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Memory
$°$°° IDIRECT PAGE REGISTERS
S0 64 BYTES
$°$4° UNIMPLEMENTED
SO07F 64 BYTES
$0$80 RAM
S00FF 128 BYTES
$°1°° UNIMPLEMENTED
SorrF 9984 BYTES
$2$°° AUXILIARY ROM
$2A1F 544 BYTES
$2ﬁ2° UNIMPLEMENTED
$2F7D 1374 BYTES
$257E AUXILIARY ROM
soFer 130 BYTES
$3$°° UNIMPLEMENTED
sEDFF 48640 BYTES
$EE°° FLASH MEMORY RESERVED $EE°°
SFOFF 4096 BYTES 2560 BYTES SR
$FE°° MISCELLANEOUS REGISTERS N N FLASH MEMORY $Fﬁ°°
s 32 BYTES . 1536 BYTES Nl
N
$F52° MONITOR ROM
SFFTD 350 BYTES
$FE7E UNIMPLEMENTED
SFrAF 50BYTES
$FEB° FLASH
sFFaD 14 BYTES
$FEBE MISCELLANEOUS REGISTERS
-~y 4BYTES
$FEC2 FLASH
SFFoF 14 BYTES
$FED° USER VECTORS
. 48 BYTES
MC68HC908QT1A, MCESHCI08QT2A,
Mc”“““ﬁl’:‘ﬁ’r MﬁgSHCQOSQTM MC68HC908QY1A, and MCE8HCI08QY2A
¥ Vap Memory Map
Figure 2-1. Memory Map
MC68HC908QYA/QTA Family Data Sheet, Rev. 3
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Memory

Addr. Register Name Bit7 6 5 4 3 2 1 Bit 0
Break Status Register Read: R R R R R R SBSW R
$FE00 (BSR)  Write: 0
See page 143. Reset: 0
SIM Reset Status Register Feac:| PO PIN COP ILOP ILAD | MODRST |  LvI 0
$FEO1 (SRSR)  Write:
Seepage 122.  pop.  { 0 0 0 0 0 0 0
Break Auxilary Fead:| 0 0 0 0 0 0 0 BDCOP
$FE02 Register (BRKAR) ~ Write:
Seepage 143. peset: 0 0 0 0 0 0 0 0
Break Flag Control Read: BCFE R R R R R R R
$FEO3 Register (BFCR) ~ Write:
See page 143. Reset: 0
Interrupt Status Register 1 Fead:[IF6 IF5 IF4 IF3 IF2 IF1
$FE04 (NT1) Write:| R R R R R R R R
Seepage 119, paset. ¢ 0 0 0 0 0
Interrupt Status Register 2 Pead:|  IF14 IF13 IF12 IF11 IF10 IF9 IF8 IF7
$FEO05 (NT2) Write:| R R R R R R R R
Seepage 119. peset ¢ 0 0 0 0 0 0 0
Interrupt Status Register 3 Pead:[ 1F22 IF21 IF20 IF19 IF18 IF17 IF16 IF15
$FE06 (NT3) Write:] R R R R R R R R
Seepage 119 Reser. 0 0 0 0 0 0 0 0
$FE07 Reserved
FLASH Control Register Read: 0 0 0 0 HVEN MASS ERASE PGM
$FE08 (FLCR)  Write:
Seepage29. Reset 0 0 0 0 0 0 0 0
Break Address High  1ead| , - , , , , -
\ 9 1 Bit1s Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit8
$FE09 Register (BRKH) ~ Write:
Seepage 142. peset: 0 0 0 0 0 0 0 0
Read:
Break Address low ™ Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit0
$FEOA Register (BRKL) ~ Write:
Seepage 142. paset. 0 0 0 0 0 0 0
Break Status and Control €2 BRKE BRKA 0 0 0 0 0 0
$FEOB Register (BRKSCR)  Write:
Seepage 143. peset: 0 0 0 0 0 0 0 0

I:l = Unimplemented Iil =Reserved U = Unaffected

Figure 2-2. Control, Status, and Data Registers (Sheet 4 of 5)

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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Central Processor Unit (CPU)

Table 7-1. Instruction Set Summary (Sheet 3 of 6)

Effect @ o T m
°

Sg:rr:le Operation Description on CCR g g S g S

T O o o >
HITIN|Z <= ] O |O
CLR opr M « $00 DIR 3F |dd 3
CLRA A « $00 INH 4F 1
CLRX X « $00 INH 5F 1
CLRH Clear H « $00 —-|-10]1 INH 8C 1
CLR opr,X M « $00 IX1 6F |ff 3
CLR X M « $00 IX 7F 2
CLR opr,SP M « $00 SP1 9EGF |ff 4
CMP #opr IMM A1 ii 2
CMP opr DIR B1 |dd 3
CMP opr EXT C1 |hhil | 4
CMP opr,X : IX2 D1 |eeff | 4
CMP oprX Compare A with M (A) = (M) -=11|? X1 E1 |ff 3
CMP X IX F1 2
CMP opr,SP SP1 9EE1 |ff 4
CMP opr,SP SP2 9ED1 [eeff | 5
COM opr M « (M) = $FF — (M) DIR 33 |dd 4
COMA A« (A= %FF - (M) INH 43 1
COMX ; X « (X) = $FF — (M) | INH 53 1
COM opr,X Complement (One’s Complement) M <« (M) = $FF — (M e X1 63 |ff 4
COM ,X M « (M) = $FF — (M) IX 73 3
COM opr,SP M « (M) = $FF — (M) SP1 9EG3 | ff 5
CPHX #opr N i . . IMM 65 |[iiii+1 | 3
CPHX opr Compare H:X with M (H:X) = (M:M + 1) —|—-({t]? DIR 75 |dd 4
CPX #opr IMM A3 i 2
CPX opr DIR B3 |dd 3
CPX opr EXT C3 |hhil |4
CPX X : IX2 D3 |eeff | 4
CPX opr.X Compare X with M (X) — (M) —|—-({t]2 X1 E3 |ff 3
CPX opr,X IX F3 2
CPX opr,SP SP1 9EES |ff 4
CPX opr,SP SP2 9ED3 |eeff | 5
DAA Decimal Adjust A (A)1o -]t INH 72 2
A—(A)—1TorM« (M)—1orX« (X)-1 5
DBNZ opr,rel PC « (PC) + 3 + rel ? (result) = 0 DIR 3B (ddrr 3
DBNZA rel PC « (PC) + 2 + rel ? (result) # 0 INH 4B |rr 3
DBNZX rel Decrement and Branch if Not Zero PC « (PC) + 2 + rel ? (result) = 0 === INH 5B |rr 5
DBNZ opr,X,rel PC « (PC) + 3 + rel ? (result) #0 IX1 6B |(ffrr 4
DBNZ X, rel PC « (PC) + 2 + rel ? (result) = 0 IX 7B |rr 6

DBNZ opr,SP,rel PC « (PC) + 4 + rel ? (result) = 0 SP1 9E6B |ff rr
DEC opr M « (M) -1 DIR 3A |dd 4
DECA A« (A) -1 INH 4A 1
DECX X« (X) -1 | INH 5A 1
DEC oprX Decrement M« (M) -1 1 ix A |ff 4
DEC ,X M « (M) -1 IX 7A 3
DEC opr,SP M« (M) -1 SP1 9EBA |ff 5
. A « (H:A)/(X) -l
DIV Divide H < Remainder ! INH 52 7
EOR #opr IMM A8 i 2
EOR opr DIR B8 |dd 3
EOR opr EXT C8 |hhil |4
EOR opr,X . . IX2 D8 |eeff | 4
EOR opr.X Exclusive OR M with A A (ADM) -1t X7 Es |ff 3
EOR ,X IX F8 2
EOR opr,SP SP1 9EES8 |ff 4
EOR opr,SP SP2 9ED8 |eeff | 5
INC opr M« (M) + 1 DIR 3C |dd 4
INCA A« (A)+1 INH 4C 1
INCX X« (X)+1 e INH 5C 1
INC opr,X Increment M« (M) + 1 = ixd 6C |ff 4
INC ,X M« (M) + 1 IX 7C 3
INC opr,SP M « (M) + 1 SP1 9E6C |ff 5
MC68HC908QYA/QTA Family Data Sheet, Rev. 3
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Chapter 8
External Interrupt (IRQ)

8.1 Introduction

The IRQ (external interrupt) module provides a maskable interrupt input.

IRQ functionality is enabled by setting configuration register 2 (CONFIG2) IRQEN bit accordingly. A zero
disables the IRQ function and IRQ will assume the other shared functionalities. A one enables the IRQ
function. See Chapter 5 Configuration Register (CONFIG) for more information on enabling the IRQ pin.

The IRQ pin shares its pin with general-purpose input/output (I/O) port pins. See Figure 8-1 for port
location of this shared pin.

8.2 Features

Features of the IRQ module include:
« A dedicated external interrupt pin IRQ
e |IRQ interrupt control bits
* Programmable edge-only or edge and level interrupt sensitivity
e Automatic interrupt acknowledge
* Internal pullup device

8.3 Functional Description

A low level applied to the external interrupt request (IRQ) pin can latch a CPU interrupt request. Figure 8-2
shows the structure of the IRQ module.

Interrupt signals on the IRQ pin are latched into the IRQ latch. The IRQ latch remains set until one of the
following actions occurs:
* |RQ vector fetch. An IRQ vector fetch automatically generates an interrupt acknowledge signal that
clears the latch that caused the vector fetch.
* Software clear. Software can clear the IRQ latch by writing a 1 to the ACK bit in the interrupt status
and control register (INTSCR).
¢ Reset. A reset automatically clears the IRQ latch.

The external IRQ pin is falling edge sensitive out of reset and is software-configurable to be either falling
edge or falling edge and low level sensitive. The MODE bit in INTSCR controls the triggering sensitivity
of the IRQ pin.

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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Oscillator (OSC) Module

11.3.5 RC Oscillator

The RC oscillator circuit is designed for use with an external resistor (Rgxr) to provide a clock source with
a tolerance within 25% of the expected frequency. See Figure 11-3.

The capacitor (C) for the RC oscillator is internal to the MCU. The Rgy value must have a tolerance of
1% or less to minimize its effect on the frequency.

In this configuration, the OSC2 pin can be used as general-purpose input/output (I/O) port pins or other
alternative pin function. The OSC2EN bit can be set to enable the OSC2 output function on the pin.
Enabling the OSC2 output can affect the external RC oscillator frequency, frccLk-

OSCOPT = EXTERNAL RC SELECTED
SIMOSCEN (INTERNAL SIGNAL) OR J
OSCENINSTOP (BIT LOCATED IN
CONFIGURATION REGISTER) INTCLK , | Busc BUSCLKX2

EXTERNAL RC RCCLK
EN o -2

OSCILLATOR
1 |
0 ALTERNATIVE
PIN FUNTION
MCU * OSC2EN
0SC1 O 0SC2 — AVAILABLE FOR ALTERNATIVE PIN FUNCTION
Voo
T Rext
 AMAN— See the electricals section for component value.

Figure 11-3. RC Oscillator External Connections

11.4 Interrupts

There are no interrupts associated with the OSC module.

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

11.5.1 Wait Mode

The OSC module remains active in wait mode.

11.5.2 Stop Mode

The OSC module can be configured to remain active in stop mode by setting OSCENINSTOP located in
a configuration register.

MC68HC908QYA/QTA Family Data Sheet, Rev. 3
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Oscillator (OSC) Module

11.8 Registers

The oscillator module contains two registers:
* Oscillator status and control register (OSCSC)
* Oscillator trim register (OSCTRIM)

11.8.1 Oscillator Status and Control Register

The oscillator status and control register (OSCSC) contains the bits for switching between internal and

external clock sources. If the application uses an external crystal, bits in this register are used to select
the crystal oscillator amplifier necessary for the desired crystal. While running off the internal clock source,
the user can use bits in this register to select the internal clock source frequency.

Bit 7 6 5 4 3 2 1 Bit 0
Read: ECGST
Wi OSCOPT1 | OSCOPTO | ICFSt ICFS0 ECFSH1 ECFSO ECGON
fite:
Reset: 0 0 1 0 0 0 0 0

|:| = Unimplemented

Figure 11-4. Oscillator Status and Control Register (OSCSC)

OSCOPT1:0SCOPT0 — OSC Option Bits
These read/write bits allow the user to change the clock source for the MCU. The default reset
condition has the bus clock being derived from the internal oscillator. See 11.3.2.2 Internal to External
Clock Switching for information on changing clock sources.

OSCOPT1 OSCOPTO Oscillator Modes
0 0 Internal oscillator (frequency selected using ICFSx bits)
0 1 External oscillator clock
1 0 External RC
1 1 External crystal (range selected using ECFSx bits)

ICFS1:ICFS0 — Internal Clock Frequency Select Bits
These read/write bits enable the frequency to be increased for applications requiring a faster bus clock
when running off the internal oscillator. The WAIT instruction has no effect on the oscillator logic.
BUSCLKX2 and BUSCLKX4 continue to drive to the SIM module.

ICFS1 ICFS0 Internal Clock Frequency
0 0 4.0 MHz
0 1 8.0 MHz
1 0 12.8 MHz — default reset condition
1 1 Reserved

MC68HC908QYA/QTA Family Data Sheet, Rev. 3
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System Integration Module (SIM)

» MODULE STOP
| > MODULE WAIT

STOP/WAIT - CPU STOP (FROM CPU)
CONTROL |« CPU WAIT (FROM CPU)
' » SIMOSCEN (TO OSCILLATOR)
SIM
-
COUNTER [ COPCLOCK
A
BUSCLKX4 (FROM OSCILLATOR)
BUSCLKX2 (FROM OSCILLATOR)
+2
Vbp
T \ Y
SraoK. CLOCK GENERATORS [ > INTERNAL CLOCKS
INTERNAL
PULL-UP A
e '«—— ILLEGAL OPCODE (FROM CPU)
- POR CONTROL > ILLEGAL ADDRESS (FROM ADDRESS
PIN LOGIC MASTER [ MAP DECODERS)
RESET PIN CONTROL > Cgﬁ?g& <«—— COP TIMEOUT (FROM COP MODULE)
SIM RESET STATUS REGISTER <:> l«—— LVI RESET (FROM LVI MODULE)
l«—— FORCED MON MODE ENTRY (FROM MENRST MODULE)
RESET
\

INTERRUPT CONTROL INTERRUPT SOURGES

AND PRIORITY DECODE > GPU INTEREACE

Figure 13-1. SIM Block Diagram

13.3 SIM Bus Clock Control and Generation

The bus clock generator provides system clock signals for the CPU and peripherals on the MCU. The
system clocks are generated from an incoming clock, BUSCLKX2, as shown in Figure 13-2.

FROM BUSCLKX4 |
OSCILLATOR —I SIM COUNTER |

FROM BUSCLKX2 »| o || BUSCLOCK
OSCILLATOR ’ GENERATORS

SIM

Figure 13-2. SIM Clock Signals

MC68HC908QYA/QTA Family Data Sheet, Rev. 3
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Exception Control

MODULE
INTERRUPT /
IBIT /

ADDRESS BUS Yoummy ¥ s ) sp-1 ) sp-2 ) sp-3 ) sp-4 ) VeECTH ) VECTL JSTARTADDR( X:

DATA BUS DUMMY  { PC - 1[7:0] \PC - 1[15:8] X A CCR VDATAH } VDATAL } OPCODE
_ X Jouww fre-wajpo-mmssf  x  f a f con fvoaran {voatat f opcone

RW \ / \

Figure 13-8. Interrupt Entry

MODULE
INTERRUPT

IBIT \
ADDRESS BUS X \ sp-4 f sp-3 f sp-2 f sp-1 f sp f pc ) Pc+t ) \ X:
DATABU8:X X { ccr ¥ A Y x  )rc-1ropfpc-1rts)f OPCODE f OPERAND) X
RAW f \

Figure 13-9. Interrupt Recovery

CLI

\J

LDA #$FF BACKGROUND ROUTINE

—> INTH PSHH

l INT1 INTERRUPT SERVICE ROUTINE

PULH
RTI

L’ INT2 PSHH

l INT2 INTERRUPT SERVICE ROUTINE

PULH
RTI

Figure 13-10. Interrupt Recognition Example
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System Integration Module (SIM)
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Development Support

15.2.2.1 Break Status and Control Register
The break status and control register (BRKSCR) contains break module enable and status bits.

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

I:l = Unimplemented

Figure 15-3. Break Status and Control Register (BRKSCR)

BRKE — Break Enable Bit
This read/write bit enables breaks on break address register matches. Clear BRKE by writing a 0 to
bit 7. Reset clears the BRKE bit.
1 = Breaks enabled on 16-bit address match
0 = Breaks disabled

BRKA — Break Active Bit
This read/write status and control bit is set when a break address match occurs. Writing a 1 to BRKA
generates a break interrupt. Clear BRKA by writing a 0 to it before exiting the break routine. Reset
clears the BRKA bit.
1 = Break address match
0 = No break address match

15.2.2.2 Break Address Registers

The break address registers (BRKH and BRKL) contain the high and low bytes of the desired breakpoint
address. Reset clears the break address registers.

Bit 7 6 5 4 3 2 1 Bit 0
Read:
) Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Write:
Reset: 0 0 0 0 0 0 0 0
Figure 15-4. Break Address Register High (BRKH)
Bit 7 6 5 4 3 2 1 Bit 0
Read: ) ) ) ) ) ) ) )
) Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 15-5. Break Address Register Low (BRKL)

MC68HC908QYA/QTA Family Data Sheet, Rev. 3
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Development Support

BCFE — Break Clear Flag Enable Bit
This read/write bit enables software to clear status bits by accessing status registers while the MCU is
in a break state. To clear status bits during the break state, the BCFE bit must be set.
1 = Status bits clearable during break
0 = Status bits not clearable during break

15.2.3 Low-Power Modes

The WAIT and STOP instructions put the MCU in low power-consumption standby modes. If enabled, the
break module will remain enabled in wait and stop modes. However, since the internal address bus does
not increment in these modes, a break interrupt will never be triggered.

15.3 Monitor Module (MON)

The monitor module allows debugging and programming of the microcontroller unit (MCU) through a
single-wire interface with a host computer. Monitor mode entry can be achieved without use of the higher
test voltage, V1T, as long as vector addresses $FFFE and $FFFF are blank, thus reducing the hardware
requirements for in-circuit programming.

Features include:
* Normal user-mode pin functionality
* One pin dedicated to serial communication between MCU and host computer
e Standard non-return-to-zero (NRZ) communication with host computer
e Standard communication baud rate (7200 @ 2-MHz bus frequency)
e Execution of code in random-access memory (RAM) or FLASH
e FLASH memory security feature(")
e FLASH memory programming interface
* Use of external 9.8304 MHz oscillator to generate internal frequency of 2.4576 MHz
* Simple internal oscillator mode of operation (no external clock or high voltage)
* Monitor mode entry without high voltage, Vtgr, if reset vector is blank ($FFFE and $FFFF contain
$FF)
« Normal monitor mode entry if Vg7 is applied to IRQ

15.3.1 Functional Description
Figure 15-9 shows a simplified diagram of monitor mode entry.

The monitor module receives and executes commands from a host computer. Figure 15-10,
Figure 15-11, and Figure 15-12 show example circuits used to enter monitor mode and communicate with
a host computer via a standard RS-232 interface.

Simple monitor commands can access any memory address. In monitor mode, the MCU can execute
code downloaded into RAM by a host computer while most MCU pins retain normal operating mode
functions. All communication between the host computer and the MCU is through the PTAO pin. A
level-shifting and multiplexing interface is required between PTAO and the host computer. PTAO is used
in a wired-OR configuration and requires a pullup resistor.

1. 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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Monitor Module (MON)

FROM
HOST

\ * *
ADDRESS\/ \/ADDRESS\/ \/ADDRESS
y—\< READ W READ >ﬂ< HIGH w HIGH >ﬂ< LOW
1 4 1 4

ADDRESS
w oW >/ DATA
1

4 A A A 3,2 4

ECHO RETURN
Notes:

1 = Echo delay, approximately 2 bit times 3 = Cancel command delay, 11 bit times

2 = Data return delay, approximately 2 bit times 4 = Wait 1 bit time before sending next byte.

Figure 15-15. Read Transaction

FROM
HOST

ADDRESSY \/ADDRESSY \/ADDRESSY \(ADDRESS
wwwwwwwm T
3 1 1 3 1

A A 3 A 2,3

ECHO
Notes:
1 = Echo delay, approximately 2 bit times
2 = Cancel command delay, 11 bit times
3 = Wait 1 bit time before sending next byte.

Figure 15-16. Write Transaction
A brief description of each monitor mode command is given in Table 15-3 through Table 15-8.

Table 15-3. READ (Read Memory) Command

Description | Read byte from memory
Operand | 2-byte address in high-byte:low-byte order
Data Returned | Returns contents of specified address
Opcode | $4A
Command Sequence
SENT TO MONITOR
Y
[ {(reo | (R W
A A
ECHO RETURN
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Development Support

15.3.2 Security

A security feature discourages unauthorized reading of FLASH locations while in monitor mode. The host
can bypass the security feature at monitor mode entry by sending eight security bytes that match the
bytes at locations $FFF6—$FFFD. Locations $FFF6—$FFFD contain user-defined data.

NOTE
Do not leave locations $FFF6-$FFFD blank. For security reasons, program
locations $FFF6-$FFFD even if they are not used for vectors.

During monitor mode entry, the MCU waits after the power-on reset for the host to send the eight security
bytes on pin PTAO. If the received bytes match those at locations $FFF6—-$FFFD, the host bypasses the
security feature and can read all FLASH locations and execute code from FLASH. Security remains
bypassed until a power-on reset occurs. If the reset was not a power-on reset, security remains bypassed
and security code entry is not required. See Figure 15-18.

Upon power-on reset, if the received bytes of the security code do not match the data at locations
$FFF6—$FFFD, the host fails to bypass the security feature. The MCU remains in monitor mode, but
reading a FLASH location returns an invalid value and trying to execute code from FLASH causes an
illegal address reset. After receiving the eight security bytes from the host, the MCU transmits a break
character, signifying that it is ready to receive a command.

NOTE
The MCU does not transmit a break character until after the host sends the
eight security bytes.

Vop J—N
»{ }« 4096 + 32 BUSCLKX4 CYCLES

RST

BYTE 1
BYTE 2
BYTE 8

FROM HOST

PAO N

% COMMAND

—_
n
w
—_

[— 4 —]

FROM MCU

Notes:
1 = Echo delay, approximately 2 bit times
2 = Data return delay, approximately 2 bit times
3 = Wait 1 bit time before sending next byte
4 = Wait until clock is stable and monitor runs

BYTE 1 ECHO
BREAK

BYTE 2 ECHO
BYTE 8 ECHO
COMMAND ECHO —m

Figure 15-18. Monitor Mode Entry Timing

To determine whether the security code entered is correct, check to see if bit 6 of RAM address $80 is
set. If it is, then the correct security code has been entered and FLASH can be accessed.

If the security sequence fails, the device should be reset by a power-on reset and brought up in monitor
mode to attempt another entry. After failing the security sequence, the FLASH module can also be mass
erased by executing an erase routine that was downloaded into internal RAM. The mass erase operation
clears the security code locations so that all eight security bytes become $FF (blank).
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e The ADC that is on the QYxA can operate while the MCU is in stop mode allowing lower power
operation. This also adds a lower noise environment for precise ADC results.

* Enabling an ADC channel no longer overrides the digital I/O function of the associated pin. To
prevent the digital I/O from interfering with the ADC read of the pin, the data direction bit associated
with the port pin must be set as input.

* Finally, the new ADC can be configured to select two different reference clock sources:

— Theinternal bus x 4
— An internal asynchronous source

The internal asynchronous clock source allows the ADC to be clocked for operation in stop mode.

A.2.1.1 Registers Affected

Bit 7 6 5 4 3 2 1 Bit 0
Read:| COCO
Wi AIEN ADCO ADCH4 ADCH3 ADCH2 ADCH1 ADCHO
rite:
Reset: 0 0 0 1 1 1 1 1

I:l = Unimplemented

Figure A-1. ADC10 Status and Control Register (ADSCR)

The ADCHx bits can be used to select additional ADC channels or bandgap measurement.

Bit 7 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

I:l = Unimplemented

Figure A-2. ADC10 Data Register High (ADRH), 10-Bit Mode

10-bit ADC uses the new ADRH register for the upper 2 bits.

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

Figure A-3. ADC10 Clock Register (ADCLK)

A long sample time option has been added to conserve power at the expense of longer conversion times.
This option is selected using the new ADLSMP bit in the ADCLK register. (The bit location was previously
reserved.)

The ADC will now run in stop mode if the ACLKEN bit is set to enable the asynchronous clock inside the
ADC module. Utilizing stop mode for an ADC conversion gives the quietest operating mode to get
extremely accurate ADC readings. (This bit location now used by ACLKEN was reserved — it always read
as a 0 and writes to that location had no affect.)
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