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Technical Data — MC68HC912D60A

1.1 Contents

1.2 Introduction

Section 1. General Description

1.2 Introduction. . . ....... .. . . 23
1.3  Devices Covered in this Document. . . . .................. 24
1.4  Features . ... ... .. 24
1.5  Ordering Information. . .......... ... ... .. ... .. ... 27
1.6 Block Diagrams. . . ... . 29

The MC68HC912D60A microcontroller unit (MCU) is a 16-bit device
available in two package options, 80-pin QFP and 112-pin TQFP. On-
chip peripherals include a 16-bit central processing unit (CPU12), 60K
bytes of flash EEPROM, 2K bytes of RAM, 1K bytes of EEPROM, two
asynchronous serial communication interfaces (SCI), a serial peripheral
interface (SPI), an enhanced capture timer (ECT), two (one on 80QFP)
8-channel,10-bit analog-to-digital converters (ATD), a four-channel
pulse-width modulator (PWM), and a CAN 2.0 A, B software compatible
module (MSCAN12). System resource mapping, clock generation,
interrupt control and bus interfacing are managed by the lite integration
module (LIM). The MC68HC912D60A has full 16-bit data paths
throughout, however, the external bus can operate in an 8-bit narrow
mode so single 8-bit wide memory can be interfaced for lower cost
systems. The inclusion of a PLL circuit allows power consumption and
performance to be adjusted to suit operational requirements. In addition
to the 1/O ports available in each module, 16 (2 on 80QFP) I/O port pins
are available with Key-Wake-Up capability from STOP or WAIT mode.
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General Description

1.3 Devices Covered in this Document

1.4 Features

Technical Data

The MC68HC912D60C and MC68HC912D60P are devices similar to
the MC68HC912D60A, but with different oscillator configurations. Refer
to Section 12. Oscillator for more details.

The generic term MC68HC912D60A is used throughout this document
to mean all derivatives mentioned above, except in Section 12.
Oscillator, where it refers only to the MC68HC912D60A device.

e 16-bit CPU12
— Upward compatible with M68HC11 instruction set

— Interrupt stacking and programmer’s model identical to
M68HC11

— 20-bit ALU
— Instruction queue
— Enhanced indexed addressing
* Multiplexed bus
— Single chip or expanded
— 16 address/16 data wide or 16 address/8 data narrow mode

e Two 8-bit ports with key wake-up interrupt (2 pins only are
available on 80QFP) and one I°C start bit detector (112TQFP
only)

* Memory

— 60K byte flash EEPROM, made of a 28K module and a 32K
module with 8K bytes protected BOOT section in each module
(MC68HC912D60A)

— 1K byte EEPROM
— 2K byte RAM

MC68HC912D60A — Rev 3.0
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General Description
Features

Analog-to-digital converters

— 2 x 8-channels, 10-bit resolution in 112TQFP

— 1 x 8-channels, 8-bit resolution in 80QFP

1M bit per second, CAN 2.0 A, B software compatible module
— Two receive and three transmit buffers

— Flexible identifier filter programmable as 2 x 32 bit, 4 x 16 bit or
8 x 8 bit

— Four separate interrupt channels for Rx, Tx, error and wake-up
— Low-pass filter wake-up function

— In 80QFP, only TxCAN and RxCAN pins are available

— Loop-back for self test operation

— Programmable link to a timer input capture channel, for time-
stamping and network synchronization.

Enhanced capture timer (ECT)
— 16-bit main counter with 7-bit prescaler

— 8 programmable input capture or output compare channels; 4
of the 8 input captures with buffer

— Input capture filters and buffers, three successive captures on
four channels, or two captures on four channels with a
capture/compare selectable on the remaining four

— Four 8-bit or two 16-bit pulse accumulators

— 16-bit modulus down-counter with 4-bit prescaler

— Four user-selectable delay counters for signal filtering
4 PWM channels with programmable period and duty cycle
— 8-bit 4-channel or 16-bit 2-channel

— Separate control for each pulse width and duty cycle

— Center- or left-aligned outputs

— Programmable clock select logic with a wide range of
frequencies
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e Serial interfaces
— Two asynchronous serial communications interfaces (SCI)
— MI-Bus implemented on final devices
— Synchronous serial peripheral interface (SPI)

* LIM (light integration module)

— WCR (windowed COP watchdog, real time interrupt, clock
monitor)

— ROC (reset and clocks)
— MEBI (multiplexed external bus interface)
— MBI (internal bus interface and map)
— INT (interrupt control)

* Clock generation
— Phase-locked loop clock frequency multiplier
— Limp home mode in absence of external clock
— Slow mode divider
— Low power 0.5 to 16 MHz crystal oscillator reference clock
— Option of a Pierce or Colpitts oscillator

* 112-Pin TQFP package or 80-pin QFP package

— Up to 68 general-purpose /O lines, plus up to 18 input-only
lines in 112TQFP
or
Up to 48 general-purpose I/O lines, plus up to 10 input-only
lines in 80QFP

¢ 8MHz operation at 5V
* Development support
— Single-wire background debug™ mode (BDM)

— On-chip hardware breakpoints

Technical Data MC68HC912D60A — Rev 3.0
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1.5 Ordering Information

General Description
Ordering Information

Table 1-1. Device Ordering Information

Ambient Temperature

Package Order Number
Range Designator
, —40 to +85°C C MC912D60ACPV8
112-Pin TQFP
Single Tray —40 to +105°C \ MC912D60AVPVS
60 Pcs
—40 to +125°C M* MC912D60AMPV8
. —40 to +85°C MC912D60ACFU8
80-Pin TQFP
Single Tray —40 to +105°C MC912D60AVFUS8
84 Pcs
—40 to +125°C M* MC912D60AMFUS8
, —40 to +85°C MC912D60CCPV8
112-Pin TQFP
Single Tray —40 to +105°C \ MC912D60CVPV8
60 Pcs
—40 to +125°C M* MC912D60CMPV8
. —40 to +85°C MC912D60CCFU8
80-Pin TQFP
Single Tray —40 to +105°C MC912D60CVFUS8
84 Pcs
—40 to +125°C M* MC912D60CMFU8
, —40 to +85°C MC912D60PCPV8
112-Pin TQFP
Single Tray —40 to +105°C \ MC912D60PVPV8
60 Pcs
—40 to +125°C M* MC912D60PMPV8
. —40 to +85°C MC912D60PCFU8
80-Pin TQFP
Single Tray —40 to +105°C \ MC912D60PVFU8
84 Pcs
—40 to +125°C M* MC912D60PMFU8

* Important: M temperature operation is available only for single chip
modes

MC68HC912D60A — Rev 3.0
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General Description

Table 1-2. Development Tools Ordering Information

Description Name Order Number
MCUez Free from World Wide Web
Serial Debug Interface DI M68SDIL (3-5V), M68DIL12 (SDIL + MCUez +

SDBUG12)

M68EVB912D60 (EVB only)
M68KIT912D60 (EVB + SDIL12)

Evaluation board EVB

NOTE: SDBUG12isa P & E Micro Product. It can be obtained from P & E from
their web site (http.//www.pemicro.com) for approximately $100.

Third party tools: http://www.mcu.motsps.com/dev_tools/3rd/index.html

Technical Data MC68HC912D60A — Rev 3.0
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1.6 Block Diagrams

MC68HC912D60A — Rev 3.0

General Description
Block Diagrams

VRHO |«— VRHO VRH1 |«— VRH1
60K byte flash EEPROM ATDO VRLO f«— VRLO [ATD1 VRL{ f«— VAL1
VDDAD | VDDAD |«— VDDAD
VSSAD f= — VSSAD |«— VSSAD
2K byte RAM
ANOO |« PADOO |AN10 PAD10
ANO1 (=3 PADO1 | AN11 by PAD11
1K byte EEPROM ANO2 |« 9( PAD02 | AN12 |« 9( PAD12
ANO3 |« PADO3 |AN13 PAD13
ANO4 e PADO4 | AN14 e PAD14
CPU12 ANO5 [« S PADO5 [AN15 <5 PAD15
ANO6 <7 PADO6 |AN16 a PAD16
ANO7 PADO7 |AN17 PAD17
Single-wire Periodic interrupf
- I0CO f=>] <> PTO
background %OP watch_dog I0C1 |=» <> PT1
debug module I|3°Ck:1°,mi°r Enhanced }88% piaf= :: pid E%
reakpoints capture 1064 |<»| & | & [<> PT4
PLL timer 10C5 [«» O |Q f<«» PT5
10C6 |=» l<>» PT6
I0C7 |=>] <> PT7
. RxDO |« <> PSQ
Lite SCI0 (MI BUS) <D0 > > P31
integration sSCH RxD1 |« » |« PS2
module TXD1_|>{Q | [« PS8
(LIM) a|x
SISO/MISO |«»|A |O |«» PS4
SPI MOMI/MOSI|  |=> O l<» PS5
SCK  |=>] l<>» PS6
XIRQ SS  |=>» <> PS7
w IRQ
> BW PWO |« <> PPO
E LSTRB/TAGLO PWM PW1 <> <> PP1
O l<»| MODAIPIPEQ R i PR Ll i 5
MODB/IPIPE1/CGMTST il [
DBE/CAL/ECLK o
DBE/CAL/ECLK <=0 |Q [<> PP4
/O | > l<>» PP5
<> PP6
[ > <> PP7
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Multiplexed Address/Data Bus | <> PCAN5
I/0 <> PCAN4
YYYYYYEY YYYEYNYY <> PCANS
<> PCAN2
DDRA DDRB
> TxCAN PCAN1
PETTTT T L e
- - PG7 <> <> PG7
SS239952 LRRIBADE KWGE <> <> PG6
oonooQao0Q KWG5 <> 10} l<>» PG5
OINRNTO 50 RNowsoaro KWGE <> 8 = <> PG4
cooorros LLLILLEIL KWG3 <> 5 X e PG3 VDD x2 —»
53555588 58855888 Kueeq8|Qfmpee VS —
IIIII<I<I<T LI KWGT = <> PG1 =
- - ———— == - - === === = KWGO - <> PGO . L
WIOANTO L ' Nnowtma—o PGUPD < l«— pgUPD Power for internal circuitry
seeseedd BREEEREE
555808851 00008002 kwHe < | [<=pHe  VRRX2
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SEREgRES kwra <m T |E [<= Pra BE
EEEEEEEE kwHs <& i <= pH3 -
KWH2 <> g |O <> PH2 Power for I/O drivers
Narrow bus KWH1 <> O <> PH1
........... KWHO <> <> PHO
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Figure 1-1. MC68HC912D60A 112-pin QFP Block Diagram
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VRH1 VRHO |<«— VRHO
60K byte flash EEPROM ATD1  VRL1 ATDO VRLO |«— VRLO
VDDAD |= VDDAD |«— VDDAD
VSSAD =] VSSAD j«— VSSAD
2K byte RAM AN10 = ANOO = PADOO
AN11 5 ANO1 = 8 PADO1
AN12 ANO02 PADO2
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> .
oot e imer 1065 XS QR ere
VSSPLL —> I0C7 > l<> PT7
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(LIM) SISOMISO |«»|3 |O |«» Ps4
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SCK  |=>] <> PS6
PE0 —»] »| XiRGQ SS | <> PS7
EE1 e IRQ
2 < R/W PW PP
res 2ol [ fmmmaro - eve e | Rz
PE5 <»|O MOBAIPIPEQ PW2 [<ro | [T Bhe
PE6 <> [«»| MODB/IPIPE1/CGMTST PWS =™z E PP3
PE7 < DBE/CAL/ECLK Q35
<> O a == PP4
/O <>} l<>» PP5
| >} <> PP6
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PCAN4 |- Z |<
VUTYEYYY NVENERY PCAN3 [~ O
DDRA DDRB 8 g
a
rortr ][ _ronrs I e i
R
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' DT ONTO 1 '
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c....000060AQ . 80000000, KWHE > VDDX x2
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___________ - >
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Note:

Technical Data

Several I/0 on ports G, H and CAN are unavailable externally on the 80-pin QFP package. These in-
ternal pins should either be defined as outputs or have their pull-ups/downs enabled.

Figure 1-2. MC68HC912D60A 80-pin QFP Block Diagram
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Technical Data — MC68HC912D60A
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The CPU12 is a high-speed, 16-bit processing unit. It has full 16-bit data
paths and wider internal registers (up to 20 bits) for high-speed extended
math instructions. The instruction set is a proper superset of the
M68HC11instruction set. The CPU12 allows instructions with odd byte
counts, including many single-byte instructions. This provides efficient
use of ROM space. An instruction queue buffers program information so
the CPU always has immediate access to at least three bytes of machine
code at the start of every instruction. The CPU12 also offers an
extensive set of indexed addressing capabilities.

2.3 Programming Model

CPU12 regqisters are an integral part of the CPU and are not addressed
as if they were memory locations.

MC68HC912D60A — Rev 3.0
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7 A 07 B
15 D
15 IX
15 Y
15 SP
15 PC

SXHINZVC

8-BIT ACCUMULATORS A & B
OR
16-BIT DOUBLE ACCUMULATOR D

INDEX REGISTER X

INDEX REGISTER Y

STACK POINTER

PROGRAM COUNTER

CONDITION CODE REGISTER

Figure 2-1. Programming Model

Accumulators A and B are general-purpose 8-bit accumulators used to
hold operands and results of arithmetic calculations or data
manipulations. Some instructions treat the combination of these two 8-
bit accumulators as a 16-bit double accumulator (accumulator D).

Index registers X and Y are used for indexed addressing mode. In the
indexed addressing mode, the contents of a 16-bit index register are

added to 5-bit, 9-bit, or 16-bit constants or the content of an accumulator
to form the effective address of the operand to be used in the instruction.

Stack pointer (SP) points to the last stack location used. The CPU12
supports an automatic program stack that is used to save system
context during subroutine calls and interrupts, and can also be used for
temporary storage of data. The stack pointer can also be used in all

indexed addressing modes.

Program counter is a 16-bit register that holds the address of the next
instruction to be executed. The program counter can be used in all
indexed addressing modes except autoincrement/decrement.

Technical Data
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2.4 Data Types

Central Processing Unit
Data Types

Condition Code Register (CCR) contains five status indicators, two
interrupt masking bits, and a STOP disable bit. The five flags are half
carry (H), negative (N), zero (Z), overflow (V), and carry/borrow (C). The
half-carry flag is used only for BCD arithmetic operations. The N, Z, V,
and C status bits allow for branching based on the results of a previous
operation.

After a reset, the CPU fetches a vector from the appropriate address and
begins executing instructions. The X and | interrupt mask bits are set to
mask any interrupt requests. The S bit is also set to inhibit the STOP
instruction.

The CPU12 supports the following data types:

¢ Bitdata
* 8-bit and 16-bit signed and unsigned integers
* 16-bit unsigned fractions

e 16-bit addresses

A byte is eight bits wide and can be accessed at any byte location. A
word is composed of two consecutive bytes with the most significant
byte at the lower value address. There are no special requirements for
alignment of instructions or operands.

2.5 Addressing Modes

Addressing modes determine how the CPU accesses memory locations
to be operated upon. The CPU12 includes all of the addressing modes
of the M68HC11 CPU as well as several new forms of indexed

addressing. Table 2-1 is a summary of the available addressing modes.
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Table 2-1. M68HC12 Addressing Mode Summary

Addressing Mode

Source Format

Abbreviation

Description

INST

Inherent (no externally INH Operands (if any) are in CPU registers
supplied operands)
. INST #0pr8i Operand is included in instruction stream
Immediate or IMM 8- or 16-bit size implied by context
INST #0pr16i plied by
. Operand is the lower 8-bits of an address in
Direct INST opr8a DIR the range $0000 — $OOFF
Extended INST opri6a EXT Operand is a 16-bit address
. INST rel8 An 8-bit or 16-bit relative offset from the
Relative or REL current pc is supplied in the instruction
INST rel16 P bp
Indexed 5-bit signed constant offset from x, v, sp, or
(5-bit offset) INST oprx5,xysp IDX oc
Indexed
(auto pre-decrement) INST oprx3,—xys IDX Auto pre-decrement x, y, orspby 1 ~ 8
Indexed .
(auto pre-increment) INST oprx3,+xys IDX Auto pre-increment x, y,orspby 1~ 8
Indexed
(auto post-decrement) INST oprx3,xys— IDX Auto post-decrement x, y, orspby 1 ~ 8
Indexed i
(auto post-increment) INST oprx3,xys+ IDX Auto post-increment x, y,orsp by 1 ~ 8
Indexed INST abd,xysp IDX Indexed with 8-bit (A or B) or 16-bit (D)
(accumulator offset) accumulator offset from x, y, sp, or pc
9-bit signed constant offset from x, y, sp, or
(ngic:ec::‘(fa:et) INST oprx9,xysp IDX1 pc
(lower 8-bits of offset in one extension byte)
Indexed 16-bit constant offset from x, y, sp, or pc
(16-bit offset) INST oprx16,xysp IDX2 (16-bit offset in two extension bytes)
Indexed-Indirect Pointer to operand is found at...
(16-bit offset) INST [oprx16,xysp] [IDX2] 16-bit constant offset from x, y, sp, or pc
(16-bit offset in two extension bytes)
Indexed-Indirect INST [D, xysp] [D,IDX] Pointer to operand is found at...

(D accumulator offset)

X, Y, sp, or pc plus the value in D

Technical Data
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Central Processing Unit
Indexed Addressing Modes

2.6 Indexed Addressing Modes

The CPU12 indexed modes reduce execution time and eliminate code
size penalties for usi