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Chapter 4 Memory

Nonvolatile FLASH registers, shown in Table 4-4, are located in the FLASH memory. These registers
include an 8-byte backdoor key, NVBACKKEY, which can be used to gain access to secure memory
resources. During reset events, the contents of NVPROT and NVOPT in the nonvolatile register area of the
FLASH memory aretransferred into corresponding FPROT and FOPT working registersin the high-page
registers to control security and block protection options.

Table 4-4. Nonvolatile Register Summary

Address Register Name Bit 7 6 5 4 3 2 1 Bit 0
OxFFAE  NVFTRIM 0 0 0 0 0 0 FTRIM
OxFFAF  NVTRIM TRIM
g:Eigg - NVBACKKEY 8-Byte Comparison Key
OxFFB8 — Reserved — — — — — — — _
0xFFBC — — — — — — — —
OxFFBD  NVPROT FPS FPDIS
OxFFBE  Reserved — — — — — — — _
OxFFBF NVOPT KEYEN FNORED 0 0 0 0 SEC

Provided the key enable (KEY EN) hit is 1, the 8-byte comparison key can be used to temporarily
disengage memory security. Thiskey mechanism can be accessed only through user code running in secure
memory. (A security key cannot be entered directly through background debug commands.) This security
key can be disabled completely by programming the KEYEN bit to O. If the security key is disabled, the
only way to disengage security isby masserasing the FLASH if needed (normally through the background
debug interface) and verifying that FLASH isblank. To avoid returning to secure mode after the next reset,
program the security bits (SEC) to the unsecured state (1:0).
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Chapter 7 Central Processor Unit (SO8CPUV3)

Table 7-2. Instruction Set Summary (Sheet 9 of 9)

ﬁ ° ® b Affecton CCR
S,Sg‘rfnﬁe Operation 598 |ObjectCode| G Cylgétgi'lgyc
'<c's: = 5‘ V11H|INZC
Transfer Index Reg. to SP
TXS SP « (H:X) — $0001 INH 94 2 |fp -11-(-==-
Enable Interrupts; Wait for Interrupt
WAIT [ bit < 0: Halt CPU INH 8F 2+ |fp... -11-(0---

Source Form: Everything in the source forms columns, except expressions in italic characters, is literal information which must appear in the
assembly source file exactly as shown. The initial 3- to 5-letter mnemonic and the characters (#, () and +) are always a literal characters.
Any label or expression that evaluates to a single integer in the range 0-7.

Any label or expression that evaluates to an 8-bit immediate value.
Any label or expression that evaluates to a 16-bit immediate value.

Any label or expression that evaluates to an 8-bit direct-page address ($00xx).

Any label or expression that evaluates to an unsigned 8-bit value, used for indexed addressing.
Any label or expression that evaluates to a 16-bit value, used for indexed addressing.
Any label or expression that refers to an address that is within —128 to +127 locations from the start of the next instruction.

Addressing Modes:

DIR
EXT
IMM
INH
IX
IX1
IX2
IX+
IX1+
REL
SP1
SP2

Direct addressing mode

Extended addressing mode

Immediate addressing mode

Inherent addressing mode

Indexed, no offset addressing mode

Indexed, 8-bit offset addressing mode

Indexed, 16-bit offset addressing mode

Indexed, no offset, post increment addressing mode
Indexed, 8-bit offset, post increment addressing mode
Relative addressing mode

Stack pointer, 8-bit offset addressing mode

Stack pointer 16-bit offset addressing mode

Cycle-by-Cycle Codes:

f

p
m
r
s
u
v
w

Free cycle. This indicates a cycle where the CPU

does not require use of the system buses. An f

cycle is always one cycle of the system bus clock

and is always a read cycle.

Program fetch; read from next consecutive location in program

emory

Read 8-bit operand

Push (write) one byte onto stack

Pop (read) one byte from stack

Read vector from $FFxx (high byte first)
Write 8-bit operand

CCR Effects:

!

U

n
opr8i
oprl6i
opr8a
oprl6a Any label or expression that evaluates to a 16-bit address.
oprx8
oprx16
rel

Operation Symbols:
A Accumulator
CCR Condition code register
H Index register high byte
M Memory location
n Any bit
opr  Operand (one or two bytes)
PC Program counter
PCH Program counter high byte
PCL Program counter low byte
rel Relative program counter offset byte
SP Stack pointer
SPL  Stack pointer low byte
X Index register low byte
& Logical AND
| Logical OR
@ Logical EXCLUSIVE OR
@) Contents of
+ Add
- Subtract, Negation (two’s complement)
X Multiply
+ Divide
# Immediate value
«— Loaded with
: Concatenated with

CCR Bits:
\% Overflow bit
H Half-carry bit
| Interrupt mask
N Negative bit
z Zero bit
C Carry/borrow bit

Set or cleared
Not affected
Undefined
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Chapter 9
Analog-to-Digital Converter (SOS8ADC10V1)

9.1

Introduction

The 10-bit analog-to-digital converter (ADC) is a successive approximation ADC designed for operation
within an integrated microcontroller system-on-chip.

NOTE

»  MCOS08SG32 Series devices operate at ahigher voltagerange (2.7 V to
5.5 V) and do not include stopl mode. Please ignore referencesto stopl.

*  MC9S08SG32 Series devices have up to 16 analog inputs.
Consequently, the APCTL 3 register is not available on these devices.

The ADC channel assignments, alternate clock function, and hardware trigger function are configured as
described below for the MC9S08SG32 Series family of devices.

9.11

Channel Assignments

The ADC channel assignments for the MC9S08SG32 Series devices are shown in Table 9-1. Reserved
channels convert to an unknown value. This chapter shows bits for all SOBADCV 1 channels.
MC9OS08SG32 Series MCUs do not use al of these channels. All bits corresponding to channels that are
not available on adevice are reserved.

Table 9-1. ADC Channel Assignment

ADCH Channel Input
00000 ADO PTAO/ADO
00001 AD1 PTA1/ADP1
00010 AD2 PTA2/ADP2
00011 AD3 PTA3/ADP3
00100 AD4 PTBO/ADP4
00101 AD5 PTB1/ADP5
00110 AD6 PTB2/ADP6
00111 AD7 PTB3/ADP7
01000 AD8 PTCO/ADP8
01001 AD9 PTC1/ADP9
01010 AD10 PTC2/ADP10
01011 AD11 PTC3/ADP11
01100 AD12 PTC4/ADP12
01101 AD13 PTC5/ADP13
01110 AD14 PTC6/ADP14

ADCH Channel Input
10000 AD16 Vgs

10001 AD17 Vgs

10010 AD18 Vsg

10011 AD19 Vgs

10100 AD20 Vgs

10101 AD21 Vsg

10110 AD22 Reserved
10111 AD23 Reserved
11000 AD24 Reserved
11001 AD25 Reserved
11010 AD26 Temperature Sensor!
11011 AD27 Internal Bandgap?
11100 Reserved
11101 VREFH Vbp

11110 VREFL Vsg
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Chapter 9 Analog-to-Digital Converter (SOBADC10V1)

Table 9-11. APCTL2 Register Field Descriptions (continued)

Field Description

1 ADC Pin Control 9 — ADPCS9 controls the pin associated with channel AD9.
ADPC9 |0 AD9 pin I/O control enabled
1 AD9 pin I/O control disabled

0 ADC Pin Control 8 — ADPCS8 controls the pin associated with channel ADS8.
ADPC8 |0 ADS8 pin I/O control enabled
1 ADS pin I/O control disabled

9.3.10 Pin Control 3 Register (APCTL3)

The pin control registers disable the digital interface to the associated MCU pins used as anal og inputs to

reduce digital noise and improve conversion accuracy. APCTL 3 controls channels 16-23 of the ADC

module. This register is not implemented on MCUs that do not have associated external analog inputs.
Consult the ADC channel assignment in the module introduction for information on availability of this

register.
7 6 5 4 3 2 1 0
R
ADPC23 | ADPC22 | ADPC21 | ADPC20 ADPC19 ADPC18 | ADPC17 | ADPC16
W
Reset: 0 0 0 0 0 0 0 0
Figure 9-12. Pin Control 3 Register (APCTL3)
Table 9-12. APCTL3 Register Field Descriptions
Field Description
7 ADC Pin Control 23 — ADPC23 controls the pin associated with channel AD23.
ADPC23 |0 AD23 pin I/O control enabled
1 AD23 pin I/O control disabled
6 ADC Pin Control 22 — ADPC22 controls the pin associated with channel AD22.
ADPC22 |0 AD22 pin I/O control enabled
1 ADZ22 pin I/O control disabled
5 ADC Pin Control 21 — ADPC21 controls the pin associated with channel AD21.
ADPC21 |0 AD21 pin I/O control enabled
1 ADZ21 pin I/O control disabled
4 ADC Pin Control 20 — ADPC20 controls the pin associated with channel AD20.
ADPC20 [0 ADZ20 pin I/O control enabled
1 AD20 pin I/O control disabled
3 ADC Pin Control 19 — ADPC19 controls the pin associated with channel AD19.
ADPC19 [0 AD19 pin I/O control enabled
1 AD19 pin I/O control disabled
2 ADC Pin Control 18 — ADPC18 controls the pin associated with channel AD18.
ADPC18 [0 AD18 pin I/O control enabled
1 AD18 pin I/O control disabled
MC9S08SG32 Data Sheet, Rev. 8
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Chapter 9 Analog-to-Digital Converter (SOBADC10V1)

9.6.2 Sources of Error

Several sources of error exist for A/D conversions. These are discussed in the following sections.

9.6.2.1 Sampling Error

For proper conversions, the input must be sampled long enough to achieve the proper accuracy. Given the
maximum input resistance of approximately 7kQ and input capacitance of approximately 5.5 pF, sampling
towithin 1/4LsB (at 10-bit resolution) can be achieved within the minimum sample window (3.5 cycles @
8 MHz maximum ADCK frequency) provided the resistance of the external analog source (Rag) is kept
below 5 kQ.

Higher source resistances or higher-accuracy sampling is possible by setting ADLSMP (to increase the
sample window to 23.5 cycles) or decreasing ADCK frequency to increase sample time.

9.6.2.2 Pin Leakage Error

Leakage on the 1/0 pins can cause conversion error if the external analog source resistance (Rpg) ishigh.
If this error cannot be tolerated by the application, keep Ras lower than Vppa / (2V*1 gak) for less than
1/41 sB leakage error (N = 8 in 8-bit mode or 10 in 10-bit mode).

9.6.2.3 Noise-Induced Errors

System noise that occurs during the sample or conversion process can affect the accuracy of the
conversion. The ADC accuracy numbers are guaranteed as specified only if the following conditions are
met:

* Thereisa0.1 uF low-ESR capacitor from Vg t0 VRerL -

* Thereisa0.1 uF low-ESR capacitor from Vppa 10 Vgga.

» If inductiveisolation is used from the primary supply, an additional 1 uF capacitor is placed from

Vppa t0Vgsa.
*  Vgga (@nd Vgep , if connected) is connected to V gg at aquiet point in the ground plane.

* Operate the MCU in wait or stop3 mode before initiating (hardware triggered conversions) or
immediately after initiating (hardware or software triggered conversions) the ADC conversion.
— For software triggered conversions, immediately follow the write to ADCSC1 with await
instruction or stop instruction.
— For stop3 mode operation, select ADACK asthe clock source. Operation in stop3 reducesVpp
noise but increases effective conversion time due to stop recovery.

* Thereisno I/O switching, input or output, on the MCU during the conversion.

There are some situations where external system activity causes radiated or conducted noise emissions or
excessive Vpp noiseis coupled into the ADC. In these situations, or when the MCU cannot be placed in
wait or stop3 or 1/0 activity cannot be halted, these recommended actions may reduce the effect of noise
on the accuracy:

» Placea0.01 uF capacitor (Cpg) on the selected input channel to Vg or Vggp (thisimproves
noise issues, but affects the sample rate based on the external analog source resistance).
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Chapter 11 Internal Clock Source (S08ICSV2)

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

-«—>» PTB7/SCL/EXTAL
<—>A PTB6/SDA/XTAL
A
A
A
40-MHz INTERNAL CLOCK
SOURCE (ICS)
EXTAL
=2
XTAL
—>
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 11-1. MC9S08SG32 Series Block Diagram Highlighting ICS Block and Pins
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Chapter 11 Internal Clock Source (S08ICSV2)

11.1.4.4 FLL Bypassed Internal Low Power (FBILP)

In FLL bypassed internal low power mode, the FLL isdisabled and bypassed, and the | CS suppliesaclock
derived from the internal reference clock. The BDC clock is not available.

11.1.45 FLL Bypassed External (FBE)

In FLL bypassed external mode, the FLL is enabled and controlled by an external reference clock, but is
bypassed. The | CSsuppliesaclock derived from the external reference clock. The external reference clock
can be an external crystal/resonator supplied by an OSC controlled by the ICS, or it can be another external
clock source. The BDC clock is supplied from the FLL.

11.1.46 FLL Bypassed External Low Power (FBELP)

In FLL bypassed external low power mode, the FLL isdisabled and bypassed, and the ICS suppliesaclock
derived from the external reference clock. The external reference clock can be an external crystal/resonator
supplied by an OSC controlled by the ICS, or it can be another external clock source. The BDC clock is
not available.

11.1.4.7 Stop (STOP)

In stop modethe FLL isdisabled and theinternal or external reference clocks can be selected to be enabled
or disabled. The BDC clock is not available and the ICS does not provide an MCU clock source.

11.2 External Signal Description
There are no ICS signals that connect off chip.

11.3 Register Definition

Figure 11-1 isasummary of ICSregisters.
Table 11-1. ICS Register Summary

Name 7 6 5 4 3 2 1 0

R

ICSC1 CLKS RDIV IREFS IRCLKEN | IREFSTEN
W
R

ICSC2 BDIV RANGE HGO LP EREFS ERCLKEN | EREFSTEN
W
R

ICSTRM TRIM
W
R 0 IREFST CLKST OSCINIT

ICSSC FTRIM
W

MC9S08SG32 Data Sheet, Rev. 8
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Chapter 11 Internal Clock Source (S08ICSV2)

Table 11-5. ICS Status and Control Register Field Descriptions (continued)

Field Description

1 OSC Initialization — If the external reference clock is selected by ERCLKEN or by the ICS being in FEE, FBE,
or FBELP mode, and if EREFS is set, then this bit is set after the initialization cycles of the external oscillator
clock have completed. This bit is only cleared when either ERCLKEN or EREFS are cleared.

0 ICS Fine Trim — The FTRIM bit controls the smallest adjustment of the internal reference clock frequency.
Setting FTRIM will increase the period and clearing FTRIM will decrease the period by the smallest amount
possible.

11.4 Functional Description

11.4.1 Operational Modes

IREFS=1
CLKS=00

FLL Engaged

IREFS=0 Internal (FE') IREFS=1
CLKS=10 CLKS=01
BDM Enabled BDM Enabled

or LP =0 or LP=0

FLL Bypassed
External Low
Power(FBELP)

FLL Bypassed
Internal Low
Power(FBILP)

FLL Bypassed
Internal (FBI)

FLL Bypassed
External (FBE)

IREFS=0 IREFS=1

CLKS=10 CLKS=01
BDM Disabled BDM Disabled
and LP=1 FLL Engaged and LP=1

External (FEE)

IREFS=0
CLKS=00
Returns to state that was active
V%zteer:e'\jérsrgnigésgée—» before MCU entergd ;top, unless
p RESET occurs while in stop.

Figure 11-7. Clock Switching Modes

The seven states of the ICS are shown as astate diagram and are described below. The arrows indicate the
allowed movements between the states.

11.4.1.1 FLL Engaged Internal (FEI)

FLL engaged internal (FEI) isthe default mode of operation and is entered when all the following
conditions occur:

MC9S08SG32 Data Sheet, Rev. 8
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Chapter 13 Real-Time Counter (SO8RTCV1)

13.1.1 Features

Features of the RTC module include:
e 8-bit up-counter
— 8-bit modulo match limit
— Software controllable periodic interrupt on match

* Three software selectable clock sources for input to prescaler with selectabl e binary-based and
decimal-based divider values

— 1-kHz internal low-power oscillator (L PO)
— External clock (ERCLK)
— 32-kHz internal clock (IRCLK)

13.1.2 Modes of Operation

This section defines the operation in stop, wait and background debug modes.

13.1.2.1 Wait Mode

The RTC continuesto run in wait mode if enabled before executing the appropriateinstruction. Therefore,
the RTC can bring the MCU out of wait mode if the real-time interrupt is enabled. For lowest possible
current consumption, the RTC should be stopped by software if not needed as an interrupt source during
wait mode.

13.1.2.2 Stop Modes

The RTC continues to run in stop2 or stop3 mode if the RTC is enabled before executing the STOP
instruction. Therefore, the RTC can bring the MCU out of stop modes with no external components, if the
real-time interrupt is enabled.

The LPO clock can be used in stop2 and stop3 modes. ERCLK and IRCLK clocks are only available in
stop3 mode.

Power consumption islower when al clock sources are disabled, but in that case, the real-time interrupt
cannot wake up the MCU from stop modes.
13.1.2.3 Active Background Mode

The RTC suspendsall counting during active background mode until the microcontroller returnsto normal
user operating mode. Counting resumes from the suspended value as long asthe RTCMOD register is not
written and the RTCPS and RTCLKS bits are not altered.

MC9S08SG32 Data Sheet, Rev. 8
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13.3.1

Chapter 13 Real-Time Counter (SO8RTCV1)

RTC Status and Control Register (RTCSC)

RTCSC contains the real-time interrupt status flag (RTIF), the clock select bits (RTCLKYS), the real-time
interrupt enable bit (RTIE), and the prescaler select bits (RTCPS).

7 6 5 4 3 2 1 0
R
RTIF RTCLKS RTIE RTCPS
w
Reset: 0 0 0 0 0 0 0 0
Figure 13-3. RTC Status and Control Register (RTCSC)
Table 13-2. RTCSC Field Descriptions
Field Description
7 Real-Time Interrupt Flag This status bit indicates the RTC counter register reached the value in the RTC modulo
RTIF register. Writing a logic 0 has no effect. Writing a logic 1 clears the bit and the real-time interrupt request. Reset
clears RTIF.
0 RTC counter has not reached the value in the RTC modulo register.
1 RTC counter has reached the value in the RTC modulo register.
6-5 Real-Time Clock Source Select. These two read/write bits select the clock source input to the RTC prescaler.
RTCLKS | Changing the clock source clears the prescaler and RTCCNT counters. When selecting a clock source, ensure
that the clock source is properly enabled (if applicable) to ensure correct operation of the RTC. Reset clears
RTCLKS.
00 Real-time clock source is the 1-kHz low power oscillator (LPO)
01 Real-time clock source is the external clock (ERCLK)
1x Real-time clock source is the internal clock (IRCLK)
4 Real-Time Interrupt Enable. This read/write bit enables real-time interrupts. If RTIE is set, then an interrupt is
RTIE generated when RTIF is set. Reset clears RTIE.
0 Real-time interrupt requests are disabled. Use software polling.
1 Real-time interrupt requests are enabled.
3-0 Real-Time Clock Prescaler Select. These four read/write bits select binary-based or decimal-based divide-by
RTCPS values for the clock source. See Table 13-3. Changing the prescaler value clears the prescaler and RTCCNT
counters. Reset clears RTCPS.
Table 13-3. RTC Prescaler Divide-by values
RTCPS
RTCLKSJ[O0]
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
0 off | 23 | 25 | 26 | 27 | 28 | 29 | 210 | 1 2 22 |10 | 2* | 10® |5x10?| 10°
1 off | 210 | 211 | 212 | 213 | 214 1 215 | 216 | 103 | 2x10% | 5x10% | 10% | 2x10% | 5x10* | 10° |2x10°
MC9S08SG32 Data Sheet, Rev. 8
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Chapter 14 Serial Communications Interface (S08SCIV4)

Table 14-5. SCIS1 Field Descriptions

Field Description
7 Transmit Data Register Empty Flag — TDRE is set out of reset and when a transmit data value transfers from
TDRE the transmit data buffer to the transmit shifter, leaving room for a new character in the buffer. To clear TDRE, read
SCIS1 with TDRE = 1 and then write to the SCI data register (SCID).
0 Transmit data register (buffer) full.
1 Transmit data register (buffer) empty.
6 Transmission Complete Flag — TC is set out of reset and when TDRE = 1 and no data, preamble, or break
TC character is being transmitted.
0 Transmitter active (sending data, a preamble, or a break).
1 Transmitter idle (transmission activity complete).
TC is cleared automatically by reading SCIS1 with TC = 1 and then doing one of the following three things:
« Write to the SCI data register (SCID) to transmit new data
* Queue a preamble by changing TE from O to 1
* Queue a break character by writing 1 to SBK in SCIC2
5 Receive Data Register Full Flag — RDRF becomes set when a character transfers from the receive shifter into
RDRF the receive data register (SCID). To clear RDRF, read SCIS1 with RDRF = 1 and then read the SCI data register
(SCID).
0 Receive data register empty.
1 Receive data register full.
4 Idle Line Flag — IDLE is set when the SCI receive line becomes idle for a full character time after a period of
IDLE activity. When ILT = 0, the receiver starts counting idle bit times after the start bit. So if the receive character is
all 1s, these bit times and the stop bit time count toward the full character time of logic high (10 or 11 bit times
depending on the M control bit) needed for the receiver to detect an idle line. When ILT = 1, the receiver doesn’t
start counting idle bit times until after the stop bit. So the stop bit and any logic high bit times at the end of the
previous character do not count toward the full character time of logic high needed for the receiver to detect an
idle line.
To clear IDLE, read SCIS1 with IDLE = 1 and then read the SCI data register (SCID). After IDLE has been
cleared, it cannot become set again until after a new character has been received and RDRF has been set. IDLE
will get set only once even if the receive line remains idle for an extended period.
0 No idle line detected.
1 Idle line was detected.
3 Receiver Overrun Flag — OR is set when a new serial character is ready to be transferred to the receive data
OR register (buffer), but the previously received character has not been read from SCID yet. In this case, the new
character (and all associated error information) is lost because there is no room to move it into SCID. To clear
OR, read SCIS1 with OR = 1 and then read the SCI data register (SCID).
0 No overrun.
1 Receive overrun (new SCI data lost).
2 Noise Flag — The advanced sampling technique used in the receiver takes seven samples during the start bit
NF and three samples in each data bit and the stop bit. If any of these samples disagrees with the rest of the samples

within any bit time in the frame, the flag NF will be set at the same time as the flag RDRF gets set for the
character. To clear NF, read SCIS1 and then read the SCI data register (SCID).

0 No noise detected.

1 Noise detected in the received character in SCID.
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Chapter 14 Serial Communications Interface (S08SCIV4)

flagisset. If RDRF wasalready set indicating thereceive dataregister (buffer) wasalready full, theoverrun
(OR) statusflag is set and the new datais lost. Because the SCI receiver is double-buffered, the program
has onefull character time after RDRF is set before the datain the receive databuffer must be read to avoid
areceiver overrun.

When a program detects that the receive dataregister isfull (RDRF = 1), it gets the datafrom the receive
dataregister by reading SCID. The RDRF flag is cleared automatically by a 2-step sequence whichis
normally satisfied in the course of the user’s program that handles receive data. Refer to Section 14.3.4,
“Interrupts and Status Flags” for more details about flag clearing.

14.3.3.1 Data Sampling Technique

The SCI receiver uses a 16x baud rate clock for sampling. Thereceiver starts by taking logic level samples
at 16 times the baud rate to search for afalling edge on the RxD seria datainput pin. A falling edgeis
defined as alogic 0 sample after three consecutive logic 1 samples. The 16x baud rate clock is used to
dividethe bit timeinto 16 segmentslabeled RT1 through RT16. When afalling edgeislocated, three more
samples are taken at RT3, RT5, and RT7 to make sure thiswas areal start bit and not merely noise. If at
least two of these three samples are 0, the receiver assumesit is synchronized to areceive character.

The receiver then samples each bit time, including the start and stop bits, at RT8, RT9, and RT10 to
determinethelogic level for that bit. Thelogic level isinterpreted to be that of the majority of the samples
taken during the bit time. In the case of the start bit, the bit isassumed to be O if at |east two of the samples
at RT3, RT5, and RT7 are 0 even if one or al of the samples taken at RT8, RT9, and RT10 are 1s. If any
samplein any bit time (including the start and stop bits) in a character frame fails to agree with the logic
level for that bit, the noise flag (NF) will be set when the received character is transferred to the receive
data buffer.

Thefalling edge detection logic continuously looksfor falling edges, and if an edgeis detected, the sample
clock isresynchronized to bit times. Thisimproves the reliability of the receiver in the presence of noise
or mismatched baud rates. It does not improve worst case analysis because some characters do not have
any extrafalling edges anywhere in the character frame.

In the case of aframing error, provided the received character was not abreak character, the sampling logic
that searches for afalling edge isfilled with three logic 1 samples so that a new start bit can be detected
almost immediately.

In the case of aframing error, the receiver isinhibited from receiving any new charactersuntil the framing
error flag is cleared. The receive shift register continues to function, but a complete character cannot
transfer to the receive data buffer if FE isstill set.

14.3.3.2 Receiver Wakeup Operation

Receiver wakeup is a hardware mechanism that allows an SCI receiver to ignore the charactersin a
message that isintended for adifferent SCI receiver. In such a system, all receivers evaluate the first
character(s) of each message, and as soon as they determine the message is intended for a different
receiver, they writelogic 1 to the receiver wake up (RWU) control bit in SCIC2. When RWU bit is set, the
status flags associated with the receiver (with the exception of theidle bit, IDLE, when RWUID bit is set)
are inhibited from setting, thus eliminating the software overhead for handling the unimportant message
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Chapter 15 Serial Peripheral Interface (S08SPIV3)

PRESCALER CLOCK RATE DIVIDER
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A A
| seer2sPPRi:sPPRO | | SPR2:SPR1:SPRO

Figure 15-4. SPI Baud Rate Generation

15.2 External Signal Description

The SPI optionally sharesfour port pins. The function of these pins depends on the settings of SPI control
bits. When the SPI isdisabled (SPE = 0), these four pinsrevert to being general-purpose port 1/O pinsthat
are not controlled by the SPI.

15.2.1 SPSCK — SPI Serial Clock

When the SPI is enabled as aslave, this pinisthe serial clock input. When the SPI is enabled as a master,
thispin isthe seria clock output.

15.2.2 MOSI — Master Data Out, Slave Data In

When the SPI is enabled as a master and SPI pin control zero (SPCO) is 0 (not bidirectional mode), this
pinisthe serial data output. When the SPI is enabled as a slave and SPCO = 0, this pin is the serial data
input. If SPCO = 1 to select single-wire bidirectional mode, and master mode is selected, this pin becomes
the bidirectional datal/O pin (MOMI). Also, the bidirectional mode output enable bit determines whether
the pin acts as an input (BIDIROE = 0) or an output (BIDIROE = 1). If SPC0 = 1 and slave mode is
selected, this pinis not used by the SPI and reverts to being a general-purpose port 1/0 pin.

15.2.3 MISO — Master Data In, Slave Data Out

When the SPI is enabled as a master and SPI pin control zero (SPCO) is 0 (not bidirectional mode), this
pin isthe serial datainput. When the SPI is enabled as a slave and SPCO = 0, this pin isthe serial data
output. If SPCO = 1 to select single-wire bidirectional mode, and slave mode is selected, this pin becomes
the bidirectional datal/O pin (SISO) and the bidirectional mode output enable bit determines whether the
pin actsasan input (BIDIROE = 0) or an output (BIDIROE = 1). If SPCO = 1 and master modeis selected,
this pinis not used by the SPI and reverts to being a general-purpose port 1/O pin.

15.2.4 SS — Slave Select

When the SPI is enabled as a dave, this pin isthe low-true slave select input. When the SPI is enabled as
amaster and mode fault enable is off (MODFEN = 0), thispin is not used by the SPI and reverts to being
ageneral-purpose port 1/0 pin. When the SPI is enabled as a master and MODFEN = 1, the slave select
output enable bit determines whether this pin acts as the mode fault input (SSOE = 0) or asthe slave select
output (SSOE = 1).
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Chapter 15 Serial Peripheral Interface (S08SPIV3)

pin from amaster and the MISO waveform applies to the M1SO output from aslave. The SSOUT
waveform appliesto the slave select output from amaster (provided MODFEN and SSOE = 1). The master
SS output goes to active low one-half SPSCK cycle before the start of the transfer and goes back high at
the end of the eighth bit time of the transfer. The SS IN waveform applies to the slave select input of a
dave.

BIT TIME #
(REFERENCE) !
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“ e

SPSCK [\
(CPOL = 0)

N\ L
(OPOLL 1 p \_/_\\_g/—\ \_/_\\_/_\\_/
| I
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(MASTER OUT) <
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o e D D D

SSouT __\ /_ o

(MASTER) \

N
~“

SSIN A, [

(SLAVE) l\___\ (¢ }_ -
)

Figure 15-10. SPI Clock Formats (CPHA = 1)

When CPHA = 1, the dave beginsto drive its M1 SO output when SS goes to active low, but the datais not
defined until the first SPSCK edge. The first SPSCK edge shifts the first bit of data from the shifter onto
the MOSI output of the master and the M1SO output of the save. The next SPSCK edge causes both the
master and the slave to sample the data bit values on their MISO and MOSI inputs, respectively. At the
third SPSCK edge, the SPI shifter shiftsone bit position which shiftsin the bit value that wasjust sampled,
and shifts the second data bit value out the other end of the shifter to the MOSI and MI1SO outputs of the
master and slave, respectively. When CHPA = 1, the dave’s SSinput is not required to go to itsinactive
high level between transfers.

Figure 15-11 shows the clock formats when CPHA = 0. At the top of the figure, the eight bit times are
shown for reference with bit 1 starting as the slave is selected (SS IN goes low), and bit 8 ends at the last
SPSCK edge. The MSB first and L SB first lines show the order of SPI data bits depending on the setting
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Chapter 16 Timer/PWM Module (SO8TPMV3)
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Figure 16-2. TPM Block Diagram
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Chapter 16 Timer/PWM Module (SO8TPMV3)

16.4.1.3 Counting Modes

Themain timer counter hastwo counting modes. When center-aligned PWM is selected (CPWM S=1), the
counter operates in up/down counting mode. Otherwise, the counter operates as a simple up counter. As
an up counter, the timer counter counts from 0x0000 through its terminal count and then continues with
0x0000. The terminal count is OXFFFF or a modulus value in TPMxXMODH: TPMxMODL.

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

16.4.1.4 Manual Counter Reset

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

16.4.2 Channel Mode Selection

Provided CPWM S=0, the MSnB and MSnA control bitsin the channel n status and control registers
determine the basic mode of operation for the corresponding channel. Choices include input capture,
output compare, and edge-aligned PWM.

16.4.2.1 Input Capture Mode

With the input-capture function, the TPM can capture the time at which an external event occurs. When an
active edge occurson the pin of aninput-capture channel, the TPM latchesthe contents of the TPM counter
into the channel-value registers (TPMxCnVH: TPMxCnVL). Rising edges, falling edges, or any edge may
be chosen as the active edge that triggers an input capture.

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

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

Aninput capture event sets aflag bit (CHnF) which may optionally generate a CPU interrupt request.

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

16.4.2.2 Output Compare Mode

With the output-compare function, the TPM can generate timed pulses with programmabl e position,
polarity, duration, and frequency. When the counter reaches the value in the channel-value registers of an
output-compare channel, the TPM can set, clear, or toggle the channel pin.
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Chapter 16 Timer/PWM Module (SO8TPMV3)

TPM counter changes from (TPMXMODH:L - 1) to (TPMxMODH:L). If the TPM counter is
afree-running counter, then this update is made when the TPM counter changes from $FFFE
to $FFFF. Instead, the TPM v2 makes this update after that the both bytes were written and
when the TPM counter changes from TPMxMODH:L to $0000.

— Center-Aligned PWM (Section 16.4.2.4, “Center-Aligned PWM Mode)

In thismode and if (CLKSB:CLKSA not = 00), the TPM v3 updates the TPMXCnVH:L
registerswith the value of their write buffer after that the both bytes were written and when the
TPM counter changes from (TPMxXMODH:L - 1) to (TPMxMODH:L). If the TPM counter is
afree-running counter, then this update is made when the TPM counter changes from $FFFE
to $FFFF. Instead, the TPM v2 makes this update after that the both bytes were written and
when the TPM counter changes from TPMxMODH:L to (TPMXMODH:L - 1).

5. Center-Aligned PWM (Section 16.4.2.4, “Center-Aligned PWM Mode)
— TPMxCnVH:L = TPMXMODH:L [SE110-TPM case 1]
In this case, the TPM v3 produces 100% duty cycle. Instead, the TPM v2 produces 0% duty
cycle.
— TPMxCnVH:L = (TPMXMODH:L - 1) [SE110-TPM case 2]

In this case, the TPM v3 produces ailmost 100% duty cycle. Instead, the TPM v2 produces 0%
duty cycle.

— TPMxCnVH:L is changed from 0x0000 to a non-zero value [SE110-TPM case 3 and 5]
In this case, the TPM v3 waits for the start of anew PWM period to begin using the new duty
cycle setting. Instead, the TPM v2 changes the channel output at the middle of the current
PWM period (when the count reaches 0x0000).

— TPMXCnVH:L is changed from a non-zero value to 0x0000 [ SE110-TPM case 4]
In this case, the TPM v3 finishes the current PWM period using the old duty cycle setting.
Instead, the TPM v2 finishes the current PWM period using the new duty cycle setting.

6. Writeto TPMXMODH:L registersin BDM mode (Section 16.3.3, “TPM Counter Modulo
Registers (TPMXMODH: TPMxMODL))

In the TPM v3 awrite to TPMxSC register in BDM mode clears the write coherency mechanism
of TPMXxMODH:L registers. Instead, inthe TPM v2 this coherency mechanismisnot cleared when
thereisawrite to TPMxSC register.

7. Update of EPWM signal when CLKSB:CLKSA =00
Inthe TPM v3if CLKSB:CLKSA = 00, then the EPWM signal in the channel output is not update

(it isfrozen while CLKSB:CLKSA = 00). Instead, in the TPM v2 the EPWM signal is updated at
the next rising edge of bus clock after awrite to TPMXxCnSC register.

TheFigure 16-17 and Figure 16-18 show when the EPWM signals generated by TPM v2 and TPM
v3 after the reset (CLKSB:CLKSA = 00) and if thereisawriteto TPMxCnSC register.
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the host must perform ((8 — CNT) — 1) dummy reads of the FIFO to advance it to thefirst significant entry
in the FIFO.

In most trigger modes, the information stored in the FIFO consists of 16-bit change-of-flow addresses. In
these cases, read DBGFH then DBGFL to get one coherent word of information out of the FIFO. Reading
DBGFL (thelow-order byte of the FIFO data port) causesthe FIFO to shift so the next word of information
isavailable at the FIFO data port. In the event-only trigger modes (see Section 17.3.5, “ Trigger Modes”),
8-bit datainformation is stored into the FIFO. In these cases, the high-order half of the FIFO (DBGFH) is
not used and datais read out of the FIFO by ssimply reading DBGFL . Each time DBGFL isread, the FIFO
is shifted so the next data value is available through the FIFO data port at DBGFL.

In trigger modes where the FIFO is storing change-of-flow addresses, there is a delay between CPU
addresses and theinput side of the FIFO. Because of thisdelay, if thetrigger event itself isachange-of-flow
address or a change-of-flow address appears during the next two bus cycles after atrigger event starts the
FIFO, it will not be saved into the FIFO. In the case of an end-trace, if thetrigger event isachange-of-flow,
it will be saved as the last change-of-flow entry for that debug run.

The FIFO can also be used to generate a profile of executed instruction addresses when the debugger is not
armed. When ARM = 0, reading DBGFL causes the address of the most-recently fetched opcode to be
saved in the FIFO. To use the profiling feature, a host debugger would read addresses out of the FIFO by
reading DBGFH then DBGFL at regular periodic intervals. The first eight values would be discarded
because they correspond to the eight DBGFL reads needed to initially fill the FIFO. Additional periodic
reads of DBGFH and DBGFL return delayed information about executed i nstructions so the host debugger
can develop a profile of executed instruction addresses.

17.3.3 Change-of-Flow Information

To minimize the amount of information stored in the FIFO, only information related to instructions that
cause a change to the normal sequential execution of instructionsis stored. With knowledge of the source
and object code program stored in the target system, an external debugger system can reconstruct the path
of execution through many instructions from the change-of-flow information stored in the FIFO.

For conditional branch instructions where the branch is taken (branch condition was true), the source
address is stored (the address of the conditional branch opcode). Because BRA and BRN instructions are
not conditional, these events do not cause change-of-flow information to be stored in the FIFO.

Indirect IMP and JSR instructions use the current contents of the H: X index register pair to determine the
destination address, so the debug system stores the run-time destination address for any indirect JIMP or
JSR. For interrupts, RTI, or RTS, the destination address is stored in the FIFO as change-of-flow
information.

17.3.4 Tag vs. Force Breakpoints and Triggers

Tagging isaterm that refersto identifying an instruction opcode asit isfetched into the instruction queue,
but not taking any other action until and unless that instruction is actually executed by the CPU. This
distinction is important because any change-of-flow from ajump, branch, subroutine call, or interrupt
causes someinstructionsthat have been fetched into the instruction queue to be thrown away without being
executed.
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A.6 DC Characteristics

This section includes information about power supply requirements and 1/0O pin characteristics.
Table A-6. DC Characteristics

Temp
Rated
o
#|C Characteristic Symbol Condition Min Typ? Max |Unit| o | 2
© ©
@ | m
<
1 | — [Operating Voltage Vbb _ 27 — 55 \V ¢ | @
c All'l/O pins, 5V, lgag=—4MA| Vpp-15| — — V| ie| e
p low-drive strength 5V, loag=—2MA| Vpp-0.8 | — — \Y; ¢ | @
c g;;}p”t Vou |3Vileag=-1mA|Vpp-08| — — Vi]iel|e
2 /] —_
c voltage 5V, I gag =—20 Vop—15 | — . Vv o e
mA
b All /0 pins, 5V, I gag = —10 Vpp—08 | — . v iele
mA
c high-drive strength 3V, Il gag =-5mMA| Vpp-0.8 — — \ o | @
Output Max total gy for 0 — ~100 mA | ¢ | —
3 | D [high all ports lonT Vout < Vop
current 0 — -50 mA | — | &
C All'I/O pins 5V, I gaqg = 4 MA — — 1.5 \% ¢
=) low-drive strength 5V, I gag = 2 MA — — 0.8 \Y; ¢ | @
¢ |Output VoL |3Vl gaq=1mA — — 0.8 Vie|e
4 low
C |voltage 5V, I gag = 20 MA — — 1.5 V|ie|e
P Alll/O pins 5V, I oag = 10 MA — — 0.8 Ve e
c high-drive strength 3V, I gag =5 MA — — 0.8 \Y; ¢ | @
Output Max total |, for 0 — 100 mA | ¢ | —
5 | D |low all ports loLT VouT > Vss
current 0 — 50 mA| — | &
p |Input high voltage; all digital inputs Viu 5V 0.65XVpp| — — vV * | @
6 —|
C 3V 0.7 x VDD —_— _— V ’ ’
P Input low voltage; all digital inputs Vi 5V . . 0\./35 X Vv o e
4 DD
c 3v — — 9y e e
Vop
8 | c |Input hysteresis Vhys — 0.06 X Vpp| — — v | @
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A.12.3 SPI

Appendix A Electrical Characteristics

Table A-15 and Figure A-14 through Figure A-17 describe the timing requirements for the SPI system.

Table A-15. SPI Electrical Characteristic

Temp
Rated
o
Num! | C Rating? Symbol Min Max Unit | © | 2
© ©
® | m
<
1 D |Cycle time
Master|  tgcoi 2 2048 tye | @ | @
Slave tsck 4 — teye
2 D |Enable lead time
Master|  t oaq — 1/2 tsck | € | ¢
Slave| ) g 172 — tsck
3 D |Enable lag time
Master| 1t o — 1/2 tsck | € | ¢
Slavel  t g 172 — tsck
4 D |Clock (SPSCK) high time . .
Master and Slave tsckn |12 tsck — 25 — ns
5 D |Clock (SPSCK) low time . .
Master and Slave tsckl | L/2tsck — 25 — ns
6 D |Data setup time (inputs)
Master tsiov) 30 — ns ¢ | ¢
Slave tsi(s) 30 — ns
7 D |Data hold time (inputs)
Master tHiom) 30 — ns ¢ | ¢
Slave this) 30 — ns
8 D |Access time, slave® tA 0 40 ns | ¢ | @
9 D |Disable time, slave? this _ 40 ns | | &
10 D |Data setup time (outputs)
Master tso — 25 ns ¢ | @
Slave tso — 25 ns
11 D |Data hold time (outputs)
Master tho ~10 — ns ¢ | ¢
Slave tho -10 — ns
D |Operating frequency
12 Master|  f, faus/2048 5° ¢ |0
Slave| . dc foudd | M2
op Bus'

1 Referto Figure A-14 through Figure A-17.

2 Alltiming is shown with respect to 20% Vpp and 70% Vpp, unless noted; 100 pF load on all SPI pins. All timing
assumes slew rate control disabled and high drive strength enabled for SPI output pins.
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