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Number Date
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Chapter 1 Introduction

Multiple clock source options:

— Internally generated clock with £0.2% trimming resolution and +£0.5% deviation across
voltage.

— Crystal

— Resonator, or

— External clock

Inter-integrated circuit bus module to operate up to 100 kbps (IIC)

One 3-channel and one 5-channel 16-bit timer/pulse width modulator (TPM) modules with
selectable input capture, output compare, and edge-aligned PWM capability on each channel. Each
timer module may be configured for buffered, centered PWM (CPWM) on all channels (TPMx).

8-pin keyboard interrupt module (KBI)

16 high-current pins (limited by package dissipation)

Software selectable pullups on ports when used as input. Selection is on an individual port bit basis.
During output mode, pullups are disengaged.

Internal pullup on RESET and IRQ pin to reduce customer system cost

Up to 56 general-purpose input/output (I/O) pins, depending on package selection

64-pin low-profile quad flat package (LQFP) — MC9S08GBxx

48-pin quad flat package, no lead (QFN) — MC9S08GTxx

44-pin quad flat package (QFP) — MC9S08GTxx

42-pin shrink dual in-line package (SDIP) — MC9S08GTxx

1.2.3 Devices in the MC9S08GB/GT Series
Table 1-1 lists the devices available in the MC9S08GB/GT series and summarizes the differences among
them.
Table 1-1. Devices in the MC9S08GB/GT Series
Device FLASH RAM TPM /0 Packages
MC9S08GB60 60K 4K One 3-channel and one 56 64 LQFP
5-channel, 16-bit timer
MC9S08GB32 32K 2K One 3-channel and one 56 64 LQFP
5-channel, 16-bit timer
MC9S08GT60 60K 4K Two 2-channel, 39 48 QFN'
16-bit timers 36 44 QFP
34 42 SDIP
MC9S08GT32 32K 2K Two 2-channel, 39 48 QFN
16-bit timers 36 44 QFP
34 42 SDIP
MC9S08GT16 16K 1K Two 2-channel, 39 48 QFN'
16-bit timers 36 44 QFP
34 42 SDIP

The 48-pin QFN package has one 3-channel and one 2-channel 16-bit TPM.

MC9S08GB/GT Data Sheet, Rev. 2.3
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MCU Block Diagrams

1.3 MCU Block Diagrams
These block diagrams show the structure of the MC9S08GB/GT MCUs.

HCS08 CORE INTERNAL BUS
N = et
BDC CPU K ) DEBUG AN = PTA7/KBIP7- }
MODULE DBG)  [N—/] \//:> 9 PTAOKBITPO [ NOTEST,6
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enabled (IRQPE = 1).

. IRQ does not have a clamp diode to Vpp. IRQ should not be driven
above VDD'

. Pin contains integrated pullup device.

. High current drive

. Pins PTA[7:4] contain both pullup and pulldown devices. Pulldown
available when KBI enabled (KBIPn = 1).

Figure 1-1. MC9S08GBxx Block Diagram
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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 pullup
devices or change the direction of unused pins to outputs so the pins do not
float.

For information about controlling these pins as general-purpose I/O pins, see Chapter 6, “Parallel
Input/Output.” For information about how and when on-chip peripheral systems use these pins, refer to the
appropriate section from Table 2-1.

Table 2-1. Pin Sharing References

Port Pins égﬁ::??;ﬁ Reference’
PTA7-PTAO KBI1P7-KBI1PO Chapter 2, “Pins and Connections”
PTB7-PTBO AD1P7-AD1PO Chapter 14, “Analog-to-Digital Converter (ATD) Module”
PTC7-PTC4 — Chapter 6, “Parallel Input/Output”
PTC3-PTC2 SCL1-SDA1 Chapter 13, “Inter-Integrated Circuit (11C) Module”
PTC1-PTCO RxD2-TxD2 Chapter 11, “Serial Communications Interface (SCI) Module”
PTD7-PTD3 Tﬁ'l\lﬂfngg‘:o Chapter 10, “Timer/PWM (TPM) Module”
PTD2-PTDO Tﬁ'l\ég/ﬁgi—o Chapter 10, “Timer/PWM (TPM) Module”
PTE7-PTE6 — Chapter 6, “Parallel Input/Output”
PTE5 SPSCK1
:igg mggl Chapter 12, “Serial Peripheral Interface (SPI) Module”
PTE2 SS1
PTE1-PTEO RxD1-TxD1 Chapter 11, “Serial Communications Interface (SCI) Module”
PTF7-PTFO — Chapter 6, “Parallel Input/Output”
PTG7-PTG3 — Chapter 6, “Parallel Input/Output”
PTG2-PTGH1 EXTAL-XTAL Chapter 7, “Internal Clock Generator (ICG) Module”
PTGO BKGD/MS Chapter 15, “Development Support”

1 See this section for information about modules that share these pins.

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. See Chapter 6, “Parallel Input/Output” for details.

Pullup enable bits for each input pin control whether on-chip pullup devices are enabled whenever the pin
is acting as an input even if it is being controlled by an on-chip peripheral module. When the PTA7-PTA4
pins are controlled by the KBI module and are configured for rising-edge/high-level sensitivity, the pullup
enable control bits enable pulldown devices rather than pullup devices. Similarly, when IRQ is configured

MC9S08GB/GT Data Sheet, Rev. 2.3

30 Freescale Semiconductor



g |

Recommended System Connections

as the IRQ input and is set to detect rising edges, the pullup enable control bit enables a pulldown device
rather than a pullup device.

2.3.6 Signal Properties Summary

Table 2-2 summarizes I/O pin characteristics. These characteristics are determined by the way the
common pin interfaces are hardwired to internal circuits.

Table 2-2. Signal Properties

Pin Dir High Current Output

-Up?2
Name Pin Slew ! Pull-Up Comments

Vbp — — —

The 48-pin QFN package has two Vgg pins — Vgg4
and Vssz.

Vbpab — — —

Vssap — — —

VREFH — — —

VREFL — — —

RESET 110 Y N Y Pin contains integrated pullup.

IRQPE must be set to enable IRQ function.

IRQ does not have a clamp diode to Vpp. IRQ should
not be driven above Vpp.

IRQ | — — Y Pullup/pulldown active when IRQ pin function
enabled. Pullup forced on when IRQ enabled for
falling edges; pulldown forced on when IRQ enabled
for rising edges.

PTAO0/KBI1PO I/0 N SWC SwWC
PTA1/KBI1P1 I/0 N SWC SWC
PTA2/KBI1P2 I/0 N SWC SWC
PTA3/KBI1P3 I/0 N SWC SwWC
FTA4/KBI1P4 o N swc swc Pullup/pulldown active when KBI pin function
PTA5/KBI1P5 e} N sSwC SwC enabled. Pullup forced on when KBI1Px enabled for
PTA6/KBI1P6 110 N SWC SWC falling edges; pulldown forced on when KBI1Px
PTA7/KBI1P7 ) N SWC Swc | enabled for rising edges.
PTBO/AD1PO I/0 N SWC SWC
PTB1/AD1P1 I/0 N SWC SwWC
PTB2/AD1P2 I/0 N SWC SWC
PTB3/AD1P3 I/0 N SWC SWC
PTB4/AD1P4 I/0 N SWC SwC
PTB5/AD1P5 I/0 N SWC SWC
PTB6/AD1P6 I/0 N SWC SWC
PTB7/AD1P7 I/0 N SWC SwWC
PTCO/TxD2 I/0 Y SWC SWC When pin is configured for SCI function, pin is
PTC1/RxD2 /0 Y SWC SWC configured for partial output drive.
PTC2/SDA1 I/0 Y SWC SwWC
PTC3/SCLA1 I/0 Y SWC SWC

MC9S08GB/GT Data Sheet, Rev. 2.3
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Chapter 6 Parallel Input/Output

Port A can be configured to be keyboard interrupt input pins. Refer to Chapter 9, “Keyboard Interrupt
(KBI) Module,” for more information about using port A pins as keyboard interrupts pins.

6.3.2 Port B and Analog to Digital Converter Inputs

Port B Bit 7 6 5 4 3 2 1 Bit 0

MCU Pin: PTB7/ PTB6/ PTB5/ PTB4/ PTB3/ PTB2/ PTB1/ PTBO/
" AD1P7  AD1P6  AD1P5 AD1P4  AD1P3  AD1P2  AD1P1  AD1PO

Figure 6-3. Port B Pin Names

Port B is an 8-bit port shared among the ATD inputs and general-purpose I/O. Any pin enabled as an ATD
input will be forced to act as an input.

Port B pins are available as general-purpose I/O pins controlled by the port B data (PTBD), data direction
(PTBDD), pullup enable (PTBPE), and slew rate control (PTBSE) registers. Refer to Section 6.4, “Parallel
I/O Controls,” for more information about general-purpose I/O control.

When the ATD module is enabled, analog pin enables are used to specify which pins on port B will be used
as ATD inputs. Refer to Chapter 14, “Analog-to-Digital Converter (ATD) Module,” for more information
about using port B pins as ATD pins.

6.3.3 Port C and SCI2, IIC, and High-Current Drivers

Port C Bit 7 6 5 3 3 2 1 Bit 0

PTC3/ PTC2/ PTC1/ PTCO/
SCL1 SDAT RxD2 TxD2

Figure 6-4. Port C Pin Names

MCU Pin:  PTC7 PTC6 PTC5 PTC4

Port C is an 8-bit port which is shared among the SCI2 and IIC1 modules, and general-purpose I/O. When
SCI2 or IIC1 modules are enabled, the pin direction will be controlled by the module or function. Port C
has high current output drivers.

Port C pins are available as general-purpose 1/0 pins controlled by the port C data (PTCD), data direction
(PTCDD), pullup enable (PTCPE), and slew rate control (PTCSE) registers. Refer to Section 6.4, “Parallel
I/0 Controls,” for more information about general-purpose I/O control.

When the SCI2 module is enabled, PTCO serves as the SCI2 module’s transmit pin (TxD2) and PTC1
serves as the receive pin (RxD2). Refer to Chapter 11, “Serial Communications Interface (SCI) Module,”
for more information about using PTCO and PTCI1 as SCI pins

When the IIC module is enabled, PTC2 serves as the IIC modules’s serial data input/output pin (SDA1)
and PTC3 serves as the clock pin (SCL1). Refer to Chapter 13, “Inter-Integrated Circuit (IIC) Module,”
for more information about using PTC2 and PTC3 as IIC pins.

MC9S08GB/GT Data Sheet, Rev. 2.3
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Chapter 6 Parallel Input/Output

6.3.6 Port F and High-Current Drivers

Port F Bit 7 6 5 4 3 2 1 Bit 0

MCU Pin:  PTF7 PTF6 PTF5 PTF4 PTF3 PTF2 PTF1 PTFO
Figure 6-7. Port F Pin Names

Port F is an 8-bit port general-purpose 1/O that is not shared with any peripheral module. Port F has high
current output drivers.

Port F pins are available as general-purpose 1/O pins controlled by the port F data (PTFD), data direction
(PTFDD), pullup enable (PTFPE), and slew rate control (PTFSE) registers. Refer to Section 6.4, “Parallel
I/0 Controls” for more information about general-purpose 1/O control.

6.3.7 Port G, BKGD/MS, and Oscillator

Port G Bit7 6 5 4 3 2 1 Bit 0

PTG2/ PTG1/ PTGO/

MCU Pin:  PTG7 PTG6 PTG5 PTG4 PTG3 EXTAL XTAL  BKGD/MS

Figure 6-8. Port G Pin Names

Port G is an 8-bit port which is shared among the background/mode select function, oscillator, and
general-purpose /0. When the background/mode select function or oscillator is enabled, the pin direction
will be controlled by the module function.

Port G pins are available as general-purpose I/O pins controlled by the port G data (PTGD), data direction
(PTGDD), pullup enable (PTGPE), and slew rate control (PTGSE) registers. Refer to Section 6.4, “Parallel
[/O Controls” for more information about general-purpose 1/O control.

The internal pullup for PTGO is enabled when the background/mode select function is enabled, regardless
of the state of PTGPEOQ. During reset, the BKGD/MS pin functions as a mode select pin. After the MCU
is out of reset, the BKGD/MS pin becomes the background communications input/output pin. The PTGO
can be configured to be a general-purpose output pin. Refer to Chapter 3, “Modes of Operation”,
Chapter 5, “Resets, Interrupts, and System Configuration”, and Chapter 15, “Development Support” for
more information about using this pin.

The ICG module can be configured to use PTG2-PTG1 ports as crystal oscillator or external clock pins.

Refer to Chapter 13, “Inter-Integrated Circuit (IIC) Module” for more information about using these pins
as oscillator pins.

6.4 Parallel /0 Controls

Provided no on-chip peripheral is controlling a port pin, the pins operate as general-purpose I/O pins that
are accessed and controlled by a data register (PTxD), a data direction register (PTxDD), a pullup enable
register (PTxPE), and a slew rate control register (PTxSE) where x is A, B, C, D, E, F, or G.

MC9S08GB/GT Data Sheet, Rev. 2.3

82 Freescale Semiconductor



Initialization/Application Information

The clock scheme will be FLL engaged, internal (FEI). So

flCGOUT = (flRG / 7) *P*N/R;P=64, flRG = 243 kHz Eqgn. 7-5
Solving for N /R gives:
N/R =10.8 MHz /(243/7 kHz * 64) = 4.86 ; We can choose N =10 and R = 2. Eqn. 7-6

A trim procedure will be required to hone the frequency to exactly 5.4 MHz. An example of the trim
procedure is shown in example #4.

The values needed in each register to set up the desired operation are:

ICGC1 = $28 (%00101000)

Bit 7 0 Unimplemented or reserved, always reads zero

Bit66 RANGE 0 Configures oscillator for low-frequency range; (don’t care)

Bit5 REFS 1 Oscillator using crystal or resonator requested (don’t care)

Bits 4:3 CLKS 01  FLL engaged, internal reference clock mode

Bit2  OSCSTEN 0 Disables the oscillator in stop modes

Bit 1 0 Reserved for Freescale Semiconductor internal use; always write zero
Bit 0 0 Unimplemented or reserved, always reads zero

ICGC2 = $31 (%00110001)
Bit7 LOLRE 0 Generates an interrupt request on loss of lock

Bit 6:4 MFD 011 Sets the MFD multiplication factor to 10
Bit3 LOCRE 0 Generates an interrupt request on loss of clock
Bit 2:0 RFD 001 Sets the RFD division factor to +2

ICGS1 = $xx

This is read only except for clearing interrupt flag
ICGS2 = $xx

This is read only; good idea to read this before performing time critical operations
ICGFLTLU/L = $xx

Not used in this example

ICGTRM = $xx

Bit 7:0 TRIM Only need to write when trimming internal oscillator; done in separate
operation (see example #4)
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Central Processor Unit (CPU)

8.3.3  Stack Pointer (SP)

This 16-bit address pointer register points at the next available location on the automatic last-in-first-out
(LIFO) stack. The stack may be located anywhere in the 64-Kbyte address space that has RAM and can
be any size up to the amount of available RAM. The stack is used to automatically save the return address
for subroutine calls, the return address and CPU registers during interrupts, and for local variables. The
AIS (add immediate to stack pointer) instruction adds an 8-bit signed immediate value to SP. This is most
often used to allocate or deallocate space for local variables on the stack.

SP is forced to $OOFF at reset for compatibility with the earlier M68HCOS5 Family. HCS08 programs
normally change the value in SP to the address of the last location (highest address) in on-chip RAM
during reset initialization to free up direct page RAM (from the end of the on-chip registers to $OOFF).

The RSP (reset stack pointer) instruction was included for compatibility with the M68HCOS Family and
is seldom used in new HCSO8 programs because it only affects the low-order half of the stack pointer.

8.3.4 Program Counter (PC)

The program counter is a 16-bit register that contains the address of the next instruction or operand to be
fetched.

During normal program execution, the program counter automatically increments to the next sequential
memory location every time an instruction or operand is fetched. Jump, branch, interrupt, and return
operations load the program counter with an address other than that of the next sequential location. This
is called a change-of-flow.

During reset, the program counter is loaded with the reset vector that is located at $FFFE and $FFFF. The
vector stored there is the address of the first instruction that will be executed after exiting the reset state.

8.3.5 Condition Code Register (CCR)

The 8-bit condition code register contains the interrupt mask (I) and five flags that indicate the results of
the instruction just executed. Bits 6 and 5 are set permanently to 1. The following paragraphs describe the
functions of the condition code bits in general terms. For a more detailed explanation of how each
instruction sets the CCR bits, refer to the HCSO8 Family Reference Manual, volume 1, Freescale
Semiconductor document order number HCSO8RMv1/D.

7 0
CONDITION CODE REGISTER [V 11 H | N z C| CCR

CARRY

—ZERO

NEGATIVE

INTERRUPT MASK

HALF-CARRY (FROM BIT 3)

TWO’S COMPLEMENT OVERFLOW

Figure 8-2. Condition Code Register
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Central Processor Unit (CPU)

8.5.5 BGND Instruction

The BGND instruction is new to the HCS08 compared to the M68HC08. BGND would not be used in
normal user programs because it forces the CPU to stop processing user instructions and enter the active
background mode. The only way to resume execution of the user program is through reset or by a host
debug system issuing a GO, TRACEI, or TAGGO serial command through the background debug
interface.

Software-based breakpoints can be set by replacing an opcode at the desired breakpoint address with the
BGND opcode. When the program reaches this breakpoint address, the CPU is forced to active background
mode rather than continuing the user program.

8.6 HCSO08 Instruction Set Summary

Instruction Set Summary Nomenclature

The nomenclature listed here is used in the instruction descriptions in Table 8-1.

Operators
() = Contents of register or memory location shown inside parentheses
< = Isloaded with (read: “gets”)
& Boolean AND
| Boolean OR
S Boolean exclusive-OR
X = Multiply
+ = Divide
. = Concatenate
+ = Add
— = Negate (two’s complement)
CPU registers
A = Accumulator
CCR = Condition code register
H = Index register, higher order (most significant) 8 bits
X = Index register, lower order (least significant) 8 bits
PC = Program counter
PCH = Program counter, higher order (most significant) 8 bits
PCL = Program counter, lower order (least significant) 8 bits
SP = Stack pointer

Memory and addressing

M = A memory location or absolute data, depending on addressing mode

M:M + $0001= A 16-bit value in two consecutive memory locations. The higher-order (most
significant) 8 bits are located at the address of M, and the lower-order (least
significant) 8 bits are located at the next higher sequential address.
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10.3 TPM Block Diagram

The TPM uses one input/output (I/O) pin per channel, TPMxCHn where x is the TPM number (for
example, 1 or 2) and n is the channel number (for example, 0—4). The TPM shares its I/O pins with
general-purpose /O port pins (refer to the Pins and Connections chapter for more information).

Figure 10-2 shows the structure of a TPM. Some MCUs include more than one TPM, with various
numbers of channels.

TPMx) EXT CLK

BUSCLK

XCLK — 3 SYNC

CLOCK SOURCE
SELECT

OFF, BUS, XCLK, EXT

PRESCALE AND SELECT
DIVIDE BY
1,2,4,8,16, 32,64, 0r 128

A A A

TPM Block Diagram

| CLKSB | CLKSA | | PS2 | PST | PSO |
CPWNS |—o
[ maN 16le COUNTER [ l ToF
COUNTER RESET INTERRUPT
{} TOE H LOGIC
16-BIT COMPARATOR |-
TPMXMODH: TPMX

1 emeee EEEEry ]| e I T |
| N CHANNEL 0 & port | TPMNCHO !
| | S 1__16-BIT COMPARATOR  [—3»—— K ) LOGIC I
| TPMXCOVH: TPMXCOVL 4 CHOF {_ |
| $ 16-BIT LATCH < INTERRUPT |

| LOGIC
| [ MS0B | MS0A | CHOIE || |
I N _
rU+—i{1-— - - - ---- - — -=-=--=- = — "7 7 7 /7 ™ T _— T 1
' CHANNEL 1 | ELS1B | ELS1A | 01 poRT |~ TPMXCH! |
@ $ 16-BIT COMPARATOR [ »——— || LoeiC I
| % TPMXC1VH:TPMXC1VL 4 (X CH1F] ¢ |
i 16-BIT LATCH - INTERRUPT |

S ind = LOGIC
I [ Ms1B] Ms1A ] PHIIE !
Lo - = = - - - T /Y N _
rU+r—H(\»-— - - - - - - - - - —-—- —-— — — — — — — —/ —/ -\ _—_ - - — — 1
| CHANNEL n | ELSNB | ELSNA | O porr |3 TPMCHn |
| $ 16-BIT COMPARATOR (33— L& LOGIC |
| TPMXCnVH:TPMXCnVL ‘ CHnF E I
| __‘/'\ 16-BIT LATCH - INTERRUPT I
CHNIE LOGIC |
' | MsnB | MsnA | n )

L - - - - T /T

Figure 10-2. TPM Block Diagram

The central component of the TPM is the 16-bit counter that can operate as a free-running counter, a
modulo counter, or an up-/down-counter when the TPM is configured for center-aligned PWM. The TPM
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Timer/PWM (TPM) Module

CHnF — Channel n Flag

When channel n is configured for input capture, this flag bit is set when an active edge occurs on the
channel n pin. When channel n is an output compare or edge-aligned PWM channel, CHnF is set when
the value in the TPM counter registers matches the value in the TPM channel n value registers. This
flag is seldom used with center-aligned PWMs because it is set every time the counter matches the
channel value register, which correspond to both edges of the active duty cycle period.

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

Reset clears the CHnF bit. Writing a 1 to CHnF has no effect.
1 = Input capture or output compare event occurred on channel n.
0 = No input capture or output compare event occurred on channel n.

CHnIE — Channel n Interrupt Enable

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

MSnB — Mode Select B for TPM Channel n

When CPWMS = 0, MSnB = 1 configures TPM channel n for edge-aligned PWM mode. For a
summary of channel mode and setup controls, refer to Table 10-3.

MSnA — Mode Select A for TPM Channel n

When CPWMS = 0 and MSnB = 0, MSnA configures TPM channel n for input capture mode or output
compare mode. Refer to Table 10-3 for a summary of channel mode and setup controls.
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Serial Communications Interface (SCI) Module

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0
SBR12 | SBR11 | SBR10 SBR9 SBR8
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 11-5. SCI Baud Rate Register (SCIxBDH)
Bit 7 6 5 4 3 2 1 Bit 0
Read:
SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
Write:
Reset: 0 0 0 0 0 1 0 0
= Unimplemented or Reserved

Figure 11-6. SCI x Baud Rate Register (SCIxBDL)

SBR12:SBR0 — Baud Rate Modulo Divisor

These 13 bits are referred to collectively as BR, and they set the modulo divide rate for the SCI baud
rate generator. When BR = 0, the SCI baud rate generator is disabled to reduce supply current. When
BR =1 to 8191, the SCI baud rate = BUSCLK/(16xBR).

11.10.2 SCI x Control Register 1 (SCIxC1)

This read/write register is used to control various optional features of the SCI system.

Bit 7 6 5 4 3 2 1 Bit 0
Read:
LOOPS | SCISWAI RSRC M WAKE ILT PE PT
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 11-7. SCI x Control Register 1 (SCIxC1)

LOOPS — Loop Mode Select

Selects between loop back modes and normal 2-pin full-duplex modes. When LOOPS = 1, the
transmitter output is internally connected to the receiver input.
1 = Loop mode or single-wire mode where transmitter outputs are internally connected to receiver
input. (See RSRC bit.) RxD1 pin is not used by SCI.
0 = Normal operation — RxD1 and TxD1 use separate pins.
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Inter-Integrated Circuit (IIC) Module

13.1.3 Block Diagram
Figure 13-2 is a block diagram of the IIC.

ADDRESS DATABUS
INTERRUPT t
A
ADDR_DECODE DATA_MUX
A
\i
A A A A A
\i \i \i \i \i \i / \i \i \i
CTRL_REG FREQ_REG ADDR_REG STATUS_REG DATA_REG
| A A
Yy
| mweur _
> SNe i
INOUT
A START -« > DATA
Y ARBITRATION »|  REGISTER
CONTROL
CLOCK - -<
CONTROL | > ADDRESS
> - COMPARE
‘v |/
scL SDA

Figure 13-2. lIC Functional Block Diagram

13.1.4 Detailed Signal Descriptions

This section describes each user-accessible pin signal.

13.1.4.1 SCL1 — Serial Clock Line

The bidirectional SCL1 is the serial clock line of the IIC system.

13.1.4.2 SDA1 — Serial Data Line

The bidirectional SDAT is the serial data line of the IIC system
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Inter-Integrated Circuit (IIC) Module

Table 13-3. IIC Divider and Hold Values

(Li':) SCL Divider S':\’,’gl'::'d ('tf;';) SCL Divider S?I’:“:':'d
00 20 7 20 160 17
01 22 7 21 192 17
02 24 8 22 224 33
03 26 8 23 256 33
04 28 9 24 288 49
05 30 9 25 320 49
06 34 10 26 384 65
07 40 10 27 480 65
08 28 7 28 320 33
09 32 7 29 384 33
0A 36 9 2A 448 65
0B 40 9 2B 512 65
0C 44 11 2C 576 97
oD 48 11 2D 640 97
OE 56 13 2E 768 129
OF 68 13 oF 960 129
10 48 9 30 640 65
11 56 9 31 768 65
12 64 13 32 896 129
13 72 13 33 1024 129
14 80 17 34 1152 193
15 88 17 35 1280 193
16 104 21 36 1536 257
17 128 21 37 1920 257
18 80 9 38 1280 129
19 9 9 39 1536 129
1A 112 17 3A 1792 257
1B 128 17 3B 2048 257
1C 144 25 3C 2304 385
1D 160 25 3D 2560 385
1E 192 33 3E 3072 513
1F 240 33 3F 3840 513
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ARMF — Arm Flag

Registers and Control Bits

While DBGEN = 1, this status bit is a read-only image of the ARM bit in DBGC. This bit is set by

writing 1 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 O to the ARM or DBGEN

bits in DBGC.
1 = Debugger armed.
0 = Debugger not armed.

CNT3:CNT2:CNT1:CNTO — FIFO Valid Count

These bits are cleared at the start of a debug run and indicate the number of words of valid data in the
FIFO at the 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.

Table 15-3. CNT Status Bits

CNTI[3:0]

Valid Words in FIFO

0000

No valid data

0001

1

0010

0011

0100

0101

0110

0111

1000

O|N[oO[O|A~|WIDN
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Appendix A Electrical Characteristics

A.1 Introduction

This section contains electrical and timing specifications.

A.2 Absolute Maximum Ratings

Absolute maximum ratings are stress ratings only, and functional operation at the maxima is not
guaranteed. Stress beyond the limits specified in Table A-1 may affect device reliability or cause
permanent damage to the device. For functional operating conditions, refer to the remaining tables in this
section.

This device contains circuitry protecting against damage due to high static voltage or electrical fields;
however, it is advised that normal precautions be taken to avoid application of any voltages higher than
maximum-rated voltages to this high-impedance circuit. Reliability of operation is enhanced if unused
inputs are tied to an appropriate logic voltage level (for instance, either Vgg or Vpp) or the programmable
pull-up resistor associated with the pin is enabled.

Table A-1. Absolute Maximum Ratings

Rating Symbol Value Unit
Supply voltage Vbp -0.3t0 +3.8 Vv
Maximum current into Vpp Ibb 120 mA
Digital input voltage Vin -0.3to Vpp + 0.3 \"
Instantaneous maximum current
. L ; a1 23 Ip +25 mA
Single pin limit (applies to all port pins) ', <,
Storage temperature range Tstg -55to 150 °C

1 Input must be current limited to the value specified. To determine the value of the required

current-limiting resistor, calculate resistance values for positive (Vpp) and negative (Vgg) clamp
voltages, then use the larger of the two resistance values.

All functional non-supply pins are internally clamped to Vgg and Vpp.

Power supply must maintain regulation within operating Vpp range during instantaneous and
operating maximum current conditions. If positive injection current (V, > Vpp) is greater than
Ipps the injection current may flow out of Vpp and could result in external power supply going
out of regulation. Ensure external Vpp load will shunt current greater than maximum injection
current. This will be the greatest risk when the MCU is not consuming power. Examples are: if
no system clock is present, or if the clock rate is very low which would reduce overall power
consumption.
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Internal Clock Generation Module Characteristics

A.8 Internal Clock Generation Module Characteristics

ICG

EXTAL XTAL

Re Rs
Il

c Crystal or Resonator (See Note)
1 4 i
_— - .

Rl
NOTE: -

Use fundamental mode crystal or ceramic resonator only.

Table A-8. ICG DC Electrical Specifications (Temperature Range = —40 to 85°C Ambient)

Characteristic Symbol Min Typ! Max Unit
Load capacitors Cq
Ca
Feedback resistor
Low range (32k to 100 kHz) R 10 MQ
High range (1M — 16 MHz) MQ
Series Resistor Rsg 0 Q
' Datain Typical column was characterized at 3.0 V, 25°C or is typical recommended value.
2 See crystal or resonator manufacturer’'s recommendation.
A.8.1 ICG Frequency Specifications
Table A-9. ICG Frequency Specifications
(Vppa = Vppa (min) to Vppa (max), Temperature Range = —40 to 85°C Ambient)
Characteristic Symbol Min Typical Max Unit
Oscillator crystal or resonator (REFS = 1)
(Fundamental mode crystal or ceramic resonator)
Low range fio 32 — 100 kHz
High range, FLL bypassed external (CLKS = 10) fhi_byp 2 — 16 MHz
High range, FLL engaged external (CLKS = 11) fhi_eng 2 — 10 MHz
Input clock frequency (CLKS = 11, REFS = 0)
Low range fio 32 — 100 kHz
High range fhi_eng 2 — 10 MHz
Input clock frequency (CLKS = 10, REFS = 0) fextal 0 — 40 MHz
Internal reference frequency (untrimmed) ficGIRCLK 182.25 243 303.75 kHz
Duty cycle of input clock 4 (REFS = 0) tac 40 — 60 %
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