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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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Table 4-4 summarizes the processing of each source for both enabled and disabled
cases. As shown in Table 4-4, the BKPT instruction never causes a transition into
BDM.

4.10.4.1 External BKPT Signal

Once enabled, BDM is initiated whenever assertion of BKPT is acknowledged. If BDM
is disabled, a breakpoint exception (vector $0C) is acknowledged. The BKPT input has
the same timing relationship to the data strobe trailing edge as does read cycle data.
There is no breakpoint acknowledge bus cycle when BDM is entered.

4.10.4.2 BGND Instruction

An illegal instruction, $4AFA, is reserved for use by development tools. The CPU32
defines $4AFA (BGND) to be a BDM entry point when BDM is enabled. If BDM is
disabled, an illegal instruction trap is acknowledged. 

4.10.4.3 Double Bus Fault

The CPU32 normally treats a double bus fault, or two bus faults in succession, as a
catastrophic system error, and halts. When this condition occurs during initial system
debug (a fault in the reset logic), further debugging is impossible until the problem is
corrected. In BDM, the fault can be temporarily bypassed, so that the origin of the fault
can be isolated and eliminated.

4.10.4.4 Peripheral Breakpoints

CPU32 peripheral breakpoints are implemented in the same way as external break-
points — peripherals request breakpoints by asserting the BKPT signal. Consult the
appropriate peripheral user’s manual for additional details on the generation of
peripheral breakpoints.

4.10.5 Entering BDM

When the processor detects a breakpoint or a double bus fault, or decodes a BGND
instruction, it suspends instruction execution and asserts the FREEZE output. This is
the first indication that the processor has entered BDM. Once FREEZE has been as-
serted, the CPU enables the serial communication hardware and awaits a command.

The CPU writes a unique value indicating the source of BDM transition into temporary
register A (ATEMP) as part of the process of entering BDM. A user can poll ATEMP
and determine the source (refer to Table 4-5) by issuing a read system register com-
mand (RSREG). ATEMP is used in most debugger commands for temporary storage

Table 4-4 BDM Source Summary
Source BDM Enabled BDM Disabled
BKPT Background Breakpoint Exception

Double Bus Fault Background Halted
BGND Instruction Background Illegal Instruction

BKPT Instruction
Opcode Substitution/

Illegal Instruction
Opcode Substitution/ 

Illegal Instruction
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Figure 5-1  System Integration Module Block Diagram

5.2 System Configuration

The SIM configuration register (SIMCR) governs several aspects of system operation.
The following paragraphs describe those configuration options controlled by SIMCR.

5.2.1 Module Mapping

Control registers for all the modules in the microcontroller are mapped into a 4-Kbyte
block. The state of the module mapping bit (MM) in the SIM configuration register
(SIMCR) 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. 

5.2.2 Interrupt Arbitration

Each module that can request interrupts has an interrupt arbitration (IARB) field. Arbi-
tration between interrupt requests of the same priority is performed by serial conten-
tion 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 an
interrupt to be serviced, the appropriate 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
CPU32 processes a spurious interrupt exception. 

300 S(C)IM BLOCK

SYSTEM CONFIGURATION

CLOCK SYNTHESIZER

CHIP-SELECTS

EXTERNAL BUS INTERFACE

FACTORY TEST

CLKOUT
EXTAL

MODCLK

CHIP-SELECTS
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RESET

TSTME/TSC

FREEZE/QUOT

XTAL
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100000 4325 kHz 8651 kHz 17302 kHz 34603 kHz
100001 4456 8913 17826 35652 
100010 4588 9175 18350 36700 
100011 4719 9437 18874 37749 
100100 4850 9699 19399 38797 
100101 4981 9961 19923 39846 
100110 5112 10224 20447 40894 
100111 5243 10486 20972 41943 
101000 5374 10748 21496 42992 
101001 5505 11010 22020 44040 
101010 5636 11272 22544 45089 
101011 5767 11534 23069 46137 
101100 5898 11796 23593 47186 
101101 6029 12059 24117 48234 
101110 6160 12321 24642 49283 
101111 6291 12583 25166 50332 
110000 6423 12845 25690 51380 
110001 6554 13107 26214 52428 
110010 6685 13369 26739 53477 
110011 6816 13631 27263 54526 
110100 6947 13894 27787 55575 
110101 7078 14156 28312 56623 
110110 7209 14418 28836 57672 
110111 7340 14680 29360 58720 
111000 7471 14942 2988 59769 
111001 7602 15204 30409 60817 
111010 7733 15466 30933 61866 
111011 7864 15729 31457 62915 
111100 7995 15991 31982 63963 
111101 8126 16253 32506 65011 
111110 8258 16515 33030 66060 
111111 8389 16777 33554 67109 

Table 5-3 System Frequencies from 4.194 MHz Reference (Continued)

Modulus Prescaler 
Y [W:X] = 00 [W:X] = 01 [W:X] = 10 [W:X] = 11 
MC68336/376 SYSTEM INTEGRATION MODULE MOTOROLA
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5.6.3 Fast Termination Cycles

When an external device has a fast access time, the chip-select circuit fast termination
option can provide a two-cycle external bus transfer. Because the chip-select circuits
are driven from the system clock, the bus cycle termination is inherently synchronized
with the system clock.

If multiple chip-selects are to be used to provide control signals to a single device and
match conditions occur simultaneously, all MODE, STRB, and associated DSACK
fields must be programmed to the same value. This prevents a conflict on the internal
bus when the wait states are loaded into the DSACK counter shared by all chip-
selects.

Fast termination cycles use internal handshaking signals generated by the chip-select
logic. To initiate a transfer, the MCU asserts an address and the SIZ[1:0] signals.
When AS, DS, and R/W are valid, a peripheral device either places data on the bus
(read cycle) or latches data from the bus (write cycle). At the appropriate time, chip-
select logic asserts data and size acknowledge signals. 

The DSACK option fields in the chip-select option registers determine whether inter-
nally generated DSACK or externally generated DSACK is used. The external DSACK
lines are always active, regardless of the setting of the DSACK field in the chip-select
option registers. Thus, an external DSACK can always terminate a bus cycle. Holding
a DSACK line low will cause all external bus cycles to be three-cycle (zero wait states)
accesses unless the chip-select option register specifies fast accesses.

For fast termination cycles, the fast termination encoding (%1110) must be used. Re-
fer to 5.9.1 Chip-Select Registers for information about fast termination setup. 

To use fast termination, an external device must be fast enough to have data ready
within the specified setup time (for example, by the falling edge of S4). Refer to Table
A-6 and Figures A-6 and A-7 for information about fast termination timing. 

When fast termination is in use, DS is asserted during read cycles but not during write
cycles. The STRB field in the chip-select option register used must be programmed
with the address strobe encoding to assert the chip-select signal for a fast termination
write. 

5.6.4 CPU Space Cycles 

Function code signals FC[2:0] designate which of eight external address spaces is ac-
cessed during a bus cycle. Address space 7 is designated CPU space. CPU space is
used for control information not normally associated with read or write bus cycles.
Function codes are valid only while AS is asserted. Refer to 5.5.1.7 Function Codes
for more information on codes and encoding.

During a CPU space access, ADDR[19:16] are encoded to reflect the type of access
being made. Figure 5-12 shows the three encodings used by 68300 family microcon-
trollers. These encodings represent breakpoint acknowledge (Type $0) cycles, low
power stop broadcast (Type $3) cycles, and interrupt acknowledge (Type $F) cycles.
Refer to 5.8 Interrupts for information about interrupt acknowledge bus cycles.
 MOTOROLA SYSTEM INTEGRATION MODULE MC68336/376
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The chip-select address compare logic uses only the most significant bits to match an
address within a block. The value of the base address must be an integer multiple of
the block size.

After reset, the MCU fetches the initialization routine from the address contained in the
reset vector, located beginning at address $000000 of program space. To support
bootstrap operation from reset, the base address field in the boot chip-select base ad-
dress register (CSBARBT) has a reset value of $000, which corresponds to a base ad-
dress of $000000 and a block size of one Mbyte. A memory device containing the reset
vector and initialization routine can be automatically enabled by CSBOOT after a re-
set. Refer to 5.9.4 Chip-Select Reset Operation for more information. 

5.9.1.3 Chip-Select Option Registers

Option register fields determine timing of and conditions for assertion of chip-select
signals. To assert a chip-select signal, and to provide DSACK or autovector support,
other constraints set by fields in the option register and in the base address register
must also be satisfied. The following paragraphs summarize option register functions.
Refer to D.2.21 Chip-Select Option Registers for register and bit field information.

The MODE bit determines whether chip-select assertion simulates an asynchronous
bus cycle, or is synchronized to the M6800-type bus clock signal ECLK available on
ADDR23. Refer to 5.3 System Clock for more information on ECLK. 

BYTE[1:0] controls bus allocation for chip-select transfers. Port size, set when a chip-
select is enabled by a pin assignment register, affects signal assertion. When an 8-bit
port is assigned, any BYTE field value other than %00 enables the chip-select signal.
When a 16-bit port is assigned, however, BYTE field value determines when the chip-
select is enabled. The BYTE fields for CS[10:0] are cleared during reset. However,
both bits in the boot ROM chip-select option register (CSORBT) BYTE field are set
(%11) when the RESET signal is released. 

R/W[1:0] causes a chip-select signal to be asserted only for a read, only for a write, or
for both read and write. Use this field in conjunction with the STRB bit to generate
asynchronous control signals for external devices. 

Table 5-20 Block Size Encoding

BLKSZ[2:0] Block Size Address Lines Compared
000 2 Kbytes ADDR[23:11]
001 8 Kbytes ADDR[23:13]
010 16 Kbytes ADDR[23:14]
011 64 Kbytes ADDR[23:16]
100 128 Kbytes ADDR[23:17]
101 256 Kbytes ADDR[23:18]
110 512 Kbytes ADDR[23:19]
111 1 Mbyte ADDR[23:20]
MC68336/376 SYSTEM INTEGRATION MODULE MOTOROLA
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Figure 8-6  Bypass Mode Conversion Timing

8.11.2 Front-End Analog Multiplexer

The internal multiplexer selects one of the 16 analog input pins or one of three special
internal reference channels for conversion. The following are the three special chan-
nels:

• VRH — Reference Voltage High
• VRL — Reference Voltage Low
• VDDA/2 — Mid-Analog Supply Voltage

The selected input is connected to one side of the DAC capacitor array. The other side
of the DAC array is connected to the comparator input. The multiplexer also includes
positive and negative stress protection circuitry, which prevents other channels from
affecting the current conversion when voltage levels are applied to the other channels.
Refer to APPENDIX A ELECTRICAL CHARACTERISTICS for specific voltage level
limits.

8.11.3 Digital to Analog Converter Array

The digital to analog converter (DAC) array consists of binary-weighted capacitors and
a resistor-divider chain. The array serves two purposes: 

• The array holds the sampled input voltage during conversion.
• The resistor-capacitor array provides the mechanism for the successive approx-

imation A/D conversion.

Resolution begins with the MSB and works down to the LSB. The switching sequence
is controlled by the digital logic.

SAMPLE
TIME RESOLUTION

TIME

SAMPLE
TIME

SUCCESSIVE APPROXIMATION RESOLUTION
SEQUENCE

N CYCLES: 
10 CYCLES

QCLK

(2, 4, 8, 16)

QADC BYP CONVERSION TIM
MC68336/376 QUEUED ANALOG-TO-DIGITAL CONVERTER MODULE MOTOROLA
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Figure 10-4  MCSM Block Diagram

10.7.1 MCSM Modulus Latch

The 16-bit modulus latch is a read/write register that is used to reload the counter au-
tomatically with a predetermined value. The contents of the modulus latch register can
be read at any time. Writing to the register loads the modulus latch with the new value.
This value is then transferred to the counter register when the next load condition
occurs. However, writing to the corresponding counter register loads the modulus
latch and the counter register immediately with the new value. The modulus latch reg-
ister is cleared to $0000 by reset.

10.7.2 MCSM Counter

The counter is composed of a 16-bit read/write register associated with a 16-bit incre-
menter. Reading the counter transfers the contents of the counter register to the data
bus. Writing to the counter loads the modulus latch and the counter register immedi-
ately with the new value.

10.7.2.1 Loading the MCSM Counter Register

The MCSM counter is loaded either by writing to the counter register or by loading it
from the modulus latch when a counter overflow occurs. Counter overflow will set the
COF bit in the MCSM status/interrupt/control register (MCSMSIC).

NOTE

When the modulus latch is loaded with $FFFF, the overflow flag is set
on every counter clock pulse.

INTERRUPT
CONTROL

CLOCK
INPUT PIN

CTM2C

CTM MCSM BLOCK

16-BIT UP COUNTER

IL2 IL1 IL0 IARB3COF

EDGE

TIME BASE BUSES

IL1

CLOCK

IN2 CLK1 CLK0CLK2 OVERFLOW

BUS

CONTROL REGISTER BIT

CONTROL REGISTER BITS

6 CLOCKS (PCLK[1:6]) FROM PRESCALER

SUBMODULE BUS

SELECT

SELECT
DETECT

MODULUS
CONTROL

MODULUS REGISTER

CONTROL REGISTER BITS

EDGEN EDGEP

EDGE

MODULUS LOAD

DETECT

INPUT PIN CTML

IN1

CONTROL REGISTER BITS

WRITE
BOTH

DRVA DRVB

CONTROL REGISTER BITS

TBBA

TBBB

MODULUS

CONTROL REGISTER BIT

LOAD INPUT
PIN CTD9
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Arbitration is performed by means of serial assertion of IARB field bit values. The IARB
of TPUMCR is initialized to $0 during reset.

When the TPU wins arbitration, it must respond to the CPU32 interrupt acknowledge
cycle by placing an interrupt vector number on the data bus. The vector number is
used to calculate displacement into the exception vector table. Vectors are formed by
concatenating the 4-bit value of the CIBV field in TICR with the 4-bit number of the
channel requesting interrupt service. Since the CIBV field has a reset value of $0, it
must be assigned a value corresponding to the upper nibble of a block of 16 user-de-
fined vector numbers before TPU interrupts are enabled. Otherwise, a TPU interrupt
service request could cause the CPU32 to take one of the reserved vectors in the
exception vector table. 

For more information about the exception vector table, refer to 4.9 Exception Pro-
cessing. Refer to 5.8 Interrupts for further information about interrupts. 

11.4 A Mask Set Time Functions

The following paragraphs describe factory-programmed time functions implemented
in the A mask set TPU microcode ROM. A complete description of the functions is be-
yond the scope of this manual. Refer to the TPU Reference Manual (TPURM/AD) for
additional information.

11.4.1 Discrete Input/Output (DIO)

When a pin is used as a discrete input, a parameter indicates the current input level
and the previous 15 levels of a pin. Bit 15, the most significant bit of the parameter,
indicates the most recent state. Bit 14 indicates the next most recent state, and so on.
The programmer can choose one of the three following conditions to update the pa-
rameter: 1) when a transition occurs, 2) when the CPU32 makes a request, or 3) when
a rate specified in another parameter is matched. When a pin is used as a discrete out-
put, it is set high or low only upon request by the CPU32. 

Refer to TPU programming note Discrete Input/Output (DIO) TPU Function
(TPUPN18/D) for more information.

11.4.2 Input Capture/Input Transition Counter (ITC)

Any channel of the TPU can capture the value of a specified TCR upon the occurrence
of each transition or specified number of transitions and then generate an interrupt re-
quest to notify the CPU32. A channel can perform input captures continually, or a
channel can detect a single transition or specified number of transitions, then cease
channel activity until reinitialization. After each transition or specified number of tran-
sitions, the channel can generate a link to a sequential block of up to eight channels.
The user specifies a starting channel of the block and the number of channels within
the block. The generation of links depends on the mode of operation. In addition, after
each transition or specified number of transitions, one byte of the parameter RAM (at
an address specified by channel parameter) can be incremented and used as a flag
to notify another channel of a transition.
 MOTOROLA TIME PROCESSOR UNIT MC68336/376
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Once debug mode is exited, the TouCAN will resynchronize with the CAN bus by wait-
ing for 11 consecutive recessive bits before beginning to participate in CAN bus com-
munication.

13.6.2 Low-Power Stop Mode

Before entering low-power stop mode, the TouCAN will wait for the CAN bus to be in
an idle state, or for the third bit of intermission to be recessive. The TouCAN then waits
for the completion of all internal activity (except in the CAN bus interface) to be com-
plete. Afterwards, the following events occur:

• The TouCAN shuts down its clocks, stopping most internal circuits, thus achieving
maximum power savings.

• The bus interface unit continues to operate, allowing the CPU32 to access the
module configuration register.

• The TouCAN ignores its RX pins and drives its TX pins as recessive.
• The TouCAN loses synchronization with the CAN bus, and the STOPACK and

NOTRDY bits in the module configuration register are set.

To exit low-power stop mode:

• Reset the TouCAN either by asserting one of the IMB reset lines or by asserting
the SOFTRST bit CANMCR.

• Clear the STOP bit in CANMCR.
• The TouCAN module can optionally exit low-power stop mode via the self-wake

mechanism. If the SELFWAKE bit in CANMCR was set at the time the TouCAN
entered stop mode, then upon detection of a recessive to dominant transition on
the CAN bus, the TouCAN clears the STOP bit in CANMCR and its clocks begin
running.

When in low-power stop mode, a recessive to dominant transition on the CAN bus
causes the WAKEINT bit in the error and status register (ESTAT) to be set. This event
can generate an interrupt if the WAKEMSK bit in CANMCR is set.

Consider the following notes regarding low-power stop mode:

• When the self-wake mechanism activates, the TouCAN tries to receive the frame
that woke it up. (It assumes that the dominant bit detected is a start-of-frame bit).
It will not arbitrate for the CAN bus at this time.

• If the STOP bit is set while the TouCAN is in the bus off state, then the TouCAN
will enter low-power stop mode and stop counting recessive bit times. The count
will continue when STOP is cleared.

• To place the TouCAN in low-power stop mode with the self-wake mechanism
engaged, write to CANMCR with both STOP and SELFWAKE set, then wait for
the TouCAN to set the STOPACK bit.

• To take the TouCAN out of low-power stop mode when the self-wake mechanism
is enabled, write to CANMCR with both STOP and SELFWAKE clear, then wait
for the TouCAN to clear the STOPACK bit.

• The SELFWAKE bit should not be set after the TouCAN has already entered low-
power stop mode.
MC68336/376 CAN 2.0B CONTROLLER MODULE (TouCAN) MOTOROLA
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APPENDIX A ELECTRICAL CHARACTERISTICS
This appendix contains electrical specification tables and reference timing diagrams
for MC68336 and MC68376 microcontroller units. 

NOTES:
1. Permanent damage can occur if maximum ratings are exceeded.  Exposure to voltages or currents in excess

of recommended values affects device reliability.  Device modules may not operate normally while being ex-
posed to electrical extremes.  

2. Although sections of the device contain circuitry to protect against damage from high static voltages or elec-
trical fields, take normal precautions to avoid exposure to voltages higher than maximum-rated voltages.

3. All pins except TSTME/TSC.
4. All functional non-supply pins are internally clamped to VSS.  All functional pins except EXTAL and XFC are

internally clamped to VDD.  Does not include QADC pins (refer to Table A-11).
5. Input must be current limited to the value specified.  To determine the value of the required current-limiting

resistor, calculate resistance values for positive and negative clamp voltages, then use the larger of the two
values.

6. Power supply must maintain regulation within operating VDD range during instantaneous and operating max-
imum current conditions. 

7. This parameter is periodically sampled rather than 100% tested.
8. Total input current for all digital input-only and all digital input/output pins must not exceed 10 mA.  Exceeding

this limit can cause disruption of normal operation. 

Table A-1 Maximum Ratings

Num Rating Symbol Value Unit

1 Supply Voltage1, 2, V
DD

– 0.3 to + 6.5 V

2 Input Voltage1, 2, 3, 5, 7 V
in

– 0.3 to + 6.5 V

3 Instantaneous Maximum Current

Single pin limit (applies to all pins)1, 5, 6, 7
I
D

25 mA

4 Operating Maximum Current

Digital Input Disruptive Current 4, 5, 6, 7, 8

V
NEGCLMAP  ≅ – 0.3  V

V
POSCLAMP  ≅ V

DD
 + 0.3 

I
ID

– 500 to 500 µA

5 Operating Temperature Range
MC68336/376 “C” Suffix
MC68336/376 “V” Suffix
MC68336/376 “M” Suffix

T
A

T
L
 to T

H
– 40 to 85
– 40 to 105
– 40 to 125

°C

6 Storage Temperature Range T
stg

– 55 to 150 °C
MC68336/376 ELECTRICAL CHARACTERISTICS MOTOROLA
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Figure A-8  Bus Arbitration Timing Diagram — Active Bus Case
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Figure A-9  Bus Arbitration Timing Diagram — Idle Bus Case

68300 BUS ARB TIM IDLE

CLKOUT

A0 A5

ADDR[23:0]

DATA[15:0]

A2 A3 A0A5

BR

AS

BG

BGACK

47A

33 33

47A

37

47A

35
 MOTOROLA ELECTRICAL CHARACTERISTICS MC68336/376

A-16 USER’S MANUAL



336376UMBook  Page 21  Friday, November 15, 1996  2:09 PM
NOTES:
1. All AC timing is shown with respect to 20% VDD and 70% VDD levels unless otherwise noted.
2. When the previous bus cycle is not an ECLK cycle, the address may be valid before ECLK goes low. 
3. Address access time = tEcyc – tEAD – tEDSR.
4. Chip select access time = tEcyc – tECSD – tEDSR.

Table A-8 ECLK Bus Timing

(VDD = 5.0 Vdc ±5%, VSS = 0 Vdc, TA = TL to TH)1

Num Characteristic Symbol Min Max Unit

E1 ECLK Low to Address Valid2 tEAD — 48 ns

E2 ECLK Low to Address Hold tEAH 10 — ns

E3 ECLK Low to CS Valid (CS delay) tECSD — 120 ns

E4 ECLK Low to CS Hold tECSH 10 — ns

E5 CS Negated Width tECSN 25 — ns

E6 Read Data Setup Time tEDSR 25 — ns

E7 Read Data Hold Time tEDHR 5 — ns

E8 ECLK Low to Data High Impedance tEDHZ — 48 ns

E9 CS Negated to Data Hold (Read) tECDH 0 — ns

E10 CS Negated to Data High Impedance tECDZ — 1 tcyc

E11 ECLK Low to Data Valid (Write) tEDDW — 2 tcyc

E12 ECLK Low to Data Hold (Write) tEDHW 10 — ns

E13 Address Access Time (Read)3 tEACC 308 — ns

E14 Chip Select Access Time (Read)4 tEACS 236 — ns

E15 Address Setup Time tEAS 1/2 — tcyc
MC68336/376 ELECTRICAL CHARACTERISTICS MOTOROLA
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NOTES:
1. Refers to operation over full temperature and frequency range.
2. To obtain full-scale, full-range results, VSSA ≤ VRL ≤ VINDC ≤ VRH ≤ VDDA.
3. Accuracy tested and guaranteed at VRH – VRL = 5.0V ± 10%.
4. Parameter applies to the following pins:

Port A: PQA[7:0]/AN[59:58]/ETRIG[2:1]
Port B: PQB[7:0]/AN[3:0]/AN[51:48]/AN[Z:W]

5. Open drain only.
6. Current measured at maximum system clock frequency with QADC active.
7. Maximum leakage occurs at maximum operating temperature. Current decreases by approximately one-half

for each 10° C decrease from maximum temperature.
8. This parameter is periodically sampled rather than 100% tested.

Table A-12 QADC DC Electrical Characteristics (Operating)
(VSSI and VSSA = 0Vdc, fQCLK = 2.1 MHz, TA = TL to TH)

Num Parameter Symbol Min Max Unit

1 Analog Supply1 V
DDA

4.5 5.5 V

2 Internal Digital Supply1 V
DDI

4.5 5.5 V

3 V
SS Differential Voltage V

SSI – VSSA
– 1.0 1.0 mV

4 V
DD Differential Voltage V

DDI – V
DDA

– 1.0 1.0 V

5 Reference Voltage Low2 V
RL

V
SSA

— V

6 Reference Voltage High2 V
RH

— V
DDA V

7 VREF Differential Voltage3 VRH – VRL 4.5 5.5 V

8 Mid-Analog Supply Voltage VDDA/2 2.25 2.75 V

9 Input Voltage VINDC V
SSA

V
DDA V

10 Input High Voltage, PQA and PQB V
IH

0.7 (V
DDA

) V
DDA + 0.3 V

11 Input Low Voltage, PQA and PQB V
IL

V
SSA – 0.3 0.2 (V

DDA
) V

12 Input Hysteresis4 VHYS 0.5 — V

13

Output Low Voltage, PQA5

I
OL

 = 5.3 mA

I
OL

 = 10.0 µA
V

OL
—
—

0.4
0.2

V

14
Analog Supply Current

Normal Operation6

Low-Power Stop
I
DDA

—
—

1.0
10.0

mA
µA

15 Reference Supply Current I
REF

— 150 µA

16 Load Capacitance, PQA C
L

— 90 pF

17
Input Current, Channel Off7

PQA
PQB

I
OFF

—
—

250
150

nA

18

Total Input Capacitance8 
PQA Not Sampling
PQA Sampling
PQB Not Sampling
PQB Sampling

C
IN

—
—
—
—

15
20
10
15

pF
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APPENDIX B MECHANICAL DATA AND ORDERING INFORMATION 
The MC68336 and the MC68376 are both available in 160-pin plastic surface mount
packages. This appendix provides package pin assignment drawings, a dimensional
drawing and ordering information.

Figure B-1  MC68336 Pin Assignments for 160-Pin Package
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336 160-PIN QFP

MC68336

*NOTE: MC68336 REVISION D AND LATER (F60K AND LATER MASK SETS) HAVE ASSIGNED PINS 1 AND 160 AS “NO CONNECT”, TO ALLOW PIN COMPATIBILITY
WITH THE MC68376. FOR REVISION C (D65J MASK SET) DEVICES, PIN 1 IS VSS AND PIN 160 IS VDD.
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or

Giving SPBR[7:0] a value of zero or one disables the baud rate generator. SCK is
disabled and assumes its inactive state value. No serial transfers occur. At reset, the
SCK baud rate is initialized to one eighth of the system clock frequency.

D.6.12 QSPI Control Register 1

SPCR1 enables the QSPI and specified transfer delays. The CPU32 has read/write
access to SPCR1, but the QSM has read access only to all bits except SPE. SPCR1
must be written last during initialization because it contains SPE. Writing a new value
to SPCR1 while the QSPI is enabled disrupts operation. 

SPE — QSPI Enable
0 = QSPI is disabled. QSPI pins can be used for general-purpose I/O.
1 = QSPI is enabled. Pins allocated by PQSPAR are controlled by the QSPI. 

DSCKL[6:0] — Delay before SCK
When the DSCK bit is set in a command RAM byte, this field determines the length of
the delay from PCS valid to SCK transition. PCS can be any of the four peripheral chip-
select pins. The following equation determines the actual delay before SCK:

where DSCKL[6:0] equals is in the range of 1 to 127.

When DSCK is zero in a command RAM byte, then DSCKL[6:0] is not used. Instead,
the PCS valid to SCK transition is one-half the SCK period.

SPCR1 — QSPI Control Register 1 $YFFC1A
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

SPE DSCKL[6:0] DTL[7:0] 

RESET: 

0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 

SCK Baud Rate
fsys

2 SPBR[7:0]×
-------------------------------------=

SPBR[7:0]
fsys

2 SCK×  Baud Rate Desired
--------------------------------------------------------------------------=

PCS to SCK Delay DSCKL[6:0]
fsys

-------------------------------=
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The FLAG bit is set by hardware and cleared by software, or by system reset. Clear
the FLAG bit either by writing a zero to it, having first read the bit as a one, or by se-
lecting the DIS mode.

IL[2:0] — Interrupt Level
When the DASM generates an interrupt request, IL[2:0] determines which of the
interrupt request signals is asserted. When a request is acknowledged, the CTM4
compares IL[2:0] to a mask value supplied by the CPU32 to determine whether to
respond. IL[2:0] must have a value in the range of $0 (interrupts disabled) to $7
(highest priority).

IARB3 — Interrupt Arbitration Bit 3
This bit and the IARB[2:0] field in BIUMCR are concatenated to determine the interrupt
arbitration number for the submodule requesting interrupt service. Refer to D.7.1 BIU
Module Configuration Register for more information on IARB[2:0].

WOR — Wired-OR Mode
In the DIS, IPWM, IPM and IC modes, the WOR bit is not used. Reading this bit returns
the value that was previously written.

In the OCB, OCAB and OPWM modes, the WOR bit selects whether the output buffer
is configured for open-drain or normal operation.

0 = Output buffer operates in normal mode.
1 = Output buffer operates in open-drain mode.

BSL — Bus Select
This bit selects the time base bus connected to the DASM.

0 = DASM is connected to time base bus A.
1 = DASM is connected to time base bus B.

IN — Input Pin Status
In the DIS, IPWM, IPM and IC modes, this read-only status bit reflects the logic level
on the input pin.

In the OCB, OCAB and OPWM modes, reading this bit returns the value latched on
the output flip-flop, after EDPOL polarity selection.

Writing to this bit has no effect.

Table D-44 DASM Mode Flag Status Bit States

Mode Flag Status Bit State

DIS FLAG bit is reset

IPWM FLAG bit is set each time there is a capture on channel A

IPM FLAG bit is set each time there is a capture on channel A, except for the first time

IC FLAG bit is set each time there is a capture on channel A

OCB FLAG bit is set each time there is a successful comparison on channel B

OCAB FLAG bit is set each time there is a successful comparison on either channel A or B

OPWM FLAG bit is set each time there is a successful comparison on channel A
 MOTOROLA REGISTER SUMMARY MC68336/376
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The PWMB1 register contains the pulse width value for the next cycle of the PWM out-
put waveform. When the PWMSM is enabled, a pulse width value written to PWMB1
is loaded into PWMB2 at the end of the current period or when the LOAD bit in PWM-
SIC is written to one. If the PWMSM is disabled, a pulse width value written to PWMB1
is loaded into PWMB2 on the next half cycle of the MCU system clock. PWMB2 is a
temporary register that is used to smoothly update the PWM pulse width value; it is not
user-accessible. The PWMSM hardware does not modify the contents of PWMB1 at
any time.

D.7.17 PWM Counter Register

PWMC holds the current value of the PWMSM counter. PWMC can be read at any
time; writing to it has no effect. PWMC is loaded with $0001 on reset and is set and
held to that value whenever the PWMSM is disabled.

PWM5C — PWM5 Counter Register $YFF42E
PWM6C — PWM6 Counter Register $YFF436
PWM7C — PWM7 Counter Register $YFF43E
PWM8C — PWM8 Counter Register $YFF446

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RESET:

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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EDGEN D-62
EDGEP D-62
EDIV 5-12, D-8
EDPOL D-65
EMPTY 13-4
EMU 11-5, 11-15, D-74
EMUL D-25
Emulation

control (EMU) 11-15, D-74
mode control (EMUL) D-25
support 11-5

EN D-70
Encoded

one of three channel priority levels (CH) D-80
time function for each channel (CHANNEL) D-78
type of host service (CH) D-79

Ending queue pointer (ENDQP) D-52
End-of-

frame (EOF) 13-16
queue condition 8-30

ENDQP 9-8, D-52
EOF 13-16
ERRINT D-96
ERRMSK D-89
Error

conditions 9-28
counters 13-9
detection circuitry 9-2
interrupt (ERRINT) D-96
interrupt mask (ERRMSK) D-89

ESTAT D-94
ETRIG 8-5
Event flag (FLAG) D-63
Event timing 11-3
Exception

instruction (RTE) 5-36
processing 4-15, 5-40

sequence 4-17
types of exceptions 4-17
vectors 4-15

exception vector assignments 4-16
vector 5-40, 11-6

EXOFF D-6
EXT D-9
Extended message format 13-1

frames 13-4
External

bus
arbitration 5-38
clock

division (EDIV) D-8
division bit (EDIV) 5-12
operation during LPSTOP 5-12
signal (ECLK) 5-12

interface (EBI) 5-19
control signals 5-21

clock input timing diagram A-10
clock off (EXOFF) D-6
digital supply pin 8-6
multiplexing 8-10

reset (EXT) D-9
trigger pins 8-5

Externally
input clock frequency D-14
multiplexed mode (MUX) D-31

EXTRST (external reset) 5-48

–F–

Factory test 5-64
FAR 4-22
Fast

quadrature decode (FQD) 11-12
reference 5-4

circuit 5-5
termination

cycles 5-26, 5-30
read cycle timing diagram A-13
write cycle timing diagram A-14

Fast reference frequency D-14
Fault confinement state (FCS) 13-10, D-95
FC 5-22
FCS 13-10, D-95
FCSM 10-5

block diagram 10-5
clock sources 10-6
counter 10-6
external event counting 10-6
interrupts 10-6
registers 10-7

counter register (FCSMCNT) D-61
status/interrupt/control register (FCSMSIC)

D-59
time base bus drivers 10-6
timing (electricals) A-31

FCSMCNT D-61
FCSMSIC D-59
FE 9-28, D-46
Final sample time 8-13
FLAG D-63, D-68
FORCA D-65
FORCB D-65
Force (FORCA/B) D-65
FORMERR D-94
fPWM 10-16
fQCLK 8-24
FQD 11-12
FQM 11-13
Frame 9-25

size 9-28
Frames

overload 13-16
remote 13-15

Framing error (FE) flag 9-28, D-46
Free-running counter submodule. See FCSM 10-5
FREEZ ACK 13-16
FREEZE

assertion response (FRZ)
BIUSM 10-3, D-57
QADC 8-7, D-29
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