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Chapter 1 Device Overview

1.3

System Clock Distribution

Figure 1-2 showsasimplified clock connection diagram. Some modulesin the M CU have sel ectable clock
inputs as shown. The clock inputs to the modules indicate the clock(s) that are used to drive the module
function.

The following defines the clocks used in this MCU:

BUSCLK — The frequency of the busis always half of ICSOUT.
ICSOUT — Primary output of the ICS and is twice the bus frequency.

|CSLCLK — Development tool s can select this clock sourceto speed up BDC communicationsin
systems where the bus clock is configured to run at a very slow frequency.

ICSERCLK — External reference clock can be selected as the RTC clock source and as the
alternate clock for the ADC module.

ICSIRCLK — Internal reference clock can be selected as the RTC clock source.

|CSFFCLK — Fixed frequency clock can be selected as clock source for the TPM 1, TPM2 and
MTIM modules.

LPOCLK — Independent 1-kHz clock source that can be selected as the clock source for the COP
and RTC modules.

TCLK — External input clock sourcefor TPM1, TPM2 and MTIM and isreferenced as TPMCLK
in TPM chapters.

TCLK ? i *
‘L‘;"'OZ LPOCLK Rrc | | cop || TPM1 TPM2 MTIM scl SPI
ICSERCLK T
ICSIRCLK
ICS ICSFFCLK FFCLK*
] e
>
ICSOUT (] BUSCLKIi
| v
ICSLCLK
X0SC
CPU BDC ADC lic FLASH
* + ADC has min and max FLASH has frequency
EXTAL XTAL frequency requirements for program
X ) o requirements.See the and erase operation. See
The fixed frequency clock (FFCLK) is internally ADC chapter and the electricals appendix
synchronized to the bus clock and must not exceed one half electricals appendix for for details
of the bus clock frequency. details PP '

Figure 1-2. System Clock Distribution Diagram
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Chapter 2 Pins and Connections

2.2 Recommended System Connections
Figure 2-4 shows pin connections that are common to MC9S08SG32 Series application systems.

PTBO/PIBO/RxD/ADP4

BACKGROUND HEADER MC9S085G32
X BKGDIMS < » PTAO/PIAO/TPM1CHO/TCLK/ADPO/ACMP+
Vpp d) ©) [ - > l«—» PTAL/PIAL/TPM2CHO/ADP1/ACMP—
Voo e« » PTA2/PIA2/SDA/ACMPO/ADP2
O Q @ PCZ\RT <« » PTA3/PIA3/SCL/ADP3
T 4.7 kQ-10 kO
= 1< R RESET
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MANUAL L 5o
RESET

PTB1/PIB1/TxD/ADP5
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e EE—

e EE—

e EE—

PTC1/TPM1CH1/ADP9 B I PORT [<«——> PTB3/PIB3/MOSI/ADP7

PTC2/ADP10 -——> B |«—— PTB4/TPM2CH1/MISO
PTC3/ADP1l «——>| PORT l«——>» PTB5/TPM1CH1/SS
PTCA4/ADP12 <«——> PTB6/SDA/XTAL
PTC5/ADP13 <——»
PTC6/ADP14 <——>
PTC7/ADP15 <¢——»

A A
Yy

PTB7/SCL/EXTAL

Py VDD
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Caik
10 uF 0.1pF

Vss

Jm =T
=
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SYSTEM o—| VooaVRerH
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POWER
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NOTES:
1. External crystal circuit not required if using the internal clock option.
2. RESET pin can only be used to reset into user mode, you can not enter BDM using RESET pin. BDM can be entered by
holding MS low during POR or writing a 1 to BDFR in SBDFR with MS low after issuing BDM command.
3. RC filter on RESET pin recommended for noisy environments.
4. For the 16-pin and 20-pin packages: Vppa/Vrern and Vgsa/Vrer, are double bonded to Vpp and Vgg respectively.

Figure 2-4. Basic System Connections

2.2.1 Power

Vpp and V gg are the primary power supply pins for the MCU. This voltage source supplies power to all
I/O buffer circuitry and to an internal voltage regulator. The internal voltage regulator provides regul ated
lower-voltage source to the CPU and other internal circuitry of the MCU.
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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.
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Chapter 4
Memory

4.1 MC9S08SG32 Series Memory Map

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

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

0x0000

0x007F
0x0080

0x047F
0x0480

0x17FF
0x1800

0x185F
0x1860

Ox7FFF
0x8000

OXFFFF

DIRECT PAGE REGISTERS

RAM
1024 BYTES

UNIMPLEMENTED
4992 BYTES

HIGH PAGE REGISTERS

UNIMPLEMENTED
26,528 BYTES

FLASH
32768 BYTES

MC9S08SG32

0x0000
0x007F

DIRECT PAGE REGISTERS

0x0080

0x047F

RAM
1024 BYTES

0x0480

O0x17FF
0x1800

0x185F
0x1860

Ox7FFF
0x8000

OxBFFF
0xC000

UNIMPLEMENTED
4992 BYTES

HIGH PAGE REGISTERS

UNIMPLEMENTED
26,538 BYTES

UNIMPLEMENTED
16,384 BYTES

OXFFFF

FLASH
16,384 BYTES

MC9S08SG16

Figure 4-1. MC9S08SG32/MC9S08SG16 Memory Map
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Chapter 5 Resets, Interrupts, and General System Control

The COP counter isinitialized by thefirst writesto the SOPT 1 and SOPT 2 registers after any system reset.
Subsequent writesto SOPT 1 and SOPT2 have no effect on COP operation. Even if the application will use
the reset default settings of COPT, COPCLKS, and COPW hits, the user should write to the write-once
SOPT1 and SOPT2 registers during reset initialization to lock in the settings. Thiswill prevent accidental
changesif the application program gets lost.

Thewriteto SRSthat services(clears) the COP counter should not be placed in an interrupt serviceroutine
(ISR) because the I SR could continue to be executed periodically even if the main application program
fails.

If the bus clock source is selected, the COP counter does not increment while the MCU is in background
debug mode or while the system isin stop mode. The COP counter resumes when the MCU exits
background debug mode or stop mode.

If the 1-kHz clock source is selected, the COP counter isre-initialized to zero upon entry to either
background debug mode or stop mode and begins from zero upon exit from background debug mode or
stop mode.

5.5 Interrupts

Interrupts provide away to save the current CPU status and registers, execute an interrupt service routine
(ISR), and then restore the CPU status so processing resumes where it |eft off before the interrupt. Other
than the softwareinterrupt (SWI), which isaprogram instruction, interrupts are caused by hardware events
such as an edge on a pin interrupt or atimer-overflow event. The debug module can also generate an SWI
under certain circumstances.

If an event occursin an enabled interrupt source, an associated read-only status flag will become set. The
CPU will not respond unlessthelocal interrupt enableisal to enablethe interrupt and thel bitinthe CCR
is0to alow interrupts. The global interrupt mask (I bit) in the CCR isinitially set after reset which
prevents al maskable interrupt sources. The user program initializes the stack pointer and performs other
system setup before clearing the | bit to allow the CPU to respond to interrupts.

When the CPU receivesaqualified interrupt request, it compl etesthe current instruction before responding
totheinterrupt. Theinterrupt sequence obeysthe same cycle-by-cycle sequence asthe SWI instruction and
consists of:

» Saving the CPU registers on the stack

o Setting the | bit in the CCR to mask further interrupts

» Fetching the interrupt vector for the highest-priority interrupt that is currently pending

* Filling the instruction queue with the first three bytes of program information starting from the
address fetched from the interrupt vector locations

Whilethe CPU isresponding to theinterrupt, the | bit isautomatically set to avoid the possibility of another
interrupt interrupting the ISR itself (thisis called nesting of interrupts). Normally, the | bitisrestoredto O
when the CCR isrestored from the value stacked on entry to the ISR. In rare cases, the | bit can be cleared
inside an ISR (after clearing the status flag that generated the interrupt) so that other interrupts can be

serviced without waiting for thefirst service routineto finish. This practiceisnot recommended for anyone
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Chapter 6 Parallel Input/Output Control

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

6.6.3 Port C Registers
Port C is controlled by the registers listed below.

6.6.3.1 Port C Data Register (PTCD)
7 6 5 4 3 2 1 0
R
PTCD7 PTCD6 PTCD5 PTCD4 PTCD3 PTCD2 PTCD1 PTCDO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-19. Port C Data Register (PTCD)
Table 6-18. PTCD Register Field Descriptions
Field Description
7:0 Port C Data Register Bits — For port C pins that are inputs, reads return the logic level on the pin. For port C
PTCD[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 C pins that are configured as outputs, the logic level is
driven out the corresponding MCU pin.
Reset forces PTCD to all Os, but these 0s are not driven out the corresponding pins because reset also
configures all port pins as high-impedance inputs with pull-ups disabled.
6.6.3.2 Port C Data Direction Register (PTCDD)
7 6 5 4 3 2 1 0
R
PTCDD7 PTCDD6 PTCDD5 PTCDD4 PTCDD3 PTCDD2 PTCDD1 PTCDDO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-20. Port C Data Direction Register (PTCDD)
Table 6-19. PTCDD Register Field Descriptions
Field Description
7:0 Data Direction for Port C Bits — These read/write bits control the direction of port C pins and what is read for
PTCDD[7:0] | PTCD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port C bit n and PTCD reads return the contents of PTCDn.
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Table 7-2. Instruction Set Summary (Sheet 4 of 9)

Chapter 7 Central Processor Unit (SO8CPUV3)

Affecton CCR

8 ) n
S,S(;’rrnﬁe Operation g S | Object Code § Cylgétt’gi'lgyc
'<c's: = O V11H|INZC

CMP #opr8i IMM Al ii 2 |pp
CMP opr8a DIR Bl dd 3 |rpp
CMP oprl6a EXT Cl hh |1 4  |prpp
CMP oprx16,X Compare Accumulator with Memory A — M IX2 Dl ee ff 4 |prpp t11-|-111
CMP oprx8,X (CCR Updated But Operands Not Changed) |IX1 El ff 3 |rpp
CMP X IX F1 3 |rfp
CMP oprx16,SP SP2 9E D1 ee ff 5 |pprpp
CMP oprx8,SP SP1 9E E1 ff 4 |prpp
COM opr8a Complement M « (M)=$FF — (M) |DIR 33 dd 5 |[rfwpp
COMA (One’s Complement) A « (A) = $FF—(A) |INH 43 1 |p
COMX X (X)=$FF—(X) [INH 53 1 |p 011-|-111
COM oprx8,X M« (M) = $FF — (M) |IX1 63 ff 5 |[rfwpp
COM X M« (M) = $FF — (M) |IX 73 4 |rfwp
COM oprx8,SP M « (M) = $FF — (M) |SP1 9E 63 ff 6 |prfwop
CPHX opr16a' Compare Index Register (H:X) with Memory EXT 3E hh H 6 |prripp
CPHX #oprl6i } . IMM 65 jj kk 3 |ppp

(H:X) — (M:M + $0001) T11-(-t11
CPHX opr8a (CCR Updated But Operands Not Changed) DIR 75 dd 5 |rripp
CPHX oprx8,SP SP1 9E F3 ff 6 |prrfpp
CPX #opr8i IMM A3ii 2 |pp
CPX opr8a DIR B3 dd 3 |rpp
CPX oprl6a Compare X (Index Register Low) with EXT C3 hh |1 4  |prpp
CPX oprx16,X Memory X2 D3 ee ff 4 |prpp t11-|-113
CPX oprx8,X X-M IX1 E3 ff 3 |rpp
CPX X (CCR Updated But Operands Not Changed) |IX F3 3 |rfp
CPX oprx16,SP SP2 9E D3 ee ff 5 |pprpp
CPX oprx8,SP SP1 9E E3 ff 4 |prpp

Decimal Adjust Accumulator After ADD or
DAA ADC of BCD Values INH 2 Lop Ut1--114
DBNZ opr8a,rel DIR 3Bdd rr 7 |rfwpppp
ggs;’;‘ :2: Decrement A, X, or M and Branch if Not Zero :EE gg :: 2 I SSE

(if (result) = 0) -11—-(-=---
DBNZ oprx8,X,rel DBNZX Affects X Not H IX1 6B ff rr 7 |rfwpppp
DBNZ ,X,rel IX Brr 6 |rfwppp
DBNZ oprx8,SP,rel SP1 9E 6B ff rr 8 |prfwpppp
DEC opr8a Decrement M « (M) — $01 DIR 3A dd 5 |[rfwpp
DECA A« (A)-$01 INH 4A 1 |p
DECX X« (X) - $01 INH 5A 1 |p t11-|-11-
DEC oprx8,X M « (M) — $01 IX1 6A ff 5 |[rfwpp M
DEC ,X M « (M) — $01 IX 7A 4 |rfwp
DEC oprx8,SP M « (M) — $01 SP1 9E 6A ff 6 |prfwpp

Divide
DIV A (H:A)+(X); H « Remainder INH 52 6 |fffffp S I
EOR #opr8i Exclusive OR Memory with Accumulator IMM A8 ii 2 |pp
EOR opr8a A« (A®M) DIR B8 dd 3 |rpp
EOR oprl6a EXT C8 hh 1|1 4  |prpp
EOR oprx16,X X2 D8 ee ff 4 |prpp 011_|-11-
EOR oprx8,X IX1 E8 ff 3 |rpp
EOR X IX F8 3 |rfp
EOR oprx16,SP SP2 9E D8 ee ff 5 |pprpp
EOR oprx8,SP SP1 9E E8 ff 4 |prpp
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Signal Write Bit Start Write Ack Signal
Signal Bit

Figure 10-9. IIC Bus Transmission Signals

10.4.1.1 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 10-9, 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.

10.4.1.2 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 10-9).

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 10 Inter-Integrated Circuit (S08IICV2)
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Chapter 14
Serial Communications Interface (S08SCIV4)

14.1 Introduction
Figure 14-1 shows the MC9S08SG32 Series block diagram with the SCI module highlighted.
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Chapter 14 Serial Communications Interface (S08SCIV4)

14.1.3 Block Diagram
Figure 14-2 shows the transmitter portion of the SCI.

INTERNAL BUS >
(WRITE-ONLY)
LOOPS
SCID - Tx BUFFER RSRC
I\/I LOOP
11-BIT TRANSMIT SHIFT REGISTER CONTROL > TO RECEIVE
[ v F— o - DATAIN
2 ]
@ wn
TO TXD PIN
1x BAUD o[RBT e 48|20t D )
RATE CLOCK > >
A SHIFT DIRECTION f‘> @
A A A A TXINV

ol w| | @
Q O

o 2| = 4

= & W =

A 2 £ 2| ¥

x ™ = 5

N ParTY 5| | B &

GENERATION 5
SCI CONTROLS TxD
[ > 3
SEK > TRANSMIT CONTROL TOTXD

TxD DIRECTION PIN LOGIC

.

Y
TDRE I—

TIE

Tx INTERRUPT
>_TC REQUEST

__1c_ ]

Figure 14-2. SCI Transmitter Block Diagram
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Chapter 15 Serial Peripheral Interface (SO8SPIV3)

SERIAL PERIPHERAL ~ [<————>

INTERFACE MODULE (SPI) [<MOSL

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

A ___
? PTB5/TPM1CH1/SS
~& % PTB4/TPM2CH1/MISO
-~ > PTB3/PIB3/MOSI/ADP7

~&«—>» PTB2/PIB2/SPSCK/ADP6

> > B> >

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 15-1. MC9S08SG32 Series Block Diagram Highlighting SPI Block and Pin
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Chapter 16 Timer/PWM Module (SO8TPMV3)

In output compare mode, values are transferred to the corresponding timer channel registersonly after both
8-bit halves of a 16-bit register have been written and according to the value of CLKSB:CLKSA hits, so:

* If (CLKSB:CLKSA = 0:0), the registers are updated when the second byte is written

o |If (CLKSB:CLKSA not = 0:0), the registers are updated at the next change of the TPM counter
(end of the prescaler counting) after the second byte is written.

The coherency sequence can be manually reset by writing to the channel status/control register
(TPMxXCnSC).

An output compare event sets a flag bit (CHNnF) which may optionally generate a CPU-interrupt request.

16.4.2.3 Edge-Aligned PWM Mode

This type of PWM output uses the normal up-counting mode of the timer counter (CPWM S=0) and can
be used when other channels in the same TPM are configured for input capture or output compare
functions. The period of this PWM signal is determined by the value of the modulus register
(TPMXMODH:TPMxMODL) plus 1. The duty cycle is determined by the setting in the timer channel
register (TPMxCnVH:TPMxCnVL). The polarity of this PWM signal is determined by the setting in the
ELSnA control bit. 0% and 100% duty cycle cases are possible.

The output compare value in the TPM channel registers determines the pulse width (duty cycle) of the
PWM signal (Figure 16-15). The time between the modul us overflow and the output compare is the pulse
width. If ELSnA=0, the counter overflow forces the PWM signal high, and the output compare forces the
PWM signal low. If ELSnA=1, the counter overflow forcesthe PWM signal low, and the output compare
forces the PWM signal high.

OVERFLOW OVERFLOW OVERFLOW
—»<<— PERIOD > < >
PULSE
WIDTH
Y Y Y
TPMxCHn——
A A
OUTPUT OUTPUT OUTPUT
COMPARE COMPARE COMPARE

Figure 16-15. PWM Period and Pulse Width (ELSnA=0)

When the channel value register is set to 0x0000, the duty cycle is 0%. 100% duty cycle can be achieved
by setting the timer-channel register (TPMXCnVH: TPMxCnVL) to avalue greater than the modulus
setting. Thisimplies that the modulus setting must be less than OxFFFF in order to get 100% duty cycle.

Because the TPM may be used in an 8-bit MCU, the settingsin the timer channel registers are buffered to

ensure coherent 16-bit updates and to avoid unexpected PWM pulse widths. Writesto any of the registers

TPMxCnVH and TPMxCnVL, actually write to buffer registers. In edge-aligned PWM mode, values are

transferred to the corresponding timer-channel registers according to the value of CLK SB:CLK SA hits, so:
* If (CLKSB:CLKSA =0:0), the registers are updated when the second byte is written

o |If (CLKSB:CLKSA not = 0:0), the registers are updated after the both bytes were written, and the
TPM counter changesfrom (TPMxMODH: TPMxMODL - 1) to (TPMXMODH:TPMxMODL). If
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Chapter 16 Timer/PWM Module (SO8TPMV3)

configure the channel pin as output port pin and set the output pin;
configure the channel to generate the EPWM signal but keep EL SnB:EL SnA as 00;
configure the other registers (TPMxMODH, TPMxMODL, TPMXCnVH, TPMxCnVL, ...);

configure CLKSB:CLKSA bits (TPM v3 starts to generate the high-true EPWM signal, however
TPM does not control the channel pin, so the EPWM signal is not available);

wait until the TOF is set (or use the TOF interrupt);
enable the channel output by configuring EL SnB:EL SnA bits (now EPWM signal is available);
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Chapter 17 Development Support

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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Chapter 17 Development Support

A-Only — Trigger when the address matches the value in comparator A

A OR B — Trigger when the address matches either the value in comparator A or the valuein
comparator B

A Then B — Trigger when the address matches the value in comparator B but only after the address for
another cycle matched the value in comparator A. There can be any number of cycles after the A match
and before the B match.

A AND B Data (Full Mode) — Thisis called a full mode because address, data, and R/W (optionally)
must match within the same bus cycle to cause atrigger event. Comparator A checks address, thelow byte
of comparator B checks data, and R/W is checked against RWA if RWAEN = 1. The high-order half of
comparator B is not used.

Infull trigger modesit isnot useful to specify atag-type CPU breakpoint (BRKEN = TAG = 1), but if you
do, the comparator B data match is ignored for the purpose of issuing the tag request to the CPU and the
CPU breakpoint is issued when the comparator A address matches.

A AND NOT B Data (Full Mode) — Address must match comparator A, data must not match the low
half of comparator B, and R/W must match RWA if RWAEN = 1. All three conditions must be met within
the same bus cycle to cause a trigger.

In full trigger modesit isnot useful to specify atag-type CPU breakpoint (BRKEN = TAG = 1), but if you
do, the comparator B data match isignored for the purpose of issuing the tag request to the CPU and the
CPU breakpoint is issued when the comparator A address matches.

Event-Only B (Store Data) — Trigger events occur each time the address matches the valuein
comparator B. Trigger events cause the data to be captured into the FIFO. The debug run ends when the
FIFO becomes full.

A Then Event-Only B (Store Data) — After the address has matched the value in comparator A, atrigger
event occurs each time the address matches the value in comparator B. Trigger events cause the datato be
captured into the FIFO. The debug run ends when the FIFO becomes full.

Inside Range (A < Address< B) — A trigger occurs when the addressis greater than or equal to the value
in comparator A and less than or equal to the value in comparator B at the same time.

Outside Range (Address< A or Address> B) — A trigger occurs when the addressis either less than
the value in comparator A or greater than the value in comparator B.
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Appendix A Electrical Characteristics

A.12.2 TPM/MTIM Module Timing

Synchronizer circuits determine the shortest input pulses that can be recognized or the fastest clock that
can be used as the optional external source to the timer counter. These synchronizers operate from the
current bus rate clock.

Table A-14. TPM Input Timing

Temp

Rated
o
# C Rating Symbol Min Max Unit ke @
38
g |
0 L
<
1 — External clock frequency (1/ttc k) frelk dc faus/4 MHz ¢ ¢
2 — External clock period trelk 4 — teye ¢ ¢
3 — External clock high time teikh 15 — teye ¢ ¢
4 — External clock low time Telk 15 — teye ¢ ¢
5 — Input capture pulse width ticpw 1.5 — teye ¢ ¢

«— ttclk———
<— toikh —

TCLK /

Figure A-12. Timer External Clock

teii

ICPW

TPMCHnN

TPMCHn
<—{icpy —>

Figure A-13. Timer Input Capture Pulse
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