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Chapter 2
Pins and Connections

This section describes signals that connect to package pins. It includes pinout diagrams, recommended
system connections, and detailed discussions of signals.

2.1 Device Pin Assignment
This section shows the pin assignments for MC9S08DNG60 Series MCUs in the avail able packages.
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Figure 2-1. 64-Pin LQFP
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Chapter 2 Pins and Connections

Whenever any reset isinitiated (whether from an external signal or from an internal system), the RESET
pinisdriven low for about 34 bus cycles. The reset circuitry decodes the cause of reset and records it by
setting a corresponding bit in the system reset status register (SRS).

2.2.4 Background / Mode Select (BKGD/MS)

Whilein reset, the BKGD/MS pin functions as a mode select pin. Immediately after reset rises, the pin
functions asthe background pin and can be used for background debug communication. Whilefunctioning
asabackground or mode select pin, the pinincludes aninternal pull-up device, input hysteresis, astandard
output driver, and no output slew rate control.

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 low
during the rising edge of reset which forces the MCU to active background mode.

The BKGD/MS pin is used 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. Thetarget MCU’s
BDC clock could be as fast as the 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/MS 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 absol ute val ue of theinternal pull-up device play amost no rolein determining rise and fall
times on the BKGD/MS pin.

2.2.5 ADC Reference Pins (VRegn: VREEL)

The Vrern @nd Vgep pins are the voltage reference high and voltage reference low inputs, respectively,
for the ADC module.

2.2.6  General-Purpose I/O and Peripheral Ports

The MC9S08DNG60 Series series of MCUs support up to 53 general-purpose I/0 pinsand 1 input-only pin,
which are shared with on-chip peripheral functions (timers, serial 1/0, ADC, etc.).

When a port pin is configured as a general-purpose output or a peripheral uses the port pin as an output,
software can select one of two drive strengths and enable or disable slew rate control. When aport pinis
configured as a general-purpose input or a peripheral uses the port pin as an input, software can enable a
pull-up device. Immediately after reset, all of these pinsare configured as high-impedance general -purpose
inputs with internal pull-up devices disabled.

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. For information about controlling these pins as general-purpose |/O
pins, see Chapter 6, “Parallel Input/Output Control.”
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Chapter 2 Pins and Connections

NOTE

To avoid extra current drain from floating input pins, the reset initialization
routine in the application program should either enable on-chip pull-up
devices or change the direction of unused or non-bonded pins to outputs so
they do not float.
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Chapter 4 Memory

Table 4-4. Nonvolatile Register Summary

Address Register Name Bit 7 6 5 4 3 2 1 Bit 0
OXFFAE  Reserved for

storage of FTRIM 0 Y 0 0 0 0 0 FTRIM
O0xFFAF  Res. for storage of

MCGTRM TRIM
0xFFBO- NVBACKKEY .
OXFFB7 8-Byte Comparison Key
O0xFFB8- Reserved — — — = — — — _
0xFFBC — — — — — — — —
O0xFFBD  NVPROT EPS FPS
OXxFFBE  Reserved — — — — — — — | —
OxFFBF NVOPT KEYEN FNORED | EPGMOD 0 0 0 SEC

Provided the key enable (KEY EN) bit is 1, the 8-byte comparison key can be used to temporarily
disengage memory security. Thiskey 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 KEY EN 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 (SEC) to the unsecured state (1:0).
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Chapter 4 Memory

* Burst programming capability
» Sector erase abort

4.5.2

Before any program or erase command can be accepted, the Flash and EEPROM clock divider register
(FCDIV) must be written to set the internal clock for the Flash and EEPROM module to a frequency
(frcLk) between 150 kHz and 200 kHz (see Section 4.5.11.1, “Flash and EEPROM Clock Divider
Register (FCDIV)”). Thisregister can be written only once, so normally thiswrite is performed during
reset initialization. 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. Aninteger number of thesetiming pulsesisused by the command processor to complete aprogram
or erase command.

Program and Erase Times

Table 4-5 shows program and erase times. The bus clock frequency and FCDIV determine the frequency
of FCLK (fgcLk)- Thetime for one cycle of FCLK istgc k = Ufgc k- The times are shown as a number
of cycles of FCLK and as an absolute time for the case where tgc = 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
Burst program 4 20 pst
Sector erase 4000 20 ms
Mass erase 20,000 100 ms
Sector erase abort 4 20 usl

1 Excluding start/end overhead

4.5.3

The FCDIV register must beinitialized after any reset and any error flag is cleared before beginning
command execution. The command execution steps are:

1. Writeadatavalue to an addressin the Flash or EEPROM array. The address and data information
from thiswriteislatched into the Flash and EEPROM interface. Thiswrite isarequired first step
in any command sequence. For erase and blank check commands, the value of the datais not
important. For sector erase commands, the address can be any address in the sector of Flash or
EEPROM to be erased. For mass erase and blank check commands, the address can be any address
in the Flash or EEPROM memory. Flash and EEPROM erase independently of each other.

Program and Erase Command Execution

MC9S08DN60 Series Data Sheet, Rev 3
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Chapter 6 Parallel Input/Output Control

6.5.5 Port E Registers
Port E is controlled by the registers listed below.

6.5.5.1 Port E Data Register (PTED)

7 6 5 4 3 2 1 0
R
PTED7 PTEDG6 PTEDS PTED4 PTEDS3 PTED2 PTED1?! PTEDO
w
Reset: 0 0 0 0 0 0 0 0

Figure 6-32. Port E Data Register (PTED)
1 Reads of this bit always return the pin value of the associated pin, regardless of the value stored in the port data direction bit.

Table 6-30. PTED Register Field Descriptions

Field Description

7:0 Port E Data Register Bits — For port E pins that are inputs, reads return the logic level on the pin. For port E
PTED[7:0] |pins that are configured as outputs, reads return the last value written to this register.
Writes are latched into all bits of this register. For port E pins that are configured as outputs, the logic level is

driven out the corresponding MCU pin.
Reset forces PTED 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 pull-ups disabled.

6.5.5.2 Port E Data Direction Register (PTEDD)

7 6 5 4 3 2 1 0

PTEDD7 PTEDDG6 PTEDD5S PTEDD4 PTEDD3 PTEDD2 PTEDD1! PTEDDO

Reset: 0 0 0 0 0 0 0 0
Figure 6-33. Port E Data Direction Register (PTEDD)
1 PTEDD1 has no effect on the input-only PTE1 pin.

Table 6-31. PTEDD Register Field Descriptions

Field Description

7:0 Data Direction for Port E Bits — These read/write bits control the direction of port E pins and what is read for
PTEDDI[7:0] | PTED reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port E bit n and PTED reads return the contents of PTEDnN.

MC9S08DN60 Series Data Sheet, Rev 3
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Table 7-2. Instruction Set Summary (Sheet 2 of 9)

Chapter 7 Central Processor Unit (SO8CPUV3)

2o ” Affect
Source : Qo : @ Cyc-by-Cyc on CCR
Form Operation %§ Object Code S Details
< O V1I1H|INZC
Branch if Carry Bit Clear
BCC rel (fC=0) REL 24 rr 3 |ppp -11 - ==
DIR (b0) 11 dd 5 |[rfwpp
DIR (bl) 13 dd 5 |rfwpp
DIR (b2) 15 dd 5 |rfwpp
Clear Bit n in Memory DIR (b3) 17 dd 5 |[rfwpp _ o
BCLR n.opréa (Mn < 0) DIR (b4) 19 dd 5 |rfwp 11
DIR (b5) 1B dd 5 |rfwpp
DIR (b6) 1D dd 5 |[rfwpp
DIR (b7) 1F dd 5 |rfwpp
Branch if Carry Bit Set (if C = 1)
BCS rel (Same as BLO) REL 25 rr 3 |ppp -11 - - -
BEQ rel Branch if Equal (if Z = 1) REL 27 rr 3 |ppp -11 - ==
Branch if Greater Than or Equal To
BGE rel (if N ®V = 0) (Signed) REL 90 rr 3 |ppp -11 - - -
Enter active background if ENBDM=1
BGND Waits for and processes BDM commands INH 82 5+ |fp...ppp -11 - ==
until GO, TRACEL1, or TAGGO
Branch if Greater Than (if Z| (N ® V) =0) B o
BGT rel (Signed) REL 92 rr 3 |ppp 11
BHCC rel Branch if Half Carry Bit Clear (if H = 0) REL 28 rr 3 |ppp -11 - ==
BHCS rel Branch if Half Carry Bit Set (if H = 1) REL 29 rr 3 |ppp -11 - ==
BHI rel Branch if Higher (if C | Z = 0) REL 22 rr 3 |ppp -11 - - =
Branch if Higher or Same (if C = 0)
BHS rel (Same as BCC) REL 24 rr 3 |ppp -11 - ==
BIH rel Branch if IRQ Pin High (if IRQ pin = 1) REL 2F rr 3 |ppp -11 - - -
BIL rel Branch if IRQ Pin Low (if IRQ pin = 0) REL 2E rr 3 |ppp -11 - ==
BIT #opr8i IMM A5 i 2 |pp
BIT opr8a DIR B5 dd 3 |rpp
BIT oprl6a Bit Test EXT C5 hh || 4 |prpp
BIT oprx16,X IX2 D5 ee ff 4 |prpp
BIT oprx8,X (A) & (M) IX1 E5 ff 3 |[rpp 011 i
BIT X (CCR Updated but Operands Not Changed) IX Fs5 3 |rfp
BIT oprx16,SP SP2 9E D5 ee ff 5 |pprpp
BIT oprx8,SP SP1 9E E5 ff 4  |prpp
Branch if Less Than or Equal To
BLE rel (fZ| (N ® V) = 1) (Signed) REL 93 rr 3 |ppp -11 - - =
BLO rel Branch if Lower (if C = 1) (Same as BCS) REL 25 rr 3 |ppp -11 - - -
BLS rel Branch if Lower or Same (if C| Z=1) REL 23 rr 3 |ppp -11 - ==
BLT rel Branch if Less Than (if N @ V = 1) (Signed) |REL 91 rr 3 |ppp -11 - ==
BMC rel Branch if Interrupt Mask Clear (if | = 0) REL 2Crr 3 |ppp -11 - - -
BMI rel Branch if Minus (if N = 1) REL 2B rr 3 |ppp -11 - ==
BMS rel Branch if Interrupt Mask Set (if | = 1) REL 2Drr 3 |ppp -11 - ==
BNE rel Branch if Not Equal (if Z = 0) REL 26 rr 3 |ppp -11 - - -
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Chapter 8 Multi-Purpose Clock Generator (SO8MCGV1)

HCS08 CORE [ |~ PTA7/PIA7/ADP7/IRQ
——— | <«—> PTA6/PIA6/ADP6

~<«—>» PTA5/PIA5/ADP5

~<«—>» PTA4/PIA4/ADP4

<<—>» PTA3/PIA3/ADP3/ACMP10

~«—> PTA2/PIA2/ADP2/ACMP1-

~«—> PTA1/PIA1/ADP1/ACMP1+

~&—> PTAO/PIAO/ADPO/MCLK

<U» PTB7/PIB7/ADP15

RESET<<> RESETS AND INTERRUPTS —— |~ PTB6/PIB6/ADP14
MODES OF OPERATION —— | |<«2> PTB5/PIB5/ADP13

POWER MANAGEMENT <« PTB4/PIB4/ADP12

CPU

ACMP10
ACMP1-
ACMP1+

Y

PORT A

»| ANALOG COMPARATOR
i . (ACMP1)

BKGD/MS
e BDC | |

A A

HCS08 SYSTEM CONTROL

PORT B

% |<«C» PTB3/PIB3/ADP11
8| |——— |[<«C» PTB2/PIB2/ADP10
| ——— |<—> PTB1/PIB1/ADP9
ADP7-ADP0| ——1__|<—> PTBO/PIBO/ADP8
16-CHANNEL, 12-BIT [ |« PTC7
ANALOG-TO-DIGITAL ~ |ADP15-ADPS, <> PTC6
CONVERTER (ADC) <" PTC5
<2 » PTC4
<% PTC3
<% » pTC2
<> PTCH
<> pPTCO
USER FLASH TPM1CHS5 - — .
<C» PTD7/PID7/TPM1CHS5
MC9S08DN60 = 60K 6-CHANNEL TIMER/PWM TPx;ﬁlngK 6 0 > PTDG/PIDG/TPMICHA
MODULE (TPM1) - <—> PTD5/PID5/TPM1CH3
<> PTD4/PID4/TPM1CH2
<> PTD3/PID3/TPM1CH1
<> PTD2/PID2/TPM1CHO
<<—> PTD1/PID1/TPM2CH1
~<—>» PTDO/PIDO/TPM2CHO

<«—> PTE7

<«—> PTE6

<> PTE5/SDAMISO
<«—>» PTE4/SCL/MOSI
~«—>» PTE3/SPSCK
<«—>» PTE2/SS
~e—— PTE1/RxD1
~«—> PTE0/TXD1

| cor LVD

A IRQ

[ RQ |

VRerH -©
VRerL -©
Vbpa
Vssa

YYVY

PORT C

PORT D

TPM2CH1,
2-CHANNEL TIMERPWM [ TPM2CHO

MODULE (TPM2) - TPM2CLK

USER EEPROM
MC9S08DN60 = 2K

~MISO

USER RAM SERIAL PERIPHERAL  |<MOS!
VIEOSOBONGD = 2 INTERFACE MODULE (SPI) <%SCK
<RD1
DEBUG MODULE (DBG) SERIAL COMMUNICATIONS | TxD1

INTERFACE (SCI1)

PORT E

<2 » PTF7

<% » PTF6/ACMP20

<« 2> PTF5/ACMP2-

v <SDA biid ggﬂ?@lmm
DD —» << B e

Vop O VOLTAGE ICMODULE (IC) | SCL <2 PTF2TPMCLK/SCL

Vgs —pm REGULATOR <S> PTF

Vs 2 <> PTFO

ACMP20
_ACMP2-
~_ACMP2+

ANALOG COMPARATOR
REAL TIME COUNTER (RTC) ™ (ACMP2)

Y

PORT F

Yy \J YILYYYY

<«®» PTG5
<2 » PTG4
<2 » PTG3
é
————————— XTAL e

3| & | <> PTG1/XTAL
ILLATOR (Xi
OSCILLATOR (XOSC) < EXTAL <€ PTGO/EXTAL

© - Vper/VRer, internally connected to Vppa/Vsga in 48-pin and 32-pin packages ® - Pin not connected in 48-pin and 32-pin packages
o - Vpp and Vgg pins are each internally connected to two pads in 32-pin package o - Pin not connected in 32-pin package

Figure 8-1. MC9S08DNG60 Block Diagram

MULTI-PURPOSE
CLOCK GENERATOR
(MCG)

PORT G
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Chapter 8 Multi-Purpose Clock Generator (SO8MCGV1)

4. Lastly, FBI transitionsinto BLPI mode.
a) MCGC2 = 0x08 (%00001000)
— LP(bit3)inMCGSCis1

START
IN PEE MODE

Y

MCGC1 = $90

NO

CLKST = %10 ?

OPTIONAL:

CHECK LOCK
=1?

BLPE MODE ?
+ VES MCGC1 = $44
MCGC2 = $3E
< NO|
MCGCL1 = $B8
MCGC3 = $04 VES

CHECK
CLKST = %01?

LYES

MCGC2 = $08

IN
BLPE MODE ?
(LP=1)

MCGC2 = $36
(LP =0)

S

CONTINUE
IN BLPI MODE

Figure 8-10. Flowchart of PEE to BLPI Mode Transition using a 4 MHz crystal
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Chapter 10 Analog-to-Digital Converter (SO8ADC12V1)

10.3.2 Status and Control Register 2 (ADCSC2)

The ADCSC2 register controlsthe compare function, conversion trigger, and conversion active of the ADC
module.

7 6 5 4 3 2
Reset: 0 0 0 0 0 0 0 0

Figure 10-4. Status and Control Register 2 (ADCSC2)

Table 10-5. ADCSC2 Register Field Descriptions

Field Description

7 Conversion Active. Indicates that a conversion is in progress. ADACT is set when a conversion is initiated and
ADACT cleared when a conversion is completed or aborted.
0 Conversion not in progress
1 Conversion in progress

6 Conversion Trigger Select. Selects the type of trigger used for initiating a conversion. Two types of triggers are
ADTRG selectable: software trigger and hardware trigger. When software trigger is selected, a conversion is initiated
following a write to ADCSC1. When hardware trigger is selected, a conversion is initiated following the assertion
of the ADHWT input.

0 Software trigger selected
1 Hardware trigger selected

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 value. The compare function
defaults to triggering when the result of the compare of the input being monitored is less than the compare value.
0 Compare triggers when input is less than compare value
1 Compare triggers when input is greater than or equal to compare value

10.3.3 Data Result High Register (ADCRH)

In 12-bit operation, ADCRH contains the upper four bits of the result of a 12-bit conversion. In 10-bit
mode, ADCRH contains the upper two bits of the result of a10-bit conversion. When configured for 10-bit
mode, ADR[11:10] are cleared. When configured for 8-bit mode, ADR[11:8] are cleared.

In 12-bit and 10-bit mode, ADCRH is updated each time a conversion completes except when automatic
compare is enabled and the compare condition is not met. When a compare event does occur, thevalueis
the addition of the conversion result and the two’s complement of the compare value. In 12-bit and 10-bit
mode, reading ADCRH prevents the ADC from transferring subsequent conversion resultsinto the result
registers until ADCRL isread. If ADCRL is not read until after the next conversion is completed, the
intermediate conversion result islost. In 8-bit mode, there is no interlocking with ADCRL.

MC9S08DN60 Series Data Sheet, Rev 3
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Chapter 10 Analog-to-Digital Converter (SO8ADC12V1)

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).

10.4.7 MCU Stop3 Mode Operation

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

10.4.7.1 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 is required
to resume conversions.

10.4.7.2 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 progresswhen the M CU enters stop3 mode, it continues until completion. Conversions
can be initiated 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 generatesan 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 10.4.4.2, “ Completing
Conversions) is cleared when entering stop3 and continuing ADC
COnversions.

10.4.8 MCU Stop2 Mode Operation

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

MC9S08DN60 Series Data Sheet, Rev 3
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Chapter 10 Analog-to-Digital Converter (SO8ADC12V1)

10.6 Application Information

This section containsinformation 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.

10.6.1 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.

10.6.1.1 Analog Supply Pins

The ADC module has analog power and ground supplies (Vppap and Vssap) available as separate pins
on some devices. Vggpp IS sShared on the same pin as the MCU digital V ggon some devices. On other
devices, V ggap and Vppap are shared with the MCU digital supply pins. In these cases, there are separate
padsfor the anal og supplies bonded to the same pin asthe corresponding digital supply so that some degree
of isolation between the supplies is maintained.

When available on aseparate pin, both V ppap and V sga p must be connected to the same voltage potential
as their corresponding MCU digital supply (Vpp and V gg) and must be routed carefully for maximum
noise immunity and bypass capacitors placed as near as possible to the package.

If separate power supplies are used for analog and digital power, the ground connection between these
supplies must be at the V ggpp pin. This should be the only ground connection between these supplies if
possible. The V ggap pin makes a good single point ground location.

10.6.1.2 Analog Reference Pins

In addition to the anal og supplies, the ADC module has connections for two reference voltage inputs. The
high reference is V ggen, Which may be shared on the same pin as Vppap 0n some devices. The low
reference is Vrgg , Which may be shared on the same pin as V ggap 0N some devices.

When available on a separate pin, Vgepy May be connected to the same potential asVppap, Or may be
driven by an external source between the minimum Vppap spec and the Vppap potential (V ggey Must
never exceed Vppap)- When available on a separate pin, Vrgr must be connected to the same voltage
potential asVssap- Vrern aNd V ger. Must be routed carefully for maximum noise immunity and bypass
capacitors placed as near as possible to the package.

AC current intheform of current spikes required to supply charge to the capacitor array at each successive
approximation step isdrawn through the V gge and V gee 100p. The best external component to meet this
current demand isa0.1 uF capacitor with good high frequency characteristics. This capacitor isconnected
between Vgepy and Ve and must be placed as near as possible to the package pins. Resistance in the
path is not recommended because the current causes a voltage drop that could result in conversion errors.
Inductance in this path must be minimum (parasitic only).

MC9S08DN60 Series Data Sheet, Rev 3
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Chapter 10 Analog-to-Digital Converter (SO8ADC12V1)

10.6.2.3 Noise-Induced Errors

System noise that 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:

* Thereisa0.1 uF low-ESR capacitor from Vggpy t0 VRerL -
e Thereisa0.1 uF low-ESR capacitor from Vppap t0 Vssap.
» If inductiveisolation is used from the primary supply, an additional 1 uF capacitor is placed from

VppAD 10 Vssap-
*  Vggap (@nd Vgep , if connected) is connected to V gg at aquiet 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 ADCSC1 with await
instruction or stop instruction.

— For stop3 mode operation, select ADACK asthe clock source. Operation in stop3 reducesVpp
noise but increases effective conversion time due to stop recovery.

* Thereisno 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 noiseis coupled into the ADC. In these situations, or when the MCU cannot be placed in
wait or stop3 or 1/0 activity cannot be halted, these recommended actions may reduce the effect of noise
on the accuracy:

* Placea0.01 uF capacitor (Cps) on the selected input channel to Vg or Vgsap (thisimproves
noise issues, but affects the sample rate based on the external analog source resistance).

* Average the result by converting the analog input many times in succession and dividing the sum
of the results. Four samples are required to eliminate the effect of a 1LsB, one-time error.

* Reduce the effect of synchronous noise by operating off the asynchronous clock (ADACK) and
averaging. Noise that is synchronous to ADCK cannot be averaged out.

10.6.2.4 Code Width and Quantization Error

The ADC quantizes the ideal straight-line transfer function into 4096 steps (in 12-bit mode). Each step
ideally has the same height (1 code) and width. The width is defined as the delta between the transition
points to one code and the next. The ideal code width for an N bit converter (inthiscase N can be 8, 10 or
12), defined as 1L.sB, is:

1llsb = (VREFH - VREFL) / 2N Eqn 10-2

Thereisan inherent quantization error due to the digitization of the result. For 8-bit or 10-bit conversions
the code transitions when the voltage is at the midpoint between the points where the straight line transfer
function is exactly represented by the actual transfer function. Therefore, the quantization error will be £
1/21sbin 8- or 10-bit mode. As a consequence, however, the code width of the first (0x000) conversionis
only 1/2 Isb and the code width of the last (OxFF or Ox3FF) is 1.5 Ish.
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Figure 11-9. IIC Bus Transmission Signals

11.4.1.1 Start Signal

When the bus is free, no master device is engaging the bus (SCL and SDA lines are at logical high), a
master may initiate communication by sending a start signal. As shown in Figure 11-9, a start signal is
defined as a high-to-low transition of SDA while SCL is high. This signal denotes the beginning of a new
data transfer (each data transfer may contain several bytes of data) and brings all slaves out of their idle
states.

11.4.1.2 Slave Address Transmission

The first byte of data transferred immediately after the start signal is the slave address transmitted by the
master. This is a seven-bit calling address followed by a R/W bit. The R/W bit tells the slave the desired
direction of data transfer.

1 = Read transfer, the slave transmits data to the master.
0 = Write transfer, the master transmits data to the slave.

Only the slave with a calling address that matches the one transmitted by the master responds by sending
back an acknowledge bit. This is done by pulling the SDA low at the ninth clock (see Figure 11-9).

No two slaves in the system may have the same address. If the 11C module is the master, it must not transmit
an address equal to its own slave address. The 11C cannot be master and slave at the same time. However,
if arbitration is lost during an address cycle, the 11C reverts to slave mode and operates correctly even if it
IS being addressed by another master.
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Chapter 12 Serial Peripheral Interface (SO8SPIV3)
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Figure 12-1. MC9S08DNG60 Block Diagram
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Chapter 13 Serial Communications Interface (S08SCIV4)

Figure 13-3 shows the receiver portion of the SCI.
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Figure 13-3. SCI Receiver Block Diagram
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Chapter 15 Timer/PWM Module (SO8TPMV3)

15.4.1.3 Counting Modes

The main timer 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. As

an up counter, the timer counter counts from 0x0000 through its terminal count and then continues with

0x0000. The terminal count is OXFFFF or a modulus value in TPMxXMODH: TPMxMODL.

When center-aligned PWM operation is specified, the counter counts up from 0x0000 through its terminal
count and then down to 0x0000 where it changes back to up counting. Both 0x0000 and the terminal count
value are normal length counts (one timer clock period long). In this mode, the timer overflow flag (TOF)
becomes set at the end of the terminal-count period (as the count changes to the next lower count value).

15.4.1.4 Manual Counter Reset

The main timer counter can be manually reset at any time by writing any value to either half of
TPMxCNTH or TPMxCNTL. Resetting the counter in this manner also resets the coherency mechanism
in case only half of the counter was read before resetting the count.

15.4.2 Channel Mode Selection

Provided CPWMS=0, the MSnB and MSnA 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 edge-aligned PWM.

15.4.2.1 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.

In input capture mode, the TPMxCnVH and TPMxCnVL registers are read only.

When either half of the 16-bit capture register is read, the other half is latched into a buffer to support
coherent 16-bit accesses in big-endian or little-endian order. The coherency sequence can be manually
reset by writing to the channel status/control register (TPMxCnSC).

An input capture event sets a flag bit (CHnF) which may optionally generate a CPU interrupt request.

While in BDM, the input capture function works as configured by the user. When an external event occurs,
the TPM latches the contents of the TPM counter (which is frozen because of the BDM mode) into the
channel value registers and sets the flag bit.

15.4.2.2 Output Compare Mode

With the output-compare function, the TPM can generate timed pulses 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.
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Chapter 15 Timer/PWM Module (SO8TPMV3)

EPWM mode

TPMxMODH:TPMxMODL = 0x0007
TPMXCnVH:TPMxCnVL = 0x0005

RESET (active low)
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|
|
1
|
: 00
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Figure 0-1. Generation of high-true EPWM signal by TPM v2 and v3 after the reset
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Figure 0-2. Generation of low-true EPWM signal by TPM v2 and v3 after the reset

The following procedure can be used in TPM v3 (when the channel pin is also a port pin) to emulate
the high-true EPWM generated by TPM v2 after the reset.
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Chapter 16 Development Support

Figure 16-3 shows the host receiving alogic 1 from the target HCS08 M CU. Because 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 recognize it (at least two target BDC cycles). The host must release the low drive
before the target MCU drivesabrief 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
(TARGET MCU)

TR e man e s \ S SRR R HIGH-IMPEDANCE = = = = = == = = = = = = = SRR
|

TARGET MCU

SPEEDUP PULSE / \
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|= 10 CYCLES > I OF NEXT BIT
HOST SAMPLES BKGD PIN

Figure 16-3. BDC Target-to-Host Serial Bit Timing (Logic 1)
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