrature plssé keying (O-QPSK) data in 5.0 MHz channel
spacings with full spreagpectrum encode and decode. The moslepports the full requirement of the
IEEE® 802.15.4 Standard functionality tansmit, receive, and do cleztrannel assessment (CCA),
energy detect (ED), and link quality indication (LQI). Some top leasisceiver featas supported are
listed below:

*  Programmable output power with 0 dBm nonmauodiput power, programmable from —30 dBm to
+2 dBm typical

Receive sensitivity of —94 dBmgical) at 1% PER, 20-byte packet
Differential bidirectinal RF input/output port
Integrated transtineceive switch

Receive current can be reduced while waitinigtening for an incoming frame using partial
power down (PPD) model (séable 1)

3.1 RFinterface and usage

The MC13234/MC13237 RF interface prowsde bidirectional, differentigdort that connects directly to
a balun. The balun connects directly to a single-eéraenna and converts that interface to a full
differential, bidirectional, on-chimterface with transmit/receive gah, LNA, and complementary PA
outputs. This combination allows for a small foartt and low cost RF solution to be realized.

3.2  Transceiver register interface and operation

The transceiver is controlled by set of interface registers that are memory-mapped into the CPU address
space. MC13234/MC13237 supports indepabttansmit, receive, or CCED (energy detection) modes
of operation and combinations. Additiori@atures of the transceiver include:

 DMA function that moves dadaectly between RAM and tracsiver buffers during diplexed
transmit and receive operation on &leysteal basis. This feature offloads the data transfer from
the CPU, thus providing higher performance.

* Interrupt capability that is deyakent on RX packet data availakyiliAn interrupt can be generated
based on a programmed count of RX data bytes that have been received and moved to RAM. This
allows CPU filtering of RX dataefore completion of the packeiception to accelerate response
to the packet.

* Four (4) transceiver event timer comparatossipplement MCU peripinal timer resources for
PHY and MAC timing requirements.

3.3 IEEE 802.15.4 acceleration hardware

MC13234/MC13237 transceiver has several hardware &satamreduce the software stack size, offload
the function from the CPU, and imgwe performance. A list of features supported is provided below:

MC13234/MC13237 Advance Information Data Sheet, Rev. 1.2
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« 2003 & 2006 versions of the IEEB02.15.4 standard is full supported.
» Slotted and unslotted modes

» Beacon enabled and non-beacon enabled networks
 DMA data transfer between RAM and radio

» Separate AES-128 security module

e 16-bit random number generator

 802.15.4 sequence support

— RX (conditionally followed by TXAck)

— TX

— CCA (used for CCA and ED cycles)

— TX/RX (TX followed byunconditional RX or RCACK)
— Continuous CCA

802.15.4 receivéame filtering

3.4  Partial Power Down Receive mode (PPD_RX)

The MC13234/MC13237 provides a unique Partial Power Down Receive (PPD_RX) mode. A summary
of PPD_RX mode of operation wheelected is described below:

*  Whenever areceive cycle is inédh the receiver is not turned fully on to save current until receive
energy of a preset level is detected

» The receiver will turn fully on gnWhen triggered by energy at a&pitetermined preset level thus
enabling reception of the expected frame. Afandg, the receiver wilbegin operating in the
full-on state that is considered to be the same as the standard receive state

* The preset level can be programhiioe various RX input power levels

Use of the PPD_RX mode pralas two distinct advantages:

* Reduced “Listen” mode current — The receiveect is significantly reduced while waiting for
a frame. If a node is a coordinatayuter, or gateway and it sperasignificant percentage of its
RF-active time waiting for incoming frames fronmecits or other devices, the net power savings
can be significant.

* Reduced sensitivity as a deseéect — The PPD_RX mode praes different levels of reduced
sensitivity. If a node operates in a densely popdlatrea, it may be deable to de-sensitize the
receiver such that the device does not respomttoning frames with an energy level below the
desired threshold. This could be useful for sggunet efficiency, redusd noise triggering, and
many other purposes.

MC13234/MC13237 Advance Information Data Sheet, Rev. 1.2
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4

HCS08 8-bit central processing unit (CPU)

The onboard CPU is a 32 MHz 8-bit HCS08 corexicutes a super set of the 68HCO08 instruction set
with added BGND instructions. BtHCS08 CPU is fully source and ebj code compatible with the
M68HCO08 CPU. Several instructions and enhanced addressing aredsdded to improve C compiler
efficiency and to support a new lkgcound debug system. It has an 8daita bus, a 16-bit address bus,
and a 2-stage instructionpa that facilitates the evlapping of instruction tehing and execution. There
are 29 vectors for internal interriggurces and one vector for an ertd interrupt pn. The debug or BDM
module provides a serial one-wire interface for non-intrusibeigiging of application programs.

Features of the HCS08 CPU include:

Object code fully upward-compatiléh M68HC05 ad M68HCO08 Families
64-KB CPU address spad#hvibanked memory managemenmtit for greater than 64 KB
16-bit stack pointer (any size stadgwhere in 64-KB CPU address space)
16-bit index register (H:X) withowerful indexed addressing modes
8-bit accumulator (A)
Many instructions treat X asecond general-purpose 8-bit register
Seven addressing modes:

— Inherent — Operands in internal registers

— Relative — 8-bit signed ofét to branch destination

— Immediate — Operand imext object code byte(s)

— Direct — Operand in memory at 0x0000—-0x00FF

— Extended — Operand anywhere64-KB address space

— Indexed relative to H:X — Five submodes including auto increment

— Indexed relative to SP — Imgpves C efficiency dramatically
Memory-to-memory data move instructiath four address mode combinations

Overflow, half-carryegative, zero, and carry condition codes support conditional branching on
the results of signed, unsigned, dodlary-coded decimal (BCD) operations

Efficient bit manipulation instructions
Fast 8-bit by 8-bit multiply and 16-bit by 8-bit divide instructions
STOP and WAIT instructionsitovoke low-power operating modes

MC13234/MC13237 Advance Information Data Sheet, Rev. 1.2
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5 System clocks

The primary system reference frequg is a 32 MHz crystal oscillatofhe crystal requirements for the
oscillator and oscillator performance must suppot/—40 ppm frequency accuracy to meet the [EEE
802.15.4 Standard requirements. All systclocks are generated from temurce. Features of the clock
system include:

» The 32 MHz reference oscillator has onboard programmable capaeiivegy that allows
software tuning of frequency accuracy

CPU clock as high as 32 MHz

Bus clock (and peripherabck) equals 1/2 CPU clock

Clocks to individual peripherals can be pedwlently disabled fdyest power management
CPU clock can be lowered to 500 kHz for lower power (250 kHz bus clock)

An optional 32.768 kHz crystal oscillatisravailable for accurate low powtening and theeal time clock
(RTC). Also, an onboard, low accuracy 1 kHz tator is available for sleep timing wake-up.

6 Memory

The MC13234/MC13237 memory resourcessist of RAM, Flash program memory for nonvolatile data
storage, control/statusgisters for 1/O, peripherals, managemamig the transceiver. Features include:

* 128 Kbyte flash

* 8 Kbyte SRAM

*  Security circuitry to prevent unautlzed access to RAM and flash contents

7  System and power management

MC13234/MC13237 is a low power device that alsopguts extensive system control and power
management modes to maximize battery life and provide system protection.

7.1  Modes of operation

The MC13234/MC13237 modes of operation include:

* Active background modier code development
* Run mode — CPU clocks can be run at fidedpand the internal supply is fully regulated.

MC13234/MC13237 Advance Information Data Sheet, Rev. 1.2
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LPRun mode — CPU clock is seb@® kHz and peripheralocks (bus clocklo 250 kHz and the
internal voltage regators are in standby

* Wait mode — CPU shuts down to conserve power; system clocksmirggrand full regulation
is maintained

 LPWait mode — CPU shuts dowrctmserve power; peripheral ckscare restricted to 250 kHz
and the internal voltage regulator is in standby

Stop modes — System clocks are st@oel voltage regulator is in standby
— Stop3 — All internal circuits are powered fosfaecovery (32 MHz oscillator on-off optional)
— Stop2 — Partial power dowaf internal circuits, RAM contens retained; 1/O states are held.
Stop2 mode is available only in MC13234CHT.

NOTE: SeeTable 9for further details on modes of operation

7.2 Power management

The MC13234/MC13237 power management is cdlietfdhrough programmyg of the modes of
operation. Different modes allowrfdifferent levels of power-dow Additional features include:

The transceiver is powered as required
The analog radio is only powered-up gsired to do a TX, RX, or CCA/ED operation

Peripheral control clock gating can be deshbih an MCU module-by-module basis to provide
lowest power

Programmed mode manages
— Degree of chip power down
— Retention of programmed parameters
— Clock management
* Power-down and wake-up (clocks andanhlocks) are gracefully controlled
» RTC can be used as wake-up timer
*  Wake-up available through KBI and UART RX asynchronous interrupts
* Real-time counter (RTC) module

— 16-bit modulus counter with binary or dewl based prescaler for precise time base,
time-of-day, calendar dask scheduling functions

— Capable of greater than one day interrupt
— Can also be used for device wake-up

7.3  System protection
The MC13234/MC13237 provides several vehicles to maintain security or a high level of system
robustness:

* Watchdog computer operating prijp&COP) reset with option taun from dedicated internal
clock source or bus clock

» Low-voltage warning and detection with reset or ump¢yiselectable trip points

MC13234/MC13237 Advance Information Data Sheet, Rev. 1.2
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* lllegal opcode detection with reset
* Flash block protection

8 MCU peripherals

The MC13234/MC13237 has a functional sSEMCU peripherals focusdadr intended applications. For
further information on appation use-cases please rdfethe Reference Manual.

8.1  Parallel input/output (GPIO)

MC13234 and MC13237 have 32 and 28 general purposgdrials, respectivelyfhese GPIO signals
are distributed among four 1/O ports (PTA, PTB, Pa&@igd PTD). Many of these pins are shared with
on-chip peripherals such as tinsgstems, communication ports, or keytabiaterrupts. When these other
modules are not controlling the porhpj they revert to general-purpd&e control. For each 1/O pin, a
port data bit provides access to input (read) and o(ipiie) data, a data dicdon bit controls the
direction of the pin, and a pullup @bvle bit enables an internal jugd device (provided the pin is
configured as an input), and &wlrate control bit controls thiese and fall times of the pins.

Parallel I/0 features include:
* Atotal of 32 or 28 general-purpose I/@sphn four ports (PTA2 is output only)
» Hysteresis input buffers
»  Software-controlled pullups on each input pin
»  Software-controlledesk rate output buffers

8.2  Keyboard interrupt modules (KBI)

MC13234 has two (2) KBI modules; KBEhares eight (8) port B pins and KBI2 shares four (4) port C
pins. MC13237 has one (1) KBiodule; KBI1 shares eight (8) pdtpins. Any KBI pin can be enabled
as a keyboard input that can act as an interaqutest. As a result, the total 12 KBI inputs (MC13234)
allows as large as a 12x12 keyboard matrix. Thé 8Bl inputs (MC13237) allows as large as a 8x8
keyboard matrix with use of other GPpins as outputs to the matrix.

All enabled KBI inputs can be configed for edge-only sensitivity or edge-and-level sensitivity. They also
can be configured for either risirggige / high-level or falling-edge/low-level sensitivity. When enabled
for rising edge / high level sensitivity, a pulldown resistor is enabietywdien enabled for falling edge /
low level sensitivity, a pullup resistor is enabled.

The KBI features include:
* KBI1 has eight (8) keyboard interruptgpwith individual pin enable bits.

* KBI2 (available only in MC13234)$ifour (4) keyboard interruptiqs with individual pin enable
bits.

MC13234/MC13237 Advance Information Data Sheet, Rev. 1.2
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8.3

Supports up to a 12x12 (MC13234) or 8x&14237) keyboard matrix. An 8x8 matrix
(MC13234) or 4x4 (MC13237) matrix can be suppd without impactig other 1/O functions.

Each keyboard interrupt pin isgrammable as falling edge (@sing edge) only, or both falling
edge and low level (or both risimglge and high level) interruptrstivity. pullups and pulldowns
enabled by selected mode.

Individual signal software enathiaterrupts for KBI1 and KBI2.
Can be used for device wake-up

Serial communications interface (SCI) module

The MC13234/MC13237 has one secammunications interface modwe sometimes called a universal
asynchronous receiver/tremitter (UART). Typically, tis port is used to emect to the RS232 serial
input/output (1/0O) port of @ersonal computer or worlggton, and it can also beagto communicate with
other embedded controllers.

The SCI module has a single, flexible frac-N (13-bit modulo counter, 5-bit fractional counter) baud rate

generator used both for transmit and receiveh\Wimaximum 16 MHz periph@ clock, baud rates as
high as 1 Mbps can be supported (standard is 921,600 baud).

This SCI system offers many acdhed features not commonly found on other asynchronous serial 1/0

peripherals on other embedded col¢rs. The receiver employs advanced data sampling technique
that ensures reliable communication and noise detection. Hargeudtse receiverake-up, and double
buffering on transmit and receive are also included.

Features of SCI module include:

Dedicated TXD and RXD pins
Full-duplex, standard nortum-to-zero (NRZ) format
Double-buffered transmitter andewer with separate enables
Programmable high accuracuydaates (frac-N generator)
Interrupt-driven or polled operation:
— Transmit data register qaty and transmission complete
— Receive data register full
— Receive overrun, paritgrror, framing errg and noise error
— Idle receiver detect
— Active edge on receive pin
— Break detect supporting LIN
Hardware parity generation and checking
Programmable 8-bit or 9-bit character length
Receiver wake-up by idiee or address-mark
Optional 13-bit break character generatill-bit break character detection
Selectable transneittoutput polarity

MC13234/MC13237 Advance Information Data Sheet, Rev. 1.2
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8.4  Serial peripheral interface (SPI) module

The MC13234/MC13237 has one serial peripheral interface modul&Hilhs a synchronous serial data
input/output port used for interfang with serial memories, periphed®vices, or other processors. The
SPI allows an 8-bit serial bit stream to be shifted simultagmts and out of the device at a
programmed bit-transfer rate (callédvire mode). There are four (gins associated with the SPI port
(SPICLK, MOSI, MISO, and SS

The SPI module can be programmed for master oe giperation. It also supports a 3-wire mode where
for master mode the MOSI becomes MOMI, a bidirectional data pin, asthiee mode the MISO
becomes SISO, a bidirganal data pin. In 3-wire mode, data iarisferred in only ondirection at a time.

The SPI bit clock is derived from the peripHangut clock with a maximum 16 MHz operation. A
programmable prescaler @&ximum divide-by-8) drives a send baud rate programmable divider
(maximum divide-by-256) to develop the bibck. The maximum SPI transfer rate is 8 MHz.
Features of the SPI module include:

* Master or slave mode operation

*  Full-duplex or single4ive bidirectional option

e  8-bit only transfer size

* Programmable transmit bit rate (8 MHz max)

» Double-buffered transmit and receive

» Serial clock phase and polagptions (supports all 4 options)

* Optional slave select output

* Selectable MSB-first or LSB-first shifting

8.5 Inter-integrated circuit (1IC) interface module

The MC13234/MC13237 has one inter-gmated circuit interface module that provides a method of
communication between a number of other integgtaircuits. The IIC Bus interface provides a
bidirectional, 2-pin (SDA bus datand SCL bus clock) serial bussigned to operate up to 100 kbps with
maximum bus loading and timing. The module is céaboperating at higher baud rates, up to a
maximum of peripheral clock/20 (8&dps), with reduced bus loading.
Features of IIC module include:

e Compatible with 1IC bus standard

*  Multi-master operation

»  Software programmable clock frequencies

» Software selectable acknowledge bit

* Interrupt driven byte-by-byte data transfer

* Arbitration lost interrupt with automatnode switching from master to slave

» Calling address idt#fication interrupt

 START and STOP signal generation/detection

* Repeated START signal generation

MC13234/MC13237 Advance Information Data Sheet, Rev. 1.2
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» Acknowledge bit generation/detection
* Bus busy detection

» General call recognition

* 10-bit address extension

8.6  Timer/PWM (TPM) modules

The MC13234/MC13237 has four (4)dependent timer/PWM moduleschavith one channel. Each
TPM module is based on a 16-bit counter and pravideut capture, output ogpare, and Pulse Width
Modulation (PWM). Each TPM module has one assed I/O pin for input capture or counter/PWM
output.

TPM module features include:

Each TPM may be configured for buffered, gealigned pulse-width modulation (CPWM) on all
channels

* Module clock source ismgheral clock or referenaescillator divided-by-1024
» Clock prescaler taps for divide by 1, 2, 4, 8, 16, 32, 64, or 128
e 16-bit free-running or wgwn (CPWM) count operation
* 16-bit modulus register to control counter range
* Module enable
* One interrupt per channel plus a teainoount interruptor each TPM module
* Channel features:
— Each channel may be input capture, outgmrhpare, or buffered edge-aligned PWM
— Rising-edge, falling-edge, or any-edge input capture trigger
— Set, clear, or toggle output compare action
— Selectable polarity on PWM outputs

8.7  Carrier Modulator Timer (CMT) Module

The MC13234/MC13237 Carrier Modulator Timer module is intended as an IR LED driver for remote
control “blaster” applications. The module consists of a carrier genaratdulator, and transmitter that
drives data to package pin # 31 (PTD4/CMT/AD3) either in baseband-&Kiimode. The CMT.../IRO
pin drives (modulates) the IR diode directlytimough a buffer depending on the applications current
requirement. The current drive capabilitfithis pin is specified for 20mA.
The CMT module features include:
*  Four (4) modes of operation:
— Time with independent control of high and low times
— Baseband
— Frequency Shift Key (FSK)
— Direct software combl of CMT....IRO pin
* Extended space operation iingj baseband, and FSK modes

MC13234/MC13237 Advance Information Data Sheet, Rev. 1.2
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* Module clock source ism@heral clock(16 MHz max)
* Interrupt on end of cycle
* Ability to disable CMT...IRQ@in and use as timer interrupt

8.8  Real Time Counter (RTC) Module

The MC13234/MC13237 Real Time Coantmodule consists of ong(16-bit counter, one(1) 16-bit
comparator, several binary-based aecimal-based prescaler dividéinsee (3) clock sources, and one(1)
programmable periodic interrupt. iSimodule can be used for time-of-day, calendar or any task
scheduling functions. It caslso serve as a cyclic wake-ipm low power modes (Stop2, Stop3, and
Wait). RTC can be clocked from bus clock, the aml 32.768 kHz oscillator or the onboard 1 kHz low
power oscillator.
Features of the RTC module include:
e 16-bit up-counter
— 16-bit modulo match limit
— Software controllable periodic interrupt on match
» Three software selectable clock sources for input to prescaler withnpnagjole 16 bit prescaler
— 32.768 kHz optional crystal oscillator.
— 32 MHz reference oscillator
— 1 kHz low power RC oscillator
» Useful for time base tick or time-of-day clock
» Can be used for device wake-up; capaftjeeater than ongay time-out period.

8.9  12-Bit Analog-to-Digita | Conversion (ADC) Module

The MC13237 integrates an 8 channel, 12-bitltg®m Successive Approximation Register (SAR)
analog-to-digital conversion (ADGhodule. The analog input channale shared/multiplexed with
standard GPIO pins as showrFigure 3 The ADC module is available in MC13237 only; not available
in MC13234.
Features of the ADC module include:

e 11.2 Effective Number of Bits (ENOB)

* Linear successive approximation algorithm with 12-bits resolution

*  Operation in Stop3 mode

*  2.51s conversion time

* Internal bandgap reference

*  Operation over full VBATT voltage range

* Internal 1.7 mV/°C temperature sensor

e Output data can be formatte®in10-, or 12-bit justified format

* Single or continuous conversion

» Configurable sample timmed conversion speed / power.
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* Auto compare for less-than, greatantlor equal to programmable value
»  Converter subsystem shut-down

9 Development Environment

Development support for the HCS08 on M€13234/MC13237 includethe background debug
controller (BDC) and the on-chigiebug module (DBG). The BDC proMs a single-wire (signal BKGD)
debug interface to the MCU that prdes a convenient interface fologramming the on-chip flash and
other storage. The BDC is also the primary dehtgyface for development and allows non-intrusive
access to memory data and tramitil debug features suak CPU register modiforeakpoints, and single
instruction trace commands.

Address and data bus signals areavatilable on external pins. Debisglone through commands fed into
the MCU via the single-wire background debuigiface. The debug modybeovides a means to
selectively trigger and capture bus information so an externalageweht system can reconstruct what
happened inside the MCU on a cycledycle basis without héng external access to the address and data
signals. Features include:

* Single-wire background debug interface

*  Breakpoint capability to allasingle breakpoint setting durimg-circuit debugging (plus two
more breakpoints in on-chip debug module)

*  On-chip in-circuit emulator (ICE) debug modudataining three comparas and nine trigger
modes.

» Eight deep FIFO for storing change-oifladdresses and event-only data. Debug module
supports both tag and force breakpoints.
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10 Pin Assignment and Connections

10.1 Device Pin Assignments

RF_BIAS
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NC
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Figure 2. MC13234 Pinout
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Figure 3. MC13237 Pinout
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10.2 Pin Definitions

Table 4details the MC13234 pinout and functionality.
Table 3. MC13234 Pin Function Description

Pin #

Pin Name

Type

Description

Functionality

PTAO/XTAL_32K

Digital Input/Output

Port A Bit 0/ 32.768 kHz oscillator
output

2 | PTAL/EXTAL_32K Digital Input/Output | Port A Bit 1/32.768 kHz oscillator input | For normal use, 10 kOhm resistor
to ground recommended

3 |RESET Digital Input/Output | Device asynchronous hardware reset. | Normally input; gets driven low for

Active low. Onboard Pullup a period after a reset

4 |PTA2 Digital Output Port A Bit 2 / Test Mode enable. TM mode input. Must be biased
low exiting POR for normal
operation

5 | PTA3/IRQ Digital Input/Output | Port A Bit 3/ IRQ.

6 |PTA4/ Digital Input/Output | Port A Bit 4/ Buffered 32.768 kHz clock | Optional 32.768 kHz output clock

XTAL_32KOUT output for measuring 32 kHz oscillator

accuracy (ppm)

7 | PTA5/SDA Digital Input/Output | Port A Bit 5/ IIC Bus data Defaults to open drain for IIC

8 |PTA6/SCL Digital Input/Output | Port A Bit 6 / I1IC Bus clock Defaults to open drain for IIC

9 |PTA7/BKGD/MS Digital Input/Output | Port A Bit 7 / Background / Mode Select | Debug signal

10 |PTBO/KBI1PO Digital Input/Output | Port B Bit 0 / KBI1 Input Bit 0 Wake-up capability

11 |PTB1/KBI1P1 Digital Input/Output | Port B Bit 1 / KBI1 Input Bit 1 Wake-up capability

12 | PTB2/KBI1P2 Digital Input/Output | Port B Bit 2 / KBI1 Input Bit 2 Wake-up capability

13 | PTB3/KBI1P3 Digital Input/Output | Port B Bit 3 / KBI1 Input Bit 3 Wake-up capability

14 | PTB4/KBI1P4 Digital Input/Output | Port B Bit 4 / KBI1 Input Bit 4 Wake-up capability

15 | PTB5/KBI1P5 Digital Input/Output | Port B Bit 5 / KBI1 Input Bit 5 Wake-up capability

16 | PTB6/KBI1P6 Digital Input/Output | Port B Bit 6 / KBI1 Input Bit 6 Wake-up capability

17 |PTB7/KBI1P7 Digital Input/Output | Port B Bit 7 / KBI1 Input Bit 7 Wake-up capability

18 | PTCO/KBI2P0O Digital Input/Output | Port C Bit 0 / KBI2 Input Bit 0

19 |VBATT_4 Power Input VDD supply input Connect to system VDD supply

20 |PTC1/KBI2P1 Digital Input/Output | Pot C Bit 1/ KBI2 Input Bit 1

21 |PTC2/KBI2P2 Digital Input/Output | Pot C Bit 2 / KBI2 Input Bit 2

22 |PTC3/KBI2P3 Digital Input/Output | Pot C Bit 3/ KBI2 Input Bit 3

23 | PTC4/SPICLK Digital Input/Output | Port C Bit 4 / SPI clock

24 | PTC5/SS Digital Input/Output | Port C Bit 5/ SPI slave select

25 |PTC6/MISO Digital Input/Output | Port C Bit 6 / SPI MISO

26 | PTC7/MOSI/32M_OUT | Digital Input/Output | Port C Bit 7/ SPI MOSI / 32 MHz XTAL

output
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Table 3. MC13234 Pin Functi on Description (continued)

Pin # Pin Name Type Description Functionality
27 | PTDO/TPMO Digital Input/Output | Port D Bit 0 / TPMO signal TPMO timer output / gate input
signal
28 |PTD1/TPM1 Digital Input/Output | Port D Bit 1/ TPM1 signal TPML1 timer output / gate input
signal.
29 |PTD2/TPM2 Digital Input/Output | Port D Bit 2 / TPM2 signal TPM2 timer output / gate input
signal.
30 |PTD3/TPM3 Digital Input/Output | Port D Bit 3/ TPM3 signal TPM3 timer output / gate input
signal.
31 |PTD4/CMT Digital Input/Output | Port D Bit 4 / CMT output Hi drive output for IR diode.
32 |PTD5/TXD Digital Input/Output | Port D Bit 5/ UART TXD output UART has no hardware flow
control.
33 |PTD6/RXD Digital Input/Output | Port D Bit 6 / UART RXD input / AD5 | UART has no hardware flow
signal control.
34 |PTD7 Digital Input/Output | Port D Bit 7
35 | XTAL_32M Analog Output 32 MHz reference oscillator output
36 |EXTAL_32M Analog input 32 MHz reference oscillator input
37 |VBATT_3 Power Input VDD supply input? Connect to system VDD supply
38 |VREG_VCO VCO Reg Out/ in VCO regulator output and input to VCO | Bypass to ground with 220 nF
1.8 Vdc VDD capacitor.
39 |VDD_ANA Analog Power Input | Analog 1.8 Vdc Input Connect to VREG_ANA
40 |NC No connection to device May be left open or connect to
ground
41 |RF_N RF Input/Output Modem RF input/output negative Bi-directional RF port for the
internal LNA and PA
42 |RF_P RF Input/Output Modem RF input/output positive Bi-directional RF port for the
internal LNA and PA
43 |RF_BIAS RF Voltage Output | Switched RF bias voltage (1.8 Vdc) High for TX; low for RX
44 |VBATT_2 Power Input VDD supply input1 Connect to system VDD supply
45 |NC May be left open or connect to
ground
46 |VREG_LO2 LO2 Reg Out LO2 regulator output @ 1.8 Vdc Bypass to ground with 220 nF
capacitor.
47 |VREG_ANA ANA Reg Out Analog regulator output @ 1.8 Vdc Bypass to ground with 220 nF
capacitor. Connect to VDD_ANA
48 |VBATT_1 Power Input VDD supply to Analog regulator! Connect to system VDD supply
Flag | GND Power Input System ground

1 VBATT_ 1, VBATT_2, VBATT_3 and VBATT_4 signals are not connected onboard MC13234/MC13237.
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Table 4details the MC13237 pinout and functionality.
Table 4. MC13237 Pin Function Description

Pin #

Pin Name

Type

Description

Functionality

PTAO/XTAL_32K

Digital Input/Output

Port A Bit 0/ 32.768 kHz oscillator
output

2 | PTAL/EXTAL_32K Digital Input/Output | Port A Bit 1/ 32.768 kHz oscillator For normal use, 10 kOhm resistor
input to ground recommended
3 |RESET Digital Input/Output | Device asynchronous hardware reset. | Normally input; gets driven low for
Active low. Onboard Pullup a period after a reset
4 |PTA2 Digital Output Port A Bit 2 / Test Mode enable. TM mode input. Must be biased
low exiting POR for normal
operation
5 | PTA3/IRQ Digital Input/Output | Port A Bit 3/ IRQ.
6 |PTA4/ Digital Input/Output | Port A Bit 4 / Buffered 32.768 kHz Optional 32.768 kHz output clock
XTAL_32KOUT clock output for measuring 32 kHz oscillator
accuracy (ppm)
7 | PTA5/SDA Digital Input/Output | Port A Bit 5/ IIC Bus data Defaults to open drain for IIC
8 |PTA6/SCL Digital Input/Output | Port A Bit 6 / IIC Bus clock Defaults to open drain for IIC
9 | PTA7/BKGD/MS Digital Input/Output | Port A Bit 7 / Background / Mode Debug signal
Select
10 |PTBO/KBI1PO Digital Input/Output | Port B Bit 0 / KBI1 Input Bit O Wake-up capability
11 |PTB1/KBI1P1 Digital Input/Output | Port B Bit 1 / KBI1 Input Bit 1 Wake-up capability
12 |PTB2/KBI1P2 Digital Input/Output | Port B Bit 2 / KBI1 Input Bit 2 Wake-up capability
13 |PTB3/KBI1P3 Digital Input/Output | Port B Bit 3/ KBI1 Input Bit 3 Wake-up capability
14 | PTB4/KBI1P4 Digital Input/Output | Port B Bit 4 / KBI1 Input Bit 4 Wake-up capability
15 | PTB5/KBI1P5 Digital Input/Output | Port B Bit 5/ KBI1 Input Bit 5 Wake-up capability
16 |PTB6/KBI1P6 Digital Input/Output | Port B Bit 6 / KBI1 Input Bit 6 Wake-up capability
17 |PTB7/KBI1P7 Digital Input/Output | Port B Bit 7 / KBI1 Input Bit 7 Wake-up capability
18 | PTC5/SS/IAD7 Digital Input/Output | Port C Bit 5/ SPI Slave Select / AD7
Signal
19 |VBATT_4 Power Input VDD supply input 1 Connect to system VDD supply
20 |VSSA_ADC Digital Input/Output | ADC analog ground
21 | VREFL Digital Input/Output | ADC low reference voltage
22 | VREFH Digital Input/Output | ADC high reference voltage
23 |VDDA_ADC Digital Input/Output | ADC analog power supply
24 | PTC4/SPICLK Digital Input/Output | Port C Bit 4 / SPI Clock
25 |PTC6/MISO Digital Input/Output | Port C Bit 6 / SPI MISO
26 |PTC7/MOSI Digital Input/Output | Port C Bit 7 / SPI MOSI
27 | PTDO/TPMO Digital Input/Output | Port D Bit 0 / TPMO signal TPMO timer output / gate input
signal
MC13234/MC13237 Advance Information Data Sheet, Rev. 1.2
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Table 4. MC13237 Pin Functi on Description (continued)

Pin # Pin Name Type Description Functionality
28 |PTD1/TPM1/ADO Digital Input/Output | Port D Bit 1/ TPM1 signal /ADO signal | TPM1 timer output / gate input
signal. ADC input 0
29 |PTD2/TPM2/AD1 Digital Input/Output | Port D Bit 2 / TPM2 signal /AD1 signal | TPM2 timer output / gate input
signal. ADC input 1
30 |PTD3/TPM3/AD2 Digital Input/Output | Port D Bit 3/ TPM3 signal /AD2 signal | TPM3 timer output / gate input
signal. ADC input 2
31 | PTD4/CMT/AD3 Digital Input/Output | Port D Bit 4/ CMT output / AD3 signal | Hi drive output for IR diode. ADC
input 3
32 | PTD5/TXD/AD4 Digital Input/Output | Port D Bit 5/ UART TXD output/ AD4 | UART has no hardware flow
signal control. ADC input 4
33 | PTD6/RXD/AD5 Digital Input/Output | Port D Bit 6 / UART RXD input/ AD5 |UART has no hardware flow
signal control. ADC input 5
34 |PTD7/AD6 Digital Input/Output | Port D Bit 7 / AD6 signal ADC input 6
35 | XTAL_32M Analog Output 32 MHz reference oscillator output
36 |EXTAL_32M Analog input 32 MHz reference oscillator input
37 |VBATT_3 Power Input VDD supply input1 Connect to system VDD supply
38 |VREG_VCO VCO Reg Out/in VCO regulator output and input to Bypass to ground with 220 nF
VCO 1.8 Vdc VDD capacitor.
39 |VDD_ANA Analog Power Input | Analog 1.8 Vdc Input Connect to VREG_ANA
40 |NC No connection to device May be left open or connect to
ground
41 |RF_N RF Input/Output Modem RF input/output negative Bi-directional RF port for the
internal LNA and PA
42 |RF_P RF Input/Output Modem RF input/output positive Bi-directional RF port for the
internal LNA and PA
43 |RF_BIAS RF Voltage Output | Switched RF bias voltage (1.8 Vdc) High for TX; low for RX
44 |VBATT_2 Power Input VDD supply inputl Connect to system VDD supply
45 |NC Input No connection to device May be left open or connect to
ground
46 |VREG_LO2 LO2 Reg Out LO2 regulator output @ 1.8 Vdc Bypass to ground with 220 nF
capacitor.
47 |VREG_ANA ANA Reg Out Analog regulator output @ 1.8 Vdc Bypass to ground with 220 nF
capacitor. Connect to VDD_ANA
48 |VBATT_1 Power Input VDD supply to Analog regulator1 Connect to system VDD supply
Flag | GND Power Input System ground

1 VBATT_1, VBATT 2, VBATT_3 and VBATT_4 signals are not connected onboard MC13234/MC13237.
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11 Electrical Specifications

This section details maximum ratings for the 48-pin LGA package, recommended operating conditions,
DC characteristics, and AC characteristics.

11.1 Package Maximum Ratings

Absolute maximum ratings are streatings only, and functional op¢i@n at the maximon rating is not
guaranteed. Stress beyond timits specified iMTable Smay affect device reliability or cause permanent
damage to the device. For functiboperating conditions, refer to themaining tables in this section.

This device contains circuitry protauj against damage duehah static voltage or electrical fields;
however, it is advised that normal precautions kertdo avoid application of any voltages higher than
maximume-rated voltages to this highpedance circuit. Reliability ajperation is enhanced if unused
inputs are tied to an appropriate logaitage level (foinstance, either ¥sor Vgart) Or the
programmable pullup restor associated with the pin is enabled.

Table 5shows the maximum ratings for the 48-Pin LGA package.
Table 5. LGA Package Maximum Ratings

Rating Symbol Value Unit
Maximum Junction Temperature T, 125 °C
Storage Temperature Range Tstg 125 °C
Moisture Sensitivity Level MSL3-260
Reflow Soldering Temperature 260 °C
Power Supply Voltage VBATT -0.3t03.7 Vdc
Digital Input Voltage Vin —0.3to (Vpp + 0.3) Vdc
RF Input Power Pmax 10 dBm

Note: Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the limits in the Electrical Characteristics
or Recommended Operating Conditions tables.

Note: All pins meets ESD Human Body Model (HBM) = 2 kV

11.2 ESD Protection and Latch-Up Immunity

Although damage from electrostaticdnarge (ESD) is much less coomon these devices than on early
CMOS circuits, normal handling precautions should be used to expakure to static discharge.
Quialification tests are performeddnsure that these devices can st#imd exposure to reasonable levels
of static without sufféng any permanent damage.

All ESD testing is in conformity with the JESD&2ress Test Qualificain for Commercial Grade
Integrated Circuits. During thaevice qualification ESD stressesre performed for the human body
model (HBM), the machine model (MM)nd the charge device model (CDM).

All latchup test testing is in conformity with the JESD78 IC Latch-Up Test.
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A device is defined as a failure if after exposior&SD pulses the device famger meets the device

specification.

Table 6. ESD and Latch-up Test Conditions 1

Model Description Symbol Value Unit
Series resistance R1 1500 Q
Human -
Body Storage capacitance C 100 pF
Number of pulses per pin2 — 1
Series resistance R1 0 Q
Machine |Storage capacitance C 200 pF
Number of pulses per pin? — 1
Minimum input voltage limit -1.8 \%
Latch-up
Maximum input voltage limit 4.32 \%

1 There is no equivalent circuit (model) for CDM per JESD22-C101-A.
2 This number represents a minimum number for both positive pulse(s) and negative pulse(s)

Table 7. ESD and Latch-Up Protection Characteristics

No. Rating 1,2 Symbol Min Max Unit
1 Human body model (HBM) VHeM + 2000 — \Y
2 Machine model (MM) Vum +200 — \Y
3 Charge device model (CDM) Veom + 750 — \Y,
4 Latch-up current at Ty = 85°C I AT +100 — mA

1 parameter is achieved by design characterization on a small sample size from typical devices

under typical conditions unless otherwise noted.

2 Al package pins including RF pins.

11.3 Recommended Op erating Conditions

NOTE

The MC13234/MC13237 transceiver provides an IBBH2.15.4 Standard
PHY compliant node over all recommended operating conditions.

Table 8. Recommended Operating Conditions

Characteristic Symbol Min Typ Max Unit
Power Supply Voltage (VgaTT) VBATT 1.8 2.7 3.6 Vdc
Input Frequency fin 2.405 — 2.480 GHz
Operating Temperature Range Ta -40 25 85 °C
Logic Input Voltage Low i 0 — 30% \%
Veart
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Table 8. Recommended Operating Conditions (continued)

Characteristic Symbol Min Typ Max Unit
Logic Input Voltage High \m 70% — VBATT \Y,
Veart

Output Load Current (with specified Vg max @nd Vormin)

All standard GPIO lo — — 3 mA

CMT output IRO — — 20
RF Input Power Pmax — — 10 dBm
Crystal Reference Oscillator Frequency (+40 ppm over operating fref 32 MHz Only

conditions to meet the 802.15.4 Standard.)

1 Although the device functions at Vppmin, the supply must first rise above V p,. As the supply voltage rises, the LVD circuit
will hold the MCU in reset until the supply has risen above V..

11.4 DC Electrical Characteristics

Table 9. DC Electrical Characteristics
(Typical conditions: VBATT = 2.7 V, Tp = 25 C, unless otherwise noted)

1

Characteristic Symbol Min Typ Max Unit
Power Supply Voltage (voltage applied to power input pins; VBATT_1, Vb 1.82 2.7 3.6 Vdc
VBATT_2, VBATT_3, VBATT_4 and VDDA_ADC)
Minimum CPU RUN voltage (Radio and peripherals not guaranteed Vbp_RUN 1.6 Vvdc
operational; CPU, RAM, and Flash operational)
ADC Voltage Reference High VREFH 1.8 2.7 VDDA_| Vdc
ADC
ADC Voltage Reference Low VREFL VSSA_ Vdc
ADC
Minimum RAM retention voltage (voltage applied to VBATT power input pins) |  Vgram VpoRr Vdc
Low-voltage detection threshold - high range (all conditions®)
Vpp falling VvDH 2.18 2.23 2.32 Vdc
Vpp rising 2.20 2.26 2.32
Low-voltage detection threshold - low range (all conditions)
Vpp falling VivbL 1.67 1.70 1.80 Vdc
Vpp rising 1.68 1.77 1.96
Low-voltage warning threshold - high range (all conditions)
VDD falllng VLVWH 2.25 2.32 2.45 Vdc
Vpp rising 2.30 2.36 2.42
Low-voltage warning threshold - low range (all conditions)
Vpp falling VivwL 1.79 181 191 Vdc
Vpp rising 1.74 1.84 1.99
Power-on reset (POR) voltage VPOR — 1.0 — Vdc
High impedance (off-state) leakage current (per pin) ozl -1.0 — 1.0
(Vin = Vpp or Vss, all input/outputs, device must not be in low power pA

mode)
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Table 9. DC Electrical Characteristics

1 (continued)
(Typical conditions: VBATT = 2.7 V, Ty = 25 C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Input Current (Vi =0 V or VppinT) (Vln = Vpp or Vgg, all input/outputs, N -1.0 — +1.0 HA
device must not be in low power mode)
Input Low Voltage (All digital inputs) VL 0 — 30% \%
VBarT
Input High Voltage (all digital inputs) A\ 70% — VBATT Vv
VBarT
Input hysteresis (all digital inputs) Vhys 0.06 x — Vv
Vbp
Internal pull up resistors? Rpy — 20 — KOhm
(all port pins and IRQ except CMT)
Internal CMT pull up resistor? Rpy — 10 — kOhm
Internal pull down resistors Rpp 20 KOhm
(KBI pins and IRQ)
Output High Voltage VoH 80% — VBaTT \%
All standard GPIO = 3 mA VBATT
CMT output IRO =20 mA
Output Low Voltage (All digital outputs) VoL 0 — 20% Y,
All standard GPIO = 3 mA VBaTT
CMT output IRO =20 mA
Input capacitance (all non-supply pins) Cin — 3 — pF

1 All ADC-related specifications apply only to the MC13237.

will hold the MCU in reset until the supply has risen above V| yp, .
Denotes full voltage supply and temperature ranges.

Measurement condition for pull resistors: V,y = Vgg for pullup and V|y = Vpp for pulldown.

MC13234/MC13237 Advance Information Data Sheet, Rev. 1.2
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11.5 Supply Current Characteristics

Table 10. Supply Current Charactertistics
(Typical conditions: VBATT = 2.7 V, T = 25 T, unless otherwise noted.)

1

Mode Details Min. Typ. Max. Unit

Stop22 « All internal circuitry off, RAM retained, reference — 0.29 1.0 UuA
oscillator off, KBI active. /O values are latched to
preserve state. RTC off. RF in reset.

¢« ADC module disabled.

¢ All internal circuitry off, RAM retained, reference — 0.40 1.0
oscillator off, KBI active. I/0O values are latched to
preserve state. RTC on with 1kHz oscillator. RF in
reset.

¢ ADC module disabled.

e Allinternal circuitry off, RAM retained, reference — 0.40 3.0
oscillator off, KBI active. 1/O values are latched to
preserve state. RTC on with 32.768kHz oscillator.
RF in reset.

* ADC module disabled.

Stop3 ¢ All internal circuitry off, RAM, I/O, internal — 0.45 — uA
registers & selectable peripheral registers
retained, 32 MHz reference oscillator off, KBI
active, RTC off, LVD off. RF in reset.

o Allinternal circuitry off, RAM, 1/O, internal — 0.55 —
registers & selectable peripheral registers
retained, 32 MHz reference oscillator off, KBI
active, RTC on with 1 kHz oscillator, LVD off. RF in
reset.

¢ All internal circuitry off, RAM, I/O, internal — 2.65 —
registers & selectable peripheral registers
retained, 32 MHz reference oscillator off, KBI
active, RTC on with 32.768 kHz oscillator, LVD off.
RF in reset.

« All internal circuitry off, RAM, I/O, internal — 330 —
registers & selectable peripheral registers
retained, 32 MHz reference oscillator on, KBI
active, RTC on with 32 MHz oscillator, LVD off. RF
in reset.

o Allinternal circuitry off, RAM, 1/O, internal — 450 —
registers & selectable peripheral registers
retained, 32 MHz reference oscillator on, KBI
active, RTC on with 32 MHz oscillator, LVD on. RF
in reset.

+ ADC optionally or.

Low Power Wait (LPWait) |» Entered from LPRun 0.50 0.56 0.62 mA
« Processor off, bus clock @ 250 kHz, voltage
regulator in standby.

« Peripherals and modem clock disabled. RF in
reset.

MC13234/MC13237 Advance Information Data Sheet, Rev. 1.2
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Table 10. Supply Current Charactertistics 1 (continued)
(Typical conditions: VBATT = 2.7 V, T = 25 T, unless otherwise noted.)

Mode

Details

Min.

Typ.

Max.

Unit

Wait

Processor off, system clocks are running and
voltage regulator on. RF in reset or active mode.

Low Power Run (LPRun)

» Processor forced to 500 kHz and bus clock @
250 kHz.

¢ Peripheral state and RAM retained. Voltage
regulators in standby.

¢ Peripherals and modem clocks disabled. RF in
reset.

0.53

0.75

0.85

mA

Run

¢ Processor running @ 32 MHz and peripheral
clock @ 16 MHz.

« All peripherals clocks disabled & RAM active,
voltage regulators fully on.

¢ RFinreset.

4.0

4.7

4.9

mA

Transmit (TX)

MCU in LPRUN (peripheral clock@ 250 kHz)
« RF in transmit mode (nominal power out}

21.3

26.6

28.2

mA

Receive Partial Power
Down (RX_PPD)

¢« MCU in LPRUN (peripheral clock@ 250 kHz)
* RF in Receive Partial Power Down Mode

22.3

mA

Receive (RX)

¢ MCU in LPRUN (peripheral clock@ 250 kHz)
« RFin receive mode either 1) waiting @ full
sensitivity or 2) receiving an actual frame.

26.8

34.2

35

mA

Stop2 mode is available

a » w N P

5.00
4.30
4.00
3.50
.00
2.50
2.00
1.50
1.00
0.50
0.00

IDD {mA)

Figure 4. Typical RUN Current versus

For ADC supply current specifications, see Table 25.

only in MC13234CHT.

-

a 5 10 15 20

CPW Clock (MHz)

25

30
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Register adjustment is per MC1323x Advance information, Rev 0.0 document: set SCGC1 and SCGC2 = 0X00
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CPU Clock (only 0.5, 1, 2, 4, 8, 16, and 32 MHz available)
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11.6 RF AC Electrical Characteristics

NOTE

All specified RF parameters are referenced to the package pins and are the
result of measurements with instrumetion in the reference circuit shown
in Figure 6

Table 11. Receiver AC Electrical Char acteristics for 802.15.4 Modulation Mode
(Typical conditions: VBATT = 2.7 V, TA = 25 T, f ot = 32MHz, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit

Sensitivity for 1% Packet Error Rate (PER) (+25 C, @ package interface) 1 SENS,5 ¢ -94 91 dBm
Sensitivity for 1% Packet Error Rate (PER) (Over all Conditions)2 SENS -89 dBm
Saturation (maximum input level) SENS1ax 10 dBm
Channel Rejection for 1% PER

+5 MHz (adjacent channel)® 35 dB

-5 MHz (adjacent channel)® 25

+10 MHz (alternate channel)* 45

—10 MHz (alternate channel)* 43

>= 15 MHZ® 50
Frequency Error Tolerance® 200 — — kHz
Symbol Rate Error Tolerance® 80 — — ppm

Measured at f. = 2450 MHz; see Figure 5 for RX performance vs. channel frequency
All conditions includes —40C to +85C, VBATT = 1.8 V to 3.6 V, and full frequency range
IEEE 802.15.4 Standard specifies minimum adjacent channel rejection as 0 dB

IEEE 802.15.4 Standard specifies minimum alternate channel rejection as 30 dB

This parameter represents an average of all readings across all channels

Minimum set by IEEE 802.15.4 Standard

o 0o~ W N P
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Figure 5. Typical RX Sensitivit y vs. Channel Frequency @ 25T

Table 12. Transmitter AC Electrical Char acteristics for 802.15.4 Modulation Mode
(Typical conditions: VBATT = 2.7 V, Ty = 25 C, f ¢t = 32 MHz, unless otherwise noted.)

Characteristic Symbol | Min Typ Max Unit

Nominal Output Power® Pout -25 0 2.3 dBm
Maximum Output Power? — +2 — dBm
Error Vector Magnitude EVM — <16 18 %
Output Power Control Range — 30 — dB
Over the Air Data Rate — 250 — kbps
2nd Harmonic® — 444 — dBm/(100 kHz)
3rd Harmonic and greater3 — 544 — dBm/(100 kHz)
Spurious Emissions® — —

<1 GHz (quasi-peak detection mode) —66 dBm

>1 GHz (peak detection mode) -40 dBm/MHz

Lower Band Edge (peak detection mode) -34 dBm/MHz

Upper Band Edge (peak detection mode) -23 dBm/MHz

Register sets output power to nominal (0 dBm).

Register sets output power to maximum.

Measurements taken at output of evaluation circuit set for maximum power out and averaged over 100 ms.
With use of external filtering / harmonic trap as implemented in reference circuit.

Derived from measured radiated values in units of dBuV/m and converted to EIRP (dBm).

g A W N P
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Figure 6. RF Parameter Reference Circuit

Table 13. RF Port Impedance, Pin RF_P and RF_N

Description Frequency Symbol Typical Unit
Series equivalent effective device impedance 2.405 GHz 22.2-j74.8
across the differential port derived from 2.442 GHz Ziy 20.6 —j89.9 Q
characterization of match network 2.480 GHz 20.2-j98.4

11.7 Crystal Reference Clock Oscillator Characteristics

The reference oscillator model including external crystal in showigure 7 The IEEE 802.15.4
Standard requires a frequency talgce less than or equal#d40 ppm as shown in the oscillator
specificationTable 14 With a suitable crystal (refer W@ble 15, the device frequency tolerance can
typically trimmed to be held tH30 ppm over all conditions.

MC13234/MC13237 Advance Information Data Sheet, Rev. 1.2

34 Freescale Semiconductor



REFERENCE
OSCl LLATOR
32 MHz
MC1323x
Coarse Tune [3:0] Coar se Tune [3:0]
| — |
0-4. 215 pF 0-4.215 pF
with steps of 281 fF. with steps of 281 fF.
- =
Fi ne Tune [3:0] [—, . ~ Fine Tune [3:0]
1
0-300 fF 0-300 fF
with steps of 20 fF. with steps of 20 fF.
- i I -
= EXTAL_32M XTAL_32M =
Y1
{
l CRYSTAL i
ICL1 ——Cstray ——Cstray ICLZ

Figure 7. 32MHz Refere nce Oscillator Model

Table 14. Reference Oscillator Specifications

Characteristic Symbol | Min Typ Max Unit
Frequency (nominal) 32.000000 MHz
Oscillator frequency tolerance over temperature range. *+30 *40 ppm
External load capacitance Clext 8 pF
Internal Osc startup time® test 800 us

L Thisis part of device wake-up time.

Table 15. Recommended 32 MHz Crystal Specifications

Parameter Value Unit Condition
Frequency 32.000000 MHz
Frequency tolerance (cut tolerance) +10 ppm max at 25 C
Frequency stability (temperature drift) +16-18 ppm Over desired temperature range

MC13234/MC13237 Advance Information Data Sheet, Rev. 1.2
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Table 15. Recommended 32 MHz Crystal Specifications (continued)

Parameter Value Unit Condition
Aging +2 ppm max
Equivalent series resistance 60 Q max
Load capacitance 9 pF
Shunt capacitance <2 pF max
Mode of oscillation fundamental

11.8 Optional 32.768 kHz Crystal Oscillator Specifications

32.768 kHz
OSCI LLATOR

EXTAL_32K U U XTAL_32K

CRYSTAL
CL1 ——Cstray 1

——Cstray 2 CL2

i —
——

Figure 8. 32.768 kHz Oscillator Mode

Table 16. 32.768 Oscillator Cr ystal Typical Specifications

Characteristic Symbol Min Typ Max Unit
Crystal frequency 32.768 kHz
Frequency tolerance @ 25 C +20 ppm
Load capacitance 12 125 16 pF
Equivalent series resistance (ESR) 40 130 kQ
Shunt capacitance 2 pF
Tolerated drive level 1 pWw

MC13234/MC13237 Advance Information Data Sheet, Rev. 1.2
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11.9 Internal Low Speed Reference Oscillator Specifications

Table 17. Internal 1 kHz Oscillator Specifications

Characteristic Symbol Min Typ Max Unit
Default Frequency @ 25 C 0.80 1.0 1.40 kHz
Oscillator frequency variation over temperature® — —
Deviation at -40 T from 25 T frequency -13 %
Deviation at +85 € from 25 € frequency +6
1 This percentage deviation is typical change from the individual device oscillator frequency at 25C
11.10 Control Timing and CPU Bus Specifications
Table 18. MCU Control Timing
(Typical conditions: VBATT = 2.7 V, Ty = 25 C, f ¢ = 32MHz, unless otherwise noted.)
Parameter Symbol Min Typical Max Unit
CPU frequency (tc,c = 1/RDIV) fepu fofl64 — 321 MHz
Bus Frequency (always 1/2 CPU clock) (teyc = fgus) faus fepul2 MHz
External reset pulse width 100 — — ns
External asynchronous minimum interrupt pulse width 100 — — ns
(KBI or IRQ)?
External synchronous minimum interrupt pulse width 1.5 teyc — — ns
(KBl or IRQ)% 4
Wake-up time from Stop2 or Stop3 800 us

The 32 MHz reference clock.

Minimum pulse to recognize a level sensitive

A W N P

Minimum pulse to recognize a asynchronous transition

MC13234/MC13237 Advance Information Data Sheet, Rev. 1.2
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11.11 SPI Timing

tCYC q
——

SPI_SCK

tss_su
SPI_SS (slave in) «

ltXX7$U > tXXfH > ())
SPI_MOSI (slave in) < )
SPI_MISO (master in) o (

MO,*S

SPI_MOSI (master out) )
SPI_MISO (slave out) < OOOOO(XX (

Figure 9. SPI Timing Diagram

Table 19describes the timing requirents for the SPI system.
Table 19. SPI Timing

Parameter Symbol Min Typical Max Unit
Master SPI_SCK Period teve bus_CIlk*2 bus_CIk *256 ns
Slave SPI_SCK Period teve 10 ns
Slave SPI_SS Setup Time tss su 10 ns
Slave SPI_SS Hold Time tss 1 10 ns
Slave SPI_MOSI Setup Time tsi su 10 ns
Slave SPI_MOSI Hold Time tsi v 10 ns
Master SPI_MISO Setup Time T su 20 ns
Master SPI_MISO Hold Time twin 0 ns
Master SPI_MOSI Output Time tvo 5 ns
Slave SPI_MISO Output Time (with 15 pf load) tso 20 ns

MC13234/MC13237 Advance Information Data Sheet, Rev. 1.2
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11.12 12C Specifications
Table 20describes the timing requirements for tF@ system.

The PC module is driven by the peripta¢ bus clock (typicayl max 16 MHz) and the SCL bit clock is
generated from a prescaler.
Table 20. 12C Signal DC Specifications (12C_SDA and 12C_SCL)

Parameter Symbol Min Typical Max Unit
Input Low Voltage VL -0.3 — 0.3 VppinT \Y
Input High Voltage ViH 0.7 VBATT — VBATT + 0.3 \%
Input hysteresis Vhys 0.06 x VBATT — — \%
Output Low Voltage1 (lo. =5 mA) VoL 0 — 0.2 VBATT \%
Input Current (Vi =0V or VppinT) N — — *1 HA
Pin capacitance Cin — — <10 pF

1 SDA and SCL are open drain outputs

SDA / / x \ 7&
r . —
RN, T f . BE
Low |
SCL
] \
- tp 4’] tsysto il
tppar | |
S Sr P S
Figure 10. | 2c Timing Diagram
NOTE
The FC timing limits reflect values that are necessary meet te &8s
specification.
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Table 21. 1°C Signal AC Specifications 1

Parameter Symbol |Stand ard-Mode Fast-Mode Unit
Min Max Min Max

SCL clock frequency (when source) fscL 0 100 0 150 kHz

Hold time (repeated) Start condition. thp:sTA 4.0 — 0.6 — us

After this period, the first clock pulse is generated

LOW period of the SCL clock tLow 4.7 — 1.3 — us

HIGH period of the SCL clock tHiGH 4.0 — 0.6 — us

Set-up time for a repeated Start condition tsu.sTa 4.7 — 0.6 — us

Data hold time tSHD: DAT 0? 3.458 0? 0.9° us

Data setup time tSU:DAT 250 — 100* — ns

Rise time for both SDA and SCL signals t, — 1000 20 + 300 ns
0.1Cy°

Fall time for both SDA and SCL signals t — 300 20 + 300 ns
0.1Cy°

Bus free time between a Stop and Start condition teuF 4.7 — 1.3 — us

Capacitive load for each bus line Cy — 400 — 400 pF

L All values referred to V|ymin @nd V) max levels

2 A device must internally provide a hold time of at least 300 ns for the SDA signal (referred to the V,ymin Of the SCL
signal) to bridge the undefined region of the falling edge of SCL.

3 The maximum typ:paT has to be met only if the device does not stretch the LOW period (t o) of the SCL signal.

4 A Fast-mode 12C-bus device can be used in a Standard-mode 12C-bus system, but the requirement tsy:.pat >= 250 ns
must then be met. This will automatically be 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, it must output the next data bit to the SDA line t, yax

+ tgy:pat = 1000 + 250 = 1250 ns (according to the Standard-mode 12C-bus specification) before the SCL line is
released.

5 C,, = total capacitance of one bus line in pF. If mixed with Hs-mode devices, the faster fall-times are allowed.

11.13 Flash Specifications

This section provides details about program/etiases and program-erasadurance for the flash
memory. Program and erase operations do not regiyrspecial power sourcegher than the normal
Vpp supply. The flash is 131072 bytes organized as 128 pages by 1024 bytes.

NOTE

Flash erase and program maydxecuted only with CPU clock
programmed for 32 MHz (default).ddh operations are hardware state
machine controlled. User code need not count cycles. The following
information is supplied for calculaty approximate time to program and
erase.

MC13234/MC13237 Advance Information Data Sheet, Rev. 1.2
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Table 22. Flash Characteristics

Characteristic Symbol Min Typical Max Unit
Supply voltage for program/erase/read operation VBATT 1.6 3.6 \%
Byte program time (random location) torog 40 us
Per Byte program time (burst mode) - excludes start/end taurst 20 us
overhead
Sector erase time tsector 20 ms
Mass erase time tMass 20.1 ms
Program/erase endurance cycles
T_ to Ty = —40°C to + 85°C 20,000 —
T=25°C 100,000 —
Data retention @ 25°C D ret 100 — years
11.14 Analog Comparator (ACMP) Electricals
Table 23. Analog Comparator Electrical Specifications
Characteristic Symbol Min Typical Max Unit
Supply voltage Vpp 1.80 — 3.6 \%
Supply current (active) IbbAC — 20 35 pA
Analog input voltage VAN Vgs—0.3 — Vbp \
Analog input offset voltage Vaio 20 40 mv
Analog comparator hysteresis VH 3.0 9.0 15.0 mV
Analog input leakage current laLkG — — 1.0 pHA
Analog comparator initialization delay tAINIT — — 1.0 us
11.15 ADC Characteristics
ADC characteristics argplicable only to MC13237.
Table 24. 12-bit ADC Operating Conditions
Characteristic Conditions Symb Min yp 1! Max Unit Comment
Supply voltage |Absolute Vbba 1.8 — 3.6 Y,
Delta to Vpp (Vpp-Vopa)? AVppa | -100 0 +100 mV
Ground voltage Delta to Vgg (Vss-Vssa)? AVgsp -100 0 +100 mVv
Ref Voltage High VREFH 18 Vppa Vppa \%
Ref Voltage Low VREEL Vssa Vssa Vssa \%
Input Voltage VabIN VREFL — VREFH v
Input CaDIN — 4.5 55
Capacitance pF

MC13234/MC13237 Advance Information Data Sheet, Rev. 1.2
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Table 24. 12-bit ADC Operating Conditions (continued)

Characteristic Conditions Symb Min Typ 1 Max Unit Comment
Input Resistance RapiNn — 5 7 kQ
Analog Source |12 bit mode Ras External to MCU
Resistance fapck > 4MHz — — 2
fapck < 4MHz — — 5
10 bit mode kQ
fADCK > 4MHz — —_— 5
fapck < 4MHz — — 10
8 bit mode (all valid fapck) — — 10
ADC Conversion |High Speed (ADLPC=0) faDCK 0.4 — 8.0
Clock Freq. MHz
Low Power (ADLPC=1) 0.4 — 4.0

1 Typical values assume Vppa = 3.0V, Temp = 25°C, fopck=1.0MHz unless otherwise stated. Typical values are for
reference only and are not tested in production.

2 DC potential difference.

SIMPLIFIED
INPUT PIN EQUIVALENT
CIRCUIT ZADIN
"oad T SIMPLIFIED
Zas | leakage | CHANNEL SELECT
0 | e f0 o JRUT ADC SAR
ENGINE
Ras R | | protecti | | | T/A\?LN—O/ G
| o oy
| |
{ | VADIN | | | | |
Vas = Cas | | | | | |
l | | Ly |
<~ =T T~ - | Rabin |
X | ’\/\/\/—O/OTi.
INPUT PIN
o ot
E f ]
INPUT PIN . |
ADIN
4 Lavav—o—"0-1
L — — 1
INPUT PIN 4

Capin

Figure 11. ADC Input Impedance Equivalency Diagram
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Table 25. 12-bit ADC Characteristics (V REFH = VDDASSA’ VREFL = VSSA)

1

Characteristic Conditions Symb  Min Typ Max Unit Comment
Supply Current IppA — 120 —
ADLPC=1 A
ADLSMP=1 H
ADCO=1
Supply Current Ibpa — 202 —
ADLPC=1 A
ADLSMP=0 H
ADCO=1
Supply Current Ibpa — 288 —
ADLPC=0 A
ADLSMP=1 H
ADCO=1
Supply Current Ibpba — 0.532 1
ADLPC=0 mA
ADLSMP=0
ADCO=1
Supply Current  |Stop, Reset, Module Off Ibpa — 0.007 0.8 pA
ADC ngh Speed (ADLPCZO) fADACK 2 3.3 5 tADACK = 1/fADACK
Asynchronous — MHz
Clock Source Low Power (ADLPC=1) 1.25 2 33
Conversion Time |Short Sample (ADLSMP=0) tapc — 20 — ADCK See the ADC
(Including — cycles chapter in the
sample ime) | -°N9 Sample (ADLSMP=1) - 40 - MC9S08QE128
Sample Time | Short Sample (ADLSMP=0) | taps | — 35 — ADCK fReference Manual
cycles or conversion time
Long Sample (ADLSMP=1) — 235 — variances
Total Unadjusted |12-bit mode, 3.6> Vppa > 2.7 | Eque — 2.0 4.5 LSB? Includes
Error 12-bit mode, 2.7> Vppa > 1.8V — | =20 +4.5 Quantization
10 bit mode — +1 +2.5
8 bit mode — +0.5 +1.0
Differential 12 bit mode DNL | — +0.7 |-1.5t0+1.9| LSB?
Non-Linearty 12 5 it mode® — | <05 1.0
8 bit mode® — +0.3 +0.5
Integral 12 bit mode INL — +1.4 2.5 LSB?
Non-Linearty 176 bit mode — | o5 1.0
8 bit mode — +0.3 +0.5
Zero-Scale Error |12 bit mode Ezs — +0.5 0.5 LSB? Vapin = Vssa
10 bit mode — +0.5 +1.5
8 bit mode — 0.5 +0.5

MC13234/MC13237 Advance Information Data Sheet, Rev. 1.2
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Table 25. 12-bit ADC Characteristics (V rerH = VppaSSA, VRerL = Vssa) (continued)

Characteristic Conditions Symb  Min yp 1 Max Unit Comment
Full-Scale Error |12 bit mode Ers — 1.0 —35t01.0 | LSB? Vapin = Vopa
10 bit mode — +0.5 +1
8 bit mode — +0.5 +0.5
Quantization 12 bit mode Eq — | -1to0 — LSB?
Error 10 bit mode — | = 105
8 bit mode — — +0.5
Input Leakage |12 bit mode EL — +2 — LSB? |Pad leakage® * Rag
Error 10 bit mode — 0.2 +4
8 bit mode — +0.1 +1.2
Temp Sensor —40°C to 25°C m — 1.646 — mV/°C
Slope 25°C to 85°C — | 1769 —
Temp Sensor 25°C Viemp2s| — 701.2 — mv
Voltage
Effective Number ENOB | 10.66 11.2 — Bits
Of Bits®
Spurious Free 12 bit mode 71 81 — dB
Dynamic Range

1 Typical values assume Vppa = 3.0V, Temp = 25°C, fopck=1.0 MHz unless otherwise stated. Typical values are for
reference only and are not tested in production.

1LSB = (Vrern - VrerD)/2"

Monotonicity and No-Missing-Codes guaranteed in 10 bit and 8 bit modes

Based on input pad leakage current. Refer to pad electricals.

Dynamic performance of the ADC @ Vppa = 3.0V, Temp = 25°C, faopck=1.0 MHz and typical sampling rate values with
1 kHz sinewave applied @ the selected channel.

ENOB = (SINAD -1.76) / 6.02 where SINAD is Signal-to-Noise plus distortion. SINAD(dB) = 20 x log [Signalgys / (Noise +
Distortion)gums]

2
3
4
5

12 Applications Information

NOTE

Freescale provides a complete soitelesign support material including
development hardware and softwaeference manuals, and hardware
references designs for the MC13234/MC13237. The applications material
presented here is primarily for illustrative purposes.

Figure 12andFigure 13illustrate a basic applicatioegcuit based on é1MC13234 and MC13237 MRB
development boards. Featudghe circuit include:
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» 32 MHz reference oscillator crystal (Y1)dgquired, and must meet defined specifications

» Pulldown resistor on signal PTA2 assures thatekedoes not enter factory test mode on power-up
» Power supply voltage (V_IC) can range from 1.8 Vdc to 3.6 Vdddbée 9for usage notes)

* RF Interface circuitry -

— 50/50 (unbal/bal) balun converts device difetial, bidirectional Rfport to single-ended
50-ohm antenna port

— Control signal RF_Bias switches RF referenceéag# to the balun as required for TX or RX
— L1 provides impedance matching for MC1323x RF port
— C4 and L2 network provides a harmonic tfapout-of-band harmonics and spurs on TX
— A low-cost, copper pcb “F” antenna isasvn. This is a common option, although other
antennas such as a chip antenna or antenna module may also be used
NOTE

* RF circuitry at 2.4 GHz is very dependent on board layout and
component usageigure 12shows a typical REonfiguration, however
component value and use can vhaged on customer application.

* Mechanical design informatiom tbe MC1323x package and assembly
recommendations can be found inEneescale | EEE 802.15.4/ ZigBee
Package and Hardware Layout Considerations Reference Manual, Doc
No. ZHDCRM.pdf
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13 Mechanical Diagrams (Case 2124-02, Non-JEDEC)
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Figure 14. Mechanical Diagram (1 of 2)
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