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Section 1 Introduction

1.1 Overview

The MC9S08GB/GT are members of the low-cost, high-performance HCS08 Family of 8-bit
microcontroller units (MCUSs). All MCUs in the family use the enhanced HCSO08 core and are available
with avariety of modules, memory sizes, memory types, and package types.

1.2 Features

Features have been organized to reflect:

» Standard features of the HCS08 Family
* Features of the MC9S08GB/GT MCU

1.2.1 Standard Features of the HCS08 Family

* 40-MHz HCS08 CPU (central processor unit)
» HCO8 instruction set with added BGND instruction
» Background debugging system (see also the Development Support section)

» Breakpoint capability to alow single breakpoint setting during
in-circuit debugging (plus two more breakpoints in on-chip debug module)

» Debug module containing two comparators and nine trigger modes. Eight deep FIFO for storing
change-of-flow addresses and event-only data. Debug module supports both tag and force
breakpoints.

e Support for up to 32 interrupt/reset sources
* Power-saving modes: wait plus three stops
e System protection features:
— Optional computer operating properly (COP) reset
— Low-voltage detection with reset or interrupt
— Illegal opcode detection with reset
— Illegal address detection with reset (some devices don’'t have illegal addresses)

1.2.2 Features of MC9S08GB/GT Series of MCUs

*  On-chipin-circuit programmable FLASH memory with block protection and security options (see
Table 1-1 for device specific information)

*  On-chip random-access memory (RAM) (see Table 1-1 for device specific information)
» 8-channel, 10-bit analog-to-digital converter (ATD)

MOTOROLA MC9S08GB/GT 17
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Two serial communications interface modules (SCI)
Serial peripheral interface module (SPI)

Clock source optionsinclude crystal, resonator, external clock or internally generated clock with
precision NVM trimming

Inter-integrated circuit bus module to operate up to 100 kbps (11C)

One 3-channel and one 5-channel 16-bit timer/pul se width modulator (TPM) modules with
selectable input capture, output compare, and edge-aligned PWM capability on each channel. Each
timer module may be configured for buffered, centered PWM (CPWM) on all channels (TPMX).

8-pin keyboard interrupt module (KBI)
16 high-current pins (limited by package dissipation)

Software sel ectabl e pullups on ports when used asinput. Selectionison anindividual port bit basis.
During output mode, pullups are disengaged.

Internal pullup on RESET and IRQ pin to reduce customer system cost

56 general-purpose input/output (1/0) pins, depending on package selection
64-pin low-profile quad flat package (L QFP) — MC9S08GBxx

44-pin quad flat package (QFP) — MC9S08GTxx

42-pin shrink dual in-line package (SDIP) — MC9S08GTxx

1.2.3 Devices in the MC9S08GB/GT Series

Table 1-1 liststhe devices availablein the MC9S08GB/GT series and summarizes the differences among

them.

Table 1-1 Devices in the MC9S08GB/GT Series

Device FLASH RAM TPM I/O Packages
One 3-channel
MC9S08GB60 60K 4K and one 56 64 LQFP
5-channel
16-bit timer
One 3-channel
MC9S08GB32 32K 2K and one 56 64 LQFP
5-channel
16-bit timer
Two 36 44 QFP
MC9S08GT60 60K 4K 2-char_1ne|/16- 34 42 SDIP
bit timers
Two 36 44 QFP
MC9S08GT32 32K 2K 2-channel/16- 34 42 SDIP
bit timers

1.3 MCU Block Diagrams

These block diagrams shows the structure of the MC9S08GB/GT MCUs.

18
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| mn || cop | o [«—>PTC5
— |—> PTC4
| ma || wo | — P L NOTES 1,5
SERIAL COMMUNICATIONS | 4« & | > PTO2/SDA
INTERFACE MODULE (SCI1) N\—/ <> PTC1/RXD2
|| PTCOMTXD2
USER FLASH RN " |—> PTD7/TPM2CH4
((gBngj 521 72g88 BB\\((TTEESS)) N\—/] | | SERIAL COMMUNICATIONS |/ N| <—> PTDB/TPM2CH3
woe INTERFACE MODULE (SCI2) [N— _ | PTDS/TPM2CH?
N2 |[<«—> PTD4/TPM2CHT
N—1/|% |<—> PTD3/TPM2CHO NOTE 1
T | <«—> PTD2/TPM1CH2
USER RAM 3-CHANNEL TIMER/PWM | 1N <—> PTD1/TPM1CH1
(GB60 = 4096 BYTES) N MODULE (TPM1) NV <«—> PTDO/TPM1CHO
(GB32 = 2048 BYTES) NV —
[ |-—> PTE7
<«—> PTE6
oo ||| e oy |
- = |—>
Vsswo ANALOG-TO-DIGITAL Ce—) (1S [=«—> PTEIMISO NOTE 1
VREFH — CONVERTER (ATD) T | <> PTEZSS
VReFL —>
SERIAL PERIPHERAL |1 N PRt
N INTERFACE MODULE (SPI) N—/]
INTERNAL CLOCK N— _
GENERATOR (ICG) - N
8
_________ =
T |<—/»PTF7-PTFO
LOW-POWER OSCILLATOR = 4 } NOTES 1.9
Voo — VOLTAGE Rt
Vsg —pl REGULATOR - ﬂeg
o[>
= |[<—> PTG4
e [T e NOTE 1
& |—>» PTG2/EXTAL
<—> PTG1/XTAL
— —» PTGO/BKGD/MS
NOTES:
1. Port pins are software configurable with pullup device if input port.

2. Pin contains software configurable pullup/pulldown device if IRQ enabled (IRQPE = 1).

(o206 BRS¢V}

. IRQ does not have a clamp diode to Vpp. IRQ should not be driven above Vpp.

. Pin contains integrated pullup device.

. High current drive

. Pins PTA[7:4] contain both pullup and pulldown devices. Pulldown available when KBI enabled (KBIPn = 1).

Figure 1-1 MC9S08GBxx Block Diagram
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HCS08 CORE INTERNAL BUS
N = /e
BDC CPU DEBUG E PTA7/KBIP7- }
N—] N
MODULE (DBG) N—1 /\::\,> e PTAO/KBIPO NOTES 1,7
RESET HCS08 SYSTEM CONTROL 8-BIT KEYBOARD 1 N ::1_3 8
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| all | | cop | < > PTC5 (NOTE 6)
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| ma || wo | <::|/I\8 P L NOTES 1,5
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| [=—> PTCO/TXD2
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((gTngf 3§21 72383 BBJTTEESS)) K—/1 | | SERIAL COMMUNICATIONS |1 K| ~«—> PTD4/TPM2CH1
e INTERFACE MODULE (SCI2) [N o PTDR/TPMECHO
K )b NOTE 1
N—v]
Q |<—» PTD1/TPM1CH1
USER RAM 3-CHANNEL TIMER/PWM
MODULE (TPM1 K <>
(GT60 = 4096 BYTES) N 0 ,EJJOTE( 5 b N FTDO/TPMICHO
(GT32 = 2048 BYTES) NV ( ) —
~<«—>» PTE5/SPSCK
5-CHANNEL TIMER/PWM
<«—> PTE4/MOSI
Vooap —> 10-BIT MODULE (TPM2) <,:'> -
V — ] LN = |<«—> PTE3/MISO
SSAD ANALOG-TO-DIGITAL (NOTE 8) - ] NOTE 1
v N—1/] N1 |—> PTE2/SS
REFH —] CONVERTER (ATD) o
VREFL —> <«—> PTE1/RxD1
SERIAL PERIPHERAL | 1N
N INTERFACE MODULE (SPI) N—/] L PTEOMXDT
INTERNAL CLOCK N—/1 -
GENERATOR (ICG) L —
_________ S
LOW-POWER OSCILLATOR =
| «—» PTG1/XTAL NOTE 1
(=
Voo —» VOLTAGE i > PTGOBKGDMS
Vg —p! REGULATOR ||
NOTES:

. Port pins are software configurable with pullup device if input port.

. Pin contains software configurable pullup/pulldown device if IRQ enabled (IRQPE = 1).

. IRQ does not have a clamp diode to Vpp. IRQ should not be driven above Vpp.

. Pin contains integrated pullup device.

. High current drive

. PTC[6:5] are not available on the 42-pin SDIP package.

. Pins PTA[7:4] contain both pullup and pulldown devices. Pulldown available when KBI enabled (KBIPn = 1).
. Only two timer channels per TPM are bonded out. All channels are available for use.

O~NO U WNE

Figure 1-2 MC9S08GTxx Block Diagram
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Table 1-2 lists the functional versions of the on-chip modules.

Table 1-2 Block Versions

Module Version
Analog-to-Digital Converter (ATD) 3
Internal Clock Generator (ICG) 2
Inter-Integrated Circuit (lIC) 1
Keyboard Interrupt (KBI) 1
Serial Communications Interface (SCI) 1
Serial Peripheral Interface (SPI) 3
Timer Pulse-Width Modulator (TPM) 1
Central Processing Unit (CPU) 2

1.4 System Clock Distribution

—————— o
SYSTEM
I CONTROL | | TPm1 TPM2 c sci sci2 SPI
caeroLk | -O%C I
RTI
FFE I I
| |
ICG || Y rxeorreq CLOCK' (XCLK)
|
|
ICGOUT | o [, |4 BUSCLK I
|
ICGLCLK* |
L - - - — |
CPU BDC ATD RAM FLASH
A |:| A ATD has min and max Irztelqu'Srlgrrr:gr?tg?grugr%i;yram
T T frequency requirements. ul f
J:— J:— * ICGLCLK is the alternate BDC clock source for the MCIS08GB/GT. See ATD section and and erase operation.

Appendix A.

Figure 1-3 System Clock Distribution Diagram

MOTOROLA MC9S08GB/GT

See Appendix A.
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Some of the modules inside the MCU have clock source choices. Figure 1-3 shows asimplified clock
connection diagram. The |CG supplies the clock sources:

22

ICGOUT isan output of the ICG module. It is either:
— Theexternal crystal oscillator
— Anexternal clock source

— Theoutput of the digitally-controlled oscillator (DCO) in the frequency-locked loop
sub-module

Control bitsinside the ICG determine which source is connected.

FFE isacontrol signal generated inside the ICG. If the frequency of ICGOUT > 4 x the frequency
of ICGERCLK, thissignal isalogic 1 and the fixed-frequency clock will be the ICGERCLK.
Otherwise the fixed-frequency clock will be BUSCLK.

ICGLCLK — Development tools can select thisinternal self-clocked source (~8 MHZz) to speed up
BDC communications in systems where the bus clock is slow.

ICGERCLK — External reference clock can be selected as the real-time interrupt clock source.
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Section 2 Pins and Connections

2.1 Introduction

This section describes signals that connect to package pins. It includes a pinout diagram, atable of signal
properties, and detailed discussion of signals.

2.2 Device Pin Assignment

(%))
4 2
=20 -
< < 4 o KR ¢ u I o
b b cbEESSEEEEEEE
eal [ [ IT I ITIL I ICIL I I ] [ad]
o 63 62 61 60 59 58 57 56 55 54 53 52 51 50
RESET [1] 48] PTA2/KBIP2
PTG7[ |2 47] ] PTAL/KBIPL
PTCO/TXD2 [ |3 46[ | PTAO/KBIPO
PTCURxD2 [ |4 45| ] pTF7
PTC2/SDA[ |5 44[ ] pTre
PTC3/sCL |6 43[ ] prrs
PTC4[ |7 42[ ] Veert
PTC5 [ |8 41 ] Veern
PTCe [ |9 40[ ] PTB7/AD7
PTC7 [ 10 39[ ] PTB6/ADG
PTF2 [ |11 38| | PTBS/ADS
PTF3 [ 12 37[ ] pTB4/AD4
PTF4[ |13 36[ | PTB3/AD3
PTEO/TxD1 [ [14 35 | PTB2/AD2
PTEL/RXD1[ |15 34] ] pTB1/ADL
IRQ [16] [33] PTBO/ADO
18 19 20 21 22 23 24 25 26 27 28 29 30 31
o Lo Lt L L 2
9 9 2 ¥ @8 U 882 F £ eF YRS
S 2 2 g > >0 0 0O U O OO O
n = 2 o o o 4 4 4 & & o 8 o
FE @& I O > = 5 = = = = =
o w w B Ao o o o o o o o
FoF W EE EE E EE &
[aB o S 4 o0 o < n ™~
a @) [a) o o 0o o N [a]
F F F F F EF EF K
o o o o o a o 2

Figure 2-1 MC9S08GBxx in 64-Pin LQFP Package
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E PTG2/EXTAL

gl PTA2/KBIP2

RESET [1]
PTCO/TXD2 |
PTCL/RxD2 ||

PTC2/SDA |

PTC3/SCL |:

PTC4 [ |
PTC5 [
PTC6 |

PTEO/TxD1 I:

PTE1/RXD1|:

IRQ[T]

©)

10

43 :l PTG1/XTAL

42| ] PTGO/BKGD/MS

41| ] Vssap

39 [ | PTAT/KBIP7
38 | | PTA6/KBIPG
37 [ ] PTASIKBIPS

40 :| VbpaD

36 || PTA4/KBIP4

35 | | PTA3/KBIP3

PTE2/SS E

PTE3/MISO E 13

PTE4/MOSI [ 14

PTE5/SPSCK |: 15

Vss |: 16
Vbp |: 17

PTDO/TPM1CHO I: 18
PTD1/TPM1CH1 I: 19

PTD3/TPM2CHO I: 20

PTD4/TPM2CH1 [ | 21

PTBO/ADO Ig

E PTA1/KBIP1
:l PTAO/KBIPO

PTB7/AD7
PTB6/AD6
PTB5/AD5
PTB4/AD4
PTB3/AD3
PTB2/AD2

PTB1/AD1

Figure 2-2 MC9S08GTxx in 44-Pin QFP Package
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VbpaDp |:
Vssap [

PTGO/BKGD/MS [ |
PTGLXTAL[ |
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PTC3/SCL[ |
pTC4[ |
PTEO/TXD1[ |
PTEL/RxD1[ |
IRQ[_|
PTE2/SS| |
PTE3MISO[ |
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| ] PTA7IKBIP7
| ] PTA6/KBIPE
| ] PTAS/KBIPS
:| PTA4/KBIP4
| ] PTA3/KKBIP3
[ ] PTA2/KBIP2
[ ]PTALKBIPL

| ] pTAOKBIPO

:l VREFL
| ] Veern

| ]PTB7/AD7
| ] PTB6/ADG
| ] PTBS/ADS
] PTB4/AD4
| ]PTB3/AD3
| ]PTB2/AD2
| ]PTB1/ADL
| ]PTBO/ADO
| ] PTD4/TPM2CHL

| ] PTD3/TPM2CHO

| ] PTDL/TPMICHL

Figure 2-3 MC9S08GTxx in 42-Pin SDIP Package

2.3 Recommended System Connections

Figure 2-4 shows pin connections that are common to almost all MC9S08GBxx application systems.

MC9S08GTxx connections will be similar except for the amount of 1/O pins available. A more detailed
discussion of system connections follows.

MOTOROLA
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VRerH
+—° VboaD  MC9S08GBxx
Cavap
0.1 uF
v E_ Vssap
SéSTEM DD — VRgrL
POWER
. Vop
SR
3v)  Cew Io Cay
10 uF J T 0.1 uF
NETET ________ B
| Re Rs |
| | XTAL
1 NOTE 2
| — — | ) exma
L — - — — = - NOTE 2
BACKGROUND HEADER
1 1
Voo d) ORE *— BKGD/MS
NOTE 3
Lo oo—
L < »—e— RESET
OPTIONAL
MANUAL ASYNCHRONOUS
RESET INTERRUPT » RQ
T INPUT
PTGO/BKDG/MS <«——
PTG1/XTAL <€——>
PTG2/EXTAL «———>»
PTG3 <«——» PORT
PTG4 <€—> G
PTG5 -€———>
PTG6 -w——>
PTG7 €——>
PTF0 -—|
NOTES: PTH <—
1. Not required if PTF2 <—»
using the internal PTF3 <«——» PORT
oscillator option.
PTF4 <—»
2. These are the F
same pins as PTFS <—»
PTG1 and PTG2. PTF6 <-——>
3. BKGD/MS is the PTF7 <-——>»}

same pin as PTGO.

PORT

l«——» PTAO/KBIPO
l«——» PTA1/KBIP1
«——» PTA2/KBIP2
«——» PTA3/KBIP3
«—» PTA4/KBIP4
l«—» PTA5/KBIP5
<«—> PTAG/KBIP6
<«—» PTA7/KBIP7

PORT

«—» PTB0/ADO
<«—» PTB1/AD1
<«——» PTB2/AD2
<«——» PTB3/AD3
<«—» PTB4/AD4
<«——» PTB5/AD5
<«——>» PTB6/AD6
<«——>» PTB7/AD7

PORT

l«——» PTCO/TxD2
l«——» PTC1/RxD2
l«——» PTC2/SDA
«——» PTC3/SCL
l«——» PTC4
l«——» PTC5
l«——» PTC6
<«—>» PTC7

PORT
D

<«——> PTDO/TPM1CHO
<«— PTD1/TPM1CH1
<«— PTD2/TPM1CH2
<«——> PTD3/TPM2CHO
<«—— PTD4/TPM2CH1
<«——» PTD5/TPM2CH2
<«—» PTD6/TPM2CH3
<«—» PTD7/TPM2CH4

PORT

<— > PTEO/TxD1
<«— > PTE1/RxD1
<«—» PTE2/SS
<«———— PTE3/MISO
[<&————> PTE4/MOSI
<&——>» PTE5/SPSCK
<€«—>» PTE6
<€«—» PTE7

Figure 2-4 Basic System Connections
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2.3.1 Power

Vpp and V gg are the primary power supply pins for the MCU. This voltage source supplies power to all
I/O buffer circuitry and to an internal voltage regulator. The internal voltage regulator provides regulated
lower-voltage source to the CPU and other interna circuitry of the MCU.

Typicaly, application systems have two separate capacitors across the power pins. In this case, there
should be abulk electrolytic capacitor, such as a 10-uF tantalum capacitor, to provide bulk charge storage
for the overall system and a 0.1-uF ceramic bypass capacitor located as close to the MCU power pins as
practical to suppress high-frequency noise.

Vppap @nd Vgsgap are the analog power supply pinsfor the MCU. This voltage source supplies power to
the ATD. A 0.1-uF ceramic bypass capacitor should belocated as closeto the M CU power pinsaspractical
to suppress high-frequency noise.

2.3.2 Oscillator

Out of reset the MCU uses an internally generated clock (self-clocked mode — foy reset) €QUiValent to
about 8-MHz crystal rate. This frequency source is used during reset startup and can be enabled as the
clock source for stop recovery to avoid the need for along crystal startup delay. This MCU aso contains
atrimmableinternal clock generator (1CG) modulethat can be used to runthe M CU. For moreinformation
on the ICG, see the Internal Clock Generator section.

The oscillator in thisMCU is a Pierce oscillator that can accommodate a crystal or ceramic resonator in
either of two frequency ranges selected by the RANGE bit in the ICGCL1 register. Rather than acrystal or
ceramic resonator, an external oscillator can be connected to the EXTAL input pin, and the X TAL output
pin must be left unconnected.

Refer to Figure 2-4 for the following discussion. Rg (when used) and Rg should be low-inductance
resistors such as carbon composition resistors. Wire-wound resistors, and some metal film resistors, have
too much inductance. C1 and C2 normally should be high-quality ceramic capacitors that are specifically
designed for high-frequency applications.

Rg isused to provide abias path to keep the EXTAL input in itslinear range during crystal startup and its
value is not generally critical. Typical systemsuse 1 MQ to 10 MQ. Higher values are sensitive to
humidity and lower values reduce gain and (in extreme cases) could prevent startup.

C1 and C2 aretypicaly in the 5-pF to 25-pF range and are chosen to match the requirements of a specific
crystal or resonator. Be sure to take into account printed circuit board (PCB) capacitance and MCU pin
capacitance when sizing C1 and C2. The crystal manufacturer typically specifiesaload capacitancewhich
is the series combination of C1 and C2 which are usually the same size. As afirst-order approximation,
use 10 pF as an estimate of combined pin and PCB capacitance for each oscillator pin (EXTAL and
XTAL).

2.3.3 Reset

RESET isadedicated pin with apullup device builtin. It hasinput hysteresis, ahigh current output driver,
and no output slew rate control. Internal power-on reset and low-voltage reset circuitry typically make
external reset circuitry unnecessary. This pinis normally connected to the standard 6-pin background
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debug connector so adevel opment system can directly reset the MCU system. If desired, amanual external
reset can be added by supplying a ssmple switch to ground (pull reset pin low to force areset).

Whenever any reset isinitiated (whether from an external signal or from aninternal system), the reset pin
isdriven low for about 34 cycles of feys reset, rel€ased, and sampled again about 38 cycles of foys reset
later. If reset was caused by an internal source such aslow-voltage reset or watchdog timeout, the circuitry
expects the reset pin sample to return alogic 1. If the pinisstill low at this sample point, the reset is
assumed to be from an external source. The reset circuitry decodes the cause of reset and records it by
setting a corresponding bit in the system control reset status register (SRS).

Never connect any significant capacitance to the reset pin because that would interfere with the circuit and
sequence that detects the source of reset. If an external capacitance preventsthe reset pin fromrisingto a
valid logic 1 before the reset sample point, all resets will appear to be external resets.

2.3.4 Background/Mode Select (PTGO/BKGD/MS)

The background/mode select (BKGD/MYS) sharesits function with an /O port pin. While in reset the pin
functions as amode select pin. Immediately after reset rises the pin functions as the background pin and
can be used for background debug communication. While functioning as a background/mode select pin
the pin includes an internal pullup device, input hysteresis, a standard output driver, and no output slew
rate control. When used as an 1/0O port (PTGO) the pinis limited to output only.

If nothing is connected to this pin, the MCU will enter normal operating mode at the rising edge of reset.
If adebug system is connected to the 6-pin standard background debug header, it can hold BKGD/MSlow
during the rising edge of reset which forces the MCU to active background mode.

The BKGD pinisused primarily for background debug controller (BDC) communications using a custom
protocol that uses 16 clock cycles of the target MCU’s BDC clock per bit time. The target MCU’s BDC
clock could be asfast asthe bus clock rate, so there should never be any significant capacitance connected
to the BKGD/MS pin that could interfere with background serial communications.

Although the BKGD pin is a pseudo open-drain pin, the background debug communication protocol
provides brief, actively driven, high speedup pulses to ensure fast rise times. Small capacitances from
cables and the absolute value of the internal pullup device play almost no rolein determining rise and fall
times on the BKGD pin.

2.3.5 General-Purpose I/O and Peripheral Ports

The remaining 55 pins are shared among general-purpose 1/0 and on-chip peripheral functions such as
timers and seria /0O systems. (Twenty of these pins are not bonded out on the 44-pin package and
twenty-two are not bonded out on the 42-pin package.) Immediately after reset, all 55 of these pins are
configured as high-impedance general -purpose inputs with internal pullup devices disabled.

NOTE: To avoid extra current drain from floating input pins, the reset initialization routine

in the application program should either enable on-chip pullup devices or change
the direction of unused pins to outputs so the pins do not float.
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For information about controlling these pins as general-purpose I/O pins, see the Parallel Input/Output

section. For information about how and when on-chip peripheral systems use these pins, refer to the
appropriate section from Table 2-1.

Table 2-1 Pin Sharing References

Port Pins é”ﬁ(r:rt‘i%tr? Reference®
PTA7-PTAO KBI7-KBIO Keyboard Interrupt (KBI) Module
PTB7-PTBO AD7-ADO Analog-to-Digital Converter (ATD) Module
PTC7-PTC4 — Parallel Input/Output
PTC3-PTC2 SCL-SDA Inter-Integrated Circuit (IIC) Module
PTC1-PTCO RxD2-TxD2 Serial Communications Interface (SCI) Module
PTD7-PTD3 TF‘:'I\FA)i/ICZE?-I_O Timer/PWM (TPM) Module
PTD2-PTDO T'?“;bigﬁo Timer/PWM (TPM) Module
PTE7-PTE6 — Parallel Input/Output
PTE5S SPSCK
EIE;‘ mg; Serial Peripheral Interface (SPI) Module
PTE2 SS
PTE1-PTEO RxD1-TxD1 Serial Communications Interface (SCI) Module
PTF7-PTFO — Parallel Input/Output
PTG7-PTG3 — Parallel Input/Output
PTG2-PTG1 EXTAL-XTAL Internal Clock Generator (ICG) Module
PTGO BKGD/MS Development Support
NOTES:

1. See this section for information about modules that share these pins.

When an on-chip peripheral system is controlling a pin, data direction control bits still determine what is
read from port data registers even though the peripheral module controls the pin direction by controlling
the enable for the pin’s output buffer. See the Parallel Input/Output section for more details.

Pullup enable bitsfor each input pin control whether on-chip pullup devices are enabled whenever the pin
isacting asan input evenif it isbeing controlled by an on-chip periphera module. When the PTA7-PTA4
pinsare controlled by the KBI module and are configured for rising-edge/high-level sensitivity, the pullup
enable control bits enable pulldown devices rather than pullup devices. Similarly, when IRQ is configured
asthe IRQ input and is set to detect rising edges, the pullup enable control bit enables a pulldown device
rather than a pullup device.
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2.3.6 Signal Properties Summary

Table 2-2 summarizes I/O pin characteristics. These characteristics are determined by the way the
common pin interfaces are hardwired to internal circuits.

Table 2-2 Signal Properties

Nzlrge Dir Curlr-g‘%? Pin glé\t,\?l(]f) Pull-up®@ Comments
Vbb — — —
Vss — — —
VbpaD — — —
Vssap — — —
VREFH — — —
VREFL — — —
RESET 1/0 Y N Y Pin contains integrated pullup.
IRQPE must be set to enable IRQ function.
IRQ does not have a clamp diode to Vpp. IRQ should
not be driven above Vpp.

IRQ I — — Y Pullup/pulldown active when IRQ pin function
enabled. Pullup forced on when IRQ enabled for
falling edges; pulldown forced on when IRQ enabled
for rising edges.

PTAO/KBIPO 110 N SWC SWC
PTA1/KBIP1 1/0 N SWC SWC
PTA2/KBIP2 I/0 N SWC SWC
PTA3/KBIP3 1/0 N SWC SWC
PTA4/KBIP4 o N swc swc Pullup/pulldown active when KBI pin function
PTAS/KBIP5 110 N sSwC swC enabled. Pullup forced on when KBIPx enabled for
PTAG6/KBIP6 /10 N SWC SWC falling edges; pulldown forced on when KBIPx
PTA7/KBIP7 o) N SWC SWC enabled for rising edges.
PTBO/ADO I/0 N SWC SWC
PTB1/AD1 110 N SWC SWC
PTB2/AD2 /0 N SWC SWC
PTB3/AD3 I/0 N SWC SWC
PTB4/AD4 110 N SWC SwWC
PTB5/AD5 1/0 N SWC SWC
PTB6/AD6 I/0 N SWC SwWC
PTB7/AD7 1/0 N SWC SWC
PTCO/TxD2 I/0 Y SWC SwWC When pin is configured for SCI function, pin is
PTC1/RxD2 110 Y SWC SWC configured for partial output drive.
PTC2/SDA /0 Y SWC SWC
PTC3/SCL 1/0 Y SWC SWC
PTC4 I/0 Y SWC SwWC
PTC5 1/0 Y sSwcC sSwcC Not available on 42-pin pkg
PTC6 110 Y sSwcC SWC Not available on 42-pin pkg

30 MC9S08GB/GT

MOTOROLA




Data Sheet — MC9S08GB60/D V1.5

Table 2-2 Signal Properties (Continued)

Nzlrge Dir Curlr-g‘%? Pin glé\t,\?l(]f) Pull-up®@ Comments
PTC7 110 Y sSwcC SWC Not available on 42- or 44-pin pkg
PTDO/TPM1CHO /0 N SWC SWC
PTD1/TPM1CH1 /1O N SWC SWC
PTD2/TPM1CH2 110 N sSwcC SWC Not available on 42- or 44-pin pkg
PTD3/TPM2CHO /0 N SWC SWC
PTD4/TPM2CH1 11O N SWC SWC
PTD5/TPM2CH2 110 N sSwcC SWC Not available on 42- or 44-pin pkg
PTD6/TPM2CH3 /0 N SWC SWC Not available on 42- or 44-pin pkg
PTD7/TPM2CH4 110 N sSwcC SWC Not available on 42- or 44-pin pkg
PTEO/TxD1 /0 N SWC SWC
PTE1/RxD1 I/0 N SWC SWC
PTE2/SS 110 N swc swc
PTE3/MISO /0 N SWC SWC
PTE4/MOSI /0 N SWC SWC
PTE5/SPSCK 11O N SWC SWC
PTE6 110 N sSwcC SWC Not available on 42- or 44-pin pkg
PTE7 /0 N SwcC SWC Not available on 42- or 44-pin pkg
PTFO 110 Y sSwcC sSWC Not available on 42- or 44-pin pkg
PTF1 110 Y sSwcC SWC Not available on 42- or 44-pin pkg
PTF2 /0 Y SwWC SWC Not available on 42- or 44-pin pkg
PTF3 1/0 Y sSwcC sSwcC Not available on 42- or 44-pin pkg
PTF4 110 Y SwWC SWC Not available on 42- or 44-pin pkg
PTF5 /0 Y SwWC SWC Not available on 42- or 44-pin pkg
PTF6 1/0 Y sSwcC sSwcC Not available on 42- or 44-pin pkg
PTF7 110 Y sSwWcC SWC Not available on 42- or 44-pin pkg
PTGO/BKGD/MS o N SWe SWeC ;Lrl]l‘l:t:ip:)sr;it;glde;nd slew rate disabled when BDM
PTG1/XTAL /0 N SWC SWC ]I;l::::t:lp()) r?_nd slew rate disabled when XTAL pin
PTG2/EXTAL e N SWC SWC :Jl;"clig rrind slew rate disabled when EXTAL pin
PTG3 1/0 N sSwcC sSwcC Not available on 42- or 44-pin pkg
PTG4 1/0 N sSwcC SWC Not available on 42- or 44-pin pkg
PTG5 /0 N SwWcC SWC Not available on 42- or 44-pin pkg
PTG6 1/0 N sSwcC sSwcC Not available on 42- or 44-pin pkg
PTG7 1/0 N sSwWcC SWC Not available on 42- or 44-pin pkg
NOTES:

1. SWC is software controlled slew rate, the register is associated with the respective port.
2. SWC is software controlled pullup resistor, the register is associated with the respective port.
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Section 3 Modes of Operation

3.1 Introduction

The operating modes of the MC9S08GB/GT are described in this section. Entry into each mode, exit from
each mode, and functionality while in each of the modes are described.

3.2 Features

» Active background mode for code devel opment
* Wait mode:
— CPU shuts down to conserve power
— System clocks running
— Full voltage regulation maintained
e Stop modes:
— System clocks stopped; voltage regulator in standby
— Stopl — Full power down of internal circuits for maximum power savings
— Stop2 — Partial power down of internal circuits, RAM contents retained
— Stop3 — All internal circuits powered for fast recovery

3.3 Run Mode

Thisisthe normal operating mode for the MC9S08GB/GT. This mode is selected when the BKGD/M S
pinishigh at the rising edge of reset. In this mode, the CPU executes code from internal memory with
execution beginning at the address fetched from memory at $FFFE: $FFFF after reset.

3.4 Active Background Mode

The active background mode functions are managed through the background debug controller (BDC) in
the HCS08 core. The BDC, together with the on-chip debug module (DBG), provide the means for
analyzing MCU operation during software development.

Active background mode is entered in any of five ways:
*  When the BKGD/MS pinislow at therising edge of reset
*  When aBACKGROUND command is received through the BKGD pin
*  When aBGND instruction is executed
*  When encountering a BDC breakpoint
*  When encountering a DBG breakpoint
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Once in active background mode, the CPU is held in a suspended state waiting for serial background
commands rather than executing instructions from the user’ s application program.

Background commands are of two types:

* Non-intrusive commands, defined as commands that can be issued while the user programis
running. Non-intrusive commands can be issued through the BKGD pin whilethe MCU isin run
mode; non-intrusive commands can aso be executed when the MCU isin the active background
mode. Non-intrusive commands include:

— Memory access commands

— Memory-access-with-status commands
— BDC register access commands

— The BACKGROUND command

» Active background commands, which can only be executed while the MCU isin active background
mode. Active background commands include commands to:

— Read or write CPU registers
— Trace one user program instruction at atime
— Leave active background mode to return to the user’ s application program (GO)

The active background mode is used to program abootloader or user application program into the FLASH
program memory before the MCU is operated in run mode for thefirst time. When the MC9S08GB/GT is
shipped from the Motorola factory, the FLASH program memory is erased by default unless specifically
noted so there is no program that could be executed in run mode until the FLASH memory isinitially
programmed. The active background mode can aso be used to erase and reprogram the FLASH memory
after it has been previously programmed.

For additional information about the active background mode, refer to the Development Support section.

3.5 Wait Mode

Wait modeisentered by executingaWAIT instruction. Upon execution of the WAIT instruction, the CPU
enters alow-power state in which it isnot clocked. Thel bit in CCR is cleared when the CPU enters the
wait mode, enabling interrupts. When an interrupt request occurs, the CPU exits the wait mode and
resumes processing, beginning with the stacking operations leading to the interrupt service routine.

Whilethe MCU isin wait mode, there are some restrictions on which background debug commands can
be used. Only the BACKGROUND command and memory-access-with-status commands are available
when the MCU isinwait mode. The memory-access-with-status commands do not allow memory access,
but they report an error indicating that the MCU isin either stop or wait mode. The BACKGROUND
command can be used to wake the MCU from wait mode and enter active background mode.
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3.6 Stop Modes

One of three stop modes is entered upon execution of a STOP instruction when the STOPE bit in the
system option register is set. In al stop modes, all internal clocks are halted. If the STOPE bit is not set
when the CPU executes a STOP instruction, the MCU will not enter any of the stop modes and an illegal
opcode reset is forced. The stop modes are selected by setting the appropriate bitsin SPM SC2.

Table 3-1 summarizes the behavior of the MCU in each of the stop modes.
Table 3-1 Stop Mode Behavior

CPU, Digital
Mode PDC | PPDC | Peripherals, RAM ICG ATD Regulator | 1/0O Pins RTI
FLASH
Disabled
Stopl | 1 0 Off Off Off o Off Reset Off
Stop2 1 1 Off Standby Off Disabled | Standby S;aeﬁzs Optionally on
Stop3 0 Egpet Standby | Standby | Off® | Disabled | Standby Srt]aetlzs Optionally on

NOTES:

1. Either ATD stop mode or power-down mode depending on the state of ATDPU.
2. Crystal oscillator can be configured to run in stop3. Please see the ICG registers.

3.6.1 Stopl Mode

The stopl mode providesthe lowest possible standby power consumption by causing the internal circuitry
of the MCU to be powered down. To select entry into stopl mode upon execution of a STOP instruction,
the user must set the PDC bit in SPM SC2 and clear the PPDC bit in SPM SC2.

When the MCU isin stopl mode, all internal circuits that are powered from the voltage regulator are
turned off. The voltage regulator isin alow-power standby state, asisthe ATD.

Exit from stopl isdone by asserting either of the wake-up pinsonthe MCU: RESET or IRQ. IRQ isalways
an active low input when the MCU isin stopl, regardless of how it was configured before entering stopl.

Entering stopl mode automatically assertsLVD. Stop1 cannot be exited until Vpp >V \pny rising (Vpp
must rise above the LVI rearm voltage).

Upon wake-up from stopl mode, the MCU will start up as from a power-on reset (POR). The CPU will
take the reset vector.

3.6.2 Stop2 Mode

The stop2 mode provides very low standby power consumption and maintains the contents of RAM and
the current state of all of the /O pins. To select entry into stop2 upon execution of a STOP instruction, the
user must execute a STOP instruction while the PPDC and PDC bitsin SPMSC2 are set.
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Before entering stop2 mode, the user must save the contents of the I/O port registers, aswell as any other
memory-mapped registers which they want to restore after exit of stop2, to locationsin RAM. Upon exit
of stop2, these values can be restored by user software before pin latches are opened.

When the MCU isin stop2 mode, all internal circuits that are powered from the voltage regulator are
turned off, except for the RAM. Thevoltage regulator isin alow-power standby state, asisthe ATD. Upon
entry into stop2, the states of the 1/0 pins are latched. The states are held while in stop2 mode and after
exiting stop2 mode until alogic 1 iswritten to PPDACK in SPMSC2.

Exit from stop2 is done by asserting either of the wake-up pins: RESET or IRQ, or by an RTI interrupt.
IRQ isaways an active low input when the MCU isin stop2, regardless of how it was configured before
entering stop2.

Upon wake-up from stop2 mode, the MCU will start up as from a power-on reset (POR) except pin states
remain latched. The CPU will take the reset vector. The system and all peripheralswill bein their default
reset states and must be initialized.

After waking up from stop2, the PPDF bit in SPMSC2 is set. This flag may be used to direct user codeto
go to a stop2 recovery routine. PPDF remains set and the I/O pin states remain latched until alogic 1is
written to PPDACK in SPMSC2.

To maintain 1/0 state for pins that were configured as general-purpose 1/0, the user must restore the
contents of the 1/0 port registers, which have been saved in RAM, to the port registers before writing to
the PPDACK bhit. If the port registers are not restored from RAM before writing to PPDACK, then the
register bitswill assume their reset states when the 1/0 pin latches are opened and the I/O pinswill switch
to their reset states.

For pins that were configured as peripheral 1/0, the user must reconfigure the peripheral module that
interfaces to the pin before writing to the PPDACK bit. If the peripheral module is not enabled before
writing to PPDACK, the pins will be controlled by their associated port control registers when the 1/0
latches are opened.

3.6.3 Stop3 Mode

Upon entering the stop3 mode, all of the clocksinthe MCU, including the oscillator itself, are halted. The
ICG isturned off, the ATD is disabled, and the voltage regulator is put in standby. The states of all of the
internal registersand logic, aswell asthe RAM content, are maintained. The I/O pin states are not latched
at the pin asin stop2. Instead they are maintained by virtue of the states of the internal logic driving the
pins being maintained.

Exit from stop3 is done by asserting RESET, an asynchronous interrupt pin, or through the real-time
interrupt. The asynchronous interrupt pins are the IRQ or KBI pins.

If stop3 isexited by means of the RESET pin, then the MCU will be reset and operation will resume after
taking the reset vector. Exit by means of an asynchronous interrupt or the real-time interrupt will result in
the MCU taking the appropriate interrupt vector.

A separate self-clocked source (=1 kHz) for the real-time interrupt allows a wakeup from stop2 or stop3
mode with no external components. When RTIS2:RTIS1:RTISO = 0:0:0, the real-time interrupt function
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and this 1-kHz source are disabled. Power consumption is lower when the 1-kHz source is disabled, but
in that case the real-time interrupt cannot wake the MCU from stop.

3.6.4 Active BDM Enabled in Stop Mode

Entry into the active background mode from run mode is enabled if the ENBDM bit in BDCSCR is set.
Thisregister is described in the Development Support section of this data sheet. If ENBDM is set when
the CPU executes a STOP instruction, the system clocks to the background debug logic remain active
when the MCU enters stop mode so background debug communication is still possible. In addition, the
voltage regulator does not enter its low-power standby state but maintains full internal regulation. If the
user attempts to enter either stopl or stop2 with ENBDM set, the MCU will instead enter stop3.

Most background commands are not available in stop mode. The memory-access-with-status commands
do not allow memory access, but they report an error indicating that the MCU isin either stop or wait
mode. The BACKGROUND command can be used to wake the MCU from stop and enter active
background mode if the ENBDM hit is set. Once in background debug mode, all background commands
are available. The table below summarizes the behavior of the MCU in stop when entry into the
background debug mode is enabled.

Table 3-2 BDM Enabled Stop Mode Behavior

CPU, Digital
Mode | PDC | PPDC | Peripherals, RAM ICG ATD Regulator | 1/0 Pins RTI
FLASH
Don't | Don't _ Disabled _ States .
Stop3 care | care Standby Standby | Active 1) Active held Optionally on
NOTES:

1. Either ATD stop mode or power-down mode depending on the state of ATDPU.

3.6.5 LVD Enabled in Stop Mode

The LVD system is capable of generating either an interrupt or areset when the supply voltage drops
below the LVD voltage. If the LVD isenabled in stop by setting the LVDE and the LVDSE bitsin

SPM SC1 when the CPU executes a STOP instruction, then the voltage regulator remains active during
stop mode. If the user attemptsto enter either stopl or stop2 with the LV D enabled for stop (LVDSE = 1),
the MCU will instead enter stop3. The table below summarizes the behavior of the MCU in stop when the
LVD isenabled.

Table 3-3 LVD Enabled Stop Mode Behavior

CPU, Digital
Mode | PDC | PPDC | Peripherals, RAM ICG ATD Regulator | 1/O Pins RTI
FLASH
Don't | Don't Disabled , States .
Stop3 care | care Standby Standby | Standby ) Active held Optionally on
NOTES:

1. Either ATD stop mode or power-down mode depending on the state of ATDPU.
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3.6.6 On-Chip Peripheral Modules in Stop Modes

When the MCU enters any stop mode, system clocksto theinternal peripheral modules are stopped. Even
in the exception case (ENBDM = 1), where clocks are kept alive to the background debug logic, clocksto
the periphera systems are halted to reduce power consumption. Refer to 3.6.1 Stop1 Mode, 3.6.2 Stop2
Mode, and 3.6.3 Stop3 Mode for specific information on system behavior in stop modes.

I/0 Pins
* Al 1/O pin states remain unchanged when the MCU enters stop3 mode.
» IftheMCU isconfigured to go into stop2 mode, all I/O pins states are latched before entering stop.

» If the MCU isconfigured to go into stopl mode, al 1/0 pins are forced to their default reset state
upon entry into stop.

Memory
* All RAM and register contents are preserved while the MCU isin stop3 mode.

» All registerswill bereset upon wake-up from stop2, but the contents of RAM are preserved and pin
states remain latched until the PPDACK bit iswritten. The user may save any memory-mapped
register datainto RAM before entering stop2 and restore the data upon exit from stop2.

» All registerswill bereset upon wake-up from stopl and the contents of RAM are not preserved. The
MCU must be initialized as upon reset. The contents of the FLASH memory are non-volatile and
are preserved in any of the stop modes.

ICG — In stop3 mode, the ICG entersits low-power standby state. Either the oscillator or the interna
reference may be kept running when the ICG isin standby by setting the appropriate control bit. In both
stop2 and stopl modes, the ICG isturned off. Neither the oscillator nor the internal reference can be kept
running in stop2 or stopl, even if enabled within the ICG module.

TPM — When the MCU enters stop mode, the clock to the TPM 1 and TPM 2 modul es stop. The modules
halt operation. If the MCU is configured to go into stop2 or stopl mode, the TPM modules will be reset
upon wake-up from stop and must be reinitialized.

ATD — When the MCU enters stop mode, the ATD will enter alow-power standby state. No conversion
operation will occur whilein stop. If the MCU is configured to go into stop2 or stopl mode, the ATD will
be reset upon wake-up from stop and must be reinitialized.

KBI — During stop3, the KBI pinsthat are enabled continue to function as interrupt sources that are
capable of waking the MCU from stop3. The KBI isdisabled in stopl and stop2 and must be reinitialized
after waking up from either of these modes.

SCI — When the MCU enters stop mode, the clocks to the SCI1 and SCI2 modules stop. The modules
halt operation. If the MCU is configured to go into stop2 or stopl mode, the SCI modules will be reset
upon wake-up from stop and must be reinitialized.

SPI — When the MCU enters stop mode, the clocks to the SPI modul e stop. The modul e halts operation.
If the MCU is configured to go into stop2 or stopl mode, the SPI module will be reset upon wake-up from
stop and must be reinitialized.
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IIC — When the MCU enters stop mode, the clocks to the 11C module stops. The module halts operation.
If the MCU is configured to go into stop2 or stopl mode, the 11C module will be reset upon wake-up from
stop and must be reinitialized.

Voltage Regulator — The voltage regulator enters alow-power standby state when the MCU enters any
of the stop modes unlessthe LVD is enabled in stop mode or BDM is enabled.
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Section 4 Memory

4.1 MC9S08GB/GT Memory Map

As shown in Figure 4-1, on-chip memory in the MC9S08GB/GT series of MCUs consists of RAM,
FLASH program memory for nonvolatile data storage, plus 1/0 and control/status registers. The registers
are divided into three groups:

» Direct-page registers ($0000 through $007F)
» High-page registers ($1800 through $182B)
* Nonvolatile registers ($FFBO through $FFBF)

$0000 $0000
$007F DIRECT PAGE REGISTERS DIRECT PAGE REGISTERS $007F
$0080 $0080
RAM
RAM 2048 BYTES $087F
4096 BYTES $0880
$107F UNIMPLEMENTED
$1080
FLASH 3968 BYTES
1920 BYTES
$17FF $17FF
$1800 $1800
HIGH PAGE REGISTERS HIGH PAGE REGISTERS
$182B $182B
$182C $182C
UNIMPLEMENTED
26580 BYTES $7FFF
$8000
FLASH
59348 BYTES
FLASH
32768 BYTES
$FFFF SFFFF
MC9S08GB/GT60 MC9S08GB/GT32

Figure 4-1 MC9S08GB/GT Memory Map
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4.1.1 Reset and Interrupt Vector Assignments

Table 4-1 shows address assignmentsfor reset and interrupt vectors. The vector names shown in thistable
are the labels used in the Motorola-provided equate file for the MC9S08GB/GT. For more details about
resets, interrupts, interrupt priority, and local interrupt mask controls, refer to the Resets, Interrupts, and

System Configuration section.
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Table 4-1 Reset and Interrupt Vectors

Address

(High/Low) Vector Vector Name
$FFCO:FFC1
’ U_nused Vector Space
(available for user program)
$FFCA:FFCB
$FFCC:FFCD RTI Vrti
$FFCE:FFCF Ic Viic
$FFDO:FFD1 ATD Conversion Vatd
$FFD2:FFD3 Keyboard Vkeyboard
$FFD4:FFD5 SCI2 Transmit Vsci2tx
$FFD6:FFD7 SCI2 Receive Vsci2rx
$FFD8:FFD9 SCI2 Error Vsci2err
$FFDA:FFDB SCI1 Transmit Vsciltx
$FFDC:FFDD SCI1 Receive Vscilrx
$FFDE:FFDF SCI1 Error Vscilerr
$FFEO:FFE1 SPI Vspi
$FFE2:FFE3 TPM2 Overflow Vtpm2ovf
$FFE4:FFES TPM2 Channel 4 Vtpm2ch4
$FFE6:FFE7 TPM2 Channel 3 Vtpm2ch3
$FFE8:FFE9 TPM2 Channel 2 Vtpm2ch2
$FFEA:FFEB TPM2 Channel 1 Vtpm2chl
$FFEC:FFED TPM2 Channel 0 Vtpm2chO
$FFEE:FFEF TPM1 Overflow Vtpmlovf
$FFFO:FFF1 TPM1 Channel 2 Vtpmlch2
$FFF2:FFF3 TPM1 Channel 1 Vtpmichl
$FFF4:FFF5 TPM1 Channel O VtpmlchO
$FFF6:FFF7 ICG Vicg
$FFF8:FFF9 Low Voltage Detect Vivd
$FFFA:FFFB IRQ Virg
$FFFC:FFFD SWI Vswi
$FFFE:FFFF Reset Vreset
MC9S08GB/GT
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4.2 Register Addresses and Bit Assignments

The registersin the MC9S08GB/GT are divided into these three groups:

Direct-pageregistersarelocated in thefirst 128 |ocationsin the memory map, so they are accessible
with efficient direct addressing mode instructions.

High-page registers are used much less often, so they are located above $1800 in the memory map.
This leaves more room in the direct page for more frequently used registers and variables.

The nonvolatile register area consists of ablock of 16 locationsin FLASH memory at
$FFBO-$FFBF.

Nonvolatile register locations include:
— Three values which are loaded into working registers at reset

— An 8-byte backdoor comparison key which optionally allows auser to gain controlled accessto
secure memory

Since the nonvolatile register locations are FLASH memory, they must be erased and programmed
like other FLASH memory locations.

Direct-page registers can be accessed with efficient direct addressing mode instructions. Bit manipulation
instructions can be used to access any bit in any direct-page register. Table 4-2 isasummary of all
user-accessible direct-page registers and control bits.

The direct page registersin Table 4-2 can use the more efficient direct addressing mode which only
requires the lower byte of the address. Because of this, the lower byte of the addressin column oneis
shown in bold text. In Table 4-3 and Table 4-4 the whole address in column one is shown in bold. In
Table 4-2, Table 4-3, and Table 4-4, the register namesin column two are shown in bold to set them apart
from the bit namesto theright. Cellsthat are not associated with named bits are shaded. A shaded cell with
a0 indicates this unused bit always reads as a 0. Shaded cells with dashes indicate unused or reserved bit
locations that could read as 1s or Os.
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Address Register Name

$0000
$0001
$0002
$0003
$0004
$0005
$0006
$0007
$0008
$0009
$000A
$000B
$000C
$000D
$000E
$000F
$0010
$0011
$0012
$0013
$0014
$0015
$0016
$0017
$0018
$0019
$001A
$001B
$001C
$001D
$001E
$001F
$0020
$0021
$0022
$0023
$0024
$0025
$0026
$0027
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PTAD
PTAPE
PTASE
PTADD
PTBD
PTBPE
PTBSE
PTBDD
PTCD
PTCPE
PTCSE
PTCDD
PTDD
PTDPE
PTDSE
PTDDD
PTED
PTEPE
PTESE
PTEDD
IRQSC
Reserved
KBISC
KBIPE
SCI1BDH
SCI1BDL
SCI1C1
SCI1C2
SCI1S1
SCI1S2
SCI1C3
SCIiD
SCI2BDH
SCI2BDL
SCi2C1
SCl2C2
SCI2S1
SCI2Ss2
SCI2C3
SCI2D

Table 4-2 Direct-Page Register Summary

Bit 7 6 5 4 3 2 1 Bit 0
PTAD7 PTADG PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTADO
PTAPE7 | PTAPE6 | PTAPE5 | PTAPE4 | PTAPE3 | PTAPE2 | PTAPE1 | PTAPEO
PTASE7 | PTASE6 | PTASE5 | PTASE4 | PTASE3 | PTASE2 | PTASE1 | PTASEO
PTADD7 | PTADD6é | PTADD5 | PTADD4 | PTADD3 | PTADD2 | PTADD1 | PTADDO
PTBD7 PTBD6 PTBD5 PTBD4 PTBD3 PTBD2 PTBD1 PTBDO
PTBPE7 | PTBPE6 | PTBPE5 | PTBPE4 | PTBPE3 | PTBPE2 | PTBPE1 | PTBPEO
PTBSE7 | PTBSE6 | PTBSE5 | PTBSE4 | PTBSE3 | PTBSE2 | PTBSE1 | PTBSEO
PTBDD7 | PTBDD6 | PTBDD5 | PTBDD4 | PTBDD3 | PTBDD2 | PTBDD1 | PTBDDO
PTCD7 PTCD6 PTCD5 PTCD4 PTCD3 PTCD2 PTCD1 PTCDO
PTCPE7 | PTCPE6 | PTCPE5 | PTCPE4 | PTCPE3 | PTCPE2 | PTCPE1 | PTCPEO
PTCSE7 | PTCSE6 | PTCSE5 | PTCSE4 | PTCSE3 | PTCSE2 | PTCSE1 | PTCSEO
PTCDD7 | PTCDD6 | PTCDD5 | PTCDD4 | PTCDD3 | PTCDD2 | PTCDD1 | PTCDDO
PTDD7 PTDD6 PTDD5 PTDD4 PTDD3 PTDD2 PTDD1 PTDDO
PTDPE7 | PTDPE6 | PTDPE5 | PTDPE4 | PTDPE3 | PTDPE2 | PTDPE1 | PTDPEO
PTDSE?7 | PTDSE6 | PTDSE5 | PTDSE4 | PTDSE3 | PTDSE2 | PTDSE1 | PTDSEO
PTDDD7 | PTDDD6 | PTDDD5 | PTDDD4 | PTDDD3 | PTDDD2 | PTDDD1 | PTDDDO
PTED7 PTEDG PTED5 PTED4 PTED3 PTED2 PTED1 PTEDO
PTEPE7 | PTEPE6 | PTEPE5 | PTEPE4 | PTEPE3 | PTEPE2 | PTEPE1 | PTEPEO
PTESE7 | PTESE6 | PTESE5 | PTESE4 | PTESE3 | PTESE2 | PTESE1 | PTESEO
PTEDD7 | PTEDD6é | PTEDD5 | PTEDD4 | PTEDD3 | PTEDD2 | PTEDD1 | PTEDDO
0 0 IRQEDG IRQPE IRQF IRQACK IRQIE IRQMOD
KBEDG7 | KBEDG6 | KBEDG5 | KBEDG4 KBF KBACK KBIE KBIMOD
KBIPE7 KBIPE6 KBIPES KBIPE4 KBIPE3 KBIPE2 KBIPE1 KBIPEO
0 0 0 SBR12 SBR11 SBR10 SBR9 SBR8
SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
LOOPS | SCISWAI RSRC M WAKE ILT PE PT
TIE TCIE RIE ILIE TE RE RwuU SBK
TDRE TC RDRF IDLE OR NF FE PF
0 0 0 0 0 0 0 RAF
R8 T8 TXDIR 0 ORIE NEIE FEIE PEIE
Bit7 6 5 4 3 2 1 Bit 0
0 0 0 SBR12 SBR11 SBR10 SBR9 SBR8
SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
LOOPS | SCISWAI RSRC M WAKE ILT PE PT
TIE TCIE RIE ILIE TE RE RwuU SBK
TDRE TC RDRF IDLE OR NF FE PF
0 0 0 0 0 0 0 RAF
R8 T8 TXDIR 0 ORIE NEIE FEIE PEIE
Bit7 6 5 4 3 2 1 Bit 0
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Table 4-2 Direct-Page Register Summary (Continued)

Address Register Name  Bit7 6 5 4 3 2 1 Bit 0
$0028 SPIC1 SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
$0029 SPIC2 0 0 0 MODFEN | BIDIROE 0 SPISWAI SPCO
$002A SPIBR 0 SPPR2 SPPR1 SPPRO 0 SPR2 SPR1 SPRO
$002B SPIS SPRF 0 SPTEF MODF 0 0 0 0
$002C Reserved 0 0 0 0 0 0 0 0
$002D SPID Bit 7 6 5 4 3 2 1 Bit 0
$002E Reserved 0 0 0 0 0 0 0 0
$002F Reserved 0 0 0 0 0 0 0 0
$0030 TPM1SC TOF TOIE CPWMS CLKSB CLKSA PS2 PS1 PS0
$0031 TPM1CNTH Bit 15 14 13 12 11 10 9 Bit 8
$0032 TPM1CNTL Bit7 6 5 4 3 2 1 Bit0
$0033 TPM1MODH Bit 15 14 13 12 11 10 9 Bit 8
$0034 TPM1MODL Bit7 6 5 4 3 2 1 Bit0
$0035 TPM1C0SC CHOF CHOIE MS0B MS0A ELSOB ELSOA 0 0
$0036 TPM1COVH Bit 15 14 13 12 11 10 9 Bit 8
$0037 TPM1COVL Bit 7 6 5 4 3 2 1 Bit 0
$0038 TPM1C1SC CH1F CH1IE MS1B MS1A ELS1B ELS1A 0 0
$0039 TPM1C1VH Bit 15 14 13 12 11 10 9 Bit 8
$003A TPM1C1VL Bit7 6 5 4 3 2 1 Bit0
$003B TPM1C2SC CH2F CH2IE MS2B MS2A ELS2B ELS2A 0 0
$003C TPM1C2VH Bit 15 14 13 12 11 10 9 Bit 8
$003D TPM1C2VL Bit 7 6 5 4 3 2 1 Bit 0
s Pesened 1zl 11 z1z17:
$0040 PTFD PTFD7 PTFD6 PTFD5 PTFD4 PTFD3 PTFD2 PTFD1 PTFDO
$0041 PTFPE PTFPE7 PTFPE6 PTFPE5 PTFPE4 PTFPE3 PTFPE2 PTFPE1 PTFPEO
$0042 PTFSE PTFSE7 PTFSE6 PTFSE5 PTFSE4 PTFSE3 PTFSE2 PTFSE1 PTFSEO
$0043 PTFDD PTFDD7 | PTFDD6 | PTFDD5 | PTFDD4 | PTFDD3 | PTFDD2 | PTFDD1 PTFDDO
$0044 PTGD PTGD7 PTGD6 PTGD5 PTGD4 PTGD3 PTGD2 PTGD1 PTGDO
$0045 PTGPE PTGPE7 | PTGPE6 | PTGPE5 | PTGPE4 | PTGPE3 | PTGPE2 | PTGPE1 PTGPEO
$0046 PTGSE PTGSE7 | PTGSE6 | PTGSE5 | PTGSE4 | PTGSE3 | PTGSE2 | PTGSE1 PTGSEO
$0047 PTGDD PTGDD7 | PTGDD6 | PTGDD5 | PTGDD4 | PTGDD3 | PTGDD2 | PTGDD1 | PTGDDO
$0048 ICGC1 0 RANGE REFS CLKS OSCSTEN 0* 0
$0049 ICGC2 LOLRE MFD LOCRE RFD

$004A ICGS1 CLKST REFST LOLS LOCK LOCS ERCS ICGIF
$004B ICGS2 0 0 0 0 0 0 0 DCOS
$004C ICGFLTU 0 0 0 0 FLT

$004D ICGFLTL FLT

$004E ICGTRM TRIM

$004F Reserved 0 0 0 0 0 0 0 0

* This bit is reserved for Motorola internal use only. Always write a 0 to this bit.
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Address Register Name

$0050
$0051
$0052
$0053
$0054

$0055—
$0057

$0058
$0059
$005A
$005B
$005C

$005D-
$005F

$0060
$0061
$0062
$0063
$0064
$0065
$0066
$0067
$0068
$0069
$006A
$006B
$006C
$006D
$006E
$006F
$0070
$0071
$0072
$0073

$0074-
$007F

46

ATDC

ATDSC
ATDRH
ATDRL
ATDPE

Reserved

IICA
IICF
licc
IICS
lIcD

Reserved

TPM2SC
TPM2CNTH
TPM2CNTL
TPM2MODH
TPM2MODL
TPM2CO0SC
TPM2COVH
TPM2COVL
TPM2C1SC
TPM2C1VH
TPM2C1VL
TPM2C2SC
TPM2C2VH
TPM2C2VL
TPM2C3SC
TPM2C3VH
TPM2C3VL
TPM2C4SC
TPM2C4VH
TPM2C4VL

Reserved

Table 4-2 Direct-Page Register Summary (Continued)

Bit 7 6 5 4 3 2 1 Bit O
ATDPU DJM RES8 SGN | PRS
CCF ATDIE | ATDCO ATDCH
Bit 7 6 5 4 3 2 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit 0
ATDPE7 | ATDPE6 | ATDPE5 | ATDPE4 | ATDPE3 | ATDPE2 | ATDPE1 | ATDPEO
ADDR 0
MULT ICR
ICEN ICIE MST X TXAK RSTA 0 0
TCF IAAS BUSY ARBL 0 SRW ICIF RXAK
DATA
TOF TOIE CPWMS | CLKSB | CLKSA PS2 PS1 PS0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
CHOF CHOIE MSO0B MS0A ELSOB ELSOA 0 0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
CH1F CH1IE MS1B MS1A ELS1B ELS1A 0 0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
CH2F CH2IE MS2B MS2A ELS2B ELS2A 0 0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
CH3F CH3IE MS3B MS3A ELS3B ELS3A 0 0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
CH4F CH4IE MS4B MS4A ELS4B ELS4A 0 0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
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High-pageregisters, shown in Table 4-3, are accessed much |ess often than other I/O and control registers
so they have been located outside the direct addressable memory space, starting at $1800.

Address
$1800
$1801
$1802

$1803 —
$1805

$1806
$1807
$1808
$1809
$180A

$180B-
$180F

$1810
$1811
$1812
$1813
$1814
$1815
$1816
$1817
$1818

$1819-
$181F

$1820
$1821
$1822
$1823
$1824
$1825
$1826

$1827-
$182B

Register Name

SRS
SBDFR
SOPT

Reserved

SDIDH
SDIDL
SRTISC
SPMSC1
SPMSC2

Reserved

DBGCAH
DBGCAL
DBGCBH
DBGCBL
DBGFH
DBGFL
DBGC
DBGT
DBGS

Reserved

FCDIV
FOPT
Reserved
FCNFG
FPROT
FSTAT
FCMD

Reserved

MOTOROLA

Table 4-3 High-Page Register Summary

Bit7 6 5 4 3 2 1 Bit 0
POR PIN coP ILOP 0 ICG LVD 0
0 0 0 0 0 0 0 BDFR
COPE | COPT | STOPE = 0 0 BKGDPE [ —
REV3 | REV2 | REV1 REVO ID11 ID10 ID9 ID8
ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO
RTIF | RTIACK | RTICLKS | RTIE 0 RTIS2 | RTIST | RTISO
LVDF | LVDACK | LVDIE | LVDRE | LVDSE | LVDE 0 0
LVWF | LVWWACK | LVDV | LVWV | PPDF | PPDACK | PDC PPDC
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
Bit 15 1 13 12 11 10 9 Bit8
Bit 7 6 5 4 3 2 1 Bit 0
Bit 15 1 13 12 11 10 9 Bit8
Bit 7 6 5 4 3 2 1 Bit 0
DBGEN | ARM TAG | BRKEN | RWA | RWAEN | RWB | RWBEN
TRGSEL | BEGIN 0 0 TRG3 | TRG2 | TRGI | TRGO
AF BF ARMF 0 CNT3 | CNT2 | CNTi CNTO
DVLD | PRDIV8 | DIV5 DIV4 DIV3 DIV2 DIV1 DIVO
KEYEN | FNORED 0 0 0 0 SECOT | SEC00
0 0 KEYACC 0 0 0 0 0
FPOPEN | FPDIS | FPS2 FPS1 FPSO 0 0 0
FCBEF | FCCF | FPVIOL |FACCERR[ 0 FBLANK 0 0
FCMD7 | FCMD6 | FCMD5 | FCMD4 | FCMD3 | FCMD2 | FCMD1 | FCMDO
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Nonvolatile FLASH registers, shown in Table 4-4, are located in the FLASH memory. These registers
include an 8-byte backdoor key which optionally can be used to gain access to secure memory resources.
During reset events, the contents of NVPROT and NVOPT in the nonvolatile register area of the FLASH
memory aretransferred into corresponding FPROT and FOPT working registersin the high-pageregisters
to control security and block protection options.

Table 4-4 Nonvolatile Register Summary

Address  Register Name Bit 7 6 5 4 3 2 1 Bit 0
gEEgg - NVBACKKEY 8-Byte Comparison Key
$FFB8-  Reserved — — - = — — - —
$FFBC — = = = = = = =
$FFBD NVPROT FPOPEN FPDIS FPS2 FPS1 FPSO 0 0 0
$FFBE  Reserved") = = — = = — — —
SFFBF NVOPT KEYEN | FNORED 0 0 0 0 SECO1 SEC00

NOTES:

1. This location can be used to store the factory trim value for the ICG.

Provided the key enable (KEYEN) bit is 1, the 8-byte comparison key can be used to temporarily
disengage memory security. This key mechanism can be accessed only through user code running in
secure memory. (A security key cannot be entered directly through background debug commands.) This
security key can be disabled completely by programming the KEYEN bit to O. If the security key is
disabled, the only way to disengage security is by mass erasing the FLASH if needed (normally through
the background debug interface) and verifying that FLASH is blank. To avoid returning to secure mode
after the next reset, program the security bits (SEC01: SECO00) to the unsecured state (1:0).

4.3 RAM

The MC9S08GB/GT includes static RAM. Thelocationsin RAM below $0100 can be accessed using the
more efficient direct addressing mode, and any single bit in this area can be accessed with the bit
manipulation instructions (BCLR, BSET, BRCLR, and BRSET). Locating the most frequently accessed
program variablesin this area of RAM is preferred.

The RAM retains data when the MCU isin low-power wait, stop2, or stop3 mode. At power-on or after
wakeup from stopl, the contents of RAM are uninitialized. RAM datais unaffected by any reset provided
that the supply voltage does not drop below the minimum value for RAM retention.

For compatibility with older M68HCO05 M CUs, the HCS08 resets the stack pointer to $00FF. In the
MCOS08GB/GT, it isusually best to reinitialize the stack pointer to the top of the RAM so the direct page
RAM can be used for frequently accessed RAM variables and bit-addressabl e program variables. Include
the following 2-instruction sequence in your reset initialization routine (where RamL ast is equated to the
highest address of the RAM in the Motorola-provided equate file).

LDHX #RamLast+1 ;point one past RAM
TXS ;SP<-(H:X-1)

48 MC9S08GB/GT MOTOROLA



Data Sheet — MC9S08GB60/D V1.5

When security is enabled, the RAM is considered a secure memory resource and is not accessible through
BDM or through code executing from non-secure memory. See section 4.5 Security for a detailed
description of the security feature.

4.4 FLASH

The FLASH memory isintended primarily for program storage. In-circuit programming allows the
operating program to be loaded into the FLASH memory after final assembly of the application product.
It is possible to program the entire array through the single-wire background debug interface. Because no
special voltages are needed for FLASH erase and programming operations, in-application programming
isalso possible through other software-controlled communication paths. For amore detailed discussion of
in-circuit and in-application programming, refer to the HCSO8 Family Reference Manual, Volume I,
Motorola document order number HCSO8BRMv1/D.

4.4.1 Features

Features of the FLASH memory include:

* FLASH Size
— MC9OS08GB/GT60 — 61268 bytes (120 pages of 512 bytes each)
— MC9S08GB/GT32 — 32768 bytes (64 pages of 512 bytes each)

» Single power supply program and erase

» Command interface for fast program and erase operation

» Upto 100,000 program/erase cycles at typical voltage and temperature

* Flexible block protection

»  Security feature for FLASH and RAM

* Auto power-down for low-frequency read accesses

4.4.2 Program and Erase Times

Before any program or erase command can be accepted, the FLASH clock divider register (FCDIV) must
be written to set the internal clock for the FLASH module to a frequency (frc ) between 150 kHz and
200 kHz (see4.6.1 FLASH Clock Divider Register (FCDIV)). Thisregister can be written only once, so
normally thiswrite is done during reset initialization. FCDIV cannot be written if the access error flag,
FACCERRINFSTAT, isset. The user must ensure that FACCERR isnot set before writing to the FCDIV
register. One period of the resulting clock (Ufgc k) is used by the command processor to time program
and erase pulses. Aninteger number of thesetiming pul ses are used by the command processor to complete
aprogram or erase command.
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Table 4-5 shows program and erase times. The bus clock frequency and FCDIV determine the frequency
of FCLK (fpcLk)- Thetimefor one cycle of FCLK iSteq) k = Yfec k- Thetimesare shown as a number
of cycles of FCLK and as an absolute time for the case where tec| k = 5 us. Program and erase times
shown include overhead for the command state machine and enabling and disabling of program and erase
voltages.

Table 4-5 Program and Erase Times

Parameter Cycles of FCLK Time if FCLK = 200 kHz
Byte program 9 45 us
Byte program (burst) 4 20 us®
Page erase 4000 20 ms
Mass erase 20,000 100 ms
NOTES:

1. Excluding start/end overhead

4.4.3 Program and Erase Command Execution

The stepsfor executing any of the commands arelisted below. The FCDIV register must beinitialized and
any error flags cleared before beginning command execution. The command execution steps are:

1. Write adatavalue to an addressin the FLASH array. The address and data information from this
writeislatched into the FLASH interface. Thiswriteisarequired first step in any command
sequence. For erase and blank check commands, the value of the data is not important. For page
erase commands, the address may be any address in the 512-byte page of FLASH to be erased. For
mass erase and blank check commands, the address can be any address in the FLASH memory.
Whole pages of 512 bytes are the smallest block of FLASH that may be erased. In the 60K version,
there are two instances where the size of ablock that is accessible to the user islessthan 512 bytes:
the first page following RAM, and thefirst page following the high page registers. These pages are
overlapped by the RAM and high page registers respectively.

2. Write the command code for the desired command to FCMD. The five valid commands are blank
check ($05), byte program ($20), burst program ($25), page erase ($40), and mass erase ($41). The
command code is latched into the command buffer.

3. Writeal tothe FCBEF bit in FSTAT to clear FCBEF and launch the command (including its
address and data information).

A partial command sequence can be aborted manually by writing a0 to FCBEF any time after the writeto
the memory array and before writing the 1 that clears FCBEF and launches the complete command.
Aborting acommand in this way sets the FACCERR access error flag which must be cleared before
starting a new command.
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A strictly monitored procedure must be followed or the command will not be accepted. This minimizes

the possibility of any unintended changes to the FLASH memory contents. The command complete flag
(FCCF) indicates when a command is complete. The command sequence must be completed by clearing
FCBEF to launch the command. Figure 4-2 below isaflowchart for executing all of the commands except
for burst programming. The FCDIV register must beinitialized before using any FLASH commands. This

only must be done once following a reset.

( START )

\
FACCERR ?

Y

CLEAR ERROR

Y

WRITE TO FCDIV(Y)

(") Only required once
after reset.

/

\

WRITE TO FLASH
TO BUFFER ADDRESS AND DATA

Y

WRITE COMMAND TO FCMD

Y

WRITE 1 TO FCBEF
TO LAUNCH COMMAND
AND CLEAR FCBEF @

FPVIO OR
FACCERR ?
»| NO

0 v
FCCF ?

vi

YES

@) Wait at least four bus cycles before
checking FCBEF or FCCF.

> ERROR EXIT

Figure 4-2 FLASH Program and Erase Flowchart
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4.4.4 Burst Program Execution

The burst program command is used to program sequential bytes of datain less time than would be
required using the standard program command. This is possible because the high voltage to the FLASH
array does not need to be disabled between program operations. Ordinarily, when a program or erase
command isissued, an internal charge pump associated with the FLASH memory must be enabled to
supply high voltage to the array. Upon completion of the command, the charge pump is turned off. When
aburst program command isissued, the charge pump isenabled and then remains enabled after compl etion
of the burst program operation if the following two conditions are met:

1. The next burst program command has been queued before the current program operation has
completed.

2. The next sequential address selects a byte on the same physical row as the current byte being
programmed. A row of FLASH memory consists of 64 bytes. A byte within arow is selected by
addresses A5 through AO. A new row begins when addresses A5 through AO are all zero.

The first byte of a series of sequential bytes being programmed in burst mode will take the same amount
of time to program as a byte programmed in standard mode. Subsequent bytes will program in the burst
program time provided that the conditions above are met. In the case the next sequential addressisthe
beginning of anew row, the program time for that byte will be the standard time instead of the burst time.
Thisis because the high voltage to the array must be disabled and then enabled again. If a new burst
command has not been queued before the current command compl etes, then the charge pump will be
disabled and high voltage removed from the array.

52 MC9S08GB/GT MOTOROLA



MOTOROLA

Data Sheet — MC9S08GB60/D V1.5

( START )

Y 0
FACCERR ?

v i

CLEAR ERROR

"y

AA

WRITE TO FCDIV(") () Only required once
after reset.

Y
FCBEF ?
+ 1
WRITE TO FLASH
TO BUFFER ADDRESS AND DATA

Y

WRITE COMMAND TO FCMD
WRITE 1 TO FCBEF @) Wait at least four bus cycles before
TO LAUNCH COMMAND checking FCBEF or FCCF.
AND CLEAR FCBEF @

Y YES
< FFA?/(E%F?F?? »( ERROREXIT

YES + NO
NEW BURST COMMAND ?

»| NO

0 Y
FCCF 2

'E

DONE

Figure 4-3 FLASH Burst Program Flowchart
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4.45 Access Errors

An access error occurs whenever the command execution protocol is violated.

Any of the following specific actions will cause the access error flag (FACCERR) in FSTAT to be set.
FACCERR must be cleared by writing a1 to FACCERR in FSTAT before any command can be
processed.

» Writing to aFLASH address before theinternal FLASH clock frequency has been set by writing to
the FCDIV register

*  Writing to aFLASH address while FCBEF is not set (A new command cannot be started until the
command buffer is empty.)

* Writing asecond timeto a FL A SH address before launching the previous command (Thereisonly
one write to FLASH for every command.)

* Writing a second time to FCMD before launching the previous command (Thereis only one write
to FCMD for every command.)

* Writing to any FLASH control register other than FCMD after writing to a FLASH address
e Writing any command code other than the five allowed codes ($05, $20, $25, $40, or $41) to FCMD

» Accessing (read or write) any FLASH control register other than the write to FSTAT (to clear
FCBEF and launch the command) after writing the command to FCMD.

* The MCU enters stop mode while a program or erase command is in progress (The command is
aborted.)

» Writing the byte program, burst program, or page erase command code ($20, $25, or $40) with a
background debug command whilethe M CU is secured (The background debug controller can only
do blank check and mass erase commands when the MCU is secure.)

* Writing O to FCBEF to cancel a partial command
4.4.6 FLASH Block Protection

Block protection prevents program or erase changesfor FLASH memory locationsin adesignated address
range. Mass erase is disabled when any block of FLASH is protected. The MC9S08GB/GT allows ablock
of memory at the end of FLASH, and/or the entire FLASH memory to be block protected. A disable
control bit and a3-hit control field, allowsthe user to set the size of thisblock. A separate control bit allows
block protection of the entire FLASH memory array. All seven of these control bits are located in the
FPROT register (see 4.6.4 FLASH Protection Register (FPROT and NVPROT)).

At reset, the high-page register (FPROT) isloaded with the contents of the NVPROT location whichisin
the nonvolatile register block of the FLASH memory. The valuein FPROT cannot be changed directly
from application software so arunaway program cannot alter the block protection settings. If the last 512
bytes of FLASH which includes the NVPROT register is protected, the application program cannot alter
the block protection settings (intentionally or unintentionally). The FPROT control bits can be written by
background debug commands to alow away to erase a protected FLASH memory.
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Oneusefor block protection isto block protect an areaof FLASH memory for abootloader program. This
bootloader program then can be used to erase the rest of the FLASH memory and reprogram it. Since the
bootloader is protected, it remains intact even if MCU power islost in the middle of an erase and
reprogram operation.

4.4.7 Vector Redirection

Whenever any block protection is enabled, the reset and interrupt vectors will be protected. Vector
redirection allows users to modify interrupt vector information without unprotecting bootloader and reset
vector space. Vector redirection is enabled by programming the FNORED bit in the NVOPT register
located at address $FFBF to zero. For redirection to occur, at least some portion but not all of the FLASH
memory must be block protected by programming the NVPROT register located at address $FFBD. All
of the interrupt vectors (memory locations $FFCO-$FFFD) are redirected, while the reset vector
($FFFE:FFFF) is not.

For example, if 512 bytes of FLASH are protected, the protected address region is from $FEQO through
$FFFF. Theinterrupt vectors ($FFCO-$FFFD) are redirected to the locations $FDCO-$FDFD. Now, if an
SPI interrupt istaken for instance, the valuesin the locations $FDEO: FDEL1 are used for the vector instead
of the valuesin the locations $FFEO: FFEL. This allows the user to reprogram the unprotected portion of
the FL ASH with new program codeincluding new interrupt vector valueswhileleaving the protected area,
which includes the default vector locations, unchanged.

4.5 Security

The MC9S08GB/GT includes circuitry to prevent unauthorized access to the contents of FLASH and
RAM memory. When security isengaged, FLASH and RAM are considered secureresources. Direct-page
registers, high-page registers, and the background debug controller are considered unsecured resources.
Programs executing within secure memory have normal access to any MCU memory locations and
resources. Attempts to access a secure memory location with a program executing from an unsecured
memory space or through the background debug interface are blocked (writes areignored and reads return
all 0s).

Security is engaged or disengaged based on the state of two nonvolatile register bits (SEC01:SECO0) in
the FOPT register. During reset, the contents of the nonvolatile location NVOPT are copied from FLASH
into the working FOPT register in high-page register space. A user engages security by programming the
NV OPT location which can be done at the same time the FLASH memory is programmed. The 1:0 state
disengages security while the other three combinations engage security. Notice the erased state (1:1)
makes the MCU secure. During devel opment, whenever the FLASH is erased, it is good practice to
immediately program the SEC00 bit to 0 in NVOPT so SEC01:SECO00 = 1:0. Thiswould allow the MCU
to remain unsecured after a subsequent reset.

The on-chip debug module cannot be enabled while the MCU is secure. The separate background debug
controller can still be used for background memory access commands, but the MCU cannot enter active
background mode except by holding BKGD/MS low at the rising edge of reset.

A user can choose to allow or disallow a security unlocking mechanism through an 8-byte backdoor
security key. If the nonvolatile KEY EN bit in NVOPT/FOPT is 0, the backdoor key is disabled and there
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isno way to disengage security without completely erasing all FLASH locations. If KEYEN is 1, asecure
user program can temporarily disengage security by:

1. Writing 1 to KEYACC in the FCNFG register. This makes the FLASH module interpret writes to
the backdoor comparison key locations (NVBACKKEY through NVBACKKEY +7) as values to
be compared against the key rather than as the first step in a FLASH program or erase command.

2. Writing the user-entered key values to the NVBACKKEY through NVBACKKEY +7 locations.
These writes must be done in order starting with the value for NVBACKKEY and ending with
NVBACKKEY+7. STHX should not be used for these writes because these writes cannot be done
on adjacent bus cycles. User software normally would get the key codes from outside the MCU
system through a communication interface such as a seria 1/0.

3. Writing 0 to KEYACC in the FCNFG register. If the 8-byte key that was just written matches the
key stored in the FLASH locations, SEC01:SECO0 are automatically changed to 1:0 and security
will be disengaged until the next reset.

The security key can be written only from RAM, so it cannot be entered through background commands
without the cooperation of a secure user program. The FLASH memory cannot be accessed by read
operations while KEYACC is set.

The backdoor comparison key (NVBACKKEY through NVBACKKEY +7) islocated in FLASH memory
locationsin the nonvolatile register space so users can program these locationsjust asthey would program
any other FLASH memory location. The nonvolétile registers are in the same 512-byte block of FLASH
asthe reset and interrupt vectors, so block protecting that space also block protects the backdoor
comparison key. Block protects cannot be changed from user application programs, so if the vector space
is block protected, the backdoor security key mechanism cannot permanently change the block protect,
security settings, or the backdoor key.

Security can always be disengaged through the background debug interface by following these steps:

1. Disableany block protections by writing FPROT. FPROT can be written only with background
debug commands, not from application software.

Mass erase FLASH if necessary.

Blank check FLASH. Provided FLASH is completely erased, security is disengaged until the next
reset.

To avoid returning to secure mode after the next reset, program NV OPT so SEC01:SECO00 = 1.0.

4.6 FLASH Registers and Control Bits

The FLASH module has nine 8-bit registers in the high-page register space, three locations in the
nonvolatileregister spacein FLASH memory which are copied into three corresponding high-page control
registers at reset. There is also an 8-byte comparison key in FLASH memory. Refer to Table 4-3 and
Table 4-4 for the absolute address assignments for all FLASH registers. This section refersto registers
and control bits only by their names. A Motorola-provided equate or header file normally isused to
trand ate these names into the appropriate absol ute addresses.
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4.6.1 FLASH Clock Divider Register (FCDIV)
Bit 7 of thisregister isaread-only status flag. Bits 6 through O may be read at any time but can be written

only one time. Before any erase or programming operations are possible, write to this register to set the
frequency of the clock for the nonvolatile memory system within acceptable limits.

Bit 7 6 5 4 3 2 1 Bit 0
Read:| DIVLD
PRDIV8 DIV5 DIv4 DIV3 DIvV2 DIV1 DIVO
Write:
Reset: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved
Figure 4-4 FLASH Clock Divider Register (FCDIV)
DIVLD — Divisor Loaded Status Flag

When set, this read-only status flag indicates that the FCDIV register has been written since reset.
Reset clears this bit and the first write to this register causes this bit to become set regardless of the
data written.

1 = FCDIV has been written since reset; erase and program operations enabled for FLASH.

0 = FCDIV has not been written since reset; erase and program operations disabled for FLASH.

PRDIV8 — Prescale (Divide) FLASH Clock by 8

1 = Clock input to the FLASH clock divider is the bus rate clock divided by 8.
0 = Clock input to the FLASH clock divider isthe bus rate clock.

DIV5:DIVO — Divisor for FLASH Clock Divider

The FLASH clock divider dividesthe busrate clock (or the busrate clock divided by 8if PRDIV8 = 1)
by the value in the 6-bit DIV5:DIVO field plus one. The resulting frequency of the internal FLASH
clock must fall within the range of 200 kHz to 150 kHz for proper FLASH operations. Program/Erase
timing pulses are one cycle of thisinternal FLASH clock which corresponds to arange of 5 usto

6.7 us. The automated programming logic uses an integer number of these pul sesto complete an erase
Or program operation.

Equation 1 if PRDIV8=0— frcy k = fgus+ ([DIV5DIVO] + 1)
Equation2 if PRDIV8=1— froy k = fgus = (8 % ([DIV5:DIVQ] + 1))
Table 4-6 shows the appropriate values for PRDIV8 and DIV5:DIVO for selected bus frequencies.
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Table 4-6 FLASH Clock Divider Settings

fg PRDIV8 DIV5:DIVO f Program/Erase Timing Pulse
us (Binary) | (Decimal) FCLK (5 us Min, 6.7 pus Max)

20 MHz 1 12 192.3 kHz 5.2us

10 MHz 0 49 200 kHz 5 s

8 MHz 0 39 200 kHz 5us

4 MHz 0 19 200 kHz 5us

2 MHz 0 9 200 kHz 5us

1 MHz 0 4 200 kHz 5us
200 kHz 0 0 200 kHz 5us
150 kHz 0 0 150 kHz 6.7 us

4.6.2 FLASH Options Register (FOPT and NVOPT)

During reset, the contents of the nonvolatile location NVOPT are copied from FLASH into FOPT. Bits5
through 2 are not used and a'waysread 0. Thisregister may beread at any time, but writes have no meaning
or effect. To change the value in this register, erase and reprogram the NVOPT location in FLASH
memory as usual and then issue a new MCU reset.

Bit7 6 5 4 3 2 1 Bit0
Read:| KEYEN | FNORED 0 0 0 0 SEC01 | SEC00
Write:
Reset: This register is loaded from nonvolatile location NVOPT during reset.

|:| = Unimplemented or Reserved

Figure 4-5 FLASH Options Register (FOPT)
KEY EN — Backdoor Key Mechanism Enable

When this bit is 0, the backdoor key mechanism cannot be used to disengage security. The backdoor
key mechanism is accessible only from user (secured) firmware. BDM commands cannot be used to
write key comparison valuesthat would unlock the backdoor key. For more detailed information about
the backdoor key mechanism, refer to 4.5 Security.

1 = If user firmware writes an 8-byte value that matches the nonvolatile backdoor key
(NVBACKKEY through NVBACKKEY +7 in that order), security istemporarily disengaged
until the next MCU reset.

0 = No backdoor key access allowed.

FNORED — Vector Redirection Disable

When this bit is 1, then vector redirection is disabled.
1 = Vector redirection disabled.
0 = Vector redirection enabled.
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SECO01:SEC00 — Security State Code

This 2-bit field determines the security state of the MCU as shown in Table 4-7. When the MCU is
secure, the contents of RAM and FLASH memory cannot be accessed by instructions from any
unsecured source including the background debug interface. For more detailed information about
security, refer to 4.5 Security.

Table 4-7 Security States

SECO01:SECO00 Description
0:0 secure
0:1 secure
1:0 unsecured
11 secure

SECO01:SECO00 changesto 1:0 after successful backdoor key entry or a successful blank check of FLASH.
4.6.3 FLASH Configuration Register (FCNFG)

Bits 7 through 5 may be read or written at any time. Bits 4 through 0 always read 0 and cannot be written.

Bit 7 6 5 4 3 2 1 Bit0
Read: 0 0 0 0 0 0 0
KEYACC
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-6 FLASH Configuration Register (FCNFG)

KEY ACC — Enable Writing of Access Key

This bit enables writing of the backdoor comparison key. For more detailed information about the
backdoor key mechanism, refer to 4.5 Security.
1 = Writesto NVBACKKEY ($FFBO-$FFB7) are interpreted as comparison key writes.
Reads of the FLASH return invalid data.
0 = Writes to $FFBO-$FFB7 are interpreted as the start of a FLASH programming or erase
command.

4.6.4 FLASH Protection Register (FPROT and NVPROT)

During reset, the contents of the nonvolatile location NVPROT is copied from FLASH into FPROT. Bits
0, 1, and 2 are not used and each alwaysreads as 0. Thisregister may beread at any time, but user program
writes have no meaning or effect. Background debug commands can write to FPROT.
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Bit 7 6 5 4 3 2 1 Bit 0
Read: | FPOPEN | FPDIS FPS2 FPS1 FPSO 0 0 0
Write:| @ @ &) &) &)
Reset: This register is loaded from nonvolatile location NVPROT during reset.
= Unimplemented or Reserved

NOTES:
1. Background commands can be used to change the contents of these bits in FPROT.

Figure 4-7 FLASH Protection Register (FPROT)

FPOPEN — Open Unprotected FLASH for Program/Erase

1 =Any FLASH location, not otherwise block protected or secured, may be erased or programmed.
0 = Entire FLASH memory is block protected (no program or erase allowed).

FPDIS — FLASH Protection Disable
1 =No FLASH block is protected.

0 = FLASH block specified by FPS2:FPS0 is block protected (program and erase not allowed).
FPS2:FPS1:FPSO — FLASH Protect Size Selects

When FPDIS = 0, this 3-hit field determines the size of a protected block of FLASH locations at the
high address end of the FLASH (see Table 4-8). Protected FL ASH locations cannot be erased or
programmed.

Table 4-8 High Address Protected Block

FPS2:FPS1:FPSO | Protected Address Range Protected Block Size Redirected Vectors®
0:0:0 $FE00-$FFFF 512 bytes $FDCO-$FDFD@
0:0:1 $FCO0-$FFFF 1 Kbytes $FBCO-$FBFD
0:1:0 $F800-$FFFF 2 Kbytes $F7CO-$F7FD
0:1:1 $F000-$FFFF 4 Kbytes $EFCO-$EFFD
1:0:0 $EO000 - $FFFF 8 Kbytes $DFCO-$DFFD
1:.0:1 $C000 - $FFFF 16 Kbytes $BFC0-$BFFD
1:1:0 $8000 - $FFFF 32 Kbytes $7FCO-$7FFD
1:1:1 $8000 - $FFFF 32 Kbytes $7FCO-$7FFD

NOTES:

1. No redirection if FPFOPEN = 0, or FNORED = 1.
2. Reset vector is not redirected.
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4.6.5 FLASH Status Register (FSTAT)
Bits 3, 1, and 0 awaysread 0 and writes have no meaning or effect. The remaining five bits are status bits

that can be read at any time. Writes to these bits have special meanings that are discussed in the bit
descriptions.

Bit 7 6 5 4 3 2 1 Bit0
Read: FCCF 0 FBLANK 0 0
FCBEF FPVIOL |FACCERR
Write:
Reset: 1 1 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-8 FLASH Status Register (FSTAT)

FCBEF — FLASH Command Buffer Empty Flag

The FCBEF bit is used to launch commands. It a so indicates that the command buffer isempty so that
anew command sequence can be executed when performing burst programming. The FCBEF bit is
cleared by writing aone to it or when aburst program command is transferred to the array for
programming. Only burst program commands can be buffered.

1 = A new burst program command may be written to the command buffer.

0 = Command buffer isfull (not ready for additional commands).

FCCF — FLASH Command Complete Flag

FCCF is set automatically when the command buffer is empty and no command is being processed.
FCCF is cleared automatically when a new command is started (by writing 1 to FCBEF to register a
command). Writing to FCCF has no meaning or effect.

1 = All commands complete

0 = Command in progress

FPVIOL — Protection Violation Flag

FPVIOL is set automatically when FCBEF is cleared to register acommand that attempts to erase or
program alocation in a protected block (the erroneous command isignored). FPVIOL is cleared by
writingalto FPVIOL.

1 = An attempt was made to erase or program a protected |ocation.

0 = No protection violation.

FACCERR — Access Error Flag

FACCERR is set automatically when the proper command sequence is not followed exactly (the
erroneous command isignored), if aprogram or erase operation isattempted beforethe FCDIV register
has been initialized, or if the MCU enters stop while acommand was in progress. For amore detailed
discussion of the exact actions that are considered access errors, see4.4.5 Access Errors. FACCERR
is cleared by writing a 1 to FACCERR. Writing a 0 to FACCERR has no meaning or effect.

1 = An access error has occurred.

0= No access error.
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FBLANK — FLASH Verified as All Blank (erased) Flag
FBLANK isset automatically at the conclusion of ablank check command if the entire FLASH array

was verified to be erased. FBLANK iscleared by clearing FCBEF to write a new valid command.

Writing to FBLANK has no meaning or effect.
1 = After ablank check command is completed and FCCF = 1, FBLANK = 1 indicatesthe FLASH
array is completely erased (all $FF).
0 = After ablank check command iscompleted and FCCF = 1, FBLANK = Oindicatesthe FLASH
array is not completely erased.

4.6.6 FLASH Command Register (FCMD)

Only five command codes are recognized in normal user modes as shown in Table 4-9. Refer to 4.4.3
Program and Erase Command Execution for a detailed discussion of FLASH programming and erase

operations.

Bit 7 6 5 4 3 2 1 Bit 0

Read: 0 0 0 0 0 0 0 0
Write:| FCMD7 | FCMD6 | FCMD5 | FCMD4 | FCMD3 | FCMD2 | FCMD1 | FCMDO

Reset: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-9 FLASH Command Register (FCMD)

Table 4-9 FLASH Commands

Command FCMD Equate File Label
Blank check $05 mBlank
Byte program $20 mByteProg
Byte program — burst mode $25 mBurstProg
Page erase (512 bytes/page) $40 mPageErase
Mass erase (all FLASH) $41 mMassErase

All other command codes areillegal and generate an access error.

It is not necessary to perform a blank check command after a mass erase operation. Only blank check is
required as part of the security unlocking mechanism.
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5.1 Introduction

This section discusses basic reset and interrupt mechanisms and the various sources of reset and interrupts

in the MC9S08GB/GT. Some interrupt sources from peripheral modules are discussed in greater detall
within other sections of this data manual. This section gathers basic information about all reset and

interrupt sourcesin one placefor easy reference. A few reset and interrupt sources, including the computer

operating properly (COP) watchdog and real-time interrupt (RTI), are not part of on-chip periphera

systems with their own sections but are part of the system control logic.

5.2 Features

Reset and interrupt features include:

» Multiple sources of reset for flexible system configuration and reliable operation:

Power-on detection (POR)

Low voltage detection (LV D) with enable

External RESET pin with enable

COP watchdog with enable and two timeout choices
Illegal opcode

Serial command from a background debug host

* Reset statusregister (SRS) to indicate source of most recent reset
» Separate interrupt vectors for each module (reduces polling overhead) (see Table 5-1)
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5.3 MCU Reset

Resetting the M CU providesaway to start processing from aknown set of initial conditions. During reset,
most control and status registers are forced to initial values and the program counter is loaded from the
reset vector ($FFFE:$FFFF). On-chip peripheral modulesare disabled and I/O pinsareinitialy configured
as general-purpose high-impedance inputs with pullup devices disabled. The | bit in the condition code
register (CCR) is set to block maskable interrupts so the user program has a chance to initialize the stack
pointer (SP) and system control settings. SP is forced to $00FF at reset.

The MC9S08GB/GT has seven sources for reset:
*  Power-on reset (POR)
* Low-voltage detect (LVD)
» Computer operating properly (COP) timer
» lllegal opcode detect
» Background debug forced reset
» Thereset pin (RESET)
» Clock generator loss of lock and loss of clock reset

Each of these sources, with the exception of the background debug forced reset, has an associated bit in
the system reset statusregister. Whenever the M CU entersreset, theinternal clock generator (ICG) module
switches to self-clocked mode with the frequency of foys (et SEl€Cted. Thereset pinisdriven low for 34
internal bus cycles where the internal bus frequency is half the ICG frequency. After the 34 cycles are
completed, the pin isreleased and will be pulled up by the internal pullup resistor, unlessit is held low
externally. After the pinisreleased, it is sampled after another 38 cyclesto determine whether the reset
pinisthe cause of the MCU reset.

5.4 Computer Operating Properly (COP) Watchdog

The COP watchdog is intended to force a system reset when the application software fails to execute as
expected. To prevent a system reset from the COP timer (when it is enabled), application software must
reset the COP timer periodicaly. If the application program gets lost and fails to reset the COP before it
times out, a system reset is generated to force the system back to a known starting point. The COP
watchdog is enabled by the COPE bit in SOPT (see5.8.4 System Options Register (SOPT) for additional
information). The COP timer isreset by writing any value to the address of SRS. Thiswrite does not affect
the datain theread-only SRS. Instead, the act of writing to thisaddressis decoded and sends areset signal
to the COP timer.

After any reset, the COPtimer isenabled. This providesareliable way to detect code that is not executing
asintended. If the COP watchdog is not used in an application, it can be disabled by clearing the COPE
bit in the write-once SOPT register. Also, the COPT bit can be used to choose one of two timeout periods
(218 or 213 cyclesof the busrate clock). Even if the application will use the reset default settingsin COPE
and COPT, the user should still write to write-once SOPT during reset initialization to lock in the settings.
That way, they cannot be changed accidentally if the application program gets lost.
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The writeto SRS that services (clears) the COP timer should not be placed in an interrupt service routine
(ISR) because the ISR could continue to be executed periodically even if the main application program
fails.

When the MCU isin active background mode, the COP timer is temporarily disabled.

5.5 Interrupts

Interrupts provide away to save the current CPU status and registers, execute an interrupt service routine
(ISR), and then restore the CPU status so processing resumes where it |eft off before the interrupt. Other
than the softwareinterrupt (SWI), whichisaprogram instruction, interrupts are caused by hardware events
such as an edge on the IRQ pin or atimer-overflow event. The debug module can also generate an SWI
under certain circumstances.

If an event occursin an enabled interrupt source, an associated read-only status flag will become set. The
CPU will not respond until and unless the local interrupt enable isalogic 1 to enable the interrupt. The |
bit in the CCR islogic O to alow interrupts. The global interrupt mask (I bit) in the CCRisinitially set
after reset which masks (prevents) all maskable interrupt sources. The user program initializes the stack
pointer and performs other system setup before clearing the | bit to allow the CPU to respond to interrupts.

When the CPU receivesaqualified interrupt request, it completesthe current instruction before responding
to the interrupt. The interrupt sequence follows the same cycle-by-cycle sequence as the SWI instruction
and consists of :

» Saving the CPU registers on the stack
» Setting the | bit in the CCR to mask further interrupts
» Fetching the interrupt vector for the highest-priority interrupt that is currently pending

» Filling the instruction queue with the first three bytes of program information starting from the
address fetched from the interrupt vector locations

While the CPU isresponding to the interrupt, the | bit is automatically set to avoid the possibility of
another interrupt interrupting the ISR itself (thisis called nesting of interrupts). Normally, the | bit is
restored to 0 when the CCR isrestored from the value stacked on entry to the ISR. In rare cases, the | bit
may be cleared inside an ISR (after clearing the status flag that generated the interrupt) so that other
interrupts can be serviced without waiting for the first service routine to finish. This practice is not
recommended for anyone other than the most experienced programmers because it can lead to subtle
program errors that are difficult to debug.

The interrupt service routine ends with areturn-from-interrupt (RTI) instruction which restores the CCR,
A, X, and PC registers to their pre-interrupt values by reading the previously saved information off the
stack.

NOTE: For compatibility with the M6S8HCOS, the H register is not automatically saved and
restored. It is good programming practice to push H onto the stack at the start of
the interrupt service routine (ISR) and restore it just before the RTI that is used to
return from the ISR.
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When two or more interrupts are pending when the | bit is cleared, the highest priority sourceis serviced
first (see Table 5-1 Vector Summary).

5.5.1 Interrupt Stack Frame

Figure 5-1 shows the contents and organization of a stack frame. Before the interrupt, the stack pointer
(SP) points at the next available byte location on the stack. The current values of CPU registers are stored
on the stack starting with thelow-order byte of the program counter (PCL) and ending with the CCR. After
stacking, the SP points at the next available |ocation on the stack which isthe address that is one less than
the address where the CCR was saved. The PC value that is stacked isthe address of theinstruction in the
main program that would have executed next if the interrupt had not occurred.

T TOWARD LOWER ADDRESSES

UNSTACKING
ORDER
7 0

SP AFTER
INTERRUPT STACKING

5 1 CONDITION CODE REGISTER

4 2 ACCUMULATOR

3 3 INDEX REGISTER (LOW BYTE X)’

2 4 PROGRAM COUNTER HIGH

1 5 PROGRAM COUNTER LOW
SP BEFORE

T THE INTERRUPT

STACKING ¢
ORDER TOWARD HIGHER ADDRESSES

* High byte (H) of index register is not automatically stacked.
Figure 5-1 Interrupt Stack Frame

When an RTI instruction is executed, these values are recovered from the stack in reverse order. As part
of the RTI sequence, the CPU fills the instruction pipeline by reading three bytes of program information,
starting from the PC address just recovered from the stack.

The status flag causing the interrupt must be acknowledged (cleared) before returning from the ISR.
Typicaly, the flag should be cleared at the beginning of the ISR so that if another interrupt is generated
by this same source, it will be registered so it can be serviced after completion of the current ISR.

5.5.2 External Interrupt Request (IRQ) Pin
Externa interrupts are managed by the IRQSC status and control register. When the IRQ function is
enabled, synchronous logic monitors the pin for edge-only or edge-and-level events. Whenthe MCU isin

stop mode and system clocks are shut down, a separate asynchronous path is used so the IRQ (if enabled)
can wake the MCU.
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5.5.2.1 Pin Configuration Options

The IRQ pin enable (IRQPE) control bit in the IRQSC register must be 1 in order for the IRQ pin to act as
the interrupt request (IRQ) input. As an IRQ input, the user can choose the polarity of edges or levels
detected (IRQEDG), whether the pin detects edges-only or edges and levels (IRQMOD), and whether an
event causes an interrupt or just sets the IRQF flag which can be polled by software.

When the IRQ pin is configured to detect rising edges, an optional pulldown resistor is available rather
than a pullup resistor. BIH and BIL instructions may be used to detect the level on the IRQ pin when the
pinis configured to act asthe IRQ input.

NOTE: The voltage measured on the pulled up IRQ pin may be as low as Vpp—0.7 V. The
internal gates connected to this pin are pulled all the way to Vpp. All other pins
with enabled pullup resistors will have an unloaded measurement of Vpp.

5.5.2.2 Edge and Level Sensitivity

The IRQMOD control bit reconfigures the detection logic so it detects edge events and pin levels. In this
edge detection mode, the IRQF status flag becomes set when an edge is detected (when the IRQ pin
changes from the deasserted to the asserted level), but the flag is continuously set (and cannot be cleared)
aslong asthe IRQ pin remains at the asserted level.

5.5.3 Interrupt Vectors, Sources, and Local Masks

Table 5-1 provides a summary of all interrupt sources. Higher-priority sources are located toward the
bottom of the table. The high-order byte of the address for the interrupt service routine is located at the
first address in the vector address column, and the low-order byte of the address for the interrupt service
routine is located at the next higher address.

When an interrupt condition occurs, an associated flag bit becomes set. If the associated local interrupt
enableis 1, an interrupt request is sent to the CPU. Within the CPU, if the global interrupt mask (I bit in
the CCR) is O, the CPU will finish the current instruction, stack the PCL, PCH, X, A, and CCR CPU
registers, set the | bit, and then fetch the interrupt vector for the highest priority pending interrupt.
Processing then continuesin the interrupt service routine.
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Table 5-1 Vector Summary

Vector Address -
Priority (High/Low) Vector Name Module Source Enable Description
$FFCO/FFCL Unused Vector Space
Lower through (available for user program)
$FFCA/FFCB
A $FFCC/FFCD Vrti System RTIF RTIE Real-time interrupt
control
$FFCE/FFCF Viic 1[@ IICIS IICIE 1IC control
$FFDO/FFD1 Vatd ATD coco AIEN AD conversion
complete
$FFD2/FFD3 Vkeyboard KBI KBF KBIE Keyboard pins
. TDRE TIE .
$FFD4/FFD5 Vsci2tx SCI2 TC TCIE SCI2 transmit
. IDLE ILIE .
$FFD6/FFD7 Vsci2rx SCI2 RDRF RIE SCI2 receive
OR ORIE
. NF NFIE
$FFD8/FFD9 Vsci2err SCI2 FE FEIE SCI2 error
PF PFIE
. TDRE TIE .
$FFDA/FFDB Vsciltx SCI1 TC TCIE SCI1 transmit
. IDLE ILIE .
$FFDC/FFDD Vscilrx SCI1 RDRF RIE SCI1 receive
OR ORIE
. NF NFIE
$FFDE/FFDF Vscilerr SCI1 FE FEIE SCI1 error
PF PFIE
SPIF SPIE
$FFEO/FFE1 Vspi SPI MODF SPIE SPI
SPTEF SPTIE
$FFE2/FFE3 Vtpm2ovf TPM2 TOF TOIE TPM2 overflow
$FFE4/FFES Vtpm2ch4 TPM2 CH4F CH4IE TPM2 channel 4
$FFE6/FFE7 Vtpm2ch3 TPM2 CH3F CH3IE TPM2 channel 3
$FFE8/FFE9 Vtpm2ch2 TPM2 CH2F CH2IE TPM2 channel 2
$FFEA/FFEB Vipm2chl TPM2 CH1F CH1IE TPM2 channel 1
$FFEC/FFED Vtpm2chO TPM2 CHOF CHOIE TPM2 channel 0
$FFEE/FFEF Vtpm2lovf TPM1 TOF TOIE TPM1 overflow
$FFFO/FFF1 Vtpmlch2 TPM1 CH2F CH2IE TPM1 channel 2
$FFF2/FFF3 Vtpmlchl TPM1 CH1F CHI1IE TPM1 channel 1
$FFF4/FFF5 VtpmlchO TPM1 CHOF CHOIE TPM1 channel 0
. ICGIF
$FFF6/FFF7 Vicg ICG (LOLS/LOCS) LOLRE/LOCRE ICG
$FFF8/FFF9 Vivd i‘c’)‘:’]ttfg? LVDF LVDIE Low-voltage detect
$FFFA/FFFB Virg IRQ IRQF IRQIE IRQ pin
$FFFC/FFFD Vswi Core SW'. — Software interrupt
Instruction
\ copP COPE Watchdog timer
. System LvD LVDRE Low-voltage detect
Higher SFRFE/FFFF Vreset control RESET pin — External pin
lllegal opcode — lllegal opcode
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5.6 Low-Voltage Detect (LVD) System

The MC9S08GB/GT includes a system to protect against low voltage conditions in order to protect
memory contents and control MCU system states during supply voltage variations. The systemiis
comprised of apower-on reset (POR) circuit and an LV D circuit with a user selectable trip voltage, either
high (V| yvpn) or low (V| ypL)- The LVD circuit is enabled when LVDE in SPMSCL1 is high and the trip
voltageisselected by LVDV in SPMSC2. The LV D isdisabled upon entering any of the stop modes unless
the LVDSE hit is set. If LVDSE and LVDE are both set, then the MCU cannot enter stopl or stop2, and
the current consumption in stop3 with the LV D enabled will be greater.

5.6.1 Power-On Reset Operation

When power isinitially applied to the MCU, or when the supply voltage drops below the Vpog level, the
POR circuit will cause areset condition. Asthe supply voltage rises, the LVD circuit will hold the chipin
reset until the supply has risen above the V| \,py level. Both the POR bit and the LVD bit in SRS are set
following a POR.

5.6.2 LVD Reset Operation

The LVD can be configured to generate a reset upon detection of alow voltage condition by setting
LVDREt01. Oncean LVD reset hasoccurred, the LVD systemwill hold the MCU inreset until the supply
voltage has risen above the level determined by LVDV. The LVD bit in the SRS register is set following
either an LVD reset or POR.

5.6.3 LVD Interrupt Operation

When alow voltage condition is detected and the LV D circuit is configured for interrupt operation (LVDE
set, LVDIE set, and LVDRE clear), then LVDF will be set and an LVD interrupt will occur.

5.6.4 Low-Voltage Warning (LVW)

The LVD system has alow voltage warning flag to indicate to the user that the supply voltage is
approaching, but is still above, the LVD voltage. The LVW does not have an interrupt associated with it.
There are two user selectable trip voltages for the LVW, one high (V| \,wp) and onelow (V| yw)- The
trip voltage is selected by LVWV in SPMSC2.

5.7 Real-Time Interrupt (RTI)

The real-time interrupt function can be used to generate periodic interrupts based on a divide of the
external oscillator during run mode. It can al so be used to wake the M CU from stop2 mode or stop3 mode.
The RTI control includes an internal 1-kHz clock source. Wakeup from stop2 can only be done using this
internal clock. Wakeup from stop3 can be done using either the 1-kHz clock or the external oscillator.
When using the external oscillator, it must be enabled in stop (OSCSTEN = 1) and configured for low
bandwidth operation (RANGE = 0).
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The SRTISC register includes aread-only status flag, a write-only acknowledge bit, and a 3-bit control
value (RTIS2:RTIS1:RTISO) used to disable the clock source to the real-time interrupt or select one of
seven wakeup delays between 8 msand 1.024 seconds. The 1-kHz clock source and therefore the periodic
rates have atolerance of about +30 percent. The RTI hasalocal interrupt enable, RTIE, to allow masking
of the real-time interrupt. It can be disabled by writing 0:0:0 to RTIS2:RTIS1:RTIS0 so the clock source
is disabled and no interrupts will be generated. See 5.8.6 System Real-Time Interrupt Status and
Control Register (SRTISC) for detailed information about this register.

5.8 Reset, Interrupt, and System Control Registers and Control Bits

One 8-bit register in the direct page register space and eight 8-bit registersin the high-page register space
arerelated to reset and interrupt systems.

Refer to the direct-page register summary inthe Memory section of thisdata sheet for the absol ute address
assignments for al registers. This section refersto registers and control bits only by their names. A
Motorola-provided equate or header file is used to trandate these names into the appropriate absolute
addresses.

Some control bitsin the SOPT and SPM SC2 registers are related to modes of operation. Although brief
descriptions of these bits are provided here, the related functions are discussed in greater detail in
Section 3 Modes of Operation.

5.8.1 Interrupt Pin Request Status and Control Register (IRQSC)

This direct page register includes two unimplemented bits which always read O, four read/write bits, one
read-only statusbit, and onewrite-only bit. These bitsare used to configure the IRQ function, report status,
and acknowledge IRQ events.

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 IRQF 0
IRQEDG | IRQPE IRQIE | IRQMOD
Write: IRQACK
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 5-2 Interrupt Request Status and Control Register (IRQSC)

IRQEDG — Interrupt Request (IRQ) Edge Select

This read/write control bit is used to select the polarity of edges or levels on the IRQ pin that cause
IRQF to be set. The IRQMOD control bit determines whether the IRQ pin is sensitive to both edges
and levelsor just edges. When the IRQ pinisenabled asthe IRQ input and is configured to detect rising
edges, the optional pullup resistor is reconfigured as an optiona pulldown resistor.

1 =1RQ isrising edge or rising edge/high-level sensitive.

0 =IRQ isfaling edge or falling edge/low-level sensitive.
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IRQPE — IRQ Pin Enable

This read/write control bit enables the IRQ pin function. When this bit is set the IRQ pin can be used
as an interrupt request. Also, when thisbit is set, either an internal pull-up or an internal pull-down
resistor is enabled depending on the state of the IRQMOD bit.

1 =1RQ pin function is enabled.

0 =1RQ pin function is disabled.

IRQF — IRQ Flag
This read-only status bit indicates when an interrupt request event has occurred.

1 =1RQ event detected.
0 = No IRQ request.

IRQACK — IRQ Acknowledge

Thiswrite-only bit is used to acknowledge interrupt request events (write 1 to clear IRQF). Writing O
has no meaning or effect. Reads always return logic 0. If edge-and-level detection is selected
(IRQMOD = 1), IRQF cannot be cleared while the IRQ pin remains at its asserted level.

IRQIE — IRQ Interrupt Enable

This read/write control bit determines whether IRQ events generate a hardware interrupt request.
1 = Hardware interrupt requested whenever IRQF = 1.
0 = Hardware interrupt requests from IRQF disabled (use polling).

IRQMOD — IRQ Detection Mode

This read/write control bit selects either edge-only detection or edge-and-level detection. The
IRQEDG control bit determines the polarity of edges and levels that are detected as interrupt request
events. See 5.5.2.2 Edge and Level Sensitivity for more details.

1 =1RQ event on falling edges and low levels or on rising edges and high levels.

0 =1RQ event on falling edges or rising edges only.

5.8.2 System Reset Status Register (SRS)
This register includes seven read-only status flags to indicate the source of the most recent reset. When a
debug host forces reset by writing 1 to BDFR in the SBDFR register, none of the status bitsin SRS will

be set. Writing any value to this register address clears the COP watchdog timer without affecting the
contents of thisregister. The reset state of these bits depends on what caused the MCU to reset.
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Bit 7 6 5 4 3 2 1 Bit 0
Read:| POR PIN CoP ILOP 0 ICG LVD 0
Write: Writing any value to SIMRS address clears COP watchdog timer.
Power-on reset: 1 0 0 0 0 0 1 0
Low-voltage reset: U 0 0 0 0 0 1 0
Any other reset: 0 (1) (1) (1) 0 (1) 0 0

U = Unaffected by reset

NOTES:

1. Any of these reset sources that are active at the time of reset will cause the corresponding bit(s) to be set;
bits corresponding to sources that are not active at the time of reset will be cleared.

Figure 5-3 System Reset Status (SRS)

POR — Power-On Reset

Reset was caused by the power-on detection logic. Because the internal supply voltage was ramping
up at the time, the low-voltage reset (LVD) status bit is also set to indicate that the reset occurred while
the internal supply was below the LVD threshold.

1 = POR caused reset.

0 = Reset not caused by POR.

PIN — External Reset Pin

Reset was caused by an active-low level on the external reset pin.
1 = Reset came from external reset pin.
0 = Reset not caused by external reset pin.

COP — Computer Operating Properly (COP) Watchdog

Reset was caused by the COP watchdog timer timing out. This reset source may be blocked by
COPE =0.

1 = Reset caused by COP timeout.

0 = Reset not caused by COP timeout.

ILOP — Illegal Opcode

Reset was caused by an attempt to execute an unimplemented or illegal opcode. The STOP instruction
is considered illegal if stop is disabled by STOPE = 0 in the SOPT register. The BGND instruction is
considered illegal if active background mode is disabled by ENBDM = 0 in the BDCSC register.

1 = Reset caused by an illegal opcode.

0 = Reset not caused by an illegal opcode.

ICG — Internal Clock Generation Module Reset

Reset was caused by an ICG module reset.
1 = Reset caused by ICG module.
0 = Reset not caused by ICG module.
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LVD — Low Voltage Detect

If the LVD reset is enabled (LVDE = LVDRE = 1) and the supply drops below the LVD trip voltage,
an LVD reset occurs. The LVD function is disabled when the MCU enters stop. To maintain LVD
operation in stop, the LVDSE bit must be set.

1 = Reset caused by LVD trip or POR.

0 = Reset not caused by LVD trip or POR.

5.8.3 System Background Debug Force Reset Register (SBDFR)

This register contains a single write-only control bit. A serial background command such as
WRITE_BYTE must be used to write to SBDFR. Attempts to write this register from a user program are
ignored. Reads always return $00.

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0 0 0 0
Write: BDFR("
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

NOTES:
1. BDFR is writable only through serial background debug commands, not from user programs.

Figure 5-4 System Background Debug Force Reset Register (SBDFR)

BDFR — Background Debug Force Reset

A serial background command such as WRITE_BYTE may be used to allow an external debug host
to force a target system reset. Writing logic 1 to this bit forces an MCU reset. This bit cannot be written
from a user program.

5.8.4 System Options Register (SOPT)

This register may be read at any time. Bits 3 and 2 are unimplemented and always read 0. This is a
write-once register so only the first write after reset is honored. Any subsequent attempt to write to SOPT
(intentionally or unintentionally) is ignored to avoid accidental changes to these sensitive settings. SOPT
should be written during the user’s reset initialization program to set the desired controls even if the
desired settings are the same as the reset settings.

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0
COPE COPT STOPE BKGDPE
Write

Figure 5-5 System Options Register (SOPT)
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COPE — COP Watchdog Enable

Thiswrite-once bit defaults to 1 after reset.
1 = COP watchdog timer enabled (force reset on timeout).
0 = COP watchdog timer disabled.

COPT — COP Watchdog Timeout

This write-once bit defaultsto 1 after reset.

1 = Long timeout period selected (218 cycles of BUSCLK).
0 = Short timeout period selected (212 cycles of BUSCLK).

STOPE — Stop Mode Enable

Thiswrite-once bit defaults to O after reset, which disables stop mode. If stop modeis disabled and a
user program attempts to execute a STOP instruction, an illegal opcode reset isforced.

1 = Stop mode enabled.

0 = Stop mode disabled.

BKGDPE — Background Debug Mode Pin Enable

The BKGDPE hit enables the PTDO/BKGD/MS pin to function as BKGD/MS. When the bit is clear,
the pin will function as PTDO, which is an output only general purpose I/O. This pin always defaults
to BKGD/M S function after any reset.

1 = BKGD pin enabled.

0 =BKGD pin disabled.
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5.8.5 System Device ldentification Register (SDIDH, SDIDL)

This read-only register isincluded so host devel opment systems can identify the HCS08 derivative and
revision number. This alows the devel opment software to recognize where specific memory blocks,
registers, and control bits are located in atarget MCU.

Bit 7 6 5 4 3 2 1 Bit0
Read:| REV3 REV2 REV1 REV0 ID11 ID10 ID9 ID8
Reset: 0" o™ o o™ 0 0 0 0
Read: ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO
Reset: 0 0 0 0 0 0 1 0
= Unimplemented or Reserved

NOTES:
1. The revision number that is hard coded into these bits reflects the current silicon revision level.

Figure 5-6 System Device Identification Register (SDIDH, SDIDL)

REV[3:0] — Revision Number
The high-order 4 bits of address $1806 are hard coded to reflect the current mask set revision number
(0-F).

ID[11:0] — Part Identification Number

Each derivativein the HCS08 Family has a uniqueidentification number. The MC9S08GB/GT ishard
coded to the value $002.

5.8.6 System Real-Time Interrupt Status and Control Register (SRTISC)

This register contains one read-only status flag, one write-only acknowledge bit, three read/write delay
selects, and three unimplemented bits, which always read O.

Bit 7 6 5 4 3 2 1 Bit0
Read:| RTIF 0 0
RTICLKS | RTIE RTIS2 RTIST RTISO
Write: RTIACK
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 5-7 System RTI Status and Control Register (SRTISC)
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RTIF — Real-Time Interrupt Flag

This read-only status bit indicates the periodic wakeup timer has timed out.
1 = Periodic wakeup timer timed out.
0 = Periodic wakeup timer not timed out.

RTIACK — Rea-Time Interrupt Acknowledge

Thiswrite-only bit isused to acknowledge real-time interrupt request (write 1 to clear RTIF). Writing
0 has no meaning or effect. Reads always return logic O.

RTICLKS — Real-Time Interrupt Clock Select

This read/write bit selects the clock source for the real-time interrupt.
1 = Real-time interrupt request clock source is external clock.
0 = Real-time interrupt request clock sourceisinternal 1-kHz oscillator.

RTIE — Real-Time Interrupt Enable

This read-write bit enables real-time interrupts.
1 = Real-time interrupts enabled.
0 = Real-time interrupts disabled.

RTIS2:RTIS1:RTISO — Real-Time Interrupt Delay Selects

These read/write bits select the wakeup delay for the RTI. The clock source for the real-time interrupt
isaself-clocked source which oscillates at about 1 kHz, isindependent of other MCU clock sources.
Using external clock source the delays will be crystal frequency divided by valuein
RTIS2:RTISL:RTISO.

Table 5-2 Real-Time Interrupt Frequency

RTIS2:RTIS1:RTISO 1-kHz Clock Source Delay® Using E’Eé?;@?;ﬁl%‘éﬁfﬁcu;)ce Delay
0:0:.0 Disable periodic wakeup timer Disable periodic wakeup timer
0:0:1 8 ms divide by 256
0:1:0 32 ms divide by 1024
0:1:1 64 ms divide by 2048
1:0:0 128 ms divide by 4096
1:.0:1 256 ms divide by 8192
1:1:.0 512 ms divide by 16384
1:1:1 1.024 s divide by 32768
NOTES:

1. Normal values are shown in this column based on fg1; =1 kHz. See Table A-10 Control Timing fgy, for the
tolerance on these values.
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5.8.7 System Power Management Status and Control 1 Register (SPMSC1)

Bit 7 6 5 4 3 2 1 Bit 0

Read:| LVDF 0 0 0
LvDIE | LvDRE(™ | LvDSE™ | LvDE(

Write: LVDACK

Reset: 0 0 0 1 1 1 0 0

|:| = Unimplemented or Reserved
NOTES:

1. This bit can be written only one time after reset. Additional writes are ignored.

Figure 5-8 System Power Management Status and Control 1 Register (SPMSC1)

LVDF — Low-Voltage Detect Flag
Provided LVDE = 1, thisread-only status bit indicates alow-voltage detect event.

LVDACK — Low-Voltage Detect Acknowledge

Thiswrite-only bit isused to acknowledge low voltage detection errors (write 1 to clear LVDF). Reads
always return logic 0.

LVDIE — Low-Voltage Detect Interrupt Enable

This read/write bit enables hardware interrupt requests for LV DF.
1 = Request a hardware interrupt when LVDF = 1.
0 = Hardware interrupt disabled (use polling).

LVDRE — Low-Voltage Detect Reset Enable

This read/write bit enables LV DF eventsto generate a hardware reset (provided LVDE = 1).
1 = Force an MCU reset when LVDF = 1.
0 = LVDF does not generate hardware resets.

LVDSE — Low-Voltage Detect Stop Enable

Provided LVDE = 1, this read/write bit determines whether the |low-voltage detect function operates
when the MCU isin stop mode.

1 = Low-voltage detect enabled during stop mode.

0 = Low-voltage detect disabled during stop mode.

LVDE — Low-Voltage Detect Enable
This read/write bit enables low-voltage detect logic and qualifies the operation of other bitsin this
register.
1=LVD logic enabled.
0=LVD logic disabled.
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5.8.8 System Power Management Status and Control 2 Register (SPMSC2)

Thisregister is used to report the status of the low voltage warning function, and to configure the stop
mode behavior of the MCU.

Bit7 6 5 4 3 2 1 Bit 0
Read:| LVWF 0 PPDF 0
LVDV LVWV PDC PPDC
Write: LVWACK PPDACK
Power-on reset: 01 0 0 0 0 0 0 0
LVD reset: 0o 0 U U 0 0 0 0
Any other reset: o) 0 U U 0 0 0 0
|:| = Unimplemented or Reserved U = Unaffected by reset
NOTES:
1. LVWF will be setin the case when Vg, transitions below the trip point or after reset and Vgypply is already
below V.

Figure 5-9 System Power Management Status and Control 2 Register (SPMSC2)

LVWF — Low-Voltage Warning Flag
The LVWEF bit indicates the low voltage warning status.
1 = Low voltage warning is present or was present.
0 = Low voltage warning not present.
LVWACK — Low-Voltage Warning Acknowledge
The LVWEF bit indicates the low voltage warning status.
Writing alogic 1to LVWACK clears LVWF to alogic 0 if alow voltage warning is not present.

LVDV — Low-Voltage Detect Voltage Select
The LVDV bit selectsthe LVD trip point voltage (V| yp)-
1= ngh trlp pOl nt selected (VLVD = VLVDH)'
O0=Low trlp pOl nt selected (VLVD = VLVDL)'
LVWV — Low-Voltage Warning V oltage Select
The LVWV bit selectsthe LVW trip point voltage (V| yw)-
1= H|gh trlp p0| nt selected (VLVW = VLVWH)'
O=Low t“p p0| nt selected (VLVW = VLVWL)'
PPDF — Partial Power Down Flag

The PPDF bit indicates that the MCU has exited the stop2 mode.
1 = Stop2 mode recovery.
0 = Not stop2 mode recovery.
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PPDACK — Partial Power Down Acknowledge
Writing alogic 1 to PPDACK clears the PPDF bit.

PDC — Power Down Control

The write-once PDC bit controls entry into the power down (stop2 and stopl) modes.
1 = Power down modes are enabled.
0 = Power down modes are disabled.

PPDC — Partial Power Down Control

The write-once PPDC bit controls which power down mode, stopl or stop2, is selected.
1 = Stop2, partial power down, mode enabled if PDC set.
0 = Stop1, full power down, mode enabled if PDC set.
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Section 6 Internal Clock Generator (ICG) Module

Data Sheet — MC9S08GB60/D V1.5

The MC9S08GB/GT microcontroller provides one internal clock generation (ICG) module to create the
system bus frequency. All functions described in this section are available on the MC9S08GB/GT
microcontroller. The EXTAL and XTAL pinsshare port G bits 2 and 1, respectively. Analog supply lines
Vppa and Vggp areinternally derived from the MCU’sVpp and V gg pins. Electrical parametric datafor
the ICG may be found in the Electrical Characteristics appendix.

SYSTEM
| CONTROL I TPM1 TPM2 lic scit SCl2 SPI
ICGERCLK | LoGic I
RTI
FFE | I
I I
IcG I FIXED FREQ CLOCKI(XCLK)
I I
I I
ICGOUT | (o | BUSCLK |
= |
ICGLCLK* |
L — - — |
CPU BDC ATD RAM FLASH
I:I ATD has min and max FLASH has frequency

1|
1|

Figure 6-1 System Clock Distribution Diagram

*|CGLCLK is the alternate BDC clock source for the MC9S08GB/GT.

frequency requirements.

See ATD section and
Appendix A.

requirements for program

and erase operation.
See Appendix A.

NOTE: Motorola recommends that FLASH location $FFBE be reserved to store a
nonvolatile version of ICGTRM. This will allow debugger and programmer
vendors to perform a manual trim operation and store the resultant ICGTRM value

for users to access at a later time.
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INTERNAL BUS

DEBUG
MODULE (DBG)

8-BIT KEYBOARD
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[IC MODULE (IIC)

SERIAL COMMUNICATIONS
INTERFACE MODULE (SCH)

SERIAL COMMUNICATIONS
INTERFACE MODULE (SCI2)

3-CHANNEL TIMER/PWM
MODULE (TPM1)

5-CHANNEL TIMER/PWM
MODULE (TPM2)

SERIAL PERIPHERAL
INTERFACE MODULE (SPI)

SV VA O N (D A

HCS08 CORE
=N
CPU BDC N—1]
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RESET <«—>
NOTE 4 RESETS AND INTERRUPTS
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POWER MANAGEMENT
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NOTES 2, 3
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VReFL —>
INTERNAL CLOCK <,|:>
GENERATOR (ICG)
LOW-POWER OSCILLATOR
Voo — VOLTAGE
Vs —p REGULATOR
NOTES:

1. Port pins are software configurable with pullup device if input port.

. Pin contains software configurable pullup/pulldown device if IRQ enabled (IRQPE = 1).
. IRQ does not have a clamp diode to Vpp. IRQ should not be driven above Vpp.

. Pin contains integrated pullup device.
. High current drive
. Pins PTA[7:4] contain software configurable pullup/pulldown device. Pulldown available when KBI enabled (KBIPn = 1).

O wWN
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Figure 6-2 Block Diagram Highlighting ICG Module
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6.1 Introduction

Figure 6-3 isatop-level diagram that shows the functional organization of the internal clock generation
(ICG) module. This section includes a general description and afeature list.

EXTAL >
[ ICG
OSCILLATOR (OSC) CLOCK
L] WITH EXTERNAL REF SELECT
| SELECT ICGERCLK
= XTAL ¢ OUTPUT
- ICGDCLK | | cLOCK
FREQUENCY | DCO SELECT E‘* S
ICGOUT
LOCKED
REF LOOP (FLL)
SELECT
Vooa A
(SEENOTE 2) LOSS OF LOCK
AND CLOCK DETECTOR
(SEEYV%S?E 9) FIXED
CLOCK . _—
—»~ SELECT FFE
IRG [ ICGIRCLK
INTERNAL LTYP243KHZ| |
REFERENCE 4 ns
GENERATORS | Rg LOCAL CLOCK FOR OPTIONAL USE WITH BDC o
ICGLCLK :
NOTES:

1. See chip level clock routing diagram for specific use of ICGOUT, FFE, ICGLCLK, ICGERCLK
2. Not all HCS08 microcontrollers have unique supply pins for the ICG. See the device pin assignments in
the Pins and Connections section for specifics.

Figure 6-3 ICG Block Diagram

The ICG provides multiple options for clock sources. This offers a user great flexibility when making
choices between cost, precision, current draw, and performance. As seen in Figure 6-3, the ICG consists
of four functional blocks. Each of these is briefly described here and then in more detail in alater section.

* Oscillator block — The oscillator block provides means for connecting an external crystal or
resonator. Two frequency ranges are software selectable to allow optimal startup and stability.
Alternatively, the oscillator block can be used to route an external square waveto the system clock.
External sources can provide a very precise clock source.

» Internal reference generator — The internal reference generator consists of two controlled clock
sources. Oneis designed to be approximately 8 MHz and can be selected as alocal clock for the
background debug controller. The other internal reference clock sourceistypically 243 kHz and
can be trimmed for finer accuracy via software when a precise timed event is input to the MCU.
This provides ahighly reliable, low-cost clock source.
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Frequency-locked loop — A frequency-locked loop (FLL) stage takes either the internal or
external clock source and multipliesit to ahigher frequency. Status bits provide information when
the circuit has achieved lock and when it falls out of lock. Additionally, this block can monitor the
external reference clock and signals whether the clock isvalid or not.

Clock select block — The clock select block provides several switch options for connecting
different clock sourcesto the system clock tree. ICGDCLK isthe multiplied clock frequency out of
theFLL, ICGERCLK isthereference clock frequency from the crystal or external clock source, and
FFE (fixed frequency enable) is a control signal used to control the system fixed frequency clock
(XCLK). ICGLCLK isthe clock source for the background debug controller (BDC).

The moduleisintended to be very user friendly with many of the features occurring automatically without
user intervention. To quickly configure the module, go to Initialization/Application Information and
pick an example that best suits the application needs.

6.1.1 Features

Features of the ICG and clock distribution system:

84

Several options for the primary clock source allow awide range of cost, frequency, and precision
choices:

— 32 kHz-100 kHz crystal or resonator
— 1 MHz-16 MHz crystal or resonator
— External clock

— Internal reference generator

Defaults to self-clocked mode to minimize startup delays

Frequency-locked loop (FLL) generates 8 MHz to 40 MHz (for bus rates up to 20 MHz)
— Usesexternal or internal clock as reference frequency

Automatic lockout of non-running clock sources

Reset or interrupt on loss of clock or loss of FLL lock

Digitally-controlled oscillator (DCO) preserves previous frequency settings, allowing fast
frequency lock when recovering from stop3 mode

DCO will maintain operating frequency during aloss or removal of reference clock
Post-FLL divider selects 1 of 8 busrate divisors (/1 through /128)
Separate self-clocked source for real-time interrupt

Trimmable internal clock source supports SCI communications without additional external
components

Automatic FLL engagement after lock is acquired
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6.1.2 Modes of Operation

Thisisahigh-level description only. Detailed descriptions of operating modes are contained in 6.3
Functional Description

Mode 1 — Off

The output clock, ICGOUT, is static. This mode may be entered when the STOP instruction is
executed.

Mode 2 — Self-clocked (SCM)

Default mode of operation that isentered out of reset. The ICG’sFLL isopen loop and the digitally
controlled oscillator (DCO) is free running at afrequency set by the filter bits.

Mode 3 — FLL engaged internal (FEI)

In this mode, the ICG’s FLL is used to create frequencies that are programmable multiples of the
internal reference clock.

— FLL engaged internal unlocked isatransition state which occurswhilethe FLL isattempting to
lock. The FLL DCO frequency isoff target and the FL L isadjusting the DCO to match the target
frequency.

— FLL engaged internal locked is a state which occurs when the FLL detects that the DCO is
locked to a multiple of the internal reference.

Mode 4 — FLL bypassed external (FBE)
In thismode, the ICG is configured to bypassthe FLL and use an external clock asthe clock source.
Mode 5 — FLL engaged external (FEE)

The ICG’sFLL isused to generate frequencies that are programmable multiples of the external
clock reference.

— FLL engaged external unlocked is atransition state which occurs while the FLL is attempting
tolock. The FLL DCO frequency is off target and the FLL is adjusting the DCO to match the
target frequency.

— FLL engaged external locked is a state which occurs when the FLL detects that the DCO is
locked to a multiple of the internal reference.

6.2 External Signal Description

6.2.1 Overview

Table 6-1 shows the user-accessible signals available for the ICG.
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Table 6-1 Signal Properties

Name Function Reset State
EXTAL External clock/oscillator input Analog input
XTAL Oscillator output Analog output

6.2.2 Detailed Signal Descriptions

This section describes each pin signal in detail.
6.2.2.1 EXTAL— External Reference Clock / Oscillator Input

If thefirst writeto the ICG control register 1 selected FLL engaged external or FLL bypassed modes, this
signal isthe analog external/reference clock or the input of the oscillator circuit. If the first write to the
|CG control register 1 selected FLL engaged internal or self-clocked modes, this signal has no effect on
the ICG.

6.2.2.2 XTAL— Oscillator Output

If thefirst writeto the ICG control register 1 selected FLL engaged external or FL L bypassed modesusing
acrystal/resonator reference, thissignal isthe analog output of the oscillator amplifier circuit. In all other
cases, this signal has no effect on the ICG.

6.2.3 External Clock Connections

If an externa clock is used, then the pins are connected as shown below.

ICG

EXTAL

T

CLOCK INPUT

XTAL
NOT CONNECTED

<
[7)
@»

0=

Figure 6-4 External Clock Connections
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6.2.4 External Crystal/Resonator Connections

If an external crystal/resonator frequency reference is used, then the pins are connected as shown below.
Recommended component values are listed in the Electrical Characteristics section.

ICG

EXTAL Vss XTAL
c Co
| R} I G ER—
Re
Il 1l
| |:| [
CRYSTAL OR RESONATOR

Figure 6-5 External Frequency Reference Connection

6.3 Functional Description

Thissection providesafunctional description of each of the five operating modes of the |ICG. Also covered
aretheloss of clock and loss of lock errors and requirements for entry into each mode.

6.3.1 Off Mode (Off)

Normally when the CPU enters stop mode, the ICG will cease al clock activity and isin the off state.
However there are two cases to consider when clock activity continues while the CPU isin stop mode,

6.3.1.1 BDM Active

When the BDM is enabled (ENBDM = 1), the ICG continues activity as originally programmed. This
allows access to memory and control registers viathe BDC controller.
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6.3.1.2 OSCSTEN Bit Set

When the oscillator is enabled in stop mode (OSCSTEN = 1), theindividual clock generators are enabled
but the clock feed to the rest of the MCU is turned off. This option is provided to avoid long oscillator
startup times if necessary, or to run the RTI from the oscillator during stop3.

6.3.1.3 Stop/Off Mode Recovery

Upon the CPU exiting stop mode dueto aninterrupt, the previously set control bitsare valid and the system
clock feed resumes. If FEE is selected, the ICG will source the internal reference until the external clock
isstable. If FBE is selected, the ICG will wait for the external clock to stabilize before enabling ICGOUT.

Upon the CPU exiting stop mode due to areset, the previously set ICG control bits are ignored and the
default reset values applied. Therefore the ICG will exit stop in SCM mode configured for an
approximately 8 MHz DCO output (4 MHz bus clock) with trim value maintained. If using acrystal, 4096
clocks are detected prior to engaging ICGERCLK. Thisisincorporated in crystal start-up time.

6.3.2 Self-Clocked Mode (SCM)

Self-clocked mode (SCM) is the default mode of operation and is entered when any of the following
conditions occur:

o After any reset.

» Exiting from off mode when CLKS does not equal 10. If CLKS = X1, the ICG enters this state
temporarily until the DCO is stable (DCOS = 1).

e CLKShitsarewritten from X1 to 00.
* CLKS=1X and ICGERCLK isnot detected (both ERCS = 0 and LOCS = 1).

Inthisstate, the FLL loopisopen. The DCOison, and the output clock signal ICGOUT frequency isgiven
by f,cepcLk / R- The ICGDCLK frequency can be varied from 8 MHz to 40 MHz by writing anew value
into thefilter registers (ICGFLTH and ICGFLTL). Thisisthe only mode in which the filter registers can
be written.

If thismode is entered dueto areset, ficgpc k Will default to foys reset Whichisnominaly 8 MHz. If this
modeis entered from FLL engaged internal, f;cgpcy k Will maintain the previous frequency.If this mode
isentered from FLL engaged external (either by programming CLKS or dueto aloss of external reference
clock), ficeperk Will maintain the previous frequency, but ICGOUT will doubleif the FLL was unlocked.
If this mode is entered from off mode, f|cgpck Will be equal to the frequency of ICGDCLK before
entering off mode. If CLKS bits are set to 01 or 11 coming out of the Off state, the ICG enters this mode
until ICGDCLK is stable as determined by the DCOS bit. Once ICGDCLK is considered stable, the ICG
automatically closestheloop by switching to FLL engaged (internal or external) as selected by the CLKS
bits.
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CLKST
oKs D
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Figure 6-6 Detailed Frequency-Locked Loop Block Diagram
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6.3.3 FLL Engaged, Internal Clock (FEI) Mode

FLL engaged interna (FEI) is entered when any of the following conditions occur:

* CLKShitsarewritten to 01
» TheDCO clock stabilizes (DCOS = 1) whilein SCM upon exiting the off state with CLKS = 01

In FLL engaged internal mode, the reference clock is derived from the interna reference clock
ICGIRCLK, and the FLL loop will attempt to lock the ICGDCLK frequency to the desired value, as
selected by the MFD bhits.

6.3.3.1 FLL Engaged Internal Unlocked

FEI unlocked isatemporary state that is entered when FEI is entered and the count error (An) output from
the subtractor is greater than the maximum N ok OF [€ss than the minimum nyy o, 8s required by the
lock detector to detect the unlock condition.

The ICG will remain in this state while the count error (An) isgreater than the maximum nygq or lessthan
the minimum ny,, as required by the lock detector to detect the lock condition.

In this state the output clock signal ICGOUT fregquency isgiven by ficgpcik / R
6.3.3.2 FLL Engaged Internal Locked

FLL engaged internal locked is entered from FEI unlocked when the count error (An), which comes from
the subtractor, is less than njyy, (max) and greater than nlock (min) for a given number of samples, as
required by the lock detector to detect the lock condition. The output clock signal ICGOUT frequency is
given by ficepcLk / R. In FEI locked, the filter value is only updated once every four comparison cycles.
The update made is an average of the error measurements taken in the four previous comparisons.

6.3.4 FLL Bypassed, External Clock (FBE) Mode

FLL bypassed external (FBE) is entered when any of the following conditions occur:

*  From SCM when CLKS =10 and ERCS is high
*  When CLKS = 10, ERCS = 1 upon entering off mode, and off is then exited

* From FLL engaged external mode if aloss of DCO clock occurs and the external reference is still
valid (both LOCS =1 and ERCS=1)

Inthisstate, the DCO and IRG are off and the reference clock isderived from the external reference clock,
ICGERCLK. The output clock signal ICGOUT frequency isgiven by f,ccercik / R. If an external clock
source is used (REFS = 0), then the input frequency on the EXTAL pin can be anywhere in the range

0 MHz to 40 MHz. If acrystal or resonator is used (REFS = 1), then frequency range is either low for
RANGE = 0 or high for RANGE = 1.
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6.3.5 FLL Engaged, External Clock (FEE) Mode

The FLL engaged external (FEE) mode is entered when any of the following conditions occur:

 CLKS=11and ERCS and DCOS are both high.
* TheDCO stabilizes (DCOS = 1) whilein SCM upon exiting the off state with CLKS = 11.

In FEE mode, the reference clock is derived from the external reference clock ICGERCLK, and the FLL
loop will attempt to lock the ICGDCLK frequency to the desired value, as selected by the MFD bits. To
runin FEE mode, there must be aworking 32 kHz—100 kHz or 2 MHz—10 MHz external clock source. The
maximum external clock frequency islimited to 10 MHz in FEE mode to prevent over-clocking the DCO.
The minimum multiplier for the FLL, from Table 6-8 is4. Since 4 X 10 MHz is40MHz, which isthe
operational limit of the DCO, the reference clock cannot be any faster than 10 MHz.

6.3.5.1 FLL Engaged External Unlocked

FEE unlocked is entered when FEE is entered and the count error (An) output from the subtractor is greater
than the maximum Ny ek O 1ess than the minimum nyq o, as required by the lock detector to detect the
unlock condition.

The ICG will remain in this state while the count error (An) isgreater than the maximum nygq or lessthan
the minimum ny,, as required by the lock detector to detect the lock condition.

In this state, the pulse counter, subtractor, digital loop filter, and DCO form a closed loop and attempt to
lock it according to their operational descriptions later in this section. Upon entering this state and until
the FLL becomes |locked, the output clock signal ICGOUT frequency isgiven by ficgpcLk / (2XR) This
extra divide by two prevents frequency overshoots during theinitial locking process from exceeding
chip-level maximum frequency specifications. Once the FLL has locked, if an unexpected loss of lock
causes it to re-enter the unlocked state while the ICG remains in FEE mode, the output clock signal
ICGOUT frequency isgiven by ficopcLk / R

6.3.5.2 FLL Engaged External Locked

FEE locked is entered from FEE unlocked when the count error (An) isless than njoq (max) and greater
than njo (Min) for agiven number of samples, asrequired by the lock detector to detect the lock
condition. The output clock signal ICGOUT frequency isgiven by f;cgpcLk/R. In FLL engaged external
locked, thefilter valueisonly updated once every four comparison cycles. The update madeis an average
of the error measurements taken in the four previous comparisons.

6.3.6 FLL Lock and Loss-of-Lock Detection

To determinethe FLL locked and loss-of-lock conditions, the pulse counter counts the pulses of the DCO
for one comparison cycle (see Table 6-3 for explanation of a comparison cycle) and passes this number
to the subtractor. The subtractor comparesthis value to the value in MFD and produces a count error, An.
To achieve locked status, An must be between Ny (Min) and Ny (Max). Once the FLL has locked, An
must stay between N ock (Min) and Ny ok (Max) to remain locked. If An goes outside this range
unexpectedly, the LOL S status bit is set and remains set until acknowledged or until the MCU is reset.
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If the ICG enters the off state due to stop mode when ENBDM = OSCSTEN = 0, the FLL loses |ocked
status (LOCK is cleared), but LOL S remains unchanged because thisis not an unexpected loss-of-lock
condition. Though it would be unusual, if ENBDM iscleared to O whilethe MCU isin stop, the | CG enters
the off state. Since thisis an unexpected stopping of clocks, LOLS will be set when the MCU wakes up
from stop.

Expected loss of lock occurs when the MFD or CLKS bits are changed or in FEI mode only, when the
TRIM bits are changed. In these cases, the LOCK bit will be cleared until the FLL regains lock, but the
LOLSwill not be set.

6.3.7 FLL Loss-of-Clock Detection

Thereference clock and the DCO clock are monitored under different conditions (see Table 6-2). Provided
the reference frequency is being monitored, ERCS = 1 indicates that the reference clock meets minimum
frequency requirements. When the reference and/or DCO clock(s) are being monitored, if either onefalls
below acertain frequency, f| or andf| op, respectively, the LOCS status bit will be set to indicate the error.
LOCS will remain set until it is acknowledged or until the MCU is reset.

If the ICG isin FEE mode when aloss of clock occurs and the ERCS s still set to 1, then the CLK ST bits
are set to 10 and the ICG reverts to FBE mode.

A loss of clock will also cause aloss of lock whenin FEE or FEI modes. Since the method of clearing the
LOCS and LOLS bitsis the same, thiswould only be an issue in the unlikely case that LOLRE = 1 and
LOCRE = 0. In this case, the interrupt would be overridden by the reset for the loss of lock.

Table 6-2 Clock Monitoring

Mode CLKS | REFST ERCS Refe%é:gg Clock Deo Clock
Monitored?
0Xor11 X Forced Low No No
Off 10 0 Forced Low No No
10 1 Real-Time( Yes®) No
0X X Forced Low No Yes®
ScM 10 0 Forced High No Yes@
(CLKST = 00) 10 1 Real-Time Yes Yes®
11 X Real-Time Yes Yes®@
FEI 0X X Forced Low No Yes
(CLKST = 01) 11 X Real-Time Yes Yes
EBE 10 0 Forced High No No
(CLKST =10) 10 1 Real-Time Yes No
(CLKFSETE: 11) 11 X Real-Time Yes Yes
NOTES:

1. If ENABLE is high (waiting for external crystal start-up after exiting stop).
2. DCO clock will not be monitored until DCOS =1 upon entering SCM from off or FLL bypassed external
mode.
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A clock mode is requested by writing to CLKS1:CLK S0 and the actual clock mode is indicated by

CLKST1:CLKSTO. Provided minimum conditions are met, the status shown in CLKST1:CLK STO should
be the same as the requested mode in CLKS1:CLK SO. Table 6-3 shows the relationship between CLKS,
CLKST, and ICGOUT. It also shows the conditions for CLKS = CLKST or the reason CLKS # CLKST.

NOTE: If a crystal will be used before the next reset, then be sure to set REFS = 1 and
CLKS = Ix on the first write to the ICGCI register. Failure to do so will result in
“locking” REFS = 0 which will prevent the oscillator amplifier from being enabled
until the next reset occurs.
Table 6-3 ICG State Table
Actual | Desired Reference - Conditions® Reason
Mode | Mode |Range| Frequency %Oync‘lga{'lfr?e” ICGOUT for CLKS1 =
(CLKST)| (CLKS) (fREFERENCE) CLKS =CLKST| CLKST
Off
X 0 — 0 — —
Off (XX)
(XX) FBE
(10) X 0 — 0 — ERCS =0
SCM Not switching from
(00) X ficaireLk/7? 8/ficeircLk ICGDCLK/R FBE to S?:M —
FEI
sem 1) 0 ficeiroLk/ 7Y 8/ficaircLK ICGDCLK/R — DCOS =0
(00) FBE
(10) X ficaireLk/ 7 8/ficaircLK ICGDCLK/R — ERCS=0
FEE DCOS =0or
(11) X ficoiroLk/7® 8/ficeireLK ICGDCLK/R — ERCS = 0
FEI f I 8/f -
FE| (01) 0 ICGIRCLK ICGIRCLK ICGDCLK/R DCOS =1 —
(01) FEE ¢ ¢ _
(11) X iceircLk!/7 8/ficaircLK ICGDCLK/R — ERCS =0
FBE X 0 — ICGERCLK/R ERCS =1 —
FBE (10)
(10 FEE LOCS=1&
(11) X 0 — ICGERCLK/R — ERCS = 1
ERCS=1and
FEE FEE 0 ficcercLk 2fficcercik | ICGDCLK/R® DCOS = 1 —
(11 11 ERCS = 1 and
1 ficcerCLK 128/ficgercik | ICGDCLK/R®@) DCOS = 1 —
NOTES:

1. CLKST will not update immediately after a write to CLKS. Several bus cycles are required before CLKST updates to the
new value.
2. The reference frequency has no effect on ICGOUT in SCM, but the reference frequency is still used in making the
comparisons that determine the DCOS bit
3. After initial LOCK; will be ICGDCLK/2R during initial locking process and while FLL is re-locking after the MFD bits are
changed.
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6.4 Initialization/Application Information

6.4.1 Introduction

The section isintended to give some basic direction on which configuration a user would want to select
when initializing the ICG. For some applications, the serial communication link may dictate the accuracy
of the clock reference. For other applications, lowest power consumption may be the chief clock
consideration. Still others may have lowest cost as the primary goal. The ICG allows great flexibility in
choosing which is best for any application.

Table 6-4 ICG Configuration Consideration

Clock Reference Source = Internal

Clock Reference Source = External

FEI
4 MHz < fg s < 20 MHz. Z'IE\AEH 20 MH
Medium power (will be less than FEE if oscillator _Z Bus . z . .
range = high) Medium power (will be less than FEI if oscillator
EnFléLed Medium clock accuracy (After IRG is trimmed) rangj :| lO\l’(")
9ag Lowest system cost (no external components Good clock accuracy
required) Medium/High system cost (crystal, resonator or
Gi COi @ external clock source required)
IRG Is on. DCOIs on. IRG is off. DCO is on.
SCM FBE
This mode is mainly provided for quick and reliable ¢ <= 8 MHz wh tal tor |
system startup. Bus fange <= z when crystal or resonator is
ELL 3 MHz < fgs < 5 MHz (default). Esed-
3 MHz < fg,s < 20 MHz (via filter bits). Lowest power
Bypassed Vedi Bus ( ) Highest clock accuracy
Pe lum power Medium/High system cost (Crystal, resonator or
ll_geor.aci;ﬂggl'o . d | external clock source required)
is off. is on and open loop. IRG is off. DCO is off.
NOTES:

1. The IRG typically consumes 100 pA. The FLL and DCO typically consumes 0.5 to 2.5 mA, depending upon output
frequency. For minimum power consumption and minimum jitter, choose N and R to be as small as possible.

The following sections contain initialization examples for various configurations.

NOTE: Hexadecimal values designated by a preceding $, binary values designated by a

preceding %, and decimal values have no preceding character.

Important configuration information is repeated here for reference sake.
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Table 6-5 ICGOUT Frequency Calculation Options

Clock Scheme f|CGOUT P Note
SCM — self-clocked mode (FLL bypassed f /R NA Typical ficgout =
internal) ICGDELK 8 MHz out of reset
FBE — FLL bypassed external foxt /R NA
FEl — FLL engaged internal (flrg / 7)* 64*N / R 64 Typical firg = 243 kHz
4<N=18

* D% Range =0;P =64 4<=N<=18

FEE — FLL engaged external fext *P*N/R Range =1:P=1 1<=R <= 128

Table 6-6 MFD and RFD Decode Table

MFD Value | Multiplication Factor (N) RFD Division Factor (R)
000 4 000 +1
001 6 001 +2
010 8 010 +4
011 10 011 +8
100 12 100 =16
101 14 101 =32
110 16 110 +64
111 18 111 +128
Register Bit 7 6 5 4 3 2 1 Bit 0
ICGC1 0 RANGE | REFS CLKS OSCSTEN | ot 0
ICGC2 LOLRE MFD LOCRE RFD
ICGSH1 CLKST REFST LOLS LOCK LOCS ERCS ICGIF
ICGS2 0 0 0 0 0 0 0 DCOS
ICGFLTU 0 0 0 0 FLT
ICGFLTL FLT
ICGTRM TRIM
= Unimplemented or Reserved
NOTES:

1. This bit is reserved for Motorola internal use only. Any write operations to this register should write a 0 to

this bit.

MOTOROLA

Figure 6-7 ICG Register Set
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6.4.2 Example #1: External Crystal = 32 kHz, Bus Frequency =4.19 MHz

In this example, the FLL will be used (in FEE mode) to multiply the external 32 kHz oscillator up to
8.38-MHz to achieve 4.19 MHz bus frequency.

After the MCU isreleased from reset, the ICG isin self-clocked mode (SCM) and supplies approximately
8 MHz on ICGOUT, which corresponds to a4 MHz bus frequency (fgo)-

The clock scheme will be FLL engaged, externa (FEE). So
flccouT =fed * P* N/R; P =64, fo; = 32kHz
Solving for N / R gives:
N/R=838MHz/(32kHz* 64) =4 ; wecanchooseN=4and R =1

The values needed in each register to set up the desired operation are:
ICGC1 = $38 (%00111000)

Bit 7 0 Unimplemented or reserved, always reads zero
Bit6 RANGE O Configures oscillator for low-frequency range; FLL prescale factor is 64
Bit5 REFS 1 Oscillator using crystal or resonator is requested

Bits4:3 CLKS 11  FLL engaged, external reference clock mode

Bit2 OSCSTEN O Oscillator disabled

Bit 1 0 Reserved for Motorola sinternal use; always write zero
Bit 0 0 Unimplemented or reserved, always reads zero

ICGC2 = $00 (% 00000000)
Bit7 LOLRE 0 Generates an interrupt request on loss of lock

Bits6:4 MFD 000 Setsthe MFD multiplication factor to 4
Bit3 LOCRE 0 Generates an interrupt request on loss of clock
Bits2:0 RFD 000 Setsthe RFD division factor to +2

ICGS1 = $xx

Thisisread only except for clearing interrupt flag
ICGS2 = $xx

Thisisread only; should read DCOS = 1 before performing any time critical tasks
ICGFLTLU/L = $xx

Only needed in self-clocked mode; FLT will be adjusted by loop to give 8.38 MHz DCO clock
Bits 15:12 unused 0000
Bits11:0 FLT No need for user initialization

ICGTRM = $xx

Bits7.0 TRIM Only need to write when trimming internal oscillator; not used when external
crystal is clock source
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Figure 6-8 shows flow charts for three conditions requiring ICG initialization.

( RESET )

Y

INITIALIZE ICG
ICG1=$38
ICG2 = $00

/

y

CHECK 0
FLLLOCK STATUS. >——3
LOCK =1?

=

YES
Y

( CONTINUE

Figure 6-8

MOTOROLA

QUICK RECOVERY FROM STOP MINIMUM CURRENT DRAW IN STOP

RECOVERY FROM STOP RECOVERY FROM STOP
OSCSTEN =1 OSCSTEN =0

<
¢

CHECK CHECK

FLL LOCK STATUS. NO FLL LOCK STATUS.
LOCK =17 LOCK =17
YES

Y

( CONTINUE ) CONTINUE

NOTE: THIS WILL REQUIRE THE OSCILLATOR TO START AND
STABILIZE. ACTUAL TIME IS DEPENDENT ON CRYSTAL /RESONATOR
AND EXTERNAL CIRCUITRY.

ICG Initialization for FEE in Example #1
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6.4.3 Example #2: External Crystal =4 MHz, Bus Frequency = 20 MHz

In this example, the FLL will be used (in FEE mode) to multiply the external 4 MHz oscillator up to
40-MHz to achieve 20 MHz bus frequency.

After the MCU isreleased from reset, the ICG isin self-clocked mode (SCM) and supplies approximately
8 MHz on ICGOUT which corresponds to a4 MHz bus frequency (fgs)-

During reset initialization software, the clock scheme will be set to FLL engaged, external (FEE). So
flecouT = fext ¥ P* N/R; P =1, fo = 4.00 MHz
Solving for N / R gives:
N/R=40MHz/(4MHz* 1) =10; WecanchooseN =10andR =1

The values needed in each register to set up the desired operation are:
ICGC1=$%78 (%01111000)

Bit 7 0 Unimplemented or reserved, always reads zero
Bit6 RANGE 1 Configures oscillator for high-frequency range; FLL prescale factor is 1
Bit5 REFS 1 Requests an oscillator

Bits4:3 CLKS 11  FLL engaged, external reference clock mode

Bit2 OSCSTEN O Disables the oscillator

Bit 1 0 Reserved for Motorola sinternal use; always write zero
Bit 0 0 Unimplemented or reserved, always reads zero

ICGC2=$%$30 (%00110000)
Bit7 LOLRE 0 Generates an interrupt request on loss of lock

Bit6:4 MFD 011 Setsthe MFD multiplication factor to 10
Bit3 LOCRE 0 Generates an interrupt request on loss of clock
Bit2.0 RFD 000 Setsthe RFD division factor to +1

ICGS1 = $xx

Thisisread only except for clearing interrupt flag
ICGS2 = $xx

Thisisread only. Should read DCOS before performing any time critical tasks
ICGFLTLU/L = $xx

Not used in this example
ICGTRM

Not used in this example
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< ) < RECOVERY >
RESET FROM STOP

Y

Y

INITIALIZE ICG
ICG1 = $7A SERVICE INTERRUPT
ICG2 = $30 SOURCE (fgys = 4 MH2)

CHECK
FLL LOCK STATUS
LOCK =1?

CHECK
FLL LOCK STATUS
LOCK =1?

CONTINUE
CONTINUE

Figure 6-9 ICG Initialization and Stop Recovery for Example #2
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6.4.4 Example #3: No External Crystal Connection, 5.4 MHz Bus Frequency

In this example, the FLL will be used (in FEI mode) to multiply the internal 243 kHz (approximate)
reference clock up to 10.8 MHz to achieve 5.4 MHz bus frequency. This system will also use the trim
function to fine tune the frequency based on an external reference signal.

After the MCU isreleased from reset, the ICG isin self-clocked mode (SCM) and supplies approximately
8 MHz on ICGOUT which corresponds to a4 MHz bus frequency (fgs)-

The clock scheme will be FLL engaged, interna (FEI). So
ficcout = (flrg/ 7) * P* N/R; P=64, figg = 243 kHz
Solving for N / R gives:

N/R=10.8 MHz /(243/7 kHz * 64) = 4.86; We canchooseN =10and R=2.

A trim procedure will be required to hone the frequency to exactly 5.4 MHz. An example of the trim
procedure is shown in example #4.

The values needed in each register to set up the desired operation are:
ICGC1 = $28 (%00101000)

Bit 7 0 Unimplemented or reserved, always reads zero
Bit6 RANGE O Configures oscillator for low-frequency range; FLL prescale factor is 64
Bit5 REFS 1 Oscillator using crystal or resonator requested (bit isreally adon’t care)

Bits4:3 CLKS 01 FLL engaged, internal reference clock mode

Bit2 OSCSTEN O Disables the oscillator

Bit 1 0 Reserved for Motorola sinternal use; always write zero
BitO 0 Unimplemented or reserved, always reads zero

ICGC2 = $31 (%00110001)
Bit7 LOLRE 0 Generates an interrupt request on loss of lock

Bit6:4 MFD 011 Setsthe MFD multiplication factor to 10
Bit3 LOCRE 0 Generates an interrupt request on loss of clock
Bit2:.0 RFD 001 Setsthe RFD division factor to +2

ICGS1 = $xx

Thisisread only except for clearing interrupt flag
ICGS2 = $xx

Thisisread only; good ideato read this before performing time critical operations
ICGFLTLU/L = $xx

Not used in this example

ICGTRM = $xx

Bit7.0 TRIM Only need to write when trimming internal oscillator; done in separate
operation (see example #4)
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RECOVERY
RESET FROM STOP

Y

INITIALIZE ICG ~
ICG1 = $28 CHECK
ICG2 = $31 FLL LOCK STATUS.

LOCK=1?

CONTINUE

NOTE: THIS WILL REQUIRE THE INTERAL REFERENCE CLOCK TO START AND
STABILIZE.

CHECK
FLL LOCK STATUS.
LOCK =1?

CONTINUE

Figure 6-10 ICG Initialization and Stop Recovery for Example #3
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6.4.5 Example #4: Internal Clock Generator Trim

Theinternally generated clock sourceis guaranteed to have a period + 25% of the nominal value. In some
case this may be sufficient accuracy. For other applications that require atight frequency tolerance, a
trimming procedureis provided that will allow avery accurate source. This section outlines one example
of trimming the internal oscillator. Many other possible trimming procedures are valid and can be used.

Initial conditions:
1) Clock supplied from ATE has 500 psec duty period
2) ICG configured for internal reference with 4 MHz bus

START TRIM PROCEDURE
ICGTRM = $80,n=1

>y

MEASURE
INCOMING CLOCK WIDTH
(COUNT = # OF BUS CLOCKS / 4)

COUNT > EXPECTED =500

(RUNNING TOO SLOW)

COUNT = EXPECTED = 500

CASE STATEMENT i
COUNT < EXPECTED = 500
Y (RUNNING TOO FAST) Y
ICGTRM = ICGTRM =
ICGTRM - 128/ (2**n) ICGTRM + 128/ (2**n) STORE ICGTRM VALUE
(DECREASING ICGTRM (INCREASING ICGTRM IN NON-VOLATILE
INCREASES THE FREQUENCY) | |DECREASES THE FREQUENCY) MEMORY

! Y
!

Y

n=n+1

YES

ISn>8?

NO

Figure 6-11 Trim Procedure

In this particular case, the MCU has been attached to a PCB and the entire assembly is undergoing final
test with automated test equipment. A separate signal or message is provided to the M CU operating under
user provided software control. The MCU initiates a trim procedure as outlined in Figure 6-11 while the
tester supplies a precision reference signal.

If the intended busfrequency is near the maximum allowed for the device, it isrecommended to trim using
areduction divisor (R) twice the final value. Once the trim procedure is complete, the reduction divisor
can be restored. Thiswill prevent accidental overshoot of the maximum clock frequency.
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6.5 ICG Registers and Control Bits

Refer to the direct-page register summary inthe Memory section of thisdata sheet for the absol ute address
assignments for all ICG registers. This section refersto registers and control bits only by their names. A
Motorola-provided equate or header file is used to translate these names into the appropriate absolute
addresses.

6.5.1 ICG Control Register 1 (ICGC1)

Bit7 6 5 4 3 2 1 Bit0
Read: 0 0
RANGE | REFS CLKS OSCSTEN| 0"
Write:
Reset: 0 1 0 0 0 1 0 0
= Unimplemented or Reserved
NOTES:
1. This bit is reserved for Motorola internal use only. Any write operations to this register should write a 0 to
this bit.

Figure 6-12 ICG Control Register 1 (ICGC1)

RANGE — Frequency Range Select

The RANGE bit controlsthe oscillator, reference divider, and FLL loop prescaler multiplication factor
(P). It selects one of two reference frequency ranges for the ICG. The RANGE bit is write-once after
areset. The RANGE bit only hasan effect in FLL engaged external and FL L bypassed external modes.
1 = Oscillator configured for high frequency range. FLL loop prescale factor Pis 1.
0 = Oscillator configured for low frequency range. FLL loop prescale factor Pis 64.

REFS — Externa Reference Select

The REFSbit controlsthe external reference clock sourcefor ICGERCLK. The REFSbitiswrite-once
after areset.

1 = Oscillator using crystal or resonator requested.

0 = External clock requested.

CLKS — Clock Mode Sdlect

The CLK S bits control the clock mode according to Table 6-7. If FLL bypassed external is requested,
it will not be selected until ERCS = 1. If the ICG enters off mode, the CLK S bits will remain
unchanged.Writes to the CLK S bits will not take effect if a previous write is not complete.
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Table 6-7 CLKS Clock Select

CLKSJ[1:0] Clock Mode
00 Self-clocked
01 FLL engaged, internal reference
10 FLL bypassed, external reference
11 FLL engaged, external reference

The CLK S bitsarewritable at any time, unlessthe first write after areset was CLKS = 0X, the CLK S bits
cannot be written to 1X until after the next reset (because the EXTAL pin was not reserved).

OSCSTEN — Enable Oscillator in Off Mode

The OSCSTEN bit controls whether or not the oscillator circuit remains enabled when the ICG enters
off mode.
1 = Oscillator enabled when ICG isin off mode, CLKS = 1X and REFST = 1.
0 = Oscillator disabled when ICG isin off mode unless ENABLE is high, CLKS = 10, and
REFST = 1.

6.5.2 ICG Control Register 2 (ICGC2)

Bit 7 6 5 4 3 2 1 Bit 0
Read:
LOLRE MFD LOCRE RFD
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 6-13 ICG Control Register 2 (ICGC2)

LOLRE — Loss of Lock Reset Enable

The LOLRE bit determineswhat type of request ismade by the | CG following aloss of lock indication.
The LOLRE bit only has an effect when LOLS is s&t.

1 = Generate a reset request on loss of lock.

0 = Generate an interrupt request on loss of lock.

MFD — Multiplication Factor

The MFD bits control the programmable multiplication factor in the FLL loop. The value specified by
the MFD bits establishes the multiplication factor (N) applied to the reference frequency. Writesto the
MFD bitswill not take effect if a previous write is not complete.
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Table 6-8 MFD Multiplication Factor Select

\%i?e Multiplication Factor (N)
000 4
001 6
010 )
011 10
100 12
101 14
110 16
111 18

LOCRE — Loss of Clock Reset Enable

The LOCRE hit determines how the system handles aloss of clock condition.
1 = Generate areset request on loss of clock.
0 = Generate an interrupt request on loss of clock.

RFD — Reduced Frequency Divider

The RFD bits control the value of the divider following the clock select circuitry. The value specified
by the RFD bits establishes the division factor (R) applied to the selected output clock source. Writes
to the RFD bits will not take effect if a previous write is not complete.

Table 6-9 RFD Reduced Frequency Divider Select

RFD Division Factor (R)
000 +1
001 +2
010 <4
011 +8
100 +16
101 +32
110 +64
111 +128
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6.5.3 ICG Status Register 1 (ICGS1)

Bit 7 6 5 4 3 2 1 Bit 0
Read: CLKST REFST | LOLS LOCK LOCS ERCS ICGIF
Write: 1
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 6-14 ICG Status Register 1 (ICGS1)

CLKST — Clock Mode Status

The CLKST bitsindicate the current clock mode. The CLKST bits don’t update immediately after a
write to the CLK S bits due to internal synchronization between clock domains.

Table 6-10 CLKST Clock Mode Status

CLKST[1:0] Clock Status
00 Self-clocked
01 FLL engaged, internal reference
10 FLL bypassed, external reference
11 FLL engaged, external reference

REFST — Reference Clock Status

The REFST bit indicates which clock reference is currently selected by the Reference Select circuit.
1 = Crystal/Resonator selected.
0 = Externa Clock selected.

LOLS —FLL Lossof Lock Status

The LOLS bhit isasticky indication of FLL lock status.

1 =FLL hasunexpectedly lost lock since LOLS was last cleared, L OL RE determines action taken.
0 = FLL has not unexpectedly lost lock since LOLS was last cleared.

LOCK — FLL Lock Status

The LOCK bit indicates whether the FLL has acquired lock. The LOCK bit is cleared in off,
self-clocked, and FLL bypassed modes.

1=FLL iscurrently locked.

0 = FLL iscurrently unlocked.
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LOCS — Loss Of Clock Status

The LOCS hit is an indication of |CG loss of clock status.

1=I1CG haslost clock since LOCS was last cleared, LOCRE determines action taken.
0=1CG hasnot lost clock since LOCS was last cleared.

ERCS — External Reference Clock Status

The ERCS bit is an indication of whether or not the external reference clock (ICGERCLK) meets the
minimum frequency requirement.

1 = External reference clock is stable, frequency requirement is met.
0 = External reference clock is not stable, frequency requirement is not met.

ICGIF — ICG Interrupt Flag

The ICGIF read/write flag is set when an |CG interrupt request is pending. It is cleared by areset or
by reading the ICG status register when ICGIF is set and then writing alogic 1 to ICGIF. If another
|CG interrupt occurs before the clearing sequence is complete, the sequence is reset so ICGIF would

remain set after the clear sequence was completed for the earlier interrupt. Writing alogic 0 to ICGIF
has no effect.

1=AnICG interrupt request is pending.
0 =No ICG interrupt request is pending.

6.5.4 ICG Status Register 2 (ICGS2)

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0 0 0 DCOS
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 6-15 ICG Status Register 2 (ICGS2)

DCOS — DCO Clock Stable

The DCOS bit is set when the DCO clock (ICG2DCLK) is stable, meaning the count error has not
changed by more than ny o for two consecutive samples and the DCO clock is not static. Thishit is
used when exiting off state if CLKS = X1 to determine when to switch to the requested clock mode. It
isalso used in self-clocked mode to determine when to start monitoring the DCO clock. Thisbit is
cleared upon entering the off state.

1=DCO clock is stable.

0 =DCO clock is unstable.
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6.5.5 ICG Filter Registers (ICGFLTU, ICGFLTL)

Bit 15 14 13 12 11 10 9 Bit 8
Read: 0 0 0 0
FLT
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 6-16 ICG Upper Filter Register (ICGFLTU)

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

Figure 6-17 ICG Lower Filter Register (ICGFLTL)

The filter registers show the filter value (FLT).

FLT — Filter Value

The FLT bitsindicate the current filter value, which controls the DCO frequency. The FLT bitsare
read only except when the CLK S bits are programmed to self-clocked mode (CLKS = 00). In
self-clocked mode, any write to ICGFLTU updates the current 12-bit filter value. Writes to the
ICGFLTU register will not affect FLT if a previous latch sequence is not complete.

6.5.6 ICG Trim Register (ICGTRM)

7 6 5 4 3 2 1 0
Read:
TRIM
Write:
POR: 1 0 0 0 0 0 0 0
Reset: V] V] V] V] V] V] V] V]

U = Unaffected by MCU reset
Figure 6-18 ICG Trim Register (ICGTRM)

TRIM — ICG Trim Setting

The TRIM bits control the internal reference generator frequency. They allow a+ 25% adjustment of
the nominal (POR) period. The bit’ s effect on period isbinary weighted (i.e., bit 1 will adjust twice as
much as changing bit 0). Increasing the binary valuein TRIM will increase the period and decreasing
the value will decrease the period.
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Section 7 Central Processor Unit (CPU)

7.1 Introduction

This section provides summary information about the registers, addressing modes, and instruction set of
the CPU of the HCS08 Family. For a more detailed discussion, refer to the HCSO8 Family Reference
Manual, volume 1, Motorola document order number HCSO8RMv1/D.

The HCS08 CPU isfully source- and object-code-compatible with the M68HC08 CPU. Severd
instructions and enhanced addressing modes were added to improve C compiler efficiency and to support
anew background debug system which replaces the monitor mode of earlier M68HCO8 microcontrollers
(MCU).
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7.2

Features

Features of the HCS08 CPU include:

7.3

Object code fully upward-compatible with M68HC05 and M68HCO08 Families
All registers and memory are mapped to a single 64-Kbyte address space
16-hit stack pointer (any size stack anywhere in 64-Kbyte address space)
16-bit index register (H:X) with powerful indexed addressing modes

8-bit accumulator (A)

Many instructions treat X as a second general-purpose 8-bit register

Seven addressing modes:

— Inherent — Operands in internal registers

— Relative — 8-bit signed offset to branch destination

— Immediate — Operand in next object code byte(s)

— Direct — Operand in memory at $0000-$00FF

— Extended — Operand anywhere in 64-Kbyte address space

— Indexed relative to H: X — Five submodes including auto increment

— Indexed relative to SP — Improves C efficiency dramatically
Memory-to-memory data move instructions with four address mode combinations

Overflow, half-carry, negative, zero, and carry condition codes support conditional branching on

the results of signed, unsigned, and binary-coded decimal (BCD) operations
Efficient bit manipulation instructions

Fast 8-bit by 8-bit multiply and 16-bit by 8-bit divide instructions

STOP and WAIT instructions to invoke |low-power operating modes

Programmer’s Model and CPU Registers

Figure 7-1 shows the five CPU registers. CPU registers are not part of the memory map.
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| | ACCUMULATOR = | A

15 8 7 0
[ STACKPOINTER = | sp
15 0
L. .. PROGRAMCOUNTER . . | PC
7 0
CONDITION CODE REGISTER[V 1 1 H | N z C| CCR
LCARRY
L 7ERO
NEGATIVE
INTERRUPT MASK
HALF-CARRY (FROM BIT 3)

TWO’S COMPLEMENT OVERFLOW

Figure 7-1 CPU Registers

7.3.1 Accumulator (A)

The A accumulator is a general-purpose 8-bit register. One operand input to the arithmetic logic unit
(ALUV) is connected to the accumulator and the ALU results are often stored into the A accumulator after
arithmetic and logical operations. The accumulator can be loaded from memory using various addressing
modes to specify the address where the |loaded data comes from, or the contents of A can be stored to
memory using various addressing modes to specify the address where data from A will be stored.

Reset has no effect on the contents of the A accumulator.
7.3.2 Index Register (H:X)

This 16-bit register isactually two separate 8-hit registers (H and X) which often work together as a 16-bit
address pointer where H holds the upper byte of an address and X holdsthe lower byte of the address. All
indexed addressing mode instructions use the full 16-bit value in H:X as an index reference pointer;
however, for compatibility with the earlier M68HCO5 Family, some instructions operate only on the
low-order 8-bit half (X).

Many instructions treat X as a second general-purpose 8-bit register which can be used to hold 8-bit data
values. X can be cleared, incremented, decremented, complemented, negated, shifted, or rotated. Transfer
instructions allow datato betransferred from A or transferred to A where arithmetic and logical operations
can then be performed.

For compatibility with the earlier M68HCO05 Family, H is forced to $00 during reset. Reset has no effect
on the contents of X.
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7.3.3 Stack Pointer (SP)

This 16-bit address pointer register points at the next available location on the automatic last-in-first-out
(L1FO) stack. The stack may be located anywhere in the 64-K byte address space which has RAM and can
be any size up to the amount of available RAM. The stack is used to automatically save the return address
for subroutine calls, the return address and CPU registers during interrupts, and for local variables. The
AlS (add immediate to stack pointer) instruction adds an 8-bit signed immediate value to SP. Thisis most
often used to allocate or deallocate space for local variables on the stack.

SPisforced to $O0FF at reset for compatibility with the earlier M68HCO5 Family. HCS08 programs
normally change the value in SP to the address of the last location (highest address) in on-chip RAM
during reset initialization to free up direct page RAM (from the end of the on-chip registers to $00FF).

The RSP (reset stack pointer) instruction was included for compatibility with the M68HCO05 Family and
is seldom used in new HCS08 programs because it only affects the low-order half of the stack pointer.

7.3.4 Program Counter (PC)

The program counter is a 16-bit register that contains the address of the next instruction or operand to be
fetched.

During normal program execution, the program counter automatically increments to the next sequential
memory location every time an instruction or operand is fetched. Jump, branch, interrupt, and return
operations load the program counter with an address other than that of the next sequential location. This
is called a change-of-flow.

During reset, the program counter is loaded with the reset vector which is located at $FFFE and $FFFF.
The vector stored there is the address of the first instruction that will be executed after exiting the reset
state.

7.3.5 Condition Code Register (CCR)

The 8-bit condition code register contains the interrupt mask (1) and five flags that indicate the results of
the instruction just executed. Bits 6 and 5 are set permanently to logic 1. The following paragraphs
describe the functions of the condition code bitsin general terms. For amore detailed explanation of how
each instruction sets the CCR bits, refer to the HCS08 Family Reference Manual, volume 1, Motorola
document order number HCSO8BRMv1/D.
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CONDITION CODEREGISTER |V 1 1 H | N Z C| CCR

CARRY

——ZERO

NEGATIVE

INTERRUPT MASK

HALF-CARRY (FROM BIT 3)

TWO'S COMPLEMENT OVERFLOW

Figure 7-2 Condition Code Register

V — Two's Complement Overflow Flag

The CPU sets the overflow flag when atwo’ s complement overflow occurs. The signed branch
instructions BGT, BGE, BLE, and BLT use the overflow flag.

1 = Overflow

0 = No overflow

H — Half-Carry Flag

The CPU sets the half-carry flag when a carry occurs between accumulator bits 3 and 4 during an
add-without-carry (ADD) or add-with-carry (ADC) operation. The half-carry flag is required for
binary-coded decimal (BCD) arithmetic operations. The DAA instruction uses the states of the H and
C condition code bits to automatically add a correction value to the result from a previous ADD or
ADC on BCD operands to correct the result to avalid BCD value.

1 = Carry between bits 3 and 4

0 = No carry between bits 3 and 4

| — Interrupt Mask Bit

When the interrupt mask is set, all maskable CPU interrupts are disabled. CPU interrupts are enabled
when the interrupt mask is cleared. When a CPU interrupt occurs, the interrupt mask is set
automatically after the CPU registers are saved on the stack, but before the first instruction of the
interrupt service routine is executed.

1 = Interrupts disabled

0 = Interrupts enabled

Interrupts are not recognized at the instruction boundary after any instruction which clears| (CLI or
TAP). This ensures that the next instruction after a CLI or TAP will always be executed without the
possibility of an intervening interrupt, provided | was set.

N — Negative Flag

The CPU sets the negative flag when an arithmetic operation, logic operation, or data manipulation
produces a negative result, setting bit 7 of the result. Simply loading or storing an 8-bit or 16-bit value
causes N to be set if the most significant bit of the loaded or stored value was 1.

1 = Negative result

0 = Non-negative result
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Z— Zero Flag

The CPU sets the zero flag when an arithmetic operation, logic operation, or data manipul ation
produces aresult of $00 or $0000. Simply loading or storing an 8-bit or 16-hit value causes Z to be set
if the loaded or stored value was all Os.

1= Zeroresult

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 Addressing Modes

Addressing modes define the way the CPU accesses operands and data. In the HCS08, all memory, status
and control registers, and input/output (1/O) ports share asingle 64-Kbyte linear address space so a 16-bit
binary address can uniquely identify any memory location. This arrangement means that the same
instructions that access variables in RAM can also be used to access 1/0 and control registers or
nonvolatile program space.

Someinstructions use more than one addressing mode. For instance, move instructions use one addressing
mode to specify the source operand and a second addressing mode to specify the destination address.
Instructions such asBRCLR, BRSET, CBEQ, and DBNZ use one addressing mode to specify thelocation
of an operand for atest and then use relative addressing mode to specify the branch destination address
when the tested condition istrue. For BRCLR, BRSET, CBEQ, and DBNZ, the addressing mode listed in
the instruction set tables is the addressing mode needed to access the operand to be tested, and relative
addressing mode is implied for the branch destination.

7.4.1 Inherent Addressing Mode (INH)

In this addressing mode, operands needed to complete the instruction (if any) are located within CPU
registers so the CPU does not need to access memory to get any operands.

7.4.2 Relative Addressing Mode (REL)

Relative addressing modeis used to specify the destination location for branch instructions. A signed 8-bit
offset valueislocated in the memory location immediately following the opcode. During execution, if the
branch condition is true, the signed offset is sign-extended to a 16-bit value and is added to the current
contents of the program counter which causes program execution to continue at the branch destination
address.

114 MC9S08GB/GT MOTOROLA



Data Sheet — MC9S08GB60/D V1.5

7.4.3 Immediate Addressing Mode (IMM)

In immediate addressing mode, the operand needed to complete the instruction isincluded in the object
code immediately following the instruction opcode in memory. In the case of a 16-bit immediate operand,
the high-order byte islocated in the next memory location after the opcode, and the low-order byteis
located in the next memory location after that.

7.4.4 Direct Addressing Mode (DIR)

In direct addressing mode, the instruction includes the low-order eight bits of an addressin the direct page
($0000—$00FF). During execution a 16-bit address is formed by concatenating an implied $00 for the
high-order half of the address and the direct address from the instruction to get the 16-bit address where
the desired operand islocated. Thisisfaster and more memory efficient than specifying acomplete 16-bit
address for the operand.

7.4.5 Extended Addressing Mode (EXT)

In extended addressing mode, the full 16-bit address of the operand is located in the next two bytes of
program memory after the opcode (high byte first).

7.4.6 Indexed Addressing Mode

Indexed addressing mode has seven variations including five which use the 16-bit H: X index register pair
and two that use the stack pointer as the base reference.

7.4.6.1 Indexed, No Offset (IX)

Thisvariation of indexed addressing uses the 16-bit valuein the H: X index register pair as the address of
the operand needed to complete the instruction.

7.4.6.2 Indexed, No Offset with Post Increment (IX+)

Thisvariation of indexed addressing uses the 16-bit valuein the H: X index register pair as the address of
the operand needed to complete the instruction. The index register pair is then incremented

(H:X =H:X + $0001) after the operand has been fetched. Thisaddressing modeisonly used for MOV and
CBEQ instructions.

7.4.6.3 Indexed, 8-Bit Offset (IX1)

Thisvariation of indexed addressing uses the 16-bit value in the H: X index register pair plus an unsigned
8-hit offset included in the instruction as the address of the operand needed to complete the instruction.

7.4.6.4 Indexed, 8-Bit Offset with Post Increment (1X1+)

Thisvariation of indexed addressing uses the 16-bit value in the H: X index register pair plus an unsigned
8-hit offset included in the instruction as the address of the operand needed to complete the instruction.
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Theindex register pair isthenincremented (H: X = H:X + $0001) after the operand has been fetched. This
addressing mode is used only for the CBEQ instruction.

7.4.6.5 Indexed, 16-Bit Offset (1X2)

Thisvariation of indexed addressing usesthe 16-bit valueinthe H: X index register pair plusa16-bit offset
included in the instruction as the address of the operand needed to complete the instruction.

7.4.6.6 SP-Relative, 8-Bit Offset (SP1)

Thisvariation of indexed addressing uses the 16-bit value in the stack pointer (SP) plus an unsigned 8-bit
offset included in the instruction as the address of the operand needed to complete the instruction.

7.4.6.7 SP-Relative, 16-Bit Offset (SP2)

This variation of indexed addressing uses the 16-bit value in the stack pointer (SP) plus a 16-bit offset
included in the instruction as the address of the operand needed to complete the instruction.

7.5 Special Operations

The CPU performs afew special operations which are similar to instructions but do not have opcodeslike
other CPU instructions. In addition, afew instructions such as STOP and WAIT directly affect other MCU
circuitry. This section provides additional information about these operations.

7.5.1 Reset Sequence

Reset can be caused by a power-on-reset (POR) event, internal conditions such as the COP (computer
operating properly) watchdog, or by assertion of an external active-low reset pin. When areset event
occurs, the CPU immediately stops whatever it is doing (the MCU does not wait for an instruction
boundary before responding to areset event). For a more detailed discussion about how the MCU
recognizes resets and determines the source, refer to the Resets, Interrupts, and System Configuration
section.

The reset event is considered concluded when the sequence to determine whether the reset came from an
internal sourceis done and when the reset pinisno longer asserted. At the conclusion of areset event, the
CPU performs a 6-cycle sequence to fetch the reset vector from $FFFE and $FFFF and to fill the
instruction queue in preparation for execution of the first program instruction.

7.5.2 Interrupt Sequence

When an interrupt is requested, the CPU completes the current instruction before responding to the
interrupt. At this point, the program counter is pointing at the start of the next instruction which is where
the CPU should return after servicing the interrupt. The CPU responds to an interrupt by performing the
same sequence of operations as for a software interrupt (SWI1) instruction, except the address used for the
vector fetch is determined by the highest priority interrupt that is pending when the interrupt sequence
started.
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The CPU sequence for an interrupt is:
1. Storethe contents of PCL, PCH, X, A, and CCR on the stack, in that order.

Set the | bit in the CCR.

Fetch the high-order half of the interrupt vector.
Fetch the low-order half of the interrupt vector.
Delay for one free bus cycle.

o g kA WD

Fetch three bytes of program information starting at the addressindicated by the interrupt vector to
fill the instruction queue in preparation for execution of the first instruction in the interrupt service
routine.

After the CCR contents are pushed onto the stack, the | bit in the CCR is set to prevent other interrupts
while in the interrupt service routine. Although it is possible to clear the | bit with an instruction in the
interrupt serviceroutine, thiswould allow nesting of interruptswhich is not recommended becauseit |eads
to programs that are difficult to debug and maintain.

For compatibility with the earlier M68HC05 M CUSs, the high-order half of the H: X index register pair (H)
is not saved on the stack as part of the interrupt sequence. It is recommended that the user should use a
PSHH instruction at the beginning of the service routine to save H and then use a PULH instruction just
before the RTI that ends the interrupt service routine. It is not necessary to save H if you are certain that
the interrupt service routine does not use any instructions or auto-increment addressing modes which
might change the value of H.

The software interrupt (SWI) instruction is like a hardware interrupt except that it is not masked by the
global 1 bit in the CCR and it is associated with an instruction opcode within the program so it is not
asynchronous to program execution.

7.5.3 Wait Mode Operation

The WAIT instruction enables interrupts by clearing the | bit in the CCR. It then halts the clocks to the
CPU to reduce overall power consumption while the CPU iswaiting for the interrupt or reset event that
will wake the CPU from wait mode. When an interrupt or reset event occurs, the CPU clockswill resume
and the interrupt or reset event will be processed normally.

If aserial BACKGROUND command isissued to the M CU through the background debug interface while
the CPU isinwait mode, CPU clocks will resume and the CPU will enter active background mode where
other serial background commands can be processed. Thisensuresthat ahost devel opment system can still
gain access to atarget MCU even if it isin wait mode.

7.5.4 Stop Mode Operation
Usually, all system clocks, including the crystal oscillator (when used), are halted during stop mode to
minimize power consumption. In such systems, external circuitry is needed to control the time spent in

stop mode and to issue a signal to wake up the target MCU when it is time to resume processing. Unlike
the earlier M68HCO05 and M68HC08 M CUs, the HCS08 can be configured to keep a minimum set of
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clocks running in stop mode. This optionally allows an internal periodic signal to wake the target MCU
from stop mode.

When a host debug system is connected to the background debug pin (BKGD) and the ENBDM control
bit has been set by aserial command through the background interface (or because the M CU was reset into
active background mode), the oscillator isforced to remain active when the MCU enters stop mode. Inthis
case, if aserial BACKGROUND command isissued to the M CU through the background debug interface
while the CPU isin stop mode, CPU clocks will resume and the CPU will enter active background mode
where other serial background commands can be processed. This ensures that a host devel opment system
can still gain accessto atarget MCU even if it isin stop mode.

Recovery from stop mode depends on the particular HCS08 and whether the oscillator was stopped in stop
mode. Refer to the Modes chart in Section 3 for more details.

7.5.5 BGND Instruction

The BGND instruction is new to the HCS08 compared to the M68HC08. BGND would not be used in
normal user programs because it forces the CPU to stop processing user instructions and enter the active
background mode. The only way to resume execution of the user program is through reset or by a host
debug system issuing a GO, TRACEL, or TAGGO serial command through the background debug
interface.

Software-based breakpoints can be set by replacing an opcode at the desired breakpoint address with the
BGND opcode. When the program reaches this breakpoint address, the CPU isforced to active
background mode rather than continuing the user program.

7.6 HCSO08 Instruction Set Summary

Instruction Set Summary Nomenclature

The nomenclature listed here is used in the instruction descriptions in Table 7-1.

Operators
() = Contents of register or memory location shown inside parentheses
< = Isloaded with (read: “gets”)
& Boolean AND
| Boolean OR
@ = Boolean exclusive-OR
X = Multiply
+ = Divide
. = Concatenate
+ = Add

— = Negate (two’s complement)
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CPU registers

A = Accumulator
CCR = Condition code register
H = Index register, higher order (most significant) 8 bits
X = Index register, lower order (least significant) 8 bits
PC = Program counter
PCH = Program counter, higher order (most significant) 8 bits
PCL = Program counter, lower order (least significant) 8 bits
SP = Stack pointer

Memory and addressing

M = A memory location or absolute data, depending on addressing mode

M:M + $0001= A 16-bit value in two consecutive memory locations. The higher-order (most
significant) 8 bits are located at the address of M, and the lower-order (least
significant) 8 bits are located at the next higher sequential address.

Condition code register (CCR) bits
V = Two’'s complement overflow indicator, bit 7

H Half carry, bit 4
I Interrupt mask, bit 3
N Negative indicator, bit 2
Z Zero indicator, bit 1
C = Carry/borrow, bit O (carry out of bit 7)

CCR activity notation
— = Bit not affected

0 = BitforcedtoO
1 = Bitforcedtol

Bit set or cleared according to results of operation
U = Undefined after the operation

Machine coding notation

dd = Low-order 8 bits of a direct address $0000—-$00FF (high byte assumed to be
$00)
ee = Upper 8 bits of 16-bit offset
ff = Lower 8 bits of 16-bit offset or 8-bit offset

i
i
kk
hh
I
rr

MOTOROLA

One byte of immediate data

High-order byte of a 16-bit immediate data value
Low-order byte of a 16-bit immediate data value
High-order byte of 16-bit extended address
Low-order byte of 16-bit extended address
Relative offset

MC9S08GB/GT 119



Central Processor Unit (CPU)

Source form

Everything in the source forms columns, except expressions in italic characters, isliteral information
which must appear in the assembly source file exactly as shown. Theinitial 3- to 5-letter mnemonicis
always aliteral expression. All commas, pound signs (#), parentheses, and plus signs (+) are literal
characters.

n — Any label or expression that evaluates to a single integer in the range 0-7
opr8i — Any label or expression that evaluates to an 8-bit immediate value
opr16i — Any label or expression that evaluates to a 16-bit immediate value
opr8a — Any label or expression that evaluates to an 8-bit value. The instruction treats

this 8-bit value as the low order 8 bits of an address in the direct page of the
64-Kbyte address space ($00xx).

opri6a — Any label or expression that evaluates to a 16-bit value. The instruction treats
this value as an address in the 64-Kbyte address space.
oprx8 — Any label or expression that evaluates to an unsigned 8-bit value, used for
indexed addressing
oprx16 — Any label or expression that evaluates to a 16-bit value. Since the HCS08 has
a 16-bit address bus, this can be either a signed or an unsigned value.
rel — Any label or expression that refers to an address that is within =128 to +127

locations from the next address after the last byte of object code for the current
instruction. The assembler will calculate the 8-bit signed offset and include it in
the object code for this instruction.

Address modes

INH = Inherent (no operands)
IMM = 8-bit or 16-bit immediate
DIR = 8-bitdirect
EXT = 16-bit extended
IX = 16-bit indexed no offset
IX+ = 16-bit indexed no offset, post increment (CBEQ and MOV only)
IX1 = 16-bit indexed with 8-bit offset from H:X
IX1+ = 16-bit indexed with 8-bit offset, post increment
(CBEQ only)
IX2 = 16-bit indexed with 16-bit offset from H:X
REL = 8-bit relative offset
SP1 = Stack pointer with 8-bit offset
SP2 = Stack pointer with 16-bit offset
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Data Sheet — MC9S08GB60/D V1.5

Table 7-1 HCSO08 Instruction Set Summary (Sheet 1 of 6)

Effect a
on CCR 2 K o a
Source . P 05 o < ©
Form Operation Description 5 § S 5 5
HlI[N|Z 2 le) 8— @
m
ADC #opr8i IMM A9 |ii 2
ADC opr8a DIR B9 |dd 3
ADC opri6a EXT C9lhh I 4
ADC oprx16,X . X2 D9|ee ff 4
ADC 0prx8,X Add with Carry A« (A)+ M)+ (C) - IX1 Eo|ff 3
ADC X IX F9 3
ADC oprx16,SP SP2 9ED9 |ee ff 5
ADC oprx8,SP SP1 9EE9 | ff 4
ADD #opr8i IMM ABlii 2
ADD opr8a DIR BB |dd 3
ADD opri6a EXT CB|hh I 4
ADD oprx16,X . IX2 DB|ee ff 4
ADD 0prx8,X Add without Carry A< (A)+ (M) - IX1 ER|f 3
ADD X IX FB 3
ADD oprx16,SP SP2 9EDB |ee ff 5
ADD oprx8,SP SP1 9EEB | ff 4
: Add Immediate Value SP « (SP) + (M) N -
AIS #oprbi (Signed) to Stack Pointer | M is sign extended to a 16-bit value IMM ATl 2
Add Immediate Value
; B H:X « (H:X) + (M) N -
AIX #opréi g’e'gg?gz Eﬁ_l)rg;iex M is sign extended to a 16-bit value IMM AR 2
AND #opr8i IMM A4 i 2
AND opr8a DIR B4|dd 3
AND opri6a EXT C4|hh 1l 4
AND oprx16,X : IX2 D4|ee ff 4
AND oprx8X Logical AND A« (A)& M) - - IX1 Ealff 3
AND , IX F4 3
AND oprx16,SP SP2 9EDA4 |ee ff 5
AND oprx8,SP SP1 9EEA4 |ff 4
ASL opr8a DIR 38|dd 5
ASLA INH 48 1
ASLX Arithmetic Shift Left N INH 58 1
ASL oprx8X (Same as LSL) C{ [ TTTTTT]=o0 IX1 68| ff 5
ASL X b7 b0 IX 78 4
ASL oprx8,SP SP1 9E68 | ff 6
ASR opr8a DIR 37|dd 5
ASRA —— INH 47 1
ASRX . L apie o %:\:\:\:\:Dj» INH 57 1
ASR 0prx8,X Arithmetic Shift Right - oo -|- IX1 67| 5
ASR X IX 77 4
ASR o0prx8,SP SP1 9EG67 |ff 6
BCC rel Branch if Carry Bit Clear Branch if (C) =0 - =-|- REL 241rr 3
DIR (b0) 11{dd 5
DIR (b1) 13|dd 5
DIR (b2) 15|dd 5
S DIR (b3) 17|dd 5
BCLR n,opr8a Clear Bit n in Memory Mn « 0 ol el e DIR (b4) 19|dd 5
DIR (b5) 1B|dd 5
DIR (b6) 1D|dd 5
DIR (b7) 1F|dd 5
Branch if Carry Bit Set : _
BCS rel (Same as BLO) Branchif (C) =1 —-=1-1- REL 25|rr 3
BEQ rel Branch if Equal Branchif (Z) =1 --1-1- REL 27|rr 3
Branch if Greater Than or
BGE rel Equal To Branchif (N® V)=0 - =-|- REL 90|rr 3
(Signed Operands)
. Waits For and Processes BDM
BGND Enter Active Background | commands Until GO, TRACEL, or —|=|=]=|-|NH 82 5+
if ENBDM =1
TAGGO
Branch if Greater Than . _
BGT rel (Signed Operands) Branchif (Z)|(N® V)=0 -1-1-1- REL 92|rr 3
BHCC rel CB;ngfh if Half Carry Bit Branch if (H) =0 - =-|- REL 28|rr 3
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Central Processor Unit (CPU)

Table 7-1 HCSO08 Instruction Set Summary (Sheet 2 of 6)

Effect a
on CCR 2 K T 8
Source Operation Description £3 3 o =S
Form S= S 2 | O
HII[N|Z < le) le) @
m
BHCS rel g;etmch if Half Carry Bit Branch if (H) =1 - =-|- REL 29(rr 3
BHI rel Branch if Higher Branch if (C) | (2) =0 --1-1- REL 22|rr 3
Branch if Higher or Same ; —
BHS rel (Same as BCC) Branch if (C) =0 --1-1- REL 24|rr 3
BIH rel Branch if IRQ Pin High Branch if IRQ pin=1 - =-|- REL 2F|rr 3
BIL rel Branch if IRQ Pin Low Branch if IRQ pin =0 —-=1-1- REL 2E|rr 3
BIT #opr8i IMM Ab |ii 2
BIT opr8a DIR B5|dd 3
BIT opri6a (A) & (M) EXT C5|hh 1l 4
BIT oprx716,X Bit Test (CCR Updated but Operands - - X2 D5 ee ff 4
BIT oprx8,X Not Ch d IX1 ES5 |ff 3
BIT X ot Changed) IX F5 3
BIT oprx16,SP SP2 9ED5 |ee ff 5
BIT oprx8,SP SP1 9EES5 |ff 4
Branch if Less Than
BLE rel or Equal To Branchif Z)|(N®V)=1 --1-1- REL 93|rr 3
(Signed Operands)
Branch if Lower ; _
BLO rel (Same as BCS) Branchif (C) =1 --1-1- REL 25|rr 3
BLS rel Branch if Lower or Same Branchif (C)| (2)=1 -=1-1- REL 23|rr
Branch if Less Than . _
BLT rel (Signed Operands) Branchif(N®V)=1 —-=1-1- REL 91|rr 3
BMC rel Branch if Interrupt Mask Branch if (1) = 0 —|-|-]-|- |rREL 2C|ir 3
BMI rel Branch if Minus Branch if (N) =1 —-|=-|- REL 2B/|rr 3
BMS rel Branch if Interrupt Mask Branch if (1) = 1 —|=|=]-|- |rREL 2D|rr 3
BNE rel Branch if Not Equal Branch if (Z) =0 -=1-1- REL 26|rr 3
BPL rel Branch if Plus Branch if (N) =0 -=1-1- REL 2A|rr 3
BRA rel Branch Always No Test -=1-1- REL 20|rr 3
DIR (b0O) 01(dd rr 5
DIR (b1) 03|dd rr 5
DIR (b2) 05(dd rr 5
Branch if Bit n in Memory : _ DIR (b3) 07|dd rr 5
BRCLR n,opr8a,rel Clear Branch if (Mn) =0 —-=1-1- DIR (b4) 09ldd rr 5
DIR (b5) 0B(dd rr 5
DIR (b6) oD|dd rr 5
DIR (b7) OF|dd rr 5
BRN rel Branch Never Uses 3 Bus Cycles e e REL 21 (rr 3
DIR (b0) 00(dd rr 5
DIR (b1) 02|dd rr 5
DIR (b2) 04 (dd rr 5
Branch if Bit nin Memory ; _ DIR (b3) 06|dd rr 5
BRSET n,opr8a,rel Set Branch if (Mn) =1 -=1-1- DIR (b4) osldd rr 5
DIR (b5) OA|(dd rr 5
DIR (b6) oc|dd rr 5
DIR (b7) OE|(dd rr 5
DIR (b0O) 10|dd 5
DIR (b1) 12|dd 5
DIR (b2) 14 (dd 5
oo DIR (b3) 16|dd 5
BSET n,opr8a Set Bit nin Memory Mn « 1 - === DIR (b4) 18!dd 5
DIR (b5) 1A|dd 5
DIR (b6) 1C|(dd 5
DIR (b7) 1E|dd 5
PC « (PC) + $0002
: push (PCL); SP « (SP) — $0001 ool
BSR rel Branch to Subroutine push (PCH): SP « (SP) — $0001 REL AD|rr 5
PC « (PC) + rel
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Data Sheet — MC9S08GB60/D V1.5

Table 7-1 HCSO08 Instruction Set Summary (Sheet 3 of 6)

Effect a
0
S on CCR § ° g g R
ource Operation Description =3 S = S
Form S= S 2 | O
HII[N|Z < le) le) @
m
CBEQ opr8a,rel Branch if (A) = (M) DIR 31|dd rr 5
CBEQA #opr8i,rel Branch if (A) = (M) IMM A1\ rr 4
CBEQX #opr8i,rel |Compare and Branch if Branch if (X) = (M) R IMM S51fii rr 4
CBEQ oprx8,X+,rel |Equal Branch if (A) = (M) IX1+ 61|ff rr 5
CBEQ ,X+,rel Branch if (A) = (M) IX+ 71|rr 5
CBEQ oprx8,SP,rel Branch if (A) = (M) SP1 9E61|ff rr 6
CLC Clear Carry Bit C«0 —-|=-|- INH 98 1
CLI Clear Interrupt Mask Bit <0 —-|0|—-|- INH 9A 1
CLR opr8a M « $00 DIR 3F|dd 5
CLRA A« $00 INH 4F 1
CLRX X « $00 INH 5F 1
CLRH Clear H « $00 -|-10(1 INH 8C 1
CLR oprx8,X M « $00 IX1 6F |ff 5
CLR X M « $00 IX 7F 4
CLR oprx8,SP M « $00 SP1 9E6F | ff 6
CMP #opr8i IMM Allii 2
CMP opr8a DIR B1|dd 3
CMP opri6a (A) - (M) EXT Cl|hh I 4
CMP oprx16,X Compare Accumulator o IX2 Dl1|ee ff 4
CMP oprx8,X with Memory (CCR Updatgga%léte%perands ot T IX1 E1|ff 3
CMP X IX F1 3
CMP oprx16,SP SP2 9ED1 |ee ff 5
CMP oprx8,SP SP1 9EE1 |ff 4
COM opr8a M « (M)= $FF — (M) DIR 33|dd 5
COMA A — (A) = $FF — (A) INH 43 1
COMX Complement X  (X) = $FF — (X) L INH 53 1
COM oprx8,X (One’s Complement) M « (M) = $FF — (M) IX1 63| ff 5
COM X M « (M) = $FF — (M) IX 73 4
COM oprx8,SP M « (M) = $FF — (M) SP1 9E63 | ff 6
CPHX opri6a . . EXT 3E|hh I 6
CPHX #0pr16i Compare Index Register (CCR(U'p)é)a?e(dMB'\JtB%g(rJgr}()js Not N IMM 65]jj kk| 3
CPHX opr8a (H:X) with Memory Changed) DIR 75|dd 5
CPHX 0prx8,SP 9 SP1 9EF3|ff 6
CPX #opr8i IMM A3lii 2
CPX opr8a DIR B3|dd 3
CPX 16 EXT C3|hh 1 4
CPX opriX Compare X (Index (X) — (M) IX2 D3lee ff | 4
CPX o , Register Low) with (CCR Updated But Operands Not - -
prx8,X M ch d IX1 E3|ff 3
CPX X emory anged) IX F3 3
CPX oprx16,SP SP2 9ED3|ee ff 5
CPX oprx8,SP SP1 9EE3|ff 4
Decimal Adjust
DAA Accumulator After ADD or (A)10 - - INH 72 1
ADC of BCD Values
DBNZ opr8a,rel DIR 3B|dd rr 7
DBNZA rel INH 4B |rr 4
DBNZX rel Decrement and Branch if %ergrnecmhﬁpzré'sébolgﬁ . INH 5B|rr 4
DBNZ oprxgX.rel | Not Zero DBNZX Affects X Not H IX1 e | ¢
DBNZ oprx8,SP,rel SP1 9E6B|ff rr 8
DEC opr8a M « (M) — $01 DIR 3A|dd 5
DECA A« (A) - $01 INH 4A 1
DECX X « (X) — $01 INH 5A 1
DEC oprx8,X Decrement M < (M) — $01 -|- IX1 BA|ff 5
DEC ,X M « (M) — $01 IX 7A 4
DEC o0prx8,SP M « (M) — $01 SP1 9EBA |ff 6
. A « (H:A)+(X) o1
DIV Divide H < Remainder INH 52 6
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Central Processor Unit (CPU)

Table 7-1 HCSO08 Instruction Set Summary (Sheet 4 of 6)

Effect a
on CCR 2 K T 8
Sg‘”ce Operation Description 98 S S S
orm viH|1|n|z]c| B2 = | 819
< O |0 | g
m
EOR #opr8i IMM A8l|ii 2
EOR opr8a DIR B8|dd 3
EOR opri6a . EXT C8|hh I 4
Exclusive OR
Egs gprx16,X Memory with A—A®M) 0|-|- _ X2 D8|ee ff 4
prx8,X A lat IX1 E8|ff 3
EOR X cecumutator IX F8 3
EOR oprx16,SP SP2 9EDS8|ee ff 5
EOR oprx8,SP SP1 9EES8|ff 4
INC opr8a M « (M) + $01 DIR 3C|dd 5
INCA A« (A) + $01 INH 4C 1
INCX X « (X) + $01 INH 5C 1
INC 0prx8,X Increment M« (M) + $01 -~ % 6C |ff 5
INC X M « (M) + $01 IX 7C 4
INC oprx8,SP M « (M) + $01 SP1 9E6C | ff 6
JMP opr8a DIR BC|dd 3
JMP opri6a EXT CC|hh 1l 4
JMP oprx16,X Jump PC « Jump Address —=1=1=1--[1X2 DC|ee ff 4
JMP oprx8,X IX1 EC|ff 3
JMP X IX FC 3
= o rC PO sy 2y o5 | B
jgs oprx;6),(x Jump to Subroutine SSSSR ((,Egh)) 22:((22))1%%%1 I R A &i EB fefe ff g
oprx8, v D
ISR X PC « Unconditional Address IX FD 5
LDA #opr8i IMM A6 |ii 2
LDA opr8a DIR B6 |dd 3
LDA opri6a EXT C6|hh 1 4
LDA oprx16,X Load Accumulator from A (M) ol-1|- _|IX2 D6 |ee ff 4
LDA oprx8,X Memory IX1 E6 | ff 3
LDA X IX F6 3
LDA oprx16,SP SP2 9EDG6 |[ee ff 5
LDA oprx8,SP SP1 9EES®6 | ff 4
LDHX #opr16i IMM 45(jj kk| 3
LDHX opr8a DIR 55|dd 4
LDHX opri6a N . EXT 32|hh 1I 5
LDHX ,X Load tndex Register (H:X) H:X < (M:M + $0001) ol-|- —Ix 9EAE 5
LDHX oprx16,X y IX2 9EBE |ee ff 6
LDHX oprx8,X IX1 9ECE |ff 5
LDHX oprx8,SP SP1 9EFE |ff 5
LDX #opr8i IMM AE [ii 2
LDX opr8a DIR BE |[dd 3
LDX opri6a EXT CE|hh I 4
LDX oprx16,X Load X (Index Register X (M) ol-1- _|IX2 DE|ee ff 4
LDX oprx8,X Low) from Memory IX1 EE |ff 3
LDX , IX FE 3
LDX oprx16,SP SP2 9EDE |ee ff 5
LDX oprx8,SP SP1 9EEE | ff 4
LSL opr8a DIR 38|dd 5
LSLA INH 48 1
LSLX Logical Shift Left (T 111 }=o0 _|_ INH 58 1
LSL oprx8,X (Same as ASL) b7 bo IX1 68 |ff 5
LSL X IX 78 4
LSL oprx8,SP SP1 9E68 |ff 6
LSR opr8a DIR 34|dd 5
LSRA _ INH 44 1
LSRX ical Shift Ri 0= [T} |- INH 54 1
tgs gé)rx&x Logical Shift Right - o 0 &1 gfl i 2
LSR oprx8,SP SP1 9E64 |ff 6
M8¥ ng'l‘?g‘aav‘;?:‘ga (M)destination <= (M)source B:Eﬁ&lf gE gg dd g
MOV #opr8i,opr8a |MOVve H:X « (H:X) + $0001 in 0l-1- ~ [IMM/DIR 6E|ii dd| 4
MOV ,X+,0pr8a IX+/DIR and DIR/IX+ Modes IX+/DIR 7E|dd 5
MUL Unsigned multiply X:A « (X) x (A) —(0|=|=|—=|0|INH 42 5
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Table 7-1 HCSO08 Instruction Set Summary (Sheet 5 of 6)

Effect a
0N
S on CCR § ° g g R
ggrrn‘;e Operation Description _58 3 5 (%
T = =3 a
HII[N|Z < o) o @
m
NEG opr8a M « — (M) = $00 — (M) DIR 30|dd 5
NEGA A« —(A) =300 — (A) INH 40 1
NEGX Negate X« —(X) = $00 — (X) e INH 50 1
NEG oprx8,X (Two’s Complement) M « — (M) = $00 — (M) IX1 60 |ff 5
NEG X M « — (M) = $00 — (M) IX 70 4
NEG oprx8,SP M « — (M) = $00 — (M) SP1 9E60 |ff 6
NOP No Operation Uses 1 Bus Cycle -1=1-1- INH 9D 1
Nibble Swap .O1-A[7-
NSA Accumulator A « (A[3:0]:A[7:4]) —|=|=|=1=]INH 62 1
ORA #opr8i IMM AAlii 2
ORA opr8a DIR BA|dd 3
ORA opri6a EXT CA|hh I 4
ORA oprx16,X Inclusive OR Accumulator A (A) | (M) _ IX2 DA|ee ff 4
ORA o0prx8,X and Memory IX1 EA|ff 3
ORA X IX FA 3
ORA o0prx16,SP SP2 9EDA |ee ff 5
ORA oprx8,SP SP1 9EEA | ff 4
PSHA Push Accumulator onto Push (A); SP « (SP) — $0001 | =1=|=]- |INH 87 2
Push H (Index Register .
PSHH High) onto Stack Push (H); SP « (SP) —$0001 - ={-|- INH 8B 2
Push X (Index Register .
PSHX Low) onto Stack Push (X); SP « (SP) —$0001 ol el el INH 89 2
PULA Pull Accumlator from SP « (SP + $0001); Pull (A) | =|={=|=|iNH 86 3
Pull H (Index Register .
PULH High) from Stack SP « (SP +$0001); Pull (H) - =1-1- INH 8A 3
Pull X (Index Register .
PULX Low) from Stack SP « (SP + $0001); Pull (X) ol el el INH 88 3
ROL opr8a DIR 39|dd 5
ROLA INH 49 1
ROLX gt INH 50 1
ROL oprx8,X Rotate Left through Carry Cled [ [TTTTT] - = IX1 69 |ff 5
ROL X b7 bo IX 79 4
ROL oprx8,SP SP1 9EB9 |ff 6
ROR opr8a DIR 36|dd 5
RORA INH 46 1
RORX Rotate Right through Lm N INH 56 1
ROR oprx8,X Carry IX1 66 | ff 5
ROR X b7 bo IX 76 4
ROR o0prx8,SP SP1 9EG66 | ff 6
i SP « $FF
RSP Reset Stack Pointer (High Byte Not Affected) -|1=1-1- INH 9C 1
SP « (SP) + $0001; Pull (CCR)
SP « (SP) + $0001; Pull (A)
RTI Return from Interrupt SP « (SP) + $0001; Pull (X) INH 80 9
SP « (SP) + $0001; Pull (PCH)
SP « (SP) + $0001; Pull (PCL)
: SP « SP + $0001; Pull (PCH)
RTS Return from Subroutine SP « SP + $0001: Pull (PCL) - -1-1- INH 81 6
SBC #opr8i IMM A2{ii 2
SBC opr8a DIR B2|dd 3
SBC opri6a EXT C2|hh I 4
SBC oprx16,X - IX2 D2|ee ff 4
SBC oprx8,X Subtract with Carry A< (A)-(M)-(C) - - IX1 E2 | 3
SBC X IX F2 3
SBC oprx16,SP SP2 9ED2 |ee ff 5
SBC oprx8,SP SP1 9EE2 | ff 4
SEC Set Carry Bit Ce«1 —-=1-- INH 99 1
SEI Set Interrupt Mask Bit 1 -{1]-- INH 9B 1
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Central Processor Unit (CPU)

Table 7-1 HCSO08 Instruction Set Summary (Sheet 6 of 6)

Effect a
0
S on CCR § ° g g R
ggrrn‘;e Operation Description _58 g 5 (%
HI1|N|zZ 22 | 8| 8§ 0
m
STA opr8a DIR B7|dd 3
STA opri6a EXT C7|hh I 4
STA oprx16,X ] IX2 D7|ee ff 4
STA opr8X ptore Accumulator in M < (A) - IX1 E7|ff 3
STA , y IX F7 2
STA oprx16,SP SP2 9ED7 |ee ff 5
STA oprx8,SP SP1 9EE7 |ff 4
STHX opr8a DIR 35|dd 4
STHX opri16a Store H:X (Index Reg.) (M:M + $0001) « (H:X) - - EXT 96 |hh I 5
STHX oprx8,SP SP1 9EFF|ff 5
Enable Interrupts:
Stop Processin ; . ;
STOP Refgr to MCU 9 | bit «— 0; Stop Processing —|0(—-|- INH 8E 2+
Documentation
STX opr8a DIR BF|dd 3
STX opri6a EXT CF|hh I 4
STX oprx16,X Store X (Low 8 Bits of IX2 DF|ee ff 4
STX oprx8,X Index Register) M « (X) - - IX1 EF|ff 3
STX X in Memory IX FF 2
STX oprx16,SP SP2 9EDF |ee ff 5
STX oprx8,SP SP1 9EEF |ff 4
SUB #opr8i IMM AO|ii 2
SUB opr8a DIR BO|dd 3
SUB opri6a EXT CO|hh I 4
SUB oprx16,X IX2 DO|ee ff 4
SUB oprx8,X Subtract A (A)—(M) -~ IX1 EO| ff 3
SUB X IX FO 3
SUB oprx16,SP SP2 9EDO |ee ff 5
SUB oprx8,SP SP1 9EEOQ | ff 4
PC « (PC) + $0001
Push (PCL); SP « (SP) — $0001
Push (PCH); SP « (SP) — $0001
Push (X); SP « (SP) - $0001
SwWi Software Interrupt Push (A); SP « (SP) — $0001 -[1|-|- INH 83 11
Push (CCR); SP « (SP) — $0001
|« 1;
PCH « Interrupt Vector High Byte
PCL « Interrupt Vector Low Byte
TAP '(I;rggsfer Accumulator to CCR « (A) INH 84 1
Transfer Accumulator to
TAX X (Index Register Low) X (A) N INH 97 1
Transfer CCR to
TPA Accumulator A « (CCR) —-=1-1- INH 85 1
TST opr8a (M) — $00 DIR 3D|dd 4
TSTA (A) — $00 INH 4D 1
TSTX , (X) — $00 INH 5D 1
TST oprx8,X Test for Negative or Zero (M) — $00 - - IX1 6D | 2
TST X (M) — $00 IX 7D 3
TST oprx8,SP (M) — $00 SP1 9E6D | ff 5
TSX Transfer SP to Index Reg. H:X « (SP) + $0001 - -1-1- INH 95 2
Transfer X (Index Reg.
TXA Low) to Accumulator Ae() N INH 9F 1
TXS Transfer Index Reg. to SP SP « (H:X) — $0001 e e el INH 94 2
Enable Interrupts; Wait ; .
WAIT for Interrupt | bit « 0; Halt CPU —{0f-|- INH 8F 2+
NOTES:

1. Bus clock frequency is one-half of the CPU clock frequency.
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Table 7-2 Opcode Map (Sheet 1 of 2)

Bit-Manipulation Branch Read-Modify-Write Control Register/Memory
00 5110 5120 3|30 5 |40 1150 1|60 5170 4 180 9 190 3 |AO 2 |BO 3 |Co DO 0 FO 3
BRSETO| BSETO BRA NEG NEGA NEGX NEG NEG RTI BGE SuB SuB SuB SuB SuB SuB
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |2 REL |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 1X
01 5|11 5121 3 (31 5141 4 (51 4 (61 5|71 5181 6 |91 3 [AL 2 |B1 3(C1 4 (D1 4 [E1 3 |F1 3
BRCLRO| BCLRO BRN CBEQ | CBEQA | CBEQX | CBEQ CBEQ RTS BLT CMP CMP CMP CMP CMP CMP
3 DIR |2 DIR |2 REL |3 DIR |3 IMM |3 IMM |3 IX1+ |2 IX+ [1 INH |2 REL |2 IMM |2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
02 5112 5|22 3|32 5 |42 5 |52 6 |62 1172 1182 5+ (92 3 |A2 2 |B2 3 |C2 4 |D2 4 |E2 3 |F2 3
BRSET1| BSET1 BHI LDHX MUL DIV NSA DAA BGND BGT SBC SBC SBC SBC SBC SBC
3 DIR |2 DIR |2 REL |3 EXT |1 INH |1 INH |1 INH |1 INH |1 INH |2 REL |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 1X
03 5113 5123 3 (33 5143 1|53 1163 5173 4 (83 11 (93 3 [A3 2 |B3 3 (C3 4 (D3 4 [E3 3 |F3 3
BRCLR1| BCLR1 BLS COM COMA | COMX COM COM Swi BLE CPX CPX CPX CPX CPX CPX
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |2 REL |2 IMM |2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
04 5|14 5|24 34 44 1|54 1|64 5|74 4 |84 94 Ad B4 Cc4 D4 E4 F4 3
BRSET2| BSET2 BCC LSR LSRA LSRX LSR LSR TAP TXS AND AND AND AND AND AND
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 1X
05 5115 5125 3 (35 4 |45 3 |55 4 (65 3|75 5185 1195 2 |A5 2 |B5 C5 D5 E5 F5 3
BRCLR2| BCLR2 BCS STHX LDHX LDHX CPHX CPHX TPA TSX BIT BIT BIT BIT BIT BIT
3 DIR |2 DIR |2 REL |2 DIR |3 IMM |2 DIR |3 IMM |2 DIR |1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
06 5116 5|26 3|36 46 1|56 1|66 5176 4 |86 3|96 5 | A6 2 |B6 C6 4 | D6 4 |E6 F6 3
BRSET3| BSET3 BNE ROR RORA RORX ROR ROR PULA STHX LDA LDA LDA LDA LDA LDA
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |3 EXT |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 1X
07 5|17 5|27 3 (37 5 |47 1|57 1|67 5|77 4 (87 2197 1 |A7 2 |B7 3 (C7 4 (D7 4 |E7 3 |F7 2
BRCLR3| BCLR3 BEQ ASR ASRA ASRX ASR ASR PSHA TAX AIS STA STA STA STA STA
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
08 5118 5128 338 5 148 1158 168 5178 4 |88 3 (98 1|A8 2 |B8 3 |C8 4 | D8 4 |E8 3 |F8 3
BRSET4| BSET4 BHCC LSL LSLA LSLX LSL LSL PULX CLC EOR EOR EOR EOR EOR EOR
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 1X
09 5119 5129 3 (39 5 149 1159 1169 5179 4 (89 2199 1 |A9 2 |B9 3 (C9 4 (D9 4 [E9 3 |F9 3
BRCLR4| BCLR4 BHCS ROL ROLA ROLX ROL ROL PSHX SEC ADC ADC ADC ADC ADC ADC
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
0A 5 |1A 5 |2A 3 |3A 4A 1|5A 1 |6A 5 |7A 4 | 8A 3 |9A 1|AA BA CA 4 | DA 4 |EA FA 3
BRSET5| BSET5 BPL DEC DECA DECX DEC DEC PULH CLI ORA ORA ORA ORA ORA ORA
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 1X
0B 5 |1B 5 |2B 3 (3B 7 |14B 4 (5B 4 (6B 7 17B 6 | 8B 2 |19B 1 |AB BB CB 4 (DB 4 |EB FB 3
BRCLR5| BCLR5 BMI DBNZ | DBNZA | DBNzZX | DBNZ DBNZ PSHH SEI ADD ADD ADD ADD ADD ADD
3 DIR |2 DIR |2 REL |3 DIR |2 INH |2 INH |3 IX1 |2 IX [1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
ocC 5 |1C 5 |2C 3 |3C 4C 1|5C 1]|6C 5|7C 4 |8C 1]9C 1 BC cc DC EC FC 3
BRSET6| BSET6 BMC INC INCA INCX INC INC CLRH RSP JMP JMP JMP JMP JMP
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |1 INH 2 DIR |3 EXT |3 IX2 [2 IX1 |1 1X
oD 5 |1D 52D 3 (3D 4 (4D 1 |5D 1 |6D 4 (7D 3 9D 1 |AD 5 |BD 5 |CD 6 |DD 6 |ED 5 |FD 5
BRCLR6| BCLR6 BMS TST TSTA TSTX TST TST NOP BSR JSR JSR JSR JSR JSR
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX 1 INH |2 REL |2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
OE 5 |1E 5 | 2E 3 |3E 6 |4E 6 |5E 5 |6E 4 |7E 5 |8E 2+ |9E AE 2 |BE 3 |CE 4 |DE 4 |EE 3 |FE 3
BRSET7| BSET7 BIL CPHX MOV MOV MOV MOV STOP Page 2 LDX LDX LDX LDX LDX LDX
3 DIR |2 DIR |2 REL |3 EXT |3 DD |2 DIX+ |3 IMD [2 IX+D |1 INH 2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 1X
OF 5 |1F 5 |2F 3 [3F 5 |4F 1 |5F 1 |6F 5|7F 4 [8F 2+ |9F 1 |AF 2 |BF 3 |CF 4 |DF 4 (EF 3 |FF 2
BRCLR7| BCLR7 BIH CLR CLRA CLRX CLR CLR WAIT TXA AIX STX STX STX STX STX
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
INH Inherent REL  Relative SP1  Stack Pointer, 8-Bit Offset
IMM Immediate 1X Indexed, No Offset SP2 Stack Pointer, 16-Bit Offset
DIR Direct IX1 Indexed, 8-Bit Offset IX+ Indexed, No Offset with
EXT Extended X2 Indexed, 16-Bit Offset Post Increment
DD DIR to DIR IMD IMM to DIR IX1+ Indexed, 1-Byte Offset with
IX+D IX+to DIR DIX+ DIRto IX+ Post Increment o :

pcode in
Hexadecimal | FO 3 |HCSO08 Cycles
SUB |Instruction Mnemonic
Number of Bytes | 1 IX_| Addressing Mode
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Central Processor Unit (CPU)

Table 7-2 Opcode Map (Sheet 2 of 2)

Bit-Manipulation Branch Read-Modify-Write

Control

Register/Memory

9EF3 6
CPHX
3 SP1

9EAE 5 |9EBE 6 |9ECE 5
LDHX LDHX LDHX
2 IX |4 X2 |3 1X1

INH Inherent REL  Relative SP1  Stack Pointer, 8-Bit Offset
IMM  Immediate IX Indexed, No Offset SP2  Stack Pointer, 16-Bit Offset
DIR Direct IX1 Indexed, 8-Bit Offset IX+ Indexed, No Offset with
EXT  Extended IX2 Indexed, 16-Bit Offset Post Increment

DD DIR to DIR IMD  IMM to DIR IX1+ Indexed, 1-Byte Offset with
IX+D  IX+to DIR DIX+ DIRto IX+ Post Increment

Note: All Sheet 2 Opcodes are Preceded by the Page 2 Prebyte (9E) Prebyte (9E) and Opcode in
Hexadecimal | 9E60 6 | HCSO08 Cycles

NEG [Instruction Mnemonic

Number of Bytes [3  SP1 |Addressing Mode
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Section 8 Parallel Input/Output

8.1 Introduction

This section explains software controlsrelated to parallel input/output (1/0). The MC9S08GBxx has seven
I/0 ports which include a total of 56 general-purpose 1/0O pins (one of these pinsis output only). The
MC9OS08GTxx hassix 1/0 portswhich include atotal of up to 36 general-purpose 1/0 pins (one pin, PTGO,
isoutput only). Seethe Pins and Connections section for more information about the logic and hardware
aspects of these pins.

Many of these pins are shared with on-chip peripherals such as timer systems, external interrupts, or
keyboard interrupts. When these other modules are not controlling the port pins, they revert to
general-purpose 1/0 control. For each 1/O pin, a port data bit provides access to input (read) and output
(write) data, adatadirection bit controlsthe direction of the pin, and apullup enable bit enablesan internal
pullup device (provided the pin is configured as an input), and a slew rate control bit controls the rise and
fall times of the pins.

NOTE: Not all general-purpose I/O pins are available on all packages. To avoid extra
current drain from floating input pins, the user’s reset initialization routine in the
application program should either enable on-chip pullup devices or change the
direction of unconnected pins to outputs so the pins do not float.
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INTERNAL BUS
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MODULE (DBG)
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PORTB | |

i

PORTC
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. Port pins are software configurable with pullup device if input port.
. Pin contains software configurable pullup/pulldown device if IRQ enabled (IRQPE = 1).
. IRQ does not have a clamp diode to Vpp. IRQ should not be driven above Vpp.

PORTA |
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8
<t/ PTA7/KBIP7-

PTAO/KBIPO

}
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~€—>» PTD4/TPM2CH1
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NOTES 1, 6

NOTE 1

} NOTES 1,5

} NOTE 1
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<«— PTE7
<> PTE6
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<t— PTE4/MOSI
~—» PTE3/MISO
<«—> PTE2/SS
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<&/ PTF7-PTFO }

-« PTG7

-<—>» PTG6

<t—> PTG5

- PTG4

> PTG3

~—>» PTG2/EXTAL
~—>» PTG1/XTAL
——» PTGO/BKGD/MS

Figure 8-1 Block Diagram Highlighting Parallel Input/Output Pins

NOTE 1

NOTES 1,5

NOTE 1

. Pins PTA[7:4] contain software configurable pullup/pulldown device. Pulldown available when KBI enabled
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8.2 Features

Parallel 1/O features, depending on package choice, include:

» A total of 56 general-purpose I/O pinsin seven ports (one is output only)
» High-current drivers on port C and port F pins

* Hysteresisinput buffers

» Software-controlled pullups on each input pin

» Software-controlled slew rate output buffers

» Eight port A pins shared with KBI

» Eight port B pins shared with ATD

» Eight high-current port C pins shared with SCI2 and I11C

» Eight port D pins shared with TPM1 and TPM2

» Eight port E pins shared with SCI1 and SPI

» Eight high-current port F pins

» Eight port G pins shared with EXTAL, XTAL, and BKGD/MS

8.3 Pin Descriptions

The MC9S08GB/GT has atotal of 56 parallel 1/0 pins (one is output only) in seven 8-hit ports
(PTA—PTG). Not all pins are bonded out in al packages. Consult the pin assignment in the Pins and
Connections section for available parallel I/0 pins. All of these pinsare available for general-purpose |/0
when they are not used by other on-chip peripheral systems.

After reset, BKGD/MSis enabled and therefore is not usable as an output pin until BKGDPE in SOPT is
cleared. Therest of the peripheral functions are disabled. After reset, all data direction and pullup enable
controls are set to 0s. These pins default to being high-impedance inputs with on-chip pullup devices
disabled.

The following paragraphs discuss each port and the software controls that determine each pin’s use.

8.3.1 Port A and Keyboard Interrupts

Port A Bit 7 6 5 4 3 2 1 Bit0

PTA7/ PTA6/ PTAS5/ PTA4/ PTA3/ PTA2/ PTA1/ PTAO/

MCUPIn: kelp7  KkBIP6  KBIPS  KBIPA  KBIP3  KBIP2  KBIPT  KBIPO

Figure 8-2 Port A Pin Names

Port A isan 8-bit port shared among the KBI keyboard interrupt inputs and general-purpose 1/0. Any pins
enabled as KBI inputs will be forced to act asinputs.
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Parallel Input/Output

Port A pinsare available as general -purpose 1/0O pins controlled by the port A data (PTAD), datadirection
(PTADD), pullup enable (PTAPE) and slew rate control (PTASE) registers. Refer to 8.4 Parallel I/O
Controls for more information about general-pupose 1/0O control.

Port A can be configured to be keyboard interrupt input pins. Refer to the Keyboard Interrupt (KBI)
Module section for more information about using port A pins as keyboard interrupts pins.

8.3.2 Port B and Analog to Digital Converter Inputs

Port B Bit 7 6 5 4 3 2 1 Bit0

PTB7/ PTB6/ PTB5/ PTB4/ PTB3/ PTB2/ PTB1/ PTBO/

MCUPn: b7 AD6  AD5  AD4  AD3  AD2  ADI  ADO

Figure 8-3 Port B Pin Names

Port B is an 8-bit port shared among the ATD inputs and general-purpose 1/0. Any pin enabled as ATD
inputs will be forced to act asinputs.

Port B pins are available as general -purpose I/O pins controlled by the port B data (PTBD), datadirection
(PTBDD), pullup enable (PTBPE), and slew rate control (PTBSE) registers. Refer to 8.4 Parallel /O
Controls for more information about general-pupose /O control.

When the ATD module is enabled, analog pin enables are used to specify which pins on port B will be
used as ATD inputs. Refer to the Analog-to-Digital Converter (ATD) Module section for more
information about using port B asa ATD pins.

8.3.3 Port C and SCI2, IIC, and High-Current Drivers

Port C Bit 7 6 5 3 3 2 1 Bit0

PTC3/ PTC2/ PTC1/ PTCO/

MCU Pin:  PTC7 PTC6 PTC5 PTC4 scL SDA RxD2 TXD2

Figure 8-4 Port C Pin Names

Port C isan 8-bit port which is shared among the SCI2 and |1C modules, and general-purpose 1/0. When
SCI2 or I1C modules are enabled the pin direction will be controlled by the module or function. Port C has
high current output drivers.

Port C pins are available as general -purpose 1/0 pins controlled by the port C data (PTCD), data direction
(PTCDD), pullup enable (PTCPE) and slew rate control (PTCSE) registers. Refer to 8.4 Parallel I/0
Controls for more information about general-pupose 1/0 control.

When the SCI2 module is enabled, PTCO serves as the SCI2 modul€' s transmit pin (TxD2) and PTC1
serves asthereceive pin (RxD2). Refer to the Serial Communications Interface (SCI) Module section
for more information about using PTCO and PTC1 as SCI pins
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When thel1C moduleisenabled, PTC2 servesasthe I11C modules’ s serial datainput/output pin (SDA) and
PTC3 servesastheclock pin (SCL). Refer to the Inter-Integrated Circuit (IIC) Module section for more
information about using PTC2 and PTC3 asIIC pins.

8.3.4 Port D, TPM1 and TPM2

PortD Bit 7 6 5 4 3 2 1 Bit0

PTD7/ PTD6/ PTD5/ PTD4/ PTD3/ PTD2/ PTD1/ PTDO/

MCU Pin: TPM2CH4 TPM2CH3 TPM2CH2 TPM2CH1 TPM2CHO TPM1CH2 TPM1CH1 TPM1CHO

Figure 8-5 Port D Pin Names

Port D is an 8-bit port shared with the two TPM modules, TPM1 and TPM2 and general-purpose 1/0.
When the TPM 1 or TPM2 modules are enabled in output compare or input captures modes of operation,
the pin direction will be controlled by the module function.

Port D pins are available as general-purpose 1/0O pins controlled by the port D data (PTDD), datadirection
(PTDDD), pullup enable (PTDPE), and slew rate control (PTDSE) registers. Refer to 8.4 Parallel 1/0
Controls for more information about general-pupose I/O control.

The TPM2 module can be configured to use PTD7—PTD3 as either input capture, output compare, PWM,
or external clock input pins (PTD3 only). Refer to the Timer/PWM (TPM) Module section for more
information about using PTD7—PTD3 as timer pins.

The TPM 1 module can be configured to use PTD2—PTDO as either input capture, output compare, PWM,
or external clock input pins (PTDO only). Refer to the Timer/PWM (TPM) Module section for more
information about using PTD2-PTDO as timer pins.

8.3.5 Port E, SCI1, and SPI

PortE Bit 7 6 5 4 3 2 1 Bit 0

PTE5/ PTE4/ PTE3/ PTE2/ PTE1/ PTEO/

MCUPIn:  PTE7  PTE6  gpsck  Mosl  MISO 88 RxDI TxDI

Figure 8-6 Port E Pin Names

Port E is an 8-hit port shared with the SCI1 module, SPI module, and genera -purpose I/0. When the SCI
or SPI modules are enabled, the pin direction will be controlled by the module function.

Port E pins are available as general -purpose /O pins controlled by the port E data (PTED), data direction
(PTEDD), pullup enable (PTEPE) and slew rate control (PTESE) registers. Refer to 8.4 Parallel I/O
Controls for more information about general-pupose /O control.

When the SCI1 module is enabled, PTEO serves as the SCI1 module' s transmit pin (TxD1) and PTEL
serves asthereceive pin (RxD1). Refer to the Serial Communications Interface (SCI) Module section
for more information about using PTEQ and PTEL as SCI pins.
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When the SPI module is enabled, PTE2 serves as the SPI module’ s slave select pin (SS), PTE3 serves as
the master-in slave-out pin (MISO), PTE4 serves as the master-out slave-in pin (MOSI), and PTES serves
asthe SPI clock pin (SPSCK). Refer to the Serial Peripheral Interface (SPI) Module section for more
information about using PTE5S—PTE2 as SPI pins.

8.3.6 Port F and High-Current Drivers

Port F Bit 7 6 5 4 3 2 1 Bit 0
MCUPn: PTF7  PTF6  PTF5  PTF4  PTF3  PTF2  PTF  PTFO

Figure 8-7 Port F Pin Names

Port F is an 8-bit port general-purpose 1/0 that is not shared with any peripheral module. Port F has high
current output drivers.

Port F pins are avail able as general -purpose /O pins controlled by the port F data (PTFD), data direction
(PTFDD), pullup enable (PTFPE), and slew rate control (PTFSE) registers. Refer to 8.4 Parallel 1/0
Controls for more information about general-pupose /O control.

8.3.7 Port G, BKGD/MS, and Oscillator

Port G Bit 7 6 5 4 3 2 1 Bit0

PTG2/ PTG1/ PTGO/

MCUPin: PTG7 ~ PTG6  PTGS  PTG4  PTG3  yrn yTAL  BKGDIMS

Figure 8-8 Port G Pin Names

Port G is an 8-bit port which is shared among the background/mode select function, oscillator, and
general-purpose I/0. When the background/mode sel ect function or oscillator is enabled, the pin direction
will be controlled by the module function.

Port G pins are available as general -purpose 1/0O pins controlled by the port G data (PTGD), datadirection
(PTGDD), pullup enable (PTGPE), and slew rate control (PTGSE) registers. Refer to 8.4 Parallel I/O
Controls for more information about general-pupose 1/0O control.

Theinternal pullup for PTGO is enabled when the background/mode select function is enabled, regardless
of the state of PTGPEQ. During reset, the BKGD/M S pin functions as a mode select pin. Once the MCU
isout of reset, the BKGD/MS pin becomes the background communications input/output pin. The PTGO
can be configured to be a general-purpose output pin. Refer to the Modes of Operation section, the
Resets, Interrupts, and System Configuration section, and the Development Support section for more
information about using this pin.

The ICG module can be configured to use PTG2—PTG1 ports as crystal oscillator or external clock pins.

Refer to the Internal Clock Generator (ICG) Module section for more information about using these
pins as oscillator pins.
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8.4 Parallel I/O Controls

Provided no on-chip peripheral is controlling a port pin, the pins operate as general-purpose I/O pins that
are accessed and controlled by a dataregister (PTxD), adata direction register (PTxDD), a pullup enable
register (PTXPE), and a slew rate control register (PTXSE) wherex isA, B, C, D, E, F, or G.

Reads of the dataregister return the pin value (if PTxDDn = 0) or the contents of the port dataregister (if
PTxDDn = 1). Writesto the port dataregister arelatched into the port register whether the piniscontrolled
by an on-chip peripheral or the pinis configured as an input. If the corresponding pin is not controlled by
aperipheral and is configured as an output, this level will be driven out the port pin.

8.4.1 Data Direction Control

The data direction control bits determine whether the pin output driver is enabled, and they control what
isread for port data register reads. Each port pin has a data direction control bit. When PTxDDn = 0, the
corresponding pinisan input and reads of PTxD return the pin value. When PTxDDn = 1, the
corresponding pin is an output and reads of PTxD return the last value written to the port data register.
When a peripheral module or system function isin control of a port pin, the data direction control till
controls what is returned for reads of the port data register, even though the peripheral system has
overriding control of the actual pin direction.

For the MC9S08GB/GT MCU, reads of PTGO/BKGD/MS will return the value on the output pin.

It isagood programming practice to write to the port dataregister before changing the direction of a port
pin to become an output. This ensures that the pin will not be driven momentarily with an old data value
that happened to be in the port data register.

8.4.2 Internal Pullup Control

Aninternal pullup device can be enabled for each port pin that is configured as an input (PTxDDn = 0).
The pullup deviceis available for aperipheral module to use, provided the peripheral is enabled and isan
input function as long as the PTxDDn = 0.

For the four configurable KBI module inputs on PTA7—PTA4, when apin is configured to detect rising
edges, the port pullup enable associated with the pin (PTAPEN) selects a pulldown rather than a pullup
device.

8.4.3 Slew Rate Control
Slew rate control can be enabled for each port pin that is configured as an output (PTxDDn = 1) or if a
peripheral module is enabled and its function is an output. Not all peripheral modules outputs have slew

rate control, refer to the Pins and Connections section for more information about which pins have slew
rate control.
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8.5 Stop Modes

Depending on the stop mode, 1/0 functions differently as the result of executing a STOP instruction. An
explanation of 1/0 behavior for the various stop modes follows:

» Stopl modeisthelowest current stop mode. All 1/O statesarelost in thismode. Upon recovery from
stopl, all 1/0 must be initialized as if the MCU were undergoing an initial power-up.

* Stop2 modeisapartial power-down mode, whereby 1/O latches are maintained in their state as
before the STOP instruction was executed. CPU register status and the state of 1/O registers should
be saved in RAM before the STOP instruction is executed to place the MCU in stop2 mode. Upon
recovery from stop2 mode, before accessing any 1/O, the user should examine the state of the PPDF
bit in the SPMSC2 register. If the PPDF bit is 0, I/O must be initialized as if a power on reset had
occurred. If the PPDF bitis 1, I/O datapreviously stored in RAM, before the STOP instruction was
executed, peripheralsmay require beinginitialized and restored to their pre-stop condition. The user
must then write a 1 to the PPDACK bit in the SPM SC2 register. Accessto I/O is now permitted
again in the user’ s application program.

* Instop3 mode, al 1/0 is maintained because internal logic circuity stays powered up. Upon
recovery, normal I/O function is available to the user.

8.6 Parallel 1/0 Registers and Control Bits

This section providesinformation about all registers and control bits associated with the parallel 1/0 ports.

Refer to tables in the Memory section for the absolute address assignments for al parallel 1/0 registers.
Thissection refersto registers and control bitsonly by their names. A Motorola-provided equate or header
file normally is used to trandate these names into the appropriate absol ute addresses.

8.6.1 Port A Registers (PTAD, PTAPE, PTASE, and PTADD)

Port A includes eight pins shared between general-purpose 1/0 and the KBI module. Port A pins used as
general-purpose |/O pinsare controlled by the port A data(PTAD), datadirection (PTADD), pullup enable
(PTAPE) and slew rate control (PTASE) registers.

If the KBI takes control of aport A pin, the corresponding PTASE bit isignored since the pin functions as
aninput. AslongasPTADD isalogic 0, the PTAPE controlsthe pullup enablefor the KBI function. Reads
of PTAD will return the logic value of the corresponding pin, provided PTADD isalogic O.
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PTAD Bit 7 6 5 4 3 2 1 Bit 0
Read:
PTAD7 | PTAD6 | PTAD5 | PTAD4 | PTAD3 | PTAD2 | PTAD1 PTADO
Write:
Reset: 0 0 0 0 0 0 0 0
PTAPE
Read:
PTAPE7 | PTAPE6 | PTAPE5 | PTAPE4 | PTAPE3 | PTAPE2 | PTAPE1 | PTAPEO
Write:
Reset: 0 0 0 0 0 0 0 0
PTASE
Read:
PTASE7 | PTASE6 | PTASE5 | PTASE4 | PTASE3 | PTASE2 | PTASE1 | PTASEO
Write:
Reset: 0 0 0 0 0 0 0 0
PTADD
Read:
PTADD7 | PTADD6 | PTADD5 | PTADD4 | PTADD3 | PTADD2 | PTADD1 | PTADDO
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 8-9 Port A Registers

PTADnNn — Port A Data Register Bit n (n = 0-7)

For port A pinsthat are inputs, reads return the logic level on the pin. For port A pinsthat are
configured as outputs, reads return the last value written to this register.

Writes are latched into all bits of thisregister. For port A pinsthat are configured as outputs, the logic
level isdriven out the corresponding MCU pin.

Reset forces PTAD to al Os, but these Os are not driven out the corresponding pins because reset also
configures all port pins as high-impedance inputs with pullups disabled.

PTAPEN — Pullup Enable for Port A Bit n (n=0-7)

For port A pinsthat are inputs, these read/write control bits determine whether internal pullup devices
are enabled provided the corresponding PTADDn isalogic 0. For port A pinsthat are configured as
outputs, these bits areignored and the internal pullup devices are disabled. When any of bits 7 through
4 of port A are enabled as KBI inputs and are configured to detect rising edges/high levels, the pullup
enable bits enable pulldown rather than pullup devices.

1 = Internal pullup device enabled.

0 = Internal pullup device disabled.
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PTASEn — Slew Rate Control Enable for Port A Bit n (n = 0-7)

For port A pinsthat are outputs, these read/write control bits determine whether the slew rate
controlled outputs are enabled. For port A pinsthat are configured as inputs, these bits are ignored.
1 = Slew rate control enabled.
0 = Slew rate control disabled.

PTADDnN — Data Direction for Port A Bit n (n=0-7)

These read/write bits control the direction of port A pins and what isread for PTAD reads.
1 = Output driver enabled for port A bit n and PTAD reads return the contents of PTADnN.
0 = Input (output driver disabled) and reads return the pin value.

8.6.2 Port B Registers (PTBD, PTBPE, PTBSE, and PTBDD)

Port B includes eight general-purpose 1/O pins that share with the ATD function. Port B pins used as
general-purpose |/O pinsare controlled by the port B data (PTBD), datadirection (PTBDD), pullup enable
(PTBPE) and slew rate control (PTBSE) registers.

If the ATD takes control of aport B pin, the corresponding PTBDD, PTBSE, PTBPE bits are ignored.
When aport B pinisbeing used asan ATD pin, reads of PTBD will return alogic O of the corresponding
pin, provided PTBDD isalogic 0.

PTBD Bit 7 6 5 4 3 2 1 Bit 0
Read:
PTBD7 | PTBD6 | PTBD5 | PTBD4 | PTBD3 | PTBD2 | PTBD1 PTBDO
Write:
Reset: 0 0 0 0 0 0 0 0
PTBPE
Read:
PTBPE7 | PTBPE6 | PTBPE5 | PTBPE4 | PTBPE3 | PTBPE2 | PTBPE1 | PTBPEO
Write:
Reset: 0 0 0 0 0 0 0 0
PTBSE
Read:
PTBSE7 | PTBSE6 | PTBSE5 | PTBSE4 | PTBSE3 | PTBSE2 | PTBSE1 | PTBSEOQ
Write:
Reset: 0 0 0 0 0 0 0 0
PTBDD
Read:
PTBDD7 | PTBDD6 | PTBDD5 | PTBDD4 | PTBDD3 | PTBDD2 | PTBDD1 | PTBDDO
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 8-10 Port B Registers
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PTBDn — Port B Data Register Bit n (n = 0-7)

For port B pinsthat areinputs, readsreturn thelogic level onthepin. For port B pinsthat are configured
as outputs, reads return the last value written to this register.

Writes are latched into all bits of thisregister. For port B pinsthat are configured as outputs, the logic
level isdriven out the corresponding MCU pin.

Reset forces PTBD to all Os, but these Os are not driven out on the corresponding pins because reset
also configures all port pins as high-impedance inputs with pullups disabled.

PTBPEN — Pullup Enable for Port B Bit n (n= 0-7)

For port B pinsthat are inputs, these read/write control bits determine whether internal pullup devices
are enabled. For port B pinsthat are configured as outputs, these bitsareignored and theinternal pullup
devices are disabled.

1 = Internal pullup device enabled.

0 = Internal pullup device disabled.

PTBSEn — Slew Rate Control Enable for Port B Bit n (n = 0-7)

For port B pinsthat are outputs, these read/write control bits determine whether the slew rate controlled
outputs are enabled. For port B pinsthat are configured as inputs, these bits are ignored.

1 = Slew rate control enabled.

0 = Slew rate control disabled.

PTBDDn — Data Direction for Port B Bit n (n=0-7)

These read/write bits control the direction of port B pins and what isread for PTBD reads.
1 = Output driver enabled for port B bit n and PTBD reads return the contents of PTBDn.
0 = Input (output driver disabled) and reads return the pin value.

8.6.3 Port C Registers (PTCD, PTCPE, PTCSE, and PTCDD)

Port C includes eight general -purpose 1/0 pinsthat share with the SCI2 and 11C modules. Port C pins used
as general-purpose I/O pins are controlled by the port C data (PTCD), data direction (PTCDD), pullup
enable (PTCPE) and slew rate control (PTCSE) registers.

If the SCI2 takes control of aport C pin, the corresponding PTCDD bit are ignored. PTCSE can be used
to provide slew rate on the SCI2 transmit pin, TxD2. PTCPE can be used, provided the corresponding
PTCDD bhitisalogic 0, to provide a pullup device on the SCI2 receive pin, RxD2.

If the 11C takes control of aport C pin, the corresponding PTCDD bit are ignored. PTCSE can be used to
provide slew rate on the |1C serial data pin (SDA), when in output mode and the I1C clock pin (SCL).
PTCPE can be used, provided the corresponding PTCDD bit isalogic O, to provide a pullup device on the
I1C seria data pin, when in receive mode.

Reads of PTCD will return the logic value of the corresponding pin, provided PTCDD isalogic O.
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PTCD Bit 7 6 5 4 3 2 1 Bit 0

Read:

" PTCD7 | PTCD6 | PTCD5 | PTCD4 | PTCD3 | PTCD2 | PTCD1 PTCDO

rite:

Reset: 0 0 0 0 0 0 0 0
PTCPE

Read:

PTCPE7 | PTCPE6 | PTCPE5 | PTCPE4 | PTCPE3 | PTCPE2 | PTCPE1 | PTCPEOQ

Write:

Reset: 0 0 0 0 0 0 0 0
PTCSE

Read:

PTCSE7 | PTCSE6 | PTCSE5 | PTCSE4 | PTCSE3 | PTCSE2 | PTCSE1 | PTCSEOQ

Write:

Reset: 0 0 0 0 0 0 0 0
PTCDD

Read:

" PTCDD7 | PTCDD6 | PTCDD5 | PTCDD4 | PTCDD3 | PTCDD2 | PTCDD1 | PTCDDO

rite:

Reset: 0 0 0 0 0 0 0 0

Figure 8-11 Port C Registers

PTCDn — Port C Data Register Bit n (n = 0-7)

For port C pinsthat areinputs, readsreturn thelogic level onthe pin. For port C pinsthat are configured
as outputs, reads return the last value written to this register.

Writes are latched into all bits of thisregister. For port C pinsthat are configured as outputs, the logic
level is driven out the corresponding MCU pin.

Reset forces PTCD to all Os, but these Os are not driven out the corresponding pins because reset also
configures all port pins as high-impedance inputs with pullups disabled.

PTCPEN — Pullup Enable for Port C Bit n (n = 0-7)

For port C pinsthat are inputs, these read/write control bits determine whether internal pullup devices
are enabled. For port C pinsthat are configured as outputs, these bitsareignored and theinternal pullup
devices are disabled.

1 = Internal pullup device enabled.

0 = Internal pullup device disabled.

PTCSEn — Slew Rate Control Enable for Port C Bit n (n = 0-7)

For port C pinsthat are outputs, these read/write control bits determine whether the slew rate controlled
outputs are enabled. For port B pinsthat are configured as inputs, these bits are ignored.

1 = Slew rate control enabled.

0 = Slew rate control disabled.
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PTCDDn — Data Direction for Port C Bit n (n = 0-7)

These read/write bits control the direction of port C pins and what is read for PTCD reads.
1 = Output driver enabled for port C bit n and PTCD reads return the contents of PTCDn.
0 = Input (output driver disabled) and reads return the pin value.

8.6.4 Port D Registers (PTDD, PTDPE, PTDSE, and PTDDD)

Port D includes eight pins shared between general-purpose 1/0, TPM1 and TPM2. Port D pins used as
general-purpose 1/0 pins are controlled by the port D data (PTDD), data direction (PTDDD) and pullup
enable (PTDPE) and slew rate control (PTDSE) registers.

If aTPM takes control of aport D pin, the corresponding PTDDD bit are ignored. When the TPM isin
output compare mode, the corresponding PTDSE can be used to provide slew rate on the pin. When the
TPM isininput capture mode, the corresponding PTDPE can be used, provided the corresponding
PTDDD bitisalogic O, to provide a pullup device on the pin.

Reads of PTDD will return the logic value of the corresponding pin, provided PTDDD isalogic O.

PTDD Bit 7 6 5 4 3 2 1 Bit 0
Read:
PTDD7 | PTDD6 | PTDD5 | PTDD4 | PTDD3 | PTDD2 | PTDD1 PTDDO
Write:
Reset: 0 0 0 0 0 0 0 0
PTDPE
Read:
PTDPE7 | PTDPE6 | PTDPE5 | PTDPE4 | PTDPE3 | PTDPE2 | PTDPE1 | PTDPEO
Write:
Reset: 0 0 0 0 0 0 0 0
PTDSE
Read:
PTDSE7 | PTDSE6 | PTDSE5 | PTDSE4 | PTDSE3 | PTDSE2 | PTDSE1 | PTDSEOQ
Write:
Reset: 0 0 0 0 0 0 0 0
PTDDD
Read:
PTDDD7 | PTDDD6 | PTDDD5 | PTDDD4 | PTDDD3 | PTDDD2 | PTDDD1 | PTDDDO
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 8-12 Port D Registers

MOTOROLA MC9S08GB/GT 141



Parallel Input/Output

PTDDn — Port D Data Register Bit n (n = 0-7)

For port D pins that are inputs, reads return the logic level on the pin. For port D pinsthat are
configured as outputs, reads return the last value written to this register.

Writes are latched into all bits of thisregister. For port D pinsthat are configured as outputs, the logic
level isdriven out the corresponding MCU pin.

Reset forces PTDD to all Os, but these Os are not driven out the corresponding pins because reset also
configures all port pins as high-impedance inputs with pullups disabled.

PTDPEN — Pullup Enable for Port D Bit n (n=0-7)

For port D pinsthat are inputs, these read/write control bits determine whether internal pullup devices
areenabled. For port D pinsthat are configured as outputs, these bitsareignored and theinternal pullup
devices are disabled.

1 = Internal pullup device enabled.

0 = Internal pullup device disabled.

PTDSEn — Slew Rate Control Enable for Port D Bit n (n = 0-7)

For port D pins that are outputs, these read/write control bits determine whether the slew rate
controlled outputs are enabled. For port D pinsthat are configured as inputs, these bits are ignored.
1 = Slew rate control enabled.
0 = Slew rate control disabled.

PTDDDn — Data Direction for Port D Bit n (n =0-7)

These read/write bits control the direction of port D pins and what is read for PTDD reads.
1 = Output driver enabled for port D bit n and PTDD reads return the contents of PTDDn.
0 = Input (output driver disabled) and reads return the pin value.

8.6.5 Port E Registers (PTED, PTEPE, PTESE, and PTEDD)

Port E includes eight general-purpose |/O pinsthat share with the SCI1 and SPI modules. Port E pins used
as general-purpose 1/0 pins are controlled by the port E data (PTED), datadirection (PTEDD), pullup
enable (PTEPE) and dew rate control (PTESE) registers.

If the SCI 1 takes control of aport E pin, the corresponding PTEDD bit areignored. PTESE can be used to
provide slew rate on the SCI1 transmit pin, TxD1. PTEPE can be used, provided the corresponding
PTEDD bitisalogic 0, to provide a pullup device on the SCI1 receive pin, RxD1.

If the SPI takes control of a port E pin, the corresponding PTEDD bit are ignored. PTESE can be used to
provide slew rate on the SPI serial output pin (MOSI or MI1SO) and serial clock pin (SPCLK) depending
on the SPI operational mode. PTEPE can be used, provided the corresponding PTEDD bit isalogic O, to
provide a pullup device on the SPI serial input pins (MOSI or MISO) and slave select pin (SS) depending
on the SPI operational mode.

Reads of PTED will return the logic value of the corresponding pin, provided PTEDD isalogic O.
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PTED Bit 7 6 5 4 3 2 1 Bit 0

Read:

Wi PTED7 | PTED6 | PTED5 | PTED4 | PTED3 | PTED2 | PTED1 PTEDO

rite:

Reset: 0 0 0 0 0 0 0 0
PTEPE

Read:

Wi PTEPE7 | PTEPE6 | PTEPE5 | PTEPE4 | PTEPE3 | PTEPE2 | PTEPE1 | PTEPEO

rite:

Reset: 0 0 0 0 0 0 0 0
PTESE

Read:

Wi PTESE7 | PTESE6 | PTESE5 | PTESE4 | PTESE3 | PTESE2 | PTESE1 | PTESEO

rite:

Reset: 0 0 0 0 0 0 0 0
PTEDD

Read:

Wi PTEDD7 | PTEDD6 | PTEDD5 | PTEDD4 | PTEDD3 | PTEDD2 | PTEDD1 | PTEDDO

rite:

Reset: 0 0 0 0 0 0 0 0

Figure 8-13 Port E Registers

PTEDn — Port E Data Register Bit n (n = 0-7)

For port E pinsthat areinputs, readsreturn thelogic level on the pin. For port E pinsthat are configured
as outputs, reads return the last value written to this register.

Writes are latched into all bits of thisregister. For port E pinsthat are configured as outputs, the logic
level is driven out the corresponding MCU pin.

Reset forces PTED to al 0Os, but these Os are not driven out the corresponding pins because reset also
configures all port pins as high-impedance inputs with pullups disabled.

PTEPEN — Pullup Enable for Port E Bit n (n = 0-7)

For port E pinsthat areinputs, these read/write control bits determine whether internal pullup devices
areenabled. For port E pinsthat are configured as outputs, these bitsareignored and theinternal pullup
devices are disabled.

1 = Internal pullup device enabled.

0 = Internal pullup device disabled.

PTESEn — Slew Rate Control Enable for Port E Bit n (n = 0-7)

For port E pinsthat are outputs, these read/write control bits determine whether the slew rate controlled
outputs are enabled. For port E pinsthat are configured as inputs, these bits are ignored.

1 = Slew rate control enabled.

0 = Slew rate control disabled.
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PTEDDnN — Data Direction for Port E Bit n (n = 0-7)

These read/write bits control the direction of port E pins and what is read for PTED reads.
1 = Output driver enabled for port E bit n and PTED reads return the contents of PTEDN.
0 = Input (output driver disabled) and reads return the pin value.

8.6.6 Port F Registers (PTFD, PTFPE, PTFSE, and PTFDD)

Port F includes eight general-purpose |/O pinsthat are not shared with any peripheral module. Port F pins
used as general-purpose I/O pinsare controlled by the port F data (PTFD), datadirection (PTFDD), pullup
enable (PTFPE), and slew rate control (PTFSE) registers.

PTFD
Read:
Write:
Reset:

PTFPE

Read:
Write:

Reset:

PTFSE

Read:
Write:

Reset:

PTFDD

Read:
Write:

Reset:

Bit 7 6 5 4 3 2 1 Bit 0
PTFD7 | PTFD6 | PTFD5 | PTFD4 | PTFD3 | PTFD2 | PTFD1 | PTFDO
0 0 0 0 0 0 0 0
PTFPE7 | PTFPE6 | PTFPE5 | PTFPE4 | PTFPE3 | PTFPE2 | PTFPE1 | PTFPED
0 0 0 0 0 0 0 0
PTFSE7 | PTFSE6 | PTFSE5 | PTFSE4 | PTFSE3 | PTFSE2 | PTFSE1 | PTFSEO
0 0 0 0 0 0 0 0
PTFDD7 | PTFDD6 | PTFDD5 | PTFDD4 | PTFDD3 | PTFDD2 | PTFDD1 | PTFDDO
0 0 0 0 0 0 0 0

Figure 8-14 Port F Registers

PTFDn — Port PTF Data Register Bit n (n = 0-7)
For port F pinsthat areinputs, readsreturn thelogic level on the pin. For port F pinsthat are configured
as outputs, reads return the last value written to this register.
Writes are latched into al bits of thisregister. For port F pinsthat are configured as outputs, the logic
level isdriven out the corresponding MCU pin.

Reset forces PTFD to all Os, but these Os are not driven out the corresponding pins because reset also
configures all port pins as high-impedance inputs with pullups disabled.
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PTFPEn — Pullup Enable for Port F Bit n (n = 0-7)

For port F pinsthat are inputs, these read/write control bits determine whether internal pullup devices
areenabled. For port F pinsthat are configured as outputs, these bitsareignored and theinternal pullup
devices are disabled.

1 = Internal pullup device enabled.

0 = Internal pullup device disabled.

PTFSEn — Slew Rate Control Enable for Port F Bit n (n = 0-7)

For port F pinsthat are outputs, these read/write control bits determine whether the slew rate controlled
outputs are enabled. For port F pins that are configured as inputs, these bits are ignored.

1 = Slew rate control enabled.

0 = Slew rate control disabled.

PTFDDn — Data Direction for Port F Bit n (n = 0-7)

These read/write bits control the direction of port F pins and what is read for PTFD reads.
1 = Output driver enabled for port F bit n and PTFD reads return the contents of PTFDn.
0 = Input (output driver disabled) and reads return the pin value.

8.6.7 Port G Registers (PTGD, PTGPE, PTGSE, and PTGDD)

Port G includes eight general-purpose I/0O pinsthat are shared with BKGD/M S function and the oscillator
or external clock pins. Port G pins used as general-purpose 1/O pins are controlled by the port G data
(PTGD), datadirection (PTGDD), pullup enable (PTGPE), and slew rate control (PTGSE) registers.

Port pin PTGO, while in reset, defaults to the BKGD/M S pin. Once the MCU isout of reset, PTGO can be
configured to be ageneral -purpose output pin. When BK GD/M Stakes control of PTGO, the corresponding
PTGDD, PTGPE, and PTGPSE bits are ignored.

Port pin PTG1 and PTG2 can be configured to be oscillator or external clock pins. When the oscillator
takes control of aport G pin, the corresponding PTGD, PTGDD, PTGSE, and PTGPE bits are ignored.

Reads of PTGD will return the logic value of the corresponding pin, provided PTGDD isalogic 0.
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PTGD Bit 7 6 5 4 3 2 1 Bit 0

Read:

" PTGD7 | PTGD6 | PTGD5 | PTGD4 | PTGD3 | PTGD2 | PTGD1 PTGDO

rite:

Reset: 0 0 0 0 0 0 0 0
PTGPE

Read:

PTGPE7 | PTGPE6 | PTGPE5 | PTGPE4 | PTGPE3 | PTGPE2 | PTGPE1 | PTGPEO

Write:

Reset: 0 0 0 0 0 0 0 0
PTGSE

Read:

PTGSE7 | PTGSE6 | PTGSE5 | PTGSE4 | PTGSE3 | PTGSE2 | PTGSE1 | PTGSEO

Write:

Reset: 0 0 0 0 0 0 0 0
PTGDD

Read:

" PTGDD7 | PTGDD6 | PTGDD5 | PTGDD4 | PTGDD3 | PTGDD2 | PTGDD1 | PTGDDO

rite:

Reset: 0 0 0 0 0 0 0 0

Figure 8-15 Port G Registers

PTGDn — Port PTG Data Register Bit n (n = 0-7)

For port G pins that are inputs, reads return the logic level on the pin. For port G pinsthat are
configured as outputs, reads return the last value written to this register.

Writes are latched into all bits of thisregister. For port G pinsthat are configured as outputs, the logic
level is driven out the corresponding MCU pin.

Reset forces PTGD to all Os, but these Os are not driven out the corresponding pins because reset also
configures all port pins as high-impedance inputs with pullups disabled.

PTGPEN — Pullup Enable for Port G Bit n (n=0-7)

For port G pinsthat areinputs, these read/write control bits determine whether internal pullup devices
are enabled. For port G pinsthat are configured as outputs, these bitsareignored and theinternal pullup
devices are disabled.

1 = Internal pullup device enabled.

0 = Internal pullup device disabled.

PTGSEn — Slew Rate Control Enable for Port G Bit n (n=0-7)

For port G pinsthat are outputs, these read/write control bits determine whether the slew rate
controlled outputs are enabled. For port G pinsthat are configured as inputs, these bits are ignored.
1 = Slew rate control enabled.
0 = Slew rate control disabled.
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PTGDDn — Data Direction for Port G Bit n (n = 0-7)

These read/write bits control the direction of port G pins and what is read for PTGD reads.
1 = Output driver enabled for port G bit n and PTGD reads return the contents of PTGDn.
0 = Input (output driver disabled) and reads return the pin value.
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Section 9 Keyboard Interrupt (KBI) Module

9.1 Introduction

The MC9S08GB/GT has one KBI module with eight keyboard interrupt inputs that share port A pins. See
the Pins and Connections section for more information about the logic and hardware aspects of these
pins.

9.1.1 Port A and Keyboard Interrupt Pins

MCU Pin: PTA7/ PTA6/ PTAS5/ PTA4/ PTA3/ PTA2/ PTA1/ PTAO/
" KBIP7 KBIPG6 KBIP5 KBIP4 KBIP3 KBIP2 KBIP1 KBIPO

Figure 9-1 Port A Pin Names

The following paragraphs discuss controlling the keyboard interrupt pins.

Port A isan 8-hit port which is shared among the KBI keyboard interrupt inputs and general -purpose 1/0.
The eight KBIPEN control bitsin the KBIPE register allow selection of any combination of port A pinsto
be assigned as KBI inputs. Any pinswhich are enabled as KBI inputs will be forced to act as inputs and
the remaining port A pins are available as general-purpose /O pins controlled by the port A data (PTAD),
datadirection (PTADD) and pullup enable (PTAPE) registers.

KBI inputs can be configured for edge-only sensitivity or edge-and-level sensitivity. Bits 3 through O of
port A are falling-edge/low-level sensitive while bits 7 through 4 can be configured for
rising-edge/high-level or for falling-edge/low-level sensitivity.

Theeight PTAPEN control bitsinthe PTAPE register allow you to select whether aninternal pullup device
is enabled on each port A pin that is configured as an input. When any of bits 7 through 4 of port A are
enabled as KBI inputs and are configured to detect rising edges/high levels, the pullup enable bits enable
pulldown rather than pullup devices.

An enabled keyboard interrupt can be used to wake the MCU from wait or standby (stop3).

9.2 Features

The keyboard interrupt (KBI) module features include:

» Keyboard interrupts selectable on eight port pins:
— Four falling edge/low level sensitive
— Four falling edge/low level or rising edge/high level sensitive
— Choice of edge-only or edge-and-level sensitivity
— Common interrupt flag and interrupt enable control
— Capable of waking up the MCU from stop3 or wait mode
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4. Pin contains integrated pullup device.
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(KBIPn = 1).

Figure 9-2 Block Diagram Highlighting KBI Module

150 MC9S08GB/GT MOTOROLA



Data Sheet — MC9S08GB60/D V1.5
9.3 KBI Block Diagram

Figure 9-3 shows the block diagram for a KBI module.

KBIPO

KEYBOARD STOPBYPASS [T

KEYBOARD

KBIP3 ‘ KBACK BUSCLK
KBIPE3 = RESET ¢ o
D CLR Q
1 SYNCHRONIZER |
KBIP4 0 CK
S -KBIPE4 \

KBEDG4 INTERRUPT FF INTERRUPT
REQUEST
1 KBIMOD .
KBIP E 0 KBIE
n S KBIPEn

Figure 9-3 KBI Block Diagram

The KBI module allows up to eight pins to act as additional interrupt sources. Four of these pins allow
falling-edge sensing while the other four can be configured for either rising-edge sensing or falling-edge
sensing. The sensing mode for all eight pins can also be modified to detect edges and levelsinstead of just
edges.

9.4 Keyboard Interrupt (KBI) Module

This on-chip periphera moduleis called a keyboard interrupt (KBI) module because originally it was
designed to ssimplify the connection and use of row-column matrices of keyboard switches. However,
these inputs are also useful as extra external interrupt inputs and as an external means of waking up the
MCU from stop or wait low-power modes.

9.4.1 Pin Enables

The KBIPEN control bitsin the KBIPE register allow a user to enable (KBIPENn = 1) any combination of
KBI-related port pins to be connected to the KBI module. Pins corresponding to Osin KBIPE are
general-purpose 1/0 pins that are not associated with the KBI module.

9.4.2 Edge and Level Sensitivity

Synchronous logic is used to detect edges. Prior to detecting an edge, enabled keyboard inputsin a KBI
module must be at the deasserted logic level.
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A falling edge is detected when an enabled keyboard input signal isseen asalogic 1 (the deasserted level)
during one bus cycle and then alogic O (the asserted level) during the next cycle.

A rising edge is detected when the input signal is seen asalogic 0 during one bus cycle and then alogic 1
during the next cycle.

The KBIMOD control bit can be set to reconfigure the detection logic so that it detects edges and levels.
In KBIMOD = 1 mode, the KBF status flag becomes set when an edge is detected (when one or more
enabled pins change from the deasserted to the asserted level while all other enabled pins remain at their
deasserted levels), but theflag is continuously set (and cannot be cleared) aslong as any enabled keyboard
input pin remains at the asserted level. When the MCU enters stop mode, the synchronous edge-detection
logic is bypassed (because clocks are stopped). In stop mode, KBI inputs act as asynchronous
level-sensitive inputs so they can wake the MCU from stop mode.

9.4.3 KBI Interrupt Controls

The KBF status flag becomes set (1) when an edge event has been detected on any KBI input pin. If
KBIE = 1inthe KBISC register, ahardware interrupt will be requested whenever KBF = 1. The KBF flag
iscleared by writing a 1 to the keyboard acknowledge (KBACK) bit.

When KBIMOD = 0 (selecting edge-only operation), KBF is always cleared by writing 1 to KBACK.
When KBIMOD = 1 (selecting edge-and-level operation), KBF cannot be cleared aslong as any keyboard
input is at its asserted level.

9.5 KBI Registers and Control Bits

This section provides information about all registers and control bits associated with the KBI modules.

Refer to the direct-pageregister summary in the Memory section of this data sheet for the absol ute address
assignments for al KBI registers. This section refers to registers and control bits only by their names. A
Motorola-provided equate or header file is used to translate these names into the appropriate absolute
addresses.

9.5.1 KBI Status and Control Register (KBISC)

Bit 7 6 5 4 3 2 1 Bit 0
Read: KBF 0
KBEDG? | KBEDG6 | KBEDG5 | KBEDG4 KBIE | KBIMOD
Write: KBACK
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 9-4 KBI Status and Control Register (KBISC)
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KBEDGN — Keyboard Edge Select for KBI Port Bit n (n = 7-4)

Each of these read/write bits sel ectsthe polarity of the edgesand/or level sthat are recognized astrigger
events on the corresponding KBI port pin when it is configured as a keyboard interrupt input
(KBIPEN = 1). Also see the KBIMOD control bit which determines whether the pin is sensitive to
edges-only or edges and levels.

1 = Rising edges/high levels.

0 = Falling edges/low levels.

KBF — Keyboard Interrupt Flag

Thisread-only status flag is set whenever the selected edge event has been detected on any of the
enabled KBI port pins. Thisflagiscleared by writing alogic 1 to the KBACK control bit. Theflag will
remain set if KBIMOD = 1 to select edge-and-level operation and any enabled KBI port pin remains
at the asserted level.

1 = KBI interrupt pending.

0 = No KBI interrupt pending.
KBF can be used as a software pollable flag (KBIE = 0) or it can generate a hardware interrupt request
to the CPU (KBIE = 1).

KBACK — Keyboard Interrupt Acknowledge

Thiswrite-only bit (reads always return 0) is used to clear the KBF status flag by writing alogic 1 to
KBACK. When KBIMOD = 1 to select edge-and-level operation and any enabled KBI port pin
remains at the asserted level, KBF is being continuously set so writing 1 to KBACK does not clear the
KBF flag.

KBIE — Keyboard Interrupt Enable

Thisread/write control bit determineswhether hardware interrupts are generated when the KBF status
flag equals 1. When KBIE = 0, no hardware interrupts are generated, but KBF can still be used for
software polling.

1 = KBI hardware interrupt requested when KBF = 1.

0 = KBF does not generate hardware interrupts (use polling).

KBIMOD — Keyboard Detection Mode

Thisread/write control bit selects either edge-only detection or edge-and-level detection. KBI port bits
3 through 0 can detect falling edges-only or falling edges and low levels.

KBI port bits 7 through 4 can be configured to detect either:
* Rising edges-only or rising edges and high levels (KBEDGn = 1)

» Falling edges-only or falling edges and low levels (KBEDGnN = 0)
1 = Edge-and-level detection.
0 = Edge-only detection.
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9.5.2 KBI Pin Enable Register (KBIPE)

Bit 7 6 5 4 3 2 1 Bit 0
Read:
KBIPE7 | KBIPE6 | KBIPE5 | KBIPE4 | KBIPE3 | KBIPE2 | KBIPE1 | KBIPEO
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 9-5 KBI Pin Enable Register (KBIPE)

KBIPEn — Keyboard Pin Enable for KBI Port Bit n (n = 7-0)

Each of these read/write bits selects whether the associated KBI port pin is enabled as a keyboard
interrupt input or functions as a general-purpose 1/0 pin.

1 = Bit n of KBI port enabled as a keyboard interrupt input

0 = Bit n of KBI port is ageneral-purpose I/O pin not associated with the KBI.
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Section 10 Timer/PWM (TPM) Module

10.1 Introduction

The MC9S08GB/GT includes two independent timer/PWM (TPM) modules which support traditional
input capture, output compare, or buffered edge-aligned pul se-width modulation (PWM) on each channel.
A control bit in each TPM configures al channels in that timer to operate as center-aligned PWM
functions. In each of these two TPMSs, timing functions are based on a separate 16-bit counter with
prescaler and modulo features to control frequency and range (period between overflows) of the time
reference. Thistiming system isideally suited for awide range of control applications, and the
center-aligned PWM capability on the 3-channel TPM extends the field of applications to motor control
in small appliances.

The fixed system clock XCLK is normally the oscillator rate divided by two (ICGERCLK/2). If the PLL
or FLL isengaged and locked, and the bus rate (BUSCLK) is not at least two times the ICGERCLK
frequency, XCLK equals BUSCLK instead of ICGERCLK/2.

10.2 Features

The timer system in the MC9S08GBxx includes a 3-channel TPM 1 and a separate 5-channel TPM2; the
timer system in the MC9S08GTxx includes two 2-channel modules, TPM1 and TPM2. Timer system
features include:

» A tota of eight channels:
— Each channel may be input capture, output compare, or buffered edge-aligned PWM
— Rising-edge, faling-edge, or any-edge input capture trigger
— S« clear, or toggle output compare action
— Selectable polarity on PWM outputs

» Each TPM may be configured for buffered, center-aligned pul se-width modulation (CPWM) on all
channels

» Clock sourceto prescaler for each TPM isindependently selectable as bus clock, fixed system
clock, or an external pin:

— Prescaletapsfor divideby 1, 2, 4, 8, 16, 32, 64, or 128
— Fixed system clock (XCLK) and pin paths are synchronized
— External clocks shared with TPMxCHO timer channel pins
e 16-bit free-running or up/down (CPWM) count operation
* 16-bit modulus register to control counter range
* Timer system enable
* Oneinterrupt per channel plusterminal count interrupt
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Figure 10-1 Block Diagram Highlighting the TPM Module
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The TPM uses one input/output (1/0) pin per channel, TPMXCHn where x isthe TPM number (for
example, 1 or 2) and n isthe channel number (for example, 04). The TPM sharesits I/O pinswith
general-purpose 1/0 port pins (refer to the Pins and Connections section for more information).

Figure 10-2 shows the structure of a TPM. Some M CUs include more than one TPM, with various
numbers of channels.
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The central component of the TPM is the 16-bit counter that can operate as a free-running counter, a
modulo counter, or an up/down counter when the TPM is configured for center-aligned PWM. The TPM
counter (when operating in normal up-counting mode) provides the timing reference for the input capture,
output compare, and edge-aligned PWM functions. The timer counter modulo registers,
TPMXMODH:TPMxMODL, control the modulo value of the counter. (The values $0000 or $FFFF
effectively make the counter free running.) Software can read the counter value at any time without
affecting the counting sequence. Any write to either byte of the TPMXCNT counter resets the counter
regardless of the data value written.

All TPM channels are programmabl e independently as input capture, output compare, or buffered
edge-aligned PWM channels.

10.4 Pin Descriptions

Table 10-1 shows the MCU pins related to the TPM modules. When TPMxCHO is used as an external
clock input, the associated TPM channel 0 may not use the pin. (Channel 0 could still be used in output
compare mode as a software timer.) When any of the pins associated with the timer is acting asa
general-purpose input or as atimer input, a passive pullup can be enabled. After reset, the TPM modules
are disabled and al pins default to general -purpose inputs with the passive pullups disabled.

10.4.1 External TPM Clock Sources

When control bits CLKSB:CLKSA in thetimer status and control register are set to 1:1, the prescaler and
subsequently the 16-bit counter for TPMx are driven by an external clock source connected to the
TPMxCHO pin. A synchronizer is needed between the external clock and the rest of the TPM. This
synchronizer is clocked by the bus clock so the frequency of the external source must belessthan one-half
the frequency of the busrate clock. The upper frequency limit for this external clock sourceis specified to
be one-fourth the bus frequency to conservatively accommodate duty cycle and phase-locked loop (PLL)
or frequency-locked loop (FLL) frequency jitter effects.

When the TPM is using the channel O pin for an external clock, the corresponding EL SOB:EL SOA control
bits should be set to 0:0 so channel 0 is not trying to use the same pin.

10.4.2 TPMxCHn — TPMx Channel n I/O Pins

Each TPM channel is associated with an 1/0 pin on the MCU. The function of this pin depends on the
configuration of the channel. In some cases no pin function is needed so the pin revertsto being controlled
by general-purpose I/O controls. When atimer has control of a port pin, the port data and data direction
registers do not affect the related pin(s). See the Pins and Connections section for additional information
about shared pin functions.
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10.5 Functional Description

All TPM functions are associated with amain 16-bit counter which alows flexible selection of the clock
source and prescale divisor. A 16-bit modulo register also is associated with the main 16-bit counter in the
TPM. Each TPM channel is optionally associated with an MCU pin and a maskable interrupt function.

The TPM has center-aligned PWM capabilities controlled by the CPWMS control bit in TPMxSC. When
CPWMSisset to 1, timer counter TPMXCNT changes to an up/down counter and al channelsin the
associated TPM act as center-aligned PWM channels. When CPWMS = 0, each channel can
independently be configured to operate in input capture, output compare, or buffered edge-aligned PWM
mode.

The following sections describe the main 16-bit counter and each of the timer operating modes (input
capture, output compare, edge-aligned PWM, and center-aligned PWM). Because details of pin operation
and interrupt activity depend on the operating mode, these topics are covered in the associated mode
sections.

10.5.1 Counter

All timer functions are based on the main 16-bit counter (TPMXCNTH: TPMxCNTL). This section
discusses selection of the clock source, up-counting vs. up/down-counting, end-of-count overflow, and
manual counter reset.

After any MCU reset, CLKSB:CLKSA = 0:0 so no clock source is selected and the TPM isinactive.
Normally, CLKSB:CLKSA would be set to 0:1 so the bus clock drivesthetimer counter. The clock source
for each of the TPM can be independently selected to be off, the bus clock (BUSCLK), the fixed system
clock (XCLK), or an external input through the TPMxCHO pin. The maximum frequency allowed for the
external clock option is one-fourth the bus rate. Refer to 10.7.1 Timer x Status and Control Register
(TPMxSC) and Table 10-1 for more information about clock source selection.

When the microcontroller isin active background mode, the TPM temporarily suspendsall counting until
the microcontroller returnsto normal user operating mode. During stop mode, all TPM clocks are stopped;
therefore, the TPM is effectively disabled until clocks resume. During wait mode, the TPM continues to
operate normally.

The main 16-bit counter has two counting modes. When center-aligned PWM is selected (CPWMS = 1),
the counter operates in up/down-counting mode. Otherwise, the counter operates as a simple up counter.
Asan up counter, the main 16-bit counter counts from $0000 through itsterminal count and then continues
with $0000. The termina count is $FFFF or a modulus value in TPMxMODH: TPMxMODL.

When center-aligned PWM operation is specified, the counter counts upward from $0000 through its
terminal count and then counts downward to $0000 where it returns to up-counting. Both $0000 and the
terminal count value (valuein TPMxMODH: TPMxMODL) are normal length counts (one timer clock
period long).

An interrupt flag and enable are associated with the main 16-bit counter. The timer overflow flag (TOF)
is a software-accessible indication that the timer counter has overflowed. The enable signal selects
between software polling (TOIE = 0) where no hardware interrupt is generated, or interrupt-driven
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operation (TOIE = 1) where a static hardware interrupt is automatically generated whenever the TOF flag
isequal to one.

The conditions which cause TOF to become set depend on the counting mode (up or up/down). In
up-counting mode, the main 16-bit counter counts from $0000 through $FFFF and overflows to $0000 on
the next counting clock. TOF becomes set at the transition from $FFFF to $0000. When a modulus limit
is set, TOF becomes set at the transition from the value set in the modulus register to $0000. When the
main 16-bit counter is operating in up/down-counting mode, the TOF flag gets set as the counter changes
direction at the transition from the value set in the modulus register and the next lower count value. This
corresponds to the end of a PWM period. (The $0000 count value corresponds to the center of a period.)

Because the HCS08 is an 8-bit architecture, acoherency mechanism is built into the timer counter for read
operations. Whenever either byte of the counter isread (TPMXCNTH or TPMXCNTL), both bytes are
captured into abuffer so when the other byteisread, the value will represent the other byte of the count at
the time the first byte was read. The counter continues to count normally, but no new value can be read
from either byte until both bytes of the old count have been read.

The main timer counter can be reset manually at any time by writing any value to either byte of the timer
count TPMXCNTH or TPMXCNTL. Resetting the counter in this manner aso resets the coherency
mechanism in case only one byte of the counter was read before resetting the count.

10.5.2 Channel Mode Selection

Provided CPWMS = 0O (center-aligned PWM operation isnot specified), the M SnB and M SnA control bits
in the channel n status and control registers determine the basic mode of operation for the corresponding
channel. Choices include input capture, output compare, and buffered edge-aligned PWM.

10.5.2.1 Input Capture Mode

With the input capture function, the TPM can capture the time at which an external event occurs. When
an active edge occurs on the pin of an input capture channel, the TPM latches the contents of the TPM
counter into the channel value registers (TPMxCnVH: TPMxCnVL). Rising edges, falling edges, or any
edge may be chosen as the active edge that triggers an input capture.

When either byte of the 16-bit capture register is read, both bytes are latched into a buffer to support
coherent 16-bit accesses regardless of order. The coherency sequence can be manually reset by writing to
the channel status/control register (TPMxCnSC).

An input capture event sets aflag bit (CHnF) which can optionally generate a CPU interrupt request.
10.5.2.2 Output Compare Mode

With the output compare function, the TPM can generate timed pul ses with programmable position,
polarity, duration, and frequency. When the counter reaches the value in the channel value registers of an
output compare channel, the TPM can set, clear, or toggle the channel pin.

In output compare mode, values are transferred to the corresponding timer channel value registers only
after both 8-bit bytes of a16-hit register have been written. This coherency sequence can be manually reset
by writing to the channel status/control register (TPMxCnSC).
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An output compare event sets aflag bit (CHnF) which can optionally generate a CPU interrupt request.

10.5.2.3 Edge-Aligned PWM Mode

Thistype of PWM output uses the normal up-counting mode of the timer counter (CPWMS = 0) and can
be used when other channelsin the same TPM are configured for input capture or output compare
functions. The period of this PWM signal is determined by the setting in the modulus register
(TPMXMODH:TPMxMODL). The duty cycle is determined by the setting in the timer channel value
register (TPMXCnVH:TPMxCnVL). The polarity of this PWM signal is determined by the setting in the
EL SnA control bit. Duty cycle cases of 0 percent and 100 percent are possible.

AsFigure 10-3 shows, the output compare valuein the TPM channel registers determines the pul se width
(duty cycle) of the PWM signal. The time between the modulus overflow and the output compare is the
pulse width. If ELSnA = 0, the counter overflow forces the PWM signal high and the output compare
forcesthe PWM signal low. If ELSnA = 1, the counter overflow forcesthe PWM signal low and the output
compare forces the PWM signal high.

OVERFLOW OVERFLOW OVERFLOW
—»<«—— PERIOD >t >
PULSE
WIDTH
\ \ \
TPMxCHn
A A
OUTPUT OUTPUT OUTPUT
COMPARE COMPARE COMPARE

Figure 10-3 PWM Period and Pulse Width (ELSnA = 0)

When the channel value register is set to $0000, the duty cycleis 0 percent. By setting the timer channel
value register (TPMxCnVH: TPMxCnVL) to avalue greater than the modul us setting, 100 percent duty

cycle can be achieved. Thisimplies that the modulus setting must be less than $FFFF to get 100 percent
duty cycle.

Because the HCS08 is afamily of 8-bit MCUs, the settings in the timer channel registers are buffered to
ensure coherent 16-bit updates and to avoid unexpected PWM pulse widths. Writes to either register,
TPMXCnVH or TPMxCnVL, write to buffer registers. In edge-PWM mode, values are transferred to the
corresponding timer channel registersonly after both 8-bit bytes of a 16-bit register have been written and
thevalueinthe TPMXCNTH: TPMXCNTL counter is$0000. (The new duty cycle does not take effect until
the next full period.)

10.5.3 Center-Aligned PWM Mode

Thistype of PWM output usesthe up/down-counting mode of thetimer counter (CPWMS = 1). The output
compare value in TPMxCnVH: TPMxCnVL determines the pulse width (duty cycle) of the PWM signal
and the period is determined by the value in TPMXMODH: TPMxMODL. TPMXMODH:TPMxMODL
should be kept in the range of $0001 to $7FFF because values outside this range can produce ambiguous
results. ELSnA will determine the polarity of the CPWM output.
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Equation 1 pulse width =2 x (TPMXCnVH: TPMxCnVL)

Equation2 period =2 X (TPMXMODH: TPMxXMODL);
for TPMXMODH: TPMxMODL = $0001-$7FFF

If the channel value register TPMXCnVH: TPMXCnVL is zero or negative (bit 15 set), the duty cycle will
be 0 percent. If TPMXCnVH: TPMxCnVL isa positive value (bit 15 clear) and is greater than the
(non-zero) modulus setting, the duty cycle will be 100 percent because the duty cycle compare will never
occur. Thisimpliesthe usablerange of periods set by the modul usregister is$0001 through $7FFE ($7FFF
if generation of 100 percent duty cycleis not necessary). Thisis not a significant limitation because the
resulting period is much longer than required for normal applications.

TPMXMODH: TPMxMODL = $0000 is a specia case that should not be used with center-aligned PWM
mode. When CPWMS = 0, this case corresponds to the counter running free from $0000 through $FFFF,
but when CPWM S = 1 the counter needs a valid match to the modulus register somewhere other than at
$0000 in order to change directions from up-counting to down-counting.

Figure 10-4 shows the output compare value in the TPM channel registers (multiplied by 2) determines
the pulse width (duty cycle) of the CPWM signal. If ELSnA = 0, the compare match while counting up
forces the CPWM output signal low and a compare match while counting down forces the output high.
The counter counts up until it reaches the modulo setting in TPMxXMODH: TPMxMODL, then counts
down until it reaches zero. This sets the period equal to two times TPMXMODH: TPMxMODL.

COUNT=0
OUTPUT OUTPUT
COUNT = COMPARE COMPARE COUNT =
TPMxMODH:TPMxMODL (COUNT DOWN) (COUNT UP) TPMxMODH:TPMxMODL

v \ l
| |
PULSE WIDTH ﬂ‘

2 x TPMxCnVH: TPMxCnVL
< PERIOD
2 x TPMXxMODH: TPMxMODL

TPMxCHn

N

Figure 10-4 CPWM Period and Pulse Width (ELSnA =0)

Center-aligned PWM outputstypically produce less noise than edge-aligned PWM s because fewer 1/0 pin
transitions are lined up at the same system clock edge. Thistype of PWM is also required for some types
of motor drives.

Because the HCS08 is afamily of 8-bit MCUs, the settings in the timer channel registers are buffered to
ensure coherent 16-bit updates and to avoid unexpected PWM pulse widths. Writesto any of theregisters,
TPMXMODH, TPMXMODL, TPMxCnVH, and TPMXCnVL, actually writeto buffer registers. Valuesare
transferred to the corresponding timer channel registersonly after both 8-bit bytes of a 16-bit register have
been written and the timer counter overflows (reverses direction from up-counting to down-counting at the
end of the terminal count in the modulus register). This TPMXCNT overflow requirement only appliesto
PWM channels, not output compares.
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Optionaly, when TPMXCNTH: TPMXCNTL = TPMXMODH:TPMxMODL, the TPM can generate a
TOF interrupt at the end of this count. The user can choose to rel oad any number of the PWM buffers, and
they will all update simultaneously at the start of a new period.

Writing to TPMxSC cancels any values written to TPMxMODH and/or TPMxMODL and resets the
coherency mechanism for the modulo registers. Writing to TPMxCnSC cancels any values written to the
channel value registers and resets the coherency mechanism for TPMXCnVH: TPMxCnVL.

10.6 TPM Interrupts

The TPM generates an optional interrupt for the main counter overflow and an interrupt for each channel.
The meaning of channel interrupts depends on the mode of operation for each channel. If the channel is
configured for input capture, the interrupt flag is set each time the selected input capture edgeis
recognized. If the channel is configured for output compare or PWM modes, the interrupt flag is set each
time the main timer counter matches the value in the 16-bit channel value register. See the Resets,
Interrupts, and System Configuration section for absolute interrupt vector addresses, priority, and local
interrupt mask control bits.

For each interrupt sourcein the TPM, aflag bit is set on recognition of theinterrupt condition such astimer
overflow, channel input capture, or output compare events. Thisflag may be read (polled) by software to
determine that the action has occurred, or an associated enable bit (TOIE or CHnIE) can be set to enable
hardware interrupt generation. While the interrupt enable bit is set, a static interrupt will be generated
whenever the associated interrupt flag equals 1. It is the responsibility of user software to perform a
sequence of stepsto clear the interrupt flag before returning from the interrupt service routine.

10.6.1 Clearing Timer Interrupt Flags

TPM interrupt flags are cleared by a 2-step process that includes aread of the flag bit whileit isset (1)
followed by awrite of zero (0) to the bit. If anew event is detected between these two steps, the sequence
isreset and the interrupt flag remains set after the second step to avoid the possibility of missing the new
event.

10.6.2 Timer Overflow Interrupt Description

The conditions which cause TOF to become set depend on the counting mode (up or up/down). In
up-counting mode, the 16-bit timer counter counts from $0000 through $FFFF and overflows to $0000 on
the next counting clock. TOF becomes set at the transition from $FFFF to $0000. When amodulus limit
is set, TOF becomes set at the transition from the value set in the modulus register to $0000. When the
counter is operating in up/down-counting mode, the TOF flag gets set as the counter changes direction at
the transition from the value set in the modulus register and the next lower count value. This corresponds
to the end of a PWM period. (The $0000 count value corresponds to the center of a period.)

10.6.3 Channel Event Interrupt Description
The meaning of channel interrupts depends on the current mode of the channel (input capture, output

compare, edge-aligned PWM, or center-aligned PWM).
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When a channel is configured as an input capture channel, the EL SnB:EL SnA control bits select rising
edges, falling edges, any edge, or no edge (off) as the edge which triggers an input capture event. When
the selected edge is detected, the interrupt flag is set. Theflagis cleared by the 2-step sequence described
in 10.6.1 Clearing Timer Interrupt Flags.

When a channel is configured as an output compare channel, the interrupt flag is set each time the main
timer counter matches the 16-bit value in the channel value register. The flag is cleared by the 2-step
sequence described in 10.6.1 Clearing Timer Interrupt Flags.

10.6.4 PWM End-of-Duty-Cycle Events

For channels that are configured for PWM operation, there are two possibilities:

* When the channel is configured for edge-aligned PWM, the channel flag is set when the timer
counter matches the channel value register which marks the end of the active duty cycle period.

*  Whenthechannel isconfigured for center-aligned PWM, the timer count matchesthe channel value
register twice during each PWM cycle. In this CPWM case, the channel flag is set at the start and
at the end of the active duty cycle which are the times when the timer counter matches the channel
value register.

Theflag is cleared by the 2-step sequence described in 10.6.1 Clearing Timer Interrupt Flags.

10.7 TPM Registers and Control Bits

The TPM includes:

* An 8-bit status and control register (TPMxSC)
* A 16-bit counter (TPMXCNTH: TPMXCNTL)
* A 16-bit modulo register (TPMxXMODH:TPMxMODL)

Each timer channel has:

* An 8-bit status and control register (TPMxCnSC)
* A 16-bit channel value register (TPMXCnVH:TPMxCnVL)

Refer to the direct-page register summary inthe Memory section of thisdata sheet for the absol ute address
assignmentsfor all TPM registers. This section refers to registers and control bits only by their names. A
Motorola-provided equate or header file is used to trandate these names into the appropriate absolute
addresses.

Some M CU systems have morethan one TPM, so register namesinclude placeholder characterstoidentify
which TPM and which channel is being referenced. For example, TPMxCnSC refersto timer (TPM) X,
channel n and TPM1C2SC is the status and control register for timer 1, channel 2.
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10.7.1 Timer x Status and Control Register (TPMxSC)
TPMxSC contains the overflow status flag and control bits which are used to configure the interrupt

enable, TPM configuration, clock source, and prescale divisor. These controlsrelateto al channelswithin
this timer module.

Bit 7 6 5 4 3 2 1 Bit 0
Read:| TOF
TOIE | CPWMS | CLKSB | CLKSA PS2 PS1 PSO
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 10-5 Timer x Status and Control Register (TPMxSC)

TOF — Timer Overflow Flag

Thisflag is set when the TPM counter changes to $0000 after reaching the modul o value programmed
in the TPM counter modulo registers. When the TPM is configured for CPWM, TOF is set after the
counter has reached the value in the modulo register, at the transition to the next lower count value.
Clear TOF by reading the TPM status and control register when TOF is set and then writing alogic O
to TOF. If another TPM overflow occurs before the clearing sequence is complete, the sequenceis
reset so TOF would remain set after the clear sequence was completed for the earlier TOF. Reset clears
the TOF bit. Writing alogic 1 to TOF has no effect.

1 =TPM counter has overflowed.

0 =TPM counter has not reached modulo value or overflow.

TOIE — Timer Overflow Interrupt Enable

This read/write bit enables TPM overflow interrupts. If TOIE is set, an interrupt is generated when
TOF equals 1. Reset clears TOIE.

1 = TOF interrupts enabled.

0 = TOF interrupts inhibited (use software polling).

CPWMS — Center-Aligned PWM Select

This read/write bit selects CPWM operating mode. Reset clears this bit so the TPM operatesin
up-counting mode for input capture, output compare, and edge-aligned PWM functions. Setting
CPWMS reconfigures the TPM to operate in up/down-counting mode for CPWM functions. Reset
clearsthe CPWMS bit.
1 = All TPMx channels operate in center-aligned PWM mode.
0 = All TPMx channels operate as input capture, output compare, or edge-aligned PWM mode as
selected by the MSnB:MSnA control bits in each channel’ s status and control register.
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CLKSB:CLKSA — Clock Source Sdlect

Asshown in Table 10-1, this 2-bit field is used to disable the TPM system or select one of three clock
sources to drive the counter prescaler. The external source and the crystal source are synchronized to
the bus clock by an on-chip synchronization circuit.

Table 10-1 TPM Clock Source Selection

CLKSB:CLKSA TPM Clock Source to Prescaler Input
0:0 No clock selected (TPM disabled)
0:1 Bus rate clock (BUSCLK)
1:0 Fixed system clock (XCLK)
11 External source (TPMx Ext CIk)D®)

NOTES:
1. The maximum frequency that is allowed as an external clock is one-fourth of the bus
frequency.

2. When the TPMxCHO pin is selected as the TPM clock source, the corresponding
ELSOB:ELSOA control bits should be set to 0:0 so channel 0 does not try to use the same
pin for a conflicting function.

PS2:PS1:PSO — Prescale Divisor Select

This 3-bit field selects one of eight divisors for the TPM clock input as shown in Table 10-2. This
prescaler islocated after any clock source synchronization or clock source selection, so it affects
whatever clock source is selected to drive the TPM system.

Table 10-2 Prescale Divisor Selection

PS2:PS1:PS0O TPM Clock Source Divided-By
0:0:0 1
0:0:1 2
0:1:0 4
0:1:1 8
1:0:0 16
1:0:1 32
1:1:0 64
1:1:1 128

10.7.2 Timer x Counter Registers (TPMxXCNTH:TPMxCNTL)

Thetwo read-only TPM counter registers contain the high and low bytes of the value in the TPM counter.
Reading either byte (TPMXCNTH or TPMXCNTL) latches the contents of both bytesinto a buffer where
they remain latched until the other byte isread. This allows coherent 16-bit readsin either order. The
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coherency mechanism isautomatically restarted by an MCU reset, awrite of any valueto TPMXCNTH or
TPMXCNTL, or any write to the timer status/control register (TPMxSC).

Reset clears the TPM counter registers.

Bit 7 6 5 4 3 2 1 Bit0
Read:| Bit15 14 13 12 11 10 9 Bit 8
Write: Any write to TPMxCNTH clears the 16-bit counter.
Reset: 0 0 0 0 0 0 0 0

Figure 10-6 Timer x Counter Register High (TPMxCNTH)

Bit 7 6 5 4 3 2 1 Bit 0
Read:| Bit7 6 5 4 3 2 1 Bit 0
Write: Any write to TPMxCNTL clears the 16-bit counter.
Reset: 0 0 0 0 0 0 0 0

Figure 10-7 Timer x Counter Register Low (TPMxCNTL)

When background modeis active, the timer counter and the coherency mechanism are frozen such that the
buffer latches remain in the state they were in when the background mode became active even if one or
both bytes of the counter are read while background mode is active.

10.7.3 Timer x Counter Modulo Registers (TPMxMODH: TPMxMODL)

The read/write TPM modul o registers contain the modulo value for the TPM counter. After the TPM
counter reaches the modulo value, the TPM counter resumes counting from $0000 at the next clock
(CPWMS = 0) or starts counting down (CPWMS = 1), and the overflow flag (TOF) becomes set. Writing
to TPMXMODH or TPMxMODL inhibits the TOF bit and overflow interrupts until the other byteis
written. Reset sets the TPM counter modul o registers to $0000 which results in a free-running timer
counter (modulo disabled).

Bit 7 6 5 4 3 3 2 Bit 0
Read:

Bit 15 14 13 12 11 10 9 Bit 8
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 10-8 Timer x Counter Modulo Register High (TPMxMODH)
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Bit 7 6 5 4 3 2 1 Bit 0
Read:

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

Figure 10-9 Timer x Counter Modulo Register Low (TPMxMODL)

It isgood practiceto wait for an overflow interrupt so both bytes of the modul o register can be written well
before a new overflow. An alternative approach is to reset the TPM counter before writing to the TPM
modulo registers to avoid confusion about when the first counter overflow will occur.

10.7.4 Timer x Channel n Status and Control Register (TPMxCnSC)

TPMxCnSC contains the channel interrupt status flag and control bits which are used to configure the
interrupt enable, channel configuration, and pin function.

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0
CHnF CHnIE MSnB MSnA ELSnB ELSnA
Write:
Reset: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 10-10 Timer x Channel n Status and Control Register (TPMxCnSC)

CHnF — Channel n Flag

When channel nis configured for input capture, this flag bit is set when an active edge occurs on the
channel n pin. When channel nisan output compare or edge-aligned PWM channel, CHnF is set when
the value in the TPM counter registers matches the value in the TPM channel n value registers. This
flag is seldom used with center-aligned PWMs because it is set every time the counter matches the
channel value register, which correspond to both edges of the active duty cycle period.

A corresponding interrupt isrequested when CHnF isset and interrupts are enabled (CHnIE = 1). Clear
CHnF by reading TPMxCnSC while CHnF is set and then writing alogic 0 to CHnF. If another
interrupt request occurs before the clearing sequenceis complete, the sequenceisreset so CHnF would
remain set after the clear sequence was completed for the earlier CHnF. Thisis done so a CHnF
interrupt request cannot be lost by clearing a previous CHNF.

Reset clears the CHnF bit. Writing alogic 1 to CHnF has no effect.
1 = Input capture or output compare event occurred on channel n.
0 = No input capture or output compare event occurred on channel n.
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CHnIE — Channel n Interrupt Enable

This read/write bit enables interrupts from channel n. Reset clears the CHnIE bit.
1 = Channel n interrupt requests enabled.
0 = Channel n interrupt requests disabled (use software polling).

MSnB — Mode Sdlect B for TPM Channel n

When CPWMS = 0, MSnB = 1 configures TPM channel n for edge-aligned PWM mode. For a
summary of channel mode and setup controls, refer to Table 10-3.

MSnA — Mode Select A for TPM Channel n

When CPWMS = 0and MSnB = 0, MSnA configures TPM channel nfor input capture mode or output
compare mode. Refer to Table 10-3 for a summary of channel mode and setup controls.

Table 10-3 Mode, Edge, and Level Selection

CPWMS | MSnB:MSnA | ELSnB:ELSnA Mode Configuration
Pin not used for TPM channel; use as an external clock for the TPM or
X XX 00
revert to general-purpose /O
01 Capture on rising edge only
00 10 Input capture Capture on falling edge only
11 Capture on rising or falling edge
01 Toggle output on compare
0
01 10 Output compare | Clear output on compare
11 Set output on compare
x 10 Edge-aligned High-true pulses (clear output on compare)
X1 PWM Low-true pulses (set output on compare)
L o 10 Center-aligned High-true pulses (clear output on compare-up)
X1 PWM Low-true pulses (set output on compare-up)

If the associated port pin isnot stable for at least two bus clock cycles before changing to input capture
mode, it is possible to get an unexpected indication of an edge trigger. Typically, a program would clear
status flags after changing channel configuration bits and before enabling channel interrupts or using the
status flags to avoid any unexpected behavior.

ELSnB:EL SnA — Edge/Level Select Bits

Depending on the operating mode for the timer channel as set by CPWMS:M SnB:M SnA and shown
in Table 10-3, these bits select the polarity of the input edge that triggers an input capture event, select
the level that will be driven in response to an output compare match, or select the polarity of the PWM
outpuit.
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Setting EL SnB:EL SnA to 0:0 configures the related timer pin as a general-purpose /O pin unrelated
to any timer channel functions. Thisfunction istypically used to temporarily disable an input capture
channel or to make the timer pin available as a genera -purpose 1/O pin when the associated timer
channel is set up as a software timer that does not require the use of apin. Thisis also the setting
required for channel 0 when the TPMXCHO pin is used as an external clock input.

10.7.5 Timer x Channel Value Registers (TPMxCnVH: TPMxCnVL)
These read/write registers contain the captured TPM counter value of the input capture function or the

output compare value for the output compare or PWM functions. The channel value registers are cleared
by reset.

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

Bit 15 14 13 12 11 10 9 Bit 8
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 10-11 Timer x Channel Value Register High (TPMxCnVH)

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

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

Figure 10-12 Timer x Channel Value Register Low (TPMxCnVL)

Ininput capture mode, reading either byte (TPMxCnVH or TPMxCnVL) latchesthe contents of both bytes
into a buffer where they remain latched until the other byte isread. This latching mechanism also resets
(becomes unlatched) when the TPMxCnSC register is written.

In output compare or PWM modes, writing to either byte (TPMXxCnVH or TPMxCnVL) latchesthe value
into a buffer. When both bytes have been written, they are transferred as a coherent 16-bit value into the
timer channel value registers. This latching mechanism may be manually reset by writing to the
TPMXCnSC register.

This latching mechanism allows coherent 16-bit writesin either order, which isfriendly to various
compiler implementations.
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Section 11 Serial Communications Interface (SCI) Module

11.1 Introduction

The MC9S08GB/GT includes two independent serial communicationsinterface (SCI) modules which are
sometimes called universal asynchronous receiver/transmitters (UARTS). Typicaly, these systems are
used to connect to the RS232 serial input/output (1/0) port of a personal computer or workstation, and they
can also be used to communicate with other embedded controllers.

A flexible, 13-bit, modul o-based baud rate generator supports abroad range of standard baud rates beyond
115.2 kbaud. Transmit and receive within the same SCI use a common baud rate, and each SCI module
has a separate baud rate generator.

This SCI system offers many advanced features not commonly found on other asynchronous serial 1/0
peripherals on other embedded controllers. The receiver employs an advanced data sampling technique
that ensures reliable communication and noise detection. Hardware parity, receiver wakeup, and double
buffering on transmit and receive are also included.
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Figure 11-1 Block Diagram Highlighting the SCI Module

NOTE 1

NOTES 1,5

NOTE 1

. Pins PTA[7:4] contain software configurable pullup/pulldown device. Pulldown available when KBI enabled
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11.2 Features

Features of SCI module include:

* Full-duplex, standard non-return-to-zero (NRZ) format

* Double buffered transmitter and receiver with separate enables

* Programmable baud rates (13-bit modulo divider)

* Interrupt-driven or polled operation:

Transmit data register empty and transmission complete
Receive data register full

Receive overrun, parity error, framing error, and noise error
Idle receiver detect

» Hardware parity generation and checking

* Programmable 8-bit or 9-bit character length

* Receiver wakeup by idle-line or address-mark

11.3 SCI System Description

Data Sheet — MC9S08GB60/D V1.5

The SCI allows full-duplex, asynchronous, NRZ serial communication among the MCU and remote
devices, including other MCUs. The SCI comprises of a baud rate generator, transmitter and receiver
block. Thetransmitter and receiver operate independently, although they use the same baud rate generator.
During normal operation, the MCU monitors the status of the SCI, writes the data to be transmitted, and
processes received data. The following describes each of the blocks of the SCI.

11.4 Baud Rate Generation

Asshown in Figure 11-2, the clock source for the SCI baud rate generator is the bus-rate clock.

MODULO DIVIDE BY
(1 THROUGH 8191)
> DIVIDE BY
BUSCLK SBR12:SBR0 16 [ TxBAUDRATE
BAUD RATE GENERATOR |, RxSAMPLING CLOCK
OFF IF [SBR12:SBR0] =0 (16 x BAUD RATE)
BUSCLK
BAUD RATE =

[SBR12:SBR0] x 16

Figure 11-2 SCI Baud Rate Generation
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SCI communications require the transmitter and receiver (which typically derive baud rates from
independent clock sources) to use the same baud rate. Allowed tolerance on this baud frequency depends
on the details of how the receiver synchronizesto the leading edge of the start bit and how bit samplingis
performed.

The MC9S08GB/GT resynchronizes to bit boundaries on every high-to-low transition, but in the worst
case there are no such transitions in the full 10- or 11-bit time character frame so any mismatch in baud
rateisaccumulated for thewhole character time. For aM otorola SCI system whose busfrequency isdriven
by acrystal, the allowed baud rate mismatch is about 4.5 percent for 8-bit data format and about +4
percent for 9-bit dataformat. Although baud rate modul o divider settings do not always produce baud rates
that exactly match standard rates, it is normally possible to get within afew percent, which is acceptable
for reliable communications.

11.5 Transmitter Functional Description

This section describes the overall block diagram for the SCI transmitter, as well as specialized functions
for sending break and idle characters.

11.5.1 Transmitter Block Diagram

Figure 11-3 shows the transmitter portion of the SCI.
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< INTERNAL BUS >
(WRITE-ONLY)
LOOPS
SCID - Tx BUFFER -
Iy 5
TO RECEIVE
=
2 <
5 11-BIT TRANSMIT SHIFT REGISTER &
1 x BAUD _ H|8|7|6|5|4|3[2]|1|0]L TO TxD PIN
RATE CLOCK >
A Y swFromection f‘><23
A A A A
w 5 g
2 2 = 4
} = | 8 £
gl z| F| &
PARITY i = s
GENERATION g
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TORE_ H
TIE
Tx INTERRUPT
; REQUEST
TCIE

Figure 11-3 SCI Transmitter Block Diagram

Thetransmitter is enabled by setting the TE bit in SCIXC2. This queues apreamble character which isone
full character frame of logic high. The transmitter then remainsidle (TxD pin remains high) until datais
availableinthetransmit databuffer. Programs store datainto the transmit data buffer by writing to the SCI

dataregister (SCIxD).

The central element of the SCI transmitter is the transmit shift register which is either 10 or 11 bitslong
depending on the setting in the M control bit. For the remainder of this section, we will assume M =0,
selecting the normal 8-bit data mode. In 8-bit data mode, the shift register holds a start bit, eight data bits,
and a stop bit. When the transmit shift register is available for anew SCI character, the value waiting in
the transmit dataregister istransferred to the shift register (synchronized with the baud rate clock) and the
transmit data register empty (TDRE) status flag is set to indicate another character may be written to the
transmit data buffer at SCIxD.
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If no new character iswaiting in the transmit data buffer after a stop bit is shifted out the TxD pin, the
transmitter sets the transmit complete flag and enters an idle mode, with TxD high, waiting for more
charactersto transmit.

Writing Oto TE does not immediately release the pin to be ageneral-purpose 1/O pin. Any transmit activity
that isin progress must first be completed. Thisincludes data characters in progress, queued idle
characters, and queued break characters.

11.5.2 Send Break and Queued Idle

The SBK control bit in SCIXC2 is used to send break characters which were originally used to gain the
attention of old teletypereceivers. Break charactersare afull character timeof logic O (including a0 where
the stop bit would be normally). Normally, a program would wait for TDRE to become set to indicate the
last character of amessage has moved to the transmit shifter, then write 1 and then write O to the SBK bit.
Thisaction queues abreak character to be sent as soon asthe shifter isavailable. If SBK isstill 1 when the
gueued break movesinto the shifter (synchronized to the baud rate clock), an additional break character is
gueued. If the receiving deviceis another Motorola SCI, the break characters will be received asOsin all
eight (or nine) data bits and aframing error (FE = 1).

Whenidle-linewakeup isused, afull character timeof idle (logic 1) is needed between messages to wake
up any sleeping receivers. Normally, a program would wait for TDRE to become set to indicate the last
character of a message has moved to the transmit shifter, then write 0 and then write 1 to the TE bit. This
action queues an idle character to be sent as soon as the shifter isavailable. Aslong asthe character in the
shifter does not finish while TE = 0, the SCI transmitter never actually releases control of the TxD pin. If
thereisapossibility of the shifter finishing while TE = 0, set the general-purpose 1/O controls so the pin
that isshared with TxD isan output driving alogic 1. Thisensuresthat the TxD linewill look like anormal
idle line even if the SCI loses control of the port pin between writing 0 and then 1 to TE.

11.6 Receiver Functional Description

In this section, the receiver block diagram (Figure 11-4) isused as a guide for the overall receiver
functional description. Next, the data sampling technique used to reconstruct receiver datais described in
more detail. Finally, two variations of the receiver wakeup function are explained.

11.6.1 Receiver Block Diagram

Figure 11-4 shows the receiver portion of the SCI.
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Figure 11-4 SCI Receiver Block Diagram

Thereceiver is enabled by setting the RE bit in SCIxC2. Character frames consist of a start bit of logic O,
eight (or nine) data bits (L SB first), and a stop bit of logic 1. For information about 9-bit data mode, refer
to 11.8.1 8- and 9-Bit Data Modes. For the remainder of thisdiscussion, we assumethe SCI is configured

for normal 8-bit data mode.
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After receiving the stop bit into the receive shifter, and provided the receive data register is not already
full, the data character is transferred to the receive data register and the receive data register full (RDRF)
statusflag is set. If RDRF was already set indicating the receive dataregister (buffer) was already full, the
overrun (OR) status flag is set and the new datais lost. Because the SCI receiver is double buffered, the
program has one full character time after RDRF is set before the data in the receive data buffer must be
read to avoid areceiver overrun.

When a program detects that the receive dataregister isfull (RDRF = 1), it gets the datafrom the receive
dataregister by reading SCIxD. The RDRF flag is cleared automatically by a 2-step sequence which is
normally satisfied in the course of the user’s program that handles receive data. Refer to 11.7 Interrupts
and Status Flags for more details about flag clearing.

11.6.2 Data Sampling Technique

The SCI receiver usesa 16x baud rate clock for sampling. Thereceiver startsby taking logic level samples
at 16 times the baud rate to search for afalling edge on the RxD serial datainput pin. A falling edgeis
defined as alogic 0 sample after three consecutive logic 1 samples. The 16x baud rate clock is used to
dividethe bit timeinto 16 segmentslabeled RT1 through RT16. Once afalling edgeislocated, three more
samplesaretaken at RT3, RT5, and RT7 to make surethiswas areal start bit and not just noise. If at least
two of these three samples are 0, the receiver assumesit is synchronized to areceive character.

The receiver then samples each bit time, including the start and stop bits, at RT8, RT9, and RT10 to
determinethelogic level for that bit. Thelogic level isinterpreted to be that of the majority of the samples
taken during the bit time. In the case of the start bit, the bit is assumed to be O if at |east two of the samples
at RT3, RT5, and RT7 are 0 even if one or al of the samplestaken at RT8, RT9, and RT10 are 1s. If any
samplein any bit time (including the start and stop bits) in a character frame fails to agree with the logic
level for that bit, the noise flag (NF) will be set when the received character istransferred to the receive
data buffer.

Thefalling edge detection logic continuously looksfor falling edges, and if an edgeis detected, the sample
clock isresynchronized to bit times. Thisimproves the reliability of the receiver in the presence of noise
or mismatched baud rates. It does not improve worst case analysis because some characters do not have
any extrafalling edges anywhere in the character frame.

Inthe case of aframing error, provided the received character was not abreak character, the samplinglogic
that searches for afalling edge isfilled with three logic 1 samples so that a new start bit can be detected
almost immediately.

In the case of aframing error, thereceiver isinhibited from receiving any new characters until the framing
error flag is cleared. The receive shift register continues to function, but a complete character cannot
transfer to the receive data buffer if FE is still set.
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11.6.3 Receiver Wakeup Operation

Receiver wakeup is a hardware mechanism that allows an SCI receiver to ignore the charactersin a
message that isintended for a different SCI receiver. In such a system, all receivers evaluate the first
character(s) of each message, and as soon as they determine the message isintended for a different
receiver, they writelogic 1 to the receiver wake up (RWU) control bit in SCIxC2. When RWU =1, it
inhibits setting of the status flags associated with the receiver, thus eliminating the software overhead for
handling the unimportant message characters. At the end of a message, or at the beginning of the next
message, al receivers automatically force RWU to 0 so all receivers wake up in timeto look at the first
character(s) of the next message.

11.6.3.1 Idle-Line Wakeup

When WAKE = 0, the receiver is configured for idle-line wakeup. In this mode, RWU is cleared
automatically when thereceiver detectsafull character timeof theidle-linelevel. TheM control bit selects
8-hit or 9-bit data mode which determines how many bit times of idle are needed to constitute a full
character time (10 or 11 bit times because of the start and stop bits). Theidle-line type (ILT) control bit
selects one of two waysto detect anidleline. When ILT = 0, theidle bit counter starts after the start bit so
the stop bit and any logic 1s at the end of a character count toward the full character time of idle. When
ILT =1, theidlebit counter doesn’t start until after a stop bit time, so the idle detection is not affected by
the datain the last character of the previous message.

11.6.3.2 Address-Mark Wakeup

When WAKE = 1, the receiver is configured for address-mark wakeup. In thismode, RWU is cleared
automatically when the receiver detectsalogic 1 inthe most significant bit of areceived character (eighth
bit in M = 0 mode and ninth bit in M = 1 mode).

11.7 Interrupts and Status Flags

The SCI system has three separate interrupt vectors to reduce the amount of software needed to isolate the
cause of the interrupt. One interrupt vector is associated with the transmitter for TDRE and TC events.
Another interrupt vector is associated with the receiver for RDRF and IDLE events, and athird vector is
used for OR, NF, FE, and PF error conditions. Each of these eight interrupt sources can be separately
masked by local interrupt enable masks. Theflags can still be polled by software when the local masks are
cleared to disable generation of hardware interrupt requests.

The SCI transmitter hastwo statusflagsthat optionally can generate hardware interrupt requests. Transmit
data register empty (TDRE) indicates when there is room in the transmit data buffer to write another
transmit character to SCIxD. If the transmit interrupt enable (TIE) bit is set, a hardware interrupt will be
requested whenever TDRE = 1. Transmit complete (TC) indicates that the transmitter is finished
transmitting all data, preamble, and break characters and isidle with TxD high. Thisflag is often used in
systemswith modemsto determinewhenit issafeto turn off the modem. If the transmit completeinterrupt
enable (TCIE) bit is set, a hardware interrupt will be requested whenever TC = 1. Instead of hardware
interrupts, software polling may be used to monitor the TDRE and TC status flags if the corresponding
TIE or TCIE local interrupt masks are 0s.

MOTOROLA MC9S08GB/GT 179



Serial Communications Interface (SCI) Module

When a program detects that the receive dataregister isfull (RDRF = 1), it gets the datafrom the receive
dataregister by reading SCIxD. The RDRF flag is cleared by reading SCIxS1 while RDRF = 1 and then
reading SCIxD.

When polling is used, this sequence is naturally satisfied in the normal course of the user program. If
hardware interrupts are used, SCIxS1 must be read in the interrupt service routine (ISR). Normally, thisis
donein the ISR anyway to check for receive errors, so the sequence is automatically satisfied.

The IDLE status flag includes logic which prevents it from getting set repeatedly when the RxD line
remainsidlefor an extended period of time. IDLE is cleared by reading SCIxS1 while IDLE = 1 and then
reading SCIxD. Once IDLE has been cleared, it cannot become set again until the receiver hasreceived at
least one new character and has set RDRF.

If the associated error was detected in the received character that caused RDRF to be set, the error flags
— noise flag (NF), framing error (FE), and parity error flag (PF) — get set at the same time as RDRF.
These flags are not set in overrun cases.

If RDRF was already set when a new character is ready to be transferred from the receive shifter to the
receive data buffer, the overrun (OR) flag gets set instead and the data and any associated NF, FE, or PF
condition islost.

11.8 Additional SCI Functions
The following sections describe additional SCI functions.
11.8.1 8- and 9-Bit Data Modes

The SCI system (transmitter and receiver) can be configured to operate in 9-bit data mode by setting the
M control bit in SCIxC1. In 9-bit mode, there is a ninth data bit to the left of the MSB of the SCI data
register. For the transmit data buffer, thisbit is stored in T8 in SCIXC3. For the receiver, the ninth bit is
held in R8 in SCIXC3.

For coherent writes to the transmit data buffer, write to the T8 bit before writing to SCIXD. For coherent
reads of the receive data buffer, read R8 before reading SCIxD because reading or writing SCIXD isthe
final step in automatic clearing mechanisms for SCI flags.

If the bit valueto be transmitted asthe ninth bit of anew character isthe same asfor the previous character,
it is not necessary to write to T8 again. When data is transferred from the transmit data buffer to the
transmit shifter, the valuein T8 is copied at the same time data is transferred from SCIxD to the shifter.

Nine-bit data mode typically is used in conjunction with parity to allow eight bits of data plus the parity
in the ninth bit. Or it is used with address-mark wakeup so the ninth data bit can serve as the wakeup bit.
In custom protocols, the ninth bit can also serve as a software-controlled marker.
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11.9 Stop Mode Operation

During all stop modes, clocks to the SCI module are halted.

In stopl and stop2 modes, all SCI register dataislost and must be re-initialized upon recovery from these
two stop modes.

No SCI module registers are affected in stop3 mode.

Note, because the clocks are halted, the SCI module will resume operation upon exit from stop (only in
stop3 mode). Software should ensure stop mode is not entered while there is a character being transmitted
out of or received into the SCI module.

11.9.1 Loop Mode

When LOOPS = 1, the RSRC hit in the same register chooses between loop mode (RSRC = 0) or
single-wire mode (RSRC = 1). Loop mode is sometimes used to check software, independent of
connectionsin the external system to help isolate system problems. In this mode, the transmitter output is
internally connected to the receiver input and the RxD pin is not used by the SCI, so it revertsto a
general-purpose port 1/0 pin.

11.9.2 Single-Wire Operation

When LOOPS = 1, the RSRC hit in the same register chooses between loop mode (RSRC = 0) or
single-wire mode (RSRC = 1). Single-wire mode is used to implement a half-duplex serial connection.
Thereceiver isinternally connected to the transmitter output and to the TxD pin. The RxD pin is not used
and reverts to a general-purpose port 1/0 pin.

In single-wire mode, the TXDIR bit in SCIxC3 controls the direction of serial dataon the TxD pin. When
TXDIR =0, the TXD pinisan input to the SCI receiver and the transmitter is temporarily disconnected
from the TxD pin so an external device can send serial datato the receiver. When TXDIR =1, the TxD
pinisan output driven by the transmitter. In single-wire mode, the internal 1oop back connection from the
transmitter to the receiver causes the receiver to receive characters that are sent out by the transmitter.

11.10 SCI Registers and Control Bits

The SCI has eight 8-bit registers to control baud rate, select SCI options, report SCI status, and for
transmit/receive data.

Refer to the direct-pageregister summary inthe Memory section of thisdata sheet for the absol ute address
assignments for all SCI registers. This section refers to registers and control bits only by their names. A
Motorola-provided equate or header file is used to trandate these names into the appropriate absolute
addresses.

Some M CU systems have more than one SCI, so register names include placeholder charactersto identify
which SCI is being referenced. For example, SCIXCL1 refers to the SCIx control register 1 and SCI2C1 is
the control register 1 for SCI2.
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11.10.1 SCI x Baud Rate Registers (SCIxBDH, SCIxBHL)

Thispair of registers controlsthe prescale divisor for SCI baud rate generation. To update the 13-bit baud
rate setting [SBR12:SBROQ], first writeto SCIXBDH to buffer the high half of the new value and then write
to SCIxBDL. The working value in SCIxBDH does not change until SCIXBDL is written.

SCIxBDL isreset to anon-zero value, so after reset the baud rate generator remains disabled until thefirst
time the receiver or transmitter is enabled (RE or TE bitsin SCIxC2 are written to 1).

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0
SBR12 SBR11 SBR10 SBR9 SBR8
Write:
Reset: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 11-5 SCI Baud Rate Register (SCIXBDH)

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

SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
Write:
Reset: 0 0 0 0 0 1 0 0

= Unimplemented or Reserved

Figure 11-6 SCI x Baud Rate Register (SCIxBDL)

SBR12:SBR0O — Baud Rate Modulo Divisor

These 13 bits are referred to collectively as BR, and they set the modulo divide rate for the SCI baud
rate generator. When BR = 0, the SCI baud rate generator is disabled to reduce supply current. When
BR = 1t0 8191, the SCI baud rate = BUSCLK/(16xBR).

11.10.2 SCI x Control Register 1 (SCIxC1)

This read/write register is used to control various optional features of the SCI system.

Bit 7 6 5 4 3 2 1 Bit 0
Read:
LOOPS | SCISWAI RSRC M WAKE ILT PE PT
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 11-7 SCI x Control Register 1 (SCIxC1)
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LOOPS — Loop Mode Select

Selects between loop back modes and normal 2-pin full-duplex modes. When LOOPS = 1, the
transmitter output isinternally connected to the receiver input.
1 = Loop mode or single-wire mode where transmitter outputs are internally connected to receiver
input. (See RSRC bit.) RxD pinis not used by SCI.
0 = Normal operation — RxD and TxD use separate pins.

SCISWAI — SCI Stopsin Wait Mode
1 = SCI clocks freeze while CPU isin wait mode.
0 = SCI clocks continue to run in wait mode so the SCI can be the source of an interrupt that wakes
up the CPU.

RSRC — Receiver Source Select

Thisbit hasno meaning or effect unlessthe LOOPShitisset to 1. When LOOPS = 1, thereceiver input
isinternally connected to the TxD pin and RSRC determineswhether this connection isalso connected
to the transmitter outpui.
1 = Single-wire SCI mode where the TxD pin is connected to the transmitter output and receiver
input.
0 =Provided LOOPS = 1, RSRC = 0 selects internal loop back mode and the SCI does not use the
RxD or TxD pins.

M — 9-Bit or 8-Bit Mode Select
1 = Receiver and transmitter use 9-bit data characters
start + 8 data bits (L SB first) + 9th data bit + stop.
0 = Normal — start + 8 data bits (L SB first) + stop.

WAKE — Receiver Wakeup Method Select

Refer to 11.6.3 Receiver Wakeup Operation for more information.
1 = Address-mark wakeup.
0 = Idle-line wakeup.

ILT — Idle Line Type Select

Setting thisbit to 1 ensuresthat the stop bit and logic 1 bitsat the end of acharacter do not count toward
the 10 or 11 bit times of thelogic high level by theidleline detection logic. Refer to 11.6.3.1 Idle-Line
Wakeup for more information.

1 = Idle character bit count starts after stop bit.

0 = Idle character bit count starts after start bit.

PE — Parity Enable

Enables hardware parity generation and checking. When parity is enabled, the most significant bit
(MSB) of the data character (eighth or ninth data bit) is treated as the parity bit.

1 = Parity enabled.

0 = No hardware parity generation or checking.
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PT — Parity Type

Provided parity is enabled (PE = 1), this bit selects even or odd parity. Odd parity means the total
number of 1sin the datacharacter, including the parity bit, is odd. Even parity meansthe total number

of 1sin the data character, including the parity bit, is even.
1 =0dd parity.
0 = Even parity.

11.10.3 SCI x Control Register 2 (SCIxC2)

This register can be read or written at any time.

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

TIE TCIE RIE ILIE TE RE RwWU SBK
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 11-8 SCI x Control Register 2 (SCIxC2)

TIE — Transmit Interrupt Enable (for TDRE)

1 = Hardware interrupt requested when TDRE flagis 1.
0 = Hardware interrupts from TDRE disabled (use polling).

TCIE — Transmission Complete Interrupt Enable (for TC)

1 = Hardware interrupt requested when TC flag is 1.
0 = Hardware interrupts from TC disabled (use polling).

RIE — Receiver Interrupt Enable (for RDRF)

1 = Hardware interrupt requested when RDRF flag is 1.
0 = Hardware interrupts from RDRF disabled (use polling).

ILIE — Idle Line Interrupt Enable (for IDLE)

1 = Hardware interrupt requested when IDLE flag is 1.
0 = Hardware interrupts from IDLE disabled (use polling).

TE — Transmitter Enable

1 = Transmitter on.
0 = Transmitter off.

TE must be 1 in order to use the SCI transmitter. Normally, when TE = 1, the SCI forcesthe TxD pin
to act as an output for the SCI system. If LOOPS = 1 and RSRC = 0, the TxD pin revertsto being a

port B general-purpose I/O pin even if TE = 1.

When the SCI is configured for single-wire operation (LOOPS = RSRC = 1), TXDIR controls the

direction of traffic on the single SCI communication line (TxD pin).

TE aso can be used to queue an idle character by writing TE = 0 then TE = 1 while atransmission is

in progress. Refer to 11.5.2 Send Break and Queued Idle for more details.
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When TE iswritten to O, the transmitter keeps control of the port TxD pin until any data, queued idle,
or queued break character finishes transmitting before allowing the pin to revert to a general-purpose
1/O pin.

RE — Receiver Enable

When the SCI receiver is off, the RxD pin reverts to being a general-purpose port [/O pin.
1 = Receiver on.
0 = Receiver off.

RWU — Receiver Wakeup Control

This bit can be written to 1 to place the SCI receiver in a standby state where it waits for automatic
hardware detection of aselected wakeup condition. Thewakeup conditioniseither anidleline between
messages (WAKE = 0, idle-line wakeup), or alogic 1 in the most significant data bit in a character
(WAKE = 1, address-mark wakeup). Application software sets RWU and (normally) a selected
hardware condition automatically clears RWU. Refer to 11.6.3 Receiver Wakeup Operation for
more details.

1 = SCI receiver in standby waiting for wakeup condition.

0 =Normal SCI receiver operation.

SBK — Send Break

Writing al and then a0 to SBK queues abreak character in the transmit data stream. Additional break
characters of 10 or 11 bit times of logic O are queued as long as SBK = 1. Depending on the timing of
the set and clear of SBK relative to the information currently being transmitted, a second break
character may be queued before software clears SBK. Refer to 11.5.2 Send Break and Queued Idle
for more details.

1 = Queue break character(s) to be sent.

0 = Normal transmitter operation.

11.10.4 SCI x Status Register 1 (SCIxS1)

Thisregister has eight read-only status flags. Writes have no effect. Special software sequences (which do
not involve writing to this register) are used to clear these status flags.

Bit 7 6 5 4 3 2 1 Bit 0
Read:| TDRE TC RDRF IDLE OR NF FE PF
Write:
Reset: 1 1 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 11-9 SCI x Status Register 1 (SCIxS1)
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TDRE — Transmit Data Register Empty Flag

TDRE is set out of reset and when atransmit data value transfers from the transmit data buffer to the
transmit shifter, leaving room for a new character in the buffer. To clear TDRE, read SCIxS1 with
TDRE = 1 and then write to the SCI data register (SCIxD).

1 = Transmit data register (buffer) empty.

0 = Transmit data register (buffer) full.

TC — Transmission Complete Flag

TCisset out of reset and when TDRE = 1 and no data, preamble, or break character isbeing
transmitted.

1 = Transmitter idle (transmission activity complete).

0 = Transmitter active (sending data, a preamble, or a break).

TCiscleared automatically by reading SCIxS1 with TC = 1 and then doing one of the following three
things.

» Writeto the SCI dataregister (SCIxD) to transmit new data
* Queue apreamble by changing TE from O to 1
* Queue abreak character by writing 1 to SBK in SCIxC2

RDRF — Receive Data Register Full Flag

RDRF becomes set when a character transfers from the receive shifter into the receive data register
(SCIxD). To clear RDRF, read SCIxS1 with RDRF = 1 and then read the SCI data register (SCIxD).
1 = Receive dataregister full.
0 = Receive data register empty.

IDLE — Idle Line Flag

IDLE is set when the SCI receive line becomesidle for afull character time after aperiod of activity.
When ILT = 0, the receiver starts counting idle bit times after the start bit. So if the receive character
isal 1s, these bit times and the stop bit time count toward the full character time of logic high (10 or
11 bit times depending on the M control bit) needed for the receiver to detect an idle line. When

ILT =1, thereceiver doesn’t start counting idle bit timesuntil after the stop bit. So the stop bit and any
logic high bit times at the end of the previous character do not count toward the full character time of
logic high needed for the receiver to detect anidleline.

To clear IDLE, read SCIxS1 with IDLE = 1 and then read the SCI data register (SCIxD). After IDLE
has been cleared, it cannot become set again until after a new character has been received and RDRF
has been set. IDLE will get set only once even if the receive line remainsidle for an extended period.
1 = Idle line was detected.
0 = Noidle line detected.
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OR — Receiver Overrun Flag

ORisset when anew serial character isready to betransferred to the receive dataregister (buffer), but
the previously received character has not been read from SCIxD yet. In this case, the new character
(and al associated error information) islost because there is no room to moveit into SCIxD. To clear
OR, read SCIxS1 with OR = 1 and then read the SCI data register (SCIxD).

1 = Receive overrun (new SCI datalost).

0 = No overrun.

NF — Noise Flag

The advanced sampling technique used in the receiver takes seven samples during the start bit and
three samplesin each data bit and the stop bit. If any of these samples disagrees with the rest of the
sampleswithin any bit timein theframe, theflag NF will be set at the sametime asthe flag RDRF gets
set for the character. To clear NF, read SCIxS1 and then read the SCI dataregister (SCIxD).

1 = Noise detected in the received character in SCIxD.

0 = No noise detected.

FE — Framing Error Flag

FE isset at the sametime as RDRF when the receiver detectsalogic 0 where the stop bit was expected.
This suggests the receiver was not properly aligned to a character frame. To clear FE, read SCIxS1
with FE = 1 and then read the SCI dataregister (SCIxD).

1 = Framing error.

0 = No framing error detected. This does not guarantee the framing is correct.

PF — Parity Error Flag

PF is set at the same time as RDRF when parity is enabled (PE = 1) and the parity bit in the received
character does not agree with the expected parity value. To clear PF, read SCIxS1 and then read the
SCI dataregister (SCIxD).

1 = Parity error.

0 = No parity error.

11.10.5 SCI x Status Register 2 (SCIxS2)

Thisregister has one read-only status flag. Writes have no effect.

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0 0 0 RAF
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 11-10 SCI x Status Register 2 (SCIxS2)
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RAF — Receiver Active Flag

RAF is set when the SCI receiver detects the beginning of avalid start bit, and RAF is cleared
automatically when the receiver detects an idle line. This status flag can be used to check whether an
SCI character is being received before instructing the MCU to go to stop mode.

1 = SCI receiver active (RxD input not idle).

0 = SClI receiver idle waiting for a start bit.

11.10.6 SCI x Control Register 3 (SCIxC3)

Bit 7 6 5 4 3 2 1 Bit 0
Read: R8 0
T8 TXDIR ORIE NEIE FEIE PEIE
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 11-11 SCI x Control Register 3 (SCIxXC3)

R8 — Ninth Data Bit for Receiver

When the SCI is configured for 9-bit data (M = 1), R8 can be thought of as a ninth receive data bit to
theleft of the M SB of the buffered datain the SCIxD register. When reading 9-bit data, read R8 before
reading SCIxD because reading SCIxD completes automatic flag clearing sequences which could
allow R8 and SCIxD to be overwritten with new data.

T8 — Ninth Data Bit for Transmitter

When the SCI is configured for 9-bit data (M = 1), T8 may be thought of as a ninth transmit data bit
to the left of the MSB of the datain the SCIXD register. When writing 9-bit data, the entire 9-bit value
istransferred to the SCI shift register after SCIXD iswritten so T8 should be written (if it needsto
change from its previous value) before SCIxD iswritten. If T8 does not need to change in the new
value (such aswhen it isused to generate mark or space parity), it need not be written each time SCIxD
iswritten.

TXDIR — TxD Pin Direction in Single-Wire Mode

When the SCI is configured for single-wire haf-duplex operation (LOOPS = RSRC = 1), this bit
determines the direction of data at the TxD pin.

1 =TxD pinisan output in single-wire mode.

0 =TxD pinisaninput in single-wire mode.

ORIE — Overrun Interrupt Enable

This bit enables the overrun flag (OR) to generate hardware interrupt requests.
1 = Hardware interrupt requested when OR = 1.
0 = OR interrupts disabled (use polling).
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NEIE — Noise Error Interrupt Enable

This bit enables the noise flag (NF) to generate hardware interrupt requests.
1 = Hardware interrupt requested when NF = 1.
0 = NF interrupts disabled (use polling).

FEIE — Framing Error Interrupt Enable

This bit enables the framing error flag (FE) to generate hardware interrupt requests.
1 = Hardware interrupt requested when FE = 1.
0 = FE interrupts disabled (use polling).

PEIE — Parity Error Interrupt Enable

This bit enables the parity error flag (PF) to generate hardware interrupt requests.
1 = Hardware interrupt requested when PF = 1.
0 = PF interrupts disabled (use polling).

11.10.7 SCI x Data Register (SCIxD)
Thisregister is actually two separate registers. Reads return the contents of the read-only receive data

buffer and writes go to the write-only transmit data buffer. Reads and writes of this register are a'so
involved in the automatic flag clearing mechanisms for the SCI status flags.

Bit 7 6 5 4 3 2 1 Bit 0
Read: R7 R6 R5 R4 R3 R2 R1 RO
Write: T7 T6 T5 T4 T3 T2 T TO
Reset: 0 0 0 0 0 0 0 0

Figure 11-12 SCI x Data Register (SCIxD)
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Section 12 Serial Peripheral Interface (SPI) Module

The MCOS08GB/GT provides one serial peripheral interface (SPI) module. The four pins associated with
SPI functionality are shared with port E pins 2-5. See the Electrical Characteristics appendix for SPI

electrical parametric information. When the SPI is enabled, the direction of pinsis controlled by module
configuration. If the SPI isdisabled, al four pins can be used as genera -purpose |/O.
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12.1 Features

Features of the SPI module include:

* Master or slave mode operation

* Full-duplex or single-wire bidirectional option
* Programmable transmit bit rate

» Double-buffered transmit and receive

» Serid clock phase and polarity options

* Slave select output

» Selectable MSB-first or LSB-first shifting

12.2 Block Diagrams

Thissectionincludesblock diagrams showing SPI system connections, theinternal organization of the SPI
module, and the SPI clock dividers that control the master mode bit rate.

12.2.1 SPI System Block Diagram

Figure 12-2 shows the SPI modules of two MCUs connected in a master-slave arrangement. The master
deviceinitiatesal SPI datatransfers. During atransfer, the master shifts dataout (on the MOSI pin) to the
slave while simultaneously shifting datain (on the M1SO pin) from the slave. The transfer effectively
exchangesthe datathat wasin the SPI shift registers of the two SPI systems. The SPSCK signal isaclock
output from the master and an input to the slave. The slave device must be selected by alow level on the
dave select input (SS pin). In this system, the master device has configured its SS pin as an optional Slave
select output.

¢ MASTER SLAVE N
J S
MOSI MOSI
SPI SHIFTER SPI SHIFTER
7 6 5 4 3 2 10 MISO MISO 7 6 5 4 3 2 10
A A
SPSCK SPSCK

CLOCK
GENERATOR 55 55

Figure 12-2 SPI System Connections
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The most common uses of the SPI system include connecting simple shift registers for adding input or
output portsor connecting small peripheral devicessuch asserial A/D or D/A converters. Although Figure
12-2 shows a system where data is exchanged between two MCUs, many practical systemsinvolve
simpler connections where data is unidirectionally transferred from the master MCU to aslave or from a
slave to the master MCU.

12.2.2 SPI Module Block Diagram

Figure 12-3 isablock diagram of the SPI module. The central element of the SPI isthe SPI shift register.
Data is written to the double-buffered transmitter (write to SPID) and gets transferred to the SPI shift
register at the start of a data transfer. After shifting in a byte of data, the datais transferred into the
double-buffered receiver where it can be read (read from SPID). Pin multiplexing logic controls
connections between MCU pins and the SPI module.

When the SPI is configured as amaster, the clock output isrouted out to the SPSCK pin, the shifter output
isrouted to MOSI, and the shifter input is routed from the M1SO pin.

When the SPI is configured as a slave, the SPSCK pin is routed to the clock input of the SPI, the shifter
output is routed to M1SO, and the shifter input is routed from the MOSI pin.

In the external SPI system, smply connect all SPSCK pinsto each other, all M1SO pins together, and all
MOSI pinstogether. Peripheral devices often use dlightly different names for these pins.
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Figure 12-3 SPI Module Block Diagram
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12.2.3 SPI Baud Rate Generation

Asshown in Figure 12-4, the clock source for the SPI baud rate generator is the bus clock. The three
prescale bits (SPPR2: SPPR1:SPPRO) choose aprescaledivisor of 1, 2, 3, 4, 5, 6, 7, or 8. The threerate
select bits (SPR2: SPR1:SPRO) divide the output of the prescaler stage by 2, 4, 8, 16, 32, 64, 128, or 256
to get the internal SPI master mode bit-rate clock.

PRESCALER CLOCK RATE DIVIDER
BUS CLOCK DIVIDE BY _ DIVIDE BY '\SAFA)\ISTER
> 1,2,3,4,5,6,7,0r8 2,4,8, 16,32, 64, 128, or 256 > oh RATE
A A
| sPPR2SPPRI:SPPRO | | SPR2:SPR1:SPRO |

Figure 12-4 SPI Baud Rate Generation

12.3 Functional Description

An SPI transfer isinitiated by checking for the SPI transmit buffer empty flag (SPTEF = 1) and then
writing a byte of datato the SPI dataregister (SPID) in the master SPI device. When the SPI shift register
isavailable, this byte of datais moved from the transmit data buffer to the shifter, SPTEF is cleared to
indicatethereisroom in the buffer to queue another transmit character if desired, and the SPI serial transfer
starts.

During the SPI transfer, datais sampled (read) on the MISO pin at one SPSCK edge and shifted, changing
the bit value on the MOSI pin, one-half SPSCK cycle later. After eight SPSCK cycles, the data that was
in the shift register of the master has been shifted out the MOSI pin to the slave while eight bits of data
were shifted in the MISO pin into the master’ s shift register. At the end of this transfer, the received data
byte is moved from the shifter into the receive data buffer and SPRF is set to indicate the data can be read
by reading SPID. If another byte of dataiswaiting inthe transmit buffer at the end of atransfer, it ismoved
into the shifter, SPTEF is set, and a new transfer is started.

Normally, SPI datais transferred most significant bit (MSB) first. If the least significant bit first enable
(LSBFE) bit is set, SPI datais shifted LSB first.

When the SPI is configured as aslave, its SS pin must be driven low before atransfer starts and SS must
stay low throughout the transfer. If a clock format where CPHA = 0 is selected, SS must be drivento a
logic 1 between successive transfers. If CPHA = 1, SSmay remain low between successive transfers. See
12.3.1 SPI Clock Formats for more details.

Because the transmitter and receiver are double buffered, a second byte, in addition to the byte currently
being shifted out, can be queued into the transmit data buffer, and a previously received character can be
in the receive data buffer while a new character is being shifted in. The SPTEF flag indicates when the
transmit buffer has room for a new character. The SPRF flag indicates when areceived character is
available in the receive data buffer. The received character must be read out of the receive buffer (read
SPID) before the next transfer is finished or areceive overrun error results.
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In the case of areceive overrun, the new datais lost because the receive buffer still held the previous
character and was not ready to accept the new data. There is no indication for such an overrun condition
so the application system designer must ensure that previous data has been read from the receive buffer
before anew transfer isinitiated.

12.3.1 SPI Clock Formats

To accommodate awide variety of synchronous serial peripheras from different manufacturers, the SPI
system has a clock polarity (CPOL) bit and a clock phase (CPHA) control bit to select one of four clock
formats for data transfers. CPOL selectively inserts an inverter in series with the clock. CPHA chooses
between two different clock phase relationships between the clock and data.

Figure 12-5 shows the clock formats when CPHA = 1. At the top of the figure, the eight bit times are
shown for reference with bit 1 starting at the first SPSCK edge and bit 8 ending one-haf SPSCK cycle
after the sixteenth SPSCK edge. The MSB first and L SB first lines show the order of SPI data bits
depending on the setting in LSBFE. Both variations of SPSCK polarity are shown, but only one of these
waveforms applies for a specific transfer, depending on the value in CPOL. The SAMPLE IN waveform
applies to the MOSI input of aslave or the MISO input of a master. The MOSI waveform applies to the
MOSI output pin from amaster and the M1 SO waveform appliesto the M1SO output from aslave. The SS
OUT waveform appliesto the slave select output from amaster (provided MODFEN and SSOE = 1). The
master SS output goes to active low one-half SPSCK cycle before the start of the transfer and goes back
high at the end of the eighth bit time of the transfer. The SS IN waveform appliesto the Slave select input
of adave.
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Figure 12-5 SPI Clock Formats (CPHA =1)
When CPHA = 1, the slave beginsto driveits M1SO output when SS goesto active low, but the datais not
defined until the first SPSCK edge. The first SPSCK edge shifts the first bit of data from the shifter onto
the MOSI output of the master and the M1SO output of the save. The next SPSCK edge causes both the
master and the slave to sample the data bit values on their M1SO and MOSI inputs, respectively. At the
third SPSCK edge, the SPI shifter shiftsone bit position which shiftsin the bit value that wasjust sampled,
and shifts the second data bit value out the other end of the shifter to the MOSI and MISO outputs of the
master and slave, respectively. When CHPA = 1, the lave’ s SSinput is not required to go to itsinactive
high level between transfers.

Figure 12-6 shows the clock formats when CPHA = 0. At the top of the figure, the eight bit times are
shown for reference with bit 1 starting asthe slave is selected (SS IN goes low), and bit 8 ends at the last
SPSCK edge. The MSB first and L SB first lines show the order of SPI data bits depending on the setting
in LSBFE. Both variations of SPSCK polarity are shown, but only one of these waveforms applies for a
specific transfer, depending on the valuein CPOL. The SAMPLE IN waveform appliesto the MOSI input
of aslave or the MISO input of a master. The MOSI waveform applies to the MOSI output pin from a
master and the M1 SO waveform appliesto the MISO output from aslave. The SS OUT waveform applies
to the slave select output from a master (provided MODFEN and SSOE = 1). The master SS output goes
to activelow at the start of thefirst bit time of the transfer and goes back high one-half SPSCK cycle after
the end of the eighth bit time of the transfer. The SS IN waveform applies to the slave select input of a
dave.
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Figure 12-6 SPI Clock Formats (CPHA = 0)

When CPHA = 0, the slave begins to drive its MISO output with the first data bit value (MSB or LSB
depending on L SBFE) when SS goes to active low. The first SPSCK edge causes both the master and the
slave to sample the data bit values on their MI1SO and MOSI inputs, respectively. At the second SPSCK
edge, the SPI shifter shifts one bit position which shiftsin the bit value that was just sampled and shifts
the second data bit value out the other end of the shifter to the MOSI and MI1SO outputs of the master and
slave, respectively. When CPHA = 0, the slave’ s SSinput must go to its inactive high level between
transfers.

12.3.2 SPI Pin Controls

The SPI optionally sharesfour port pins. The function of these pins depends on the settings of SPI control
bits. When the SPI isdisabled (SPE = 0), these four pinsrevert to being general-purpose port |/O pinsthat
are not controlled by the SPI.

12.3.2.1 SPSCK — SPI Serial Clock

When the SPI is enabled asadave, this pin isthe serial clock input. When the SPI is enabled as a master,
this pinisthe seria clock outpuit.
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12.3.2.2 MOSI — Master Data Out, Slave Data In

When the SPI is enabled as a master and SPI pin control zero (SPCO) is 0 (not bidirectional mode), this
pinisthe serial data output. When the SPI is enabled as a slave and SPCO = 0, this pin isthe seria data
input. If SPCO = 1 to select single-wire bidirectional mode, and master mode is selected, this pin becomes
the bidirectional datal/O pin (MOMI). Also, the bidirectional mode output enable bit determines whether
the pin acts as an input (BIDIROE = 0) or an output (BIDIROE = 1). If SPC0O = 1 and slave modeis
selected, this pinis not used by the SPI and reverts to being a general-purpose port 1/0 pin.

12.3.2.3 MISO — Master Data In, Slave Data Out

When the SPI is enabled as a master and SPI pin control zero (SPCO) is 0 (not bidirectional mode), this
pinisthe serial datainput. When the SPI is enabled as a slave and SPCO = 0, this pin is the serial data
output. If SPCO = 1 to select single-wire bidirectional mode, and slave mode is sel ected, this pin becomes
the bidirectional datal/O pin (SISO) and the bidirectional mode output enabl e bit determines whether the
pin actsasan input (BIDIROE = 0) or an output (BIDIROE = 1). If SPCO = 1 and master modeis selected,
this pinis not used by the SPI and reverts to being a genera -purpose port 1/0 pin.

12.3.2.4 SS — Slave Select

When the SPI is enabled as aslave, this pin isthe low-true slave select input. When the SPI is enabled as
amaster and mode fault enableis off (MODFEN = 0), thispin is not used by the SPI and revertsto being
ageneral-purpose port 1/0 pin. When the SPI is enabled as a master and MODFEN = 1, the slave select
output enable bit determineswhether this pin acts asthe mode fault input (SSOE = 0) or asthe slave select
output (SSOE = 1).

12.3.3 SPI Interrupts

There are three flag bits, two interrupt mask bits, and one interrupt vector associated with the SPI system.
The SPI interrupt enable mask (SPIE) enablesinterrupts from the SPI receiver full flag (SPRF) and mode
fault flag (MODF). The SPI transmit interrupt enable mask (SPTIE) enables interrupts from the SPI
transmit buffer empty flag (SPTEF). When one of the flag bitsis set, and the associated interrupt mask bit
is set, a hardware interrupt request is sent to the CPU. If the interrupt mask bits are cleared, software can
poll the associated flag bits instead of using interrupts. The SPI interrupt service routine (1SR) should
check the flag bits to determine what event caused the interrupt. The service routine should also clear the
flag bit(s) before returning from the ISR (usually near the beginning of the ISR).

12.3.4 Mode Fault Detection

A mode fault occurs and the mode fault flag (MODF) becomes set when a master SPI device detects an
error on the SS pin (provided the SS pin is configured as the mode fault input signal). The SSpin is
configured to be the mode fault input signal when MSTR = 1, mode fault enable is set (MODFEN = 1),
and slave select output enable is clear (SSOE = 0).

The mode fault detection feature can be used in a system where more than one SPI device might become
amaster at the sametime. The error is detected when a master’ s SS pin is low, indicating that some other
SPI deviceistrying to addressthismaster asif it were aslave. This could indicate aharmful output driver
conflict, so themodefault logic isdesigned to disable all SPI output driverswhen such an error is detected.
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When amode fault is detected, MODF is set and MSTR is cleared to change the SPI configuration back
to slave mode. The output drivers on the SPSCK, MOSI, and MISO (if not bidirectional mode) are
disabled.

MODF iscleared by reading it whileit is set, then writing to the SPI control register 1 (SPIC1). User
software should verify the error condition has been corrected before changing the SPI back to master
mode.

12.4 SPI Registers and Control Bits

The SPI has five 8-hit registersto select SPI options, control baud rate, report SPI status, and for
transmit/receive data.

Refer to the direct-page register summary inthe Memory section of thisdata sheet for the absol ute address
assignments for all SPI registers. This section refers to registers and control bits only by their names, and
aMotorola-provided equate or header file is used to trandlate these names into the appropriate absolute
addresses.

12.4.1 SPI Control Register 1 (SPIC1)

This read/write register includes the SPI enable control, interrupt enables, and configuration options.

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

SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
Write:
Reset: 0 0 0 0 0 1 0 0

Figure 12-7 SPI Control Register 1 (SPIC1)

SPIE — SPI Interrupt Enable (for SPRF and MODF)

Thisisthe interrupt enable for SPI receive buffer full (SPRF) and mode fault (MODF) events.
1 = When SPRF or MODF is 1, request a hardware interrupt.
0 = Interrupts from SPRF and MODF inhibited (use polling).

SPE — SPI System Enable

Disabling the SPI halts any transfer that isin progress, clears data buffers, and initializesinternal state
machines. SPRF is cleared and SPTEF is set to indicate the SPI transmit data buffer is empty.

1 = SPI system enabled.

0 = SPI system inactive.
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SPTIE — SPI Transmit Interrupt Enable

Thisistheinterrupt enable bit for SPI transmit buffer empty (SPTEF).
1 = When SPTEF is 1, hardware interrupt requested.
0 = Interrupts from SPTEF inhibited (use polling).

MSTR — Master/Slave Mode Select

1 = SPI module configured as a master SPI device.
0 = SPI module configured as a slave SPI device.

CPOL — Clock Polarity

Thisbit effectively placesan inverter in serieswith the clock signal from amaster SPI or to aslave SPI
device. Refer to 12.3.1 SPI Clock Formats for more details.

1 = Active-low SPI clock (idles high).

0 = Active-high SPI clock (idleslow).

CPHA — Clock Phase

This bit selects one of two clock formats for different kinds of synchronous serial peripheral devices.
Refer to 12.3.1 SPI Clock Formats for more details.

1 = First edge on SPSCK occurs at the start of the first cycle of an 8-cycle data transfer.

0 = First edge on SPSCK occurs at the middle of the first cycle of an 8-cycle data transfer.

SSOE — Slave Select Output Enable

This bit is used in combination with the mode fault enable (MODFEN) bit in SPCR2 and the
master/save (MSTR) control bit to determine the function of the SS pin as shown in Table 12-1.

Table 12-1 SS Pin Function

MODFEN | SSOE Master Mode Slave Mode
0 0 General-purpose /O (not SPI) Slave select input
0 1 General-purpose 1/O (not SPI) Slave select input
1 0 SS input for mode fault Slave select input
1 1 Automatic SS output Slave select input

LSBFE — LSB First (Shifter Direction)

1 = SPI serial datatransfers start with least significant bit.
0 = SPI serial datatransfers start with most significant bit.
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12.4.2 SPI Control Register 2 (SPIC2)

This read/write register is used to control optional features of the SPI system. Bits 7, 6, 5, and 2 are not
implemented and always read 0.

Bit 7 6 5 4 3 2 1 Bit0
Read: 0 0 0 0
MODFEN | BIDIROE SPISWAI'| SPCO
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 12-8 SPI Control Register 2 (SPIC2)

MODFEN — Master M ode-Fault Function Enable

When the SPI is configured for slave mode, this bit has no meaning or effect. (The SS pin isthe slave
select input.) In master mode, this bit determines how the SS pin is used (refer to Table 12-1 for more
details).
1 = Mode fault function enabled, master SS pin acts as the mode fault input or the slave select
output.

0 = Mode fault function disabled, master SS pin reverts to general -purpose 1/O not controlled by
SPI.

BIDIROE — Bidirectional Mode Output Enable

When bidirectional mode is enabled by SPI pin control 0 (SPCO) = 1, BIDIROE determines whether
the SPI data output driver isenabled to the single bidirectional SPI 1/O pin. Depending on whether the
SPI is configured as a master or aslave, it uses either the MOSI (MOMI) or MISO (SISO) pin,
respectively, asthe single SPI data 1/0 pin. When SPCO = 0, BIDIROE has no meaning or effect.

1 = SPI /O pin enabled as an output.

0 = Output driver disabled so SPI data l/O pin acts as an input.

SPISWAI — SPI Stop in Wait Mode

1 = SPI clocks stop when the MCU enters wait mode.
0 = SPI clocks continue to operate in wait mode.

SPCO — SPI Pin Control O

The SPCO bit chooses single-wire bidirectional mode. If MSTR = 0 (slave mode), the SPI uses the
MISO (SISO) pin for bidirectional SPI datatransfers. If MSTR = 1 (master mode), the SPI uses the
MOSI (MOMI) pin for bidirectional SPI data transfers. When SPCO = 1, BIDIROE is used to enable
or disable the output driver for the single bidirectional SPI /O pin.

1 = SPI configured for single-wire bidirectional operation.

0 = SPI uses separate pins for data input and data output.
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12.4.3 SPI Baud Rate Register (SPIBR)

Thisregister isused to set the prescaler and bit rate divisor for an SPI master. Thisregister may be read or
written at any time.

Bit 7 6 5 4 3 2 1 Bit0
Read: 0 0
SPPR2 | SPPR1 | SPPRO SPR2 SPR1 SPRO
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 12-9 SPI Baud Rate Register (SPIBR)

SPPR2:SPPR1:SPPRO — SPI Baud Rate Prescale Divisor

This 3-bit field selects one of eight divisors for the SPI baud rate prescaler as shown in Table 12-2.
Theinput to thisprescaler isthe busrate clock (BUSCLK). The output of thisprescaler drivestheinput
of the SPI baud rate divider (see Figure 12-4).

Table 12-2 SPI Baud Rate Prescaler Divisor

SPPR2:SPPR1:SPPRO Prescaler Divisor

0:0:0 1

0:0:1

0:1:.0

0:1:1

1:.0:0

1:.0:1

1:1:0

0| N[Ol b~ WOW|DN

1:1:1
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SPR2:SPR1:SPR0O — SPI Baud Rate Divisor

This 3-bit field selects one of eight divisorsfor the SPI baud rate divider as shownin Table 12-3. The
input to this divider comes from the SPI baud rate prescaler (see Figure 12-4). The output of this
divider isthe SPI bit rate clock for master mode.

Table 12-3 SPI Baud Rate Divisor

SPR2:SPR1:SPRO Rate Divisor
0:0:0 2
0:0:1 4
0:1:0 8
0:1:1 16
1:0:0 32
1:0:1 64
1:1:.0 128
1:1:1 256

12.4.4 SPI Status Register (SPIS)

Thisregister has three read-only status bits. Bits 6, 3, 2, 1, and O are not implemented and aways read Os.
Writes have no meaning or effect.

Bit 7 6 5 4 3 2 1 Bit0
Read:| SPRF 0 SPTEF | MODF 0 0 0 0
Write:
Reset: 0 0 1 0 0 0 0 0
= Unimplemented or Reserved

Figure 12-10 SPI Status Register (SPIS)

SPRF — SPI Read Buffer Full Flag

SPRF is set at the completion of an SPI transfer to indicate that received datamay be read from the SPI
dataregister (SPID). SPRF iscleared by reading SPRF whileit is set, then reading the SPI dataregister.
1 = Data available in the receive data buffer.
0 = No data available in the receive data buffer.
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SPTEF — SPI Transmit Buffer Empty Flag

Thisbit is set when there isroom in the transmit data buffer. It is cleared by reading SPISwith SPTEF
set, followed by writing adatavalue to the transmit buffer at SPID. SPIS must be read with SPTEF = 1
before writing data to SPID or the SPID write will be ignored. SPTEF generates an SPTEF CPU
interrupt request if the SPTIE bit inthe SPIC1 isalso set. SPTEF isautomatically set when adatabyte
transfersfrom the transmit buffer into the transmit shift register. For anidle SPI (no datain the transmit
buffer or the shift register and no transfer in progress), datawritten to SPID istransferred to the shifter
almost immediately so SPTEF is set within two bus cycles allowing a second 8-bit data value to be
gueued into the transmit buffer. After completion of the transfer of the value in the shift register, the
gueued valuefrom the transmit buffer will automatically moveto the shifter and SPTEF will be cleared
to indicate there is room for new datain the transmit buffer. If no new datais waiting in the transmit
buffer, SPTEF ssimply remains set and no data moves from the buffer to the shifter.

1 = SPI transmit buffer empty.

0 = SPI transmit buffer not empty.

MODF — Master Mode Fault Flag

MODF isset if the SPI is configured as a master and the slave select input goes low, indicating some
other SPI deviceis aso configured as amaster. The SS pin acts as amode fault error input only when
MSTR =1, MODFEN = 1, and SSOE = 0; otherwise, MODF will never be set. MODF is cleared by
reading MODF whileit is 1, then writing to SPI control register 1 (SPIC1).

1 = Mode fault error detected.

0 = No mode fault error.

12.4.5 SPI Data Register (SPID)

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

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

Figure 12-11 SPI Data Register (SPID)

Reads of thisregister return the dataread from the receive data buffer. Writesto thisregister write data
to the transmit data buffer. When the SPI is configured as a master, writing data to the transmit data
buffer initiates an SPI transfer.

Data should not be written to the transmit data buffer unless the SPI transmit buffer empty flag
(SPTEF) is set, indicating there is room in the transmit buffer to queue a new transmit byte.

Datamay beread from SPID any time after SPRF is set and before another transfer isfinished. Failure
to read the data out of the receive data buffer before a new transfer ends causes areceive overrun
condition and the data from the new transfer islost.
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Section 13 Inter-Integrated Circuit (IIC) Module

The MC9S08GB/GT series of microcontrollers provides one inter-integrated circuit (11C) module for

communication with other integrated circuits. The two pins associated with this module, SDA and SCL

share port C pins 2 and 3, respectively. All functionality as described in this section is available on

MCOS08GB/GT. When the I1C is enabled, the direction of pinsis controlled by module configuration. If

the l1C is disabled, both pins can be used as general-purpose 1/0.

=

INTERNAL BUS

DEBUG
MODULE (DBG)

8-BIT KEYBOARD
INTERRUPT MODULE (KBI)

IIC MODULE (lIC)

SERIAL COMMUNICATIONS
INTERFACE MODULE (SCH)

SERIAL COMMUNICATIONS
INTERFACE MODULE (SCI2)

3-CHANNEL TIMER/PWM
MODULE (TPM1)

5-CHANNEL TIMER/PWM
MODULE (TPM2)

L0 0 ¥

HCS08 CORE
CPU BDC
HCS08 SYSTEM CONTROL
RESET >
NOTE 4 RESETS AND INTERRUPTS
MODES OF OPERATION
POWER MANAGEMENT
RQ o G
NOTES 2, 3
[ A || cor
[ ma || wo
USER FLASH
(GB60 = 61,268 BYTES)
(GB32 = 32,768 BYTES)
USER RAM
(GB60 = 4096 BYTES)
(GB32 = 2048 BYTES)
V —|
e 10-8IT
SSAD ANALOG-TO-DIGITAL
VRerH —3 CONVERTER (ATD)
VRerL —3>]
INTERNAL CLOCK
GENERATOR (ICG)
LOW-POWER OSCILLATOR
Voo >~ VOLTAGE
Vss — REGULATOR
NOTES:
1.
2.
3.
4. Pin contains integrated pullup device.
5. High current drive
6.

SERIAL PERIPHERAL
INTERFACE MODULE (SP!)

S A A A

)
)

s

PORTC

PORT D

[

Port pins are software configurable with pullup device if input port.
Pin contains software configurable pullup/pulldown device if IRQ enabled (IRQPE = 1).
IRQ does not have a clamp diode to Vpp. IRQ should not be driven above Vpp.

I

PORTB | [ PORTA |

PORT E

| [ PORTF ] |

| <> pCOMD2 )
[ |~ PTD7/TPM2CH4

PTA7/KBIP7-
PTAO/KBIPO

8
<€/ PTB7/AD7- }

PTBO/ADO

l«—> PTC7 3
<> PTC6

<> PTC5

<> PTC4

<€ PTC3/SCL
<€ PTC2/SDA
<> PTC1/RxD2

~&—» PTD6/TPM2CH3
~<&—>» PTD5/TPM2CH2
~€—» PTD4/TPM2CH1
~&—>» PTD3/TPM2CHO
~&—» PTD2/TPM1CH2
~&—» PTD1/TPM1CH1

NOTES 1, 6

NOTE 1

} NOTES 1, 5

b NOTE 1

<« PTDO/TPM1CHO_/

<€ PTE7
<€ PTEG
<« PTE5/SPSCK
<€ PTE4/MOSI
<€ PTE3/MISO
<> PTE2/SS
<€ PTE1/RxD1
<€ PTEQ/TXD1

8
<&/ PTF7-PTFO }

<€«—>» PTG7
~€—» PTG6
<€« PTG5
> PTG4
<> PTG3
<€ PTG2/EXTAL
&> PTG1/XTAL

| [~ PTGO/BKGD/MS

Figure 13-1 Block Diagram Highlighting the IIC Module

NOTE 1

NOTES 1,5

NOTE 1

Pins PTA[7:4] contain software configurable pullup/pulldown device. Pulldown available when KBI enabled (KBIPn = 1).
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Inter-Integrated Circuit (IIC) Module
13.1 Introduction

Theinter-integrated circuit (11C) provides amethod of communication between a number of devices. The
interface is designed to operate up to 100 kbps with maximum bus loading and timing. The deviceis
capable of operating at higher baud rates, up to a maximum of clock/20, with reduced bus loading. The
maximum communication length and the number of devices that can be connected are limited by a
maximum bus capacitance of 400 pF.

For additional detail, pleaserefer to volume 1 of the HCS08 Reference Manual, (M otoroladocument order
number HCSO8RMv1/D).

13.1.1 Features

The l1C includes these distinctive features:

» Compatible with 11C bus standard

e Multi-master operation

» Software programmable for one of 64 different serial clock frequencies
» Software selectable acknowledge bit

* Interrupt driven byte-by-byte data transfer

» Arbitration lost interrupt with automatic mode switching from master to slave
» Cadling address identification interrupt

* START and STOP signal generation/detection

* Repeated START signal generation

» Acknowledge bit generation/detection

* Bushbusy detection

13.1.2 Modes of Operation

TIIC functions the same in normal and monitor modes. A brief description of the I1C in the various MCU
modesis given here.

* Run mode — Thisisthe basic mode of operation. To conserve power in this mode, disable the
module.

» Wait mode— The modulewill continue to operate while the MCU isin wait mode and can provide
awake-up interrupt.

e Stop mode— ThellC isinactive in stop3 mode for reduced power consumption. The STOP
instruction does not affect |1C register states. Stopl and stop2 will reset the register contents.

13.1.3 Block Diagram

Figure 13-2 isablock diagram of thelIC.
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Figure 13-2 1IC Functional Block Diagram

13.1.4 Detailed Signal Descriptions

This section describes each user-accessible pin signal.

13.1.4.1 SCL — Serial Clock Line

The bidirectional SCL isthe serial clock line of the I1C system.

13.1.4.2 SDA — Serial Data Line

The bidirectional SDA isthe serial dataline of the I1C system

13.2 Functional Description

This section provides a complete functional description of the I1C module.
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Inter-Integrated Circuit (IIC) Module
13.2.1 1IC Protocol

ThellC bus system usesaserial dataline (SDA) and aserial clock line (SCL) for datatransfer. All devices
connected to it must have open drain or open collector outputs. A logic AND function is exercised on both
lines with external pull-up resistors. The value of these resistors is system dependent.

Normally, a standard communication is composed of four parts:
* START signd
» Slave address transmission
» Datatransfer
» STOPsignd

The STOP signal should not be confused with the CPU STOP instruction. The 11C bus system
communication is described briefly in the following sections and illustrated in Figure 13-3.

| | | | !
| | | | | !
| | | | | | | | | | | | | | ! !
oo coolissnonnnononiE
’

<

START CALLING ADDRESS READ/ ACK DATA BYTE NO STOP
SIGNAL WRITE BIT ACK SIGNAL

|
| | | | | | | | | | | | | | | | |
N O e ) ) e O 2 0 0 G e

START CALLING ADDRESS READ/ ACK REPEATED NEW CALLING ADDRESS ~ READ/ NO STOP
SIGNAL WRITE BIT  START WRITE ACK SIGNAL
SIGNAL

Figure 13-3 IIC Bus Transmission Signals

13.2.1.1 START Signal

When the busisfree; i.e., no master device is engaging the bus (both SCL and SDA lines are at logical
high), a master may initiate communication by sending a START signal. As shown in Figure 13-3, a
START signal is defined as a high-to-low transition of SDA while SCL is high. This signal denotes the
beginning of anew datatransfer (each datatransfer may contain several bytesof data) and bringsall slaves
out of their idle states.
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13.2.1.2 Slave Address Transmission

The first byte of datatransferred immediately after the START signal is the slave address transmitted by
themaster. Thisisaseven-bit calling addressfollowed by aR/W bit. The R/W bit tellsthe slavethe desired
direction of datatransfer.

1 = Read transfer, the dave transmits data to the master.
0 = Write transfer, the master transmits data to the Save.

Only the slave with a calling address that matches the one transmitted by the master will respond by
sending back an acknowledge bit. Thisis done by pulling the SDA low at the Sth clock (see Figure 13-3).

No two slaves in the system may have the same address. If the I1C module is the master, it must not
transmit an address that is equal to its own slave address. The 11C cannot be master and slave at the same
time. However, if arbitration islost during an address cycle, the [1C will revert to slave mode and operate
correctly even if it is being addressed by another master.

13.2.1.3 Data Transfer
Before successful slave addressing is achieved, the data transfer can proceed byte-by-byte in adirection
specified by the R/W bit sent by the calling master.

All transfersthat come after an address cycle arereferred to asdatatransfers, evenif they carry sub-address
information for the slave device

Each data byte is 8 bitslong. Data may be changed only while SCL islow and must be held stable while
SCL is high as shown in Figure 13-3. There is one clock pulse on SCL for each data bit, the MSB being
transferred first. Each data byte is followed by a 9th (acknowledge) bit, which is signalled from the
receiving device. An acknowledgeissignalled by pulling the SDA low at the ninth clock. In summary, one
complete data transfer needs nine clock pulses.

If the slave receiver does not acknowledge the master in the 9th bit time, the SDA line must be left high
by the slave. The master interprets the failed acknowledge as an unsuccessful data transfer.

If the master receiver does not acknowledge the slave transmitter after a data byte transmission, the slave
interprets this as an end of data transfer and releases the SDA line.

In either case, the data transfer is aborted and the master does one of two things:

* Relinquishesthe bus by generating a STOP signal.
» Commences anhew calling by generating arepeated START signal.

13.2.1.4 STOP Signal

The master can terminate the communication by generating a STOP signal to free the bus. However, the
master may generate a START signal followed by a calling command without generating a STOP signal
first. Thisis called repeated START. A STOP signal is defined as alow-to-high transition of SDA while
SCL at logical 1 (see Figure 13-3).

The master can generate a STOP even if the slave has generated an acknowledge at which point the slave
must release the bus.
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13.2.1.5 Repeated START Signal

Asshown in Figure 13-3, arepeated START signal isa START signal generated without first generating
a STOP signal to terminate the communication. Thisis used by the master to communicate with another
slave or with the same dlave in different mode (transmit/receive mode) without releasing the bus.

13.2.1.6 Arbitration Procedure

The lIC busis atrue multi-master bus that allows more than one master to be connected on it. If two or
more masterstry to control the bus at the sametime, aclock synchronization procedure determinesthe bus
clock, for which the low period isequal to the longest clock low period and the high isequal to the shortest
one among the masters. Therelative priority of the contending mastersis determined by a data arbitration
procedure, abus master loses arbitration if it transmitslogic 1 while another master transmitslogic 0. The
losing masters immediately switch over to slave receive mode and stop driving SDA output. In this case,
the transition from master to slave mode does not generate a STOP condition. Meanwhile, a status bit is
set by hardware to indicate loss of arbitration.

13.2.1.7 Clock Synchronization

Because wire-AND logic is performed on the SCL line, a high-to-low transition on the SCL line affects
all the devices connected on the bus. The devices start counting their low period and after adevice' s clock
has gone low, it holds the SCL line low until the clock high state is reached. However, the change of low
to high in this device clock may not change the state of the SCL lineif another device clock is still within
its low period. Therefore, synchronized clock SCL is held low by the device with the longest low period.
Devices with shorter low periods enter a high wait state during this time (see Figure 13-4). When all
devices concerned have counted off their low period, the synchronized clock SCL lineisreleased and
pulled high. Thereisthen no difference between the device clocks and the state of the SCL lineand all the
devices start counting their high periods. The first device to complete its high period pulls the SCL line
low again.

\ | DELAY | START COUNTING HIGH PERIOD
<> /
SCL1 4\ \ V.4 ‘
| / o
| \
SCL2 ; \7 — A ‘/ ‘ —
| \ -
| \
| \

-

\
INTERNAL COUNTER RESET

Figure 13-4 1IC Clock Synchronization
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13.2.1.8 Handshaking

The clock synchronization mechanism can be used asahandshake in datatransfer. Slave devices may hold
the SCL low after completion of one byte transfer (9 bits). In such case, it halts the bus clock and forces
the master clock into wait states until the slave releases the SCL line.

13.2.1.9 Clock Stretching

The clock synchronization mechanism can be used by slavesto slow down the bit rate of atransfer. After
the master has driven SCL low the slave can drive SCL low for the required period and then release it. If
the slave SCL low period is greater than the master SCL low period then the resulting SCL bus signal low
period is stretched.

13.3 Resets

The lIC isdisabled after reset. The |1C cannot cause an MCU reset.

13.4 Interrupts

The 11C generates a single interrupt.

Aninterrupt from the 11C is generated when any of the eventsin Table 13-1 occur provided the II1CIE bit
isset. Theinterrupt isdriven by bit 11CIF (of the I1C status register) and masked with bit 11 CIE (of the lIC
control register). The lICIF bit must be cleared by software by writing aoneto it in the interrupt routine.
The user can determine the interrupt type by reading the status register.

Table 13-1 Interrupt Summary

Interrupt Source Status Flag Local Enable
Complete 1-byte transfer TCF IICIF IICIE
Match of received calling IAAS IICIE IICIE

address
Arbitration Lost ARBL IICIF lICIE

13.4.1 Byte Transfer Interrupt

The TCF (transfer complete flag) bit is set at the falling edge of the 9th clock to indicate the completion
of byte transfer.

13.4.2 Address Detect Interrupt
When its own specific address (11C address register) is matched with the calling address, the IAAS bit in

status register is set. The CPU isinterrupted provided the I1CIE is set. The CPU must check the SRW bit
and set its Tx mode accordingly.
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13.4.3 Arbitration Lost Interrupt

The IIC isatrue multi-master bus that allows more than one master to be connected on it. If two or more
masterstry to control the bus at the sametime, therelative priority of the contending mastersis determined
by adata arbitration procedure. The I11C module asserts this interrupt when it loses the data arbitration
process and the ARBL bit in the status register is set.

Arbitration islost in the following circumstances:

» SDA sampled as alow when the master drives a high during an address or data transmit cycle.

» SDA sampled as alow when the master drives a high during the acknowledge bit of a datareceive
cycle.

* A START cycleis attempted when the busis busy.
* A repeated START cycleisrequested in slave mode.
» A STOP condition is detected when the master did not request it.

This bit must be cleared by software by writing aoneto it.

13.5 IIC Registers and Control Bits

This section consists of the 11C register descriptions in address order.

Refer to the direct-pageregister summary in the Memory section of this data sheet for the absol ute address
assignmentsfor al 11C registers. This section refers to registers and control bits only by their names. A
Motorola-provided equate or header fileis used to translate these names into the appropriate absolute
addresses.

13.5.1 lIC Address Register (lICA)

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0
ADDR
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 13-5 1IC Address Register (IICA)
ADDR — IIC Address Register

The ADDR contains the specific slave address to be used by the 11C module. Thisisthe address the
module will respond to when addressed as a slave.
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13.5.2 |IC Frequency Divider Register (IICF)

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

Figure 13-6 1IC Frequency Divider Register (IICF)

MULT — I1C Multiplier Factor

The MULT bits define the multiplier factor mul. This factor is used along with the SCL divider to
generate the 11 C baud rate. Table 13-2 providesthe multiplier factor mul as defined by the MULT bits.

Table 13-2 Multiplier Factor

MULT mul
00 01
01 02
10 04
11 Reserved

ICR — II1C Clock Rate

The ICR bits are used to prescal e the bus clock for bit rate selection. These bits are used to define the
SCL divider and the SDA hold value. The SCL divider multiplied by the value provided by the MULT
register (multiplier factor mul) is used to generate 11C baud rate.

I1C baud rate = bus speed (Hz)/(mul * SCL divider)

SDA hold timeisthe delay from the falling edge of the SCL (I1C clock) to the changing of SDA (I1IC
data). The ICR is used to determine the SDA hold value.
SDA hold time = bus period (s) * SDA hold value

Table 13-3 providesthe SCL divider and SDA hold valuesfor corresponding values of the ICR. These
values can be used to set 11C baud rate and SDA hold time. For example:

Bus speed = 8 MHz

MULT isset to 01 (mul = 2)

Desired 11C baud rate = 100 kbps

I1C baud rate = bus speed (Hz)/(mul * SCL divider)
100000 = 8000000/(2* SCL divider)
SCL divider = 40

Table 13-3 showsthat ICR must be set to OB to provide an SCL divider of 40 and that thiswill result
in an SDA hold value of 9.

SDA hold time = bus period (s) * SDA hold value

SDA hold time = 1/8000000 * 9 = 1.125 us
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If the generated SDA hold value is not acceptable, the MULT bits can be used to changethe ICR. This
will result in adifferent SDA hold value.

Table 13-3 IIC Divider and Hold Values

ICR ‘o SDA Hold ICR . SDA Hold
(hex) SCL Divider Value (hex) SCL Divider Value
00 20 7 20 160 17
01 22 7 21 192 17
02 24 8 22 224 33
03 26 8 23 256 33
04 28 9 24 288 49
05 30 9 25 320 49
06 34 10 26 384 65
07 40 10 27 480 65
08 28 7 28 320 33
09 32 7 29 384 33
0A 36 9 2A 448 65
0B 40 9 2B 512 65
ocC 44 11 2C 576 97
0D 48 11 2D 640 97
OE 56 13 2E 768 129
OF 68 13 2F 960 129
10 48 9 30 640 65
11 56 9 31 768 65
12 64 13 32 896 129
13 72 13 33 1024 129
14 80 17 34 1152 193
15 88 17 35 1280 193
16 104 21 36 1536 257
17 128 21 37 1920 257
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Table 13-3 IIC Divider and Hold Values (Continued)

(Lcéli) SCL Divider S?/,:Iljgld (IhCeF;) SCL Divider S?/':lﬂgld
18 80 9 38 1280 129
19 96 9 39 1536 129
1A 112 17 3A 1792 257
1B 128 17 3B 2048 257
1C 144 25 3C 2304 385
1D 160 25 3D 2560 385
1E 192 33 3E 3072 513
1F 240 33 3F 3840 513

13.5.3 IIC Control Register (lICC)
Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0
[ICEN IICIE MST X TXAK
Write: RSTA
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 13-7 1IC Control Register (IICC)

IICEN — 11C Enable

The lICEN bit determines whether the 11C module is enabl ed.
1=1ICisenabled.
O =IICisnot enabled.

[ICIE — II1C Interrupt Enable

The lICIE bit determines whether an 11C interrupt is requested.
1 =11C interrupt request enabled.
0 = lIC interrupt reguest not enabled.

MST — Master Mode Select

TheMST bitischanged froma0OtoalwhenaSTART signal isgenerated on the bus and master mode
isselected. When thisbit changesfromaltoa0aSTOPsignal isgenerated and the mode of operation
changes from master to dave.

1 = Master Mode.

0 = Slave Mode.

MOTOROLA MC9S08GB/GT 217



Inter-Integrated Circuit (IIC) Module

TX — Transmit Mode Select

The TX bit selects the direction of master and slave transfers. In master mode this bit should be set
according to the type of transfer required. Therefore, for address cycles, this bit will always be high.
When addressed as a slave this bit should be set by software according to the SRW bit in the status
register.

1 = Transmit.

0 = Receive.

TXAK — Transmit Acknowledge Enable

This bit specifies the value driven onto the SDA during data acknowledge cycles for both master and
slave receivers.

1 = No acknowledge signal response is sent.

0 = An acknowledge signal will be sent out to the bus after receiving one data byte.

RSTA — Repeat START

Writing a one to this bit will generate arepeated START condition provided it is the current master.
Thisbit will always be read as alow. Attempting arepesat at the wrong time will result in loss of
arbitration.

13.5.4 |IC Status Register (IICS)

Bit 7 6 5 4 3 2 1 Bit 0
Read:| TCF BUSY 0 SRW RXAK
IAAS ARBL IICIF
Write:
Reset: 1 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 13-8 IIC Status Register (IICS)

TCF — Transfer Complete Flag

Thishit isset on the compl etion of abytetransfer. Notethat thisbit isonly valid during or immediately
following atransfer to the I1C module or from the 11C module.The TCF bit is cleared by reading the
I1CD register in receive mode or writing to the [ICD in transmit mode.

1 = Transfer compl ete.

0 = Transfer in progress.

IAAS — Addressed as a Slave

ThelAAShit isset when itsown specific addressis matched with the calling address. Writing thel1CC
register clears this bit.

1 = Addressed asaslave.

0 = Not addressed.
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BUSY — Bus Busy

The BUSY bit indicates the status of the bus regardless of slave or master mode. The BUSY bit is set
when a START signal is detected and cleared when a STOP signal is detected.

1 =Busisbusy.

0=Busisidle.

ARBL — Arbitration Lost

Thisbit is set by hardware when the arbitration procedure islost. The ARBL bit must be cleared by
software, by writing aoneto it.

1 = Lossof arbitration.

0 = Standard bus operation.

SRW — Slave Read/Write

When addressed as a slave the SRW bit indicates the value of the R/W command bit of the calling
address sent to the master.
1 = Slave transmit, master reading from slave.
0 = Slave receive, master writing to slave.
IICIF — 11C Interrupt Flag

The lICIF bit is set when an interrupt is pending. This bit must be cleared by software, by writing a
oneto it in the interrupt routine. One of the following events can set the I CIF bit:

* One byte transfer completes
e Match of dave address to calling address
* Arbitration lost
1 = Interrupt pending.
0 = No interrupt pending.
RXAK — Receive Acknowledge

When the RXAK bitislow, it indicates an acknowledge signal has been received after the completion
of one byte of data transmission on the bus. If the RXAK bit is high it means that no acknowledge
signal is detected.

1 = No acknowledge received.

0 = Acknowledge received.
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13.5.5 IIC Data I/0O Register (lICD)

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

Figure 13-9 IIC Data I/O Register (lICD)

DATA — Data

In master transmit mode, when data is written to the I1CD, a data transfer isinitiated. The most
significant bit is sent first. In master receive mode, reading this register initiates receiving of the next
byte of data.

NOTE: When transitioning out of master receive mode, the IIC mode should be switched
before reading the IICD register to prevent an inadvertent initiation of a master
receive data transfer.

In slave mode, the same functions are available after an address match has occurred.

Note that the TX bit in the [ICC must correctly reflect the desired direction of transfer in master and
slave modesfor the transmission to begin. For instance, if the I1C isconfigured for master transmit but
amaster receiveis desired, then reading the IICD will not initiate the receive.

Reading the I1CD will return the last byte received while the I1C is configured in either master receive
or slavereceive modes. ThelICD does not reflect every byte that istransmitted on the 11 C bus, nor can
software verify that a byte has been written to the 11CD correctly by reading it back.

In master transmit mode, the first byte of data written to 11CD following assertion of MST is used for
the address transfer and should comprise of the calling address (in bit 7—bit 1) concatenated with the
required R/W bit (in position bit 0).
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Section 14 Analog-to-Digital Converter (ATD) Module

The MC9S08GB/GT provides one 8-channel analog-to-digital (ATD) module. The eight ATD channels
share port B. Each channel individually can be configured for general-purpose 1/0 or for ATD
functionality. All features of the ATD module as described in this section are available on the
MC9S08GB/GT. Electrical parametric information for the ATD may be found in the Electrical
Characteristics appendix.
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1. Port pins are software configurable with pullup device if input port.

2. Pin contains software configurable pullup/pulldown device if IRQ enabled (IRQPE = 1).

3. IRQ does not have a clamp diode to Vpp. IRQ should not be driven above Vpp.

4. Pin contains integrated pullup device.

5. High current drive

6. Pins PTA[7:4] contain software configurable pullup/pulldown device. Pulldown available when KBI enabled (KBIPn = 1).

Figure 14-1 MC9S08GBxx Block Diagram Highlighting ATD Block and Pins
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14.1 Introduction

The ATD moduleis an analog-to-digital converter with a successive approximation register (SAR)
architecture with sample and hold.

14.1.1 Features

e 8-/10-hit resolution

* 14.0 usec, 10-bit single conversion time at a conversion frequency of 2 MHz
o Left-/right-justified result data

» Left-justified signed data mode

» Conversion complete flag or conversion complete interrupt generation

* Anaog input multiplexer for up to eight analog input channels

» Single or continuous conversion mode

14.1.2 Modes of Operation

The ATD has two modes for low power

* Stop mode
* Power-down mode

14.1.2.1 Stop Mode

When the MCU goesinto stop mode, the MCU stops the clocks and the ATD analog circuitry is turned
off, placing the module into alow-power state. Once in stop mode, the ATD module aborts any single or
continuous conversion in progress. Upon exiting stop mode, no conversions occur and the registers have
their previous values. Aslong asthe ATDPU bit is set prior to entering stop mode, the module is
reactivated coming out of stop.

14.1.2.2 Power Down Mode

Clearing the ATDPU hit in register ATDC aso placesthe ATD module in alow-power state. The ATD
conversion clock is disabled and the analog circuitry is turned off, placing the module in power-down
mode. (This mode does not remove power to the ATD module.) Once in power-down mode, the ATD
module aborts any conversion in progress. Upon setting the ATDPU bit, the moduleisreactivated. During
power-down mode, the ATD registers are till accessible.

Notethat thereset state of the ATDPU bit iszero. Therefore, the modul eisreset into the power-down state.
14.1.3 Block Diagram

Figure 14-2 illustrates the functional structure of the ATD module.
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Figure 14-2 ATD Block Diagram
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Analog-to-Digital Converter (ATD) Module
14.2 Signal Description

14.2.1 Overview

The ATD supports eight input channels and requires 4 supply/reference/ground pins. These pinsarelisted
in Table 14-1.

Table 14-1 Signal Properties

Name Function

AD7-ADO Channel input pins
VREEH High reference voltage for ATD converter
VREFL Low reference voltage for ATD converter
VbpaD ATD power supply voltage
Vssap ATD ground supply voltage

14.2.1.1 Channel Input Pins — AD7-ADO

The channel pins are used as the analog input pins of the ATD. Each pinis connected to an analog switch
which serves as the signal gate into the sample submodule.

14.2.1.2 ATD Reference Pins — Vreen: VREFL

These pins serve as the source for the high and low reference potentials for the converter. Separation from
the power supply pins accommodates the filtering necessary to achieve the accuracy of which the system
is capable.

14.2.1.3 ATD Supply Pins — VDDAD' VSSAD

These two pins are used to supply power and ground to the analog section of the ATD. Dedicated power
isrequired to isolate the sensitive analog circuitry from the normal levels of noise present on digital power
supplies.

NOTE: Vppap and Vpp must be at the same potential. Likewise, Vggap and Vgg must be at
the same potential.

14.3 Functional Description

The ATD uses a successive approximation register (SAR) architecture. The ATD contains all the
necessary elements to perform a single analog-to-digital conversion.

A writeto the ATDSC register initiates anew conversion. A writeto the ATDC register will interrupt the
current conversion but it will not initiate anew conversion. A write to the ATDPE register will also abort
the current conversion but will not initiate a new conversion. If aconversion is already running when a
write to the ATDSC register ismade, it will be aborted and a new one will be started.
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14.3.1 Mode Control

The ATD has amode control unit to communicate with the sample and hold (S/H) machine and the SAR
machine when necessary to collect samples and perform conversions. The mode control unit signals the
S/H machine to begin collecting a sample and for the SAR machine to begin receiving a sample. At the
end of the sample period, the S/H machine signals the SAR machine to begin the anal og-to-digital
conversion process. The conversion process is terminated when the SAR machine signals the end of
conversion to the mode control unit. For Ve and Vgepy, the SAR machine usesthereference potentials
to set the sampled signal level within itself without relying on the S/H machine to deliver them.

The mode control unit organizesthe conversion, specifiesthe input sample channel, and movesthe digital
output datafrom the SAR register to the result register. The result register consists of adual-port register.
The SAR register writes data into the register through one port while the module data bus reads data out
of the register through the other port.

14.3.2 Sample and Hold

The S/H machine accepts analog signals and stores them as capacitor charge on a storage node located in
the SAR machine. Only one sample can be held at atime so the S/H machine and the SAR machine can
not run concurrently even though they are independent machines. Figure 14-3 showsthe placement of the
various resistors and capacitors.

CHANNEL
SELECT 1

ATD SAR
ENGINE
Ras INPL‘,[‘PIN Rai ~
VAlN VvV L 4 LI /\/\/\/_O
T CHANNEL
e SELECT 0
A1 INPUT PIN Rainz

INPUTPIN R
CHANNEL
SELECT 2

INPUTPIN Ry,

CHANNEL

SELECTn_L
= Can

L

Figure 14-3 Resistor and Capacitor Placement

When the S/H machine is not sampling, it disablesits own internal clocks.The input analog signals are
unipolar. The signals must fall within the potential range of V ggap t0 Vppap- The S'H machineis not
required to perform special conversions (i.e., convert Vger and VRern)-
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Proper sampling is dependent on the following factors:

Analog source impedance (the real portion, Ry g — see the Electrical Characteristics section) —
Thisistheresistive (or real, in the case of high frequencies) portion of the network driving the
analog input voltage V a |-

Analog source capacitance (Cpg) — Thisisthefiltering capacitance on the analog input, which (if
large enough) may help the analog source network charge the ATD input in the case of high R s.

ATD input resistance (Ran — maximum value 7 kQ) — Thisistheinternal resistance of the ATD
circuit in the path between the external ATD input and the ATD sample and hold circuit. This
resistance varies with temperature, voltage, and process variation but aworst case number is
necessary to compute worst case sample error.

ATD input capacitance (Cxn — maximum value 50 pF) — Thisis the internal capacitance of the
ATD sample and hold circuit. This capacitance varies with temperature, voltage, and process
variation but aworst case number is necessary to compute worst case sample error.

ATD conversion clock frequency (fa1pcLk —maximum value 2 MHz) — Thisis the frequency of
the clock input to the ATD and is dependent on the bus clock frequency and the ATD prescaler.
This frequency determines the width of the sample window, whichis 14 ATDCLK cycles.

Input sample frequency (fgapp — See the Electrical Characteristics section) — Thisisthe
frequency that a given input is sampled.

Delta-input sample voltage (AV gapp) — Thisis the difference between the current input voltage
(intended for conversion) and the previously sampled voltage (which may be from a different
channel). In non-continuous convert mode, thisis assumed to be the greater of (Vrgpq —Van) @0d
(VaiNn — VRerL)- In continuous convert mode, 5 L SB should be added to the known difference to
account for leakage and other losses.

Delta-analog input voltage (AV 5 n) — Thisisthe difference between the current input voltage and
the input voltage during the last conversion on agiven channel. Thisis based on the slew rate of the
input.

In cases where there is no external filtering capacitance, the sampling error is determined by the number
of time constants of charging and the change in input voltage relative to the resolution of the ATD:

# of time constants (T) = (14/ fATDCLK) / ((RAS + RA|N) * CA|N)

Sampllng error in LSB (Es) = 2N * (AVSAMP/ (VREFH - VREFL)) * e_ﬂC

The maximum sampling error (assuming maximum change on the input voltage) will be:

Es = (3.6/3.6) * e (1¥(7k+10K)* 50p* 2M)) x 1024 = 0.271 LSB

In the case where an external filtering capacitance is applied, the sampling error can be reduced based on
the size of the source capacitor (Cp ) relative to the analog input capacitance (Cp ). Ignoring the analog
source impedance (R g), CagWill charge Cp to avalue of:
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Es=2"* (AVgamp/ (Vrern — VrerL)) * (Cain/ (Cain + Cag)

MC9S08GB/GT MOTOROLA



Data Sheet — MC9S08GB60/D V1.5

In the case of a0.1 uF Cpag, aworst case sampling error of 0.5 LSB is achieved regardiess of R .
However, in the case of repeated conversions at arate of fgap, Rag must re-charge Cp s Thisrecharge
is continuous and controlled only by Ry 5 (not Ra ), @nd reduces the overall sampling error to:

Es=2"* {(AVain/ (VRern — Vrer) * € Usaup”™ Ras” Cas)
+(AVaamp/ (VREFH Vrer) * MIn[(Can / (Cain + Cag), € Carpeii ™ Ras™ Ramd ™ Cam ]}

Thisisaworst case sampling error which does not account for Rp g recharging the combination of Cag
and Cp during the sample window. It doesillustrate that high values of Ry g (>10 kQ2) are possibleif a
large Cp g is used and sufficient time to recharge Cp g is provided between samples. In order to achieve
accuracy specified under the worst case conditions of maximum AV gap and minimum Ca g, Ry must
belessthan the maximum value of 10 k2. The maximum value of 10 k€2 for Ry gisto ensurelow sampling
error in the worst case condition of maximum AV ga e @nd minimum Cps.

14.3.3 Analog Input Multiplexer

The analog input multiplexer selects one of the eight external analog input channelsto generate an analog
sample. The analog input multiplexer includes negative stress protection circuitry which prevents
cross-talk between channels when the applied input potentials are within specification. Only analog input
signals within the potential range of Vggg 10 Vrery (ATD reference potentials) will result in valid ATD
conversions.

14.3.4 ATD Module Accuracy Definitions

Figure 14-4 illustrates an ideal ATD transfer function. The horizontal axis represents the ATD input
voltagein millivolts. Thevertical axisthe conversion result code. The ATD isspecified with thefollowing
figures of merit:

*  Number of bits (N) — The number of bitsin the digitized output

* Resolution (LSB) — The resolution of the ATD isthe step size of theideal transfer function. This
isalsoreferred to astheideal codewidth, or the difference between the transition voltagesto agiven
code and to the next code. This unit, known as 1L SB, is equal to

1L.SB = (Vrern — VRrert) / 2"

* Inherent quantization error (Eq) — Thisisthe error caused by the division of the perfect ideal
straight-line transfer function |nto the quantized ideal transfer function with oN steps. Thiserror is
+1/2 LSB.

» Differential non-linearity (DNL) — This s the difference between the current code width and the
ideal code width (1LSB). The current code width is the difference in the transition voltages to the
current code and to the next code. A negative DNL means the transfer function spends less time at
the current code than ideal; a positive DNL, more. The DNL cannot be less than —1.0; a DNL of
greater than 1.0 reduces the effective number of bits by 1.
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Integral non-linearity (INL) — This s the difference between the transition voltage to the current
code and the transition to the corresponding code on the adjusted transfer curve. INL is ameasure
of how straight the lineis (how far it deviates from a straight line). The adjusted ideal transition
voltageis:

Adjusted Idedl Trans. v = (CurrentCode-12) o (4 Ecg) - (Ver, + Ezo)
oN

Zero scaleerror (Ezg) — Thisisthe difference between the transition voltage to thefirst valid code
and theideal transition to that code. Normally, it is defined as the difference between the actual and
ideal transition to code $001, but in some casesthefirst transition may beto ahigher code. Theideal
transition to any codeis:

(Current Code - 1/2)
2N

Ideal TransitionV = * (VREFH — VREFL)

Full scale error (Egg) — Thisisthe difference between the transition voltage to the last valid code
and theideal transition to that code. Normally, it is defined as the difference between the actual and
ideal transition to code $3FF, but in some casesthe last transition may beto alower code. Theideal
transition to any codeis:

(Current Code - 1/2)
oN

Ideal TransitionV = * (VREFH - VREFL)

Total unadjusted error (E1) — Thisisthedifference between the transition voltage to agiven code
and the ideal straight-line transfer function. An alternate definition (with the same result) isthe
difference between the actual transfer function and the ideal straight-line transfer function. This
measure of error includes inherent quantization error and all forms of circuit error (INL, DNL,
zero-scale, and full-scale) except input leakage error, which is not due to the ATD.

Input leakage error (E;| ) — Thisisthe error between the transition voltage to the current code and
the ideal transition to that code that is the result of input leakage across the real portion of the
impedance of the network that drivesthe analog input. Thiserror isasystem-observableerror which
isnot inherent to the ATD, so it is not added to total error. Thiserror is:

E,L (inV) =input leakage * Rag

There are two other forms of error which are not specified which can also affect ATD accuracy. These are:

228

Sampling error (Eg) — The error due to inadequate time to charge the ATD circuitry

Noiseerror (Ey) — Theerror dueto noiseonVan, VrernH, OF VrerL dueto either direct coupling
(noise source capacitively coupled directly on the signal) or power supply (Vppap: Vssap: Vops
and V gg) noise interfering with the ATD’ s ability to resolve the input accurately. The error due to
internal sources can be reduced (and specified operation achieved) by operating the ATD
conversion in wait mode and ceasing all 10 activity. Reducing the error due to external sourcesis
dependent on system activity and board layout.
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Figure 14-4 ATD Accuracy Definitions
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14.4 Resets

The ATD moduleis reset on system reset. If the system reset signal is activated, the ATD registers are
initialized back to their reset state and the ATD moduleis powered down. This occurs as afunction of the
register fileinitialization; the reset definition of the ATDPU bit (power down bit) is zero or disabled.

The MCU places the module back into an initialized state. If the module is performing a conversion, the
current conversion is terminated, the conversion complete flag is cleared, and the SAR register bits are
cleared. Any pending interrupts are also cancelled. Note that the control, test, and status registers are
initialized on reset; the initialized register state is defined in the register description section of this
specification.

Enabling the module (using the ATDPU hit) does not cause the module to reset since the register fileis
not initialized. Finally, writing to control register ATDC does not cause the modul e to reset; the current
conversion will be terminated.

14.5 Interrupts

The ATD module originatesinterrupt requests and the M CU handles or servicesthese requests. Details on
how the ATD interrupt requests are handled can be found in the Resets, Interrupts, and System
Configuration section.

The ATD interrupt function is enabled by setting the ATDIE bitinthe ATDSC register. Whenthe ATDIE
bit is set, an interrupt is generated at the end of an ATD conversion and the ATD result registers (ATDRH
and ATDRL) contain the result data generated by the conversion. If the interrupt function is disabled
(ATDIE = 0), then the CCF flag must be polled to determine when a conversion is complete.

Theinterrupt will remain pending aslong asthe CCF flag is set. The CCF bit is cleared whenever the ATD
status and control (ATDSC) register iswritten. The CCF bit is also cleared whenever the ATD result
registers (ATDRH or ATDRL) areread.

Table 14-2 Interrupt Summary

Interrupt ELnoaCba}le Description
CCF ATDIE Conversion complete

14.6 ATD Registers and Control Bits

The ATD has seven registers which control ATD functions,

Refer to the direct-page register summary inthe Memory section of thisdata sheet for the absol ute address
assignmentsfor all ATD registers. This section refers to registers and control bits only by their names. A
Motorola-provided equate or header file is used to trandate these names into the appropriate absolute
addresses.

230 MC9S08GB/GT MOTOROLA



Data Sheet — MC9S08GB60/D V1.5

14.6.1 ATD Control (ATDC)

Bit 7 6 5 4 3 2 1 Bit 0
Read:
ATDPU DJM RES8 SGN PRS
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 14-5 ATD Control Register (ATDC)

Writesto the ATD control register will abort the current conversion, but will not start a new conversion.

ATDPU — ATD Power Up

This bit provides program on/off control over the ATD, reducing power consumption when the ATD
is not being used. When cleared, the ATDPU bit aborts any conversion in progress.

1= ATD functionality.

0 = Disable the ATD and enter alow-power state.

DJM — Data Justification Mode

Thisbit determines how the 10-bit conversion result datamapsonto the ATD result register bits. When
RES8 is set, bit DIM has no effect and the 8-bit result is always located in ATDRH.

For left-justified mode, result data bits 9-2 map onto bits 7-0 of ATDRH, result data bits 1 and O map
onto ATDRL bits 7 and 6, where bit 7 of ATDRH is the most significant bit (MSB).

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

T 1 T I= O

< RESULT -
ATDRH ATDRL

Figure 14-6 Left-Justified Mode

For right-justified mode, result data bits 9 and 8 map onto bits 1 and O of ATDRH, result data bits 7-0
map onto ATDRL bits 7-0, where bit 1 of ATDRH is the most significant bit (MSB).

ATDRH ATDRL

Figure 14-7 Right-Justified Mode
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The effect of the DIM bit on the result is shown in Table 14-3.
1 = Result register dataisright justified.
0 = Result register datais|eft justified.

RES8 — ATD Resolution Select

This bit determines the resolution of the ATD converter, 8-bits or 10-bits. The ATD converter hasthe
accuracy of a 10-bit converter. However, if 8-bit compatibility is required, selecting 8-bit resolution
will map result data bits 9-2 onto ATDRH bits 7-0.

The effect of the RESS8 bit on the result is shown in Table 14-3.
1 = 8-hit resolution selected.
0 = 10-bit resolution selected.

SGN — Signed Result Select

This bit determines whether the result will be signed or unsigned data. Signed data is represented as
2'scomplement dataand is achieved by complementing the MSB of the result. Signed data mode can
be used only when the result isleft justified (DJM = 0) and is not available for right-justified mode
(DIM = 1). When asigned result is selected, the range for conversions becomes —512 ($200) to 511
($1FF) for 10-bit resolution and —128 ($80) to 127 ($7F) for 8-bit resolution.

The effect of the SGN bit on the result is shown in Table 14-3.
1 = Left justified result datais signed.
0 = Left justified result datais unsigned.

Table 14-3 Available Result Data Formats

Analog Input
VRerH = VDpA:
RES8 | DJM | SGN Data Formats of Result VRerL = Vssa
ATDRH:ATDRL
Vbpa Vssa
1 0 0 8-bit : left justified : unsigned $FF:$00 $00:$00
1 0 1 8-hit : left justified : signed $7F:$00 $80:$00
1 1 x@ 8-bit : left justified® : unsigned $FF:$00 $00:$00
0 0 0 10-bit : left justified : unsigned $FF:$CO $00:$00
0 0 1 10-bit : left justified : signed $7F:$CO $80:$00
0 1 xt 10-bit : right justified : unsigned $03:$FF $00:$00
NOTES:

1. The SGN bit is only effective when DIJM = 0. When DJM = 1, SGN is ignored.
2. 8-bit results are always in ATDRH.

PRS — Prescaler Rate Select

Thisfield of bits determines the prescaled factor for the ATD conversion clock. Table 14-4 illustrates
the divide-by operation and the appropriate range of bus clock frequencies.
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Table 14-4 Clock Prescaler Values

Max BI\>IJI§| Clock Max B|\>IJI§| Clock Min Bus Clock®
PRS Factor = (PRS +1)x 2| (2 MHz max ATD (1 MHz max ATD (500 kH“QHmZm ATD
Clock)® Clock)® Clock)
0000 2 4 2 1
0001 4 8 4 2
0010 6 12 6 3
0011 8 16 8 2
0100 10 20 10 5
0101 12 20 12 6
0110 14 20 14 7
0111 16 20 16 8
1000 18 20 18 9
1001 20 20 20 10
1010 22 20 20 11
1011 24 20 20 12
1100 26 20 20 13
1101 28 20 20 14
1110 30 20 20 15
1111 32 20 20 16
NOTES:

1. Maximum ATD conversion clock frequency is 2 MHz. The max bus clock frequency is computed from the max ATD
conversion clock frequency times the indicated prescaler setting; i.e., for a PRS of 0, max bus clock = 2 (max ATD
conversion clock frequency) x 2 (Factor) = 4 MHz.

2. Use these settings if the maximum desired ATD conversion clock frequency is 1 MHz. The max bus clock frequency is
computed from the max ATD conversion clock frequency times the indicated prescaler setting; i.e., for a PRS of 0, max
bus clock = 1 (max ATD conversion clock frequency) x 2 (Factor) = 2 MHz.

3. Minimum ATD conversion clock frequency is 500 kHz. The min bus clock frequency is computed from the min ATD
conversion clock frequency times the indicated prescaler setting; i.e., for a PRS of 1, min bus clock = 0.5 (min ATD
conversion clock frequency) x 2 (Factor) = 1 MHz.

14.6.2 ATD Status and Control (ATDSC)

Bit 7 6 5 4 3 2 1 Bit 0
Read:| CCF
ATDIE | ATDCO ATDCH
Write:
Reset: 0 0 0 0 0 0 0 1
= Unimplemented or Reserved

Figure 14-8 ATD Status and Control Register (ATDSC)

Writes to the ATD status and control register clears the CCF flag, cancels any pending interrupts, and
initiates a new conversion.
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CCF — Conversion Complete Flag

The CCF isaread-only bit which is set each time a conversion is complete. The CCF bit is cleared
whenever the ATDSC register iswritten. It is also cleared whenever the result registers, ATDRH or
ATDRL, areread.

1= Current conversion is complete.

0 = Current conversion is not complete.

ATDIE — ATD Interrupt Enabled

When thisbit is set, an interrupt is generated upon completion of an ATD conversion. At thistime, the
result registers contain the result data generated by the conversion. The interrupt will remain pending
aslong as the conversion complete flag CCF is set. If the ATDIE bit is cleared, then the CCF bit must
be polled to determine when the conversion is complete. Note that system reset clears pending
interrupts.

1= ATD interrupt enabled.

0=ATD interrupt disabled.

ATDCO — ATD Continuous Conversion

When this bit is set, the ATD will convert samples continuously and update the result registers at the
end of each conversion. When thisbit is cleared, only one conversion is completed between writesto
the ATDSC register.

1 = Continuous conversion mode.

0 = Single conversion mode.

ATDCH — Anaog Input Channel Select

Thisfield of bits selects the analog input channel whose signal is sampled and converted to digital
codes. Table 14-5 lists the coding used to select the various analog input channels.

Table 14-5 Analog Input Channel Select Coding

ATDCH Analog Input Channel
00 ADO
01 AD1
02 AD2
03 AD3
04 AD4
05 AD5
06 AD6
07 AD7
08-1D Reserved (default to Vrgp|)
1E VREFH
1F VREFL

234 MC9S08GB/GT MOTOROLA



Data Sheet — MC9S08GB60/D V1.5
14.6.3 ATD Result Data (ATDRH, ATDRL)

For left-justified mode, result data bits 9-2 map onto bits 7-0 of ATDRH, result data bits 1 and O map
onto ATDRL bits 7 and 6, where bit 7 of ATDRH is the most significant bit (MSB).

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

< RESULT - >0
ATDRH ATDRL

Figure 14-9 Left-Justified Mode

For right-justified mode, result data bits 9 and 8 map onto bits 1 and O of ATDRH, result data bits 7-0
map onto ATDRL bits 7-0, where bit 1 of ATDRH is the most significant bit (MSB).

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

ATDRH ATDRL
Figure 14-10 Right-Justified Mode

The ATD 10-hit conversion resultsare stored intwo 8-bit result registers, ATDRH and ATDRL. Theresult
dataisformatted either left or right justified where the format is selected using the DJM control bit in the
ATDC register. The 10-bit result datais mapped either between ATDRH bits 7-0 and ATDRL bits 7-6
(left justified), or ATDRH bits 1-0 and ATDRL bits 7-0 (right justified).

For 8-bit conversions, the 8-bit result is always located in ATDRH bits 7-0, and the ATDRL bitsread 0.
For 10-bit conversions, the six unused bits always read 0.

The ATDRH and ATDRL registers are read-only.

14.6.4 ATD Pin Enable (ATDPE)

Bit 7 6 5 4 3 2 1 Bit 0
Read:
ATDPE7 | ATDPE6 | ATDPE5 | ATDPE4 | ATDPE3 | ATDPE2 | ATDPE1 | ATDPEO
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 14-11 ATD Pin Enable Register (ATDPE)
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Analog-to-Digital Converter (ATD) Module

The ATD pin enable register allows the pins dedicated to the ATD module to be configured for ATD
usage. A writeto this register will abort the current conversion but will not initiate a new conversion. If
the ATDPEX bit isO (disabled for ATD usage) but the corresponding analog input channel is selected via

the ATDCH bits, the ATD will not convert the analog input but will instead convert V ggr placing zeroes
inthe ATD result registers.

ATDPE7-0 — ATD Pin 7-0 Enables

1= Pinenabled for ATD usage.
0= Pindisabled for ATD usage.
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Section 15 Development Support

15.1 Introduction

Development support systems in the HCS08 include the background debug controller (BDC) and the
on-chip debug module (DBG). The BDC provides a single-wire debug interface to the target MCU that
provides a convenient interface for programming the on-chip FLASH and other nonvolatile memories.
The BDC isalso the primary debug interface for devel opment and allows non-intrusive access to memory
dataand traditional debug features such as CPU register modify, breakpoints, and single instruction trace
commands.

In the HCS08 Family, address and data bus signals are not available on external pins (not even in test
modes). Debug is done through commands fed into the target M CU viathe single-wire background debug
interface. The debug module provides a means to selectively trigger and capture bus information so an
external development system can reconstruct what happened inside the MCU on a cycle-by-cycle basis
without having external access to the address and data signals.

Thedternate BDC clock sourcefor MCOS08GB/GT isthe ICGLCLK. SeethelInternal Clock Generator
(ICG) Module section for more information about ICGCLK and how to select clock sources.
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15.2 Features

Features of the background debug controller (BDC) include:

Single pin for mode selection and background communications
BDC registers are not located in the memory map

SYNC command to determine target communications rate
Non-intrusive commands for memory access

Active background mode commands for CPU register access

GO and TRACE1 commands

BACKGROUND command can wake CPU from stop or wait modes
One hardware address breakpoint built into BDC

Oscillator runsin stop mode, if BDC enabled

COP watchdog disabled while in active background mode

Features of the debug module (DBG) include:

238

Two trigger comparators.
— Two address + read/write (R/W) or
— Onefull address + data + R/W

Flexible 8-word by 16-bit FIFO (first-in, first-out) buffer for capture information:

— Change-of-flow addresses or

— Event-only data

Two types of breakpoints:

— Tag breakpoints for instruction opcodes
— Force breakpoints for any address access
Nine trigger modes:

— A-only

— AORB

— AthenB

— A AND B data (full mode)

— A AND NOT B data (full mode)

— Event-only B (store data)

— A then event-only B (store data)

— Insiderange (A < address< B)

— Outside range (address < A or address > B)

MC9S08GB/GT
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15.3 Background Debug Controller (BDC)

All MCUsin the HCS08 Family contain a single-wire background debug interface which supports
in-circuit programming of on-chip nonvolatile memory and sophisticated non-intrusive debug capabilities.
Unlike debug interfaces on earlier 8-bit MCUS, this system does not interfere with normal application
resources. It doesnot use any user memory or locationsin the memory map and does not share any on-chip
peripherals.

BDC commands are divided into two groups:

» Activebackground mode commands require that the target MCU isin active background mode (the
user program is not running). Active background mode commands allow the CPU registersto be
read or written, and allow the user to trace one user instruction at atime, or GO to the user program
from active background mode.

» Non-intrusive commands can be executed at any time even while the user’s program is running.
Non-intrusive commands allow auser to read or write MCU memory locations or access status and
control registers within the background debug controller.

Typicaly, arelatively simple interface pod is used to translate commands from a host computer into
commands for the custom serial interface to the single-wire background debug system. Depending on the
development tool vendor, thisinterface pod may use a standard RS232 serial port, a parallel printer port,
or some other type of communications such as a universal serial bus (USB) to communicate between the
host PC and the pod. The pod typically connectsto the target system with ground, the BKGD pin, RESET,
and sometimesV pp. An open-drain connection to reset allows the host to force atarget system reset which
isuseful to regain control of alost target system or to control startup of atarget system before the on-chip
nonvolatile memory has been programmed. Sometimes V p can be used to alow the pod to use power
from the target system to avoid the need for a separate power supply. However, if the pod is powered
separately, it can be connected to arunning target system without forcing atarget system reset or otherwise
disturbing the running application program.

BKGD 1|H @ |2 GND
NO CONNECT 3|@ @ |4 RESET
NO CONNECT 5|@® @ |6 Vpp

Figure 15-1 BDM Tool Connector

15.3.1 BKGD Pin Description

BKGD isthe single-wire background debug interface pin. The primary function of this pinisfor
bidirectional serial communication of active background mode commands and data. During reset, thispin
is used to select between starting in active background mode or starting the user’ s application program.
Thispinisalso used to request atimed sync response pulse to allow a host development tool to determine
the correct clock frequency for background debug serial communications.

BDC serial communications use a custom serial protocol first introduced on the M68HC12 Family of
microcontrollers. Thisprotocol assumesthe host knowsthe communication clock rate whichisdetermined
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by the target BDC clock rate. All communication isinitiated and controlled by the host which drivesa
high-to-low edge to signal the beginning of each bit time. Commands and data are sent most significant
bit first (MSB first). For adetailed description of the communications protocol, refer to 15.3.2
Communication Details.

If ahost isattempting to communicate with atarget MCU which has an unknown BDC clock rate, aSYNC
command may be sent to the target MCU to request atimed sync response signal from which the host can
determine the correct communication speed.

BKGD isapseudo-open-drain pin and there is an on-chip pullup so no external pullup resistor isrequired.
Unliketypical open-drain pins, the external RC time constant on this pin, which isinfluenced by external
capacitance, plays amost no role in signal rise time. The custom protocol provides for brief, actively
driven speedup pulses to force rapid rise times on this pin without risking harmful drive level conflicts.
Refer to 15.3.2 Communication Details for more detail.

When no debugger pod is connected to the 6-pin BDM interface connector, the internal pullup on BKGD
chooses normal operating mode. When a devel opment system is connected, it can pull both BKGD and
RESET low, release RESET to select active background mode rather than normal operating mode, then
release BKGD. It isnot necessary to reset the target MCU to communicate with it through the background
debug interface.

15.3.2 Communication Details

The BDC serial interface requires the external controller to generate afalling edge on the BKGD pin to
indicate the start of each bit time. The external controller provides this falling edge whether datais
transmitted or received.

BKGD isapseudo-open-drain pin that can be driven either by an external controller or by the MCU. Data
istransferred MSB first at 16 BDC clock cycles per bit (nominal speed). The interface times out if

512 BDC clock cyclesoccur between falling edgesfrom the host. Any BDC command that wasin progress
when this timeout occurs is aborted without affecting the memory or operating mode of the target MCU
system.

The custom serial protocol requires the debug pod to know the target BDC communication clock speed.

The clock switch (CLKSW) control bit in the BDC status and control register allows the user to select the
BDC clock source. The BDC clock source can either be the bus or the alternate BDC clock source.

The BKGD pin can receive a high or low level or transmit a high or low level. The following diagrams
show timing for each of these cases. Interface timing is synchronous to clocks in the target BDC, but
asynchronous to the external host. The internal BDC clock signal is shown for reference in counting
cycles.
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Figure 15-2 shows an external host transmitting alogic 1 or 0 to the BKGD pin of atarget HCS08 M CU.
The host is asynchronous to the target so there isa 0-to-1 cycle delay from the host-generated falling edge
to where the target perceives the beginning of the bit time. Ten target BDC clock cycles later, the target
senses the bit level on the BKGD pin. Typically, the host actively drives the pseudo-open-drain BKGD
pin during host-to-target transmissions to speed up rising edges. Since the target does not drivethe BKGD
pin during the host-to-target transmission period, there is no need to treat the line as an open-drain signal
during this period.

BDC CLOCK
(TARGET MCU) [ Lo oo o o o o e

HOST
TRANSMIT 1

HOST
TRANSMIT 0

A

10 CYCLES >
EARLIEST START

UNCERTAINTY

PERCEIVED START
OF BIT TIME

N T OF NEXT BIT
SYNCHRONIZATION 1 TARGET SENSES BIT LEVEL

Figure 15-2 BDC Host-to-Target Serial Bit Timing

MOTOROLA MC9S08GB/GT 241



Development Support

Figure 15-3 shows the host receiving alogic 1 from the target HCS08 MCU. Since the host is
asynchronous to the target MCU, there is a 0-to-1 cycle delay from the host-generated falling edge on
BKGD to the perceived start of the bit time in the target MCU. The host holds the BKGD pin low long
enough for the target to recognizeit (at least two target BDC cycles). The host must release the low drive
before the target MCU drives a brief active-high speedup pulse seven cycles after the perceived start of
the bit time. The host should sample the bit level about 10 cycles after it started the bit time.

BDC CLOCK
mmaeTvey) [ L LT L L L L L o o W L W o W wr

HOST DRIVE
TOBKGDPIN """ "7 "~ '\

- tema

TARGET MCU
SPEEDUP PULSE

PERCEIVED START
OF BIT TIME

BKGD PIN '

0

\A

10 CYCLES

10 CYCLES

e

HOST SAMPLES BKGD PIN

EARLIEST START
OF NEXT BIT

Figure 15-3 BDC Target-to-Host Serial Bit Timing (Logic 1)
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Figure 15-4 shows the host receiving alogic O from the target HCS08 MCU. Since the host is
asynchronous to the target MCU, there is a 0-to-1 cycle delay from the host-generated falling edge on
BKGD to the start of the bit time as perceived by the target MCU. The host initiates the bit time but the
target HCS08 finishesit. Since the target wants the host to receive alogic 0, it drives the BKGD pin low
for 13 BDC clock cycles, then briefly drives it high to speed up the rising edge. The host samples the bit
level about 10 cycles after starting the bit time.

BDC CLOCK
mrcermoy) [ LI LML LML L LML L

HOST DRIVE
TOBKGDPN =771 "\ RS ARRRERRREEEEE HIGH-IMPEDANGE = = = = = = = = = = = = - R

TARGET MCU =t

PULSE
DRIVEAND  .owoon-. ~/ \......
SPEED-UP PULSE \

PERCEIVED START
OF BIT TIME

]

| | | | | | I I I | ! ! ! ! : T !
| < 10 CYCLES > EARLIEST START

|< 10 CYCLES > ‘ OF NEXT BIT
HOST SAMPLES BKGD PIN

Figure 15-4 BDM Target-to-Host Serial Bit Timing (Logic 0)
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15.3.3 BDC Commands

BDC commands are sent serially from a host computer to the BKGD pin of the target HCS08 MCU. All
commands and dataare sent M SB-first using acustom BDC communications protocol. Active background
mode commands require that the target MCU is currently in the active background mode while
non-intrusive commands may be issued at any time whether the target MCU isin active background mode
or running a user application program.

Table 15-1 shows all HCS08 BDC commands, a shorthand description of their coding structure, and the
meaning of each command.

Coding Structure Nomenclature

This nomenclature is used in Table 15-1 to describe the coding structure of the BDC commands.

AAAA
RD
WD
RD16
WD16

CC
RBKP

WBKP
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Commands begin with an 8-bit hexadecimal command code in the host-to-target
direction (most significant bit first)

separates parts of the command

delay 16 target BDC clock cycles

a 16-hit address in the host-to-target direction

8 bits of read data in the target-to-host direction

8 bits of write data in the host-to-target direction

16 bits of read data in the target-to-host direction

16 bits of write datain the host-to-target direction

the contents of BDCSCR in the target-to-host direction (STATUS)

8 bits of write datafor BDCSCR in the host-to-target direction (CONTROL)

16 bits of read data in the target-to-host direction (from BDCBKPT breakpoint
register)

16 bits of write datain the host-to-target direction (for BDCBKPT breakpoint register)
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Table 15-1 BDC Command Summary

Command Active BDM/ Coding -
Mnemonic Non-intrusive Structure Description
. . Request a timed reference pulse to determine
- (1)
SYNC Non-intrusive nfa target BDC communication speed
. . Enable acknowledge protocol. Refer to
ACK_ENABLE Non-intrusive DS5/d Motorola document order no. HCS08RMv1/D.
. . Disable acknowledge protocol. Refer to
ACK_DISABLE Non-intrusive Dé/d Motorola document order no. HCSO8RMv1/D.
. . Enter active background mode if enabled
BACKGROUND Non-intrusive 90/d (ignore if ENBDM bit equals 0)
READ_STATUS Non-intrusive E4/SS Read BDC status from BDCSCR
WRITE_CONTROL Non-intrusive c4/cC Write BDC controls in BDCSCR
READ_BYTE Non-intrusive EO/AAAA/J/RD Read a byte from target memory
READ_BYTE_WS Non-intrusive E1/AAAA/A/SS/RD Read a byte and report status
READ_LAST Non-intrusive E8/SS/RD Re-read byte from address just read and
report status
WRITE_BYTE Non-intrusive CO/AAAA/WD/d Write a byte to target memory
WRITE_BYTE_WS Non-intrusive C1/AAAA/WDI/A/ISS Write a byte and report status
READ_BKPT Non-intrusive E2/RBKP Read BDCBKPT breakpoint register
WRITE_BKPT Non-intrusive C2/WBKP Write BDCBKPT breakpoint register
. Go to execute the user application program
GO Active BOM 08/d starting at the address currently in the PC
. Trace 1 user instruction at the address in the
TRACEL Active BDM 10/d PC, then return to active background mode
. Same as GO but enable external tagging
TAGGO Active BDM 18/d (HCSO08 devices have no external tagging pin)
READ_A Active BDM 68/d/RD Read accumulator (A)
READ_CCR Active BDM 69/d/RD Read condition code register (CCR)
READ_PC Active BDM 6B/d/RD16 Read program counter (PC)
READ_HX Active BDM 6C/d/RD16 Read H and X register pair (H:X)
READ_SP Active BDM 6F/d/RD16 Read stack pointer (SP)
READ_NEXT Active BDM 70/d/RD Increment H.:X by one then read memory byte
located at H:X
READ NEXT WS Active BDM 710/d/SS/RD Increment H.:X by one then read memory byte
- - located at H:X. Report status and data.
WRITE_A Active BDM 48/wWD/d Write accumulator (A)
WRITE_CCR Active BDM 49/WD/d Write condition code register (CCR)
WRITE_PC Active BDM 4B/WD16/d Write program counter (PC)
WRITE_HX Active BDM 4C/wD16/d Write H and X register pair (H:X)
WRITE_SP Active BDM 4F/WD16/d Write stack pointer (SP)
WRITE NEXT Active BDM 50/WD/d Increment H.:X by one, then write memory byte
- located at H:X
WRITE_NEXT WS Active BDM 51/WD/d/SS Increment H:X by one, then write memory byte

located at H:X. Also report status.

NOTES:

1. The SYNC command is a special operation which does not have a command code.
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The SYNC command is unlike other BDC commands because the host does not necessarily know the
correct communications speed to use for BDC communications until after it has analyzed the response to
the SYNC command.

Toissue a SYNC command, the host:

» Drivesthe BKGD pin low for at least 128 cycles of the slowest possible BDC clock (The slowest
clock is normally the reference oscillator/64 or the self-clocked rate/64.)

* DrivesBKGD high for abrief speedup pulseto get afast rise time (This speedup pulseistypically
one cycle of the fastest clock in the system.)

* Removesall drive to the BKGD pin so it reverts to high impedance
* Monitorsthe BKGD pin for the sync response pulse

Thetarget, upon detecting the SY NC request from the host (which isamuch longer low time than would
ever occur during normal BDC communications):

o Waitsfor BKGD to returnto alogic high

» Delays 16 cyclesto allow the host to stop driving the high speedup pulse
* DrivesBKGD low for 128 BDC clock cycles

» Drivesa 1-cycle high speedup pulse to force afast rise time on BKGD

* Removesall drive to the BKGD pin so it reverts to high impedance

The host measuresthe low time of this 128-cycle sync response pul se and determinesthe correct speed for
subsequent BDC communications. Typically, the host can determine the correct communication speed
within afew percent of the actual target speed and the communication protocol can easily tolerate speed
errors of several percent.

15.3.4 BDC Hardware Breakpoint

The BDC includes one relatively ssimple hardware breakpoint which compares the CPU address busto a
16-bit match valueinthe BDCBKPT register. This breakpoint can generate aforced breakpoint or atagged
breakpoint. A forced breakpoint causes the CPU to enter active background mode at the first instruction
boundary following any access to the breakpoint address. The tagged breakpoint causes the instruction
opcode at the breakpoint address to be tagged so that the CPU will enter active background mode rather
than executing that instruction if and when it reaches the end of the instruction queue. This implies that
tagged breakpoints can only be placed at the address of an instruction opcode while forced breakpoints can
be set at any address.

The breakpoint enable (BKPTEN) control bit in the BDC status and control register (BDCSCR) is used to
enable the breakpoint logic (BKPTEN = 1). When BKPTEN = 0, its default value after reset, the
breakpoint logic is disabled and no BDC breakpoints are requested regardless of the valuesin other BDC
breakpoint registers and control bits. The force/tag select (FTS) control bit in BDCSCR is used to select
forced (FTS=1) or tagged (FTS = 0) type breakpoints.

The on-chip debug module (DBG) includes circuitry for two additional hardware breakpoints that are
more flexible than the ssmple breakpoint in the BDC module.
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15.4 On-Chip Debug System (DBG)

Because HCS08 devices do not have external address and data buses, the most important functions of an
in-circuit emulator have been built onto the chip with the MCU. The debug system consists of an 8-stage
FIFO which can store address or data bus information, and aflexible trigger system to decide when to
capture businformation and what information to capture. The system relies on the single-wire background
debug system to access debug control registers and to read results out of the eight stage FIFO.

The debug module includes control and status registers that are accessible in the user’s memory map.
These registers are located in the high register space to avoid using valuable direct page memory space.

Most of the debug module’ s functions are used during development, and user programs rarely access any
of the control and status registers for the debug module. The one exception is that the debug system can
provide the meansto implement aform of ROM patching. Thistopicisdiscussed in greater detail in 15.4.6
Hardware Breakpoints.

15.4.1 Comparators A and B

Two 16-bit comparators (A and B) can optionally be qualified with the R/W signal and an opcode tracking
circuit. Separate control bits allow you to ignore R/W for each comparator. The opcode tracking circuitry
optionally allows you to specify that atrigger will occur only if the opcode at the specified addressis
actually executed as opposed to only being read from memory into the instruction queue. The comparators
are also capable of magnitude comparisons to support the inside range and outside range trigger modes.
Comparators are disabled temporarily during all BDC accesses.

The A comparator is always associated with the 16-bit CPU address. The B comparator compares to the

CPU address or the 8-bit CPU data bus, depending on the trigger mode selected. Since the CPU data bus
isseparated into aread data bus and awrite data bus, the RWAEN and RWA control bitshave an additional

purpose, in full address plus data comparisons they are used to decide which of these busesto usein the

comparator B databus comparisons. If RWAEN = 1 (enabled) and RWA = 0 (write), the CPU’ swrite data
busis used. Otherwise, the CPU’ sread data bus is used.

The currently selected trigger mode determines what the debugger 1ogic does when a comparator detects
aqualified match condition. A match can cause:

» Generation of a breakpoint to the CPU

» Storage of data bus valuesinto the FIFO

e Starting to store change-of-flow addresses into the FIFO (begin type trace)

» Stopping the storage of change-of-flow addresses into the FIFO (end type trace)
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15.4.2 Bus Capture Information and FIFO Operation

The usual way to use the FIFO is to setup the trigger mode and other control options, then arm the
debugger. When the FIFO has filled or the debugger has stopped storing data into the FIFO, you would
read the information out of it in the order it was stored into the FIFO. Status bits indicate the number of
words of valid information that are in the FIFO asdatais stored into it. If atrace runismanually halted by
writing 0 to ARM before the FIFO isfull (CNT = 1:0:0:0), the information is shifted by one position and
the host must perform ((8 — CNT) — 1) dummy reads of the FIFO to advanceit to thefirst significant entry
in the FIFO.

In most trigger modes, the information stored in the FIFO consists of 16-bit change-of-flow addresses. In
these cases, read DBGFH then DBGFL to get one coherent word of information out of the FIFO. Reading
DBGFL (thelow-order byte of the FIFO dataport) causesthe FIFO to shift so the next word of information
isavailable at the FIFO data port. In the event-only trigger modes (see 15.4.5 Trigger Modes), 8-bit data
information is stored into the FIFO. In these cases, the high-order half of the FIFO (DBGFH) is not used
and dataisread out of the FIFO by simply reading DBGFL . Each time DBGFL isread, the FIFO is shifted
so the next data value is available through the FIFO data port at DBGFL.

In trigger modes where the FIFO is storing change-of-flow addresses, there is adelay between CPU
addresses and the input side of the FIFO. Because of thisdelay, if the trigger event itself isa
change-of-flow address or a change-of-flow address appears during the next two bus cycles after atrigger
event startsthe FIFO, it will not be saved into the FIFO. In the case of an end-trace, if thetrigger event is
achange-of-flow, it will be saved as the last change-of-flow entry for that debug run.

The FIFO can aso be used to generate a profile of executed instruction addresses when the debugger is
not armed. When ARM = 0, reading DBGFL causes the address of the most-recently fetched opcodeto be
saved in the FIFO. To use the profiling feature, a host debugger would read addresses out of the FIFO by
reading DBGFH then DBGFL at regular periodic intervals. The first eight values would be discarded
because they correspond to the eight DBGFL reads needed to initialy fill the FIFO. Additional periodic
reads of DBGFH and DBGFL return delayed information about executed instructions so the host debugger
can develop a profile of executed instruction addresses.

15.4.3 Change-of-Flow Information

To minimize the amount of information stored in the FIFO, only information related to instructions that
cause achange to the normal sequential execution of instructionsis stored. With knowledge of the source
and object code program stored in the target system, an external debugger system can reconstruct the path
of execution through many instructions from the change-of-flow information stored in the FIFO.

For conditional branch instructions where the branch is taken (branch condition was true), the source
address is stored (the address of the conditional branch opcode). Because BRA and BRN instructions are
not conditional, these events do not cause change-of-flow information to be stored in the FIFO.

Indirect IMP and JSR instructions use the current contents of the H: X index register pair to determine the
destination address, so the debug system stores the run-time destination address for any indirect IMP or
JSR. For interrupts, RTI, or RTS, the destination address is stored in the FIFO as change-of-flow
information.
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15.4.4 Tag vs. Force Breakpoints and Triggers

Tagging isaterm that refersto identifying an instruction opcode asit is fetched into the instruction queue,
but not taking any other action until and unless that instruction is actually executed by the CPU. This
distinction is important because any change-of-flow from ajump, branch, subroutine call, or interrupt
causes someinstructionsthat have been fetched into theinstruction queue to be thrown away without being
executed.

A force-type breakpoint waits for the current instruction to finish and then acts upon the breakpoint
request. The usual action in response to a breakpoint isto go to active background mode rather than
continuing to the next instruction in the user application program.

Thetag vs. force terminology is used in two contexts within the debug module. Thefirst context refersto
breakpoint requests from the debug module to the CPU. The second refers to match signals from the
comparators to the debugger control logic. When a tag-type break request is sent to the CPU, asignal is
entered into the instruction queue along with the opcode so that if/when this opcode ever executes, the
CPU will effectively replace the tagged opcode with aBGND opcode so the CPU goes to active
background mode rather than executing the tagged instruction. When the TRGSEL control bit in the
DBGT register is set to select tag-type operation, the output from comparator A or B isqualified by ablock
of logic in the debug module that tracks opcodes and only produces atrigger to the debugger if the opcode
at the compare address is actually executed. There is separate opcode tracking logic for each comparator
so more than one compare event can be tracked through the instruction queue at atime.

15.4.5 Trigger Modes

The trigger mode controls the overall behavior of adebug run. The 4-bit TRG field in the DBGT register
selects one of ninetrigger modes. When TRGSEL = 1inthe DBGT register, the output of the comparator
must propagate through an opcode tracking circuit before triggering FIFO actions. The BEGIN bit in
DBGT chooses whether the FIFO begins storing data when the qualified trigger is detected (begin trace),
or the FIFO storesdatain acircular fashion from thetimeit isarmed until the qualified trigger is detected
(end trigger).

A debug run is started by writing a1 to the ARM bit in the DBGC register which setsthe ARMF flag and
clearsthe AF and BF flags and the CNT bitsin DBGS. A begin-trace debug run ends when the FIFO gets
full. An end-trace run endswhen the sel ected trigger event occurs. Any debug run can be stopped manually
by writing a0 to the ARM bit or DBGEN bit in DBGC.

In al trigger modes except event-only modes, the FIFO stores change-of-flow addresses. In event-only
trigger modes, the FIFO stores data in the low-order eight bits of the FIFO.

The BEGIN control bit isignored in event-only trigger modes and all such debug runs are begin type
traces. When TRGSEL = 1 to select opcode fetch triggers, it is not necessary to use R/W in comparisons
because opcode tags would only apply to opcode fetches which are always read cycles. It would also be
unusual to specify TRGSEL = 1 while using a full mode trigger because the opcode value is normally
known at a particular address.
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The following trigger mode descriptions only state the primary comparator conditions that lead to a
trigger. Either comparator can usually be further qualified with R/W by setting RWAEN (RWBEN) and
the corresponding RWA (RWB) value to be matched against R/W. The signal from the comparator with
optional R/W qualification is used to request a CPU breakpoint if BRKEN = 1 and TAG determines
whether the CPU request will be atag request or a force request.

A-Only — Trigger when the address matches the value in comparator A

A OR B — Trigger when the address matches either the value in comparator A or the valuein
comparator B

A Then B — Trigger when the address matches the value in comparator B but only after the address for
another cycle matched the value in comparator A. There can be any number of cycles after the A match
and before the B match.

A AND B Data (Full Mode) — Thisis called afull mode because address, data, and R/W (optionally)
must match within the same bus cycleto cause atrigger event. Comparator A checks address, the low byte
of comparator B checks data, and R/W is checked against RWA if RWAEN = 1. The high-order half of
comparator B is not used.

Infull trigger modesit isnot useful to specify atag-type CPU breakpoint (BRKEN = TAG = 1), but if you
do, the comparator B data match is ignored for the purpose of issuing the tag request to the CPU and the
CPU breakpoint is issued when the comparator A address matches.

A AND NOT B Data (Full Mode) — Address must match comparator A, data must not match the low
half of comparator B, and R/W must match RWA if RWAEN = 1. All three conditions must be met within
the same bus cycle to cause atrigger.

In full trigger modesit isnot useful to specify atag-type CPU breakpoint (BRKEN = TAG = 1), but if you
do, the comparator B data match isignored for the purpose of issuing the tag request to the CPU and the
CPU breakpoint is issued when the comparator A address matches.

Event-Only B (Store Data) — Trigger events occur each time the address matches the valuein
comparator B. Trigger events cause the data to be captured into the FIFO. The debug run ends when the
FIFO becomes full.

A Then Event-Only B (Store Data) — After the address has matched the valuein comparator A, atrigger
event occurs each time the address matches the value in comparator B. Trigger events cause the datato be
captured into the FIFO. The debug run ends when the FIFO becomes full.

Inside Range (A < Address < B) — A trigger occurswhen the addressis greater than or equal to thevalue
in comparator A and less than or equal to the value in comparator B at the same time.

Outside Range (Address < A or Address > B) — A trigger occurs when the addressis either less than
the value in comparator A or greater than the value in comparator B.
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15.4.6 Hardware Breakpoints

The BRKEN control bit in the DBGC register may be set to 1 to allow any of the trigger conditions
described in 15.4.5 Trigger Modes to be used to generate a hardware breakpoint request to the CPU. The
TAG bit in DBGC controls whether the breakpoint request will be treated as a tag-type breakpoint or a
force-type breakpoint. A tag breakpoint causes the current opcode to be marked asit enterstheinstruction
gueue. If atagged opcode reachesthe end of the pipe, the CPU executesaBGND instructionto goto active
background mode rather than executing the tagged opcode. A force-type breakpoint causes the CPU to
finish the current instruction and then go to active background mode.

If the background mode has not been enabled (ENBDM = 1) by aseridl WRITE_CONTROL command
through the BKGD pin, the CPU will execute an SWI instruction instead of going to active background
mode.

15.5 Registers and Control Bits

This section contains the descriptions of the BDC and DBG registers and control bits.

Refer to the high-page register summary in the Memory section of this data sheet for the absol ute address
assignmentsfor all DBG registers. This section refersto registers and control bits only by their names. A
Motorola-provided equate or header file is used to trandate these names into the appropriate absolute
addresses.

15.5.1 BDC Registers and Control Bits

The BDC has two registers:

* TheBDC status and control register (BDCSCR) is an 8-bit register containing control and status
bits for the background debug controller.

» TheBDC breakpoint match register (BDCBKPT) holds a 16-bit breakpoint match address.

These registers are accessed with dedicated serial BDC commands and are not located in the memory
space of the target MCU (so they do not have addresses and cannot be accessed by user programs).

Some of the bitsin the BDCSCR have write limitations; otherwise, these registers may be read or written
at any time. For example, the ENBDM control bit may not be written while the MCU isin active
background mode. (This prevents the ambiguous condition of the control bit forbidding active background
mode while the MCU is already in active background mode.) Also, the four status bits (BDMACT, WS,
WSF, and DVF) areread-only statusindicatorsand can never be written by the WRITE_CONTROL seridl
BDC command. The clock switch (CLKSW) control bit may be read or written at any time.

15.5.1.1 BDC Status and Control Register (BDCSCR)

Thisregister can beread or written by serial BDC commands (READ_STATUSand WRITE_CONTROL)
but is not accessible to user programs because it is not located in the normal memory map of the MCU.
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Bit 7 6 5 4 3 2 1 Bit 0
Read: BDMACT WS WSF DVF
ENBDM BKPTEN FTS CLKSW
Write:
Normal Reset: 0 0 0 0 0 0 0 0
Reset in Active BDM: 1 1 0 0 1 0 0 0

= Unimplemented or Reserved

Figure 15-5 BDC Status and Control Register (BDCSCR)

ENBDM — Enable BDM (Permit Active Background Mode)

Typicaly, thisbit iswritten to 1 by the debug host shortly after the beginning of a debug session or
whenever the debug host resets the target and remains 1 until a normal reset clearsit.

1 =BDM can be made active to allow active background mode commands.

0 = BDM cannot be made active (non-intrusive commands still allowed).

BDMACT — Background Mode Active Status

Thisisaread-only status bit.
1 =BDM active and waiting for serial commands.
0 = BDM not active (user application program running).

BKPTEN — BDC Breakpoint Enable

If this bit is clear, the BDC breakpoint is disabled and the FTS (force tag select) control bit and
BDCBKPT match register are ignored.

1 = BDC breakpoint enabled.

0 =BDC breakpoint disabled.

FTS— Force/Tag Select

When FTS = 1, abreakpoint is requested whenever the CPU address bus matches the BDCBKPT
match register. When FTS = 0, amatch between the CPU address bus and the BDCBKPT register
causes the fetched opcode to be tagged. If this tagged opcode ever reaches the end of the instruction
gueue, the CPU enters active background mode rather than executing the tagged opcode.
1 = Breakpoint match forces active background mode at next instruction boundary (address need
not be an opcode).
0=Tag opcode at breakpoint address and enter active background modeif CPU attemptsto execute
that instruction.

CLKSW — Sdlect Source for BDC Communications Clock

CLKSW defaults to 0 which selects the alternate BDC clock source.
1 =MCU busclock.
0 = Alternate BDC clock source.
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WS — Wait or Stop Status

When the target CPU isin wait or stop mode, most BDC commands cannot function. However, the
BACKGROUND command can be used to force the target CPU out of wait or stop and into active
background mode where all BDC commands work. Whenever the host forces the target MCU into
active background mode, the host should issue aREAD_STATUS command to check that
BDMACT = 1 before attempting other BDC commands.
1 =Target CPU isin wait or stop mode, or aBACKGROUND command was used to change from
wait or stop to active background mode.
0 =Target CPU isrunning user application code or in active background mode (was not in wait or
stop mode when background became active).

WSF — Wait or Stop Failure Status

Thisstatus bit is set if amemory access command failed due to the target CPU executing await or stop
instruction at or about the same time. The usual recovery strategy isto issue aBACKGROUND
command to get out of wait or stop mode into active background mode, repeat the command that failed,
then return to the user program. (Typically, the host would restore CPU registers and stack values and
re-execute the wait or stop instruction.)

1 = Memory access command failed because the CPU entered wait or stop mode.

0 = Memory access did not conflict with await or stop instruction.

DVF — Data Valid Failure Status

This status bit is not used in the MC9S08GB/GT because it does not have any slow access memory.
1 = Memory access command failed because CPU was not finished with a slow memory access.
0 = Memory access did not conflict with a slow memory access.

15.5.1.2 BDC Breakpoint Match Register (BDCBKPT)

This 16-bit register holds the address for the hardware breakpoint in the BDC. The BKPTEN and FTS
control bitsin BDCSCR are used to enable and configure the breakpoint logic. Dedicated serial BDC
commands (READ_BKPT and WRITE_BKPT) are used to read and write the BDCBKPT register but is
not accessible to user programs because it is not located in the normal memory map of the MCU.
Breakpoints are normally set while the target MCU isin active background mode before running the user
application program. For additional information about setup and use of the hardware breakpoint logic in
the BDC, refer to 15.3.4 BDC Hardware Breakpoint.

15.5.2 System Background Debug Force Reset Register (SBDFR)

Thisregister contains a single write-only control bit. A serial active background mode command such as
WRITE_BY TE must be used to write to SBDFR. Attempts to write this register from a user program are
ignored. Reads always return $00.
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Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0 0 0 0
Write: BDFR("
Reset: 0 0 0 1 0 0 0 0
= Unimplemented or Reserved

NOTES:
1. BDFR is writable only through serial active background mode debug commands, not from user programs.

Figure 15-6 System Background Debug Force Reset Register (SBDFR)

BDFR — Background Debug Force Reset

A seria active background mode command such as WRITE_BY TE may be used to allow an external
debug host to force atarget system reset. Writing logic 1 to this bit forces an MCU reset. This bit
cannot be written from a user program.

15.5.3 DBG Registers and Control Bits

The debug module includes nine bytes of register space for three 16-bit registers and three 8-bit control
and status registers. These registers are located in the high register space of the normal memory map so
they are accessible to normal application programs. These registers arerarely if ever accessed by normal
user application programs with the possible exception of a ROM patching mechanism that uses the
breakpoint logic.

15.5.3.1 Debug Comparator A High Register (DBGCAH)

Thisregister contains compare value bits for the high-order eight bits of comparator A. Thisregister is
forced to $00 at reset and can be read at any time or written at any time unlessARM = 1.

15.5.3.2 Debug Comparator A Low Register (DBGCAL)

Thisregister contains compare value bits for the low-order eight bits of comparator A. Thisregister is
forced to $00 at reset and can be read at any time or written at any time unlessARM = 1.

15.5.3.3 Debug Comparator B High Register (DBGCBH)

Thisregister contains compare value bits for the high-order eight bits of comparator B. Thisregister is
forced to $00 at reset and can be read at any time or written at any time unlessARM = 1.

15.5.3.4 Debug Comparator B Low Register (DBGCBL)

Thisregister contains compare value bits for the low-order eight bits of comparator B. Thisregister is
forced to $00 at reset and can be read at any time or written at any time unlessARM = 1.
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15.5.3.5 Debug FIFO High Register (DBGFH)

Thisregister providesread-only accessto the high-order eight bits of the FIFO. Writesto thisregister have
no meaning or effect. In the event-only trigger modes, the FIFO only stores data into the low-order byte
of each FIFO word, so thisregister is not used and will read $00.

Reading DBGFH does not cause the FIFO to shift to the next word. When reading 16-bit words out of the
FIFO, read DBGFH before reading DBGFL because reading DBGFL causes the FIFO to advance to the
next word of information.

15.5.3.6 Debug FIFO Low Register (DBGFL)

Thisregister provides read-only accessto thelow-order eight bits of the FIFO. Writesto thisregister have
no meaning or effect.

Reading DBGFL causes the FIFO to shift to the next available word of information. When the debug
module is operating in event-only modes, only 8-bit data is stored into the FIFO (high-order half of each
FIFO word is unused). When reading 8-bit words out of the FIFO, simply read DBGFL repeatedly to get
successive bytes of datafrom the FIFO. It isn’t necessary to read DBGFH in this case.

Do not attempt to read datafrom the FIFO whileit is still armed (after arming but beforethe FIFO isfilled
or ARMF is cleared) because the FIFO is prevented from advancing during reads of DBGFL. This can
interfere with normal sequencing of reads from the FIFO.

Reading DBGFL while the debugger is not armed causes the address of the most-recently fetched opcode
to be stored to the last location in the FIFO. By reading DBGFH then DBGFL periodically, external host
software can develop a profile of program execution. After eight reads from the FIFO, the ninth read will
return the information that was stored as aresult of the first read. To use the profiling feature, read the
FIFO eight times without using the data to prime the sequence and then begin using the data to get a
delayed picture of what addresses were being executed. The information stored into the FIFO on reads of
DBGFL (while the FIFO is not armed) is the address of the most-recently fetched opcode.

15.5.3.7 Debug Control Register (DBGC)

This register can be read or written at any time.

Bit 7 6 5 4 3 2 1 Bit 0
Read:
DBGEN ARM TAG BRKEN RWA RWAEN RWB RWBEN
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 15-7 Debug Control Register (DBGC)

DBGEN — Debug Module Enable

Used to enable the debug module. DBGEN cannot be set to 1 if the MCU is secure.
1 =DBG enabled.
0= DBG disabled.
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ARM — Arm Control

Controls whether the debugger is comparing and storing information in the FIFO. A writeis used to
set this bit (and the ARMF bit) and completion of adebug run automatically clearsit. Any debug run
can be manually stopped by writing 0 to ARM or to DBGEN.

1 = Debugger armed.

0 = Debugger not armed.

TAG — Tag/Force Select

Controls whether break requests to the CPU will be tag or force type requests. If BRKEN = 0, this bit
has no meaning or effect.

1 = CPU breaks requested as tag type requests.

0 = CPU breaks requested as force type requests.

BRKEN — Break Enable

Controls whether atrigger event will generate a break request to the CPU. Trigger events can cause
information to be stored in the FIFO without generating a break request to the CPU. For an end trace,
CPU break requests are issued to the CPU when the comparator(s) and R/W meet the trigger
requirements. For abegin trace, CPU break requests areissued when the FIFO becomesfull. TRGSEL
does not affect the timing of CPU break requests.

1 = Triggers cause a break request to the CPU.

0 = CPU break requests not enabled.

RWA — R/W Comparison Vaue for Comparator A

When RWAEN = 1, thishit determineswhether aread or awrite access qualifies comparator A. When
RWAEN = 0, RWA and the R/W signal do not affect comparator A.

1 = Comparator A can only match on aread cycle.

0 = Comparator A can only match on awrite cycle.

RWAEN — Enable R/W for Comparator A

Controls whether the level of R/W is considered for a comparator A match.
1 =R/W isused in comparison A.
0 =R/W isnot used in comparison A.

RWB — R/W Comparison Value for Comparator B

When RWBEN = 1, thisbit determines whether aread or awrite access qualifies comparator B. When
RWBEN = 0, RWB and the R/W signal do not affect comparator B.

1 = Comparator B can match only on aread cycle.

0 = Comparator B can match only on awrite cycle.

RWBEN — Enable R/W for Comparator B

Controls whether the level of R/W is considered for a comparator B match.
1 =R/W isused in comparison B.
0 = R/W isnot used in comparison B.
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15.5.3.8 Debug Trigger Register (DBGT)

Thisregister can be read any time, but may be written only if ARM = 0, except bits4 and 5 are hardwired
to Os.

Bit 7 6 5 4 3 2 1 Bit0
Read: 0 0
TRGSEL | BEGIN TRG3 TRG2 TRG1 TRGO
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 15-8 Debug Trigger Register (DBGT)

TRGSEL — Trigger Type

Controls whether the match outputs from comparators A and B are qualified with the opcode tracking
logic in the debug module. If TRGSEL is set, amatch signal from comparator A or B must propagate
through the opcode tracking logic and atrigger event isonly signalled to the FIFO logic if the opcode
at the match addressis actually executed.

1 =Trigger if opcode at compare address is executed (tag).

0 = Trigger on access to compare address (force).

BEGIN — Begin/End Trigger Select

Controls whether the FIFO startsfilling at atrigger or fillsin acircular manner until atrigger endsthe
capture of information. In event-only trigger modes, thisbit isignored and all debug runs are assumed
to be begin traces.

1 = Trigger initiates data storage (begin trace).

0 = Data stored in FIFO until trigger (end trace).

TRG3:TRG2:TRG1: TRGO — Select Trigger Mode
Selects one of nine triggering modes
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Table 15-2 Trigger Mode Selection

TRG[3:0] Triggering Mode

0000 A-only
0001 AORB
0010 A Then B
0011 Event-only B (store data)
0100 A then event-only B (store data)
0101 A AND B data (full mode)
0110 A AND NOT B data (full mode)
0111 Inside range: A < address <B
1000 Outside range: address < A or address > B

1001 - 1111 | No trigger

15.5.3.9 Debug Status Register (DBGS)

Thisisaread-only status register.

Bit 7 6 5 4 3 2 1 Bit0
Read: AF BF ARMF 0 CNT3 CNT2 CNTH CNTO
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 15-9 Debug Status Register (DBGS)

AF — Trigger Match A Flag

AF iscleared at the start of a debug run and indicates whether a trigger match A condition was met
since arming.

1 = Comparator A match.

0 = Comparator A has not matched.

BF — Trigger Match B Flag
BF iscleared at the start of a debug run and indicates whether atrigger match B condition was met
since arming.
1 = Comparator B match.
0 = Comparator B has not matched.
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ARMF — Arm Flag

While DBGEN = 1, this status bit is a read-only image of the ARM bit in DBGC. This bit is set by
writing 1 to the ARM control bitin DBGC (while DBGEN = 1) and isautomatically cleared at the end
of adebug run. A debug run is completed when the FIFO isfull (begin trace) or when atrigger event
is detected (end trace). A debug run can also be ended manually by writing 0 to the ARM or DBGEN
bitsin DBGC.

1 = Debugger armed.

0 = Debugger not armed.

CNT3:CNT2:CNT1:CNTO — FIFO Valid Count

These bits are cleared at the start of a debug run and indicate the number of words of valid datain the
FIFO at the end of adebug run. Thevaluein CNT does not decrement as datais read out of the FIFO.
The external debug host is responsible for keeping track of the count asinformation isread out of the
FIFO.

Table 15-3 CNT Status Bits

CNT[3:0] Valid Words in FIFO

0000 No valid data

0001

0010

0011

0100

0101

0110

0111

0| N[Ol | b~ W|DN|PF

1000
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Appendix A Electrical Characteristics

A.1 Introduction

This section contains electrical and timing specifications.

A.2 Absolute Maximum Ratings

Absolute maximum ratings are stress ratings only, and functional operation at the maxima is not
guaranteed. Stress beyond the limits specified in Table A-1 may affect device reliability or cause
permanent damage to the device. For functional operating conditions, refer to the remaining tables in this
section.

This device contains circuitry protecting against damage due to high static voltage or electrical fields;
however, it is advised that normal precautions be taken to avoid application of any voltages higher than
maximum-rated voltages to this high-impedance circuit. Reliability of operation is enhanced if unused
inputs are tied to an appropriate logic voltage level (for instance, either Vgg or Vpp) or the programmable
pull-up resistor associated with the pin is enabled.

Table A-1 Absolute Maximum Ratings

Rating Symbol Value Unit
Supply voltage Vbp -0.3t0 +3.8 \'
Maximum current into Vpp Ibb 120 mA
Digital input voltage Vin -0.3to Vpp+ 0.3 \Y,
Instantaneous maximum current I +95 mA
Single pin limit (applies to all port pins){), @), )
Storage temperature range Tstg -55to 150 °C

NOTES:

1. Input must be current limited to the value specified. To determine the value of the required
current-limiting resistor, calculate resistance values for positive (Vpp) and negative (Vgg)
clamp voltages, then use the larger of the two resistance values.

2. All functional non-supply pins are internally clamped to Vgg and Vpp.

3. Power supply must maintain regulation within operating Vpp range during instantaneous
and operating maximum current conditions. If positive injection current (V, > Vpp) is
greater than Ipp, the injection current may flow out of Vpp and could result in external
power supply going out of regulation. Ensure external Vpp load will shunt current greater
than maximum injection current. This will be the greatest risk when the MCU is not
consuming power. Examples are: if no system clock is present, or if the clock rate is very
low which would reduce overall power consumption.
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A.3 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. In order to take Py 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.

Table A-2 Thermal Characteristics

. . Temp.
Rating Symbol Value Unit Code
Operating temperature range (packaged) Ta —401to0 85 °C C
Thermal resistance
64-pin LQFP (GB60) 0, 65 °C/W
42-pin SDIP (GT60) 57 —
44-pin QFP (GT60) 118

The average chip-junction temperature (Ty) in °C can be obtained from:
Equation 1 TJ = TA + (PD X eJA)
where:

T o = Ambient temperature, °C

0y = Package thermal resistance, junction-to-ambient, °C/W

Pp =Py + Pro

P;,t = Ipp X Vpp, Watts — chip internal power

Py, = Power dissipation on input and output pins — user determined

For most applications, Py, << P;,; and can be neglected. An approximate relationship between Pp, and Ty
(if Py is neglected) is:

Equation 2 Pp =K+ (T; +273°C)
Solving equations 1 and 2 for K gives:
Equation 3 K =Pp X (T4 +273°C) + 054 X (PD)2

where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring
Pp (at equilibrium) for a known T 5. Using this value of K, the values of P, and Tj can be obtained by
solving equations 1 and 2 iteratively for any value of T 4.
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A.4 Electrostatic Discharge (ESD) Protection Characteristics

Although damage from static discharge is much less common on these devices than on early CMOS
circuits, normal handling precautions should be used to avoid exposure to static discharge. Qualification
tests are performed to ensure that these devices can withstand exposure to reasonable levels of static
without suffering any permanent damage. All ESD testing is in conformity with CDF-AEC-QO00 Stress
Test Qualification for Automotive Grade Integrated Circuits. (http://www.aecouncil.com/) This device
was qualified to AEC-Q100 Rev E. A device is considered to have failed if, after exposure to ESD pulses,
the device no longer meets the device specification requirements. Complete dc parametric and functional
testing is performed per the applicable device specification at room temperature followed by hot
temperature, unless specified otherwise in the device specification.

Table A-3 ESD Protection Characteristics

Parameter Symbol Value Unit
ESD Target for Machine Model (MM)
MM circuit description VrHmmM 200 v
ESD Target for Human Body Model (HBM) VrrHem 2000 Vv

HBM circuit description

A.5 DC Characteristics

This section includes information about power supply requirements, I/O pin characteristics, and power
supply current in various operating modes.

Table A-4 DC Characteristics
(Temperature Range = —40 to 85°C Ambient)

Parameter Symbol Min Typical(" Max Unit
Supply voltage (run, wait and stop modes.)
0< fBUS <8 MHz VDD 1.8 3.6 \
0 < fgys < 20 MHz 2.08 3.6
\I\;Iinimum RAM retention supply voltage applied to VRam 1.0@ . v
DD
Low-voltage detection threshold — high range
(VDD falling) VLVDH 2.08 2.1 2.2 \%
(Vpp rising) 2.16 219 2.27
Low-voltage detection threshold — low range
(Vpp falling) VivoL 1.80 1.82 1.91 %
(Vpp rising) 1.88 1.90 1.99
Low-voltage warning threshold — high range
(Vpp falling) VivwH 2.35 2.40 25 Vv
(Vpp rising) 2.35 2.40
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Table A-4 DC Characteristics (Continued)
(Temperature Range = —40 to 85°C Ambient)

Parameter Symbol Min Typical(" Max Unit
Low-voltage warning threshold — low range
(Vpp falling) VivwL 2.08 2.1 22 Vv
(Vpp rising) 2.16 2.19 2.27
Power on reset (POR) re-arm voltage(z)
Mode = stop VRearm 0.20 0.30 0.40 \%
Mode = run and Wait 0.50 0.80 1.2
. s 0.70 x
Input high voltage (Vpp > 2.3 V) (all digital inputs) V4 Vv — \Y
DD
Input high voltage (1.8 V <Vpp<2.3V) 0.85 x
s Vin Vv — \
(all digital inputs) DD
o 0.35 x
Input low voltage (Vpp > 2.3 V) (all digital inputs) Vi — Vv \Y
DD
Input low voltage (1.8 V <Vpp <2.3V) Y . 0.30 x Vv
(all digital inputs) I Vpp
0.06
Input hysteresis (all digital inputs) Vhys VDDX — \Y
Input leakage current (per pin)
! —
Vin = Vpp or Vg all input only pins In 0.025 1.0 HA
High impedance (off-state) leakage current (per pin
gnimp ( . ) 9 (per pin) lloz! — 0.025 1.0 HA
Vin = Vpp or Vgg, all input/output
Internal pullyp and pulldown resistors(®) Rpy 175 525 KQ
(all port pins and IRQ)
Internal pulldown resistors (Port A4—A7 and IRQ) Rpp 17.5 52.5 kQ
Output high voltage (Vpp 2 1.8 V)
loH = —2 mA (ports A, B, D, E, and G) Vbp—0.5 —
Output high voltage (ports C and F) Vor
lon=-10mA (Vpp > 2.7 V) _ v
Vpp—0.5
loH=-6 mA (Vpp =2.3V) —
loH=-3mA (Vpp=1.8V) —
Maximum total Igy for all port pins lNonT! — 60 mA
Output low voltage (Vpp = 1.8 V)
loL=2.0 mA (ports A, B, D, E, and G) — 0.5
Output low voltage (ports C and F) VoL
loL = 10.0 mA (Vpp = 2.7 V) _ 05 v
loL=6mA (Vpp=2.3V) — 0.5
loL=3mA (Vpp >1.8V) — 0.5
Maximum total I for all port pins lout — 60 mA
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Table A-4 DC Characteristics (Continued)
(Temperature Range = —40 to 85°C Ambient)

Parameter Symbol Min Typical(" Max Unit

dc injection current®) (). 6). (7). (8)

Vin<Vss, Vin>Vpp

¢l

Single pin limit - 0.2 mA

Total MCU limit, includes sum of all stressed pins - 5 mA
Input capacitance (all non-supply pins)®© Cin — 7 pF
NOTES:

1. Typicals are measured at 25°C.

2. This parameter is characterized and not tested on each device.

3. Measurement condition for pull resistors: V,, = Vgg for pullup and V,, = Vpp for pulldown.

4. Power supply must maintain regulation within operating Vpp range during instantaneous and operating maximum current

conditions. If positive injection current (V, > Vpp) is greater than Ipp, the injection current may flow out of Vpp and could
result in external power supply going out of regulation. Ensure external Vpp load will shunt current greater than maximum
injection current. This will be the greatest risk when the MCU is not consuming power. Examples are: if no system clock
is present, or if clock rate is very low which would reduce overall power consumption.

. All functional non-supply pins are internally clamped to Vgg and Vpp.
. Input must be current limited to the value specified. To determine the value of the required current-limiting resistor,

calculate resistance values for positive and negative clamp voltages, then use the larger of the two values.

. This parameter is characterized and not tested on each device.
. IRQ does not have a clamp diode to Vpp. Do not drive IRQ above Vpp.

40 PULLUP RESISTOR TYPICALS = PULLDOWN RESISTOR TYPICALS
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Figure A-1 Pullup and Pulldown Typical Resistor Values (Vpp = 3.0 V)
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TYPICAL Vg, VS I, AT Vpp=3.0V TYPICAL Vo, VS Vpp
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Figure A-2 Typical Low-Side Driver (Sink) Characteristics (Ports C and F)
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Figure A-3 Typical Low-Side Driver (Sink) Characteristics (Ports A, B, D, E, and G)
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Figure A-4 Typical High-Side Driver (Source) Characteristics (Ports C and F)
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TYPICAL Vpp - Vo VS Vpp AT SPEC loy

0.25
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> T
0.05
0
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Figure A-5 Typical High-Side (Source) Characteristics (Ports A, B, D, E, and G)

A.6 Supply Current Characteristics

Table A-5 Supply Current Characteristics

Parameter Symbol | Vpp (V) Typical() Max(? Tgne;a '
2.1 mA®) 55
3 1.1 mA 21 mA@ 70
3 4 85
Run supply current( ) measured at Ripp 2.1 mA®
(CPU clock = 2 MHz, fg,s = 1 MHz) 1.8 mA@ 55
2 0.8 mA 1.8 mA® 70
1.8 mA®“ 85
7.5 mA® 55
3 6.5 mA 7.5 mA@ 70
Run supply current ®) measured at Rl 7.5mA® 85
(CPU clock = 16 MHz, fgs = 8 MHz) bb 58 mA® -
2 4.8 mA 5.8 mA® 70
5.8 mA™“ 85
0.6 uA® 55
3 25 nA 1.8 A 70
4.0 uA® 85
Stop1 mode supply current 311
DD 500 nA®“) 55
2 20 nA 1.5 uA® 70
3.3 pA® 85
3.0 uA@ 55
3 550 nA 5.5 uA@ 70
11 uA® 85
Stop2 mode supply current So
DD 2.4 pA® 55
2 400 nA 5.0 uA@ 70
9.5 uA¥ 85
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Table A-5 Supply Current Characteristics

Parameter

Symbol | Vpp (V)

Typical

Max(®

Temp.
(°C)

Stop3 mode supply current

675 nA

4.3 uA®
7.2 uA@
17.0 pA®

55
70
85

S3l,

500 nA

3.5pA®
6.2 uA®)
15.0 nA@

55
70
85

RTI adder from stop2 or stop3(6)

300 nA

55
70
85

300 nA

55
70
85

LVI adder from stop3

70 nA

55
70
85

60 pA

55
70

85

NOTES:

oW =

mode. Wait mode typical is 560 pA at 3 V and 422 pA at 2V with fg g = 1 MHz.
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. Typicals are measured at 25°C. See Figure A-6 through Figure A-9 for typical curves across voltage/temperature.
. Values given here are preliminary estimates prior to completing characterization.
. All modules except ATD active, ICG configured for FBE, and does not include any dc loads on port pins
. Values are characterized but not tested on every part.
. Every unit tested to this parameter. All other values in the Max column are guaranteed by characterization.

. Most customers are expected to find that auto-wakeup from stop2 or stop3 can be used instead of the higher current wait
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18
N e o
16 e
/( === u
14 /\/ /’/
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Figure A-6 Typical Run Ipp for FBE and FEE Modes, Ipp vs Vpp
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—././././/. + 85°C

STOP1 Iy (nA)

400 .’_.’_.___._—__
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.

Vip (V)
NOTES:
1. Clock sources and LVD are all disabled (OSCSTEN = LVDSE = 0).
2. Alll/O are set as outputs and driven to Vgg with no load.

Figure A-7 Typical Stop1 Ipp
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35
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3 /
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o | —A— 85°C
154 g g
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1.5 2 25 3 35 4
NOTES: Vop (V)
1. Clock sources and LVD are all disabled (OSCSTEN = LVDSE = 0).
2. All1/O are set as outputs and driven to Vgg with no load.
Figure A-8 Typical Stop 2 Ipp
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NOTES:
1. Clock sources and LVD are all disabled (OSCSTEN = LVDSE = 0).
2. All/O are set as outputs and driven to Vgg with no load.

Figure A-9 Typical Stop3 Ipp
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A.7 ATD Characteristics

Table A-6 ATD Electrical Characteristics (Operating)

Data Sheet — MC9S08GB60/D V1.5

Num Characteristic Condition Symbol Min Typical Max Unit
1 ATD supply(™ Vbpab 1.80 — 3.6 v
Enabled IbDADrUN — 0.7 1.2 mA
2 ATD supply current Disabled
(ATDPU =0 lDDADStop — 0.02 0.6 LLA
or STOP)
3 Differential supply voltage Vpo—Vbpap IVpprt! — — 100 mV
4 Differential ground voltage Vss—Vssap IVspi! — — 100 mV
Reference potential, low VgerLl — — Vssap \Y
208V < VDDAD
2. — Vv
5 <36V 08 DDAD
Reference potential, high VREFH \Y;
1 80V < VDDAD v _ V
<208V DDAD DDAD
Enabled IReF — 200 300
6 ;:\{/eferentcoe\fupplgl current Disabled uA
REFH ™ YREFL (ATDPU =0 IReF — <0.01 0.02
or STOP)
7 | Analog input voltage(® ViNDe Vssap — 0.3 — Vopap + 0.3 \
NOTES:
1. Vppap Must be at same potential as Vpp.
2. Maximum electrical operating range, not valid conversion range.
Table A-7 ATD Timing/Performance Characteristics(")
Num Characteristic Symbol Condition Min Typ Max Unit
ATD conversion clock 2.08V < Vppap < 3.6V 05 - 2.0
1 frequenc fatpeLK MHz
q Yy 1.80V < VDDAD < 2.08V 0.5 —_— 1.0
Conversion cycles (continuous
2 o oveles { cc 28 28 <0 | ATDCLK
convert) cycles
2.08V < Vppap < 3.6V 14.0 — 60.0
3 Conversion time Teonv usS
1.80V < VDDAD < 2.08V 28.0 — 60.0
4 Source impedance at input® Ras — — 10 kQ
5 Analog Input Voltage(4) VaiN VREFL VREFH \Y
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Table A-7 ATD Timing/Performance Characteristics!!) (Continued)

Num Characteristic Symbol Condition Min Typ Max Unit
2.08V<Vppap<36V | 2031 | — | 3516
6 Ideal resolution (1 LSB)®) RES mvV
1.80V < Vppap <2.08V | 1.758 | — | 2.031
7 Differential non-linearity® DNL 1.80V < Vppap < 3.6V — +0.5 +1.0 LSB
8 Integral non-linearity(”) INL 1.80 V < Vppap < 3.6V — +0.5 +1.0 LSB
9 Zero-scale error(®) Ezs 1.80V < Vpppap < 3.6V — +0.4 +1.0 LSB
10 Full-scale error'®) Ers 1.80V < Vppap < 3.6V — +0.4 +1.0 LSB
11 Input leakage error (10) Ei 1.80V < Vppap < 3.6V — +0.05 +5 LSB
12 :r’rt::(fﬂadjusmd = 180V <Vppap <36V | — | +11 | 125 LSB

NOTES:

1.

8.

9.

All ACCURACY numbers are based on processor and system being in WAIT state (very little activity and no 10 switching)
and that adequate low-pass filtering is present on analog input pins (filter with 0.01 pF to 0.1 uF capacitor between analog
input and Vgeg ). Failure to observe these guidelines may result in system or microcontroller noise causing accuracy
errors which will vary based on board layout and the type and magnitude of the activity.

. This is the conversion time for subsequent conversions in continuous convert mode. Actual conversion time for single

conversions or the first conversion in continuous mode is extended by one ATD clock cycle and 2 bus cycles due to
starting the conversion and setting the CCF flag. The total conversion time in Bus Cycles for a conversion is:
SC Bus Cycles = ((PRS+1)*2) * (28+1) + 2 CC Bus Cycles = ((PRS+1)*2) * (28)

. Rag is the real portion of the impedance of the network driving the analog input pin. Values greater than this amount may

not fully charge the input circuitry of the ATD resulting in accuracy error.

. Analog input must be between Vggr and Vgepp for valid conversion. Values greater than Vggpy will convert to $3FF less

the full scale error (Egg).

. The resolution is the ideal step size or 1LSB = (Vrgr—VRerFL)/1024
. Differential non-linearity is the difference between the current code width and the ideal code width (1LSB). The current

code width is the difference in the transition voltages to and from the current code.

. Integral non-linearity is the difference between the transition voltage to the current code and the adjusted ideal transition

voltage for the current code. The adjusted ideal transition voltage is (Current Code—1/2)*(1/((Vrern+Ers)—(VrerL+Ezs)))-
Zero-scale error is the difference between the transition to the first valid code and the ideal transition to that code. The
Ideal transition voltage to a given code is (Code—1/2)*(1/(Vrgrq—VREFL))-

Full-scale error is the difference between the transition to the last valid code and the ideal transition to that code. The ideal
transition voltage to a given code is (Code—1/2)*(1/(VrerH—VREFL))-

10. Input leakage error is error due to input leakage across the real portion of the impedance of the network driving the analog

pin. Reducing the impedance of the network reduces this error.

11. Total unadjusted error is the difference between the transition voltage to the current code and the ideal straight-line

272

transfer function. This measure of error includes inherent quantization error (1/2LSB) and circuit error (differential,
integral, zero-scale, and full-scale) error. The specified value of Et assumes zero E_ (no leakage or zero real source
impedance).

MC9S08GB/GT MOTOROLA




A.8 Internal Clock Generation Module Characteristics

Data Sheet — MC9S08GB60/D V1.5

ICG
EXTAL XTAL
Re Rs
[l 11
[0
c Crystal or Resonator (See Note)
1 4 .
— T c
L
NOTE: -

Use fundamental mode crystal or ceramic resonator only.

Table A-8 ICG DC Electrical Specifications (Temperature Range = —40 to 85°C Ambient)

Characteristic Symbol Min Typ() Max | Unit
C
Load capacitors C1 @
2
Feedback resistor
Low range (32k to 100 kHz) R 10 MQ
High range (1M — 16 MHz) 1 MQ
Series resistor
Low range (32k to 100 kHz) Rs 0 0 10 kQ
High range (1M — 16 MHz) 0 0 0 kQ
NOTES:
1. Data in Typical column was characterized at 3.0 V, 25°C or is typical recommended value.
2. See crystal or resonator manufacturer's recommendation.
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A.8.1 ICG Frequency Specifications

Table A-9 ICG Frequency Specifications
(Vppa = Vppa (min) to Vppa (max), Temperature Range = —40 to 85°C Ambient)

Characteristic Symbol Min Typical Max Unit
Oscillator crystal or resonator (REFS = 1)
(Fundamental mode crystal or ceramic resonator)
Low range fio 32 — 100 kHz
High range, FLL bypassed external (CLKS = 10) fhi_byp 1 — 16 MHz
High range, FLL engaged external (CLKS = 11) fhi_eng 2 — 10 MHz
Input clock frequency (CLKS = 11, REFS = 0)
Low range fio 32 — 100 kHz
High range fhi_eng 2 — 10 MHz
Input clock frequency (CLKS = 10, REFS = 0) fextal 0 — 40 MHz
Internal reference frequency (untrimmed) ficaircLK 182.25 243 303.75 kHz
Duty cycle of input clock (REFS = 0) tac 40 — 60 %
Output clock ICGOUT frequency ¢ (max)
CLKS =10, REFS = 0 ficgoutr | fextal (Min) Extal
All other cases fio (min) ficepctkmax | - MHz
© (max)
Minimum DCO clock (ICGDCLK) frequency ficapcLkmin 8 — MHz
Maximum DCO clock (ICGDCLK) frequency flcaDCLKmax — 40 MHz
Self-clock mode (ICGOUT) frequency (1) fseif ficapcLKmin ficabcLkmax| MHz
Self-clock mode reset (ICGOUT) frequency fSelf reset 55 8 10.5 MHz
Loss of reference frequency(z)
Low range fLlor 5 25 KHz
High range 50 500
Loss of DCO frequency® fLop 05 15 MHz
Crystal start-up time (> )
Low range tesTL — 430 —
ms
High range tcsTH - 4 -
FLL lock time ()
Low range tLocki — 2 ms
High range tLockh — 2
FLL frequency unlock range NUnlock —4*N 4*N counts
FLL frequency lock range NLock —2*N 2*N counts
ICGOUT period jitter, /) measured at ficgoyt Max o
Jitt
Long term jitter (averaged over 2 ms interval) e _ 0.2 % fica

NOTES:

1. Self-clocked mode frequency is the frequency that the DCO generates when the FLL is open-loop.
2. Loss of reference frequency is the reference frequency detected internally, which transitions the ICG into

self-clocked mode if it is not in the desired range.
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3. Loss of DCO frequency is the DCO frequency detected internally, which transitions the ICG into FLL bypassed
external mode (if an external reference exists) if it is not in the desired range.
. This parameter is characterized before qualification rather than 100% tested.
. Proper PC board layout procedures must be followed to achieve specifications.
. This specification applies to the period of time required for the FLL to lock after entering FLL engaged internal or
external modes. If a crystal/resonator is being used as the reference, this specification assumes it is already running.
7. Jitter is the average deviation from the programmed frequency measured over the specified interval at maximum
ficgouT- Measurements are made with the device powered by filtered supplies and clocked by a stable external
clock signal. Noise injected into the FLL circuitry via Vppa and Vgga and variation in crystal oscillator frequency
increase the C jie, percentage for a given interval.

A.9 AC Characteristics

This section describes ac timing characteristics for each peripheral system. For detailed information about
how clocks for the bus are generated, see the Internal Clock Generator (ICG) Module section.

[ Ne I

A.9.1 Control Timing

Table A-10 Control Timing

Parameter Symbol Min Typical Max Unit
Bus frequency (tcyc = 1/fgys) fBus dc — 20 MHz
Real time interrupt internal oscillator fRTI 700 1300 Hz
. 1 1.5x
External reset pulse width(") textrst f — ns
Self_reset
. 2 34 x
Reset low drive® trstdry f — ns
Self_reset
Active background debug mode latch setup time tmssu 25 — ns
Active background debug mode latch hold time tvmsH 25 — ns
IRQ pulse width® tiLH 1.5 X teye — ns
Port rise and fall time (load = 50 pF)*)
Slew rate control disabled tRises trall — 3 ns
Slew rate control enabled — 30
NOTES:

1. This is the shortest pulse that is guaranteed to be recognized as a reset pin request. Shorter pulses are not guaranteed
to override reset requests from internal sources.

2. When any reset is initiated, internal circuitry drives the reset pin low for about 34 cycles of fge) reset @nd then samples
the level on the reset pin about 38 cycles later to distinguish external reset requests from internal requests.

3. This is the minimum pulse width that is guaranteed to pass through the pin synchronization circuitry. Shorter pulses may
or may not be recognized. In stop mode, the synchronizer is bypassed so shorter pulses can be recognized in that case.

4. Timing is shown with respect to 20% Vpp and 80% Vpp levels. Temperature range —40°C to 85°C.
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A

textrst

RESET PIN \

Y

Figure A-10 Reset Timing

BKGD/MS

RESET

tmssy —»

<— tvgH

Figure A-11 Active Background Debug Mode Latch Timing

IRQ _\

-« iy ——

/

Figure A-12 IRQ Timing

A.9.2 Timer/PWM (TPM) Module Timing

Synchronizer circuits determine the shortest input pulses that can be recognized or the fastest clock that
can be used as the optional external source to the timer counter. These synchronizers operate from the

current bus rate clock.

Table A-11 TPM Input Timing

276

Function Symbol Min Max Unit
External clock frequency frPMext dc faus/4 MHz
External clock period trpMext 4 — teye
External clock high time teikh 1.5 — teye
External clock low time toi 1.5 — teye
Input capture pulse width ticpw 1.5 — toye
MC9S08GB/GT
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- trext

«—toih —>

teii

Y

Figure A-13 Timer External Clock

<«—Licpw —»
TPMxCHn /
TPMxCHn \

~—tcpy —>

N
F—

Figure A-14 Timer Input Capture Pulse

A.9.3 SPI Timing

Table A-12 and Figure A-15 through Figure A-18 describe the timing requirements for the SPI system.

Table A-12 SPI Timing

No. Function Symbol Min Max Unit
Operating frequency
Master fop faus/2048 faus/4 Hz
Slave dc faus/4
SCK period
1 Master tsck 4 2048 teye
Slave 4 - teye
Enable lead time
2 Master tLead 1/2 — tsck
Slave 1 — toye
Enable lag time
3 Master tLag 1/2 — tsck
Slave 1 — toye
Clock (SCK) high or low time
4 Master tWSCK tcyc —-30 1024 tcyc ns
Slave toye — — ns
Data setup time (inputs)
5 Master tsu 15 — ns
Slave 15 — ns
Data hold time (inputs)
6 Master th 0 — ns
Slave 25 — ns
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Table A-12 SPI Timing (Continued)

No. Function Symbol Min Max Unit
7 Slave access time ta — 1 teye
8 Slave MISO disable time tais — 1 teye

Data valid (after SCK edge)
9 Master ty — 25 ns
Slave — 25 ns
Data hold time (outputs)
10 Master tho 0 — ns
Slave 0 — ns
Rise time
11 Input tri — toyc— 25 ns
Output tro — 25 ns
Fall time
12 Input te — teyc— 25 ns
Output tro — 25 ns
@1
(OUTPUT) \( c / ___
)
SCK < :)_> <_® o @
(CPOL = 0) /‘ \ /_ [ \ /
(OUTPUT) 7 4_@_> v K
SCK N ' \ -
(CPOL = 1) \ / / \

(OUTPUT) 3 S— 4

MISO ¢
anpum — MSB IN? —<

Ny

$5
)
A > LsBIN )

—>>

MOSI F
(OUTPUT)

LSB OUT

NOTES:

1. SS output mode (DDS7 = 1, SSOE = 1).

2. LSBF = 0. For LSBF = 1, bit order is LSB, bit 1, ...,

bit 6, MSB.

Figure A-15 SPI Master Timing (CPHA = 0)

278

MC9S08GB/GT

MOTOROLA



550
(©OUTPUT) N

Data Sheet — MC9S08GB60/D V1.5

/

A
\A

scK
(CPOL = 0)
(OUTPUT) ——

SCK —— —

(
)

N

2

®
(O (O~

-
s

(o Jo
(6 J

(CPOL = 1) /
(OUTPUT)
PO { wmsBN® - BIT s LseN )
T {
(INPUT) I — 61 S / -
(O = — ~
MOSI 3 59
(ouTPUT) PORTDATA X MASTERMSBOUTE BIT6...1 MASTER LSB OUT PORT DATA
| 5

NOTES:

1. SS output mode (DDS7 = 1, SSOE = 1).
2. LSBF = 0. For LSBF = 1, bit order is LSB, bit 1, ..., bit 6, MSB.

SsS
(INPUT)

Figure A-16 SPI Master Timing (CPHA = 1)

SCK
(CPOL = 0)
(INPUT)

A
Y

5

SCK
(CPOL = 1)
(INPUT)

- ~@ > @ H® O~

~—()— S@+ <~ ®
i \ /o _"J L N

1N

S

MISO
(OUTPUT)

MOSI
(INPUT) —

y S5 y EE
SLAVE | MSB OUT >< BITG.. .1 7}( SLAVE LSB OUT NOTE
P

NOTE:

1. Not defined but normally MSB of character just received
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SS
(INPUT) L P ,/
)

A
Y
®

sCK Caa
(CPOL = 0) / "\ /_’ \[S
()]

Lih T

(INPUT)
SCK © ® }:5
—\ s
(CPOL = 1) \ /
(INPUT) N 7 —

- =9 — (=10 -

<+
MISO SEE X SLAVE LSB OUT

(OUTPUT) — TX\.NOT SLAVE | MSB OUT §< BIT6...1
—> <-@ <( }» <(:}> 5
>—< LSBIN >
§
NOTE:
1. Not defined but normally LSB of character just received

(|N'\|£(L)J$)I — wmsBNIN }—< BITG...1
Figure A-18 SPI Slave Timing (CPHA =1)
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A.10 FLASH Specifications

This section provides details about program/erase times and program-erase endurance for the FLASH

memory.

Program and erase operations do not require any special power sources other than the normal Vpp, supply.

For more detailed information about program/erase operations, see the Memory section.

Table A-13 FLASH Characteristics

Characteristic Symbol Min Typical Max Unit

Supply voltage for program/erase Vprog/erase 21 3.6 Vv
Supply voltage for read operation

0< fBus <8 MHz VRead 1.8 3.6 \'

0 < fgys < 20 MHz 2.08 3.6
Internal FCLK frequency(") froLk 150 200 kHz
Internal FCLK period (1/FCLK) treyc 5 6.67 us
Byte program time (random location)(® torog 9 troye
Byte program time (burst mode)(® tBurst 4 treyc
Page erase time®® tpage 4000 teoye
Mass erase time(® tMass 20,000 treye
Program/erase endurance®

T to Ty =—-40°C to + 85°C 10,000 — cycles

T =25°C 100,000 —
Data retention® t_ret 15 100 — years

NOTES:

1. The frequency of this clock is controlled by a software setting.

2. These values are hardware state machine controlled. User code does not need to count cycles. This
information supplied for calculating approximate time to program and erase.

3. Typical endurance for FLASH was evaluated for this product family on the 9512Dx64. For additional
information on how Motorola defines typical endurance, please refer to Engineering Bulletin EB619/D,
Typical Endurance for Nonvolatile Memory.

4. 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
Motorola defines typical data retention, please refer to Engineering Bulletin EB618/D, Typical Data
Retention for Nonvolatile Memory.
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Appendix B Ordering Information and Mechanical
Drawings

B.1 Ordering Information

This section contains ordering numbers for MC9S08GB60, MC9S08GB 32, MC9S08GT 60, and
MCOS08GT 32 devices. See below for an example of the device numbering system.

Table 15-4
Available
Package
MC Order Number I\Te_rﬁgr RAM TPM Type
y (Part Number
Suffix)
One 3-channel and one
MC9S08GB60 60K 4K &-channel 16.bit timer 64 LQFP (FU)
One 3-channel and one
MC9S08GB32 32K 2K 5-channel 16-bit timer 64 LQFP (FU)
44 QFP (FB)
MC9S08GT60 60K 4K Two 2-channel/16-bit timers
42 SDIP (B)
44 QFP (FB)
MC9S08GT32 32K 2K Two 2-channel/16-bit timers
42 SDIP (B)

Temperature and package designators:
C =-40°C to 85°C
FU = 64-pin Low Quad Flat Package (LQFP)
FB = 44-pin Quad Flat Package (QFP)
B = 42-pin Skinny Dual In-Line Package (SDIP)
MC = Fully qualified

MC 9 S08 GB60 C XX

Status ——I_ ‘ ‘ -I__ Package designator
Memory

Temperature range
Core

Family

B.2 Mechanical Drawings

This appendix contains mechanical specifications for MC9S08GB/GT MCU.
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B.3 64-Pin LQFP Package Drawing

4X 16 TIPS

oloz[c[~e[0

2XRR1

GAGE PLANE
(L2) i ;
Al— —{ L
— (L1)

VIEW AA
NOTES:

1. DIMENSIONS AND TOLERANCING PER ANSI
Y14.5M, 1982.

2. CONTROLLING DIMENSION: MILLIMETER.

3. DATUM PLANE DATUM H IS LOCATED AT BOTTOM
OF LEAD AND IS COINCIDENT WITH THE LEAD
WHERE THE LEAD EXITS THE PLASTIC BODY AT
THE BOTTOM OF THE PARTING LINE.

4. DATUMSA, BAND D TO BE DETERMINED AT DATUM
PLANE DATUM C.

D 5. DIMENSIONS D AND E TO BE DETERMINED AT
SEATING PLANE DATUM C.

6. DIMENSIONS D1 AND E1 DO NOT INCLUDE MOLD
PROTRUSION. ALLOWABLE PROTRUSION IS 0.25
PER SIDE.

7. DIMENSION b DOES NOT INCLUDE DAMBAR
PROTRUSION. DAMBAR PROTRUSION SHALL NOT
CAUSE THE b DIMENSION TO EXCEED 0.35.
MINIMUM SPACE BETWEEN PROTRUSION AND
ADJACENT LEAD OR PROTRUSION 0.07.

<
/
J — \
I 3
C| SEATING ~ (q\) |
PLANE VIEW AA MILLIMETERS

3X
VIEW Y

H A

| DIM| MIN MAX
A 1.60
Al 0.05 0.15
A2 | 135 1.45
b 0.17 0.27
b1 0.17 0.23
BASE METAL e 0.09 0.20
le«—— b cl 0.09 0.16
D 12.00 BSC
T —+— D1 | 10.00BSC
e 0.50 BSC
c cl E 12.00 BSC
l + E1 10.00 BSC
L[ 045] 075
L1 1.00 REF
L2 0.50 REF
PLATING b R1 010 | 0.20
S 0.20 REF;
o
[&[oos@][c[aB|D| PR e
q2 12° REF
SECTION AB-AB q3 12 ° REF

ROTATED 90° CLOCKWISE

CASE 840F-02
ISSUE B

DATE 09/16/98
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B.4 44-Pin QFP Package Drawing

B
| L |
X | ==
/
33H H H H\ \ | 23 :D
34 ~ L7 22 - - -A-, -B-, -D-
—T ® © |
| — — — — o o
T —T— @ @ DETAIL A
[aa] o
 — — — — < <
A — = = -B- — [
A j==|\ = B olall = F
- FEE“\_ - - - - — 1= LSl EE) BASE METAL
/ T ==, 1Z
— &= SERRE ¥ {
] —T— slsl] |s ) N
- — — T &8 &
DETAIL A oS|o o r f
| — — — — —
@) —T S| @ D
all , 2 || 0.20 (0.008)@|C|AB®[D B |
‘:IHHHHll:HHHH“ SECTION B-B
NOTES:
-D- 1. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M,
1982,
A 2. CONTROLLING DIMENSION: MILLIMETER.
4| 0.20 (0.008) | C|AB ©| D® | 3. DATUM PLANE -H- IS LOCATED AT BOTTOM OF LEAD
AND IS COINCIDENT WITH THE LEAD WHERE THE LEAD
| |0.05(0.002) | A-B EXITS THE PLASTIC BODY AT THE BOTTOM OF THE
PARTING LINE.
) 4. DATUMS -A-, -B- AND -D- TO BE DETERMINED AT DATUM
PLANE -H-.
|€B| 0.20 (0.008)@| H| A-B©| D ®| 5. DIMENSIONS S ANDY TOBE DETERMINED AT SEATING
6. DIMENSIONS A AND B DO NOT INCLUDE MOLD
PROTRUSION. ALLOWABLE PROTRUSION 1S 0.25(0.010)
M= DETAIL C PER SIDE. DIMENSIONS A AND B DO INCLUDE MOLD
-’ ~ / MISMATCH AND ARE DETERMINED AT DATUM PLANE
/ -H-.
P I / \ 7. DIMENSION D DOES NOT INCLUDE DAMBAR
|l \ PROTRUSION. ALLOWABLE DAMBAR PROTRUSION
cE inlimininizinininlaln T~ 4. DATUM SHALL BE 0.08 (0.003) TOTAL IN EXCESS OF THE D
¢ 1 ] PLANE DIMENSION AT MAXIMUM MATERIAL CONDITION.
7= HH 1, DAMBAR CANNOT BE LOCATED ON THELOWER RADIUS
-C- f N P A [0.01 (0.004) OR THE FOOT.
SEATING H ~ /L -
PLANE ~J GL* = m

MILLIMETERS INCHES

MIN MAX MIN | MAX
9.90 | 10.10 | 0.390 | 0.398
9.90 | 10.10 | 0.390 | 0.398
2.10 245 | 0.083 | 0.096
0.30 045 | 0.012 | 0.018
2.00 210 | 0.079 | 0.083
0.30 040 | 0.012 | 0.016

0.80 BSC 0.031 BSC
DATUM 0.25 -1 0.010
PLANE -H- 0.013 0.23 | 0.005 | 0.009

0.65 0.95 | 0.026 | 0.037
8.00 REF 0.315 REF
50 10° 50 10°

0.13 0.17 | 0.005 | 0.007
0° 7° 0° 7°

0.13 0.30 | 0.005 | 0.012

12.95 | 13.45 | 0.510 | 0.530

-

R
K i
~—X

><§<=—|<n:uoz§|-x:_::m-nmcom>|§

013 0.005
12.35 345 0.5(1)0 053
DETAILC 0.40 — | 0016
1.6 REF 0.063 REF
CASE 824A-01
ISSUE O
DATE 11/19/90

MOTOROLA MC9S08GB/GT 285



Ordering Information and Mechanical Drawings

B.5 42-Pin SDIP Package Drawing

NOTES:
A 1. DIMENSIONING AND TOLERANCING PER ANSI
-A- Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.
3. DIMENSION L TO CENTER OF LEAD WHEN FORMED

PARALLEL.
4. DIMENSIONS AANDBDONOTINCLUDE MOLD FLASH.
MAXIMUM MOLD FLASH 0.25 (0.010).

MANANNNANANNANNNNNNN
b2 2

D B-

INCHES MILLIMETERS
1 21 |DIM[ MIN | MAX [ MIN | MAX
[PRVAVAVIVAVAVIVAVEVIVEVAVIVAVAVAVIVRVAVLY A | 1435 | 1465 | 3645 | 37.21
B | 0540 | 0560 | 13.72 | 14.22
c— — H-»I C | 0155 | 0200 | 394 | 508
D | 0014 [ 0022 036 [ 056
I I  ——— 1 tonsse | iR

i —L f \ H 0.300 BSC 7.62 BSC
-T- J [ 1 ,;I 9 J [ 0008 [0015[ 020] 038
SEATING F L K [ 0115 [ 0135 | 202 [ 343

PLANE N— L 0.600 BSC 15.24 BSC
— F ~— G M M 0 [ 15 0o [ 15
D 42pL K— J 02PL —a{le— N [ 0020 0040 [ 051 [ 1.02

[@]0.250010@[T[A ®] [ ]025 0010@[T[B O
CASE 858-01
ISSUE O

DATE 02/27/90
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