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Chapter 1

General Description

1.1 Introduction
The MC68HC908QB8 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

MC68HC908QB8 8K/256 bytes 10 channel, 10 bit 4 Yes Yes 16 pins
MC68HC908QB4 4K/128 bytes 10 channel, 10 bit 4 Yes Yes 16 pins
MC68HC908QY8 8K/256 bytes 4 channel, 10 bit 2 No No 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

e 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%1)

* 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 18.11 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.

Freescale Semiconductor
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Analog-to-Digital Converter (ADC10) Module

Whichever clock is selected, its frequency must fall within the acceptable frequency range for ADCK. If
the available clocks are too slow, the ADC10 will not perform according to specifications. If the available
clocks are too fast, then the clock must be divided to the appropriate frequency. This divider is specified
by the ADIV[1:0] bits and can be divide-by 1, 2, 4, or 8.

3.3.2 Input Select and Pin Control

Only one analog input may be used for conversion at any given time. The channel select bits in ADSCR
are used to select the input signal for conversion.

3.3.3 Conversion Control

Conversions can be performed in either 10-bit mode or 8-bit mode as determined by the MODE bits.
Conversions can be initiated by either a software or hardware trigger. In addition, the ADC10 module can
be configured for low power operation, long sample time, and continuous conversion.

3.3.3.1 Initiating Conversions

A conversion is initiated:
* Following a write to ADSCR (with ADCH bits not all 1s) if software triggered operation is selected.
* Following a hardware trigger event if hardware triggered operation is selected.
* Following the transfer of the result to the data registers when continuous conversion is enabled.

If continuous conversions are enabled a new conversion is automatically initiated after the completion of
the current conversion. In software triggered operation, continuous conversions begin after ADSCR is
written and continue until aborted. In hardware triggered operation, continuous conversions begin after a
hardware trigger event and continue until aborted.

3.3.3.2 Completing Conversions

A conversion is completed when the result of the conversion is transferred into the data result registers,
ADRH and ADRL. This is indicated by the setting of the COCO bit. An interrupt is generated if AIEN is
high at the time that COCO is set.

A blocking mechanism prevents a new result from overwriting previous data in ADRH and ADRL if the
previous data is in the process of being read while in 10-bit mode (ADRH has been read but ADRL has
not). In this case the data transfer is blocked, COCO is not set, and the new result is lost. When a data
transfer is blocked, another conversion is initiated regardless of the state of ADCO (single or continuous
conversions enabled). If single conversions are enabled, this could result in several discarded
conversions and excess power consumption. To avoid this issue, the data registers must not be read after
initiating a single conversion until the conversion completes.

3.3.3.3 Aborting Conversions

Any conversion in progress will be aborted when:

e A write to ADSCR occurs (the current conversion will be aborted and a new conversion will be
initiated, if ADCH are not all 1s).

e A write to ADCLK occurs.
* The MCU is reset.
* The MCU enters stop mode with ACLK not enabled.

MC68HC908QB8 Data Sheet, Rev. 3
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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 (1/2LsB). 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.

* 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.

* 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.
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Arithmetic/Logic Unit (ALU)

Z — Zero Flag
The CPU sets the zero flag when an arithmetic operation, logic operation, or data manipulation
produces a result of $00.
1 = Zero result
0 = Non-zero result

C — Carry/Borrow Flag
The CPU sets the carry/borrow flag when an addition operation produces a carry out of bit 7 of the
accumulator or when a subtraction operation requires a borrow. Some instructions — such as bit test
and branch, shift, and rotate — also clear or set the carry/borrow flag.
1 = Carry out of bit 7
0 = No carry out of bit 7

7.4 Arithmetic/Logic Unit (ALU)

The ALU performs the arithmetic and logic operations defined by the instruction set.

Refer to the CPUO08 Reference Manual (document order number CPUO8RM/AD) for a description of the
instructions and addressing modes and more detail about the architecture of the CPU.

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

7.5.1 Wait Mode

The WAIT instruction:
* Clears the interrupt mask (I bit) in the condition code register, enabling interrupts. After exit from
wait mode by interrupt, the | bit remains clear. After exit by reset, the | bit is set.
* Disables the CPU clock

7.5.2 Stop Mode

The STOP instruction:
* Clears the interrupt mask (I bit) in the condition code register, enabling external interrupts. After
exit from stop mode by external interrupt, the | bit remains clear. After exit by reset, the | bit is set.
* Disables the CPU clock

After exiting stop mode, the CPU clock begins running after the oscillator stabilization delay.

7.6 CPU During Break Interrupts

If a break module is present on the MCU, the CPU starts a break interrupt by:
* Loading the instruction register with the SWI instruction
e Loading the program counter with $FFFC:$FFFD or with $FEFC:$FEFD in monitor mode

The break interrupt begins after completion of the CPU instruction in progress. If the break address
register match occurs on the last cycle of a CPU instruction, the break interrupt begins immediately.

A return-from-interrupt instruction (RTI) in the break routine ends the break interrupt and returns the MCU
to normal operation if the break interrupt has been deasserted.

MC68HC908QB8 Data Sheet, Rev. 3
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Table 7-1. Instruction Set Summary (Sheet 6 of 6)

Opcode Map

Effect @ o T m
°
Sg:rr:le Operation Description on CCR g g S g S
T O o o >
HITIN|Z <= ] O |O
PC « (PC) + 1; Push (PCL)
8P « (SP) — 1; Push (PCH)
SP « (SP) — 1; Push (X)
SP « (SP) — 1; Push (A) 1l o1
Swi Software Interrupt SP « (SP) - 1; Push (CCR) 1 INH 83 9
SP « (SP) —1; 1«1
PCH « Interrupt Vector High Byte
PCL « Interrupt Vector Low Byte
TAP Transfer A to CCR CCR « (A) TiE(T|T || T|INH 84 2
TAX Transfer A to X X« (A) —|=|-|=|—|—1|INH 97 1
TPA Transfer CCR to A A « (CCR) —|={=1={-|—|INH 85 1
TST opr DIR 3D |dd 3
TSTA INH 4D 1
¥§P§>pr,x Test for Negative or Zero (A)—%00o0r (X)—$000or (M)—$00 [O|—-|—-|2 |2 |- :)’\g‘ gg f :13
TST X IX 7D 2
TST opr,SP SP1 9E6D |ff 4
TSX Transfer SP to H:X H:X < (SP) +1 —|=|=|=|=|—1|INH 95 2
TXA Transfer X to A A« (X) —|=|=|=|=|—1|INH 9F 1
TXS Transfer H:X to SP (SP) « (H:X) — 1 —|=|=|=|=|—1|INH 94 2
. : I bit «— 0; Inhibit CPU clocking
WAIT Enable Interrupts; Wait for Interrupt until interrupted —|—=|0|—={—|—|INH 8F 1
A Accumulator n Any bit
C Carry/borrow bit opr Operand (one or two bytes)
CCR Condition code register PC  Program counter
dd Direct address of operand PCH Program counter high byte
dd rr Direct address of operand and relative offset of branch instruction PCL Program counter low byte
DD Direct to direct addressing mode REL Relative addressing mode
DIR Direct addressing mode rel  Relative program counter offset byte
DIX+ Direct to indexed with post increment addressing mode rr Relative program counter offset byte
ee ff High and low bytes of offset in indexed, 16-bit offset addressing SP1 Stack pointer, 8-bit offset addressing mode
EXT Extended addressing mode SP2 Stack pointer 16-bit offset addressing mode
ff Offset byte in indexed, 8-bit offset addressing SP  Stack pointer
H Half-carry bit U Undefined
H Index register high byte \ Overflow bit
hh 1l High and low bytes of operand address in extended addressing X Index register low byte
| Interrupt mask 4 Zero bit
ii Immediate operand byte & Logical AND
IMD Immediate source to direct destination addressing mode | Logical OR
IMM Immediate addressing mode @®  Logical EXCLUSIVE OR
INH Inherent addressing mode () Contents of
IX Indexed, no offset addressing mode —() Negation (two’s complement)
IX+ Indexed, no offset, post increment addressing mode # Immediate value
IX+D Indexed with post increment to direct addressing mode « Sign extend
IX1 Indexed, 8-bit offset addressing mode <« Loaded with
IX1+ Indexed, 8-bit offset, post increment addressing mode ? If
IX2 Indexed, 16-bit offset addressing mode : Concatenated with
M Memory location ! Set or cleared
N Negative bit —  Not affected

7.8 Opcode Map
See Table 7-2.
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PR 4

External Interrupt (IRQ)

AN PN
PTAOTCHO/ADO/KBI0 ~<€—»>|
PTA1/TCH1/AD1/KBI1 ~e—>>| <::> CLOCK
_ GENERATOR
PTA2IRQ/KBITCLK —3 _ | < @
=
PTA3/RSTKBI3 <—» & | 8
PTA4/OSC2/AD2/KBI4 <—» @ KEYBOARD INTERRUPT
MODULE
PTA5/0SC1/AD3/KBI5 ~e—3>
MB8HC08 CPU
EXTERNAL INTERRUPT
MODULE
PTBO/SCK/AD4 ~—3>
PTB1/MOSI/AD5 ~—3
PTB2/MISO/ADG <> = I A
PTB3/SS/AD7 <—» m @

PTB4/RxD/AD8 <«—»| o | §

PTBS5/TXD/AD9 ~€—»] @ LOW-VOLTAGE
PTB6/TCH2 <> INHIBIT
PTB7/TCH3 <—>|

@ <|,:‘> 4-CHANNEL 16-BIT
TIMER MODULE
MC68HC9080B8 MC68HC908QB8 <,‘Z> cop
MODULE
256 BYTES @ 8192 BYTES
10-CHANNEL
USER RAM
USER FLASH = PN
ENHANCED SERIAL
@ COMMUNICATIONS
Vop INTERFACE MODULE
POWER SUPPLY
| 5 Vg @ SERIAL PERIPHERAL
INTERFACE
<:"> DEVELOPMENT SUPPORT
MONITOR ROM
BREAK MODULE
RST, IRQ: Pins have internal pull up device NS

All port pins have programmable pull up device
PTA[0:5]: Higher current sink and source capability

Figure 8-1. Block Diagram Highlighting IRQ Block and Pin

When set, the IMASK bit in INTSCR masks the IRQ interrupt request. A latched interrupt request is not
presented to the interrupt priority logic unless IMASK is clear.

NOTE
The interrupt mask (1) in the condition code register (CCR) masks all
interrupt requests, including the IRQ interrupt request.

A falling edge on the IRQ pin can latch an interrupt request into the IRQ latch. An IRQ vector fetch,
software clear, or reset clears the IRQ latch.
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Oscillator Module (OSC)
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Functional Description

Table 13-2. Data Bit Recovery

RT8, RT9, and RT10 Samples | Data Bit Determination | Noise Flag
000 0 0
001 0 1
010 0 1
011 1 1
100 0 1
101 1 1
110 1 1
111 1 0
NOTE

The RTS8, RT9, and RT10 samples do not affect start bit verification. If any
or all of the RT8, RT9, and RT10 start bit samples are 1s following a
successful start bit verification, the noise flag (NF) is set and the receiver
assumes that the bit is a start bit.

To verify a stop bit and to detect noise, recovery logic takes samples at RT8, RT9, and RT10. Table 13-3
summarizes the results of the stop bit samples.

Table 13-3. Stop Bit Recovery

RT8, RT9, and RT10 Samples | Framing Error Flag | Noise Flag
000 1 0
001 1 1
010 1 1
011 0 1
100 1 1
101 0 1
110 0 1
111 0 0

13.3.3.4 Framing Errors

If the data recovery logic does not detect a 1 where the stop bit should be in an incoming character, it sets
the framing error bit, FE, in SCS1. A break character also sets the FE bit because a break character has
no stop bit. The FE bit is set at the same time that the SCRF bit is set.

13.3.3.5 Baud Rate Tolerance

A transmitting device may be operating at a baud rate below or above the receiver baud rate.
Accumulated bit time misalignment can cause one of the three stop bit data samples to fall outside the
actual stop bit. Then a noise error occurs. If more than one of the samples is outside the stop bit, a framing
error occurs. In most applications, the baud rate tolerance is much more than the degree of misalignment
that is likely to occur.

As the receiver samples an incoming character, it resynchronizes the RT clock on any valid falling edge
within the character. Resynchronization within characters corrects misalignments between transmitter bit
times and receiver bit times.
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Registers

SCP1 and SCP0 — ESCI Baud Rate Register Prescaler Bits
These read/write bits select the baud rate register prescaler divisor as shown in Table 13-6.

Table 13-6. ESCI Baud Rate Prescaling

. Baud Rate Register
SCP[1:0] Prescaler Divisor (BPD)
00 1
01 3
10 4
11 13

SCR2-SCR0 — ESCI Baud Rate Select Bits
These read/write bits select the ESCI baud rate divisor as shown in Table 13-7. Reset clears

SCR2-SCRo0.
Table 13-7. ESCI Baud Rate Selection

SCR[2:1:0] Baud Rate Divisor (BD)
000 1
001 2
010 4
011 8
100 16
101 32
110 64
111 128

13.8.8 ESCI Prescaler Register

The ESCI prescaler register (SCPSC) together with the ESCI baud rate register selects the baud rate for
both the receiver and the transmitter.
NOTE

There are two prescalers available to adjust the baud rate — one in the
ESCI baud rate register and one in the ESCI prescaler register.

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Wit PDS2 PDS1 PDS0 PSSB4 PSSB3 PSSB2 PSSB1 PSSBO
rite:
Reset: 0 0 0 0 0 0 0 0

Figure 13-17. ESCI Prescaler Register (SCPSC)
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Chapter 15
Serial Peripheral Interface (SPI) Module

15.1 Introduction

This section describes the serial peripheral interface (SPI) module, which allows full-duplex, synchronous,
serial communications with peripheral devices.

The SPI shares its pins with general-purpose input/output (1/O) port pins. See Figure 15-1 for port location
of these shared pins.

15.2 Features

Features of the SPI module include:
* Full-duplex operation
* Master and slave modes
* Double-buffered operation with separate transmit and receive registers
* Four master mode frequencies (maximum = bus frequency =+ 2)
* Maximum slave mode frequency = bus frequency
* Serial clock with programmable polarity and phase
* Two separately enabled interrupts:
— SPRF (SPI receiver full)
— SPTE (SPI transmitter empty)
* Mode fault error flag with interrupt capability
* Overflow error flag with interrupt capability
e Programmable wired-OR mode

MC68HC908QB8 Data Sheet, Rev. 3
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Functional Description

In this case, an overflow can be missed easily. Because no more SPRF interrupts can be generated until
this OVREF is serviced, it is not obvious that bytes are being lost as more transmissions are completed. To
prevent this, either enable the OVRF interrupt or do another read of the SPSCR following the read of the
SPDR. This ensures that the OVRF was not set before the SPRF was cleared and that future
transmissions can set the SPRF bit. Figure 15-10 illustrates this process. Generally, to avoid this second
SPSCR read, enable OVRF by setting the ERRIE bit.

L@ i@ i@ L
/
E_ @ ne

SFo [\® [\@

(1) BYTE 1 SETS SPRF BIT. (5) READ SPSCR WITH SPRF BIT SET
(2) READ SPSCR WITH SPRF BIT SET AND OVRF BIT CLEAR.
® AND OVRF BIT CLEAR. (6) BYTE 3 SETS OVRF BIT. BYTE 31S LOST.
READ BYTE 1 IN SPDR,
CLEARNGSPRE BIT @ READ BYTE 2 IN SPDR, CLEARING SPRF BIT
(4) BYTE 2SETS SPRF BT BYTE 4 FAILS TO SET SPRF BIT BECAUSE
OVRF BIT IS NOT CLEARED. BYTE 4 IS LOST.
Figure 15-9. Missed Read of Overflow Condition
BYTE 1 BYTE 2 BYTE 3 BYTE 4
SPI RECEIVE
COMPLETE ¢® ¢@ ¢® ¢®

SPRF | \ / \ / \
OVRF / \

S _\@_ @ @@ [\&

READ
SFOR N® N No®  Ne
(1) BYTE 1 SETS SPRFBIT. (5) BYTE2SETS SPRF BIT. READ BYTE 2 SPDR,
CLEARING OVRF BIT.
(2) READ SPSCRWITHSPRFBITSET ~ (6) READ SPSCR WITH SPRF BIT SET
AND OVRF BIT CLEAR. AND OVRF BIT CLEAR. (1) BYTE 4 SETS SPRF BIT.
READ BYTE 1IN SPDR, BYTE 3 SETS OVRF BIT. BYTE 3IS LOST.
® CLEARING SPRF BIT. % READ SPSCR.
READ BYTE 2 IN SPDR READ BYTE 4 IN SPDR
READ SPSCR AGAIN ’ :
@ READ SERCRAGAIN. CLEARING SPRF BIT. CLEARING SPRF BIT.
(9) READ SPSCR AGAIN READ SPSCR AGAIN
TO CHECK OVRF BIT. TO CHECK OVRF BIT.

Figure 15-10. Clearing SPRF When OVREF Interrupt Is Not Enabled
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Functional Description

16.3.4.3 PWM Initialization

To ensure correct operation when generating unbuffered or buffered PWM signals, use the following
initialization procedure:
1. Inthe TIM status and control register (TSC):
a. Stop the counter by setting the TIM stop bit, TSTOP.
b. Reset the counter and prescaler by setting the TIM reset bit, TRST.
2. Inthe TIM counter modulo registers (TMODH:TMODL), write the value for the required PWM
period.
In the TIM channel x registers (TCHxH:TCHXxL), write the value for the required pulse width.
4. In TIM channel x status and control register (TSCx):
a. Write 0:1 (for unbuffered output compare or PWM signals) or 1:0 (for buffered output compare
or PWM signals) to the mode select bits, MSxB:MSxA. See Table 16-2.

b. Write 1 to the toggle-on-overflow bit, TOVx.

w

c. Write 1:0 (polarity 1 — to clear output on compare) or 1:1 (polarity 0 — to set output on
compare) to the edge/level select bits, ELSxB:ELSxA. The output action on compare must
force the output to the complement of the pulse width level. See Table 16-2.

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 can also
cause incorrect PWM signal generation when changing the PWM pulse
width to a new, much larger value.

5. Inthe TIM status control register (TSC), clear the TIM stop bit, TSTOP.

Setting MSOB links channels 0 and 1 and configures them for buffered PWM operation. The TIM
channel 0 registers (TCHOH:TCHOL) initially control the buffered PWM output. TIM status control
register 0 (TSCO) controls and monitors the PWM signal from the linked channels. MSOB takes priority
over MSOA.

Setting MS2B links channels 2 and 3 and configures them for buffered PWM operation. The TIM
channel 2 registers (TCH2H:TCH2L) initially control the buffered PWM output. TIM status control
register 2 (TSC2) controls and monitors the PWM signal from the linked channels. MS2B takes priority
over MS2A.

Clearing the toggle-on-overflow bit, TOVX, inhibits output toggles on TIM overflows. Subsequent output
compares try to force the output to a state it is already in and have no effect. The result is a 0% duty cycle
output.

Setting the channel x maximum duty cycle bit (CHxMAX) and setting the TOVx bit generates a 100% duty
cycle output. See 16.8.4 TIM Channel Status and Control Registers.
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)
)

PTAO/TCHO/ADO/KBIO ~<e—>
PTA1/TCH1/AD1/KBI1 ~€—>»|
PTA2IRQ/KBI2TCLK —>|

PTA3/RST/KBI3 ~—>|
PTA4/0SC2/AD2/KBI4 ~<€—>

CLOCK
GENERATOR

PTA
DDRA

KEYBOARD INTERRUPT

<,\:> MODULE
PTAS/0SC1/AD3/KBI5 ~<«—»~]
M68HC08 CPU
SINGLE INTERRUPT
<,‘:> MODULE
PTBO/SPSCK/AD4 <—»
PTB1/MOSI/AD5 <—»]
PTB2IMISO/ADE <> - A
PTBY/SS/AD7 <—>{ m | &
PTB4/RXD/ADS <> & | S
PTB5/TXD/AD9 <—3>| @ LOW-VOLTAGE
PTB6/TCH2 <] INHIBIT
PTB7/TCH3 <«—>»| <L N
@ V| <,\:‘> 4-CHANNEL 16-BIT
TIMER MODULE
MC68HC908QB8 MC68HC908QB8 <,‘::> cop
MODULE
256 BYTES @ 8192 BYTES
USER RAM USER FLASH <‘,;> 10-CHANNEL
10-BIT ADC
ENHANCED SERIAL
<,‘::> COMMUNICATIONS
Vo INTERFACE MODULE
POWER SUPPLY
| Vs <,\:> SERIAL PERIPHERAL
INTERFACE
® DEVELOPMENT SUPPORT
MONITOR ROM
BREAK MODULE

¢

RST, IRQ: Pins have internal pull up device
All port pins have programmable pull up device
PTA[0:5]: Higher current sink and source capability

Figure 17-1. Block Diagram Highlighting BRK and MON Blocks
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Voo

Vbp
*
10 kQ
Vbp ]
RST (PTA3) T 0.1 uF

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

o i
e

1
- Vrst
[ s ci- %5 ~ 1yF
4l ) = PTA1
. * V+ v 1RQ (PTA2)
DD
1uF v 6
5| co- - 9.1V
C2 1 uF *
- 10kQ 10kQ
DB9 —— 74HC125 | —_ PTA4 W
2 7 10 6 5 L
°<} 74HC125 PTAO -
3 8 DQ ° 2 3 4
- V.
1 1
_5 |
L =
- * Value not critical
Figure 17-10. Monitor Mode Circuit (External Clock, with High Voltage)
Vop
N.C.—{RST
RST (PTA3) Voo
0.1 uF
MAX232 Vop 1
1 16 T B
| 9.8304 MHz CLOCK
o 1 f@— 0SC1 (PTAS)
1uF 1uF
/\\_3, Cl- % ~L1uF -
— + 10kQ* PTA1—— N.C.
4
1 C2+ vy [2 __
J:— ' Voo IRQ (PTA2)
THFZ - v-|8 PTA4|— N.C.
2 ce- 1uF 1
HE = 10 kQ
DB9 L 74HC125 |
2 7 10 - 6 5
°<} 74HC125 PTAO
3 8 {>¢ 9 2 3 4 Vss j
5 1 =
L

* Value not critical

Figure 17-11. Monitor Mode Circuit (External Clock, No High Voltage)
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Table 17-1. Monitor Mode Signal Requirements and Options

Serial . Mode Communication
IRQ | RST | Reset Communi-| o0 ction Speed
cation
Mode (PTA2) | (PTA3) | Vector COP — | - —— Comments
xterna us au
PTAO PTA1 | PTA4 Clock | Frequency | Rate
Normal . 9.8304 2.4576 Provide external
V. Y,
Monitor | 'TST | Yob | X 1 1 O |Disabled| “\y) MHz 9600 | 1yock at OSCA.
$FFFF . 9.8304 2.4576 Provide external
Vv
Forced | " | X |(blanky| X | X |Disabled| "y, MHz | 9890 |ciock at OSCH.
Monitor $FFFF . 3.2 MHz Internal clock is
Vss X (blank) 1 X X | Disabled X (Trimmed) 9600 active.
User X X Not X X X Enabled X X X
$FFFF
MOMO8 | vigr | BST | _ | com |mopoMoD1| _ | osci B B
PinNoj| 16 | @ 8] | 2] | [10] [13]

1. PTAO must have a pullup resistor to Vpp in monitor mode.
2. Communication speed in the table is an example to obtain a baud rate of 9600. Baud rate using external oscillator is bus

frequency / 256 and baud rate using internal oscillator is bus frequency / 335.
3. External clock is a 9.8304 MHz oscillator on OSC1.
4. Lowering Vg1 once monitor mode is entered allows the clock source to be controlled by the OSCSC register.
5. X =don’t care
6. MONOS8 pin refers to P&E Microcomputer Systems’ MONO08-Cyclone 2 by 8-pin connector.

NC
NC
NC
NC
NC
NC
0OSC1

Vbp

17.3.1.1 Normal Monitor Mode

RST and OSC1 functions will be active on the PTA3 and PTAS5 pins respectively as long as Vgt is
applied to the IRQ pin. If the IRQ pin is lowered (no longer V1g1) then the chip will still be operating in
monitor mode, but the pin functions will be determined by the settings in the configuration registers (see
Chapter 5 Configuration Register (CONFIG)) when V1gt was lowered. With Vg7 lowered, the BIH and

BIL instructions will read the IRQ pin state only if IRQEN is set in the CONFIG2 register.

1 2
3 4
5 6
7 8
9 10
11 12
13 14
15 16

GND
RST
IRQ
PTAO
PTA4
PTA1
NC
NC

If monitor mode was entered with Vg7 on IRQ, then the COP is disabled as long as Vg7 is applied to

IRQ.

200

MC68HC908QB8 Data Sheet, Rev. 3

Freescale Semiconductor



Monitor Module (MON)

Table 17-7. READSP (Read Stack Pointer) Command

Description | Reads stack pointer

Operand | None

Returns incremented stack pointer value (SP + 1) in high-byte:low-byte
order

Opcode | $0C

Data Returned

Command Sequence

FROM HOST

SP sp
/ \ Reapsp | { READSP | \< HIGH >ﬂ< Low >ﬂ<

A \ \

ECHO ———— RETURN

Table 17-8. RUN (Run User Program) Command

Description | Executes PULH and RTI instructions

Operand | None

Data Returned | None

Opcode | $28
Command Sequence
FROM HOST
RUN RUN \
ECHO

The MCU executes the SWI and PSHH instructions when it enters monitor mode. The RUN command
tells the MCU to execute the PULH and RTl instructions. Before sending the RUN command, the host can
modify the stacked CPU registers to prepare to run the host program. The READSP command returns
the incremented stack pointer value, SP + 1. The high and low bytes of the program counter are at
addresses SP + 5 and SP + 6.

SP
HIGH BYTE OF INDEX REGISTER SP +1
CONDITION CODE REGISTER SP+2
ACCUMULATOR SP+3
LOW BYTE OF INDEX REGISTER SP+4

HIGH BYTE OF PROGRAM COUNTER SP+5
LOW BYTE OF PROGRAM COUNTER SP+6
SP+7

Figure 17-17. Stack Pointer at Monitor Mode Entry
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18.9 Typical 3-V Output Drive Characteristics

1.2

1.0

o8] /
g —e— 3V PTA
5
it 06 1 —m— 3V PTB
[a]
>

" /

N /

0.0 /

0 -5 -10 -15 -20 -25
IOH (mA)
Figure 18-4. Typical 3-Volt Output High Voltage
versus Output High Current (25°C)

1.2

1.0 / »

0.8

—e— 3V PTA

>
3 0.6 /,. —m— 3V PTB
>

0.4 Lo

0.2 / ,/

0.0

0 5 10 15 20 25
IOL (mA)
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Figure 18-5. Typical 3-Volt Output Low Voltage
versus Output Low Current (25°C)
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18.13 ADC10 Characteristics

ADC10 Characteristics

Characteristic Conditions Symbol | Min | Typ(V)| Max Unit Comment
Supply voltage Absolute Vbp 2.7 — 55 \Y
Supply Current Vpp <3.3V (3.0V Typ) — 55 —
ADLPC = 1 @ WA
ADLSMP =1 Vpp < 5.5V (5.0 V T bo N
ADCO = 1 DD < ( yp)
Supply current Vpp <3.3V (3.0V Typ) — 120 —
ADLPC = 1 L@ WA
ADLSMP = 0 Vpp <55V (5.0V T °P — |5 | —
ADGO = 1 DD < ( yp)
Supply current Vpp <3.3V (3.0V Typ) — 140 —
ADLPC =0 Iop® WA
ADLSMP =1 Vpp <55V (5.0V T — | 180 | —
ADCO = 1 DD < ( yp)
Supply current Vpp < 3.3V (3.0 V Typ) — 340 —
ADLPC =0 @) uA
ADLSMP =0 Vpp < 5.5V (5.0 V T PP — | 440 | 615
ADGO = 1 DD < ( yp)
ADG ook High speed (ADLPC = 0) f 0.40® | — | 2.00 i p
internal cloc z t =1
Low power (ADLPC = 1) ADCK T040@ | — | 1.00 ADCK™ TTADCK
Con\./ersion time (4) Short Sample (ADLSMP = O) tADC 19 19 21 tADCK
10-bit Mode Long sample (ADLSMP = 1) 39 | 39 | 41 cycles
Cor.wersion time @ Short sample (ADLSMP = 0) oo 16 16 18 taDCK
8-bit Mode Long sample (ADLSMP = 1) 36 36 38 cycles
Short sample (ADLSMP = 0) 4 4 4
Sample time taps tabck
Long sample (ADLSMP = 1) 24 24 24 cycles
Input VOltage VAD|N VSS —_ VDD \Y
Input capacitance CapIN — 7 10 pF Not tested
Input impedance RapIN — 5 15 kQ Not tested
. External to
Analog source impedance Ras — — 10 kQ MCU
10-bit mode 1.758 5 5.371
Ideal resolution (1 LSB) RES mV Vaern/2\
8-bit mode 7.031 20 21.48
10-bit mode 0 +1.5 | 25
Total unadjusted error Etue LSB Inclgdeg
8-bit mode 0 +0.7 | +1.0 quantization
10-bit mode 0 +0.5 —
DNL LSB
Differential non-linearity 8-bit mode 0 +0.3 —

Monotonicity and no-missing-codes guaranteed

Freescale Semiconductor
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Electrical Specifications

18.17 Memory Characteristics

Characteristic Symbol Min Typ™M Max Unit

RAM data retention voltage ®) VRDR 1.3 — — \
FLASH program bus clock frequency — 1 — — MHz
FLASH PGM/ERASE supply voltage (Vpp) VPGMERASE 2.7 — 5.5 v
FLASH read bus clock frequency fread™) 0 — 8 M Hz
FLASH page erase time

<1 Kcycles tErase 0.9 1 1.1 ms

>1 K cycles 3.6 4 5.5
FLASH mass erase time tMErase 4 — — ms
FLASH PGM/ERASE to HVEN setup time tnvs 10 — — us
FLASH high-voltage hold time tNvH 5 — — us
FLASH high-voltage hold time (mass erase) tNVHL 100 — — us
FLASH program hold time tpgs 5 — — us
FLASH program time tPrOG 30 — 40 us
FLASH return to read time troy® 1 — — us
FLASH cumulative program HV period tHV(5) — — 4 ms
FLASH endurance(®) — 10 k 100 k — Cycles
FLASH data retention time(”) — 15 100 — Years

. Typical values are for reference only and are not tested in production.
. Values are based on characterization results, not tested in production.

AN =

[¢)]

7

226

. freaq is defined as the frequency range for which the FLASH memory can be read.
. trey is defined as the time it needs before the FLASH can be read after turning off the high voltage charge pump, by clear-

ing HVEN to 0.

. tyy is defined as the cumulative high voltage programming time to the same row before next erase.

tyy must satisfy this condition: tyyg + tnve + trgs + (tprog X 32) < tyy maximum.

. Typical endurance was evaluated for this product family. For additional information on how Freescale Semiconductor

defines Typical Endurance, please refer to Engineering Bulletin EB619.

. Typical data retention values are based on intrinsic capability of the technology measured at high temperature and de-rated

to 25¢C using the Arrhenius equation. For additional information on how Freescale Semiconductor defines Typical Data
Retention, please refer to Engineering Bulletin EB618.
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