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Chapter 7 Central Processor Unit (S0O8CPUV2)

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

2 o P Affect
Source : (-] : 2 | Cyc-by-Cyc on CCR
Operation =) Object Code | © :
Form 3= 5. Details
< V11H|INZC
Reset Stack Pointer (Low Byte)
RSP SPL « $FF INH 9C 1 (p -11—-|-=-=--
(High Byte Not Affected)
Return from Interrupt
SP « (SP) + $0001; Pull (CCR)
SP « (SP) + $0001; Pull (A) IR
RTI SP < (SP) + $0001. Pull (X) INH 80 9 |uuuuuf ppp 71171t
SP « (SP) + $0001; Pull (PCH)
SP « (SP) + $0001; Pull (PCL)
Return from Subroutine
RTS SP « SP + $0001; Pull (PCH) INH 81 5 |uf ppp S A
SP « SP + $0001; Pull (PCL)
SBC #opr8i IMM A2 ii 2 |pp
SBC opr8a DIR B2 dd 3 |rpp
SBC oprl6a EXT C2 hh |1 4 |prpp
SBC oprx16,X Subtract with Carry IX2 D2 ee ff 4 |prpp t11-|-113
SBC oprx8,X A« (A)-(M)-(C) IX1 E2 ff 3 |rpp M
SBC X IX F2 3 |rfp
SBC oprx16,SP SP2 9E D2 ee ff 5 |pprpp
SBC oprx8,SP SP1 9E E2 ff 4 |prpp
Set Carry Bit
SEC (C 1) INH 99 1 |p -11-|---1
SEI Set Interrupt Mask Bit INH 9B 1 |p C11-l1--—
(I<1)
STA opr8a DIR B7 dd 3 |wpp
STA oprl6a EXT C7 hh |1 4 [pwpp
STA oprx16,X . X2 D7 ee ff 4  [pwpp
STA oprx8,X ;t?ie(ﬁ)ccum”'ator i Memory IX1 E7 ff 3 |wpp 011-|-11-
STA X IX F7 2 |wp
STA oprx16,SP SP2 9E D7 ee ff 5 |ppwpp
STA oprx8,SP SP1 9E E7 ff 4 [pwpp
STHX opr8a . DIR 35 dd 4 |wwpp
STHX opri6a (S,\;O,r\j :';f)ggf)e(x_R(E?)'z) EXT 96 hh 11| 5 |pwapp 011-[-11-
STHX oprx8,SP ' ’ SP1 9E FF ff 5 |pwwpp
Enable Interrupts: Stop Processing
STOP Refer to MCU Documentation INH 8E 2 |fp... -11-(0---
| bit < 0; Stop Processing
STX opr8a DIR BF dd 3 |wpp
STX oprléa EXT CF hh || 4 |[pwpp
STX oprx16,X Store X (Low 8 Bits of Index Register) IX2 DF ee ff 4 |pwpp
STX oprx8,X in Memory IX1 EF ff 3 |wpp 011-|-17-
STX X M « (X) IX FF 2 |wp
STX oprx16,SP SP2 9E DF ee ff 5 |ppwpp
STX oprx8,SP SP1 9E EF ff 4 [pwpp
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Chapter 9 Analog-to-Digital Converter (SO8ADCV1)

In application code, the user reads the temperature sensor channel, calculates Vg p and comparesit to
Vremezs If Vremp is greater than Veypos the cold slope value is applied in Equation 9-1. If Vrgypis
less than V 1epmpos the hot slope valueis applied in Equation 9-1.

Calibrating at 25°C will improve accuracy to + 4.5°C.

Calibration at three points, -40°C, 25°C, and 125°C will improve accuracy to + 2.5°C. Once calibration
has been completed, the user will need to calculate the slope for both hot and cold. In application code, the
user would then calculate the temperature using Equation 9-1 as detailed above and then determine if the
temperature is above or below 25°C. Once determined if the temperatureis above or below 25°C, the user
can recalculate the temperature using the hot or cold slope value obtained during calibration.

Figure 9-1 shows the MC9S08SH8 with the ADC module highlighted.
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Chapter 9 Analog-to-Digital Converter (SO8ADC10V1)

Figure 9-4. Input Channel Select (continued)

ADCH Input Select ADCH Input Select
01000 AD8 11000 AD24
01001 AD9 11001 AD25
01010 AD10 11010 AD26
01011 AD11 11011 AD27
01100 AD12 11100 Reserved
01101 AD13 11101 VREFH
01110 AD14 11110 VREFL
01111 AD15 11111 Module disabled

9.3.2 Status and Control Register 2 (ADCSC2)

The ADCSC2 register isused to control the compare function, conversion trigger and conversion active of
the ADC module.

7 6 5 4 1 0
R| ADACT 0 0
ADTRG ACFE ACFGT R1 R1
W
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

1 Bits 1 and 0 are reserved bits that must always be written to 0.
Figure 9-5. Status and Control Register 2 (ADCSC2)

Table 9-4. ADCSC2 Register Field Descriptions

Field Description

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

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

0 Software trigger selected
1 Hardware trigger selected
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Chapter 10 Internal Clock Source (S08ICSV2)

10.3.1

ICS Control Register 1 (ICSC1)

CLKS RDIV IREFS IRCLKEN | IREFSTEN

0 0 0 0 0 1 0 0
Figure 10-3. ICS Control Register 1 (ICSC1)

Table 10-2. ICS Control Register 1 Field Descriptions

Field

Description

7:6
CLKS

Clock Source Select — Selects the clock source that controls the bus frequency. The actual bus frequency
depends on the value of the BDIV bits.

00 Output of FLL is selected.

01 Internal reference clock is selected.

10 External reference clock is selected.

11 Reserved, defaults to 00.

5:3
RDIV

Reference Divider — Selects the amount to divide down the FLL reference clock selected by the IREFS bits.
Resulting frequency must be in the range 31.25 kHz to 39.0625 kHz.

000 Encoding 0 — Divides reference clock by 1 (reset default)

001 Encoding 1 — Divides reference clock by 2

010 Encoding 2 — Divides reference clock by 4

011 Encoding 3 — Divides reference clock by 8

100 Encoding 4 — Divides reference clock by 16

101 Encoding 5 — Divides reference clock by 32

110 Encoding 6 — Divides reference clock by 64

111 Encoding 7 — Divides reference clock by 128

IREFS

Internal Reference Select — The IREFS bit selects the reference clock source for the FLL.
1 Internal reference clock selected
0 External reference clock selected

1
IRCLKEN

Internal Reference Clock Enable — The IRCLKEN bit enables the internal reference clock for use as
ICSIRCLK.

1 ICSIRCLK active

0 ICSIRCLK inactive

0
IREFSTEN

Internal Reference Stop Enable — The IREFSTEN bit controls whether or not the internal reference clock

remains enabled when the ICS enters stop mode.

1 Internal reference clock stays enabled in stop if IRCLKEN is set or if ICS is in FEI, FBI, or FBILP mode before
entering stop

0 Internal reference clock is disabled in stop
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Chapter 11
Inter-Integrated Circuit (S08IICV2)

11.1 Introduction

Theinter-integrated circuit (11C) provides amethod of communication between anumber of devices. The
interface is designed to operate up to 100 kbps with maximum bus loading and timing. The deviceis
capable of operating at higher baud rates, up to a maximum of clock/20, with reduced bus loading. The
maximum communication length and the number of devices that can be connected are limited by a
maximum bus capacitance of 400 pF.

NOTE

The SDA and SCL should not be driven above Vpp. These pins are psuedo
open-drain containing a protection diodeto Vpp.

11.1.1  Module Configuratio

The 11C module pins, SDA and SCL can be repositioned under software control using I ICPSin SOPT1 as
asshownin Table 11-1. IICPS in SOPT1 selects which general-purpose |/O ports are associated with 11C
operation.

Table 11-1. IIC Position Options

IICPS in SOPT1 Port Pin for SDA Port Pin for SCL
0 (default) PTA2 PTA3
1 PTB6 PTB7

Figure 11-1 shows the MC9S08SH8 block diagram with the [1C module highlighted.
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Chapter 12 Modulo Timer (S08MTIMV1)

12.3.3 MTIM Counter Register (MTIMCNT)
MTIMCNT isthe read-only value of the current MTIM count of the 8-bit counter.

7 6 5 4 3 2 1 0
R COUNT
w
Reset: 0 0 0 0 0 0 0 0
Figure 12-6. MTIM Counter Register
Table 12-4. MTIM Counter Register Field Description
Field Description
7:0 MTIM Count — These eight read-only bits contain the current value of the 8-bit counter. Writes have no effect to
COUNT |[this register. Reset clears the count to $00.

12.3.4 MTIM Modulo Register (MTIMMOD)

7 6 5 4 3 2 1 0

R
MOD

w

Reset: 0 0 0 0 0 0 0 0

Figure 12-7. MTIM Modulo Register
Table 12-5. MTIM Modulo Register Field Descriptions
Field Description
7:0 MTIM Modulo — These eight read/write bits contain the modulo value used to reset the count and set TOF. A value

MOD of $00 puts the MTIM in free-running mode. Writing to MTIMMOD resets the COUNT to $00 and clears TOF. Reset
sets the modulo to $00.
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Chapter 13
Real-Time Counter (S08RTCV1)

13.1 Introduction

The RTC module consists of one 8-bit counter, one 8-bit comparator, several binary-based and
decimal-based prescaler dividers, two clock sources, and one programmabl e periodic interrupt. This
module can be used for time-of-day, calendar or any task scheduling functions. It can also serveasacyclic
wake up from low power modes without the need of external components.
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Chapter 14 Serial Communications Interface (S08SCIV4)

MODULO DIVIDE BY
(1 THROUGH 8191)
S DIVIDE BY
BUSCLK —b SBR12:SBRO 16— TxBAUD RATE
BAUD RATE GENERATOR |, RxSAMPLING CLOCK
OFF IF [SBR12:SBR0] =0 (16 x BAUD RATE)

BUSCLK
BAUDRATE = ———————
[SBR12:SBR0] x 16

Figure 14-12. SCI Baud Rate Generation

SCI communications require the transmitter and receiver (which typically derive baud rates from
independent clock sources) to use the same baud rate. Allowed tolerance on this baud frequency depends
on the details of how the receiver synchronizes to the leading edge of the start bit and how bit sampling is
performed.

The M CU resynchronizesto bit boundaries on every high-to-low transition, but in the worst case, there are
no such transitions in the full 10- or 11-bit time character frame so any mismatch in baud rate is
accumulated for the whole character time. For a Freescale Semiconductor SCI system whose bus
frequency isdriven by acrystal, the allowed baud rate mismatch is about 4.5percent for 8-bit dataformat
and about 4 percent for 9-bit data format. Although baud rate modulo dvider settings do not always
produce baud rates that exactly match standard rates, it isnormally possible to get within afew percent,
which is acceptable for reliable communications.

14.3.2 Transmitter Functional Description

This section describes the overall block diagram for the SCI transmitter, as well as specialized functions
for sending break and idle characters. The transmitter block diagram is shown in Figure 14-2.

Thetransmitter output (TxD) idle state defaultsto logic high (TXINV = 0 following reset). Thetransmitter
output isinverted by setting TXINV = 1. The transmitter is enabled by setting the TE bit in SCIxC2. This
gueues a preamble character that isone full character frame of the idle state. The transmitter then remains
idle until datais available in the transmit data buffer. Programs store data into the transmit data buffer by
writing to the SCI data register (SCIxD).

The central element of the SCI transmitter is the transmit shift register that is either 10 or 11 bits long
depending on the setting in the M control bit. For the remainder of this section, we will assume M = 0,
selecting the normal 8-bit data mode. In 8-bit data mode, the shift register holds a start bit, eight data bits,
and a stop bit. When the transmit shift register is available for anew SCI character, the value waiting in
the transmit dataregister istransferred to the shift register (synchronized with the baud rate clock) and the
transmit data register empty (TDRE) status flag is set to indicate another character may be written to the
transmit data buffer at SCIXD.

If no new character iswaiting in the transmit data buffer after a stop bit is shifted out the TxD pin, the
transmitter sets the transmit complete flag and enters an idle mode, with TxD high, waiting for more
charactersto transmit.
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Chapter 15 Serial Peripheral Interface (S08SPIV3)
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Chapter 17 Development Support

Table 17-1. BDC Command Summary

Command

Active BDM/

Coding

Mnemonic Non-intrusive Structure Description
. . Request a timed reference pulse to determine
- 1
SYNC Non-intrusive nfa target BDC communication speed
. . Enable acknowledge protocol. Refer to
ACK_ENABLE Non-intrusive DS5/d Freescale document order no. HCSO8RMv1/D.
. . Disable acknowledge protocol. Refer to
ACK_DISABLE Non-intrusive D6/d Freescale document order no. HCSO8RMv1/D.
. . Enter active background mode if enabled
BACKGROUND Non-intrusive 90/d (ignore if ENBDM bit equals 0)
READ_STATUS Non-intrusive E4/SS Read BDC status from BDCSCR
WRITE_CONTROL Non-intrusive c4/cC Write BDC controls in BDCSCR
READ_BYTE Non-intrusive EO/AAAA/J/RD Read a byte from target memory
READ_BYTE_WS Non-intrusive E1/AAAA/A/SS/RD Read a byte and report status
READ LAST Non-intrusive E8/SS/RD Re-read byte from address just read and
- report status
WRITE_BYTE Non-intrusive CO/AAAA/WD/d Write a byte to target memory
WRITE_BYTE_WS Non-intrusive C1/AAAA/WD/A/ISS Write a byte and report status
READ_BKPT Non-intrusive E2/RBKP Read BDCBKPT breakpoint register
WRITE_BKPT Non-intrusive C2/WBKP Write BDCBKPT breakpoint register
. Go to execute the user application program
GO Active BOM 08/d starting at the address currently in the PC
. Trace 1 user instruction at the address in the
TRACEL Active BOM 10/d PC, then return to active background mode
. Same as GO but enable external tagging
TAGGO Active BDM 18/d (HCSO08 devices have no external tagging pin)
READ_A Active BDM 68/d/RD Read accumulator (A)
READ_CCR Active BDM 69/d/RD Read condition code register (CCR)
READ_PC Active BDM 6B/d/RD16 Read program counter (PC)
READ_HX Active BDM 6C/d/RD16 Read H and X register pair (H:X)
READ_SP Active BDM 6F/d/RD16 Read stack pointer (SP)
READ NEXT Active BDM 70/d/RD Increment H.:X by one then read memory byte
- located at H:X
. Increment H:X by one then read memory byte
READ_NEXT_WS Active BDM 71/dISSIRD located at H:X. Report status and data.
WRITE_A Active BDM 48/WD/d Write accumulator (A)
WRITE_CCR Active BDM 49/WD/d Write condition code register (CCR)
WRITE_PC Active BDM 4B/WD16/d Write program counter (PC)
WRITE_HX Active BDM 4C/wD16/d Write H and X register pair (H:X)
WRITE_SP Active BDM 4F/WD16/d Write stack pointer (SP)
WRITE NEXT Active BDM 50/WD/d Increment H:X by one, then write memory byte
- located at H:X
WRITE_NEXT WS Active BDM 51/WD/d/SS Increment H:X by one, then write memory byte

located at H:X. Also report status.

1 The SYNC command is a special operation that does not have a command code.
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Chapter 17 Development Support

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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Appendix A Electrical Characteristics

Run IDD (mA)

-40 0 25 85 105 125
Temperature (°C)

Figure A-6. Typical Run Ipp vs. Temperature (Vpp = 5V; fi,,s = 8MH2)
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STOP2 ——
STOP3 -- - -

N
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w
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STOP Ipp (A)

Temperature (°C)

Figure A-7. Typical Stop Ipp vs. Temperature (Vpp = 5V)
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A.10 Analog Comparator (ACMP) Electricals

Table A-10. Analog Comparator Electrical Specification

Appendix A Electrical Characteristics

Num| C Rating Symbol Min Typical Max Unit
1 — | Supply voltage Vbp 2.7 — 5.5 \Y
2 C/T | Supply current (active) Ibbac — 20 35 UA
3 D | Analog input voltage VaiN Vss—0.3 — Vpp \Y
4 D | Analog input offset voltage Vaio 20 40 mV
5 D |Analog Comparator hysteresis Vy 3.0 6.0 20.0 mvV
6 D | Analog input leakage current IALKG -- -- 1.0 A
7 D | Analog Comparator initialization delay tAINIT — — 1.0 us
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Table A-12. ADC Characteristics

Appendix A Electrical Characteristics

Characteristic Conditions C Symb Min Typ' Max Unit Comment
Supply current ADLPC=1 T Ipp *+ — 133 — LA ADC current
ADLSMP=1 lDDAD Only
ADCO=1
Supply current ADLPC=1 T Ipp + — 218 — HA ADC current
ADLSMP=0 IDDAD Only
ADCO=1
Supply current ADLPC=0 T Ipp *+ — 327 — UA ADC current
ADLSMP=1 IDDAD Only
ADCO=1
Supply current ADLPC=0 P Ipp + — 0.582 1 mA ADC current
ADLSMP=0 IbbAD only
ADCO=1
ADC High speed (ADLPC=0) 2 3.3 5 ¢ _
asynchronous P | f MHz ADACK —
clock source Low power (ADLPC=1) ADACK1 125 2 3.3 1fapack
Conversion time Short sample (ADLSMP=0) — 20 —
(including sample D t ADCK See ADC
ADC ee
: = — _ cycles
time) Long sample (ADLSMP=1) 40 Chapter for
. _ . Il conversion
Sample time Short sample (ADLSMP=0) 5 t 35 ADCK | time variances
- ADS _ . cycles
Long sample (ADLSMP=1) 23.5
Total unadjusted 10 bit mode — +1.5 +3.5 LSB?
error (Includes - P Etue >
quantization) 8 bit mode — 0.7 1.5 LSB
Differential 10 bit mode — 0.5 1.0 5
Non-Linearity : P DNL LSB
8 bit mode — 0.3 +0.5
Monotonicity and No-Missing-Codes guaranteed
Integral 10 bit mode — +0.5 +1.0 5
non-linearity : T INL LSB
8 bit mode — +0.3 +0.5
Zero-scale error 10 bit mode — 1.5 2.5
P Ezs LSB?
8 bit mode — 0.5 0.7
Full-scale error 10 bit mode 0 1.0 15 5
(V =V, ) T EFS LSB
ADIN ™ 7DD 8 bit mode 0 105 | 05
Quantization error | 10 bit mode — — +0.5
D Eq LSB?
8 bit mode — — +0.5
Input leakage error | 10 bit mode 0 0.2 125 Pad leakage?*
D = LSB? Ras
8 bit mode 0 0.1 1
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Appendix A Electrical Characteristics
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NOTES:
1. SS output mode (MODFEN = 1, SSOE = 1).
2. LSBF = 0. For LSBF =1, bit order is LSB, hit 1, ..., bit 6, MSB.

Figure A-14. SPI Master Timing (CPHA = 0)
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1. SS output mode (MODFEN = 1, SSOE = 1).
2. LSBF = 0. For LSBF =1, bit order is LSB, bit 1, ..., bit 6, MSB.

Figure A-15. SPI Master Timing (CPHA = 1)
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