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Chapter 4
Memory

4.1 MC9S08AC16 Series Memory Map

Figure 4-1 shows the memory maps for the MC9S08AC16 Series MCUs. On-chip memory in the

MC9S08AC16 Series of MCU 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 (0x0000 through 0x006F)
» High-page registers (0x1800 through 0x185F)
* Nonvolatile registers (OxFFBO through OXFFBF)

0x0000 DIRECT PAGE REGISTERS
0x006H
0x0070]
RAM
1024 BYTES
0x046H
0x0470
UNIMPLEMENTED
5008 BYTES
0x17FH
0x1800
HIGH PAGE REGISTERS
0x185H
0x1860
UNIMPLEMENTED
42,912 BYTES
0xBFFH
0xC000,
FLASH
16,384 BYTES
OXFFFH

MC9S08AC16 and MCIS08AW16A

0x0000 DIRECT PAGE REGISTERS
0x006H
0x0070; RAM
0x036H 768 BYTES
0x0370
ox046F  RESERVED — 256 BYTES
0x0470
UNIMPLEMENTED

5008 BYTES
0x17FH
0x1800

HIGH PAGE REGISTERS
0x185
0x1860
UNIMPLEMENTED

42,912 BYTES
OxBFFR
0xC000|

RESERVED

8192 BYTES
OxDFFR
0xE000

FLASH

8192 BYTES

OXFFFH

MC9S08AC8 and MCISOBAWSBA

Figure 4-1. MC9S08AC16 Series Memory Maps
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Chapter 4 Memory

4.1.1 Reset and Interrupt Vector Assignments

Figure 4-1 shows address assignments for reset and interrupt vectors. The vector names shown in this table
are the labels used in the Freescale-provided equate file for the MC9S08AC16 Series. For more details
about resets, interrupts, interrupt priority, and local interrupt mask controls, refer to Chapter 5, “Resets,

Interrupts, and System Configuration.”

Table 4-1. Reset and Interrupt Vectors

Address (High/Low) Vector Vector Name
0xFFCO:FFC1 through OxFFC4:FFC5 Unused Vector Space

(available for user program) —
OxFFC6:FFC7 TPMS overflow Vtpm3ovf
OxFFCB8:FFC9 TPMS3 channel 1 Vipm3ch1
OxFFCA:FFCB TPM3 channel 0 Vtpm3chO
O0xFFCC:FFCD RTI Vrti
OxFFCE:FFCF IIC1 Viic1
O0xFFDO:FFD1 ADC1 Conversion Vadc1
OxFFD2:FFD3 KBI Vkeyboard1
OxFFD4:FFD5 SCI2 Transmit Vsci2tx
OxFFD6:FFD7 SCI2 Receive Vsci2rx
OxFFD8:FFD9 SCI2 Error Vsci2err
O0xFFDA:FFDB SCI1 Transmit Vsciltx
OxFFDC:FFDD SCI1 Receive Vscitrx
OxFFDE:FFDF SCI1 Error Vsciterr
OxFFEO:FFET SPI1 Vspit
OxFFE2:FFE3 TPM2 Overflow Vtpm2ovf
OxFFE4:FFE5 TPM2 Channel 1 Vipm2ch1
OxFFE6:FFE7 TPM2 Channel 0 Vtpm2chO
OxFFE8:FFE9 TPM1 Overflow Vtpm1ovf
OxFFEA:FFEB Unused —
OxFFEC:FFED Unused —
OxFFEE:FFEF TPM1 Channel 3 Vipm1ich3
OxFFFO:FFF1 TPM1 Channel 2 Vipmich2
OxFFF2:FFF3 TPM1 Channel 1 Vipm1ich1
OxFFF4:FFF5 TPM1 Channel 0 Vipm1chO
OxFFF6:FFF7 ICG Vicg
OxFFF8:FFF9 Low Voltage Detect Vivd
OxFFFA:FFFB IRQ Virq
OxFFFC:FFFD Swi Vswi
OxFFFE:FFFF Reset Vreset
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Chapter 4 Memory

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.

44 FLASH

The FLASH memory is intended 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
is also possible through other software-controlled communication paths. For a more detailed discussion of
in-circuit and in-application programming, refer to the HCS08 Family Reference Manual, Volume I,
Freescale Semiconductor document order number HCSO8RMv1/D.

4.4.1 Features

Features of the FLASH memory include:

* FLASH Size
— MC9S08AC16 and MC9S08AW16A— 16,384 bytes (32 pages of 512 bytes each)
— MC9S08ACS8 and MC9S08AWBA— 8192 bytes (16 pages of 512 bytes each)

» Single power supply program and erase

» Command interface for fast program and erase operation

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

» Flexible block protection

o Security feature for FLASH and RAM

» Auto power-down for low-frequency read accesses

44.2 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 (fec| k) between 150 kHz and
200 kHz (see Section 4.6.1, “FLASH Clock Divider Register (FCDIV)”). This register can be written only
once, so normally this write is done during reset initialization. FCDIV cannot be written if the access error
flag, FACCERR in FSTAT, is set. The user must ensure that FACCERR is not set before writing to the
FCDIV register. One period of the resulting clock (1/fgc k) is used by the command processor to time
program and erase pulses. An integer number of these timing pulses are used by the command processor
to complete a program or erase command.

Table 4-5 shows program and erase times. The bus clock frequency and FCDIV determine the frequency
of FCLK (frck)- The time for one cycle of FCLK is tec| k = 1/fgc k. The times are shown as a number
of cycles of FCLK and as an absolute time for the case where tgc| « = 5 ps. Program and erase times
shown include overhead for the command state machine and enabling and disabling of program and erase
voltages.

MC9S08AC16 Series Data Sheet, Rev. 9

50 Freescale Semiconductor



Chapter 7
Central Processor Unit (S08CPUV2)

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 HCS08 Family Reference
Manual, volume 1.

The HCS08 CPU is fully source- and object-code-compatible with the M68BHC08 CPU. Several
instructions and enhanced addressing modes were added to improve C compiler efficiency and to support
a new background debug system which replaces the monitor mode of earlier M68HCO08 microcontrollers
(MCU).

711

Features

Features of the HCS08 CPU include:

Obiject code fully upward-compatible with M68HCO05 and M68HCO08 Families
All registers and memory are mapped to a single 64-Kbyte address space
16-bit 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 0x0000—-0x00FF

— 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

MC9S08AC16 Series Data Sheet, Rev. 9
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Internal Clock Generator (S08ICGV4)

8.3.4 ICG Status Register 2 (ICGS2)
5 4 1 0
R 0 0 0 0 0 0 0 DCOS
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 8-9. ICG Status Register 2 (ICGS2)
Table 8-4. ICGS2 Register Field Descriptions
Field Description
0 DCO Clock Stable — The DCOS bit is set when the DCO clock (ICG2DCLK) is stable, meaning the count error
DCOS has not changed by more than n ok for two consecutive samples and the DCO clock is not static. This bit is
used when exiting off state if CLKS = X1 to determine when to switch to the requested clock mode. It is also used
in self-clocked mode to determine when to start monitoring the DCO clock. This bit is cleared upon entering the
off state.
0 DCO clock is unstable.
1 DCO clock is stable.
8.3.5 ICG Filter Registers (ICGFLTU, ICGFLTL)
3 2 1 0
R 0 0 0 0
FLT
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 8-10. ICG Upper Filter Register (ICGFLTU)
Table 8-5. ICGFLTU Register Field Descriptions
Field Description
3.0 Filter Value — The FLT bits indicate the current filter value, which controls the DCO frequency. The FLT bits are
FLT read only except when the CLKS 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.
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Internal Clock Generator (S08ICGV4)

< > < RECOVERY >
RESET FROM STOP

\A

Y

INITIALIZE ICG
ICGC1 = $7A SERVICE INTERRUPT
ICGC2 = $30 SOURCE (fys = 4 MH2)

CHECK
FLL LOCK STATUS
LOCK =1?

CHECK
FLL LOCK STATUS
LOCK =1?

CONTINUE
CONTINUE

Figure 8-15. ICG Initialization and Stop Recovery for Example #2
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Internal Clock Generator (S08ICGV4)

ICGTRM = $xx

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

RECOVERY
RESET FROM STOP
Y 3

INITIALIZE ICG
ICGC1 = §28 CHECK NO
ICGC2 = $31 FLL LOCK STATUS. g

LOCK =1?

YES
Y

( CONTINUE

LOCK =17
NOTE: THIS WILL REQUIRE THE INTERAL REFERENCE CLOCK TO START AND

CONTINUE
STABILIZE.

Figure 8-16. ICG Initialization and Stop Recovery for Example #3

CHECK
FLL LOCK STATUS.
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Keyboard Interrupt (S08KBIV1)

9.3.1 KBI Block Diagram

Figure 9-2 shows the block diagram for a KBI module.

KBIPO O
KBIPEO
KBIPE3 Voo o RESET ¢ KBF
L ’ SYNCHRONIZER |
/[ KBIPE4
KEYBOARD STOP —| STOPBYPASS [1  \tvnoarp
KBEDG4 INTERRUPT FF INTERRUPT
REQUEST
1 | KBEE |
. KBIE -
KBIPn L
O [kBIPEn
KBEDGn

Figure 9-2. KBI Block Diagram

9.4 Register Definition
This section provides information about all registers and control bits associated with the KBI module.

Refer to the direct-page register summary in the Memory chapter of this data sheet for the absolute address
assignments for all KBI registers. This section refers to registers and control bits only by their names. A
Freescale-provided equate or header file is used to translate these names into the appropriate absolute
addresses.
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Timer/PWM Module (S08TPMV3)

Table 10-8. Mode, Edge, and Level Selection

CPWMS MSnB:MSnA ELSnB:ELSnA Mode Configuration
0 00 01 Input capture Capture on rising edge
only
10 Capture on falling edge
only
11 Capture on rising or
falling edge
01 00 Output compare | Software compare only
01 Toggle output on
compare
10 Clear output on
compare

11 Set output on compare
1X 10 Edge-aligned High-true pulses (clear

PWM output on compare)

X1 Low-true pulses (set

output on compare)
1 XX 10 Center-aligned High-true pulses (clear
PWM output on compare-up)

X1 Low-true pulses (set

output on compare-up)

10.5.5 TPM 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 registers are cleared by

reset.

Reset

Reset

In input capture mode, reading either byte (TPMxCnVH or TPMxCnVL) latches the contents of both bytes
into a buffer where they remain latched until the other half is read. This latching mechanism also resets

7 6 5 4 3 2 1 0
Bit 15 14 13 12 11 10 9 Bit 8
0 0 0 0 0 0 0 0

Figure 10-13. TPM Channel Value Register High (TPMxCnVH)
7 6 5 4 3 2 1 0
Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0 0 0 0 0

Figure 10-14. TPM Channel Value Register Low (TPMxCnVL)

MC9S08AC16 Series Data Sheet, Rev. 9

176

Freescale Semiconductor




Inter-Integrated Circuit (S08IICV2)

13.4.1.5 Repeated Start Signal

As shown in Figure 13-9, a repeated start signal is a start signal generated without first generating a stop
signal to terminate the communication. This is used by the master to communicate with another slave or
with the same slave in different mode (transmit/receive mode) without releasing the bus.

13.4.1.6 Arbitration Procedure

The 1IC bus is a true multi-master bus that allows more than one master to be connected on it. If two or
more masters try to control the bus at the same time, a clock synchronization procedure determines the bus
clock, for which the low period is equal to the longest clock low period and the high is equal to the shortest
one among the masters. The relative priority of the contending masters is determined by a data arbitration
procedure, a bus master loses arbitration if it transmits logic 1 while another master transmits logic 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.

13.4.1.7 Clock Synchronization

Because wire-AND logic is performed on the SCL linge, 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 a device’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 line if 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 13-10). When all
devices concerned have counted off their low period, the synchronized clock SCL line is released and
pulled high. There is then no difference between the device clocks and the state of the SCL line and all the
devices start counting their high periods. The first device to complete its high period pulls the SCL line

low again.
| Delay |
/
SCL1 | \

—\ S
- / |
= —— | / \

Start Counting High Period

Internal Counter Reset

Figure 13-10. lIC Clock Synchronization
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Inter-Integrated Circuit (S081ICV2)

13.6.2 Address Detect Interrupt

When the calling address matches the programmed slave address (I11C address register) or when the
GCAEN bit is set and a general call is received, the IAAS bit in the status register is set. The CPU is
interrupted, provided the IICIE is set. The CPU must check the SRW bit and set its Tx mode accordingly.

13.6.3 Arbitration Lost Interrupt

The I1C is a true multi-master bus that allows more than one master to be connected on it. If two or more
masters try to control the bus at the same time, the relative priority of the contending masters is determined
by a data arbitration procedure. The 11C module asserts this interrupt when it loses the data arbitration
process and the ARBL bit in the status register is set.

Arbitration is lost in the following circumstances:

SDA sampled as a low when the master drives a high during an address or data transmit cycle.

SDA sampled as a low when the master drives a high during the acknowledge bit of a data receive
cycle.

A start cycle is attempted when the bus is busy.
A repeated start cycle is requested in slave mode.
A stop condition is detected when the master did not request it.

This bit must be cleared by software writing a 1 to it.

MC9S08AC16 Series Data Sheet, Rev. 9
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Analog-to-Digital Converter (S0O8ADC10V1)

@ omparetiue | ADC1SCH ADC1CFG
I A
zl 8
z| 8 2 o ~
T Q| o Zly =8 > | Async
o Ol gl E|Q o I a @) q
la} al €] 5|9 2 a 2 a »| Clock Gen
< < gl <= g < <
w1 ADACK
A A 4 A
MCU STOP ADCK | Clock <
ADHWT Control Sequencer Divide
[0} (0] T =
Nl 5| g 2 ¢
s £l 2 g s
= © o ® ®
c| o o =
o m—
o AEN (D——
[ J
° ADVIN ) c0co (2
SAR Converter
AD27
i
VREFH O Data Registers
VRerL O
)
»
Compare true C
g C
ompare
Logic
(]
=] =
s 2
> S
1 <<
ADC1SC2

Compare Value Registers

Figure 14-2. ADC

14.3 External Signal Description

Block Diagram

Bus Clock

ALTCLK

J—» Interrupt

The ADC module supports up to 28 separate analog inputs. It also requires four supply/reference/ground

connections.

Table 14-2. Sign

al Properties

Name Function
AD27-ADO0 Analog Channel inputs
VREFH High reference voltage
VREFL Low reference voltage
VbpaD Analog power supply
Vssap Analog ground
MC9S08AC16 Series Data Sheet, Rev. 9
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Analog-to-Digital Converter (S0O8ADC10V1)

INITIALIZE ADC

ADCCFG = $98
ADCSC2 = $00
ADCSC1 = $41

READ ADCRH
THEN ADCRL TO
CLEAR COCO BIT

A

CONTINUE

Figure 14-14. Initialization Flowchart for Example

14.7 Application Information

This section contains information for using the ADC module in applications. The ADC has been designed
to be integrated into a microcontroller for use in embedded control applications requiring an A/D
converter.

14.7.1 External Pins and Routing

The following sections discuss the external pins associated with the ADC module and how they should be
used for best results.

14.7.1.1 Analog Supply Pins

The ADC module has analog power and ground supplies (Vppap and Vssap) Which are available as
separate pins on some devices. On other devices, Vggap IS shared on the same pin as the MCU digital Vg,
and on others, both Vgsap and Vppap are shared with the MCU digital supply pins. In these cases, there
are separate pads for the analog supplies which are bonded to the same pin as the corresponding digital
supply so that some degree of isolation between the supplies is maintained.

When available on a separate pin, both Vppap and Vgsap must be connected to the same voltage potential
as their corresponding MCU digital supply (Vpp and Vgg) and must be routed carefully for maximum
noise immunity and bypass capacitors placed as near as possible to the package.

MC9S08AC16 Series Data Sheet, Rev. 9
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Analog-to-Digital Converter (S0O8ADC10V1)

14.7.2 Sources of Error

Several sources of error exist for A/D conversions. These are discussed in the following sections.

14.7.2.1 Sampling Error

For proper conversions, the input must be sampled long enough to achieve the proper accuracy. Given the
maximum input resistance of approximately 7kQ and input capacitance of approximately 5.5 pF, sampling
to within 1/4LsB (at 10-bit resolution) can be achieved within the minimum sample window (3.5 cycles @
8 MHz maximum ADCK frequency) provided the resistance of the external analog source (Rpg) is kept
below 5 kQ.

Higher source resistances or higher-accuracy sampling is possible by setting ADLSMP (to increase the
sample window to 23.5 cycles) or decreasing ADCK frequency to increase sample time.

14.7.2.2 Pin Leakage Error

Leakage on the 1/0 pins can cause conversion error if the external analog source resistance (Ras) is high.
If this error cannot be tolerated by the application, keep Ras lower than Vppap / (2N*1, ga) for less than
1/4LsB leakage error (N = 8 in 8-bit mode or 10 in 10-bit mode).

14.7.2.3 Noise-Induced Errors

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

e Thereisa0.1 uF low-ESR capacitor from Vrgpy t0 VReEL-
e Thereisa0.1 pF low-ESR capacitor from Vppap t0 Vssap.
» If inductive isolation is used from the primary supply, an additional 1 uF capacitor is placed from

VbpaD 10 Vssap-
*  Vgsap (and Vgegy, if connected) is connected to Vg at a quiet point in the ground plane.
» Operate the MCU in wait or stop3 mode before initiating (hardware triggered conversions) or
immediately after initiating (hardware or software triggered conversions) the ADC conversion.
— For software triggered conversions, immediately follow the write to the ADC1SC1 with a
WAIT instruction or STOP instruction.

— For stop3 mode operation, select ADACK as the clock source. Operation in stop3 reduces Vpp
noise but increases effective conversion time due to stop recovery.

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

wait or stop3 or 1/O activity cannot be halted, these recommended actions may reduce the effect of noise
on the accuracy:

» Place a 0.01 pF capacitor (Cpg) on the selected input channel to Vggg or Vggap (this will
improve noise issues but will affect sample rate based on the external analog source resistance).
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Appendix A Electrical Characteristics and Timing Specifications

SIMPLIFIED
INPUT PIN EQUIVALENT
CIRCUIT Zaom
"pd T SIMPLFIED
Zns | leakage | CHANNEL SELECT
<0 | el I T L ADC SAR
Ras | | protection | | | wo/ ENGINE
! + | | | | © | )
| VaDin | | | | |
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l | | e |
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< - - | Rapbin |
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INPUT PIN
e o
E f ]
INPUT PIN | |
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INPUT PIN L=
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1

Figure A-8. ADC Input Impedance Equivalency Diagram

Table A-9. 5 Volt 10-bit ADC Characteristics (VREFH = VDDAD’ VREFL = VSSAD)

Characteristic Conditions C Symb Min Typ' Max Unit
Supply current T IbbaD — 133 — pA
ADLPC =1
ADLSMP =1
ADCO =1
Supply current T IbpAD — 218 — pA
ADLPC =1
ADLSMP =0
ADCO =1
Supply current T IppAD — 327 — pA
ADLPC =0
ADLSMP =1
ADCO =1
Supply current T IbDAD — 582 — A
ADLPC =0
ADLSMP =0 VDDAD < 55V P —_— — 1 mA
ADCO =1
ADC asynchronous clock source | High speed (ADLPC = 0) p faDACK 2 3.3 5 MHz
tapack = 1/fapack Low power (ADLPC = 1) 1.25 2 3.3
Conversion time Short sample (ADLSMP = 0) P tapc — 20 — ADCK
(Including sample time) cycles
Long sample (ADLSMP = 1) — 40 —
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Appendix B Ordering Information and Mechanical Drawings
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