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Addendum for Revision 8.0

Table 1. MC9S08SG32 Rev. 1 Addendum

Location

Description

Chapter “Electrical
Characteristics”/Section
“Thermal
Characteristics”/Table A-3.
Thermal Characteristics/Page
293

Update Table A-3. Thermal Characteristics as follows:
* —Change the value for row “Thermal resistance,Single-layer board/28-pin TSSOP/Airflow
@200ft/min.” from 71 to 72 C/W
—Change the value for 16-pin TSSOP/Thermalresistance
1.Single layer board / Airflow @ 200ft/min. from 108 to 113 C/W.
2.Four layer board / Airflow @ 200ft/min. from 78 to 84 C/W.
e Update parameter 4 of Table “A-3.Thermal Characteristics” .

Temp
Rated
(=]
#|C Rating Symbol Value Lhnit b= ]
L]
B
El|la
dE
__ | Operating temperature range
(packaged)
Temperature Code W —A0 to 150 — *
Temperature Code J —40 to 140 — *
Temperature Code M T —40 to 125 =C
Temperature Code W —40 to 105 *
Temperature Code C —40 1o BS *
Thermal resistance, Single-layer board
Airflow & 200 Matural
fmin Convection
O 28-pin TES0P B ja T2 a1 =AW L ] *
2
20-pin TSS0P a4 114 *
16-pin TES0P 113 133 * »
Thermal resistance, Four-layer board
Aiirflow & 200 MNatural
ft'min Caomection
O 28-pin TES0P B 5 ] S L ] »
3
20-pin TES0P &8 -] *
16-pin TES0P B4 oz * *
Maximum junction femperature
Temperature Cods W 155 — *
Temperature Code J 150 — *
410 Temperature Code M T 135 = —
Temperature Cods W 115 -
Temperature Code C a5 * —

Chapter “Electrical
Characteristics”/Section “DC
Characteristics”/Table A-6. DC
Characteristics/Page 298

In the Table “DC Characteristics” add note 11 and 12 for parameter #18.

Note 11: Device functionality is guaranteed between the LVD threshold VLVDO and VDD Min.
When VDD is below the minimum operating voltage (VDD Min), the analog parameters for the
10 pins, ACMP and ADC, are not guaranteed to meet data sheet performance parameters.
Note 12: In addition to LVD, it is recommended to also use the LVW feature. LVW can trigger an
interrupt and be used as an indicator to warn that the VDD is dropping,so that the software can
take actions accordingly before the VDD drops below VDD Min.
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Revision History

To provide the most up-to-date information, the revision of our documents on the World Wide Web will be
the most current. Your printed copy may be an earlier revision. To verify you have the latest information
available, refer to:

http://freescale.com/

The following revision history table summarizes changes contained in this document.

Revision Revision oo
Number Date Description of Changes
1 6/2007 Updated the TPM module, incorporated minor revisions for the Tj, PTXSE slew
rate, FPROT and Appendix B packaging information. -SAMPLES DRAFT-
Qualify Draft includes updates to TPM module and the Electricals appendix.
2 10/2007 . L .
Also, revised the order numbering information.
Updated some electricals and made some minor grammatical/formatting revi-
sions. Corrected the SPI block module version. Removed incorrect ADC temper-
3 5/2008 : . '
ature sensor value from the Features section. Updated the package information
with a special mask set identifier.
4 5/2008 Added the EMC Radiated Emissions data. Removed the Susceptibility Data.
Updated the Corporate addresses on the back cover.
5 03/2009 Added the High Temperature Device Specifications and updated the charts.

Updated ADC characteristics for Temp Sensor Slope to be a range of

25 C-150 Cadded Control Timing table row 2 to separate standard characteris-
tics from the AEC Grade 0 characteristics, and included the text, “AEC Grade 0"
6 04/2009 to the text of footnote 3 for Table B-1 Device Numbering System. Added notes to
the ADC chapter specifying that, for this device, there are only 16 analog input
pins and consequently no APCTL3 register. Updated the Literature Request
information on the back cover.

Revised Table A-6 DC Characteristics, Row 24 Bandgap Voltage Reference for
AEC Grade 0 from 1.21V to 1.22 V. Removed AEC Grade 0 (red diamond) from
7 10/2009 the Table A-9 ICS Frequency Specifications, Row 9 Total deviation of trimmed
DCO output frequency over voltage and temperature so that it is not listed for
AEC Grade 0.
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Chapter 2 Pins and Connections
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Chapter 4 Memory

Table 4-9. Security States®

SECO01:SEC00 Description
0:0 secure
0:1 secure
1:0 unsecured
11 secure

1 SEC01:SEC00 changes to 1:0 after successful backdoor
key entry or a successful blank check of FLASH.

4.7.3 FLASH Configuration Register (FCNFG)

7 5 4 2 1 0
R 0 0 0 0 0 0 0
KEYACC
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 4-7. FLASH Configuration Register (FCNFG)
Table 4-10. FCNFG Register Field Descriptions
Field Description
5 Enable Writing of Access Key — This bit enables writing of the backdoor comparison key. For more detailed

KEYACC |information about the backdoor key mechanism, refer to Section 4.6, “Security.”
0 Writes to OXFFBO-OxFFB7 are interpreted as the start of a FLASH programming or erase command.
1 Writes to NVBACKKEY (OxFFBO-0xFFB7) are interpreted as comparison key writes.

4.7.4 FLASH Protection Register (FPROT and NVPROT)

During reset, the contents of the nonvolatilelocation NVPROT are copied from FLASH into FPROT. This
register can beread at any time. If FPDIS = 0, protection can be increased (that is, asmaller value of FPS
can be written). If FPDIS = 1, writes do not change protection.

7 6 5 4 3 2 1 0
R
FPs® FPDISW
W
Reset This register is loaded from nonvolatile location NVPROT during reset.

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

Figure 4-8. FLASH Protection Register (FPROT)
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Chapter 6 Parallel Input/Output Control

6.6  Parallel I/O and Pin Control Registers

This section provides information about the registers associated with the parallel 1/0 ports. The dataand
datadirection registers are located in page zero of the memory map. The pull up, slew rate, drive strength,
and interrupt control registers are located in the high page section of the memory map.

Refer to tablesin Chapter 4, “Memory,” for the absolute address assignmentsfor all parallel 1/0 and their
pin control registers. This section refersto registers and control bits only by their names. A Freescale
Semiconductor-provided equate or header file normally is used to tranglate these names into the
appropriate absolute addresses.
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Chapter 8 Analog Comparator 5-V (SO8ACMPV3)
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Chapter 9 Analog-to-Digital Converter (SOBADC10V1)

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

9.6.1.2 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 ggpn, Which may be shared on the same pin as Vpp 0n some devices. The low
referenceis Vrgg , Which may be shared on the same pin as V ggp 0N some devices.

When available on a separate pin, V gy may be connected to the same potentia asVppa, Or may be
driven by an external source between the minimum Vppa spec and the Vppa potential (V ggpy must never
exceed Vppa)- When available on a separate pin, Vger. must be connected to the same voltage potential
asVgsa. Vreen and Vg must be routed carefully for maximum noise immunity and bypass capacitors
placed as near as possible to the package.

AC current inthe form of current spikes required to supply charge to the capacitor array at each successive
approximation step isdrawn through the V g and V gge 100p. The best external component to meet this
current demand isa0.1 uF capacitor with good high frequency characteristics. This capacitor is connected
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).

9.6.1.3 Analog Input Pins

The external analog inputs are typically shared with digital 1/0 pinson MCU devices. The pin 1/O control
is disabled by setting the appropriate control bit in one of the pin control registers. Conversions can be
performed on inputs without the associated pin control register bit set. It is recommended that the pin
control register bit always be set when using apin as an analog input. Thisavoids problemswith contention
because the output buffer isin its high impedance state and the pullup is disabled. Also, the input buffer
draws dc current when itsinput isnot at Vpp or V gs. Setting the pin control register bitsfor all pins used
as anal og inputs should be done to achieve lowest operating current.

Empirical data shows that capacitors on the analog inputs improve performance in the presence of noise
or when the source impedanceis high. Use of 0.01 uF capacitors with good high-frequency characteristics
is sufficient. These capacitors are not necessary in al cases, but when used they must be placed as near as
possible to the package pins and be referenced to V ggp .-

For proper conversion, the input voltage must fall between V ggey and Vgeg, - If theinput is equal to or
exceedsV reen, the converter circuit convertsthe signal to Ox3FF (full scale 10-bit representation) or OXFF
(full scale 8-bit representation). If theinput isequal to or lessthan V gep , the converter circuit convertsit
to 0x000. Input voltages between V gepy and Vger, are straight-line linear conversions. Thereis a brief
current associated with V ger When the sampling capacitor is charging. The input is sampled for

3.5 cycles of the ADCK source when ADLSMPislow, or 23.5 cycleswhen ADLSMP is high.

For minimal loss of accuracy due to current injection, pins adjacent to the analog input pins should not be
transitioning during conversions.
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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)

10.4.1.3 Data Transfer

Before successful slave addressing is achieved, the data transfer can proceed byte-by-byte in a direction
specified by the R/W bit sent by the calling master.

All transfers that come after an address cycle are referred to as data transfers, even if they carry sub-address
information for the slave device

Each data byte is 8 bits long. Data may be changed only while SCL is low and must be held stable while
SCL is high as shown in Figure 10-9. There is one clock pulse on SCL for each data bit, the msb being
transferred first. Each data byte is followed by a 9th (acknowledge) bit, which is signalled from the
receiving device. An acknowledge is signalled by pulling the SDA low at the ninth clock. In summary, one
complete data transfer needs nine clock pulses.

If the slave receiver does not acknowledge the master in the ninth bit time, the SDA line must be left high
by the slave. The master interprets the failed acknowledge as an unsuccessful data transfer.

If the master receiver does not acknowledge the slave transmitter after a data byte transmission, the slave
interprets this as an end of data transfer and releases the SDA line.

In either case, the data transfer is aborted and the master does one of two things:

* Relinquishes the bus by generating a stop signal.
» Commences a new calling by generating a repeated start signal.

10.4.1.4 Stop Signal

The master can terminate the communication by generating a stop signal to free the bus. However, the
master may generate a start signal followed by a calling command without generating a stop signal first.
This is called repeated start. A stop signal is defined as a low-to-high transition of SDA while SCL at
logical 1 (see Figure 10-9).

The master can generate a stop even if the slave has generated an acknowledge at which point the slave
must release the bus.

10.4.1.5 Repeated Start Signal

As shown in Figure 10-9, a repeated start signal is a start signal generated without first generating a stop
signal to terminate the communication. This is used by the master to communicate with another slave or
with the same slave in different mode (transmit/receive mode) without releasing the bus.

10.4.1.6 Arbitration Procedure

The 11C bus is a true multi-master bus that allows more than one master to be connected on it. If two or

more masters try to control the bus at the same time, a clock synchronization procedure determines the bus
clock, for which the low period is equal to the longest clock low period and the high is equal to the shortest
one among the masters. The relative priority of the contending masters is determined by a data arbitration
procedure, a bus master loses arbitration if it transmits logic 1 while another master transmits logic 0. The
losing masters immediately switch over to slave receive mode and stop driving SDA output. In this case,

MC9S08SG32 Data Sheet, Rev. 8
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Chapter 15 Serial Peripheral Interface (S08SPIV3)

Table 15-1. SPIC1 Field Descriptions (continued)

Field Description
4 Master/Slave Mode Select
MSTR 0 SPI module configured as a slave SPI device
1 SPI module configured as a master SPI device
3 Clock Polarity — This bit effectively places an inverter in series with the clock signal from a master SPI or to a
CPOL slave SPI device. Refer to Section 15.5.1, “SPI Clock Formats” for more details.
0 Active-high SPI clock (idles low)
1 Active-low SPI clock (idles high)
2 Clock Phase — This bit selects one of two clock formats for different kinds of synchronous serial peripheral
CPHA devices. Refer to Section 15.5.1, “SPI Clock Formats” for more details.
0 First edge on SPSCK occurs at the middle of the first cycle of an 8-cycle data transfer
1 First edge on SPSCK occurs at the start of the first cycle of an 8-cycle data transfer
1 Slave Select Output Enable — This bit is used in combination with the mode fault enable (MODFEN) bit in
SSOE SPCR2 and the master/slave (MSTR) control bit to determine the function of the SS pin as shown in Table 15-2.
0 LSB First (Shifter Direction)
LSBFE 0 SPI serial data transfers start with most significant bit

1 SPI serial data transfers start with least significant bit

Table 15-2. SS Pin Function

MODFEN SSOE Master Mode Slave Mode
0 0 General-purpose 1/0O (not SPI) Slave select input
0 1 General-purpose 1/0O (not SPI) Slave select input
1 0 SS input for mode fault Slave select input
1 1 Automatic SS output Slave select input

NOTE

Ensurethat the SPI should not be disabled (SPE=0) at the sametime asabit changeto the CPHA bit. These
changes should be performed as separate operations or unexpected behavior may occur.

15.4.2

SPI Control Register 2 (SPIC2)

This read/write register is used to control optional features of the SPI system. Bits 7, 6, 5, and 2 are not

implemented and always read 0.
5 4 3 2 1 0
R 0 0 0 0
MODFEN BIDIROE SPISWAI SPCO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 15-6. SPI Control Register 2 (SPIC2)

MC9S08SG32 Data Sheet, Rev. 8

232

Freescale Semiconductor




Chapter 16 Timer Pulse-Width Modulator (SO8TPMV3)

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

~«—>» PTA7/TPM2CH1
~<«—>» PTAG6/TPM2CHO

~—>» PTA1/PIA1/TPM2CHO/ADP1/ACMP-
~«—» PTAO/PIAO/TPM1CHO/TCLK/ADPO/ACMP+

16-BIT TIMER/PWM
MODULE (TPM1)

16-BIT TIMER/PWM
MODULE (TPM2)

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/Vrery and Vssa/VRerL are
double bonded to Vpp and Vgg respectively.

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

<%> PTB5/TPM1CH1/SS
TCLK <> PTBA/TPM2CH1IMISO
TPM1CHO .
TPM1CH
TCLK
TPM2CHO
TPM2CH{
A
A
A
<= PTC1/TPMICH1/ADP
<2 PTGOTPMICHO/ADPS

Figure 16-1. MC9S08SG32 Series Block Diagram Highlighting TPM Block and Pins
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Chapter 16 Timer/PWM Module (SO8TPMV3)

Table 16-4. TPM-Clock-Source Selection

CLKSB:CLKSA | TPM Clock Source to Prescaler Input
00 No clock selected (TPM counter disable)
01 Bus rate clock
10 Fixed system clock
11 External source

Table 16-5. Prescale Factor Selection

PS2:PS1:PS0O TPM Clock Source Divided-by
000 1
001 2
010 4
011 8
100 16
101 32
110 64
111 128

16.3.2 TPM-Counter Registers (TPMXCNTH: TPMxCNTL)

Thetwo read-only TPM counter registers contain the high and low bytes of the value in the TPM counter.
Reading either byte (TPMXCNTH or TPMXCNTL) latches the contents of both bytesinto a buffer where
they remain latched until the other half is read. This alows coherent 16-bit reads in either big-endian or
little-endian order which makes this more friendly to various compiler implementations. The coherency
mechanism is automatically restarted by an MCU reset or any write to the timer status/control register
(TPMxSC).

Reset clearsthe TPM counter registers. Writing any valueto TPMXCNTH or TPMXCNTL also clearsthe
TPM counter (TPMXCNTH:TPMxCNTL) and resets the coherency mechanism, regardless of the data
involved in the write.

7 6 5 4 3 2 1 0
R| Bitis | 14 13 | 1 u | 10| 9 Bit 8
W Any write to TPMXCNTH clears the 16-bit counter
Reset 0 0 0 0 0 0 0 0

Figure 16-8. TPM Counter Register High (TPMxXCNTH)
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Chapter 16 Timer/PWM Module (SO8TPMV3)

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

Reset the TPM counter before writing to the TPM modul o registersto avoid confusion about when the first
counter overflow will occur.

16.3.4

TPM Channel n Status and Control Register (TPMxCnSC)

TPMxCnSC contains the channel-interrupt-status flag and control bits used to configure the interrupt
enable, channel configuration, and pin function.

7 6 5 4 3 2 1 0
R CHnF 0 0
CHnIE MSnB MSnA ELSnB ELSnA
w 0
Reset 0 0 0 0 0 0 0 0

I:I: Unimplemented or Reserved

Figure 16-12. TPM Channel n Status and Control Register (TPMxCnSC)

Table 16-6. TPMxCnSC Field Descriptions

Field

Description

CHnF

Channel n flag. When channel n is an input-capture channel, this read/write bit is set when an active edge occurs
on the channel n pin. When channel n is an output compare or edge-aligned/center-aligned PWM channel, CHnF
is set when the value in the TPM counter registers matches the value in the TPM channel n value registers. When
channel n is an edge-aligned/center-aligned PWM channel and the duty cycle is set to 0% or 100%, CHnF will
not be set even when the value in the TPM counter registers matches the value in the TPM channel n value
registers.

A corresponding interrupt is requested when CHnF is set and interrupts are enabled (CHnIE = 1). Clear CHnF by
reading TPMxCnSC while CHnF is set and then writing a logic 0 to CHnF. If another interrupt request occurs
before the clearing sequence is complete, the sequence is reset so CHnF remains set after the clear sequence
completed for the earlier CHnF. This is done so a CHnF interrupt request cannot be lost due to clearing a previous
CHnF.

Reset clears the CHnF bit. Writing a logic 1 to CHnF has no effect.

0 No input capture or output compare event occurred on channel n

1 Input capture or output compare event on channel n

CHnIE

Channel n interrupt enable. This read/write bit enables interrupts from channel n. Reset clears CHnIE.
0 Channel n interrupt requests disabled (use for software polling)
1 Channel n interrupt requests enabled

MSnB

Mode select B for TPM channel n. When CPWMS=0, MSnB=1 configures TPM channel n for edge-aligned PWM
mode. Refer to the summary of channel mode and setup controls in Table 16-7.
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Chapter 16 Timer/PWM Module (SO8TPMV3)

All TPM interrupts are listed in Table 16-9 which shows the interrupt name, the name of any local enable
that can block the interrupt request from leaving the TPM and getting recognized by the separate interrupt
processing logic.

Table 16-9. Interrupt Summary

Local .
Interrupt Enable Source Description
TOF TOIE Counter overflow | Set each time the timer counter reaches its terminal
count (at transition to next count value which is
usually 0x0000)
CHnF CHnIE Channel event | An input capture or output compare event took
place on channel n

The TPM module will provide a high-true interrupt signal. Vectors and priorities are determined at chip
integration timein the interrupt module so refer to the user’sguide for the interrupt module or to the chip’s
complete documentation for details.

16.6.2 Description of Interrupt Operation

For each interrupt source in the TPM, aflag bit is set upon recognition of the interrupt condition such as
timer overflow, channel-input capture, or output-compare events. This flag may be read (polled) by
software to determine that the action has occurred, or an associated enable bit (TOIE or CHnIE) can be set
to enable hardware interrupt generation. Whiletheinterrupt enable bit is set, astatic interrupt will generate
whenever the associated interrupt flag equals one. The user’s software must perform a sequence of steps
to clear the interrupt flag before returning from the interrupt-service routine.

TPM interrupt flags are cleared by atwo-step process including aread of the flag bit whileit is set (1)
followed by awrite of zero (0) to the bit. If anew event is detected between these two steps, the sequence
isreset and the interrupt flag remains set after the second step to avoid the possibility of missing the new
event.

16.6.2.1 Timer Overflow Interrupt (TOF) Description

The meaning and details of operation for TOF interrupts varies slightly depending upon the mode of
operation of the TPM system (general purpose timing functions versus center-aligned PWM operation).
Theflag is cleared by the two step sequence described above.

16.6.2.1.1 Normal Case

Normally TOF is set when the timer counter changes from OxFFFF to 0x0000. When the TPM is not
configured for center-aligned PWM (CPWM S=0), TOF gets set when the timer counter changes from the
terminal count (the value in the modul o register) to 0x0000. This case corresponds to the normal meaning
of counter overflow.

MC9S08SG32 Data Sheet, Rev. 8

262 Freescale Semiconductor



|
y

'
A

Chapter 16 Timer/PWM Module (SO8TPMV3)

BDM mode returns the latched value of TPMXCNTH:L from the read buffer instead of the
frozen TPM counter value.

— Thisread coherency mechanism is cleared in TPM v3in BDM mode if thereisawrite to
TPMxSC, TPMXCNTH or TPMXCNTL. Instead, in these conditionsthe TPM v2 does not clear
this read coherency mechanism.

Read of TPMXCnVH:L registers (Section 16.3.5, “TPM Channel Value Registers

(TPMXCNnVH:TPMxXCnVL))

— InTPM v3, any read of TPMXCnVH:L registers during BDM mode returns the value of the
TPMXCnVH:L register. In TPM v2, if only one byte of the TPMxCnVH:L registers was read
before the BDM mode became active, then any read of TPMXCnVH:L registers during BDM
mode returns the latched value of TPMxCNTH:L from the read buffer instead of the valuein
the TPMXCnVH:L registers.

— Thisread coherency mechanism is cleared in TPM v3in BDM mode if thereisawrite to
TPMxCnSC. Instead, in this condition the TPM v2 does not clear this read coherency
mechanism.

. Writeto TPMXCnVH:L registers

— Input Capture Mode (Section 16.4.2.1, “ Input Capture Mode)

In this mode the TPM v3 does not allow the writesto TPMXCnVH:L registers. Instead, the
TPM v2 alows these writes.

— Output Compare Mode (Section 16.4.2.2, “ Output Compare Mode)
In this mode and if (CLKSB:CLKSA not = 0:0), the TPM v3 updates the TPMxCnVH:L
registers with the value of their write buffer at the next change of the TPM counter (end of the
prescaler counting) after the second byte iswritten. Instead, the TPM v2 always updates these
registers when their second byte is written.

The following procedure can be used in the TPM v3 to verify if the TPMXCnVH:L registers
were updated with the new value that was written to these registers (value in their write buffer).

write the new value to TPMXCnVH:L;
read TPMxCnVH and TPMxCnVL registers;
while (the read value of TPMXCnVH:L is different from the new value written to
TPMxCnVH:L)
begin
read again TPMxCnVH and TPMxCnVL,;
end

In this point, the TPMXCnVH:L registers were updated, so the program can continue and, for
example, write to TPMxCOSC without cancelling the previous write to TPMxCnVH:L
registers.

— Edge-Aligned PWM (Section 16.4.2.3, “Edge-Aligned PWM Mode)

In thismode and if (CLKSB:CLKSA not = 00), the TPM v3 updates the TPMxCnVH:L
registers with the value of their write buffer after that the both bytes were written and when the
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Chapter 17 Development Support

* Non-intrusive commands can be executed at any time even while the user’s program is running.
Non-intrusive commands allow auser to read or write MCU memory locations or access status and
control registers within the background debug controller.

Typically, arelatively simple interface pod is used to translate commands from a host computer into
commands for the custom serial interface to the single-wire background debug system. Depending on the
development tool vendor, this interface pod may use a standard RS-232 serial port, aparallel printer port,
or some other type of communications such as auniversal serial bus (USB) to communicate between the
host PC and the pod. The pod typically connectsto the target system with ground, the BKGD pin, RESET,
and sometimes V pp. An open-drain connection to reset allows the host to force a target system reset,
which is useful to regain control of alost target system or to control startup of atarget system before the
on-chip nonvolatile memory has been programmed. Sometimes V pp can be used to allow the pod to use
power from the target system to avoid the need for a separate power supply. However, if the pod is powered
separately, it can be connected to arunning target system without forcing atarget system reset or otherwise
disturbing the running application program.

BKGD 1|H @ |2 GND
NO CONNECT 3|@ @ |4 RESET
NO CONNECT 5|@® @ [6 Vpp

Figure 17-1. BDM Tool Connector

17.2.1 BKGD Pin Description

BKGD isthe single-wire background debug interface pin. The primary function of this pinisfor
bidirectional serial communication of active background mode commands and data. During reset, thispin
is used to select between starting in active background mode or starting the user’s application program.
Thispinisalso used to request atimed sync response pulse to allow a host development tool to determine
the correct clock frequency for background debug serial communications.

BDC serial communications use a custom serial protocol first introduced on the M68HC12 Family of
microcontrollers. This protocol assumes the host knows the communication clock rate that is determined
by the target BDC clock rate. All communication isinitiated and controlled by the host that drives a
high-to-low edge to signal the beginning of each bit time. Commands and data are sent most significant bit
first (MSB first). For a detailed description of the communications protocol, refer to Section 17.2.2,
“Communication Details”

If ahost is attempting to communicate with atarget MCU that has an unknown BDC clock rate, aSYNC
command may be sent to the target MCU to request atimed sync response signal from which the host can
determine the correct communication speed.

BKGD isapseudo-open-drain pin and there is an on-chip pullup so no external pullup resistor isrequired.
Unliketypical open-drain pins, the external RC time constant on this pin, which isinfluenced by external
capacitance, plays amost no role in signal rise time. The custom protocol provides for brief, actively
driven speedup pulsesto force rapid rise times on this pin without risking harmful drive level conflicts.
Refer to Section 17.2.2, “Communication Details,” for more detail.
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The SYNC command is unlike other BDC commands because the host does not necessarily know the
correct communications speed to use for BDC communications until after it has analyzed the response to
the SYNC command.

To issue a SYNC command, the host:

* Drivesthe BKGD pinlow for at least 128 cycles of the slowest possible BDC clock (The slowest
clock is normally the reference oscillator/64 or the self-clocked rate/64.)

* DrivesBKGD highfor abrief speedup pulseto get afast rise time (This speedup pulseistypically
one cycle of the fastest clock in the system.)

* Removesall driveto the BKGD pin so it reverts to high impedance
* Monitorsthe BKGD pin for the sync response pulse

The target, upon detecting the SY NC request from the host (which isamuch longer low time than would
ever occur during normal BDC communications):

» Waitsfor BKGD to return to alogic high

» Delays 16 cyclesto allow the host to stop driving the high speedup pulse
* DrivesBKGD low for 128 BDC clock cycles

» Drivesal-cycle high speedup pulse to force afast rise time on BKGD

* Removesall driveto the BKGD pin so it reverts to high impedance

The host measures the low time of this 128-cycle sync response pul se and determines the correct speed for
subsequent BDC communications. Typically, the host can determine the correct communication speed
within afew percent of the actual target speed and the communication protocol can easily tolerate speed
errors of several percent.

17.2.4 BDC Hardware Breakpoint

The BDC includes one relatively simple hardware breakpoint that compares the CPU address busto a
16-bit match valueinthe BDCBKPT register. This breakpoint can generate aforced breakpoint or atagged
breakpoint. A forced breakpoint causes the CPU to enter active background mode at the first instruction
boundary following any access to the breakpoint address. The tagged breakpoint causes the instruction
opcode at the breakpoint address to be tagged so that the CPU will enter active background mode rather
than executing that instruction if and when it reaches the end of the instruction queue. Thisimplies that
tagged breakpoints can only be placed at the address of an instruction opcode whileforced breakpoints can
be set at any address.

The breakpoint enable (BKPTEN) control bit in the BDC status and control register (BDCSCR) is used to
enable the breakpoint logic (BKPTEN = 1). When BKPTEN = 0, its default value after reset, the
breakpoint logic is disabled and no BDC breakpoints are requested regardless of the valuesin other BDC
breakpoint registers and control bits. The force/tag select (FTS) control bit in BDCSCR is used to select
forced (FTS=1) or tagged (FTS = 0) type breakpoints.

The on-chip debug module (DBG) includes circuitry for two additional hardware breakpointsthat are more
flexible than the ssmple breakpoint in the BDC module.
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17.4.3.7 Debug Control Register (DBGC)
This register can be read or written at any time.
7 6 5 4 3 2 1 0
R
DBGEN ARM TAG BRKEN RWA RWAEN RWB RWBEN
w
Reset 0 0 0 0 0 0 0 0
Figure 17-7. Debug Control Register (DBGC)
Table 17-4. DBGC Register Field Descriptions
Field Description
7 Debug Module Enable — Used to enable the debug module. DBGEN cannot be set to 1 if the MCU is secure.
DBGEN [0 DBG disabled
1 DBG enabled
6 Arm Control — Controls whether the debugger is comparing and storing information in the FIFO. A write is used
ARM to set this bit (and ARMF) and completion of a debug run automatically clears it. Any debug run can be manually
stopped by writing 0 to ARM or to DBGEN.
0 Debugger not armed
1 Debugger armed
5 Tag/Force Select — Controls whether break requests to the CPU will be tag or force type requests. If
TAG BRKEN = 0, this bit has no meaning or effect.
0 CPU breaks requested as force type requests
1 CPU breaks requested as tag type requests
4 Break Enable — Controls whether a trigger event will generate a break request to the CPU. Trigger events can
BRKEN cause information to be stored in the FIFO without generating a break request to the CPU. For an end trace, CPU
break requests are issued to the CPU when the comparator(s) and R/W meet the trigger requirements. For a
begin trace, CPU break requests are issued when the FIFO becomes full. TRGSEL does not affect the timing of
CPU break requests.
0 CPU break requests not enabled
1 Triggers cause a break request to the CPU
3 R/W Comparison Value for Comparator A— When RWAEN = 1, this bit determines whether a read or a write
RWA access qualifies comparator A. When RWAEN = 0, RWA and the R/W signal do not affect comparator A.
0 Comparator A can only match on a write cycle
1 Comparator A can only match on a read cycle
2 Enable R/W for Comparator A — Controls whether the level of R/W is considered for a comparator A match.
RWAEN |0 R/W is not used in comparison A
1 R/W is used in comparison A
1 R/W Comparison Value for Comparator B— When RWBEN = 1, this bit determines whether a read or a write
RWB access qualifies comparator B. When RWBEN = 0, RWB and the R/W signal do not affect comparator B.
0 Comparator B can match only on a write cycle
1 Comparator B can match only on a read cycle
0 Enable R/W for Comparator B — Controls whether the level of R/W is considered for a comparator B match.
RWBEN |0 R/W is not used in comparison B

1 R/W is used in comparison B
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17.4.3.9 Debug Status Register (DBGS)
Thisisaread-only status register.
7 6 5 3 2 1 0
R AF BF ARMF 0 CNT3 CNT2 CNT1 CNTO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 17-9. Debug Status Register (DBGS)
Table 17-6. DBGS Register Field Descriptions
Field Description
7 Trigger Match A Flag — AF is cleared at the start of a debug run and indicates whether a trigger match A
AF condition was met since arming.
0 Comparator A has not matched
1 Comparator A match
6 Trigger Match B Flag — BF is cleared at the start of a debug run and indicates whether a trigger match B
BF condition was met since arming.
0 Comparator B has not matched
1 Comparator B match
5 Arm Flag — While DBGEN = 1, this status bit is a read-only image of ARM in DBGC. This bit is set by writing 1
ARMF to the ARM control bit in DBGC (while DBGEN = 1) and is automatically cleared at the end of a debug run. A
debug run is completed when the FIFO is full (begin trace) or when a trigger event is detected (end trace). A
debug run can also be ended manually by writing 0 to ARM or DBGEN in DBGC.
0 Debugger not armed
1 Debugger armed
3.0 FIFO Valid Count — These bits are cleared at the start of a debug run and indicate the number of words of valid
CNT[3:0] |datainthe FIFO atthe end of a debug run. The value in CNT does not decrement as data is read out of the FIFO.

The external debug host is responsible for keeping track of the count as information is read out of the FIFO.
0000 Number of valid words in FIFO = No valid data

0001 Number of valid words in FIFO = 1

0010 Number of valid words in FIFO = 2

0011 Number of valid words in FIFO =3

0100 Number of valid words in FIFO =4

0101 Number of valid words in FIFO =5

0110 Number of valid words in FIFO = 6

0111 Number of valid words in FIFO =7

1000 Number of valid words in FIFO = 8
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Figure A-7. Typical Stop Ipp vs. Temperature (Vpp = 5V)
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