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Chapter 1
General Description

1.1 Introduction

The MC68HC908QY4A is a member of the low-cost, high-performance M68HC08 Family of 8-bit
microcontroller units (MCUs). All MCUs in the family use the enhanced M68HCO08 central processor unit
(CPUO08) and are available with a variety of modules, memory sizes and types, and package types.

Table 1-1. Summary of Device Variations

Device Merl::;t:f I;ize ADC Czlunnt
MC68HC908QT1A 1536 bytes — 8 pins
MC68HC908QT2A 1536 bytes 6 channel, 10 bit 8 pins
MC68HC908QT4A 4096 bytes 6 channel, 10 bit 8 pins
MC68HC908QY1A 1536 bytes — 16 pins
MC68HC908QY2A 1536 bytes 6 channel, 10 bit 16 pins
MC68HC908QY4A 4096 bytes 6 channel, 10 bit 16 pins

1.2 Features

Features include:
* High-performance M68HC08 CPU core
e Fully upward-compatible object code with M6BHCO05 Family
e 5-V and 3-V operating voltages (Vpp)
e 8-MHz internal bus operation at 5V, 4-MHz at 3V
* Trimmable internal oscillator
Software selectable 1 MHz, 2 MHz, or 3.2 MHz internal bus operation
8-bit trim capability
+25% untrimmed
Trimmable to approximately 0.4%"
e Software selectable crystal oscillator range, 32—100 kHz, 1-8 MHz and 8-32 MHz
* Software configurable input clock from either internal or external source
* Auto wakeup from STOP capability using dedicated internal 32-kHz RC or bus clock source
e On-chip in-application programmable FLASH memory
— Internal program/erase voltage generation
— Monitor ROM containing user callable program/erase routines
—  FLASH security®@

1. See 16.11 Oscillator Characteristics for internal oscillator specifications
2. No security feature is absolutely secure. However, Freescale’s strategy is to make reading or copying the FLASH difficult for
unauthorized users.
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General Description

1.4 Pin Assignments

The MC68HC908QT4A, MC68H908QT2A, and MC68HC098QT1A are available in 8-pin packages. The
MC68HC908QY4A, MC68HC908QY2A, and MC68HC908QY 1A are available in 16-pin packages.
Figure 1-2 shows the pin assignment for these packages.

Figure 1-2. MCU Pin Assignments

N\

Voo [] 1 8 [ Vss
PTA5/0SC1/KBI5 [ ] 2 7 [] PTAOITCHO/KBIO
PTA4/0SC2/KBI4 ] 3 6 [ ] PTA1/TCH1/KBI1

PTA3/RSTKBI3 [ 4 5 [ ] PTA2IRQ/KBI2TCLK
8-PIN ASSIGNMENT
MC68HC908QT1A PDIP/SOIC
/
Voo [ ] 1 16 ] Vgg
PTB7 [ ]2 15| PTBO
PTB6 [ |3 14| PTB1
PTA5/0SC1/KBI5 [_| 4 13| PTAO/TCHO/KBIO
PTA4/0SC2/KBI4 [ | 5 12 ] PTA1/TCH1/KBI1
PTB5 [ |6 11[] PTB2
PTB4 [ |7 10[_] PTB3
PTA3/RST/KBI3 [_| 8 9] PTA2/IRQ/KBI2/TCLK
16-PIN ASSIGNMENT
MC68HC908QY1A PDIP/SOIC
PTAO/TCHO/KBIO C— 1 o 16 1 PTA1/TCH1/KBI1
PTB1 2 15 1 PTB2
PTBO | 3 14— PTB3
Vgg T 4 13 1 PTA2/IRQ/KBI2/TCLK
Vpp 5 12 [ PTA3/RST/KBI3
PTB7 | 6 11 1 PTB4
PTB6 |7 10 = PTB5
PTA5/0SC1/KBI5 —— 8 9 [ PTA4/0SC2/KBI4
16-PIN ASSIGNMENT
MC68HC908QY1A TSSOP
PTAOITCHOKKBIO [ 1 (e~ ' 8| PTA/TCHIKBI1
I _
Ves | 2 | | 7| PTA2/IRQ/KBI2/TCLK
Vpp | 3 | | 6 | PTA3/RST/KBI3
I
PTAS/OSC1/KB15 | 4 _, 5| PTA4/0SC2/KBI4
8-PIN ASSIGNMENT
MC68HC908QT1A DFN
18

N
Voo [ 1 8
PTA5/0SC1/AD3/KBI5 [ ] 2
PTA4/OSC2/AD2/KBI4 [ ] 3
PTA3/RST/KBI3 [ | 4
8-PIN ASSIGNMENT

] Vss

7 [] PTAO/TCHO/ADO/KBIO
6 [] PTA1/TCH1/AD1/KBI1
5 [ ] PTA2IRQ/KBI2/TCLK

MC68HC908QT2A AND MC68HC908QT4A PDIP/SOIC

N

Voo []1 16| | Vgg

PTB7 [ ]2 15[ ] PTBO/AD4

PTB6 [ |3 14 ] PTB1/AD5
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PTB5 [ |6 1] PTB2

PTB4 |7 10[_] PTB3

PTA3/RST/KBI3 [ 8 9] PTA2/IRQ/KBI2/TCLK
16-PIN ASSIGNMENT

MC68HC908QY2A AND MC68HC908QY4A PDIP/SOIC

PTAO/TCHO/ADO/KBIO C— 1 o 16 =1 PTA1/TCH1/AD1/KBI1
PTB1/AD5 ] 2 15 —1 PTB2
PTBO/AD4 — 3 14— PTB3
Vgg T 4 13 1 PTA2/IRQ/KBI2/TCLK
Vpp 5 12 1 PTA3/RST/KBI3
PTB7 T 6 11 = PTB4
PTB6 | 7 10 1 PTB5
PTA5/0SC1/AD3/KBI5 ] 8 9 [ PTA4/0SC2/AD2/KBI4
16-PIN ASSIGNMENT

MC68HC908QY2A AND MC68HC908QY4A TSSOP

PTAO/TCHO/ADO/KBIO

Vss
Vbp

PTA5//0OSC1/AD3/KB15

T e
| |
: |
3 |
| |
4 L 5
8-PIN ASSIGNMENT

PTA1/TCH1/AD1/KBI1

7 | PTA2/RQ/KBI2/TCLK
6 | PTA3/RST/KBI3

PTA4/0SC2/AD2/KBI4

MC68HC908QT2A AND MC68HC908QT4A DFN
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1.5 Pin Functions

Table 1-2 provides a description of the pin functions.

Table 1-2. Pin Functions

Pin Functions

Nzir:e Description Input/Output
Vbp Power supply Power
Vss Power supply ground Power

PTAO — General purpose I/O port Input/Output
PTAO TCHO — Timer Channel 0 I/O Input/Output
ADO — A/D channel 0 input Input
KBIO — Keyboard interrupt input 0 Input

PTA1 — General purpose I/O port Input/Output

PTA1 TCH1 — Timer Channel 1 I/O Input/Output
AD1 — A/D channel 1 input Input
KBI1 — Keyboard interrupt input 1 Input
PTA2 — General purpose input-only port Input
PTAD IRQ — External interrupt with programmable pullup and Schmitt trigger input Input
KBI2 — Keyboard interrupt input 2 Input
TCLK — Timer clock input Input

PTA3 — General purpose I/O port Input/Output
PTA3 RST — Reset input, active low with internal pullup and Schmitt trigger Input
KBI3 — Keyboard interrupt input 3 Input

PTA4 — General purpose 1/O port Input/Output
OSC2 —XTAL oscillator output (XTAL option only) Output
PTA4 RC or internal oscillator output (OSC2EN = 1 in PTAPUE register) Output
AD2 — A/D channel 2 input Input
KBI4 — Keyboard interrupt input 4 Input

PTA5 — General purpose 1/O port Input/Output
PTAS OSC1 — XTAL, RC, or external oscillator input Input
AD3 — A/D channel 3 input Input
KBI5 — Keyboard interrupt input 5 Input

—_—— PTBO — General-purpose 1/O port Input/Output
AD4 — A/D channel 4 input Input

—— PTB1 — General-purpose 1/O port Input/Output
AD5 — A/D channel 5 input Input

PITI_TBB’72(;) 6 General-purpose I/O port Input/Output

1. The PTB pins are not available on the 8-pin packages.

MC68HC908QYA/QTA Family Data Sheet, Rev. 3
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FLASH Memory (FLASH)

Algorithm for Programming 1
a Row (32 Bytes) of FLASH Memory SET PGM BIT
2 |READ THE FLASH BLOCK PROTECT REGISTER
3| WRITE ANY DATA TO ANY FLASH ADDRESS
WITHIN THE ROW ADDRESS RANGE DESIRED
4 WAIT FOR A TIME, tyys
S SET HVEN BIT
6 WAIT FOR A TIME, tps
A >
A
! WRITE DATA TO THE FLASH ADDRESS
TO BE PROGRAMMED
Y
8 WAIT FOR A TIME, tprog
COMPLETED Y
9 PROGRAMMING
THIS ROW?
- Y
10 CLEAR PGM BIT
" WAIT FOR A TIME, tyyy
NOTES: 12 CLEAR HVEN BIT
The time between each FLASH address change (step 7 to step 7 loop), +
or the time between the last FLASH address programmed
to clearing PGM bit (step 7 to step 10) 13 WAIT FOR A TIME, tgoy
must not exceed the maximum programming
time, tprog Max. +
This row program algorithm assumes the row/s ( END OF PROGRAMMING )

to be programmed are initially erased.

Figure 2-4. FLASH Programming Flowchart
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) 4

Analog-to-Digital Converter (ADC10) Module

PTAO/TCHO/ADO/KBI0 =3
PTA1/TCH1/AD1/KBI1 ~a=3» <\F‘I> CLOCK
_ GENERATOR
PTA2IRQKBI2TCLK —~ | = @
=
PTASRSTIKBIZ <—>| ™ | 8
PTA4/0SC2/AD2/KBI4 ~&3» KEYBOARD INTERRUPT
<ﬁ> MODULE
PTA5/0SC1/AD3/KBI5 ~a=3
M68HC08 CPU
SINGLE INTERRUPT
<\,:> MODULE
PTBO/AD4 ~g=>-
PTB1ADS 0‘ > AUTO WAKEUP
ol MODULE
PTB3 <> m @
PTB4 <> 0 | 5
PTB5 <—> <,\::> LOW-VOLTAGE
PTB6 <«—>» INHIBIT
PTB7 <«—>»|
@ 2-CHANNEL 16-BIT
@ TIMER MODULE
MC68H Y4A <\I:> COP
C68HC908Q MC68HC208QY4A ODULE
128 BYTES ® 4096 BYTES
USER RAM USER FLASH c:b 6-CHANNEL
10-BIT ADC
DEVELOPMENT SUPPORT
l«— Vpp <\F"> MONITOR ROM
POWER SUPPLY BREAK MODULE
l«— Vss

RST, IRQ: Pins have internal pull up device

All port pins have programmable pull up device
PTA[O:5]: Higher current sink and source capability
PTB[0:7]: Not available on 8-pin devices

Figure 3-1. Block Diagram Highlighting ADC10 Block and Pins
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Functional Description

3.3.4.4 Code Width and Quantization Error

The ADC10 quantizes the ideal straight-line transfer function into 1024 steps (in 10-bit mode). Each step
ideally has the same height (1 code) and width. The width is defined as the delta between the transition
points from one code to the next. The ideal code width for an N bit converter (in this case N can be 8 or
10), defined as 1LSB, is:

1188 = (Vrerr—Vaery) / 2

Because of this quantization, there is an inherent quantization error. Because the converter performs a
conversion and then rounds to 8 or 10 bits, the code will transition when the voltage is at the midpoint
between the points where the straight line transfer function is exactly represented by the actual transfer
function. Therefore, the quantization error will be + 1/2LsB in 8- or 10-bit mode. As a consequence,
however, the code width of the first ($000) conversion is only 1/2LsSB and the code width of the last ($FF
or $3FF) is 1.5LsB.

3.3.4.5 Linearity Errors

The ADC10 may also exhibit non-linearity of several forms. Every effort has been made to reduce these
errors but the user should be aware of them because they affect overall accuracy. These errors are:

» Zero-Scale Error (Ezg) (sometimes called offset) — This error is defined as the difference between
the actual code width of the first conversion and the ideal code width (1/2LsSB). Note, if the first
conversion is $001, then the difference between the actual $001 code width and its ideal (1LSB) is
used.

* Full-Scale Error (Egg) — This error is defined as the difference between the actual code width of
the last conversion and the ideal code width (1.5LSB). Note, if the last conversion is $3FE, then the
difference between the actual $3FE code width and its ideal (1LSB) is used.

» Differential Non-Linearity (DNL) — This error is defined as the worst-case difference between the
actual code width and the ideal code width for all conversions.

* Integral Non-Linearity (INL) — This error is defined as the highest-value the (absolute value of the)
running sum of DNL achieves. More simply, this is the worst-case difference of the actual transition
voltage to a given code and its corresponding ideal transition voltage, for all codes.

e Total Unadjusted Error (TUE) — This error is defined as the difference between the actual transfer
function and the ideal straight-line transfer function, and therefore includes all forms of error.

3.3.4.6 Code Jitter, Non-Monotonicity and Missing Codes

Analog-to-digital converters are susceptible to three special forms of error. These are code jitter,
non-monotonicity, and missing codes.

e Code jitter is when, at certain points, a given input voltage converts to one of two values when
sampled repeatedly. Ideally, when the input voltage is infinitesimally smaller than the transition
voltage, the converter yields the lower code (and vice-versa). However, even very small amounts
of system noise can cause the converter to be indeterminate (between two codes) for a range of
input voltages around the transition voltage. This range is normally around +1/2LSB but will
increase with noise.

¢ Non-monotonicity is defined as when, except for code jitter, the converter converts to a lower code
for a higher input voltage. Non-monotonicity is present if the apparent code jitter covers three codes
(when the converter’s output is indeterminate between three values for a given input voltage) or is
greater than 1LSB.

* Missing codes are those which are never converted for any input value. In 8-bit or 10-bit mode, the
ADC10 is guaranteed to be monotonic and to have no missing codes.

MC68HC908QYA/QTA Family Data Sheet, Rev. 3
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Analog-to-Digital Converter (ADC10) Module

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0 0 0 0
Write:
Reset: 0 0 0 0 0 0 0 0

I:l = Unimplemented

Figure 3-4. ADC10 Data Register High (ADRH), 8-Bit Mode

Bit7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0 0 AD9 AD8
Write:
Reset: 0 0 0 0 0 0 0 0

\:| = Unimplemented

Figure 3-5. ADC10 Data Register High (ADRH), 10-Bit Mode

3.8.3 ADC10 Result Low Register (ADRL)

This register holds the LSBs of the result. This register is updated each time a conversion completes.
Reading ADRH prevents the ADC10 from transferring subsequent conversion results into the result
registers until ADRL is read. If ADRL is not read until the after next conversion is completed, then the
intermediate conversion result will be lost. In 8-bit mode, there is no interlocking with ADRH.

Bit7 6 5 4 3 2 1 Bit 0
Read: AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO
Write:
Reset: 0 0 0 0 0 0 0 0

I:l = Unimplemented

Figure 3-6. ADC10 Data Register Low (ADRL)

3.8.4 ADC10 Clock Register (ADCLK)

This register selects the clock frequency for the ADC10 and the modes of operation.

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Wit ADLPC ADIV1 ADIVO ADICLK MODEH1 MODEO | ADLSMP | ACLKEN
rite:
Reset: 0 0 0 0 0 0 0 0

Figure 3-7. ADC10 Clock Register (ADCLK)

ADLPC — ADC10 Low-Power Configuration Bit
ADLPC controls the speed and power configuration of the successive approximation converter. This
is used to optimize power consumption when higher sample rates are not required.
1 = Low-power configuration: The power is reduced at the expense of maximum clock speed.
0 = High-speed configuration

MC68HC908QYA/QTA Family Data Sheet, Rev. 3
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1/0 Signals

9.7 1/0O Signals

The KBI module can share its pins with the general-purpose I/O pins. See Figure 9-1 for the port pins that
are shared.

9.7.1 KBI Input Pins (KBIx:KBIO0)

Each KBI pin is independently programmable as an external interrupt source. KBI pin polarity can be
controlled independently. Each KBI pin when enabled will automatically configure the appropriate
pullup/pulldown device based on polarity.

9.8 Registers

The following registers control and monitor operation of the KBI module:
e KBSCR (keyboard interrupt status and control register)
* KBIER (keyboard interrupt enable register)
* KBIPR (keyboard interrupt polarity register)

9.8.1 Keyboard Status and Control Register (KBSCR)

Features of the KBSCR:
* Flags keyboard interrupt requests
* Acknowledges keyboard interrupt requests
* Masks keyboard interrupt requests
* Controls keyboard interrupt triggering sensitivity

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 KEYF 0
IMASKK MODEK
Write: ACKK
Reset: 0 0 0 0 0 0 0 0

l:l = Unimplemented

Figure 9-3. Keyboard Status and Control Register (KBSCR)
Bits 7-4 — Not used

KEYF — Keyboard Flag Bit
This read-only bit is set when a keyboard interrupt is pending.
1 = Keyboard interrupt pending
0 = No keyboard interrupt pending

ACKK — Keyboard Acknowledge Bit
Writing a 1 to this write-only bit clears the KBI request. ACKK always reads 0.

IMASKK— Keyboard Interrupt Mask Bit
Writing a 1 to this read/write bit prevents the output of the KBI latch from generating interrupt requests.
1 = Keyboard interrupt requests disabled
0 = Keyboard interrupt requests enabled

MODEK — Keyboard Triggering Sensitivity Bit
This read/write bit controls the triggering sensitivity of the keyboard interrupt pins.
1 = Keyboard interrupt requests on edge and level
0 = Keyboard interrupt requests on edge only

MC68HC908QYA/QTA Family Data Sheet, Rev. 3
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Functional Description

The value in the TIM channel registers determines the pulse width of the PWM output. The pulse width of
an 8-bit PWM signal is variable in 256 increments. Writing $0080 (128) to the TIM channel registers
produces a duty cycle of 128/256 or 50%.

14.3.4.1 Unbuffered PWM Signal Generation

Any output compare channel can generate unbuffered PWM pulses as described in 14.3.4 Pulse Width
Modulation (PWM). The pulses are unbuffered because changing the pulse width requires writing the new
pulse width value over the old value currently in the TIM channel registers.

An unsynchronized write to the TIM channel registers to change a pulse width value could cause incorrect
operation for up to two PWM periods. For example, writing a new value before the counter reaches the
old value but after the counter reaches the new value prevents any compare during that PWM period.
Also, using a TIM overflow interrupt routine to write a new, smaller pulse width value may cause the
compare to be missed. The TIM may pass the new value before it is written to the timer channel
(TCHxH:TCHAxL).

Use the following methods to synchronize unbuffered changes in the PWM pulse width on channel x:

* When changing to a shorter pulse width, enable channel x output compare interrupts and write the
new value in the output compare interrupt routine. The output compare interrupt occurs at the end
of the current pulse. The interrupt routine has until the end of the PWM period to write the new
value.

* When changing to a longer pulse width, enable TIM overflow interrupts and write the new value in
the TIM overflow interrupt routine. The TIM overflow interrupt occurs at the end of the current PWM
period. Writing a larger value in an output compare interrupt routine (at the end of the current pulse)
could cause two output compares to occur in the same PWM period.

NOTE
In PWM signal generation, do not program the PWM channel to toggle on
output compare. Toggling on output compare prevents reliable 0% duty
cycle generation and removes the ability of the channel to self-correct in the
event of software error or noise. Toggling on output compare also can
cause incorrect PWM signal generation when changing the PWM pulse
width to a new, much larger value.

14.3.4.2 Buffered PWM Signal Generation

Channels 0 and 1 can be linked to form a buffered PWM channel whose output appears on the TCHO pin.
The TIM channel registers of the linked pair alternately control the output.

Setting the MSOB bit in TIM channel 0 status and control register (TSCO) links channel 0 and channel 1.
The TIM channel O registers initially control the pulse width on the TCHO pin. Writing to the TIM channel
1 registers enables the TIM channel 1 registers to synchronously control the pulse width at the beginning
of the next PWM period. At each subsequent overflow, the TIM channel registers (0 or 1) that control the
pulse width are the ones written to last. TSCO controls and monitors the buffered PWM function, and TIM
channel 1 status and control register (TSC1) is unused. While the MSOB bit is set, the channel 1 pin,
TCHA1, is available as a general-purpose /O pin.

NOTE
In buffered PWM signal generation, do not write new pulse width values to
the currently active channel registers. User software should track the
currently active channel to prevent writing a new value to the active
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Interrupts

14.4 Interrupts

The following TIM sources can generate interrupt requests:

* TIM overflow flag (TOF) — The TOF bit is set when the counter reaches the modulo value
programmed in the TIM counter modulo registers. The TIM overflow interrupt enable bit, TOIE,
enables TIM overflow interrupt requests. TOF and TOIE are in the TSC register.

e TIM channel flags (CH1F:CHOF) — The CHXxF bit is set when an input capture or output compare
occurs on channel x. Channel x TIM interrupt requests are controlled by the channel x interrupt
enable bit, CHxIE. Channel x TIM interrupt requests are enabled when CHXIE =1. CHxF and
CHXIE are in the TSCx register.

14.5 Low-Power Modes
The WAIT and STOP instructions put the MCU in low power-consumption standby modes.

14.5.1 Wait Mode

The TIM remains active after the execution of a WAIT instruction. In wait mode the TIM registers are not
accessible by the CPU. Any enabled interrupt request from the TIM can bring the MCU out of wait mode.

If TIM functions are not required during wait mode, reduce power consumption by stopping the TIM before
executing the WAIT instruction.

14.5.2 Stop Mode

The TIM module is inactive after the execution of a STOP instruction. The STOP instruction does not
affect register conditions. TIM operation resumes after an external interrupt. If stop mode is exited by
reset, the TIM is reset.

14.6 TIM During Break Interrupts

A break interrupt stops the counter.

The system integration module (SIM) controls whether status bits in other modules can be cleared during
the break state. The BCFE bit in the break flag control register (BFCR) enables software to clear status
bits during the break state. See BFCR in the SIM section of this data sheet.

To allow software to clear status bits during a break interrupt, write a 1 to BCFE. If a status bit is cleared
during the break state, it remains cleared when the MCU exits the break state.

To protect status bits during the break state, write a 0 to BCFE. With BCFE cleared (its default state),
software can read and write registers during the break state without affecting status bits. Some status bits
have a two-step read/write clearing procedure. If software does the first step on such a bit before the
break, the bit cannot change during the break state as long as BCFE is cleared. After the break, doing the
second step clears the status bit.
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Chapter 15
Development Support

15.1 Introduction

This section describes the break module, the monitor module (MON), and the monitor mode entry
methods.

15.2 Break Module (BRK)

The break module can generate a break interrupt that stops normal program flow at a defined address to
enter a background program.

Features include:
e Accessible input/output (I/O) registers during the break Interrupt
e Central processor unit (CPU) generated break interrupts
* Software-generated break interrupts
* Computer operating properly (COP) disabling during break interrupts

15.2.1 Functional Description

When the internal address bus matches the value written in the break address registers, the break module
issues a breakpoint signal (BKPT) to the system integration module (SIM). The SIM then causes the CPU
to load the instruction register with a software interrupt instruction (SWI). The program counter vectors to
$FFFC and $FFFD ($FEFC and $FEFD in monitor mode).

The following events can cause a break interrupt to occur:
* A CPU generated address (the address in the program counter) matches the contents of the break
address registers.
» Software writes a 1 to the BRKA bit in the break status and control register.

When a CPU generated address matches the contents of the break address registers, the break interrupt
is generated. A return-from-interrupt instruction (RTI) in the break routine ends the break interrupt and
returns the microcontroller unit (MCU) to normal operation.

Figure 15-2 shows the structure of the break module.

When the internal address bus matches the value written in the break address registers or when software
writes a 1 to the BRKA bit in the break status and control register, the CPU starts a break interrupt by:

* Loading the instruction register with the SWI instruction

* Loading the program counter with $FFFC and $FFFD ($FEFC and $FEFD in monitor mode)
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Oscillator Characteristics

16.11 Oscillator Characteristics

Characteristic Symbol Min Typ Max Unit
Internal oscillator frequency(")
ICFS1:ICFS0 =00 f — 4 — MHz
ICFS1:ICFSO0 = 01 INTCLK — 8 —
ICFS1:ICFS0 = 10 (not allowed if Vpp <2.7V) — 12.8 —
Trim accuracy®®) ATRIM_ACC — +0.4 — %
Deviation from trimmed Internal oscillator®)(*)
4,8, 12.8MHz, Vpp + 10%, 0 to 70°C AINT TRIM — 2 — %
4,8, 12.8MHz, Vpp + 10%, —40 to 125°C — — +5
External RC oscillator frequency, RCCLK (1)) fReoLK 2 — 10 MHz
External clock reference frequencyy(1(®)®)
VDD >4.5V fOSCXCLK dc — 32 MHz
VDD <4.5V dc 16
RC oscillator external resistor(®)
VDD =5V REXT See Figure 16-7 —
Vpp=3V See Figure 16-8
Crystal frequency, XTALCLK(1(?)(®)
ECFS1:ECFS0=00 (Vpp=>4.5V)
ECFS1:ECFSO0 = 00 foscxoLK o — 2 e
ECFS1:ECFSO0 = 01 1 8 MHz
ECFS1:ECFS0=10 30 100 KHz
ECFS1:ECFS0 = 00 ¥
Feedback bias resistor Rg — 1 — MQ
Crystal load capacitance('? CL — 20 — pF
Crystal capacitors(10) C1,Co — (2xCy)-5pF — pF
ECFS1:ECFS0 = 01©)
Crystal series damping resistor Rg
fOSCXCLK =1MHz —_ 20 —_ kQ
fOSCXCLK =4 MHz — 10 — kQ
fOSCXCLK =8 MHz — 0 — kQ
Feedback bias resistor Rg — 5 — MQ
Crystal load capacitance(? CL — 18 — pF
Crystal capacitors('?) C4,Co — (2xCp)-10pF — pF
AWU module internal RC oscillator frequency fiINTRC — 32 — kHz

1. Bus frequency, fop, is oscillator frequency divided by 4.

2. Factory trimmed to provided 12.8MHz accuracy requirement (+ 5%, @ 25¢C) for forced monitor mode communication. User
should trim in-circuit to obtain the most accurate internal oscillator frequency for the application.

. Values are based on characterization results, not tested in production.

. Deviation values assumes trimming in target application @25¢C and midpoint of voltage range, for example 5.0 V for 5 V
+ 10% operation.

. No more than 10% duty cycle deviation from 50%.

. When external oscillator clock is greater than 1MHz, ECFS1:ECFSO0 must be 00 or 01

. Use fundamental mode only, do not use overtone crystals or overtone ceramic resonators

. Due to variations in electrical properties of external components such as, ESR and Load Capacitance, operation above
16 MHz is not guaranteed for all crystals or ceramic resonators. Operation above 16 MHz requires that a Negative Resis-
tance Margin (NRM) characterization and component optimization be performed by the crystal or ceramic resonator vendor
for every different type of crystal or ceramic resonator which will be used. This characterization and optimization must be
performed at the extremes of voltage and temperature which will be applied to the microcontroller in the application. The
NRM must meet or exceed 10x the maximum ESR of the crystal or ceramic resonator for acceptable performance.

9. Do not use damping resistor when ECFS1:ECFS0 = 00 or 10

10. Consult crystal vendor data sheet.

AW
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Ordering Information and Mechanical Specifications
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Ordering Information and Mechanical Specifications
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