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Table 1-2. Pin Functions (Continued)

Pin Functions

Pin Name Description Inputlt()utpu
PTB2 — General-purpose /0O port Input/Output
MISO — SPI data received Input/Output
PTB2
T2CHO0® — TIM2 channel 0 Input/Output
AD6 — A/D channel 6 input Input
PTB3 — General-purpose /O port Input/Output
SS — SPI slave select Input
PTB3
T2CLK — TIM2 timer clock input Input
AD7 — A/D channel 7 input Input
PTB4 — General-purpose /O port Input/Output
RxD — ESCI receive data I/0 Input
PTB4
T2CH0® — TIM2 channel 0 Input/Output
AD8 — A/D channel 8 input Input
PTB5 — General-purpose /O port Input/Output
TxD — ESCI transport data I/0 Output
PTB5
T2CH1?) — TIM2 channel 1 Input/Output
AD9 — A/D channel 9 input Input
PTBG PTB6 — General-purpose /O port Input/Output
T1CH2 — Timer channel 2 1/0 Input/Output
PTR7 PTB7 — General-purpose /O port Input/Output
T1CH3 — Timer channel 3 1/0 Input/Output
PTCO-PTC2®) | General-purpose I/O port Input/Output
pTC3(1:3) General-purpose input port Input
PTDO-PTD7® | General-purpose I/O port Input/Output

1. PTA2 and PTC3 pins have high voltage detectors to enter special modes.

2. T2CHO and T2CH1 can be repositioned using TIM2POS in CONFIG2.

3. Pins not available on 16-pin devices (see note in 11.1 Introduction).

4. Pins not available on 16-pin or 20-pin devices (see note in 11.1 Introduction).
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FLASH Memory (FLASH)

2.6.4 FLASH Program Operation

Programming of the FLASH memory is done on a row basis. A row consists of 32 consecutive bytes
starting from addresses $XX00, $XX20, $XX40, $XX60, $XX80, $XXA0, $XXCO, or $XXEO. Use the
following step-by-step procedure to program a row of FLASH memory

Figure 2-4 shows a flowchart of the programming algorithm.

© N ok

9.
10.
11.
12.
13.

NOTE
Do not program any byte in the FLASH more than once after a successful
erase operation. Reprogramming bits to a byte which is already
programmed is not allowed without first erasing the page in which the byte
resides or mass erasing the entire FLASH memory. Programming without
first erasing may disturb data stored in the FLASH.

Set the PGM bit. This configures the memory for program operation and enables the latching of
address and data for programming.

Read the FLASH block protect register.

Write any data to any FLASH location within the address range desired.
Wait for a time, tyys.

Set the HVEN bit.

Wait for a time, tpgs.

Write data to the FLASH address being programmed(”.

Wait for time, tprog-

Repeat step 7 and 8 until all desired bytes within the row are programmed.
Clear the PGM bit ().

Wait for time, tnypy-

Clear the HVEN bit.

After time, tgcy, the memory can be accessed in read mode again.

This program sequence is repeated throughout the memory until all data is programmed.

NOTE
Programming and erasing of FLASH locations cannot be performed by
code being executed from the FLASH memory. While these operations
must be performed in the order shown, other unrelated operations may
occur between the steps. Do not exceed tpgog maximum, see 19.17
Memory Characteristics.

1. The time between each FLASH address change, or the time between the last FLASH address programmed to clearing
PGM bit, must not exceed the maximum programming time, tprog Mmaximum.
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Analog-to-Digital Converter (ADC10) Module

3.3.4 Sources of Error

Several sources of error exist for ADC conversions. These are discussed in the following sections.

3.3.4.1 Sampling Error

For proper conversions, the input must be sampled long enough to achieve the proper accuracy. Given
the maximum input resistance of approximately 15 kQ and input capacitance of approximately 10 pF,
sampling to within 1/4LSB (at 10-bit resolution) can be achieved within the minimum sample window (3.5
cycles / 2 MHz maximum ADCK frequency) provided the resistance of the external analog source (Rps)
is kept below 10 kQ. Higher source resistances or higher-accuracy sampling is possible by setting
ADLSMP (to increase the sample window to 23.5 cycles) or decreasing ADCK frequency to increase
sample time.

3.3.4.2 Pin Leakage Error

Leakage on the I/O pins can cause conversion error if the external analog source resistance (Rpg) is high.
If this error cannot be tolerated by the application, keep Rag lower than Vapy N/ (4096™1 o4k) for less than
1/4LSB leakage error (at 10-bit resolution).

3.3.4.3 Noise-Induced Errors

System noise which occurs during the sample or conversion process can affect the accuracy of the
conversion. The ADC10 accuracy numbers are guaranteed as specified only if the following conditions
are met:

* Thereis a 0.1uF low-ESR capacitor from Vgeggy to Vgeg, (if available).
* Thereis a 0.1uF low-ESR capacitor from Vppa to Vggp (if available).

* If inductive isolation is used from the primary supply, an additional 1uF capacitor is placed from
VDDA to VSSA (If available).

* Vgga and Vgep (if available) is connected to Vgg at a quiet point in the ground plane.

* The MCU is placed in wait mode immediately after initiating the conversion (next instruction after
write to ADSCR).

e There is no I/O switching, input or output, on the MCU during the conversion.
There are some situations where external system activity causes radiated or conducted noise emissions
or excessive Vpp noise is coupled into the ADC10. In these cases, or when the MCU cannot be placed

in wait or 1/O activity cannot be halted, the following recommendations may reduce the effect of noise on
the accuracy:

* Place a 0.01 uF capacitor on the selected input channel to Vggg or Vggp (if available). This will
improve noise issues but will affect sample rate based on the external analog source resistance.

* Operate the ADC10 in stop mode by setting ACLKEN, selecting the channel in ADSCR, and
executing a STOP instruction. This will reduce Vpp noise but will increase effective conversion time
due to stop recovery.

* Average the input by converting the output many times in succession and dividing the sum of the
results. Four samples are required to eliminate the effect of a 1LsSB, one-time error.

* Reduce the effect of synchronous noise by operating off the asynchronous clock (ACLKEN=1) and
averaging. Noise that is synchronous to the ADCK cannot be averaged out.
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Configuration Registers (CONFIG1 and CONFIG2)
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Computer Operating Properly (COP)

The COP counter is a free-running 6-bit counter preceded by the 12-bit system integration module (SIM)
counter. If not cleared by software, the COP counter overflows and generates an asynchronous reset
after 262,128 or 8176 BUSCLKX4 cycles; depending on the state of the COP rate select bit, COPRS, in
configuration register 1. With a 262,128 BUSCLKX4 cycle overflow option, the internal 12.8-MHz
oscillator gives a COP timeout period of 20.48 ms. Writing any value to location $FFFF before an overflow
occurs prevents a COP reset by clearing the COP counter and stages 12-5 of the SIM counter.

NOTE
Service the COP immediately after reset and before entering or after exiting
stop mode to guarantee the maximum time before the first COP counter
overflow.

A COP reset pulls the RST pin low (if the RSTEN bit is set in the CONFIG1 register) for 32 x BUSCLKX4
cycles and sets the COP bit in the reset status register (RSR). See 14.8.1 SIM Reset Status Register.

NOTE
Place COP clearing instructions in the main program and not in an interrupt
subroutine. Such an interrupt subroutine could keep the COP from
generating a reset even while the main program is not working properly.

5.3 I/O Signals

The following paragraphs describe the signals shown in Figure 5-1.

5.3.1 BUSCLKX4

BUSCLKX4 is the oscillator output signal. BUSCLKX4 frequency is equal to the crystal frequency, internal
oscillator frequency, or the RC-oscillator frequency.

5.3.2 STOP Instruction

The STOP instruction clears the SIM counter.

5.3.3 COPCTL Write

Writing any value to the COP control register (COPCTL) (see 5.4 COP Control Register) clears the COP
counter and clears stages 12-5 of the SIM counter. Reading the COP control register returns the low byte
of the reset vector.

5.3.4 Power-On Reset

The power-on reset (POR) circuit in the SIM clears the SIM counter 4096 x BUSCLKX4 cycles after
power up.

5.3.5 Internal Reset

An internal reset clears the SIM counter and the COP counter.

5.3.6 COPD (COP Disable)

The COPD signal reflects the state of the COP disable bit (COPD) in the configuration register (CONFIG).
See Chapter 4 Configuration Registers (CONFIG1 and CONFIG2).
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Port C

11.5.2 Data Direction Register C

Data direction register C (DDRC) determines whether each port C pin is an input or an output. Writing a 1
to a DDRC bit enables the output buffer for the corresponding port C pin; a 0 disables the output buffer.

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0
) DDRC2 DDRC1 DDRCO
Write:
Reset: 0 0 0 0 0 0 0 0

I:I = Unimplemented

Figure 11-10. Data Direction Register C (DDRC)

DDRC[2:0] — Data Direction Register C Bits
These read/write bits control port C data direction. Reset clears DDRC[2:0], configuring all port C pins
as inputs.
1 = Corresponding port C pin configured as output
0 = Corresponding port C pin configured as input

NOTE
Avoid glitches on port C pins by writing to the port C data register before
changing data direction register C bits from 0 to 1. Figure 11-11 shows the
port C I/O logic.

2"\ READ DDRC ($0006) T

PTCPUEx—] [:

DDRCx
RESET —»] |::| PULLUP

WRITE DDRC ($0006)

WRITE PTC ($0002)

> PTCx ® —> PTCx

READ PTC ($0002) )’]
AN

< INTERNAL DATA BUS
A

Figure 11-11. Port C I/O Circuit

NOTE
Figure 11-11 does not apply to PTCS3.

When DDRCx is a 1, reading address $0002 reads the PTCx data latch. When DDRCx is a 0, reading
address $0002 reads the voltage level on the pin. The data latch can always be written, regardless of the
state of its data direction bit.

MC68HC908QC16 » MC68HC908QC8 « MC68HC908QC4 Data Sheet, Rev. 5

Freescale Semiconductor 113



Chapter 13
Enhanced Serial Communications Interface (ESCI) Module

13.1

Introduction

The enhanced serial communications interface (ESCI) module allows asynchronous communications

with peripheral devices and other microcontroller units (MCU).

The ESCI module shares its pins with general-purpose input/output (I/O) port pins. See Figure 13-1 for
port location of these shared pins. The ESCI baud rate clock source is controlled by a bit (ESCIBDSRC)
located in the configuration register.

13.2 Features

Features include:

Full-duplex operation

Standard mark/space non-return-to-zero (NRZ) format
Programmable baud rates

Programmable 8-bit or 9-bit character length
Separately enabled transmitter and receiver
Separate receiver and transmitter interrupt requests
Programmable transmitter output polarity
Receiver wakeup methods

— Idle line

— Address mark

Interrupt-driven operation with eight interrupt flags:
— Transmitter empty

— Transmission complete

— Receiver full

— Idle receiver input

— Receiver overrun

— Noise error

— Framing error

— Parity error

Receiver framing error detection

Hardware parity checking

1/16 bit-time noise detection
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Enhanced Serial Communications Interface (ESCI) Module

PTAOT1CHO/ADO/KBIO <e—»
PTA1/TICH1/AD1/KBI1 ~—>] @ CLOCK

- GENERATOR
PTA2TRQKBI2TICLK —=| . | < @

<

PTASRSTKBIZ <—>| & | 8
PTA4/0SC2/AD2/KBIA <€—>-] @ KEYBOARD INTERRUPT
PTA5/0SC1/AD3/KBI5 <€—»-] MOPULE

(———)  wearcoscry  K——)

PTBO/SPSCK/AD4 <€—> @ SINGLE INTERRUPT
PTB1/MOSI/T2CH1/AD5 <€—> MODULE
PTB2MISO/T2CHO/ADE ~—3

PTB3/SS/T2CLK/AD7 <—»| m | 2 BREAK
=)
PTB4/RXDIT2CHO/ADS < = | 5 Q:"> R
PTB5/TXDIT2CH1/AD9 ~g=3»
PTB6/TICH2 <>
PTB7/TICH3 <> @ PERIODIC WAKEUP
MODULE
PTCO <—>| < N
PTC1 <> .. | © g i V @ LOW-VOLTAGE
2| @ INHIBIT
PTC2 - | O
PTC3 —> MC68HC908QC16 4-CHANNEL 16-BIT
16,384 BYTES @ TIMER MODULE
PTDO <—»] MC68HC908QC8
. 8192 BYTES 2-CHANNEL 16-BIT
MC68HC908QC4 TIMER MODULE
[m]
PTD3 - o | & 4096 BYTES
PTD4 <-—> o | B
PTD5 <—»] USER FLASH o
PTD6 <> @ MODULE
PTD7 <«—>»
@ 10-CHANNEL
MC68HC908QC16 10-BIT ADC
512 BYTES
MC68HC908QC8 ENHANCED SERIAL
384 BYTES @ C:D COMMUNICATIONS
INTERFACE MODULE
MC68HC908QC4 CE MODU
384 BYTES
SERIAL PERIPHERAL
JSER A @ INTERFACE
@ MONITOR ROM
«— Vpp
POWER SUPPLY ™
l«— Vss

All port pins can be configured with internal pullup
PTC not available on 16-pin devices (see note in 11.1 Introduction)
PTD not available on 16-pin or 20-pin devices (see note in 11.1 Introduction)

Figure 13-1. Block Diagram Highlighting ESCI Block and Pins
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Registers

ENSCI — Enable ESCI Bit
This read/write bit enables the ESCI and the ESCI baud rate generator. Clearing ENSCI sets the SCTE
and TC bits in ESCI status register 1 and disables transmitter interrupts.
1 = ESCI enabled
0 = ESCI disabled

TXINV — Transmit Inversion Bit
This read/write bit reverses the polarity of transmitted data.
1 = Transmitter output inverted
0 = Transmitter output not inverted

NOTE
Setting the TXINV bit inverts all transmitted values including idle, break,
start, and stop bits.

M — Mode (Character Length) Bit
This read/write bit determines whether ESCI characters are eight or nine bits long (see Table 13-4).
The ninth bit can serve as a receiver wakeup signal or as a parity bit.
1 = 9-bit ESCI characters
0 = 8-bit ESCI characters

Table 13-4. Character Format Selection

Control Bits Character Format
M PEN:PTY Start Bits | Data Bits Parity Stop Bits | Character Length
0 0 X 1 8 None 1 10 bits
1 0 X 1 9 None 1 11 bits
0 10 1 7 Even 1 10 bits
0 11 1 7 Odd 1 10 bits
1 10 1 8 Even 1 11 bits
1 11 1 8 Odd 1 11 bits

WAKE — Wakeup Condition Bit
This read/write bit determines which condition wakes up the ESCI: a 1 (address mark) in the MSB
position of a received character or an idle condition on the RxD pin.
1 = Address mark wakeup
0 = Idle line wakeup

ILTY — Idle Line Type Bit
This read/write bit determines when the ESCI starts counting 1s as idle character bits. The counting
begins either after the start bit or after the stop bit. If the count begins after the start bit, then a string
of 1s preceding the stop bit may cause false recognition of an idle character. Beginning the count after
the stop bit avoids false idle character recognition, but requires properly synchronized transmissions.
1 = Idle character bit count begins after stop bit
0 = Idle character bit count begins after start bit

PEN — Parity Enable Bit
This read/write bit enables the ESCI parity function (see Table 13-4). When enabled, the parity
function inserts a parity bit in the MSB position (see Table 13-2).
1 = Parity function enabled
0 = Parity function disabled
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Reset and System Initialization

14.3.1 Bus Timing

In user mode, the internal bus frequency is the oscillator frequency (BUSCLKX4) divided by four.

14.3.2 Clock Start-Up from POR

When the power-on reset module generates a reset, the clocks to the CPU and peripherals are inactive
and held in an inactive phase until after the 4096 BUSCLKX4 cycle POR time out has completed. The
IBUS clocks start upon completion of the time out.

14.3.3 Clocks in Stop Mode and Wait Mode

Upon exit from stop mode by an interrupt or reset, the SIM allows BUSCLKX4 to clock the SIM counter.
The CPU and peripheral clocks do not become active until after the stop delay time out. This time out is
selectable as 4096 or 32 BUSCLKX4 cycles. See 14.7.2 Stop Mode.

In wait mode, the CPU clocks are inactive. The SIM also produces two sets of clocks for other modules.
Refer to the wait mode subsection of each module to see if the module is active or inactive in wait mode.
Some modules can be programmed to be active in wait mode.

14.4 Reset and System Initialization

The MCU has these reset sources:
* Power-on reset module (POR)
e External reset pin (RST)
e Computer operating properly module (COP)
* Low-voltage inhibit module (LVI)
* lllegal opcode
* lllegal address

All of these resets produce the vector $FFFE-FFFF ($FEFE—FEFF in monitor mode) and assert the
internal reset signal (IRST). IRST causes all registers to be returned to their default values and all
modules to be returned to their reset states.

An internal reset clears the SIM counter (see 14.5 SIM Counter), but an external reset does not. Each of
the resets sets a corresponding bit in the SIM reset status register (SRSR). See 14.8 SIM Registers.

14.4.1 External Pin Reset

The RST pin circuits include an internal pullup device. Pulling the asynchronous RST pin low halts all
processing. The PIN bit of the SIM reset status register (SRSR) is set as long as RST is held low for at
least the minimum tg,_time. Figure 14-3 shows the relative timing. The RST pin function is only available
if the RSTEN bit is set in the CONFIG2 register.

BUSCLKX2
RST
wooress aus v )T ey vesroy )y

Figure 14-3. External Reset Timing
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Exception Control

14.6.2.1 Interrupt Status Register 1

Bit 7 6 5 4 3 2 1 Bit 0
Read: IF6 IF5 IF4 IF3 IF2 IF1 0 0
Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0

E = Reserved

Figure 14-11. Interrupt Status Register 1 (INT1)

IF1-IF6 — Interrupt Flags

These flags indicate the presence of interrupt requests from the sources shown in Table 14-3.
1 = Interrupt request present
0 = No interrupt request present

Bit 0 and 1— Always read 0

14.6.2.2 Interrupt Status Register 2

Bit 7 6 5 4 3 2 1 Bit 0
Read: IF14 IF13 IF12 IF11 IF10 IF9 IF8 IF7
Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0

E = Reserved

Figure 14-12. Interrupt Status Register 2 (INT2)

IF7-IF14 — Interrupt Flags

This flag indicates the presence of interrupt requests from the sources shown in Table 14-3.
1 = Interrupt request present
0 = No interrupt request present

14.6.2.3 Interrupt Status Register 3

Bit 7 6 5 4 3 2 1 Bit0
Read: IF22 IF21 IF20 IF19 IF18 IF17 IF16 IF15
Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0

Figure 14-13. Interrupt Status Register 3 (INT3)

IF22—-IF15 — Interrupt Flags

These flags indicate the presence of interrupt requests from the sources shown in Table 14-3.
1 = Interrupt request present
0 = No interrupt request present

14.6.3 Reset

All reset sources always have equal and highest priority and cannot be arbitrated.
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Serial Peripheral Interface (SPI) Module

input (SS) is low, so that only the selected slave drives to the master. The SS pin of the master is not
shown but is assumed to be inactive. The SS pin of the master must be high or must be reconfigured as
general-purpose 1/O not affecting the SPI. (See 15.3.6.2 Mode Fault Error.) When CPHA = 0, the first
SPSCK edge is the MSB capture strobe. Therefore, the slave must begin driving its data before the first
SPSCK edge, and a falling edge on the SS pin is used to start the slave data transmission. The slave’s
SS pin must be toggled back to high and then low again between each byte transmitted as shown in
Figure 15-5.

When CPHA = 0 for a slave, the falling edge of SS indicates the beginning of the transmission. This
causes the SPI to leave its idle state and begin driving the MISO pin with the MSB of its data. After the
transmission begins, no new data is allowed into the shift register from the transmit data register.
Therefore, the SPI data register of the slave must be loaded with transmit data before the falling edge of
SS. Any data written after the falling edge is stored in the transmit data register and transferred to the shift
register after the current transmission.

SPSCK CYCLE #
FOR REFERENCE 1 2 3 4 5 6 ! 8
SPSCK: CPOL =0 o\ Y A A R Y A Y
O
SPSCK: CPOL =1
o ]

EroM MamoS! TN msB Y BiTe ) BiTs Y BIT4 ¥ BIT3 ) BIT2 Y BIT1 ) LSB
S O I O A A

MSO s Y mie { BiTs | B4 ) s | B2 Y A1 ) Lss
|

FROM SLAVE
ssroswe | LIV TTIITTTTTT F

CAPTURE STROBE A A A A A A A A
Figure 15-4. Transmission Format (CPHA = 0)

MISOMOSI BYTE 1 X BYTE 2 X BYTE3

MASTER SS

SLAVE SS
CPHA=0

SLAVE SS
CPHA =1

A /\

AJI\LJ
1A

Figure 15-5. CPHA/SS Timing

15.3.3.3 Transmission Format When CPHA = 1

Figure 15-6 shows an SPI transmission in which CPHA = 1. The figure should not be used as a
replacement for data sheet parametric information. Two waveforms are shown for SPSCK: one for
CPOL = 0 and another for CPOL = 1. The diagram may be interpreted as a master or slave timing
diagram because the serial clock (SPSCK), master in/slave out (MISO), and master out/slave in (MOSI)
pins are directly connected between the master and the slave. The MISO signal is the output from the
slave, and the MOSI signal is the output from the master. The SS line is the slave select input to the slave.
The slave SPI drives its MISO output only when its slave select input (SS) is low, so that only the selected
slave drives to the master. The SS pin of the master is not shown but is assumed to be inactive. The SS

MC68HC908QC16 » MC68HC908QC8 « MC68HC908QC4 Data Sheet, Rev. 5

174 Freescale Semiconductor



Timer Interface Module (TIM1)

Bit7 6 5 4 3 2 1 Bit 0
Read: TOF 0 0
TOIE TSTOP PS2 PS1 PSO
Write: 0 TRST
Reset: 0 0 1 0 0 0 0 0

D = Unimplemented

Figure 16-4. TIM1 Status and Control Register (T1SC)

TOF — TIM1 Overflow Flag Bit

This read/write flag is set when the counter reaches the modulo value programmed in the TIM1 counter
modulo registers. Clear TOF by reading the T1SC register when TOF is set and then writing a 0 to
TOF. If another TIM1 overflow occurs before the clearing sequence is complete, then writing 0 to TOF
has no effect. Therefore, a TOF interrupt request cannot be lost due to inadvertent clearing of TOF.
Writing a 1 to TOF has no effect.

1 = Counter has reached modulo value

0 = Counter has not reached modulo value

TOIE — TIM1 Overflow Interrupt Enable Bit
This read/write bit enables TIM1 overflow interrupts when the TOF bit becomes set.
1 = TIM1 overflow interrupts enabled
0 = TIM1 overflow interrupts disabled

TSTOP — TIM1 Stop Bit
This read/write bit stops the counter. Counting resumes when TSTOP is cleared. Reset sets the
TSTOP bit, stopping the counter until software clears the TSTOP bit.
1 = Counter stopped
0 = Counter active

NOTE
Do not set the TSTOP bit before entering wait mode if the TIM1 is required
to exit wait mode. Also, when the TSTORP bit is set and the timer is
configured for input capture operation, input captures are inhibited until the
TSTORP bit is cleared.

When using TSTORP to stop the timer counter, see if any timer flags are set.
If a timer flag is set, it must be cleared by clearing TSTOP, then clearing the
flag, then setting TSTOP again.

TRST — TIM1 Reset Bit
Setting this write-only bit resets the counter and the TIM1 prescaler. Setting TRST has no effect on
any other timer registers. Counting resumes from $0000. TRST is cleared automatically after the
counter is reset and always reads as 0.
1 = Prescaler and counter cleared

0 = No effect
NOTE
Setting the TSTOP and TRST bits simultaneously stops the counter at a
value of $0000.
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Registers

Table 17-2. Mode, Edge, and Level Selection

MSxB | MSxA | ELSxB ELSxA Mode Configuration
X 0 0 0 Pin under port control; initial output level high
Output preset - —
X 1 0 0 Pin under port control; initial output level low
0 0 0 1 Capture on rising edge only
0 0 1 0 Input capture Capture on falling edge only
0 0 1 1 Capture on rising or falling edge
0 1 0 0 Software compare only
0 1 0 1 Output compare | Toggle output on compare
0 1 1 0 or PWM Clear output on compare
0 1 1 1 Set output on compare
1 X 0 1 Buffered output Toggle output on compare
1 X 1 0 compare or Clear output on compare
1 X 1 1 buffered PWM gt output on compare

NOTE
After initially enabling a TIM2 channel register for input capture operation
and selecting the edge sensitivity, clear CHxF to ignore any erroneous
edge detection flags.

TOVx — Toggle-On-Overflow Bit
When channel x is an output compare channel, this read/write bit controls the behavior of the channel
x output when the counter overflows. When channel x is an input capture channel, TOVx has no effect.
1 = Channel x pin toggles on TIM2 counter overflow.
0 = Channel x pin does not toggle on TIM2 counter overflow.

NOTE
When TOVx is set, a counter overflow takes precedence over a channel x
output compare if both occur at the same time.

CHxMAX — Channel x Maximum Duty Cycle Bit
When the TOVx bit is at 1, setting the CHxMAX bit forces the duty cycle of buffered and unbuffered
PWM signals to 100%. As Figure 17-11 shows, the CHxMAX bit takes effect in the cycle after it is set
or cleared. The output stays at the 100% duty cycle level until the cycle after CHXMAX is cleared.

OVERFLOW OVERFLOW OVERFLOW OVERFLOW OVERFLOW

<«— PERIOD —»{

Y Y

_—+— T T +—
OUTPUT OUTPUT OUTPUT OUTPUT
COMPARE COMPARE COMPARE COMPARE

CHXMAX |

Figure 17-11. CHxMAX Latency
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Development Support

Vop

Voo
*
10 kQ
Vbp I
RST (PTA3) I 0.1 uF

9.8304 MHz CLOCK
MAX232 Vop f@—z 0SC1 (PTAS)
16

J_—1 Cl+ T — VTST
1 HF * L 1 MF VDD
/I\—S C1- % ~ 1uF
L + 10kQ"*
4 ) = PTAT
. * V+ v 1RQ (PTA2)
1 uF 6 DD
V-
5] co- 9.1V
c2 1uF
= 10kQ 10kQ
DBY L 74HC125 | = PTA4 W
2 7 0 - 6 5 L
°<} 74HC125 PTAO -
3 8 9 2 3 4
4 e VSS
s ]
L =
- * Value not critical
Figure 18-10. Monitor Mode Circuit (External Clock, with High Voltage)
Voo
N.C.— I RsT
RST (PTA3) Vop
0.1 uF
MAX232 Voo 1
1 16 T B
‘ 9.8304 MHz CLOCK
i o iR L—( ) e T L 0sCH (PTAS)
1 LlF 1 LLF
/I\_3‘ Ci- q ~ 1uF B
+
— 10kQ* PTA1— NLC.
4 c: v 2 I
1 FJ_+_ Voo IRQ (PTA2)
alks : v-|8 PTA4— NC.
o co- NG
L 10kQ
DB9 L 74HC125
2 7 0 - 6 |5
74HC125 PTAO
3 8 {>¢ 9 2 3 4 VSS j
5 1 ==

* Value not critical

Figure 18-11. Monitor Mode Circuit (External Clock, No High Voltage)
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Electrical Specifications

19.3 Functional Operating Range

Characteristic Symbol Value Unit Temp.

Code
—-40to +125 M
Operating temperature range Ta —40to +105 °C \Y,
—-40to +85 C
Operating voltage range Vpp 3.0t0 5.5 \Y —
Maximum junction temperature Tmax 135 °C —

19.4 Thermal Characteristics

This section provides information about operating temperature range, power dissipation, and package
thermal resistance. Power dissipation on I/O pins is usually small compared to the power dissipation in
on-chip logic and voltage regulator circuits, and it is user-determined rather than being controlled by the
MCU design. To take P),g into account in power calculations, determine the difference between actual pin
voltage and Vgg or Vpp and multiply by the pin current for each I/O pin. Except in cases of unusually high
pin current (heavy loads), the difference between pin voltage and Vgg or Vpp will be very small.

236

Table 19-1. Thermal Characteristics

Rating Symbol Value Unit
Thermal resistance
Single-layer board (1 signal plane)
28-pin SOIC 68
28-pin TSSOP 94
20-pin SOIC 75
04a °C/W
20-pin TSSOP 109
16-pin SOIC 84
16-pin TSSOP 123
Thermal resistance
Four-layer board (2 signal planes, 2 power planes)
28-pin SOIC 45
28-pin TSSOP 61
20-pin SOIC 46
CITS °C/W
20-pin TSSOP 68
16-pin SOIC 50
16-pin TSSOP 77

MC68HC908QC16 » MC68HC908QC8 « MC68HC908QC4 Data Sheet, Rev. 5

Freescale Semiconductor



ADC10 Characteristics

Characteristic Conditions Symbol | Min | Typ("| Max Unit Comment
10-bit mode 0 +0.5 —
DNL LSB
Differential non-linearity 8-bit mode 0 +0.3 —
Monotonicity and no-missing-codes guaranteed
10-bit mode 0 +0.5 —
Integral non-linearity INL LSB
8-bit mode 0 +0.3 —
10-bit mode 0 +0.5 —
Zero-scale error Ezs LSB Vapin = Vss
8-bit mode 0 +0.3 —
10-bit mode 0 +0.5 —
Full-scale error Ers LSB Vapin = Vb
8-bit mode 0 +0.3 —
10-bit mode — — +0.5 i :
Quantization error Eq LSB 8 tt)ltt mod? IZ
8-bit mode — | +05 not truncate
10-bit mode 0 0.2 5 (5)
Input leakage error EL LSB Pad I:a;kage
8-bit mode 0 0.1 | +1.2 AS
Bandgap voltage input(3(©) Vea 117 | 1.245 | 1.32 %

1. Typical values assume Vpp = 5.0 V, temperature = 25 C, fipck = 1.0 MHz unless otherwise stated. Typical values are for

reference only and are not tested in production.
. Incremental Ipp added to MCU mode current.
. Values are based on characterization results, not tested in production.
. Reference the ADC module specification for more information on calculating conversion times.
. Based on typical input pad leakage current.
. LVI must be enabled, (LVIPWRD = 0, in CONFIG1). Voltage input to ADCH4:0 = $1A, an ADC conversion on this channel

o wWN

allows user to determine supply voltage.
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19.14 5.0-Volt SPI Characteristics

Diagram
istic® Symbol Min Max Unit
Number(" Characteristic y
Operating frequency
Master fOP(M) fop/1 28 fop/2 MHz
Slave fOP(S) dc fop MHz
Cycle time
1 Master tCYC(M) 2 128 tCYC
Slave tCYC(S) 1 — tCYC
2 Enable lead time tLead(S) 1 — tCYC
3 Enable Iag time tLag(S) 1 — tCYC
Clock (SPSCK) high time
4 Master tSCKH(M) tCYC -25 64 tCYC ns
Slave tSCKH(S) 1/2 tCYC -25 —_ ns
Clock (SPSCK) low time
5 Master tSCKL(M) tCYC -25 64 tCYC ns
Slave tSCKL(S) 1/2 tCYC -25 —_— ns
Data setup time (inputs)
6 Master tsum) 30 — ns
Slave tSU(S) 30 — ns
Data hold time (inputs)
7 Master thow) 30 — ns
Slave tH(S) 30 —_ ns
Access time, slave®
8 CPHA =0 tA(CPO) 0 40 ns
CPHA =1 taccp1) 0 40 ns
9 Disable time, slave(® tois(s) — 40 ns
Data valid time, after enable edge
10 Master tyav) — 50 ns
Slave(® ty(s) — 50 ns
Data hold time, outputs, after enable edge
11 Master tHo) 0 — ns
Slave tHO(S) 0 —_ ns

1. Numbers refer to dimensions in Figure 19-11 and Figure 19-12.

2. All timing is shown with respect to 20% Vpp and 70% Vpp, unless noted; 100 pF load on all SPI pins.

3. Time to data active from high-impedance state

4. Hold time to high-impedance state
5. With 100 pF on all SPI pins

250

MC68HC908QC16 » MC68HC908QC8 « MC68HC908QC4 Data Sheet, Rev. 5

Freescale Semiconductor



