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Chapter 4
Memory

4.1 MC9S08SG32 Series Memory Map

As shown in Figure 4-1, on-chip memory in the MC9S08SG32 Series series of MCUs consists of RAM,
FLASH program memory for nonvolatile data storage, and I/O and control/status registers. The registers
are divided into three groups:

» Direct-page registers (0x0000 through 0x007F)
» High-page registers (0x1800 through Ox185F)
* Nonvolatile registers (OXFFBO through OXFFBF)

0x0000

0x007F
0x0080

0x047F
0x0480

0x17FF
0x1800

0x185F
0x1860

Ox7FFF
0x8000

OXFFFF

DIRECT PAGE REGISTERS

RAM
1024 BYTES

UNIMPLEMENTED
4992 BYTES

HIGH PAGE REGISTERS

UNIMPLEMENTED
26,528 BYTES

FLASH
32768 BYTES

MC9S08SG32

0x0000
0x007F

DIRECT PAGE REGISTERS

0x0080

0x047F

RAM
1024 BYTES

0x0480

O0x17FF
0x1800

0x185F
0x1860

Ox7FFF
0x8000

OxBFFF
0xC000

UNIMPLEMENTED
4992 BYTES

HIGH PAGE REGISTERS

UNIMPLEMENTED
26,538 BYTES

UNIMPLEMENTED
16,384 BYTES

OXFFFF

FLASH
16,384 BYTES

MC9S08SG16

Figure 4-1. MC9S08SG32/MC9S08SG16 Memory Map
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Chapter 4 Memory

4.4 RAM

The MC9S08SG32 Series includes static RAM. The locationsin RAM below 0x0100 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 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 (Vgam)-

For compatibility with M68HC05 M CUs, the HCSO08 resets the stack pointer to OXO0FF. In the
MC9S08SG32 Series, 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-addressable program variabl es.
Include thefollowing 2-instruction sequencein your reset initialization routine (where RamL ast is equated
to the highest address of the RAM in the Freescale Semiconductor-provided equate file).

LDHX #Ranlast +1 ; poi nt one past RAM
TXS ; SP<- (H: X-1)
When security is enabled, the RAM is considered a secure memory resource and is hot accessible through

BDM or through code executing from non-secure memory. See Section 4.6, “ Security”, for adetailed
description of the security feature.

45 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 communi cation paths. For amore detailed discussion of
in-circuit and in-application programming, refer to the HCS08 Family Reference Manual, Volume [,
Freescale Semiconductor document order number HCSO8RMv1/D.
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Chapter 4 Memory

4.5.3

Program and Erase Command Execution

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

1. Write adatavaueto an addressin the FLASH array. The address and datainformation from this

2.

3.

writeis latched into the FLASH interface. Thiswriteis arequired first step in any command
sequence. For erase and blank check commands, the value of the datais not important. For page
erase commands, the address may be any addressin 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.
Whol e pages of 512 bytes are the smallest block of FLASH that may be erased.

NOTE

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

Write the command code for the desired command to FCMD. The five valid commands are blank
check (0x05), byte program (0x20), burst program (0x25), page erase (0x40), and mass erase
(0x41). The command code is latched into the command buffer.

Write a 1 to the 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.

A strictly monitored procedure must be obeyed or the command will not be accepted. This minimizesthe
possibility of any unintended changes to the FLASH memory contents. The command compl ete flag
(FCCF) indicates when a command is complete. The command sequence must be completed by clearing
FCBEF to launch the command. Figure 4-2 is aflowchart for executing all of the commands except for
burst programming. The FCDIV register must be initialized before using any FLASH commands. This
must be done only once following a reset.
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5.7.6

Chapter 5 Resets, Interrupts, and General System Control

System Power Management Status and Control 1 Register
(SPMSC1)

This high page register contains status and control bits to support the low-voltage detect function, and to
enable the bandgap voltage reference for use by the ADC and ACMP modules. This register should be
written during the user’sreset initialization program to set the desired controls even if the desired settings
are the same as the reset settings.

7 6 5 4 3 2 1 0
R| Lvwr?! 0 0
LVWIE LVDRE? LVDSE? LVDE? BGBE
W LVWACK
Reset: 0 0 0 1 1 1 0 0
= Unimplemented or Reserved

1 LVWF will be set in the case when Vsyupply transitions below the trip point or after reset and Vg is already below Vi

2

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)

Table 5-9. SPMSC1 Register Field Descriptions

Field Description
7 Low-Voltage Warning Flag — The LVWF bit indicates the low voltage warning status.
LVWF 0 Low voltage warning is not present.
1 Low voltage warning is present or was present.
6 Low-Voltage Warning Acknowledge — The LVWF bit indicates the low voltage warning status.Writing a 1 to
LVWACK | LVWACK clears LVWF to a 0 if a low voltage warning is not present.
5 Low-Voltage Warning Interrupt Enable — This bit enables hardware interrupt requests for LVWF.
LVWIE 0 Hardware interrupt disabled (use polling).
1 Request a hardware interrupt when LVWF = 1.
4 Low-Voltage Detect Reset Enable — This write-once bit enables LVD events to generate a hardware reset
LVDRE (provided LVDE = 1).
0 LVD events do not generate hardware resets.
1 Force an MCU reset when an enabled low-voltage detect event occurs.
3 Low-Voltage Detect Stop Enable — Provided LVDE = 1, this write-once bit determines whether the low-voltage
LVDSE detect function operates when the MCU is in stop mode.
0 Low-voltage detect disabled during stop mode.
1 Low-voltage detect enabled during stop mode.
2 Low-Voltage Detect Enable — This write-once bit enables low-voltage detect logic and qualifies the operation
LVDE of other bits in this register.
0 LVD logic disabled.
1 LVD logic enabled.
0 Bandgap Buffer Enable — This bit enables an internal buffer for the bandgap voltage reference for use by the
BGBE ADC and ACMP modules.
0 Bandgap buffer disabled.
1 Bandgap buffer enabled.
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Chapter 6
Parallel Input/Output Control

This section explains software controls related to parallel input/output (1/0) and pin control. The
MC9OS08SG32 has three parallel 1/0 ports which include atotal of 22 1/0 pins. See Chapter 2, “Pins and
Connections,” for more information about pin assignments and external hardware considerations of these
pins.

Many of these pins are shared with on-chip peripherals such astimer systems, communication systems, or
pin interrupts as shown in Table 2-1. The peripheral modules have priority over the general-purpose |/O
functions so that when a peripheral is enabled, the I/O functions associated with the shared pins are
disabled.

After reset, the shared peripheral functions are disabled and the pins are configured as inputs
(PTxDDn = 0). The pin control functions for each pin are configured as follows:. slew rate disabled
(PTXSEn = 0), low drive strength selected (PTxDSn = 0), and internal pull-ups disabled (PTxPEn = 0).

NOTE

Not al 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 must either enable on-chip pull-up
devices or change the direction of unconnected pins to outputs so the pins
do not float.

6.1 Port Data and Data Direction

Reading and writing of parallel 1/0Os are performed through the port data registers. The direction, either
input or output, is controlled through the port data direction registers. The parallel 1/0 port function for an
individual pinisillustrated in the block diagram shown in Figure 6-1.

The data direction control bit (PTxDDn) determines whether the output buffer for the associated pinis
enabled, and also controls the source for port data register reads. The input buffer for the associated pinis
always enabled unless the pin is enabled as an analog function or is an output-only pin.

When ashared digital function is enabled for a pin, the output buffer is controlled by the shared function.
However, the datadirection register bit will continueto control the sourcefor reads of the port dataregister.

When ashared anal og function is enabled for a pin, both the input and output buffers are disabled. A value
of Oisread for any port data bit where the bit is an input (PTxDDn = 0) and the input buffer is disabled.
In general, whenever apin is shared with both an alternate digital function and an analog function, the
analog function has priority such that if both the digital and analog functions are enabled, the analog
function controls the pin.
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Chapter 6 Parallel Input/Output Control

6.6.1.5 Port A Drive Strength Selection Register (PTADS)
7 6 5 4 3 2 1 0
PTADS7 PTADS6 R R PTADS3 PTADS2 PTADS1 PTADSO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-7. Drive Strength Selection for Port A Register (PTADS)
Table 6-6. PTADS Register Field Descriptions
Field Description
Output Drive Strength Selection for Port A Bits — Each of these control bits selects between low and high
7:5,3:0 output drive for the associated PTA pin. For port A pins that are configured as inputs, these bits have no effect.
PTADS[7:5, |0 Low output drive strength selected for port A bit n.
3:0] 1 High output drive strength selected for port A bit n.
5:4 Reserved Bits — These bits are unused on this MCU, writes have no affect and could read as 1s or 0s.
Reserved
6.6.1.6 Port A Interrupt Status and Control Register (PTASC)
5 4 3 2 1 0
R 0 0 0 0 PTAIF 0
PTAIE PTAMOD
w PTAACK
Reset: 0 0 0 0 0 0 0 0
Figure 6-8. Port A Interrupt Status and Control Register (PTASC)
Table 6-7. PTASC Register Field Descriptions
Field Description
3 Port A Interrupt Flag — PTAIF indicates when a port A interrupt is detected. Writes have no effect on PTAIF.
PTAIF 0 No port A interrupt detected.
1 Port A interrupt detected.
2 Port A Interrupt Acknowledge — Writing a 1 to PTAACK is part of the flag clearing mechanism. PTAACK
PTAACK |always reads as 0.
1 Port A Interrupt Enable — PTAIE determines whether a port A interrupt is enabled.
PTAIE 0 Port A interrupt request not enabled.
1 Port A interrupt request enabled.
0 Port A Detection Mode — PTAMOD (along with the PTAES bits) controls the detection mode of the port A
PTAMOD |interrupt pins.
0 Port A pins detect edges only.
1 Port A pins detect both edges and levels.
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Chapter 7 Central Processor Unit (SO8CPUV3)

7.2  Programmer’s Model and CPU Registers
Figure 7-1 shows the five CPU registers. CPU registers are not part of the memory map.

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

TWO’'S COMPLEMENT OVERFLOW
Figure 7-1. CPU Registers

7.2.1 Accumulator (A)

The A accumulator is a general-purpose 8-bit register. One operand input to the arithmetic logic unit
(ALU) is connected to the accumul ator 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 accumul ator.

7.2.2 Index Register (H:X)

This16-bit register isactually two separate 8-bit registers (H and X), which often work together asa 16-bit
address pointer where H holds the upper byte of an address and X holds the 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 that can be used to hold 8-bit data
values. X can be cleared, incremented, decremented, complemented, negated, shifted, or rotated. Transfer
instructionsallow datato betransferred from A or transferred to A where arithmetic and logical operations
can then be performed.

For compatibility with the earlier M68HCO5 Family, H isforced to Ox00 during reset. Reset has no effect
on the contents of X.
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Chapter 7 Central Processor Unit (SO8CPUV3)

Table 7-2. Instruction Set Summary (Sheet 3 of 9)

Affecton CCR

[%)]
N o g
S,S(;’rrnﬁe Operation gg Object Code | © Cylgétt’gi'lgyc
'<c's: = 5‘ V11H|INZC
BPL rel Branch if Plus (if N = 0) REL 2Arr 3 |ppp -11—-|----
BRA rel Branch Always (if | = 1) REL 20 rr 3 |ppp -11—-(-=---
DIR (b0) 01 dd rr 5 |rpppp
DIR (b1) 03 dd rr 5 |rpppp
DIR (b2) 05 dd rr 5 |rpppp
e . _ DIR (b3) 07 dd rr 5 |rpppp
BRCLR n,opr8a,rel |Branch if Bit n in Memory Clear (if (Mn) = 0) DIR (b4) 09 dd rr 5 |rpppp -11-(---1¢
DIR (b5) 0B dd rr 5 |rpppp
DIR (b6) oD dd rr 5 |rpppp
DIR (b7) OF dd rr 5 |rpppp
BRN rel Branch Never (if | = 0) REL 21 rr 3 |ppp -11—-(-=---
DIR (b0) 00 dd rr 5 |rpppp
DIR (b1) 02 dd rr 5 |rpppp
DIR (b2) 04 dd rr 5 |rpppp
e ) _ DIR (b3) 06 dd rr 5 |rpppp _ )
BRSET n,opr8a,rel |Branch if Bit n in Memory Set (if (Mn) = 1) DIR (b4) 08 dd rr 5 |rpppp 11 !
DIR (b5) 0OAdd rr 5 |rpppp
DIR (b6) ocdd rr 5 |rpppp
DIR (b7) OE dd rr 5 |rpppp
DIR (b0) 10 dd 5 |rfwpp
DIR (b1) 12 dd 5 |rfwpp
DIR (b2) 14 dd 5 |[rfwpp
I DIR (b3) 16 dd 5 |[rfwpp
BSET n,opr8a Set Bit n in Memory (Mn « 1) DIR (b4) 18 dd 5 |rfwop -11—-|----
DIR (b5) 1A dd 5 |[rfwpp
DIR (b6) 1C dd 5 |rfwpp
DIR (b7) 1E dd 5 |rfwpp
Branch to SubroutinePC « (PC) + $0002
push (PCL); SP « (SP) — $0001 _ N
BSR rel push (PCH): SP « (SP) — $0001 REL AD rr 5 |ssppp 11
PC « (PC) +rel
CBEQ opr8a,rel Compare and... Branch if (A) = (M) DIR 31 dd 5 |rpppp
CBEQA #opr8i,rel Branch if (A) = (M) IMM 41 rrii 4  |pppp
CBEQX #opr8i,rel Branch if (X) = (M) IMM 51 rrii 4  |pppp 11|
CBEQ oprx8,X+,rel Branch if (A) = (M) IX1+ 61 rrff 5 |rpppp
CBEQ ,X+,rel Branch if (A) = (M) IX+ 71 rrrrf 5 |rfppp
CBEQ oprx8,SP,rel Branch if (A) = (M) SP1 9E 61 f rr 6 |prpppp
CLC Clear Carry Bit (C « 0) INH 98 1 (p -11-(---0
CLI Clear Interrupt Mask Bit (I < 0) INH 9A 1 |p -11-(0---
CLR opr8a Clear M « $00 DIR 3F dd 5 |[rfwpp
CLRA A « $00 INH 4F 1 |p
CLRX X « $00 INH 5F 1 |p
CLRH H « $00 INH 8C 1 |p 011-(-01-
CLR oprx8,X M « $00 IX1 6F ff 5 |[rfwpp
CLR X M « $00 IX 7F 4 |rfwp
CLR oprx8,SP M « $00 SP1 9E 6F ff 6 |prfwp
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Chapter 8 Analog Comparator 5-V (SOBACMPV3)

(MC9S08SG32 = 32,768
BYTES)(MC9S08SG16 = 16,384

ANALOG COMPARATOR
(ACMP)

Vbpa
Vssa

NOTE

A =Pin can be enabled as part of the ganged output drive feature

ACMPO
ACMP-
ACMP+

PORT A

<> PTA2/PIA2/SDA/ACMPO/ADP2
> PTA1/PIA1/TPM2CHO/ADP1/ACMP-

1< PTAO/PIAO/TPM1CHO/TCLK/ADPO/ACMP+

> > > >

> > B>

Figure 8-1. MC9S08SG32 Series Block Diagram Highlighting ACMP Block and Pins
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Chapter 8 Analog Comparator 5-V (SOBACMPV3)

8.6.1.1

ACMP Status and Control Register (ACMPSC)

ACMPSC contains the status flag and control bits which are used to enable and configure the ACMP.

7 6 5 4 3 2 1 0
R ACO
ACME ACBGS ACF ACIE ACOPE ACMOD
W
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 8-3. ACMP Status and Control Register

Table 8-2. ACMP Status and Control Register Field Descriptions

Field Description
7 Analog Comparator Module Enable — ACME enables the ACMP module.
ACME 0 ACMP not enabled
1 ACMP is enabled
6 Analog Comparator Bandgap Select — ACBGS is used to select between the bandgap reference voltage or
ACBGS |the ACMP+ pin as the input to the non-inverting input of the analog comparatorr.
0 External pin ACMP+ selected as non-inverting input to comparator
1 Internal reference select as non-inverting input to comparator
Note: refer to this chapter introduction to verify if any other config bits are necessary to enable the bandgap
reference in the chip level.
5 Analog Comparator Flag — ACF is set when a compare event occurs. Compare events are defined by ACMOD.
ACF ACF is cleared by writing a one to ACF.
0 Compare event has not occurred
1 Compare event has occurred
4 Analog Comparator Interrupt Enable — ACIE enables the interrupt from the ACMP. When ACIE is set, an
ACIE interrupt will be asserted when ACF is set.
0 Interrupt disabled
1 Interrupt enabled
3 Analog Comparator Output — Reading ACO will return the current value of the analog comparator output. ACO
ACO is reset to a 0 and will read as a 0 when the ACMP is disabled (ACME = 0).
2 Analog Comparator Output Pin Enable — ACOPE is used to enable the comparator output to be placed onto
ACOPE |the external pin, ACMPO.
0 Analog comparator output not available on ACMPO
1 Analog comparator output is driven out on ACMPO
1:0 Analog Comparator Mode — ACMOD selects the type of compare event which sets ACF.
ACMOD |00 Encoding 0 — Comparator output falling edge

01 Encoding 1 — Comparator output rising edge
10 Encoding 2 — Comparator output falling edge
11 Encoding 3 — Comparator output rising or falling edge
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Chapter 9 Analog-to-Digital Converter (SOBADC10V1)

9.4.7.2 Stop3 Mode With ADACK Enabled

If ADACK is selected as the conversion clock, the ADC continues operation during stop3 mode. For
guaranteed ADC operation, the MCU’s voltage regulator must remain active during stop3 mode. Consult
the module introduction for configuration information for this MCU.

If aconversionisin progresswhenthe MCU enters stop3 mode, it continues until completion. Conversions
can beinitiated while the MCU isin stop3 mode by means of the hardware trigger or if continuous
conversions are enabled.

A conversion complete event setsthe COCO and generates an ADC interrupt to wake the MCU from stop3
mode if the ADC interrupt is enabled (AIEN = 1).

NOTE
The ADC module can wake the system from low-power stop and cause the
MCU to begin consuming run-level currents without generating a system
level interrupt. To prevent this scenario, software should ensure the data
transfer blocking mechanism (discussed in Section 9.4.4.2, “Completing
Conversions) is cleared when entering stop3 and continuing ADC
COnversions.

9.4.8 MCU Stop2 Mode Operation

The ADC moduleisautomatically disabled when the MCU enters either stop2 mode. All moduleregisters
contain their reset values following exit from stop2. Therefore, the module must be re-enabled and
re-configured following exit from stop2.

9.5 Initialization Information

This section gives an example that provides some basic direction on how to initialize and configure the
ADC module. You can configurethe modulefor 8-bit or 10-bit resol ution, single or continuous conversion,
and apolled or interrupt approach, among many other options. Refer to Table 9-7, Table 9-8, and Table 9-9
for information used in this example.

NOTE

Hexadecimal values designated by apreceding 0x, binary values designated
by a preceding %, and decimal values have no preceding character.

9.5.1 ADC Module Initialization Example

9.5.1.1 Initialization Sequence
Before the ADC module can be used to complete conversions, an initialization procedure must be
performed. A typical sequenceis asfollows:

1. Update the configuration register (ADCCFG) to select the input clock source and the divide ratio
used to generate the internal clock, ADCK. Thisregister isalso used for selecting sampletime and
low-power configuration.
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Chapter 10 Inter-Integrated Circuit (S08IICV2)

scL ~«—>» PTA3/PIA3/SCL/ADP3
IIC MODULE (IIC)
<>
SDA PTA2/PIA2/SDA/ACMPO/ADP2
(MC9S08SG32 = 32,768
BYTES)(MC9S08SG16 = 16,384
-«—>» PTB7/SCL/EXTAL
-~ PTB6/SDA/XTAL
A
A
A
A
A
A
A

NOTE

¢ PTC7-PTCO and PTA7-PTAG are not available on 16-pin Packages

¢ PTC7-PTC4 and PTA7-PTAG are not available on 20-pin Packages

¢ For the 16-pin and 20-pin packages: Vppa/VRerr and Vgsa/VRerL are
double bonded to Vpp and Vgg respectively.

A =Pin can be enabled as part of the ganged output drive feature

Figure 10-1. MC9S08SG32 Series Block Diagram Highlighting IIC Block and Pins
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Chapter 10 Inter-Integrated Circuit (S08IICV2)

10.4.2 10-bit Address

For 10-bit addressing, 0x11110 is used for the first 5 bits of the first address byte. Various combinations of
read/write formats are possible within a transfer that includes 10-bit addressing.

10.4.2.1 Master-Transmitter Addresses a Slave-Receiver

The transfer direction is not changed (see Table 10-10). When a 10-bit address follows a start condition,
each slave compares the first seven bits of the first byte of the slave address (11110XX) with its own
address and tests whether the eighth bit (R/W direction bit) is 0. More than one device can find a match
and generate an acknowledge (Al). Then, each slave that finds a match compares the eight bits of the
second byte of the slave address with its own address. Only one slave finds a match and generates an
acknowledge (A2). The matching slave remains addressed by the master until it receives a stop condition
(P) or a repeated start condition (Sr) followed by a different slave address.

Slave Address 1st 7 bits | R/W Slave Address 2nd byte
S Al A2 | Data [A| .. | Data | AIA | P
11110 + AD10 + AD9 0 AD[8:1]

Table 10-10. Master-Transmitter Addresses Slave-Receiver with a 10-bit Address

After the master-transmitter has sent the first byte of the 10-bit address, the slave-receiver sees an I11C
interrupt. Software must ensure the contents of 11CD are ignored and not treated as valid data for this
interrupt.

10.4.2.2 Master-Receiver Addresses a Slave-Transmitter

The transfer direction is changed after the second R/W bit (see Table 10-11). Up to and including
acknowledge bit A2, the procedure is the same as that described for a master-transmitter addressing a
slave-receiver. After the repeated start condition (Sr), a matching slave remembers that it was addressed
before. This slave then checks whether the first seven bits of the first byte of the slave address following
Sr are the same as they were after the start condition (S) and tests whether the eighth (R/W) bit is 1. If there
IS a match, the slave considers that it has been addressed as a transmitter and generates acknowledge A3.
The slave-transmitter remains addressed until it receives a stop condition (P) or a repeated start condition
(Sr) followed by a different slave address.

After a repeated start condition (Sr), all other slave devices also compare the first seven bits of the first byte
of the slave address with their own addresses and test the eighth (R/W) bit. However, none of them are
addressed because R/W = 1 (for 10-bit devices) or the 11110XX slave address (for 7-bit devices) does not
match.

Slave Address RIW Slave Address Slave Address RIW
S 1st 7 bits Al 2nd byte A2 | sr 1st 7 bits A3 | Data [A| ... | Data | A | P
11110 + AD10 + AD9 0 AD[8:1] 11110 + AD10 + AD9 1

Table 10-11. Master-Receiver Addresses a Slave-Transmitter with a 10-bit Address

After the master-receiver has sent the first byte of the 10-bit address, the slave-transmitter sees an 11C
interrupt. Software must ensure the contents of 11CD are ignored and not treated as valid data for this
interrupt.
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PR 4

Chapter 10 Inter-Integrated Circuit (S08I1ICV2)

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.
» Astart cycle is attempted when the bus is busy.
» Avrepeated 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.
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Figure 11-2. Internal Clock Source (ICS) Block Diagram

11.1.4 Modes of Operation
There are seven modes of operation for the ICS: FEI, FEE, FBI, FBILP, FBE, FBELP, and stop.

11.1.4.1 FLL Engaged Internal (FEI)

In FLL engaged internal mode, which is the default mode, the ICS supplies aclock derived from the FLL
which is controlled by the internal reference clock. The BDC clock is supplied from the FLL.

11.1.4.2 FLL Engaged External (FEE)

In FLL engaged external mode, the I CS supplies a clock derived from the FLL which is controlled by an
external reference clock. The BDC clock is supplied from the FLL.

11.1.4.3 FLL Bypassed Internal (FBI)

In FLL bypassed internal mode, the FLL is enabled and controlled by the internal reference clock, but is
bypassed. The ICS supplies aclock derived from the internal reference clock. The BDC clock is supplied
fromthe FLL.
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Chapter 12 Modulo Timer (SO8MTIMV1)

12.1.2 Features

Timer system features include:
e 8-bit up-counter
— Free-running or 8-bit modulo limit
— Software controllable interrupt on overflow
— Counter reset bit (TRST)
— Counter stop bit (TSTP)
» Four software selectable clock sources for input to prescaler:
— System bus clock — rising edge
— Fixed frequency clock (XCLK) — rising edge
— External clock source on the TCLK pin — rising edge
— External clock source on the TCLK pin — falling edge
* Nine selectable clock prescale values:
— Clock sourcedivideby 1, 2, 4, 8, 16, 32, 64, 128, or 256

12.1.3 Modes of Operation

This section defines the MTIM’s operation in stop, wait and background debug modes.

12.1.3.1 MTIM in Wait Mode

TheMTIM continuesto runinwait modeif enabled before executing the WAIT instruction. Therefore, the
MTIM can be used to bring the M CU out of wait modeif thetimer overflow interrupt isenabled. For lowest
possible current consumption, the MTIM should be stopped by software if not needed as an interrupt
source during wait mode.

12.1.3.2 MTIM in Stop Modes

TheMTIM isdisabled in all stop modes, regardless of the settings before executing the STOP instruction.
Therefore, the MTIM cannot be used as a wake up source from stop modes.

Waking from stop2 mode, the MTIM will be put into its reset state. If stop3 is exited with areset, the
MTIM will be put into its reset state. If stop3 is exited with an interrupt, the MTIM continues from the
stateit wasin when stop3 was entered. If the counter was active upon entering stop3, the count will resume
from the current value.

12.1.3.3 MTIM in Active Background Mode

The MTIM suspends all counting until the microcontroller returns to normal user operating mode.
Counting resumes from the suspended value aslong asan MTIM reset did not occur (TRST writtentoal
or MTIMMOD written).
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Appendix A Electrical Characteristics

Table A-7. Supply Current Characteristics (continued)

Temp Rated
Vbp 1 2 i = o
# | C Parameter Symbol W) Typ Max Unit g O o
s |23
® << 2
& O
Stop2 mode supply current

C —40°C (C,M, and V suffix) 0.94 _ HA ¢ —
p 25°C (All parts) 1.25 _ LA ¢ _
p5 85°C (C suffix only) 5 13.4 30 HA ¢ —
p5 105°C (V suffix only) 30 65 nA ¢ —
5 | p5 125°C (M suffix only) S2l,, 65 120 LA ¢ —
C —40°C (C,M, and V suffix) 0.83 - LA ¢ —
P 25°C (All parts) 1.1 - HA ¢ —
p5 85°C (C suffix only) 3 11.5 25 HA ¢ _
p5 105°C (V suffix only) 25 55 HA ¢ —
p5 125°C (M suffix only) 57 100 HA ¢ _
RTC adder to stop2 or stop3® o3 5 300 500 nA . _

6 C DDR
T 3 300 500 nA ¢ —
LVD adder to stop3 (LVDE = LVDSE =1) 5 110 180 HA ¢ _

7| C S3l5pv0
3 90 160 UA ¢ —

Adder to stop3 for oscillator enabled”’ S3l550s
81 € | (ErersTEN =1) > 53 5 8 HA ¢ -

a A~ W N

Typical values are based on characterization data at 25°C. See Figure A-5 through Figure A-7 for typical curves across
temperature and voltage.

Max values in this column apply for the full operating temperature range of the device unless otherwise noted.

All modules except ADC active, ICS configured for FBELP, and does not include any dc loads on port pins

All modules except ADC active, ICS configured for FEI, and does not include any dc loads on port pins

Stop Currents are tested in production for 25 Con all parts. Tests at other temperatures depend upon the part number suffix
and maturity of the product. Freescale may eliminate a test insertion at a particular temperature from the production test flow
once sufficient data has been collected and is approved.

Most customers are expected to find that auto-wakeup from stop2 or stop3 can be used instead of the higher current wait
mode.

Values given under the following conditions: low range operation (RANGE = 0) with a 32.768kHz crystal and low power mode
(HGO =0).
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