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Chapter 3 Modes of Operation

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/MS pin whilethe MCU isin
run mode; non-intrusive commands can a so 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

» Activebackground commands, which can only be executed whilethe M CU 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 application program (GO)

The active background modeis used to program a bootloader or user application program into the FLASH
program memory before the MCU is operated in run mode for the first time. When the MC9S08SG32
Seriesis shipped from the Freescale Semiconductor 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 isinitialy programmed. The active background mode can also 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 Devel opment Support chapter.

35 Wait Mode

Wait mode is entered by executing a WAIT 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.

While the 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 isin wait 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.

3.6 Stop Modes

One of two stop modes is entered upon execution of a STOP instruction when STOPE in SOPT1. In any
stop mode, the bus and CPU clocks are halted. The ICS module can be configured to leave the reference
clocks running. See Chapter 11, “Internal Clock Source (SO8ICSV2),” for more information.

MC9S08SG32 Data Sheet, Rev. 8
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Chapter 4 Memory

451 Features

Features of the FLASH memory include:
* FLASHSsize
— MC9S08SG32: 32,768 bytes (64 pages of 512 bytes each)
— MC9S08SG16: 16,384 bytes (32 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 and vector redirection
»  Security feature for FLASH and RAM
» Auto power-down for low-frequency read accesses

45.2 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 ) between 150 kHz and
200 kHz (see Section 4.7.1, “FLASH Clock Divider Register (FCDIV)"). Thisregister can bewritten only
once, so normally thiswriteisdone 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/fgcy 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 (fpcLk)- Thetimefor one cycle of FCLK iSteq) k = Ufec k. Thetimes are shown as a number
of cycles of FCLK and as an absolute time for the case where tg = 5 ps. 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 pst
Page erase 4000 20 ms
Mass erase 20,000 100 ms

1 Excluding start/end overhead
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Chapter 6 Parallel Input/Output Control

6.6.1.7 Port A Interrupt Pin Select Register (PTAPS)
5 3 2 1 0
R 0 0 0 0
PTAPS3 PTAPS2 PTAPS1 PTAPSO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-9. Port A Interrupt Pin Select Register (PTAPS)
Table 6-8. PTAPS Register Field Descriptions
Field Description
3.0 Port A Interrupt Pin Selects — Each of the PTAPSn bits enable the corresponding port A interrupt pin.
PTAPS[3:0] |0 Pin not enabled as interrupt.
1 Pin enabled as interrupt.
6.6.1.8 Port A Interrupt Edge Select Register (PTAES)
5 3 2 1 0
R 0 0 0 0
PTAES3 PTAES2 PTAES1 PTAESO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-10. Port A Edge Select Register (PTAES)
Table 6-9. PTAES Register Field Descriptions
Field Description
3.0 Port A Edge Selects — Each of the PTAESN bits serves a dual purpose by selecting the polarity of the active
PTAES[3:0] |interrupt edge as well as selecting a pull-up or pull-down device if enabled.
0 A pull-up device is connected to the associated pin and detects falling edge/low level for interrupt generation.
1 A pull-down device is connected to the associated pin and detects rising edge/high level for interrupt
generation.
MC9S08SG32 Data Sheet, Rev. 8
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Chapter 6 Parallel Input/Output Control

6.6.3.3 Port C Pull Enable Register (PTCPE)
7 6 5 4 3 2 1 0
PTCPE7Y PTCPE6 PTCPES PTCPE4 PTCPE3 PTCPE2 PTCPE1 PTCPEO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-21. Internal Pull Enable for Port C Register (PTCPE)
Table 6-20. PTCPE Register Field Descriptions
Field Description
7:0 Internal Pull Enable for Port C Bits — Each of these control bits determines if the internal pull-up device is
PTCPE[7:0] | enabled for the associated PTC pin. For port C pins that are configured as outputs, these bits have no effect and
the internal pull devices are disabled.
0 Internal pull-up device disabled for port C bit n.
1 Internal pull-up device enabled for port C bit n.
6.6.3.4 Port C Slew Rate Enable Register (PTCSE)
7 6 5 4 3 2 1 0
R
PTCSE7 PTCSE6 PTCSES PTCSE4 PTCSE3 PTCSE2 PTCSE1 PTCSEO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-22. Slew Rate Enable for Port C Register (PTCSE)
Table 6-21. PTCSE Register Field Descriptions
Field Description
7:0 Output Slew Rate Enable for Port C Bits — Each of these control bits determines if the output slew rate control
PTCSE[7:0] |is enabled for the associated PTC pin. For port C pins that are configured as inputs, these bits have no effect.
0 Output slew rate control disabled for port C bit n.
1 Output slew rate control enabled for port C bit n.
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Chapter 9 Analog-to-Digital Converter (SOBADC10V1)

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

O—— =
—>
Vooa/VRerH Vooa
Vssa/VRer Vssa
VREFH
VReFL

10-BIT
ANALOG-TO-DIGITAL
CONVERTER (ADC)

¢ 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.

ADP15-ADPO
[

PORT A

PORT B

<«—> PTA3/PIA3/SCL/ADP3

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

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

A

A

A
<> PTB3/PIB3/MOSI/ADP7
~&—> PTB2/PIB2/SPSCK/ADP6

~«—>» PTB1/PIB1/TxD/ADP5
-«—>» PTB0/PIBO/RxD/ADP4

PORT C

|~<«—» PTC7/ADP15
l<«— PTC6/ADP14
~«—» PTC5/ADP13
<—A> PTC4/ADP12
<—A> PTC3/ADP11
<—A> PTC2/ADP10
~«—>» PTC1/TPM1CH1/ADP9
4£> PTCO/TPM1CHO/ADP8

Figure 9-1. MC9S08SG32 Series Block Diagram Highlighting ADC Block and Pins
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9.1.6

Chapter 9 Analog-to-Digital Converter (SOBADC10V1)

Features

Features of the ADC module include:

9.1.7

Linear successive approximation algorithm with 10-bit resolution

Up to 28 analog inputs!

Output formatted in 10- or 8-bit right-justified unsigned format

Single or continuous conversion (automatic return to idle after single conversion)
Configurable sample time and conversion speed/power

Conversion complete flag and interrupt

Input clock selectable from up to four sources

Operation in wait or stop3 modes for lower noise operation

Asynchronous clock source for lower noise operation

Selectable asynchronous hardware conversion trigger

Automatic compare with interrupt for less-than, or greater-than or equal-to, programmable value

ADC Module Block Diagram

Figure 9-2 provides a block diagram of the ADC module

1. Number of analog inputs varies according to the device and may be from external or internal sources. Refer to the introduction
section to this chapter for ADO—AD27 channel input assignments.
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Chapter 9 Analog-to-Digital Converter (SOBADC10V1)

(@ompare tve ADCSC1 ADCCFG
[ A
zl 8
< 8 o o] O w <8 O N4
5 8l el £lg 78 ={ | SRS
bat ol € 519 2 a 2 a Clock Gen
< <l gl <= g < <
w1 ADACK
MCU STOP AQCK | Clock Bus Clock
ADHWT Control Sequencer Divide
ol o g 5 ALTCLK
=g 935 5
g gl g 2| 8
gl 8 g & @
ADO O——
o AEN (D——
® ————— > Interrupt
) ADVIN COCO(:)
SAR Converter
AD27
[ |
VREFH O Data Registers
VRerL O
1
)
Compare true C
q C
ompare
Logic
[} l
= =
& 2
> ]
1 <<
ADCSC2

9.2

Compare Value Registers

Figure 9-2. ADC Block Diagram

External Signal Description

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

connections.

Table 9-2. Signal Properties

Name Function
AD27-ADO Analog Channel inputs
VREFH High reference voltage
VREFL Low reference voltage
Vppa Analog power supply
Vgsa Analog ground

MC9S08SG32 Data Sheet, Rev. 8
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Chapter 9 Analog-to-Digital Converter (SOBADC10V1)

Table 9-5. ADCSC2 Register Field Descriptions (continued)

Field Description

5 Compare Function Enable — Enables the compare function.
ACFE 0 Compare function disabled
1 Compare function enabled

4 Compare Function Greater Than Enable — Configures the compare function to trigger when the result of the
ACFGT conversion of the input being monitored is greater than or equal to the compare level. The compare function
defaults to triggering when the result of the compare of the input being monitored is less than the compare level.
0 Compare triggers when input is less than compare level
1 Compare triggers when input is greater than or equal to compare level

9.3.3 Data Result High Register (ADCRH)

In 10-bit operation, ADCRH contains the upper two bits of 10-bit conversion data. In 10-bit mode,
ADCRH is updated each time a conversion compl etes except when automatic compareis enabled and the
compare condition is not met. When configured for 8-bit mode, ADR[9:8] are cleared.

When automatic compare is not enabled, the value stored in ADCRH are the upper bits of the conversion
result. When automatic compare is enabled, the conversion result is manipulated as described in
Section 9.4.5, “Automatic Compare Function” prior to storagein ADCRH:ADCRL registers.

In 10-bit mode, reading ADCRH prevents the ADC from transferring subsequent conversion datainto the
result registers until ADCRL isread. If ADCRL isnot read until after the next conversion is completed,
theintermediate conversion dataislost. In 8-bit mode, thereisno interlocking with ADCRL. If the MODE
bits are changed, any datain ADCRH becomesinvalid.

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 ADR9 ADRS8
W
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 9-5. Data Result High Register (ADCRH)

9.34 Data Result Low Register (ADCRL)

ADCRL containsthelower eight bitsof a10-bit conversion data, and all eight bitsof 8-bit conversion data.
ADCRL isupdated each time a conversion completes except when automatic compare is enabled and the
compare condition is not met.

When automatic compare is not enabled, the value stored in ADCRL is the lower eight bits of the
conversion result. When automatic compare is enabled, the conversion result is manipulated as described
in Section 9.4.5, “Automatic Compare Function” prior to storagein ADCRH:ADCRL registers.

In 10-bit mode, reading ADCRH prevents the ADC from transferring subsequent conversion datainto the
result registers until ADCRL isread. If ADCRL isnot read until the after next conversion is completed,

MC9S08SG32 Data Sheet, Rev. 8
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Chapter 9 Analog-to-Digital Converter (SOBADC10V1)

7 6 5 4 3 2 1 0
R
ADLPC ADIV ADLSMP MODE ADICLK
W
Reset: 0 0 0 0 0 0 0 0

Figure 9-9. Configuration Register (ADCCFG)

Table 9-6. ADCCFG Register Field Descriptions

Field Description
7 Low-Power Configuration — ADLPC controls the speed and power configuration of the successive
ADLPC approximation converter. This optimizes power consumption when higher sample rates are not required.
0 High speed configuration
1 Low power configuration: {FC31}The power is reduced at the expense of maximum clock speed.
6:5 Clock Divide Select — ADIV selects the divide ratio used by the ADC to generate the internal clock ADCK.
ADIV Table 9-7 shows the available clock configurations.
4 Long Sample Time Configuration — ADLSMP selects between long and short sample time. This adjusts the
ADLSMP |sample period to allow higher impedance inputs to be accurately sampled or to maximize conversion speed for
lower impedance inputs. Longer sample times can also be used to lower overall power consumption when
continuous conversions are enabled if high conversion rates are not required.
0 Short sample time
1 Long sample time
3:2 Conversion Mode Selection — MODE bits select between 10- or 8-bit operation. See Table 9-8.
MODE
1:0 Input Clock Select — ADICLK bits select the input clock source to generate the internal clock ADCK. See
ADICLK | Table 9-9.

Table 9-7. Clock Divide Select

ADIV Divide Ratio Clock Rate
00 1 Input clock
01 2 Input clock + 2
10 4 Input clock + 4
11 8 Input clock + 8

Table 9-8. Conversion Modes

MODE Mode Description
00 8-bit conversion (N=8)

01 Reserved
10 10-bit conversion (N=10)
11 Reserved

MC9S08SG32 Data Sheet, Rev. 8
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Chapter 9 Analog-to-Digital Converter (SOBADC10V1)

9.4.5 Automatic Compare Function

The compare function is enabled by the ACFE bit. The compare function can be configured to check for
an upper or lower limit. After the input is sampled and converted, the compare value (ADCCVH and
ADCCVL) is subtracted from the conversion result. When comparing to an upper limit (ACFGT = 1), if
the conversion result is greater-than or equal-to the compare value, COCO is set. When comparing to a
lower limit (ACFGT = 0), if the result isless than the compare value, COCO is set. An ADC interrupt is
generated upon the setting of COCO if the ADC interrupt is enabled (AIEN = 1).

The subtract operation of two positive values (the conversion result less the compare value) resultsin a
signed value that is 1-bit wider than the bit-width of the two terms. The final value transferred to the
ADCRH and ADCRL registersistheresult of the subtraction operation, excluding the sign bit. The value
of the sign bit can be derived based on ACFGT control setting. When ACFGT=1, the sign bit of any value
stored in ADCRH and ADCRL is always 0, indicating a positive result for the subtract operation. When
ACFGT =1, the sign bit of any result isaways 1, indicating a negative result for the subtract operation.

Upon completion of a conversion while the compare function is enabled, if the compare condition is not
true, COCO is not set and no datais transferred to the result registers.

NOTE

The compare function can monitor the voltage on a channel whilethe MCU
isinwait or stop3 mode. The ADC interrupt wakes the MCU when the
compare condition is met.

An example of compare operation eases understanding of the compare feature. If the ADC is configured
for 10-bit operation, ACFGT=0, and ADCCVH:ADCCVL= 0x200, then a conversion result of 0x080
causes the compare condition to be met and the COCO bit is set. A value of 0x280 is stored in
ADCRH:ADCRL. Thisis signed data without the sign bit and must be combined with a derived sign bit
to have meaning. The value stored in ADCRH:ADCRL is calculated as follows.

Thevalueto interpret from the datais (Result — Compare Value) = (0x080 — 0x200) = —-0x180. A standard
method for handling subtraction isto convert the second term to its 2's complement, and then add the two
terms. First calculate the 2's complement of 0x200 by complementing each bit and adding 1. Note that
prior to complementing, asign bit of O is added so that the 10-bit compare value becomes a 11-bit signed
value that is always positive.

%401 1111 1111 <=1's complement of 0x200 compare value
+ %
%10 0000 0000 <= 2's complement of 0x200 compare value

Then the conversion result of 0x080 is added to 2's complement of 0x200:

%900 1000 0000
+ 9410 0000 0000

%410 1000 0000 <= Subtraction result is—0x180 in signed 11-bit data

MC9S08SG32 Data Sheet, Rev. 8
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Chapter 9 Analog-to-Digital Converter (SOBADC10V1)

The subtraction result isan 11-bit signed value. Thelower 10 bits (0x280) are stored in ADCRH:ADCRL.
Thesignbitisknownto be 1 (negative) becausethe ACFGT=0, the COCO bit was set, and conversion data
was updated in ADCRH:ADCRL.

A simpler way to use the data stored in ADCRH:ADCRL isto apply thefollowing rules. When comparing
for upper limit (ACFGT=1), the value in ADCRH:ADCRL is apositive value and does not need to be
manipulated. This value is the difference between the conversion result and the compare value. When
comparing for lower limit (ACFGT=0), ADCRH:ADCRL is a negative value without the sign bit. If the
value from these registers is complemented and then avalue of 1 is added, then the calculated value isthe
unsigned (i.e., absolute) difference between the conversion result and the compare value. In the previous
example, 0x280 is stored in ADCRH:ADCRL. The following example shows how the absolute val ue of
the difference is calculated.

%1 0111 1111 <= Complement of 10-bit value stored in ADCRH:ADCRL
+ %

%91 1000 0000<=Unsigned value 0x180 isthe absolute value of (Result - Compare Value)

9.4.6 MCU Wait Mode Operation

Wait mode is alower power-consumption standby mode from which recovery is fast because the clock
sources remain active. If aconversion isin progress when the MCU enters wait mode, it continues until
completion. Conversions can beinitiated whilethe MCU isin wait mode by means of the hardware trigger
or if continuous conversions are enabled.

The bus clock, bus clock divided by two, and ADACK are available as conversion clock sources whilein
wait mode. The use of ALTCLK asthe conversion clock source in wait is dependent on the definition of
ALTCLK for this MCU. Consult the module introduction for information on ALTCLK specific to this
MCU.

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

9.4.7 MCU Stop3 Mode Operation

Stop modeisalow power-consumption standby mode during which most or all clock sources onthe MCU
are disabled.

9.4.7.1 Stop3 Mode With ADACK Disabled

If the asynchronous clock, ADACK, is not selected as the conversion clock, executing a stop instruction

aborts the current conversion and placesthe ADC initsidle state. The contents of ADCRH and ADCRL
are unaffected by stop3 mode.After exiting from stop3 mode, a software or hardware trigger isrequired to
resume conversions.
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Table 10-5. IIC Divider and Hold Values

Chapter 10 Inter-Integrated Circuit (S08IICV2)

ICR scL SDA Hold SCLHold | SCL Hold ICR scL SDAHold SCLHold | SCLHold
(hex) | Divider Value (Start) (Stop) (hex) | Divider Value (Start) (Stop)
Value Value Value Value
00 20 7 6 11 20 160 17 78 81
01 22 7 7 12 21 192 17 94 97
02 24 8 8 13 22 224 33 110 113
03 26 8 9 14 23 256 33 126 129
04 28 9 10 15 24 288 49 142 145
05 30 9 11 16 25 320 49 158 161
06 34 10 13 18 26 384 65 190 193
07 40 10 16 21 27 480 65 238 241
08 28 10 15 28 320 33 158 161
09 32 12 17 29 384 33 190 193
0A 36 14 19 2A 448 65 222 225
0B 40 16 21 2B 512 65 254 257
oC 44 11 18 23 2C 576 97 286 289
0D 48 11 20 25 2D 640 97 318 321
OE 56 13 24 29 2E 768 129 382 385
OF 68 13 30 35 2F 960 129 478 481
10 48 18 25 30 640 65 318 321
11 56 22 29 31 768 65 382 385
12 64 13 26 33 32 896 129 446 449
13 72 13 30 37 33 1024 129 510 513
14 80 17 34 41 34 1152 193 574 577
15 88 17 38 45 35 1280 193 638 641
16 104 21 46 53 36 1536 257 766 769
17 128 21 58 65 37 1920 257 958 961
18 80 38 41 38 1280 129 638 641
19 96 46 49 39 1536 129 766 769
1A 112 17 54 57 3A 1792 257 894 897
1B 128 17 62 65 3B 2048 257 1022 1025
1C 144 25 70 73 3C 2304 385 1150 1153
1D 160 25 78 81 3D 2560 385 1278 1281
1E 192 33 94 97 3E 3072 513 1534 1537
1F 240 33 118 121 3F 3840 513 1918 1921
MC9S08SG32 Data Sheet, Rev. 8
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Chapter 10 Inter-Integrated Circuit (S08IICV2)

10.4.3 General Call Address

General calls can be requested in 7-bit address or 10-bit address. If the GCAEN bit is set, the 11C matches
the general call address as well as its own slave address. When the 11C responds to a general call, it acts as
a slave-receiver and the IAAS bit is set after the address cycle. Software must read the 11CD register after
the first byte transfer to determine whether the address matches is its own slave address or a general call.
If the value is 00, the match is a general call. If the GCAEN bit is clear, the I1C ignores any data supplied
from a general call address by not issuing an acknowledgement.

10.5 Resets

The 11C is disabled after reset. The IIC cannot cause an MCU reset.

10.6 Interrupts
The 11C generates a single interrupt.

An interrupt from the 11C is generated when any of the events in Table 10-12 occur, provided the IICIE bit
is set. The interrupt is driven by bit 1ICIF (of the I1C status register) and masked with bit 11CIE (of the 1IC
control register). The IICIF bit must be cleared by software by writing a 1 to it in the interrupt routine. You
can determine the interrupt type by reading the status register.

Table 10-12. Interrupt Summary

Interrupt Source Status Flag Local Enable
Complete 1-byte transfer TCF IICIF IICIE
Match of received calling address IAAS IICIF lICIE
Arbitration Lost ARBL IICIF lICIE

10.6.1 Byte Transfer Interrupt

The TCF (transfer complete flag) bit is set at the falling edge of the ninth clock to indicate the completion
of byte transfer.

10.6.2 Address Detect Interrupt

When the calling address matches the programmed slave address (11C 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 I1CIE is set. The CPU must check the SRW bit and set its Tx mode accordingly.

10.6.3 Arbitration Lost Interrupt

The 1IC 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.
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Chapter 13 Real-Time Counter (SO8RTCV1)

13.3.2 RTC Counter Register (RTCCNT)
RTCCNT isthe read-only value of the current RTC count of the 8-bit counter.

7 6 5 4 ‘ 3 2 1 0

R RTCCNT
W
Reset: 0 0 0 0 ‘ 0 0 0 0
Figure 13-4. RTC Counter Register (RTCCNT)
Table 13-4. RTCCNT Field Descriptions
Field Description
7.0 RTC Count. These eight read-only bits contain the current value of the 8-bit counter. Writes have no effect to this
RTCCNT | register. Reset, writing to RTCMOD, or writing different values to RTCLKS and RTCPS clear the count to 0x00.

13.3.3 RTC Modulo Register (RTCMOD)

7 6 5 4 3 2 1 0

R
RTCMOD
W
Reset: 0 0 0 0 0 0 0 0
Figure 13-5. RTC Modulo Register (RTCMOD)
Table 13-5. RTCMOD Field Descriptions
Field Description
7:0 RTC Modulo. These eight read/write bits contain the modulo value used to reset the count to 0x00 upon a compare

RTCMOD | match and set the RTIF status bit. A value of 0x00 sets the RTIF bit on each rising edge of the prescaler output.
Writing to RTCMOD resets the prescaler and the RTCCNT counters to 0x00. Reset sets the modulo to 0x00.

13.4 Functional Description

The RTC is composed of amain 8-bit up-counter with an 8-bit modulo register, a clock source selector,
and a prescaler block with binary-based and decimal-based sel ectable values. The module also contains
software selectable interrupt logic.

After any MCU reset, the counter is stopped and reset to 0x00, the modulus register is set to 0x00, and the
prescaler is off. The 1-kHz internal oscillator clock is selected as the default clock source. To start the
prescaler, write any value other than zero to the prescaler select bits (RTCPS).

Three clock sources are software selectable: the low power oscillator clock (LPO), the external clock
(ERCLK), and theinternal clock (IRCLK). The RTC clock select bits (RTCLKS) select the desired clock
source. If adifferent value iswritten to RTCLKS, the prescaler and RTCCNT counters are reset to 0x00.
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Chapter 14 Serial Communications Interface (S08SCIV4)

Table 14-7. SCIC3 Field Descriptions (continued)

Field Description

4 Transmit Data Inversion — Setting this bit reverses the polarity of the transmitted data output.
TXINV! |0 Transmit data not inverted
1 Transmit data inverted

3 Overrun Interrupt Enable — This bit enables the overrun flag (OR) to generate hardware interrupt requests.
ORIE 0 ORinterrupts disabled (use polling).
1 Hardware interrupt requested when OR = 1.

2 Noise Error Interrupt Enable — This bit enables the noise flag (NF) to generate hardware interrupt requests.
NEIE 0 NF interrupts disabled (use polling).
1 Hardware interrupt requested when NF = 1.

1 Framing Error Interrupt Enable — This bit enables the framing error flag (FE) to generate hardware interrupt
FEIE requests.
0 FE interrupts disabled (use polling).
1 Hardware interrupt requested when FE = 1.

0 Parity Error Interrupt Enable — This bit enables the parity error flag (PF) to generate hardware interrupt
PEIE requests.
0 PF interrupts disabled (use polling).
1 Hardware interrupt requested when PF = 1.

1 Setting TXINV inverts the TxD output for all cases: data bits, start and stop bits, break, and idle.

14.2.7 SCI Data Register (SCID)

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 also
involved in the automatic flag clearing mechanisms for the SCI status flags.

5

4

3

R R7 R6 R5 R4 R3 R2 R1 RO
w T7 T6 T5 T4 T3 T2 T1 TO
Reset 0 0 0 0 0 0 0 0

Figure 14-11. SCI Data Register (SCID)

14.3 Functional Description

The SCI alows full-duplex, asynchronous, NRZ serial communication among the MCU and remote
devices, including other MCUs. The SCI comprises abaud rate generator, transmitter, and receiver block.
Thetransmitter and receiver operateindependently, although they use the same baud rate generator. During
normal operation, the M CU monitorsthe status of the SCI, writesthe datato be transmitted, and processes
received data. The following describes each of the blocks of the SCI.

14.3.1 Baud Rate Generation

As shown in Figure 14-12, the clock source for the SCI baud rate generator is the bus-rate clock.

MC9S08SG32 Data Sheet, Rev. 8

Freescale Semiconductor 217



Chapter 16 Timer/PWM Module (SO8TPMV3)

16.2.1.1 EXTCLK — External Clock Source

Control bitsin the timer status and control register allow the user to select nothing (timer disable), the
bus-rate clock (the normal default source), acrystal-related clock, or an external clock as the clock which
drivesthe TPM prescaler and subsequently the 16-bit TPM counter. The external clock sourceis
synchronized inthe TPM. Thebusclock clocksthe synchronizer; the frequency of the external source must
be no more than one-fourth the frequency of the bus-rate clock, to meet Nyquist criteriaand alowing for
jitter.

The external clock signal shares the same pin as a channel 1/0 pin, so the channel pin will not be usable
for channel 1/0 function when selected as the external clock source. It isthe user’s responsibility to avoid
such settings. If this pin isused as an external clock source (CLKSB:CLKSA = 1:1), the channel can till
be used in output compare mode as a software timer (ELSnB:ELSnA = 0:0).

16.2.1.2 TPMxCHn — TPM Channel n I/O Pin(s)

Each TPM channel is associated with an I/O pin on the MCU. The function of this pin depends on the
channel configuration. The TPM pins share with general purpose I/O pins, where each pin has a port data
register bit, and adatadirection control bit, and the port has optional passive pullupswhich may be enabled
whenever a port pin is acting as an input.

The TPM channel does not control the I/O pin when (ELSnB:EL SnA = 0:0) or when (CLKSB:CLKSA =
0:0) so it normally reverts to general purpose 1/0O control. When CPWMS = 1 (and ELSnB:EL SnA not =
0:0), all channels within the TPM are configured for center-aligned PWM and the TPMXCHnN pins are all
controlled by the TPM system. When CPWM S=0, the MSnB:M SnA control bits determine whether the
channel is configured for input capture, output compare, or edge-aligned PWM.

When achannel is configured for input capture (CPWMS=0, MSnB:MSnA = 0:0 and EL SnB:EL SnA not
= 0:0), the TPMxCHn pinisforced to act as an edge-sensitive input to the TPM. EL SnB:EL SnA control
bits determine what polarity edge or edges will trigger input-capture events. A synchronizer based on the
bus clock isused to synchronize input edgesto the bus clock. Thisimpliesthe minimum pulse width—that
can bereliably detected—on an input capture pin isfour bus clock periods (with ideal clock pulses as near
as two bus clocks can be detected). TPM uses this pin as an input capture input to override the port data
and data direction controls for the same pin.

When a channel is configured for output compare (CPWMS=0, MSnB:MSnA = 0:1 and EL SnB:EL SnA
not = 0:0), the associated data direction control is overridden, the TPMXCHn pin is considered an output
controlled by the TPM, and the ELSnB:EL SnA control bits determine how the pin is controlled. The
remaining three combinations of EL SnB:EL SnA determinewhether the TPMxCHnN pinistoggled, cleared,
or set each time the 16-hit channel value register matches the timer counter.

When the output compare toggle modeisinitially selected, the previous value on the pinisdriven out until
the next output compare event—then the pin is toggled.
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Chapter 16 Timer/PWM Module (SO8TPMV3)

7 6 5 4 3 2 0
R
Bit 15 14 13 12 11 10 Bit 8
W
Reset 0 0 0 0 0 0 0
Figure 16-13. TPM Channel Value Register High (TPMxCnVH)
7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit 0
W
Reset 0 0 0 0 0 0 0 0

Figure 16-14. TPM 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 half is read. This latching mechanism also resets
(becomes unlatched) when the TPMXxCnSC register is written (whether BDM mode is active or not). Any
write to the channel registers will be ignored during the input capture mode.

When BDM is active, the coherency mechanism isfrozen (unless reset by writing to TPMxCnSC register)
such that the buffer latches remain in the state they were in when the BDM became active, even if one or
both halves of the channel register are read while BDM is active. This assures that if the user wasin the
middle of reading a 16-bit register when BDM became active, it will read the appropriate value from the
other half of the 16-bit value after returning to normal execution. The value read from the TPMxCnVH
and TPMxCnVL registersin BDM mode is the value of these registers and not the value of their read
buffer.

In output compare or PWM modes, writing to either byte (TPMxCnVH or TPMxCnVL) latches the value
into a buffer. After both bytes are written, they are transferred as a coherent 16-bit value into the
timer-channel registers according to the value of CLKSB:CLKSA bits and the selected mode, so:

e |If (CLKSB:CLKSA = 0:0), then the registers are updated when the second byte is written.

e If (CLKSB:CLKSA not = 0:0 and in output compare mode) then the registers are updated after the
second byte is written and on the next change of the TPM counter (end of the prescaler counting).

o |f(CLKSB:CLKSA not =0:0andin EPWM or CPWM modes), then theregisters are updated after
the both bytes were written, and the TPM counter changes from (TPMxMODH:TPMxMODL - 1)
to (TPMXMODH:TPMxMODL). If the TPM counter is a free-running counter then the updateis
made when the TPM counter changes from OxFFFE to OxFFFF.

The latching mechanism may be manually reset by writing to the TPMxCnSC register (whether BDM
mode is active or not). Thislatching mechanism allows coherent 16-bit writesin either big-endian or
little-endian order which isfriendly to various compiler implementations.

When BDM is active, the coherency mechanism is frozen such that the buffer latches remain in the state
they were in when the BDM became active even if one or both halves of the channel register are written
while BDM is active. Any write to the channel registers bypasses the buffer latches and directly write to
the channel register while BDM is active. The values written to the channel register while BDM is active
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Chapter 17 Development Support

17.4.35 Debug FIFO High Register (DBGFH)

Thisregister provides read-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 datainto the low-order byte of
each FIFO word, so thisregister is not used and will read 0x00.

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.

17.4.3.6 Debug FIFO Low Register (DBGFL)

Thisregister provides read-only access to the low-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 datais 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 data from 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 before the 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 nhot 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 asaresult of thefirst read. To usethe 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.
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