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SECTION 1
INTRODUCTION

The MC68HC16Y1 is a high-speed 16-bit control unit that is upwardly code
compatible with M6BHC11 controllers. It is a member of the M6BHC16 Family
of modular microcontrollers.

M68HC16 controllers are built up from standard modules that interface via a
common internal bus. Standardization facilitates rapid development of devices
tailored for specific applications.

The MC68HC16Y1 incorporates a 16-bit central processing unit (CPU16), a
single-chip integration module (SCIM), an 8/10-bit analog-to-digital converter
(ADC), a multichannel communication interface (MCCI), a general-purpose
timer (GPT), a time processing unit (TPU), a 2-Kbyte standby RAM module with
TPU emulation capability (TPURAM), and a 48-Kbyte masked ROM module
(MRM). All of these modules are interconnected by the intermodule bus (IMB).

The MC68HC16Y1 can either synthesize an internal clock signal from an
external reference, or use an external clock input directly. Operation with a
4.194-MHz reference frequency is standard, but operation with a 32.768-kHz
reference is available as an option. Contact your Motorola representative for
more information. System hardware and software allow changes in clock rate
during operation. Because the MC68HC16Y1 is a fully-static device, register
and memory contents are not affected by clock rate changes.

High-density complementary metal-oxide semiconductor (HCMOS) architecture
makes the basic power consumption of the MC68HC16Y1 low. Power
consumption can be minimized by stopping the system clock. The M68HC16
instruction set includes a low-power stop (LPSTOP) command that efficiently
implements this capability.

Documentation for the Modular Microcontroller Family follows the modular
construction of the devices in the product line. Each device has a
comprehensive user's manual that provides sufficient information for normal
operation of the device. The user's manual is supplemented by module
reference manuals that provide detailed information about module operation
and applications. Refer to Motorola publication Advanced Microcontroller Unit
(AMCU) Literature (BR1116/D) for a list of additional documentation for this
device.
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SECTION 2
NOMENCLATURE

The following nomenclature is used throughout the manual. Nomenclature used only
in certain sections, such as register bit mnemonics, is defined in those sections.

2.1 Symbols and Operators

+ —

NV < %
I

+ e H IA VI

®
l

NOT —

P PR TR | A
|

MC68HC16Y1

Addition

Subtraction or negation (two's complement)
Multiplication

Division

Greater

Less

Equal

Equal or greater

Equal or less

Not equal
AND

Inclusive OR (OR)
Exclusive OR (EOR)

Complementation
Concatenation

Transferred

Exchanged

Sign bit; also used to show tolerance
Sign extension

Binary value

Hexadecimal value
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2.2 CPU16 Registers

A
AM
B
CCR
D

E

EK
R
HR
IX

Y

V4

K
PC
PK
SK
SL
SP
XK
YK
ZK
XMSK
YMSK

MOTOROLA
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Accumulator A

Accumulator M

Accumulator B

Condition code register
Accumulator D

Accumulator E

Extended addressing extension field
MAC multiplicand register

MAC multiplier register

Index register X

Index register Y

Index register Z

Address extension register

Program counter

Program counter extension field
Stack pointer extension field
Multiply and accumulate sign latch
Stack pointer

Index register X extension field
Index register Y extension field
Index register Z extension field
Modulo addressing index register X mask
Modulo addressing index register Y mask
Stop disable control bit

AM overflow indicator

Half carry indicator

AM extended overflow indicator
Negative indicator

Zero indicator

Two's complement overflow indicator
Carry/borrow indicator

Interrupt priority field

Saturation mode control bit

Program counter extension field
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2.3 Pin and Signal Mnemonics
AN[7:0] — ADC Analog Inputs
ADDR[23:0] — Address Bus
AS — Address Strobe
AVEC — Autovector Request
BERR — Bus Error
BG — Bus Grant
BGACK — Bus Grant Acknowledge
BKPT — Breakpoint Request
BR — Bus Request
CLKOUT — System Clock Output

CS[10:5]; — Chip Selects
CS3; CSo

CSBOOT — Boot ROM Chip Select
CSE — External PRU Chip Select
CSM — External ROM Chip Select
DATA[15:0] — Data Bus
DS — Data Strobe
DSACK[1:0] — Data and Size Acknowledge
DSCLK — Development Serial Clock
ECLK — 6800 Bus Clock Output
DSI — Development Serial Input
DSO — Development Serial Output
EXTAL — External Clock/Reference Connection
FC[2:0] — Function Code Output
FREEZE — Freeze Request
HALT — Halt Request
IC[4:1] — GPT Input Capture
IPIPEO/IPIPE1 — Instruction Pipeline MUX
IRQ[7:0] — Interrupt Request
MISO — SPI Master In Slave Out
MODCLK — System Clock Mode Select
MOSI — SPI Master Out Slave In
OCI[5:1] — GPT Output Compare
PA[7:0] — SCIM /O Port A
PADA[7:0] — ADC Port A
PAI — GPT Pulse Accumulator Input
PB[7:0) — SCIM /O Port B

MC68HC16Y1 NOMENCLATURE MOTOROLA
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PC[6:0] —
PCLK —
PCS[3:0] —
PE[7:0] —
PF[7:0] —
PG[7:0] —
PGP[7:0] —
PH[7:0] —
PMC[7:0] —
PWMA, PWMB —
QUOT —
RW —
RESET —
RXDA —
RXDB —
SCK —
SiZ[1:0] —
35 —
TPUCH[0:15] —
TSC —
TSTME —
TXDA —
TXDB —
Vbpa/Vssa —
VDbDSYN —
VRH/VRL —
Vsse/VDDE —
VssiVppl —
VstBY —
XFC —

XTAL —

MOTOROLA
2-4

SCIM Port C

GPT Pulse Accumulator Clock
GPT Peripheral Chip Selects
SCIM I/O Port E

SCIM I/O Port F

SCIM I/O Port G

GPT I/O Port

SCIM I/O Port H

MCCI I/O Port

GPT Pulse Width Modulator Output
Quotient Out

Read/Write

Reset

SCI A Receive Data

SCI B Receive Data

SPI Serial Clock

Size

SPI Slave Select

TPU Channels

SCIM Three-State Control

SCIM Test Mode Enable

SCI A Transmit Data

SCI B Transmit Data

ADC Power

Clock Synthesizer Power

ADC Reference Voltage

External Peripheral Power (Source and Drain)
Internal Module Power (Source and Drain)
Standby RAM Power

Clock Filter Capacitor Connection
Clock Crystal Oscillator Connection

NOMENCLATURE MC68HC16Y1
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2.4 Register Mnemonics

ADCMCR —
ADCTL[0:1] —
ADSTAT —
ADTEST —
CFORC —
CFSR[0:3] —
CIER —
CISR —
CPR[0:1] —
CREG —
CSBARBT —
CSBAR[0:10] —
CSORBT —
CSPAR[0:1] —
DDRAB —
DDRE —
DDRF —
DDRG —
DDRGP —
DDRH —
DDRMC —
DNCR —
DREG —
DSCR —
DSSR —
GPTMCR —
GPTMTR —
HSQR[0:1] —
ICR —

ILSCI —
ILSPI —

LR —

MIVR —
MMCR —
MRMCR —
MTEST —
OC1D —
OC1M —
PACNT —
PACTL —
PEPAR —
PFIVR —
PFLVR —

MC68HC16Y1
USER'S MANUAL

ADC Module Configuration Register

ADC Control Registers

ADC Status Register

ADC Test Register

GPT Compare Force Register

TPU Channel Function Select Registers
TPU Channel Interrupt Enable Register
TPU Channel Interrupt Status Register
TPU Channel Priority Registers

SCIM Test Submodule Control Register
SCIM Chip Select Base Address Register Boot ROM
SCIM Chip Select Base Address Registers
SCIM Chip Select Option Register Boot ROM
SCIM Chip Select Pin Assignment Registers
SCIM Port A and B Data Direction Register
SCIM Port E Data Direction Register

SCIM Port F Data Direction Register

SCIM Port G Data Direction Register

GPT Port GP Data Direction Register

SCIM Port H Data Direction Register

MCCI PORT MC Data Direction Register
TPU Decoded Channel Number Register
SCIM Distributed Register

TPU Development Support Control Register
TPU Development Support Status Register
GPT Module Configuration Register

GPT Module Test Register

TPU Host Sequence Registers

GPT Interrupt Configuration Register

MCCI SCI Interrupt Level Register

MCCI SPI Interrupt Level Register

TPU LINK Register

MCCI Interrupt Vector Register

MCCI Configuration Register

MRM Configuration Register

MCCI Test Register

GPT OC1 Action Data Register

GPT OC1 Action Mask Register

GPT Pulse Accumulator Counter

GPT Pulse Accumulator Control Register
SCIM Port E Pin Assignment Register
SCIM Port F Interrupt Vector Register

SCIM Port F Interrupt Level Register
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PFPAR —
PICR —

PITR —
PMCPAR —
PORTA —
PORTADA —
PORTB —
PORTC —
PORTE —
PORTF —
PORTFE —
PORTG —
PORTGP —
PORTH —
PORTMC —
PORTMCP —
PRESCL —
PWMA —
PWMB —
PWMBUFA —
PWMBUFB —
PWMC —
PWMCNT —
ROMBAH —
ROMBAL —
ROMBSI[0:3] —
RSIGHI —
RSIGLO —
RSLT[0:7] —
RSR —
SCCRI0:1]A —
SCCRI[0:1]B —
SCDRA —
SCDRB —
SCIMCR —
SCIMTR —
SCIMTRE —
SCSRA —
SCSRB —
SGLR —
SPCR —
SPDR —
SPSR —
SWSR —

MOTOROLA
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SCIM Port F Pin Assignment Register
SCIM Periodic Interrupt Control Register
SCIM Periodic Interrupt Timer Register
MCCI Port MC Pin Assignment Register
SCIM Port A Data Register

ADC Port ADA Data Register

SCIM Port B Data Register

SCIM Port C Data Register

SCIM Port E Data Register

SCIM Port F Data Register

SCIM Port F Edge Detection Register
SCIM Port G Data Register

GPT Port GP Data Register

SCIM Port H Data Register

MCCI Port MC Data Register

MCCI Port MC Pin State Register

GPT Prescaler Register

GPT PWM Control Register A

GPT PWM Control Register B

GPT PWM Buffer Register A

GPT PWM Buffer Register B

GPT PWM Control Register C

GPT PWM Count Register

ROM Array Base Address Register High
ROM Array Base Address Register Low
ROM Bootstrap Words

ROM Signature High

ROM Signature Low

ADC Result Registers

SCIM Reset Status Register

MCCI SCI A Control Registers

MCCI SCI B Control Registers

MCCI SCI A Data Register

MCCI SCI B Data Register

SCIM Configuration Register

SCIM Test Register

SCIM Test Register (ECLK)

-MCCI SCI A Status Register

MCCI SCI B Status Register

TPU Service Grant Latch Register

MCCI SPI Control Register

MCCI SPI Data Register

MCCI SPI Status Register

SCIM Software Watchdog Service Register
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SYNCR — SCIM Clock Synthesizer Control Register .
SYPCR — SCIM System Protection Control Register i
TCNT — GPT Timer Counter Register
TCR — TPU Module Test Configuration Register
TCTL[1:2] — GPT Timer Control Registers
TFLG[1:2] — GPT Timer Interrupt Flag Registers
TI4/05 — GPT Input Capture 4/Output Compare 5 Register
TICR — TPU Interrupt Control Register
TIC[1:3] — GPT Input Capture Registers
TMSK[1:2] — GPT Timer Interrupt Mask Registers
TOC[1:4] — GPT Output Compare Registers
TPUMCR — TPU Module Configuration Register
TPURAM[0:15] — GPT TPU Channel Parameter RAM
TRAMBAH — RAM Array Base Address Register High
TRAMBAL — RAM Array Base Address Register Low
TRAMMCR — RAM Module Configuration Register
TRAMTST — RAM Test Register
TSTMSRA — SCIM Master Shift Register A
TSTMSRB — SCIM Master Shift Register B
TSTRC — SCIM Test Module Repetition Count
TSTSC — SCIM Test Module Shift Count

MC68HC16Y1 NOMENCLATURE MOTOROLA
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2.5 Conventions

Logic level one is the voltage that corresponds to a Boolean true (1) state.
Logic level zero is the voltage that corresponds to a Boolean false (0) state.
Set refers specifically to establishing logic level one on a bit or bits.

Clear refers specifically to establishing logic level zero on a bit or bits.

Asserted means that a signal is in active logic state. An active low signal
changes from logic level one to logic level zero when asserted, and an active
high signal changes from logic level zero to logic level one.

Negated means that an asserted signal changes logic state. An active low
signal changes from logic level zero to logic level one when negated, and an
active high signal changes from logic level one to logic level zero.

A specific mnemonic within a range is referred to by mnemonic and number:
A15 is bit 15 of Accumulator A; ADDR?7 is line 7 of the address bus; CSORO0 is
chip-select option register 0. A range of mnemonics is referred to by
mnemonic and the numbers that define the range: AM[35:30] are bits 35 to 30
of Accumulator M; CSOR][0:5] are the first six option registers

Parentheses are used to indicate the content of a register or memory location,
rather than the register or memory location itself. (A) is the content of
Accumulator A. (M : M + 1) is the content of the word at address M.

LSB means least significant bit or bits. MSB means most significant bit or bits.
References to low and high bytes are spelled out.

LSW means least significant word or words. MSW means most significant
word or words.

ADDR is the address bus. ADDR[7:0] are the eight LSB of the address bus.

DATA is the data bus. DATA[15:8] are the eight MSB of the data bus.

MOTOROLA NOMENCLATURE MC68HC16Y1
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SECTION 3
OVERVIEW

This section contains information about the entire MC68HC16Y1 modular
microcontroller. It lists the features of each module, shows device functional
divisions and pinouts, summarizes signal and pin functions, discusses the
intermodule bus, and provides system memory maps. Timing and electrical
specifications for the entire microcontroller and for individual modules are
provided in APPENDIX A ELECTRICAL CHARACTERISTICS.
Comprehensive module register descriptions and memory maps are provided
in APPENDIX D REGISTER SUMMARY.

3.1 MC68HC16Y1 Features

The following paragraphs highlight capabilities of each of the microcontroller
modules. Each module is discussed separately in a subsequent section of this
reference manual.

3.1.1 Single-Chip Integration Module

» Single Chip or Expanded Modes of Operation

+ External Bus Support in Expanded Mode

» Eight General-Purpose Chip-Select Outputs

+ Two Emulation-Mode Chip-Select Outputs

+ Boot ROM Chip-Select Output

» System Protection Logic

» Watchdog Timer, Clock Monitor, and Bus Monitor

« Parallel Port Option on Address and Data Bus in Single-Chip Mode
« Phase-Locked Loop (PLL) Clock System

3.1.2 CPU16

» 16-Bit Architecture

» Full Set of 16-Bit Instructions

» Three 16-Bit Index Registers

* Two 16-Bit Accumulators

« Control-Oriented Digital Signal Processing Capability

+ One Megabyte of Program Memory and One Megabyte of Data Memory
« High-Level Language Support

+ Fast Interrupt Response Time

« Background Debugging Mode

MC68HC16Y1 OVERVIEW MOTOROLA
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3.1.3 Analog-to-Digital Converter

» Eight Channels, Eight Result Registers
» Eight Automated Modes
* Three Result Alignment Modes

3.1.4 Multichannel Communication Interface

« Dual Serial Communication Interface
» Serial Peripheral Interface

3.1.5 General-Purpose Timer

Two 16-Bit Free-Running Counters with Prescaler
Three Input Capture Channels

Four Output Compare Channels

One Input Capture/Output Compare Channel

One Pulse Accumulator/Event Counter Input

Two Pulse-Width Modulation Qutputs

Optional External Clock Input

* (] ° (] ] L] L]

3.1.6 Time Processor Unit

Dedicated Microengine Operating Independently of CPU16
Sixteen Independently Programmable Channels and Pins

Two Timer Count Registers with Programmable Prescalers
Selectable Channel Priority Levels

L] * L] *

3.1.7 Standby RAM with TPU Emulation

*  Two Kbyte Standby RAM
» External Standby Voltage Supply Input
* Power Down Status Flag

- 3.1.8 Masked ROM

48 Kbyte 16-Bit Array

User-Selectable Default Base Address
User-Selectable Bootstrap ROM Function
User-Selectable ROM Verification Code

. L] . L]

3.2 System Block and Pin Assignment Diagrams

Figure 3-1 is a functional diagram of the MC68HC16Y1. Although the blocks in
the diagram represent the physical modules, there is not a one-to-one
correspondence between location and size of blocks in the diagram and
location and size of integrated-circuit modules. Figure 3—-2 shows the pin
assignments. Refer to APPENDIX B MECHANICAL DATA AND
ORDERING INFORMATION for package dimensions. All pin functions and
signal names are shown in these drawings. Refer to subsequent paragraphs in

this section for pin and signal descriptions.
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VDDSYNCT
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VDDI=
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1 FC2/CS5/PC2
D FC1/PCH

™ FCO/CS3IPCO
CSBOOT
CIVSSE

0 BR/ICSO

DATAO/PHO
118 DATA1/PH1
117p DATAZ/PH2
116[m DATAY/PH3
115p0 DATA4/PH4
1140 DATAS/PHS

1115 DATABIPGO
110} DATA9/PG1

1030 DATA14/PG6
102[ DATA15/PG7
101j=3 vSS|

1003 ADDRO

MODCLK/PFO
IRQ1/PF1
IRQZ/PF2

Y1 160-PINQFP

Figure 3-2. MC68HC16Y1 Pin Assignment for 160-Pin Package
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3.3 Pin Descriptions

The following tables summarize the functional characteristics of MC68HC16Y1
pins. Table 3—1 shows types of output drivers. Table 3—2 shows all inputs and

outputs.

Digital inputs and outputs use CMOS logic levels. An entry in the

Discrete I/0 column indicates that a pin can also be used for general-purpose
input, output, or both. The I/O port designation is given when it applies. Table
Refer to Figure 3-1 for port

3-3 shows characteristics of power pins.

organization.

Table 3-1. MC68HC16Y1 Driver Types

Type 1/0 Description
A (o] Output-only signals that are always driven; no external pull-up required
Aw (@) Type A output with weak P-channel pull-up during reset
Bl O Three-state output that includes circuitry to pull up output before high impedance is
established, to ensure rapid rise time. An external holding resistor is required to
maintain logic level while the pin is in the high-impedance state.
Bo (@] Type B output that can be operated in an open-drain mode

NOTE: Pins with this type of driver can only go into high impedance state under certain conditions. The
TSC signal can put all pins with this type of driver in high-impedance state.

Table 3-2. MC68HC16Y1 Pin Characteristics

Pin Output Input Input Discrete Port
Mnemonic Driver | Synchronized | Hysteresis 1/0 Designation
ADDR23/CS10/ECLK A Y N — —
ADDR[22:19)/CS[9:6] A Y N o C[6:3]
ADDR[18:11] A Y N 1/0 A[7:0] |
ADDR[10:3] A Y N 1/0 B[7:0]
ADDR[2:0] A Y N — —
AN[7:0]' — Y* N ! AD[7:0]
AS B Y N 1/0 E4
AVEC B Y N 1/0 E2
BERR — Y N — —
BGACK/CSE B Y N — —
BG/CSM B — — — —
BKPT/DSCLK — Y Y — —
BR/CS0 B Y N — —
CLKOUT A — — — —
CSBOOT B — — — —
DATA[15:8]1 AW Y N 110 G[7:0]
DATA[7:0]! AW Y N 10 H[7:0]
DS B Y N 110 E5
DSACK1 B Y N 170 E1
DSACKO B Y N 110 EO
MC68HC16Y1 OVERVIEW MOTOROLA
USER'S MANUAL 3-5




Table 3-2. MC68HC16Y1 Pin Characteristics (Continued)

MOTOROLA

Pin Output Input Input Discrete Port
Mnemonic Driver | Synchronized | Hysteresis 170 Designation
DSV/IPIPE1 A Y Y — —
DSO/IPIPEO A Y Y — —

EXTAL2 - - — — —
FC2/CS5 A Y N o co
FC1 A Y N o Ci
FCO/CS3 A Y N o c2
FREEZE/QUOT A — — — —
HALT Bo Y N — —
1C4/0C5 A Y Y 110 GP4
IC[3:1] A Y Y 110 GP[7:5]
IRQ[7:1] B Y Y 170 F[7:1]
MISO Bo Y Y 170 MCo
MODCLK]1 B Y N 110 Fo
MOSI Bo Y Y 110 MC1
OCl[4:1] A Y Y 170 GP[3:0]
PAI3 — Y Y ! —
PCLK3 — Y Y ! —
Ss Bo Y Y 110 MC3
PE3 Bo Y Y 1/0 E3
PWMA, PWMB4 A — — o -
RW A — — — -
RESET Bo Y Y — —
RXDA Bo Y Y 110 MCé
RXDB Bo Y Y 1/0 Mc4
SCK Bo Y Y 110 McC2
S1Z[1:0] B Y N 1/0 E[7:6]
TSC — Y Y — —
TPUCH[15:0] A Y Y — —
T2CLK — Y Y — —
TXDA Bo Y Y 1/0 McC7
TXDB Bo Y Y 110 MC5
VRH? — — — — —
VAL — - — — —
XFC2 — - - - —
XTAL2 - — — - -
NOTES
1. DATA[15:0] are synchronized during reset only. MODCLK, MCCI and ADC pins are
synchronized only when used as input port pins.
2. EXTAL, XFC, and XTAL are clock reference connections.
3. PAl and PCLK can be used for discrete input, but are not part of an /O port.
4. PWMA and PWMB can be used for discrete output, but are not part of an /O port.
5. VRH and VRL are ADC reference voltage inputs.
OVERVIEW MC68HC16Y1
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Table 3-3. MC68HC16Y1 Power Connections

VsTtBY Standby RAM Power/Clock Synthesizer Power
VDDSYN Clock Synthesizer Power
Vbpa/Vssa A/D Converter Power
Vsse/VppE External Periphery Power (Source and Drain)

3.4 Signal Descriptions

The following tables define the MC68HC16Y1 signals. Table 3—4 shows signal
origin, type, and active state. Table 3-5 describes signal functions. Both tables

are sorted alphabetically by mnemonic.

functions. More than one description can apply to a pin.

MCU pins often have multiple

Table 3-4. MC68HC16Y1 Signal Characteristics

Signal Name MCU Module Signal Type Active State
ADDR[23:0] SCIM Bus —
AN[7:0] ADC Input —
AS SCIM Output 0
AVEC SCIM Input 0
BERR SCIM Input 0
BG SCIM Output 0
BGACK SCIM Input 0
BKPT CPU16 Input 0
BR SCIM Input 0
CLKOUT SCIM Output —
CS[10:5], CS3, CS0 SCIM Output 0
CSBOOT SCIM Output 0
CSE . SCIM Output 0
CSM SCIM Output 0
DATA[15:0] SCIM Bus —
DS SCIM Output 0
DSACK[1:0] SCIM Input

DSCLK CPU16 Input Serial Clock

DSl CPU16 Input (Serial Data)

DSO CPU16 Output (Serial Data)
ECLK CPU16 Output —
EXTAL SCIM Input —
FC[2:0] SCIM Output —_
FREEZE SCIM Output 1
HALT SCIM Input/Output 0
IC[4:1] GPT Input —
IPIPEO CPU16 Output —
IPIPE1 CPU16 Output —

MC68HC16Y1 OVERVIEW MOTOROLA
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Table 3-4. MC68HC16Y1 Signal Characteristics (Continued)

Signal Name MCU Module Signal Type Active State
IRQ[7:1] SCIM Input 0
MISO MCCI Input/Output —
MODCLK SCIM Input —
MOSI MCCI Input/Output —
OCI5:1] GPT Output —
PADA[7:0] ADC Input —
PAI GPT Input —
PA[7:0] SCIM Input/Output —
PB[7:0] SCIM Input/Output —
PCLK GPT Output —
PC[6:0] SCIM Input/Output —
pE[7:o]1 SCIM Input/Output —
PF[7:0] SCIM Input/Output —
PG[7:0] SCIM Input/Output —
PGP[7:0] GPT Input/Output —
PH[7:0] SCIM Input/Output —
PMC[7:0] MCCI Input/Output —_
PWMA, PWMB GPT Output —
QUOT SCIM Output —
RW SCIM Output —
RESET SCIM Input/Output 0
RXDA MCCI Input —
RXDB MCCI Input —
SCK MCCI Input/Output —
S1Z[1:0] SCIM Output —
Ss Mccl Input 0
T2CLK TPU Input —
TPUCH[15:0] TPU Input/Output —
TSC SCIM Input 1
TXDA MCCI Output —
TXDB MCCI Output —
XFC SCIM Input —
XTAL SCIM Output —

MOTOROLA OVERVIEW MC68HC16Y1
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Table 3-5. MC68HC16Y1 Signal Function

Signal Name Mnemonic Function

Address Bus ADDR[19:0] | 20-bit address bus used by CPU16

Address Bus ADDR[23:20] | 4 MSB of IMB, logic states same as state of ADDR19

ADC Analog Input AN[7:0] Inputs to ADC MUX

Address Strobe AS Indicates that a valid address is on the address bus

Autovector AVEC Requests an automatic vector during interrupt acknowledge

Bus Error BERR Indicates that a bus error has occurred

Bus Grant BG Indicates that the MCU has relinquished the bus

Bus Grant BGACK Indicates that an external device has assumed bus mastership

Acknowledge

Breakpoint BKPT Signals a hardware breakpoint to the CPU

Bus Request BR Indicates that an external device requires bus mastership

System Clockout CLKOUT System clock output

General-Purpose CS[10:5], | Select external devices at programmed addresses

Chip Selects CS3,CSo

Boot ROM Chip Select CSBOOT | Chip select for external boot startup ROM

Emulation Mode CSE,CSM | Select external emulation devices at internally mapped

Chip Selects addresses. CSE is used for I/O port emulation, and CSM is
used for ROM emulation.

Data Bus DATA[15:0] | 16-bit data bus

Data Strobe DS During a read cycle, indicates that an external device should
place valid data on the data bus. During a write cycle, indicates
that valid data is on the data bus.

Data and Size DSACK[1:0] | Provide asynchronous data transfers and dynamic bus sizing

Acknowledge

Development Serial In, DSI, DSO, Serial I/O and clock for background debug mode

Out, Clock DSCLK

External Clock ECLK M86800 bus clock output

Crystal Oscillator EXTAL, XTAL | Connections for clock synthesizer circuit reference;
a crystal or an external oscillator can be used

Function Codes FC[2:0] Identify processor state and current address space

Freeze FREEZE Indicates that the CPU has entered background mode

Halt HALT Suspend external bus activity

Instruction Pipeline IPIPE[1:0] | Indicate instruction pipeline activity

Interrupt Request IRQ[7:1] | Provides an interrupt priority level to the CPU

Master In Slave Out MISO Serial input to SPIin master mode;
serial output from SPI in slave mode

Clock Mode Select MODCLK Selects the source and type of system clock

Master Out Slave In MOSI Serial output from SPI in master mode;
serial input to SPI in slave mode

Port ADA PADA[7:0] | ADC general-purpose input port

Port A PA[7:0] SCIM general-purpose input/output port

Port B PB[7:0] SCIM general-purpose input/output port

Timer Clock Input PCLK Allows GPT to be clocked by an external source

Port C PC[6:0] SCIM general-purpose input/output port

MC68HC16Y1
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Table 3-5. MC68HC16Y1 Signal Function (Continued)

Signal Name Mnemonic Function

Port E PE[7:0] SCIM general-purpose input/output port

Port F PF([7:0] SCIM general-purpose input/output port

Port G PG[7:0] SCIM general-purpose input/output port

Port GP PGP[7:0] GPT general-purpose input/output port

Port H PH[7:0] SCIM general-purpose input/output port

Port MC PMC[7:0] MCCI general-purpose input/output port

Quotient Out QuoT Provides the quotient bit of the polynomial divider

Read/Write RW Indicates the direction of data transfer on the bus

Reset RESET System reset input. Clocked into SCIM.

SCI Transmit Data TXDA, TXDB | Serial output from SCI

SCl Receive Data RXDA, RXDB | Serial input to SCI

SPI Serial Clock SCK Clock output from SPI in master mode;
clock input to SPI in slave mode

Size S1Z[1:0] Indicates the number of bytes to be transferred during a bus
cycle

Slave Select Ss Selects SPI slave device; assertion while a device is in master
mode causes mode fault

Three-State Control TSC Places all output drivers in a high-impedance state

TPU Channels TPUCH[15:0] | Independently programmable timer channels

TPU Clock T2CLK External TPU clock input

External Filter XFC Connection for external phase-locked loop filter capacitor

Capacitor

3.5 Intermodule Bus

The intermodule bus (IMB) is a standard bus developed to facilitate design of
modular microcontrollers. MC68HC16Y1 modules communicate with one
another and with external components via the IMB. Although the full IMB
supports 24 address and 16 data lines, the CPU16 uses only 16 data lines and
20 address lines — ADDRJ[23:20] are driven to the same value as ADDR19.
ADDR][23:20] are brought out to pins for test purposes.

3.6 System Memory Maps

3.6.1

MOTOROLA

3-10

Figures 3-3 through 3-5 are system memory maps. Figure 3-3 shows IMB
addresses of internal registers and memory arrays. Figures 3—4 and 3-5 show
system memory maps for two external address decoding schemes.

Internal Register Map

In Figure 3-3, IMB ADDRJ[23:20] are represented by the letter Y. The value
represented by Y determines the base address of MCU module control
registers. For the MC68HC16Y1, Y is equal to M111, where M is the logic state
of the module mapping (MM) bit in the SCIMCR. Because the CPU16 uses only

MC68HC16Y1
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ADDR[19:0], and ADDRJ[23:20] are driven to the same logic state as ADDR19,
the CPU cannot access IMB addresses from $080000 to $F7FFFF. MM must be
set (Y must equal $F) for the MCU to function correctly. If M is cleared, internal
registers are mapped to base address $700000, and are inaccessible until a
reset occurs. RAM and ROM arrays are mapped by base address registers in
their respective control blocks. Unimplemented blocks are mapped externally.

3.6.2 Pseudolinear Address Maps

Figures 3—4 and 3-5 show the complete CPU16 pseudolinear address space.
Address space can be split into physically distinct program and data spaces by
decoding the MCU function code outputs. Figure 3—4 shows the memory map
of a system that has combined program and data spaces. Figure 3—-5 shows the
memory map when MCU function code outputs are decoded.

Reset and exception vectors are mapped into bank 0 and cannot be relocated.
The CPU16 program counter, stack pointer, and Z index register can be
initialized to any address in pseudolinear memory, but exception vectors are
limited to 16-bit addresses. To access locations outside of bank 0 during
exception handler routines (including interrupt exceptions), a jump table must
be used. Refer to SECTION 5 CENTRAL PROCESSING UNIT for more
information concerning memory management, extended addressing, and
exception processing. For more information concerning function codes,
address space types, resets, and interrupts, refer to SECTION 4 SINGLE-
CHIP INTEGRATION MODULE.

MC68HC16Y1 OVERVIEW MOTOROLA
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$YFF700
$YFF73F

$YFF820
$YFF83F

$YFF900
$YFF93F K TPURAM
$YFFA00

$YFFA7F

$YFFBOO
$YFFB3F

$YFFC00
$YFFC3F

$YFFE0O

48K ROM ARRAY
APPED TO ANY 64K BOUNDAR

$YFFFFF

Y1 ADDRESS M#P

Figure 3-3. Internal Register Addresses
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VECTOR | VECTOR TYPEOF
ADDRESS | NUMBER EXCEPTION

A $00000 0000 0 RESET — INIIAL ZK. SK.AND PK_| $00000
0002 RESET — INTIALPC
0004 RESET —INITIALSP
0006 RESET — INITIAL IZ (OIRECT PAGE)
$10000 0008 4 BKPT (BREAKPOINT)
000A 5 BERR (BUS ERROR;
000C 6 SWI (SOFTWARE INTERRUPT)
____________________ 000E 7 TLLEGAL INSTRUCTION
$20000 |[aankz 0010 8 DIVISION BY ZERO
0012-001C] 9-E UNASSIGNED, RESERVED
001E F UNINITIALIZED INTERRUPT
$30000 [gwer~~~""f~~"""" 0020 10 UNASSIGNED, RESERVED
BANK3 0022 71| LEVEL1 INTERRUPT AUTOVECTOR]

0024 12 LEVEL 2INTERRUPT AUTOVECTOR
0026 13 LEVEL 3 INTERRUPT AUTOVECTOR

____________________ 0028 14 LEVEL 4 INTERRUPT AUTOVECTOR
$40000 [sank4 002A 15[ LEVEL5INTERRUPT AUTOVECTOR
002C_| 16 | LEVEL 6INTERRUPT AUTOVECTOR
00E | 17 | LEVEL7INTERRUPT AUTOVECTOR
———————————————————— 0030 | 18 SPURIOUS INTERRUPT
$50000 [anks 0032-006E|_18-37 UNASSIGNED, RESERVED

_NASSMANLD, HEOEAVES) | .
|0070-01FE| 38-FF USER-DEFINED INTERRUPTS $001 FE

$60000 [anks

$70000 [gank7 : $FF700

1 MBYTE PROGRAM

——————— AND DATA ------
$80000 |aanks SPACE $FF73F
$90000 [aaks ~~"TT[TTTTTTTTT $FF900
$A0000 feankio [T $FFO3F
1 $FFA00

$B0000 [eankii [T :

| $FFA7F

I b
$C0000 faanki2 $FFBOO
———————————————————— $FFB3F

$D0000 [eank13

$E0000 |gank14

$F0000

Y SFFFFF

Y1 MEM MAP (COMBINED)

Figure 3-4. Pseudolinear Addressing With Combined Program and Data
Spaces
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A $00000
$00008
$10000

$20000
$30000
$40000
$50000
$60000
$70000
1 MBYTE

$80000
$90000
$A0000
$B0000
$C0000
$D0000

$E0000

$F0000

Y S$FFFFF

Figure 3-5.

__________

MOTOROLA

3-14

VECTOR | VECTOR TYPE OF
ADDRESS | NUMBER EXCEPTION
0000 0 RESET — INITIAL ZK, SK, AND PK
0002 1 RESET — INITIAL PC
0004 2 RESET — INITIAL SP.
0006 3 RESET — INITIAL IZ (DIRECT PAGE),
VECTOR | VECTOR TYPEOF
ADDRESS | NUMBER EXCEPTION
0008 4 BKPT (BREAKPOINT)
000A BERR (BUS ERROR)
000C SWI (SOFTWARE INTERRUPT]
000E ILLEGAL INSTRUCTION
0010 DIVISION BY ZERO
0012-001C| 9-E UNASSIGNED, RESERVED
001E F UNINITIALIZED INTERRUPT
0020 NASSIGNED, RESERVED |
0022 EVEL 1 INTERRUPT AUTOVECTOR]|
0024 EVEL 2 INTERRUPT AUTOVECTOR
0026 EVEL 3 INTERRUPT AUTOVECTOR
0028 LEVEL 4 INTERRUPT AUTOVECTOR
002A 5 LEVEL 5INTERRUPT AUTOVECTOR
002C 16 LEVEL 6 INTERRUPT AUTOVECTOR
002E 17 LEVEL 7 INTERRUPT AUTOVECTOR
0030 18 SPURIOUS INTERRUPT
0032-006E| 19-37 UNASSIGNED, RESERVED
0070-01FE|_38-FF USER-DEFINED INTERRUPTS _|
$FF700
$FF73F
$FF900
$FFO3F
$FFA00
$FFA7F
$FFBOO
$FFB3F
$FFCOO [
$FFC3F
$FFE00
$FFFFF

Spaces

OVERVIEW

$00000

$00008

$10000

$20000

$30000

$40000

$50000

$60000

$70000

$80000

$90000

$A0000

$B0000

$C0000

$D0000

$E0000

$F0000

$FFFFF

Y1 MEM MAP (SEPARATED)

MC68

Pseudolinear Addressing With Separated Program and Data

HC16Y1
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3.7 System Reset

System reset is a complex operation. The following paragraphs summarize
reset operations. For a detailed description of SCIM operation during and after
reset, refer to SECTION 4 SINGLE-CHIP INTEGRATION MODULE.

The logic states of certain pins during reset determines SCIM operating n
configuration. The SCIM reads pin configuration from DATA[11:0], internal

module configuration from DATA[15:12], and basic operating information from

BERR, MODCLK, and BKPT.

The BERR, MODCLK, BKPT, and DATA pins are normally pulled high internally
during reset, causing the MCU to default to a specific configuration. However, a
user can drive pins low during reset to achieve alternate configurations.

Basic operating options include system clock selection, background mode
disable/enable, and external bus configuration. The MC68HC16Y1 can be
configured as a fully-expanded MCU with a 24-bit external address bus, a 16-bit
data bus, and separate chip-select signals; as a partially-expanded MCU with a
24-bit address bus and an 8-bit external data bus; or as a single-chip MCU with
no external buses.

Table 3-6 is a summary of basic configuration options.

Table 3-6. Basic Configuration Options

Select Pin Default Function Alternate Function
(Pin Left High) (Pin Pulled Low)
MODCLK Synthesized System Clock External System Clock
BKPT Background Mode Disabled Background Mode Enabled
7 BERR Expanded Mode Single-Chip Mode
DATAT1 (if BERR = 1) 8-Bit Expanded Mode 16-Bit Expanded Mode

Many SCIM pins, including data and address bus pins, have multiple functions.
The functions of these pins depend on the configuration selected during reset.

In expanded modes, the values of DATA[11:0] during reset determine the
functions of pins with multiple functions. The functions of some pins can be
changed subsequently by writing to a pin assignment register. Data bus pins
have internal pull-ups and must be pulled low to achieve the desired alternate
configuration.

MC68HC16Y1 OVERVIEW MOTOROLA
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External bus configuration determines which address and data bus lines are
used and which general-purpose 1/O ports are available. ADDR[18:3] serve as
pins for ports A and B when the MCU is operating in single-chip mode.
DATA[7:0] serve as port H pins in partially-expanded and single-chip modes,
and DATA[15:8] serve as port G pins during single-chip operation. Table 3-7 is
a summary of bus and port configuration.

Table 3-7. Bus and Port Configuration Options

MOTOROLA

3-16

Bus Address Bus Data Bus 1/0 Ports
Configuration Pins [18:3] Pins [15:0]
Fully Expanded ADDR[18:3] DATA[15:0] —
Partially Expanded ADDR([18:3] DATA[15:8] DATA[7:0] = Port H
Single Chip None None ADDR[18:11] = Port A
: ADDR[10:3] = Port B
DATA[15:8] = Port G
DATA[7:0] = Port H
OVERVIEW MC68HC16Y1
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SECTION 4
SINGLE-CHIP INTEGRATION MODULE

The single-chip integration module (SCIM) determines system configuration
and operating mode, monitors operation, controls clock source and speed,
manages internal and external bus interfaces, provides chip-select signals, and
performs system test. This section provides sufficient information for normal use

of the SCIM. Refer to the SCIM Reference Manual (SCIMRM/AD) for detailed
information.

4.1 General
The SCIM consists of five functional blocks, shown in Figure 4-1.

MC68HC16Y1 SINGLE-CHIP INTEGRATION MODULE MOTOROLA
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SYSTEM CONFIGURATION
AND PROTECTION

3 CLKOUT

CLOCK SYNTHESIZER €« EXTAL
< MODCLK
UPPER ADDRESS
CHIP SELECTS > CHIP SELECTS

<:> exesnaL s
EXTERNAL BUS INTERFACE

[<€——> RESET

[€——— T1sC

FACTORY TEST ~
%> FREEZE/QUOT

SCIMBLOCK

Figure 4-1. Single-Chip Integration Module Block Diagram

The configuration and protection block controls basic system configuration and
provides bus and software watchdog monitors. It also includes a periodic
interrupt generator to support the execution of time-critical control routines.

The system clock generates clock signals used by the SCIM, other IMB
modules, and external devices.

The external bus interface handles the transfer of information between IMB
modules and external address space.

The chip-select block provides eight general-purpose chip-select signals, two
emulation chip-select signals, and a boot ROM chip-select signal. Each
general-purpose chip-select signal has an associated base register and option
register that contain the programmable characteristics of that chip select.

MOTOROLA SINGLE-CHIP INTEGRATION MODULE MC68HC16Y1
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The system test block incorporates hardware necessary for testing the MCU. it
is used to perform factory tests. lts use in normal applications is not supported.

The SCIM has three basic operating modes.

In fully-expanded mode, the SCIM provides a 24-bit external address bus
and a 16-bit external data bus, eight general-purpose chip-select lines, a
boot ROM chip-select line, and seven interrupt-request inputs. The bus-
control pins, the chip-select pins, and the interrupt-request pins can be
configured as general-purpose 1/O ports. In addition, two emulation chip-
select lines are available — the CSE line can be used to select an external
port-replacement unit, and the CSM line can be used to select an external
ROM-emulation device.

In partially-expanded mode, the SCIM provides a single general-purpose /O
port, a 24-bit external address bus, an 8-bit external data bus, seven
general-purpose chip-select lines, a boot ROM chip-select line, and seven
interrupt-request inputs. The bus-control pins, the chip-select pins, and the
interrupt-request pins can be configured as general-purpose 1/O ports.

In single-chip mode, the SCIM provides seven general-purpose /O ports, no
external address or data buses, one general-purpose chip-select line, and a
boot ROM chip-select line.

Although the SCIM makes up to 24 address lines available, the CPU16 module
drives only ADDR[19:0]. Since ADDR[23:20] are driven to the same state as
ADDR19, the external bus size is effectively 20 bits.

Operating mode is determined by the logic states of specific MCU pins during
reset. Refer to 4.6 Reset for a detailed description of reset and operating
modes.

4.2 System Configuration and Protection

The system configuration functional block controls device module mapping,
monitors internal activity, and provides periodic interrupt generation. Figure
4-2 is a block diagram of the submodule.
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MODULE CONFIGURATION
AND TEST

RESET STATUS

HALT MONITOR

3 RESET REQUEST

> BERR

BUS MONITOR

SPURIOUS INTERRUPT MONITOR

CLOCK ———>

29
PRESCALER

SOFTWARE WATCHDOG TIMER

> RESET REQUEST

PERIODIC INTERRUPT TIMER

> IRQ[71]

SYS PROTECT BLOCK

Figure 4-2. System Configuration and Protection
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4.2.1

4.2.2

4.2.3

Module Mapping

Control registers for all the modules in the microcontroller are mapped into a
four Kbyte block. The state of the module mapping bit (MM) in the SCIM
configuration register (SCIMCR) determines where the control register block is
located in the system memory map. When MM = 0, register addresses range
from $7FF000 to $7FFFFF; when MM = 1, register addresses range from
$FFF000 to $FFFFFF.

ADDR[23:20] are driven to the same logic state as ADDR19. MM corresponds
to IMB ADDR23. If MM is cleared, the SCIM maps IMB modules into address
space $7FF000-$7FFFFF, which is inaccessible to the CPU16. Modules
remain inaccessible until reset occurs. The reset state of MM is one, but the bit
can be written once. Initialization software should make certain that MM
remains set.

Interrupt Arbitration

Each module that can generate interrupt requests has an interrupt arbitration
(IARB) field. Arbitration between interrupt requests of the same priority is
performed by serial contention between IARB field bit values. Contention must
take place whenever an interrupt request is acknowledged, even when there is
only a single request pending. For contention to take place, an IARB field must
have a non-zero value. If an interrupt request from a module with an IARB field
value of %0000 is recognized, the CPU16 processes a spurious interrupt
exception.

Because the SCIM routes external interrupt requests to the CPU16, the SCIM
IARB field value is used for arbitration between internal and external interrupts
of the same priority. The reset value of IARB for the SCIM is %1111, and the
reset IARB value for all other modules is %0000, which prevents SCIM
interrupts from being discarded during initialization. Refer to 4.7 Interrupts for
a discussion of interrupt arbitration.

Show Internal Cycles

A show cycle allows internal bus transfers to be monitored externally. The
SHEN field in the MCR determines what the external bus interface does during
internal transfer operations. Table 4—1 shows whether data is driven externally,
and whether external bus arbitration can occur. Refer to 4.5.6.2 Show
Cycles for more information.

MC68HC16Y1 SINGLE-CHIP INTEGRATION MODULE MOTOROLA
USER'S MANUAL 4-5




4.2.5

4.2.6

Table 4-1. Show Cycle Enable Bits

SHEN Action
00 Show cycles disabled, external arbitration enabled
01 Show cycles enabled, external arbitration disabled
10 Show cycles enabled, external arbitration enabled
11 Show cycles enabled, external arbitration enabled;
internal activity is halted by a bus grant

Factory Test Mode

The IMB can be slaved to an external master. This mode is reserved for factory
test. Test mode is enabled by holding DATA11 low during reset. The read-only
slave enabled (SLVEN) bit shows the reset state of DATA11.

Register Access
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