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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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MCF52235 Family Configurations
1 MCF52235 Family Configurations

Table 1. MCF52235 Family Configurations

Module 52230 52231 52232 52233 52234 52235 52236

Version 2 ColdFire Core with EMAC 
(Enhanced Multiply-Accumulate Unit)

      

System Clock (MHz) 60 60 50 60 60 60 50

Performance (Dhrystone 2.1 MIPS) 56 56 46 56 56 56 46

Flash / Static RAM (SRAM) 128/32
Kbytes

128/32
Kbytes

128/32
Kbytes

256/32
Kbytes

256/32
Kbytes

256/32
Kbytes

256/32
Kbytes

Interrupt Controllers (INTC0/INTC1)       

Fast Analog-to-Digital Converter (ADC)       

Random Number Generator and Crypto 
Acceleration Unit (CAU)

— — — — —  —

FlexCAN 2.0B Module —  — —   —

Fast Ethernet Controller (FEC) with on-chip 
interface (EPHY)

      

Four-channel Direct-Memory Access (DMA)       

Software Watchdog Timer (WDT)       

Programmable Interrupt Timer 2 2 2 2 2 2 2

Four-Channel General Purpose Timer       

32-bit DMA Timers 4 4 4 4 4 4 4

QSPI       

UART(s) 3 3 3 3 3 3 3

I2C       

Eight/Four-channel 8/16-bit PWM Timer       

General Purpose I/O Module (GPIO)       

Chip Configuration and Reset Controller 
Module

      

Background Debug Mode (BDM)       

JTAG - IEEE 1149.1 Test Access Port1

1 The full debug/trace interface is available only on the 112- and 121-pin packages. A reduced debug interface is bonded on the 
80-pin package.

      

Package 80 LQFP
112 LQFP

80 LQFP
112 LQFP

80 LQFP 80 LQFP
112 LQFP

112 LQFP
121

MAPBGA

112 LQFP
121

MAPBGA

80 LQFP
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MCF52235 Family Configurations
1.2.1 Feature Overview
The MCF52235 family includes the following features:

• Version 2 ColdFire variable-length RISC processor core

— Static operation

— 32-bit address and data paths on-chip

— Up to 60 MHz processor core frequency

— Sixteen general-purpose, 32-bit data and address registers

— Implements ColdFire ISA_A with extensions to support the user stack pointer register and four new instructions 
for improved bit processing (ISA_A+)

— Enhanced Multiply-Accumulate (EMAC) unit with 32-bit accumulator to support 16  16  32 or 32  32  32 
operations

— Cryptography Acceleration Unit (CAU)

– Tightly-coupled coprocessor to accelerate software-based encryption and message digest functions

– FIPS-140 compliant random number generator

— Support for DES, 3DES, AES, MD5, and SHA-1 algorithms

— Illegal instruction decode that allows for 68K emulation support

• System debug support

— Real time trace for determining dynamic execution path 

— Background debug mode (BDM) for in-circuit debugging (DEBUG_B+)

— Real time debug support, with six hardware breakpoints (4 PC, 1 address and 1 data) that can be configured into 
a 1- or 2-level trigger

• On-chip memories

— Up to 32 Kbytes of dual-ported SRAM on CPU internal bus, supporting core and DMA access with standby power 
supply support

— Up to 256 Kbytes of interleaved Flash memory supporting 2-1-1-1 accesses

• Power management

— Fully static operation with processor sleep and whole chip stop modes

— Rapid response to interrupts from the low-power sleep mode (wake-up feature)

— Clock enable/disable for each peripheral when not used

• Fast Ethernet Controller (FEC)

— 10/100 BaseT/TX capability, half duplex or full duplex

— On-chip transmit and receive FIFOs

— Built-in dedicated DMA controller

— Memory-based flexible descriptor rings

• On-chip Ethernet Transceiver (EPHY)

— Digital adaptive equalization

— Supports auto-negotiation

— Baseline wander correction

— Full-/Half-duplex support in all modes

— Loopback modes

— Supports MDIO preamble suppression

— Jumbo packet

• FlexCAN 2.0B module
MCF52235 ColdFire Microcontroller Data Sheet, Rev. 10
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MCF52235 Family Configurations
1.2.15 Periodic Interrupt Timers (PIT0 and PIT1)
The two periodic interrupt timers (PIT0 and PIT1) are 16-bit timers that provide interrupts at regular intervals with minimal 
processor intervention. Each timer can count down from the value written in its PIT modulus register or can be a free-running 
down-counter. 

1.2.16 Pulse Width Modulation (PWM) Timers 
The MCF52235 has an 8-channel, 8-bit PWM timer. Each channel has a programmable period and duty cycle as well as a 
dedicated counter. Each of the modulators can create independent continuous waveforms with software-selectable duty rates 
from 0 to 100%. The PWM outputs have programmable polarity and can be programmed as left-aligned outputs or 
center-aligned outputs. For higher period and duty cycle resolution, each pair of adjacent channels ([7:6], [5:4], [3:2], and [1:0]) 
can be concatenated to form a single 16-bit channel. The module can, therefore, be configured to support 8/0, 6/1, 4/2, 2/3, or 
0/4 8-/16-bit channels.

1.2.17 Software Watchdog Timer
The watchdog timer is a 32-bit timer that facilitates recovery from runaway code. The watchdog counter is a free-running 
down-counter that generates a reset on underflow. To prevent a reset, software must periodically restart the countdown.

1.2.18 Phase Locked Loop (PLL)
The clock module contains a crystal oscillator, 8 MHz on-chip relaxation oscillator (OCO), phase-locked loop (PLL), reduced 
frequency divider (RFD), low-power divider status/control registers, and control logic. To improve noise immunity, the PLL, 
crystal oscillator, and relaxation oscillator have their own power supply inputs: VDDPLL and VSSPLL. All other circuits are 
powered by the normal supply pins, VDD and VSS.

1.2.19 Interrupt Controller (INTC0/INTC1)
There are two interrupt controllers on the MCF52235. These interrupt controllers are organized as seven levels with up to nine 
interrupt sources per level. Each interrupt source has a unique interrupt vector, and provide each peripheral with all necessary 
interrupts. Each internal interrupt has a programmable level [1-7] and priority within the level. The seven external interrupts 
have fixed levels/priorities.

1.2.20 DMA Controller
The direct memory access (DMA) controller provides an efficient way to move blocks of data with minimal processor 
intervention. It has four channels that allow byte, word, longword, or 16-byte burst line transfers. These transfers are triggered 
by software explicitly setting a DCRn[START] bit or by the occurrence of certain UART or DMA timer events. 

1.2.21 Reset
The reset controller determines the source of reset, asserts the appropriate reset signals to the system, and keeps track of what 
caused the last reset. There are seven sources of reset:

• External reset input

• Power-on reset (POR)

• Watchdog timer

• Phase locked-loop (PLL) loss of lock

• PLL loss of clock

• Software
MCF52235 ColdFire Microcontroller Data Sheet, Rev. 10
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A10 88 64

B10 87 63

A11 86 62

B11 85 61

C9 89 65

B9 90 66

A9 91 67

C8 92 68

K1 28 20

J1 27 19
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A7 96 72
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Table 3. Pin Functions by Primary and Alternate Purpose

Pin Group
Primary 
Function

SecondaryF
unction

Tertiary 
Function

Quaternary
Function

Drive 
Strength/
Control1

Wired OR 
Control

Pull-up/
Pull-down2

Pin
MA

ADC3 AN7 — — PAN[7] Low — —

AN6 — — PAN[6] Low — —

AN5 — — PAN[5] Low — —

AN4 — — PAN[4] Low — —

AN3 — — PAN[3] Low — —

AN2 — — PAN[2] Low — —

AN1 — — PAN[1] Low — —

AN0 — — PAN[0] Low — —

SYNCA CANTX4 FEC_MDIO PAS[3] PDSR[39] — —

SYNCB CANRX4 FEC_MDC PAS[2] PDSR[39] — —

VDDA — — — N/A N/A —

VSSA — — — N/A N/A —

VRH — — — N/A N/A —

VRL — — — N/A N/A —

Clock 
Generation

EXTAL — — — N/A N/A —

XTAL — — — N/A N/A —

VDDPLL5 — — — N/A N/A —

VSSPLL — — — N/A N/A —

Debug 
Data

ALLPST — — — High — —

DDATA[3:0] — — PDD[7:4] High — — E1, F

PST[3:0] — — PDD[3:0] High — — D1
E
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J3 24 16

H3 23 15

K3 32 23

L3 33 24

L10 61 —

K10 60 —

K11 62 —

L11 63 —
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7, E8 65,102 45,74
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UART 13 UCTS1 SYNCA URXD2 PUB[3] PDSR[15] — —

URTS1 SYNCB UTXD2 PUB[2] PDSR[14] — —

URXD1 — FEC_TXD[0] PUB[1] PDSR[13] PWOR[2] —

UTXD1 — FEC_COL PUB[0] PDSR[12] PWOR[3] —

UART 2 UCTS2 — — PUC[3] PDSR[27] — —

URTS2 — — PUC[2] PDSR[26] — —

URXD2 — — PUC[1] PDSR[25] — —

UTXD2 — — PUC[0] PDSR[24] — —

FlexCAN SYNCA CANTX4 FEC_MDIO PAS[3] PDSR[39] — —

SYNCB CANRX4 FEC_MDC PAS[2] PDSR[39] — —

VDD5,11 VDD — — — N/A N/A — D

VDDX VDDX — — — N/A N/A — D5, D
G6,

VSS VSS — — — N/A N/A — E4, E
F5, F

VSSX VSSX — — — N/A N/A —

1 The PDSR and PSSR registers are described in Chapter 14, “General Purpose I/O Module. All programmable signa
(single-chip) mode.

2 All signals have a pull-up in GPIO mode.
3 The use of an external PHY limits ADC, interrupt, and QSPI functionality. It also disables the UART0/1 and timer pin
4 The multiplexed CANTX and CANRX signals do not have dedicated pins, but are available as muxed replacements f
5 The VDD1, VDD2, VDDPLL, and PHY_VDD pins are for decoupling only and should not have power directly applied
6 For primary and GPIO functions only. 
7 Only when JTAG mode is enabled.
8 For secondary and GPIO functions only. 
9 RSTI has an internal pull-up resistor; however, the use of an external resistor is strongly recommended.
10 For GPIO function. Primary Function has pull-up control within the GPT module. 
11 This list for power and ground does not include those dedicated power/ground pins included elsewhere, e.g. in the E

Table 3. Pin Functions by Primary and Alternate Purpose (continued

Pin Group
Primary 
Function

SecondaryF
unction

Tertiary 
Function

Quaternary
Function

Drive 
Strength/
Control1

Wired OR 
Control

Pull-up/
Pull-down2

Pin
MA



MCF52235 Family Configurations
1.9 I2C I/O Signals
Table 10 describes the I2C serial interface module signals.

1.10 UART Module Signals
Table 11 describes the UART module signals.

1.11 DMA Timer Signals
Table 12 describes the signals of the four DMA timer modules.

Table 10. I2C I/O Signals

Signal Name Abbreviation Function I/O

Serial Clock SCL Open-drain clock signal for the for the I2C interface. Either it is driven 
by the I2C module when the bus is in master mode or it becomes the 
clock input when the I2C is in slave mode. 

I/O

Serial Data SDA Open-drain signal that serves as the data input/output for the I2C 
interface.

I/O

Table 11. UART Module Signals

Signal Name Abbreviation Function I/O

Transmit Serial Data 
Output

UTXDn Transmitter serial data outputs for the UART modules. The output is 
held high (mark condition) when the transmitter is disabled, idle, or in 
the local loopback mode. Data is shifted out, LSB first, on this pin at 
the falling edge of the serial clock source.

O

Receive Serial Data 
Input

URXDn Receiver serial data inputs for the UART modules. Data is received on 
this pin LSB first. When the UART clock is stopped for power-down 
mode, any transition on this pin restarts it.

I

Clear-to-Send UCTSn Indicate to the UART modules that they can begin data transmission. I

Request-to-Send URTSn Automatic request-to-send outputs from the UART modules. This 
signal can also be configured to be asserted and negated as a 
function of the RxFIFO level.

O

Table 12. DMA Timer Signals

Signal Name Abbreviation Function I/O

DMA Timer Input DTINn Event input to the DMA timer modules. I

DMA Timer Output DTOUTn Programmable output from the DMA timer modules. O
MCF52235 ColdFire Microcontroller Data Sheet, Rev. 10
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MCF52235 Family Configurations
Test Data Output TDO Serial output for test instructions and data. TDO is tri-stateable and is 
actively driven in the shift-IR and shift-DR controller states. TDO 
changes on the falling edge of TCLK.

O

Development Serial 
Clock

DSCLK Development Serial Clock. Internally synchronized input. (The logic 
level on DSCLK is validated if it has the same value on two 
consecutive rising bus clock edges.) Clocks the serial communication 
port to the debug module during packet transfers. Maximum frequency 
is PSTCLK/5. At the synchronized rising edge of DSCLK, the data 
input on DSI is sampled and DSO changes state.

I

Breakpoint BKPT Breakpoint. Input used to request a manual breakpoint. Assertion of 
BKPT puts the processor into a halted state after the current 
instruction completes. Halt status is reflected on processor status 
signals (PST[3:0]) as the value 0xF. If CSR[BKD] is set (disabling 
normal BKPT functionality), asserting BKPT generates a debug 
interrupt exception in the processor.

I

Development Serial 
Input

DSI Development Serial Input. Internally synchronized input that provides 
data input for the serial communication port to the debug module after 
the DSCLK has been seen as high (logic 1). 

I

Development Serial 
Output

DSO Development Serial Output. Provides serial output communication for 
debug module responses. DSO is registered internally. The output is 
delayed from the validation of DSCLK high.

O

Debug Data DDATA[3:0] Display captured processor data and breakpoint status. The CLKOUT 
signal can be used by the development system to know when to 
sample DDATA[3:0].

O

Processor Status Clock PSTCLK Processor Status Clock. Delayed version of the processor clock. Its 
rising edge appears in the center of valid PST and DDATA output. 
PSTCLK indicates when the development system should sample PST 
and DDATA values.
If real-time trace is not used, setting CSR[PCD] keeps PSTCLK, PST, 
and DDATA outputs from toggling without disabling triggers. 
Non-quiescent operation can be re-enabled by clearing CSR[PCD], 
although the external development systems must resynchronize with 
the PST and DDATA outputs.
PSTCLK starts clocking only when the first non-zero PST value (0xC, 
0xD, or 0xF) occurs during system reset exception processing.

O

Processor Status 
Outputs

PST[3:0] Indicate core status. Debug mode timing is synchronous with the 
processor clock; status is unrelated to the current bus transfer. The 
CLKOUT signal can be used by the development system to know 
when to sample PST[3:0].

O

All Processor Status 
Outputs

ALLPST Logical AND of PST[3:0] O

Table 16. Debug Support Signals (continued)

Signal Name Abbreviation Function I/O
MCF52235 ColdFire Microcontroller Data Sheet, Rev. 10
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MCF52235 Family Configurations
1.16 EzPort Signal Descriptions
Table 17 contains a list of EzPort external signals

Table 17. EzPort Signal Descriptions

1.17 Power and Ground Pins
The pins described in Table 18 provide system power and ground to the chip. Multiple pins are provided for adequate current 
capability. All power supply pins must have adequate bypass capacitance for high-frequency noise suppression.

Some of the VDD and VSS pins on the device are only to be used for noise bypass. Figure 5 shows a typical connection diagram. 
Pay particular attention to those pins which show only capacitor connections. Do not connect power supply voltage directly to 
these pins. 

Signal Name Abbreviation Function I/O

EzPort Clock EZPCK Shift clock for EzPort transfers I

EzPort Chip Select EZPCS Chip select for signalling the start and end 
of serial transfers

I

EzPort Serial Data In EZPD EZPD is sampled on the rising edge of 
EZPCK

I

EzPort Serial Data Out EZPQ EZPQ transitions on the falling edge of 
EZPCK

O

Table 18. Power and Ground Pins

Signal Name Abbreviation Function I/O

PLL Analog Supply VDDPLL, 
VSSPLL

Dedicated power supply signals to isolate the sensitive PLL analog 
circuitry from the normal levels of noise present on the digital power 
supply.

I

Positive Supply VDD These pins supply positive power to the core logic. I

Ground VSS This pin is the negative supply (ground) to the chip. —
MCF52235 ColdFire Microcontroller Data Sheet, Rev. 10
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Electrical Characteristics
Figure 5. Suggested Connection Scheme for Power and Ground

2 Electrical Characteristics
This section contains electrical specification tables and reference timing diagrams for the MCF52235, including detailed 
information on power considerations, DC/AC electrical characteristics, and AC timing specifications.

NOTE
The parameters specified in this appendix supersede any values found in the module 
specifications.
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Electrical Characteristics
Table 20. Thermal Characteristics

Characteristic Symbol Package1

1 The use of this device in one- or two-layer board designs is not recommended due to the limited thermal conductance 
provided by those boards.

Value Unit

Junction to ambient, natural convection JA 80-pin LQFP, four-layer board 36.02,3

2 JMA and jt parameters are simulated in conformance with EIA/JESD Standard 51-2 for natural convection. Freescale 
recommends the use of JMA and power dissipation specifications in the system design to prevent device junction 
temperatures from exceeding the rated specification. System designers should be aware that device junction temperatures 
can be significantly influenced by board layout and surrounding devices. Conformance to the device junction temperature 
specification can be verified by physical measurement in the customer’s system using the jt parameter, the device power 
dissipation, and the method described in EIA/JESD Standard 51-2.

3 Per JEDEC JESD51-6 with the board horizontal.

C / W

112-pin LQFP, four-layer board 35.0

121 MAPBGA, four-layer board 32

80-pin LQFP, one-layer board1 49.01

121 MAPBGA, one-layer board1 561

112-pin LQFP, one-layer board1 44.01

Junction to ambient (@200 ft/min) JMA 80-pin LQFP, four-layer board 30.0 C / W

112-pin LQFP, four-layer board 29.0

121 MAPBGA, four-layer board 28

80-pin LQFP, one-layer board1 39.01

112-pin LQFP, one-layer board1 35.01

121 MAPBGA, one-layer board1 461

Junction to board JB 80-pin LQFP 22.04

4 Thermal resistance between the die and the printed circuit board in conformance with JEDEC JESD51-8. Board 
temperature is measured on the top surface of the board near the package.

C / W

112-pin LQFP 23.0

121 MAPBGA, four-layer board 18

Junction to case JC 80-pin LQFP 6.05

5 Thermal resistance between the die and the case top surface as measured by the cold plate method (MIL SPEC-883 
Method 1012.1).

C / W

112-pin LQFP 6.0

121 MAPBGA 10

Junction to top of package, natural convection jt 80-pin LQFP 2.06

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 
in conformance with Psi-JT.

C / W

112-pin LQFP 2.06

121 MAPBGA 2.06

Maximum operating junction temperature Tj All 130 oC
MCF52235 ColdFire Microcontroller Data Sheet, Rev. 10
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Electrical Characteristics
The average chip-junction temperature (TJ) in C can be obtained from

Eqn. 1

where

• TA = ambient temperature, C
• JMA = package thermal resistance, junction-to-ambient, C/W

• PD = PINT + PI/O

• PINT = chip internal power, IDD  VDD, watts

• PI/O = power dissipation on input and output pins — user determined

For most applications, PI/O < PINT and can be ignored. An approximate relationship between PD and TJ (if PI/O is neglected) is:

Eqn. 2

Solving equations 1 and 2 for K gives:

Eqn. 3

where K is a constant pertaining to the particular part. K can be determined from Equation 3 by measuring PD (at equilibrium) 
for a known TA. Using this value of K, the values of PD and TJ can be obtained by solving Equation 1 and Equation 2 iteratively 
for any value of TA.

2.2 ESD Protection
Table 21. ESD Protection Characteristics1

1 A device is defined as a failure if the device no longer meets the device specification requirements after 
exposure to ESD pulses. Complete DC parametric and functional testing is performed per applicable device 
specification at room temperature followed by hot temperature, unless specified otherwise in the device 
specification.

Characteristic Symbol Value Units

ESD target for Human Body Model HBM 1500 (ADC and EPHY pins)
2000 (All other pins)

V

ESD target for Charged Device Model CDM 250 V

HBM circuit description Rseries 1500 ohms

C 100 pF

Number of pulses per pin (HBM)
positive pulses
negative pulses

—
—

1
1

—

Number of pulses per pin (CDM)
positive pulses
negative pulses

—
—

3
3

—

Interval of pulses (HBM) — 1.0 sec

Interval of pulses (CDM) — 0.2 sec

TJ TA PD JMA +=

PD K TJ 273C+ =

K PD TA 273C+  JMA PD
2+=
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Electrical Characteristics
2.3 DC Electrical Specifications
 

Table 22. DC Electrical Specifications 1

1 Refer to Table 25 for additional PLL specifications.

Characteristic Symbol Min Max Unit

Supply voltage VDD 3.0 3.6 V

Input high voltage VIH 0.7 VDD 4.0 V

Input low voltage VIL VSS – 0.3 0.35 x VDD V

Input hysteresis VHYS 0.06 VDD — mV

Low-voltage detect trip voltage (VDD falling) VLVD 2.15 2.3 V

Low-voltage detect hysteresis (VDD rising) VLVDHYS 60 120 mV

Input leakage current
Vin = VDD or VSS, input-only pins

Iin –1.0 1.0 A

High impedance (off-state) leakage current
Vin = VDD or VSS, all input/output and output pins 

IOZ –1.0 1.0 A

Output high voltage (all input/output and all output pins)
IOH = –2.0 mA

VOH VDD - 0.5 __ V

Output low voltage (all input/output and all output pins)
IOL = 2.0 mA

VOL __ 0.5 V

Weak internal pull-up device current, tested at VIL max.2

2 Refer to Table 3 for pins with internal pull-up devices.

IAPU –10 –130 A

Input capacitance 3

All input-only pins
All input/output (three-state) pins

3 This parameter is characterized before qualification rather than 100% tested.

Cin
—
—

7
7

pF

Load capacitance4

Low drive strength
High drive strength

4 pF load ratings are based on DC loading and are provided as an indication of driver strength. High speed interfaces 
require transmission line analysis to determine proper drive strength and termination.

CL 25
50

pF

DC injection current 3, 5, 6, 7

VNEGCLAMP =VSS– 0.3 V, VPOSCLAMP = VDD + 0.3
Single pin limit
Total MCU limit, Includes sum of all stressed pins

5 All functional non-supply pins are internally clamped to VSS and their respective VDD.
6 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 larger of the two values.
7 The power supply must maintain regulation within operating VDD range during instantaneous and operating maximum 

current conditions. If positive injection current (Vin > VDD) is greater than IDD, the injection current may flow out of VDD 
and could result in external power supply going out of regulation. Ensure that the external VDD load shunts current 
greater than maximum injection current. This is the greatest risk when the MCU is not consuming power. Examples are: 
if no system clock is present, or if clock rate is very low which would reduce overall power consumption. Also, the system 
clock is not present during the power-up sequence until the PLL has attained lock.

IIC

–1.0
–10

1.0
10

mA
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Electrical Characteristics
2.4 Phase Lock Loop Electrical Specifications
 

Table 25. Oscillator and PLL Electrical Specifications

(VDD and VDDPLL = 2.7 to 3.6 V, VSS = VSSPLL = 0 V)

Characteristic Symbol Min Max Unit

Clock Source Frequency Range of EXTAL Frequency Range
 • Crystal
 • External1

1 In external clock mode, it is possible to run the chip directly from an external clock source without enabling the PLL.

fcrystal
fext

0.5
0

25.0
60.0

MHz

PLL reference frequency range fref_pll 2 10.0 MHz

System frequency 2

External clock mode
On-Chip PLL Frequency

2 All internal registers retain data at 0 Hz.

fsys
0

fref / 32
60
60

MHz

Loss of reference frequency 3, 5

3 Loss of reference frequency is the reference frequency detected internally that transitions the PLL into self-clocked mode.

fLOR 100 1000 kHz

Self clocked mode frequency 4, 5

4 Self-clocked mode frequency is the frequency that the PLL operates at when the reference frequency falls below fLOR with 
default MFD/RFD settings.

fSCM 1 5 MHz

Crystal start-up time 5, 6

5 This parameter is characterized before qualification rather than 100% tested.
6 Proper PC board layout procedures must be followed to achieve specifications.

tcst — 10 ms

EXTAL input high voltage
Crystal reference
External reference

VIHEXT
VDD- 1.0

2.0
VDD
3.07

V

EXTAL input low voltage
Crystal reference
External reference

VILEXT
VSS
VSS

1.0
0.8

V

XTAL output high voltage
IOH = 1.0 mA

VOL
VDD –1.0 —

V

XTAL output low voltage
IOL = 1.0 mA

VOL
— 0.5

V

XTAL load capacitance8 — — pF

PLL lock time5,9 tlpll — 500 s

Power-up to lock time 5, 7,9

With crystal reference
Without crystal reference

tlplk
—
—

10.5
500

ms
s

Duty cycle of reference 5 tdc 40 60 % fsys

Frequency un-LOCK range fUL –1.5 1.5 % fsys

Frequency LOCK range fLCK –0.75 0.75 % fsys

CLKOUT period Jitter 5, 6, 8, 10,11, measured at fSYS Max
Peak-to-peak jitter (clock edge to clock edge)
Long term jitter (averaged over 2 ms interval)

Cjitter
—
—

10
0.01

% fsys
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Electrical Characteristics
2.6 Reset Timing

 

Figure 7. RSTI and Configuration Override Timing

2.7 I2C Input/Output Timing Specifications
Table 28 lists specifications for the I2C input timing parameters shown in Figure 8.

Table 29 lists specifications for the I2C output timing parameters shown in Figure 8.

Table 27. Reset and Configuration Override Timing 

(VDD = 2.7 to 3.6 V, VSS = 0 V, TA = TL to TH)1

1 All AC timing is shown with respect to 50% VDD levels unless otherwise noted.

Num Characteristic Symbol Min Max Unit

R1 RSTI input valid to CLKOUT high tRVCH 9 — ns

R2 CLKOUT high to RSTI input invalid tCHRI 1.5 — ns

R3 RSTI input valid time 2

2 During low power STOP, the synchronizers for the RSTI input are bypassed and RSTI is asserted asynchronously to the 
system. Therefore, RSTI must be held a minimum of 100ns.

tRIVT 5 — tCYC

R4 CLKOUT high to RSTO valid tCHROV — 10 ns

Table 28. I2C Input Timing Specifications between I2C_SCL and I2C_SDA

Num Characteristic Min Max Units

 I1 Start condition hold time 2  tCYC — ns

 I2 Clock low period 8  tCYC — ns

 I3 SCL/SDA rise time (VIL = 0.5 V to VIH = 2.4 V) — 1 ms

 I4 Data hold time 0 — ns

 I5 SCL/SDA fall time (VIH = 2.4 V to VIL = 0.5 V) — 1 ms

 I6 Clock high time 4  tCYC — ns

 I7 Data setup time 0 — ns

 I8 Start condition setup time (for repeated start condition only) 2  tCYC — ns

 I9 Stop condition setup time 2  tCYC — ns

1R1 R2

CLKOUT

RSTI

RSTO

R3

R4 R4
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Electrical Characteristics
Figure 12. Equivalent Circuit for A/D Loading

2.10 DMA Timers Timing Specifications
Table 36 lists timer module AC timings.

2.11 EzPort Electrical Specifications

Table 36. Timer Module AC Timing Specifications

Name Characteristic1

1 All timing references to CLKOUT are given to its rising edge.

Min Max Unit

T1 DTIN0 / DTIN1 / DTIN2 / DTIN3 cycle time 3  tCYC — ns

T2 DTIN0 / DTIN1 / DTIN2 / DTIN3 pulse width 1  tCYC — ns

Table 37. EzPort Electrical Specifications

Name Characteristic Min Max Unit

EP1 EPCK frequency of operation (all commands except READ) — fsys / 2 MHz

EP1a EPCK frequency of operation (READ command) — fsys / 8 MHz

EP2 EPCS_b negation to next EPCS_b assertion 2 × Tcyc — ns

EP3 EPCS_B input valid to EPCK high (setup) 5 — ns

EP4 EPCK high to EPCS_B input invalid (hold) 5 — ns

EP5 EPD input valid to EPCK high (setup) 2 — ns

EP6 EPCK high to EPD input invalid (hold) 5 — ns

1 2

3Analog Input 4

S1

S2

S3

C1

C2

S/H

C1 = C2 = 1pF
(VREFH- VREFL)  2

125W ESD Resistor

8pF noise damping capacitor

1 Parasitic capacitance due to package, pin-to-pin and pin-to-package base coupling; 1.8pF
2 Parasitic capacitance due to the chip bond pad, ESD protection devices and signal routing; 2.04pF
3 Equivalent resistance for the channel select mux; 100 ohms
4 Sampling capacitor at the sample and hold circuit. Capacitor C1 is normally disconnected from the input 

and is only connected to it at sampling time; 1.4pF
5 Equivalent input impedance, when the input is selected = 1

ADC CLOCK RATE 1.4 10
12– 

------------------------------------------------------------------------------------------
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Electrical Characteristics
2.12 QSPI Electrical Specifications 
Table 38 lists QSPI timings. 

The values in Table 38 correspond to Figure 13.

Figure 13. QSPI Timing

EP7 EPCK low to EPQ output valid (out setup) — 12 ns

EP8 EPCK low to EPQ output invalid (out hold) 0 — ns

EP9 EPCS_B negation to EPQ tri-state — 12 ns

Table 38. QSPI Modules AC Timing Specifications

Name Characteristic Min Max Unit

QS1 QSPI_CS[3:0] to QSPI_CLK 1 510 tCYC

QS2 QSPI_CLK high to QSPI_DOUT valid — 10 ns

QS3 QSPI_CLK high to QSPI_DOUT invalid (output hold) 2 — ns

QS4 QSPI_DIN to QSPI_CLK (input setup) 9 — ns

QS5 QSPI_DIN to QSPI_CLK (input hold) 9 — ns

Table 37. EzPort Electrical Specifications (continued)

Name Characteristic Min Max Unit

QSPI_CS[3:0]

QSPI_CLK

QSPI_DOUT

QS5

QS1

QSPI_DIN

QS3 QS4

QS2
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Electrical Characteristics
2.14 Debug AC Timing Specifications
Table 40 lists specifications for the debug AC timing parameters shown in Figure 19.

Figure 18 shows real-time trace timing for the values in Table 40.

Figure 18. Real-Time Trace AC Timing

Figure 19 shows BDM serial port AC timing for the values in Table 40.

Figure 19. BDM Serial Port AC Timing

Table 40. Debug AC Timing Specification

Num Characteristic
60 MHz

Units
Min Max

D1 PST, DDATA to CLKOUT setup 4 — ns

D2 CLKOUT to PST, DDATA hold 1.5 — ns

D3 DSI-to-DSCLK setup 1  tCYC — ns

D4 1

1 DSCLK and DSI are synchronized internally. D4 is measured from the synchronized DSCLK input relative to 
the rising edge of CLKOUT. 

DSCLK-to-DSO hold 4  tCYC — ns

D5 DSCLK cycle time 5  tCYC — ns

D6 BKPT input data setup time to CLKOUT Rise 4 — ns

D7 BKPT input data hold time to CLKOUT Rise 1.5 — ns

D8 CLKOUT high to BKPT high Z 0.0 10.0 ns

CLKOUT

PST[3:0]

D2D1

DDATA[3:0]

DSI

DSO

Current Next

CLKOUT

Past Current

DSCLK

D3

D4

D5
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Mechanical Outline Drawings
3.2 112-pin LQFP Package
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