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1.3 MCU Block Diagram

Figure 1-1 shows the structure of the MC68HC9O08EY 16.

MCU Block Diagram

INTERNAL BUS
M68HC08 CPU PTAG/SS
CPU ARITHMETIC/LOGIC <:> SINGLE BREAKPOINT <> PTAS/SPSCK
REGISTERS UNIT (ALU) BREAK MODULE < |- PTA4/KBD4
<C
x| = RRA
CONTROL AND STATUS REGISTERS <:> 5-BIT KEYBOARD <:> 8 § PTAS/KBD3
64 BYTES INTERRUPT MODULE <> PTA2/KBD2
USER FLASH <:> <> PTA1/KBDI
15,872 BYTES 2-CHANNEL TIMER INTERFACE <:> <> PTAO/KBDO
MODULE A
gf;gﬁé“g <:> <> PTB7/AD7/TBCH]
<> PTB6/AD6/TBCHO
MONITOR ROM :> 2-CHANNEL TIMER INTERFACE @
310 BYTES MODULE B | == PTB5/ADS
[an]
FLASH PROGRAMMING (BURN-IN) ROM :> <:> 5 'g_g <> PTB4/AD4
1024 BYTES ENHANCED S | @ | PTB3/AD3
SERIAL COMMUNICATION <:>
USER FLASH VECTOR SPACE INTERFACE MODULE ~<—» PTB2/AD2
36 BYTES <> PTB1/AD1
<> PTBO/ADO
COMPUTER OPERATING
PROPERLYNODULE iy | prowoser
0SC2 INTERNAL CLOCK <:> 0[O |-
0501 GENERATOR MODULE S |5 | PTC2MCLK
SERIAL PERIPHERAL <:> o |« PTC1/MOSI
INTERFACE MODULE <> PTCOMISO
Y o |2 |=—> PTDI/TACHI
CONFIGURATION REGISTER <:> =NES]
RST — | 24 INTERNAL SYSTEM MODULE /‘\,:"> o | <> PTDOTACHO
INTEGRATION MODULE <:>
W |w |- PTE1/RxD
| =
SINGLE EXTERNAL IRQ PERIODIC WAKEUP ¢> <:> S|z
RQ — MODULE - TIMEBASE MODULE S |Q |« PTEOMD
VRepH —»
Vppn —=|  10-BIT ANALOG-TO-DIGITAL <:>_ ARBITER /‘\;"> <:> POWEAFSSULEESET
Ve —®  CONVERTER MODULE MODULE
Vssa — ™
SECURITY
PRESCALER
Voo —» ¢> <:> MODULE
Vo POWER MODULE
BEMF MODULE <‘,__">

Figure 1-1. MCU Block Diagram
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Input/Output (I/0) Section

Addr. Register Name Bit7 6 5 4 3 2 1 Bit 0
. Read: 0
Port A Data Register PTA6 PTA5 PTA4 PTA3 PTA2 PTA1 PTAO
$0000 (PTA)  Write:
See page 115. Reset: Unaffected by reset
Port B Data Register 220"
ort B Data Registe PTB7 PTB6 PTB5 PTB4 PTB3 PTB2 PTB1 PTBO
$0001 (PTB)  Write:
See page 117. Reset: Unaffected by reset
. Read: 0 0 0
Port C Data Register ™ PTC4 PTC3 PTC2 PTC PTCO
$0002 (PTC)  Write:
See page 119. Reset: Unaffected by reset
Port D Data Register Read: 0 0 0 0 0 0
PTD) i PTD1 PTDO
$0003 See page 120. e
Reset: Unaffected by reset
Data Direction Read: 0
ata Lirectio DDRA6 DDRA5 DDRA4 DDRA3 DDRA2 DDRA1 DDRAO
$0004 Register A (DDRA)  Write:
Seepage 115, poset 0 0 0 0 0 0 0 0
Data Direction Read:
DDRB7 DDRB6 DDRB5 DDRB4 DDRB3 DDRB2 DDRB1 DDRBO
$0005 Register B (DDRB)  Write:
Seepage 118, poset 0 0 0 0 0 0 0 0
N Read: 0 0
Data Direction - * ™" yc) KEN DDRC4 | DDRC3 | DDRC2 | DDRC1 | DDRCO
$0006 Register C (DDRC)  Write:
Seepage 119, poset 0 0 0 0 0 0 0 0
Data Direction Read: 0 0 0 0 0 0 DDRD DDRDO
$0007 Register D (DDRD) Write:
See page 121.
Reset: 0 0 0 0 0 0 0 0
Port E Data Register Read: 0 0 0 0 0 0 PTE1 PTEQ
$0008 (PTE)  Write:
See page 122. Reset: Unaffected by reset
$0009 Reserved | R | R | R | R | R | R | R | R |
Data Direction Read: 0 0 0 0 0 0 DDRE{ DDREO
$000A Register E (DDRE) ~ Write:
Seepage 123, pocer 0 0 0 0 0 0 0
BEMF Register Read:| BEMF7 BEMF6 BEMF5 BEMF4 BEMF3 BEMF2 BEMF1 BEMFO
$000B (BEMF)  Write:
Seepagesd. peer 0 0 0 0 0 0 0 0

I:l = Unimplemented R = Reserved U = Unaffected

Figure 2-2. Control, Status, and Data Registers (Sheet 1 of 7)
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Memory

Addr. Register Name Bit7 6 5 4 3 2 1 Bit 0
$0038 Reserved ‘ R ‘ R ‘ R ‘ R ‘ R ‘ R ‘ R ‘ R ‘
Analog-to-Digital Status ~ Read:
50030 and Control Register .. | ©0CO | AEN | ADCO | ADCH4 | ADCH3 | ADCH2 | ADCHT | ADCHO
(ADSCR) '
See page 49. Reset: 0 0 0 1 1 1 1 1
Analog-to-Digital Data 12| O 0 0 0 0 0 ADS AD8
$003D Register High (ADRH)  Write:
See page 51. Reset: Unaffected by reset
Analog-to-Digital Data Read: AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO
$003E Register Low (ADRL)  Write:
See page 53. Reset: Unaffected by reset
Analog-to-Digital Clock ¢a% 0
g-to-Ligital Lloc ADIV2 ADIV1 ADIVO ADICLK MODE1 MODEO R
$003F Register (ADCLK) ~ Write:
Seepage53. poser 0 0 0 0 0 1 0 0
SIM Break Status Register Read: R R R R R R SBSw R
$FE00 (SBSR) Write: NOTE

Seepage 166. pooor o 0 0 0 0 0 0 0
Note: Writing a 0 clears SBSW.

SIM Reset Status Register Read: POR PIN CcopP ILOP ILAD MENRST LVI 0
$FEO1 (SRSR)  Write:

Seepage 167. pop. 4 0 0 0 0 0 0 0
$FE02 Reserved ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
$FEO3 SIM Break Flag Control ‘ BCFE ‘ R ‘ R ‘ R ‘ R ‘ R ‘ R ‘ R ‘

Register (SBFCR)
$FE04 Reserved ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
l
$FE07 Reserved ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
FLASH Control Register Read: 0 0 0 0 HVEN MASS ERASE PGM
$FE08 (FLCR) Write:
Seepage36. pocer 0 0 0 0 0 0 0 0
Break Address Register 2%
€a €SS Registe BIT 15 BIT 14 BIT 13 BIT 12 BIT 11 BIT 10 BIT9 BIT 8
$FE09 High (BRKH) Write:
Seepage228. pooor 0 0 0 0 0 0 0 0

|:| = Unimplemented R = Reserved U = Unaffected

Figure 2-2. Control, Status, and Data Registers (Sheet 6 of 7)
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Interrupts

Right justification will place only the two MSBs in the corresponding ADC data register high, ADRH, and
the eight LSBs in ADC data register low, ADRL. This mode of operation typically is used when a 10-bit
unsigned result is desired.

Left justified sign data mode is similar to left justified mode with one exception. The MSB of the 10-bit
result, AD9 located in ADRH, is complemented. This mode of operation is useful when a result,
represented as a signed magnitude from mid-scale, is needed. Finally, 8-bit truncation mode will place
the eight MSBs in ADC data register low, ADRL. The two LSBs are dropped. This mode of operation is
used when compatibility with 8-bit ADC designs are required. No interlocking between ADRH and ADRL
is present.

NOTE
Quantization error is affected when only the most significant eight bits are
used as a result. See Figure 3-3.

8-BIT  10-BIT

RESULT RESULT IDEAL 8-BIT CHARACTERISTIC
WITH QUANTIZATION = +1/2
003 \ 10-BIT TRUNCATED
TO 8-BIT RESULT
00B /
00A

IDEAL 10-BIT CHARACTERISTIC
009 WITH QUANTIZATION = £1/2

002 008
007
006
005
001 004
003 /%4\ WHEN TRUNCATION IS USED,
ERROR FROM IDEAL 8-BIT = 3/8 LSB
002 DUE TO NON-IDEAL QUANTIZATION.
001
000 000 T T T T
112 ‘ 212 41 612 ‘ 8112 INPUT VOLTAGE
11 312 51/2 7112 912 REPRESENTED AS 10-BIT
INPUT VOLTAGE
12 112 212 REPRESENTED AS 8-BIT

Figure 3-3. 8-Bit Truncation Mode Error

3.3.6 Monotonicity

The conversion process is monotonic and has no missing codes.

3.4 Interrupts

When the AIEN bit is set, the ADC module is capable of generating a CPU interrupt after each ADC
conversion. A CPU interrupt is generated if the COCO bit is at 0. The COCO bit is not used as a
conversion complete flag when interrupts are enabled.
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Central Processor Unit (CPU)

Table 7-1. Instruction Set Summary (Sheet 5 of 6)

Effect @ o T m
°

Sg:rr:le Operation Description on CCR g g S g S
T O o o >
HI1IN/Z <= (®) O |O
PULA Pull A from Stack SP « (SP + 1); Pull (A) —--1-1- INH 86 2
PULH Pull H from Stack SP « (SP + 1); Pull (H) —--1-1- INH 8A 2
PULX Pull X from Stack SP « (SP + 1); Pull (X) —--1-1- INH 88 2
ROL opr DIR 39 |(dd 4
ROLA INH 49 1
ROLX <~ [TTITI T~ INH | 59 1
ROL oprX Rotate Left through Carry -t X a0 | 4
ROL ,X b7 b0 IX 79 3
ROL opr,SP SP1 9E69 | ff 5
ROR opr DIR 36 |dd 4
RORA .J INH 46 1
RORX | e EEEEEREE INH | 56 1
ROR opr,X Rotate Right through Carry --11|? X1 66 |ff 4
ROR ,X b7 bo IX 76 3
ROR opr,SP SP1 9E66 | ff 5
RSP Reset Stack Pointer SP « $FF === INH 9C 1

SP « (SP) + 1; Pull (CCR)

SP « (SP) + 1; Pull (A)

RTI Return from Interrupt SP « (SP) + 1; Pull (X) Tttt INH 80 7

SP « (SP) + 1; Pull (PCH)

SP « (SP) + 1; Pull (PCL)
RTS Return from Subroutine g'; < g'; M 1 }I;Ldllll ((';%T; —|=1=|=|=|INH 81 4
SBC #opr IMM A2 ii 2
SBC opr DIR B2 |dd 3
SBC opr EXT C2 (hhil | 4
8 gg;))é Subtract with Carry A < (A) - (M) - (C) -l 2 D2 |eeft |4
SBC ,X IX F2 2
SBC opr,SP SP1 9EE2 | ff 4
SBC opr,SP SP2 9ED2|eeff | 5
SEC Set Carry Bit Ce«1 —--1-1- INH 929 1
SEI Set Interrupt Mask |1 —|1|-|- INH 9B 2
STA opr DIR B7 |dd |3
STA opr EXT C7 |hhill | 4
STA opr,X IX2 D7 |eeff | 4
STA opr,X Store Ain M M « (A) -=11|2 1X1 E7 |ff 3
STA X IX F7 2
STA opr,SP SP1 9EE?7 |ff 4
STA opr,SP SP2 9ED7 [eeff | 5
STHX opr Store H:X in M (M:M + 1) « (H:X) —|-lt]t][-|DIR 35 |dd 4

Enable Interrupts, Stop Processing, . . _ R
STOP Refer to MCU Documentation | « 0; Stop Processing 0 INH 8E 1
STX opr DIR BF |dd 3
STX opr EXT CF (hhll | 4
STX opr,X IX2 DF |eeff | 4
STX oprX Store X in M M « (X) —|=lt]s]|-|Ix1 EF |ff 3
STX X IX FF 2
STX opr,SP SP1 9EEF |ff 4
STX opr,SP SP2 9EDF |eeff | 5
SUB #opr IMM AO |ii 2
SUB opr DIR BO |dd 3
SUB opr EXT CO (hhil |4
SUB opr,X IX2 DO |eeff | 4
SUB oprX Subtract A« (A) - (M) -=11|? X1 E0 |ff 3
SUB X IX FO 2
SUB opr,SP SP1 9EEO | ff 4
SUB opr,SP SP2 9EDO |eeff | 5
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Usage Notes

If the clock period needs more than doubled or halved, the same relationship applies, only for each time
the clock period needs doubled, the total number of cycles doubles. That is, when transitioning from fast
to slow, going from the initial speed to half speed takes 44*N*1,c krasT; from half speed to quarter speed
takes 88*N*1,c krasT; 90ing from quarter speed to eighth speed takes 176*N*t,c krasT; @nd so on. This
series can be expressed as (2*-1)*44*N*1,c kpasT, Where X is the number of times the speed needs
doubled or halved. Since 2% happens to be equal to tc| ksLow/TicLKkFAST: the equation reduces to

44*"N*(T)cLKSLOW—TICLKFAST)-

Note that increasing speed takes much longer than decreasing speed since N is higher. This can be
expressed in terms of the initial clock period (t1) minus the final clock period (t5) as such:

Tyg = abs[44N(ty—1,)]

8.4.6.2 Settling to Within 5 Percent

Once the clock period is within 15 percent of the desired clock period, the filter starts making smaller
adjustments. When between 15 percent and 5 percent error, each correction will adjust the clock period
between 1.61 percent and 2.94 percent. In this mode, a maximum of eight corrections will be required to
get to less than 5 percent error. Since the clock period is relatively close to desired, each correction takes
approximately the same period of time, or 4*tgasg. At this point, the internal clock stable bit (ICGS) will
be set and the clock frequency is usable, although the error will be as high as 5 percent. The total time to
this point is:
T = abs[44N(ty —1,)] + 327 5a5E

8.4.6.3 Total Settling Time

Once the clock period is within 5 percent of the desired clock period, the filter starts making minimum
adjustments. In this mode, each correction will adjust the frequency between 0.202 percent and 0.368
percent. A maximum of 24 corrections will be required to get to the minimum error. Each correction takes
approximately the same period of time, or 4*tgagg. Added to the corrections for 15 percent to 5 percent,
this makes 32 corrections (128*1,gpgg) to get from 15 percent to the minimum error. The total time to the
minimum error is:

The equations for 145, 15, and ty,; are dependent on the actual initial and final clock periods 4 and 1o, not
the nominal. This means the variability in the ICLK frequency due to process, temperature, and voltage
must be considered. Additionally, other process factors and noise can affect the actual tolerances of the
points at which the filter changes modes. This means a worst case adjustment of up to 35 percent (ICLK
clock period tolerance plus 10 percent) must be added. This adjustment can be reduced with trimming.

Table 8-3 shows some typical values for settling time.

Table 8-3. Typical Settling Time Examples

T T2 N T15 5 Ttot
1/ (6.45 MHz) 1/ (25.8 MHz) 84 430 us 535 us 850 us
1/ (25.8 MHz) 1/ (6.45 MHz) 21 107 us 212 us 525 s
1/ (25.8 MHz) 1/ (307.2 kHz) 1 141 us 246 us 560 us
1/ (307.2 kHz) 1/ (25.8 MHz) 84 11.9ms 12.0 ms 12.3 ms
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LVI Interrupts

11.4 LVI Interrupts

The LVI module does not generate interrupt requests.

11.5 Low-Power Modes

The WAIT and STOP instructions put the microcontroller unit (MCU) in low power-consumption standby
modes.

11.5.1 Wait Mode

With the LVIPWRD bit in the configuration register programmed to 0, the LVI module is active after a
WAIT instruction.

With the LVIRSTD bit in the configuration register programmed to 0, the LVI module can generate a reset
and bring the MCU out of wait mode.

11.5.2 Stop Mode

With the LVISTOP bit in the configuration register programmed to a 1, and the LVIPWRD bit programmed
to a 0, the LVI module will be active after a STOP instruction.

With the LVIPWRD bit in the configuration register programmed to 1, and the LVISTOP bit programmed
to a 0, the LVI module will be inactive after a STOP instruction.
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Enhanced Serial Communications Interface (ESCI) Module

13.8.1 ESCI Control Register 1

ESCI control register 1 (SCC1):
* Enables loop mode operation
* Enables the ESCI
e Controls output polarity
* Controls character length
e Controls ESCI wakeup method
e Controls idle character detection
* Enables parity function
e Controls parity type

Address: $0010

Bit 7 6 5 4 3 2 1 Bit 0
Read:
. LOOPS ENSCI TXINV M WAKE ILTY PEN PTY
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 13-9. ESCI Control Register 1 (SCC1)

LOOPS — Loop Mode Select Bit
This read/write bit enables loop mode operation. In loop mode the RxD pin is disconnected from the
ESCI, and the transmitter output goes into the receiver input. Both the transmitter and the receiver
must be enabled to use loop mode. Reset clears the LOOPS bit.
1 = Loop mode enabled
0 = Normal operation enabled

ENSCI — Enable ESCI Bit
This read/write bit enables the ESCI and the ESCI baud rate generator. Clearing ENSCI sets the SCTE
and TC bits in ESCI status register 1 and disables transmitter interrupts. Reset clears the ENSCI bit.
1 = ESCI enabled
0 = ESCI disabled

TXINV — Transmit Inversion Bit
This read/write bit reverses the polarity of transmitted data. Reset clears the TXINV bit.
1 = Transmitter output inverted
0 = Transmitter output not inverted

NOTE
Setting the TXINV bit inverts all transmitted values including idle, break,
start, and stop bits.

M — Mode (Character Length) Bit
This read/write bit determines whether ESCI characters are eight or nine bits long (See
Table 13-5).The ninth bit can serve as a receiver wakeup signal or as a parity bit. Reset clears the M
bit.
1 = 9-bit ESCI characters
0 = 8-bit ESCI characters
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I/0 Registers

NF — Receiver Noise Flag Bit
This clearable, read-only bit is set when the ESCI detects noise on the RxD pin. NF generates an NF
CPU interrupt request if the NEIE bit in SCC3 is also set. Clear the NF bit by reading SCS1 and then
reading the SCDR. Reset clears the NF bit.
1 = Noise detected
0 = No noise detected

FE — Receiver Framing Error Bit
This clearable, read-only bit is set when a 0 is accepted as the stop bit. FE generates an ESCI error
CPU interrupt request if the FEIE bit in SCC3 also is set. Clear the FE bit by reading SCS1 with FE set
and then reading the SCDR. Reset clears the FE bit.
1 = Framing error detected
0 = No framing error detected

PE — Receiver Parity Error Bit
This clearable, read-only bit is set when the ESCI detects a parity error in incoming data. PE generates
a PE CPU interrupt request if the PEIE bit in SCC3 is also set. Clear the PE bit by reading SCS1 with
PE set and then reading the SCDR. Reset clears the PE bit.
1 = Parity error detected
0 = No parity error detected

13.8.5 ESCI Status Register 2

ESCI status register 2 (SCS2) contains flags to signal these conditions:
* Break character detected
* Incoming data

Address:  $0014

Bit 7 6 5 4 3 2 1 Bit0
Read: 0 0 0 0 0 0 BKF RPF
Write:
Reset: 0 0 0 0 0 0 0 0

I:l = Unimplemented

Figure 13-14. ESCI Status Register 2 (SCS2)

BKF — Break Flag Bit

This clearable, read-only bit is set when the ESCI detects a break character on the RxD pin. In SCS1,
the FE and SCRF bits are also set. In 9-bit character transmissions, the R8 bit in SCC3 is cleared. BKF
does not generate a CPU interrupt request. Clear BKF by reading SCS2 with BKF set and then reading
the SCDR. Once cleared, BKF can become set again only after 1s again appear on the RxD pin
followed by another break character. Reset clears the BKF bit.

1 = Break character detected

0 = No break character detected

RPF — Reception in Progress Flag Bit

This read-only bit is set when the receiver detects a 0 during the RT1 time period of the start bit search.
RPF does not generate an interrupt request. RPF is reset after the receiver detects false start bits
(usually from noise or a baud rate mismatch), or when the receiver detects an idle character. Polling
RPF before disabling the ESCI module or entering stop mode can show whether a reception is in
progress.

1 = Reception in progress

0 = No reception in progress
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Enhanced Serial Communications Interface (ESCI) Module

Table 13-11. ESCI Baud Rate Selection Examples

oDS Pre_s_caler Bal_Jd_ Rate Baud Rate
[2:1:0] | PSSB[4:3:2:1:0] | SCP[1:0] I:();rlgsDo)r SCR[2:1:0] D(néll:s)c)ar (ESCI Clock = 4.9152 MHz)
000 XX X X X 00 1 000 1 76,800
111 000O00O0 00 1 00O 1 9600
111 0000O01 00 1 000 1 9562.65
111 00010 00 1 00O 1 9525.58
111 11111 00 1 000 1 8563.07
000 XX XXX 00 1 001 2 38,400
000 XX X X X 00 1 010 4 19,200
000 XX XXX 00 1 011 8 9600
000 XX X X X 00 1 100 16 4800
000 XX XXX 00 1 101 32 2400
000 XX X X X 00 1 110 64 1200
000 XX XXX 00 1 111 128 600
000 XX X X X 01 3 000 1 25,600
000 XX XXX 01 3 001 2 12,800
000 XX X X X 01 3 010 4 6400
000 XX XXX 01 3 011 8 3200
00O XX X X X 01 3 100 16 1600
000 XX XXX 01 3 101 32 800
000 XX X X X 01 3 110 64 400
000 XX XXX 01 3 111 128 200
000 XX X X X 10 4 000 1 19,200
000 XX XXX 10 4 001 2 9600
000 XX X X X 10 4 010 4 4800
000 XX XXX 10 4 011 8 2400
000 XX X X X 10 4 100 16 1200
000 XX XXX 10 4 101 32 600
000 XX X X X 10 4 110 64 300
000 XX XXX 10 4 111 128 150
000 XX X X X 11 13 000 1 5908
000 XX XXX 11 13 001 2 2954
000 XX X X X 11 13 010 4 1477
000 XX XXX 11 13 011 8 739
000 XX X X X 11 13 100 16 369
000 XX XXX 11 13 101 32 185
00O XX X X X 11 13 110 64 92
000 XX XXX 11 13 111 128 46
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Chapter 15
Serial Peripheral Interface (SPI) Module

15.1 Introduction

This section describes the serial peripheral interface (SPI) module, which allows full-duplex, synchronous,
serial communications with peripheral devices.

15.2 Features

Features of the SPI module include:
* Full-duplex operation
* Master and slave modes
* Double-buffered operation with separate transmit and receive registers
* Four master mode frequencies (maximum = bus frequency + 2)
* Maximum slave mode frequency = bus frequency
» Serial clock with programmable polarity and phase
* Two separately enabled interrupts with CPU service:
— SPRF (SPI receiver full)
— SPTE (SPI transmitter empty)
* Mode fault error flag with CPU interrupt capability
* Overflow error flag with CPU interrupt capability
* Programmable wired-OR mode
e I°C (inter-integrated circuit) compatibility

15.3 Pin Name and Register Name Conventions

The generic names of the SPI input/output (I/O) pins are:
eSS (slave select)
e SPSCK (SPI serial clock)
e MOSI (master out slave in)
* MISO (master in slave out)

The SPI shares four I/O pins with a parallel I/O port. The full name of an SPI pin reflects the name of the
shared port pin. Table 15-1 shows the full names of the SPI I/O pins. The generic pin names appear in
the text that follows.

Table 15-1. Pin Name Conventions

SPI Generic Pin Name MISO MosiI SS SPSCK
Full SPI Pin Name | PTCO/MISO | PTC1/MOSI | PTA6/SS | PTA5/SPSCK
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1/0 Signals

17.7 1/O Signals

Port D shares two of its pins with the TIMA. There is no external clock input to the TIMA prescaler. The
two TIMA channel I/O pins are PTDO/TACHO and PTD1/TACH1. See Chapter 12 Input/Output (I/O) Ports
(PORTYS)

17.7.1 TIMA Channel I/O Pins (PTDO/TACHO, PTD1/TACH?1)

Each channel I/O pin is programmable independently as an input capture pin or an output compare pin.
PTDO/TACHO and PTD1/TACH1 can be configured as buffered output compare or buffered PWM pins.

17.8 1/O Registers

These 1/O registers control and monitor TIMA operation:
* TIMA status and control register, TASC
* TIMA control registers, TACNTH-TACNTL
e TIMA counter modulo registers, TAMODH-TAMODL
e TIMA channel status and control registers, TASCO and TASC1
* TIMA channel registers, TACHOH-TACHOL and TACH1H-TACH1L

17.8.1 TIMA Status and Control Register

The TIMA status and control register (TASC):
* Enables TIMA overflow interrupts
* Flags TIMA overflows
e Stops the TIMA counter
* Resets the TIMA counter
* Prescales the TIMA counter clock

Address:  $0020

Bit 7 6 5 4 3 2 1 Bit 0
Read: TOF 0
TOIE TSTOP R PS2 PS1 PS0
Write: 0 TRST
Reset: 0 0 1 0 0 0 0 0

IIl = Reserved

Figure 17-4. TIMA Status and Control Register (TASC)

TOF — TIMA Overflow Flag Bit

This read/write flag is set when the TIMA counter reaches the modulo value programmed in the TIMA
counter modulo registers. Clear TOF by reading the TIMA status and control register when TOF is set
and then writing a 0 to TOF. If another TIMA overflow occurs before the clearing sequence is complete,
then writing 0 to TOF has no effect. Therefore, a TOF interrupt request cannot be lost due to
inadvertent clearing of TOF. Reset clears the TOF bit. Writing a 1 to TOF has no effect.

1 = TIMA counter has reached modulo value

0 = TIMA counter has not reached modulo value
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Timer Interface B (TIMB) Module

18.3.4.1 Unbuffered PWM Signal Generation

Any output compare channel can generate unbuffered PWM pulses as described in 18.3.4 Pulse Width
Modulation (PWM). The pulses are unbuffered because changing the pulse width requires writing the new
pulse width value over the value currently in the TIMB channel registers.

An unsynchronized write to the TIMB channel registers to change a pulse width value could cause
incorrect operation for up to two PWM periods. For example, writing a new value before the counter
reaches the old value but after the counter reaches the new value prevents any compare during that PWM
period. Also, using a TIMB overflow interrupt routine to write a new, smaller pulse width value may cause
the compare to be missed. The TIMB may pass the new value before it is written to the TIMB channel
registers.

Use these methods to synchronize unbuffered changes in the PWM pulse width on channel x:

* When changing to a shorter pulse width, enable channel x output compare interrupts and write the
new value in the output compare interrupt routine. The output compare interrupt occurs at the end
of the current pulse. The interrupt routine has until the end of the PWM period to write the new
value.

* When changing to a longer pulse width, enable TIMB overflow interrupts and write the new value
in the TIMB overflow interrupt routine. The TIMB overflow interrupt occurs at the end of the current
PWM period. Writing a larger value in an output compare interrupt routine (at the end of the current
pulse) could cause two output compares to occur in the same PWM period.

NOTE
In PWM signal generation, do not program the PWM channel to toggle on
output compare. Toggling on output compare prevents reliable 0% duty
cycle generation and removes the ability of the channel to self-correct in the
event of software error or noise. Toggling on output compare also can
cause incorrect PWM signal generation when changing the PWM pulse
width to a new, much larger value.

18.3.4.2 Buffered PWM Signal Generation

Channels 0 and 1 can be linked to form a buffered PWM channel whose output appears on the
PTB6/TBCHO pin. The TIMB channel registers of the linked pair alternately control the pulse width of the
output.

Setting the MSOB bit in TIMB channel 0 status and control register (TBSCO) links channel 0 and
channel 1. The TIMB channel 0 registers initially control the pulse width on the PTB6/TBCHO pin. Writing
to the TIMB channel 1 registers enables the TIMB channel 1 registers to synchronously control the pulse
width at the beginning of the next PWM period. At each subsequent overflow, the TIMB channel registers
(0 or 1) that control the pulse width are the ones written to last. TBSCO controls and monitors the buffered
PWM function, and TIMB channel 1 status and control register (TBSC1) is unused. While the MSOB bit is
set, the channel 1 pin, PTB7/TBCH1, is available as a general-purpose 1/O pin.

NOTE
In buffered PWM signal generation, do not write new pulse width values to
the currently active channel registers. User software should track the
currently active channel to prevent writing a new value to the active
channel. Writing to the active channel registers is the same as generating
unbuffered PWM signals.
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Timer Interface B (TIMB) Module

18.8.4 TIMB Channel Status and Control Registers

Each of the TIMB channel status and control registers:
* Flags input captures and output compares
* Enables input capture and output compare interrupts
e Selects input capture, output compare, or PWM operation
* Selects high, low, or toggling output on output compare
* Selects rising edge, falling edge, or any edge as the active input capture trigger
e Selects output toggling on TIMB overflow
* Selects 0% and 100% PWM duty cycle
* Selects buffered or unbuffered output compare/PWM operation

Register Name and Address TBSCO — $0030
Bit 7 6 5 4 3 2 1 Bit 0
Read:| CHOF
, CHOIE MS0B MSOA ELS0B ELSOA TOVO CHOMAX
Write: 0
Reset: 0 0 0 0 0 0 0 0
Register Name and Address TBSC1 — $0033
Bit 7 6 5 4 3 2 1 Bit 0
Read:| CHIF 0
, CH1IE MS1A ELS1B ELS1A TOV1 CH1IMAX
Write: 0 R
Reset: 0 0 0 0 0 0 0 0

IIl = Reserved

Figure 18-7. TIMB Channel Status and Control Registers
(TBSCO-TBSC1)

CHxF — Channel x Flag Bit
When channel x is an input capture channel, this read/write bit is set when an active edge occurs on
the channel x pin. When channel x is an output compare channel, CHxF is set when the value in the
TIMB counter registers matches the value in the TIMB channel x registers.
When CHXIE = 1, clear CHxF by reading TIMB channel x status and control register with CHxF set,
and then writing a 0 to CHxF. If another interrupt request occurs before the clearing sequence is
complete, then writing 0 to CHxF has no effect. Therefore, an interrupt request cannot be lost due to
inadvertent clearing of CHxF.
Reset clears the CHxF bit. Writing a 1 to CHxF has no effect.

1 = Input capture or output compare on channel x
0 = No input capture or output compare on channel x

CHxIE — Channel x Interrupt Enable Bit
This read/write bit enables TIMB CPU interrupts on channel x.

Reset clears the CHXIE bit.
1 = Channel x CPU interrupt requests enabled
0 = Channel x CPU interrupt requests disabled

MSxB — Mode Select Bit B
This read/write bit selects buffered output compare/PWM operation. MSxB exists only in the TIMB
channel 0.
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Development Support

INTERNAL BUS
M68HC08 CPU <> PTA6/SS
CPU ARITHMETIC/LOGIC @ <:> SINGLE BREAKPOINT <> PTA5/SPSCK
REGISTERS UNIT (ALU) BREAK MODULE ETA4/KBOA
< | <
o | = TERA
CONTROL AND STATUS REGISTERS - 5 BT KEYBOARD - S | [ PTAYKEDS
64 BYTES <i> INTERRUPT MODULE <> PTA2KBD2
USER FLASH @ <> PTA1/KBD1
15,872 BYTES 2-CHANNEL TIMER INTERFACE <_—> <<—> PTA0/KBDO
USER RAM <:> MODULE A
<> PTB7/AD7/TBCH1
512 BYTES
~<<—> PTB6/ADG/TBCHO
MONITOR ROM :> 2-CHANNEL TIMER INTERFACE <I::|>
310 BYTES MODULE B . | =< PTB5/ADS
<:> 2 | = |3 PTB4/AD4
FLASH PROGRAMMING (BURN-IN) ROM j‘> =
1024 BYTES ENHANCED S | Q |<«> PTB3I/AD3
SERIAL COMMUNICATION
USER FLASH VECTOR SPACE <:> INTERFACE MODULE <:j> <> PTB2/AD2
36 BYTES <> PTB1/ADI
<> PTBO/ADO
COMPUTER OPERATING
PROPERLYWODULE K | Frososer
-
0SC2 — INTERNAL CLOCK <:> o |2
[a sy
0501 GENERATOR MODULE <:j> 5 |5 | prC2nCLK
SERIAL PERIPHERAL <;> <<—>» PTC1/MOSI
INTERFACE MODULE <> PTCOMISO
Y o |2 |« PTDI/TACHI
CONFIGURATION REGISTER <:> 515
BST — | 24 INTERNAL SYSTEM MODULE @ o |<&—»= PTDOTACHO
INTEGRATION MODULE <;>
L | | PTEURXD
| =
SINGLE EXTERNAL IRQ PERIODIC WAKEUP <:> alz
IRQ —» MODULE @ TIMEBASE MODULE 88 <> PTEOTXD
Veern —
Vpopa —=  10-BIT ANALOG-TO-DIGITAL @_ ARBITER <:j‘> <}j> POWEAFSSULFEESET
Vpgr, —  CONVERTER MODULE MODULE
Vssa >
SECURITY
PRESCALER <:>
Voo —» POWER MODULE <ﬁ> MODULE

Vsg —®

BEMF MODULE <:>

Figure 19-1. Block Diagram Highlighting BRK and MON Blocks

The break interrupt timing is:
* When a break address is placed at the address of the instruction opcode, the instruction is not
executed until after completion of the break interrupt routine.

* When abreak address is placed at an address of an instruction operand, the instruction is executed
before the break interrupt.

e When software writes a 1 to the BRKA bit, the break interrupt occurs just before the next instruction
is executed.
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Development Support

Table 19-1 also lists external frequencies required to achieve a standard baud rate of 7200 bps. The
effective baud rate is the bus frequency divided by 278. If using a crystal as the clock source, be aware
of the upper frequency limit that the internal clock module can handle. See 20.6 Control Timing for this
limit.

19.3.1.7 Commands

The monitor ROM firmware uses these commands:
* READ (read memory)
*  WRITE (write memory)
* |READ (indexed read)
* [WRITE (indexed write)
* READSP (read stack pointer)
* RUN (run user program)

The monitor ROM firmware echoes each received byte back to the PTAO pin for error checking. An 11-bit
delay at the end of each command allows the host to send a break character to cancel the command. A
delay of two bit times occurs before each echo and before READ, IREAD, or READSP data is returned.
The data returned by a read command appears after the echo of the last byte of the command.

NOTE
Wait one bit time after each echo before sending the next byte.

FROM

HOST

Y

ADDHESS ADDRESS ADDHESS ADDRESS

W READ Y\( 2 >ﬂ< HIGH Y\( HIGH )ﬂ< Low W Low >/ DATA
4 1 A 4 1 4 1A 32 4
ECHO RETURN
Notes:

1 = Echo delay, approximately 2 bit times

2 = Data return delay, approximately 2 bit times
3 = Cancel command delay, 11 bit times

4 = Wait 1 bit time before sending next byte.

Figure 19-14. Read Transaction

FROM
HOST

' ' '
ADDRESSY \/ADDRESS\ \/ADDRESSY \/ADDRESS
3 3 1 1 3 1

1 A A 2,3

ECHO

Notes:
1 = Echo delay, approximately 2 bit times
2 = Cancel command delay, 11 bit times
3 = Wait 1 bit time before sending next byte.

Figure 19-15. Write Transaction
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CPU clock — The CPU clock is derived from the CGMOUT output from the CGM. The CPU clock
frequency is equal to the frequency of the oscillator output, CGMXCLK, divided by four.

CPU cycles — A CPU cycle is one period of the internal bus clock, normally derived by dividing a crystal
oscillator source by two or more so the high and low times will be equal. The length of time required
to execute an instruction is measured in CPU clock cycles.

CPU registers — Memory locations that are wired directly into the CPU logic instead of being part of the
addressable memory map. The CPU always has direct access to the information in these registers.
The CPU registers in an M68HCO8 are:

*A (8-bit accumulator)

*H:X (16-bit index register)

*SP (16-bit stack pointer)

*PC (16-bit program counter)

*CCR (condition code register containing the V, H, I, N, Z, and C bits)

CSIC — customer-specified integrated circuit

cycle time — The period of the operating frequency: tcyc = 1/fop.

decimal number system — Base 10 numbering system that uses the digits zero through nine.

direct memory access module (DMA) — A M68HCO08 Family module that can perform data transfers
between any two CPU-addressable locations without CPU intervention. For transmitting or receiving
blocks of data to or from peripherals, DMA transfers are faster and more code-efficient than CPU
interrupts.

DMA — See "direct memory access module (DMA)."

DMA service request — A signal from a peripheral to the DMA module that enables the DMA module to
transfer data.

duty cycle — A ratio of the amount of time the signal is on versus the time it is off. Duty cycle is usually
represented by a percentage.

EEPROM — Electrically erasable, programmable, read-only memory. A nonvolatile type of memory that
can be electrically reprogrammed.

EPROM — Erasable, programmable, read-only memory. A nonvolatile type of memory that can be erased
by exposure to an ultraviolet light source and then reprogrammed.

exception — An event such as an interrupt or a reset that stops the sequential execution of the
instructions in the main program.

external interrupt module (IRQ) — A module in the M68HCO08 Family with both dedicated external
interrupt pins and port pins that can be enabled as interrupt pins.

fetch — To copy data from a memory location into the accumulator.
firmware — Instructions and data programmed into nonvolatile memory.

free-running counter — A device that counts from zero to a predetermined number, then rolls over to
zero and begins counting again.
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Glossary

full-duplex transmission — Communication on a channel in which data can be sent and received
simultaneously.

H — The upper byte of the 16-bit index register (H:X) in the CPUOQS.

H — The half-carry bit in the condition code register of the CPUQ8. This bit indicates a carry from the
low-order four bits of the accumulator value to the high-order four bits. The half-carry bit is required
for binary-coded decimal arithmetic operations. The decimal adjust accumulator (DAA) instruction
uses the state of the H and C bits to determine the appropriate correction factor.

hexadecimal — Base 16 numbering system that uses the digits O through 9 and the letters A through F.
high byte — The most significant eight bits of a word.

illegal address — An address not within the memory map

illegal opcode — A nonexistent opcode.

I — The interrupt mask bit in the condition code register of the CPU08. When | is set, all interrupts are
disabled.

index register (H:X) — A 16-bit register in the CPU08. The upper byte of H:X is called H. The lower
byte is called X. In the indexed addressing modes, the CPU uses the contents of H:X to determine the
effective address of the operand. H:X can also serve as a temporary data storage location.

input/output (I/0) — Input/output interfaces between a computer system and the external world. A CPU
reads an input to sense the level of an external signal and writes to an output to change the level on
an external signal.

instructions — Operations that a CPU can perform. Instructions are expressed by programmers as
assembly language mnemonics. A CPU interprets an opcode and its associated operand(s) and
instruction.

interrupt — A temporary break in the sequential execution of a program to respond to signals from
peripheral devices by executing a subroutine.

interrupt request — A signal from a peripheral to the CPU intended to cause the CPU to execute a
subroutine.

I/0 — See “input/output (I/0).”
IRQ — See "external interrupt module (IRQ)."
jitter — Short-term signal instability.

latch — A circuit that retains the voltage level (logic 1 or logic 0) written to it for as long as power is applied
to the circuit.

latency — The time lag between instruction completion and data movement.
least significant bit (LSB) — The rightmost digit of a binary number.

logic 1 — A voltage level approximately equal to the input power voltage (Vpp).
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