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SECTION 1
INTRODUCTION
1.1 GENERAL

The MC68HC05L6 HCMOS microcomputer is a member of the M68HCO05 Family of low-cost single-chip
microcomputers. This 8-bit microcomputer contains an on-chip oscillator, CPU, RAM, ROM, 1/0, a serial
peripheral interface, timer, liquid crystal display driver circuitry and a tone generator.

1.2 FEATURES
The following are some of the hardware and software highlights of the MC68HCO5L6 microcomputer.

HARDWARE FEATURES

HCMOS Technology

8-Bit Architecture

Power Saving Stop and Wait Modes

RAM and CPU Register Contents Valid at V¢ =2.0 Volts (CPU Halted)
Independent Power Supplies (CPU - LCD) 3 to 6 Volt Operation

176 Bytes of On-Chip RAM

6208 Bytes of On-Chip ROM

24 Bidirectional 1/0 Lines

4.0 MHz Internal Operating Frequency at 5 Volts

Internal 16-Bit Timer Similar to MC6801 Timer

Serial Peripheral Interface System

Self-Check Mode

‘External, Timer, and Serial Peripheral Interface Interrupts

Master Reset and Power-On Reset

On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options
LCD 2/3, 1/3 VL Divider Circuitry Included

Tone Generator

68-Pin Quad Package

&

COC C oV o v e ve 9w € @

(S S

SOFTWARE FEATURES

$ Similar to MC6800

9 8x8 Unsigned Multiply Instruction
< Efficient Use of Program Space

® Versatile Interrupt Handling

® True Bit Manipulation

MC68HCO05L6 MOTOROLA
1-1
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SOFTWARE FEATURES (Continued)

® Indexed Addressing for Tables
@ Efficient Instruction Set
® Memory Mapped I/0
® Programmable LCD Driver Circuitry
96 Pixels in x4 Mode
72 Pixels in x 3 Mode
® Low Cost Development Support with Evaluation Module
TCMP 0SC1  0SC2
INTERNAL ‘
o
TCAP TIMER _ CLOCK OSCILLATOR PO
— > SYSTEM < AND =2 —
RESET
R
Y
PAD
> PCO
PAY ACCUMULATOR DTN
PAZ
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-2 ) REGISTER aes | Re PC4 0
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PA7 CODE pENT AN
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cPU
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\
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1 ceneratoR | ADDRESS DATA
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Figure 1-1. MC68HCO05L6 Microcomputer Block Diagram
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SECTION 2
SIGNAL DESCRIPTION, INPUT/OUTPUT PROGRAMMING,
MEMORY, CPU REGISTERS, AND SELF-CHECK

2.1 INTRODUCTION

This section provides a description of the input/output signals, input/output programming, memory, CPU
registers, and self-check.

2.2 SIGNAL DESCRIPTION

The following paragraphs provide a description of the input/output signals.

2:2.1 VpD. VLL. and V§s

Fawer is supplied to the microcomputer using these pins. Vpp is power for the processor, RAM, ROM,
cw., VLL is power for the LCD driver circuits, and Vgg is ground.

222 IRQ (External Interrupt Request)

IR is a mask-programmable option which provides two different choices of interrupt triggering sensitivity:
1negative edge-sensitive triggering only, or 2) both negative edge-sensitive and level-sensitive triggering.

T=2 microcomputer completes the current instruction before it responds to the interrupt request. When
tl:2 TRQ pin goes low for at least one tILIH, a logic one is latched internally to signify the interrupt request.
Viren the microcomputer completes its current instruction, the interrupt latch is tested. If an interrupt is
peiding and the interrupt mask bit (I bit) in the condition code register is clear, the interrupt sequence
begins.

If 2evel-sensitive triggering has been implemented, the TRQ input requires an external resistor to Vpp for
“v«ire-OR" operation. See INTERRUPTS in Section 3 for more detail concerning interrupts.
2123 RESET

Ti@¢ RESET input is not required for startup but can be used to reset the microcomputer internal state
and provide an orderly software startup procedure. Refer to RESETS in Section 3 for a detailed description.

224 TCAP

Tce TCAP input controls the input capture feature for the on-chip programmable timer system. Refer to
I2PUT CAPTURE REGISTER in Section 4 for additional information.

MC68HCO05L6 MOTOROLA
21
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2.2.5 TCMP

The TCMP pin provides an output for the output compare feature of the on-chip timer system. Refer to
OUTPUT COMPARE REGISTER in Section 4 for additional information.

2.2.6 0SC1, 0SC2

The MCB8HCO5L6 can be configured by mask option to accept either a crystal/ceramic resonator input
or an RC network to control the internal oscillator. The internal clocks are derived by a divide-by-two of
the internal oscillator frequency (fosc)-

2.2.6.1 CRYSTAL. The circuit shown in in Figure 2-1(b) is recommended when using a crystal. The internal
oscillator is designed to interface with an AT-cut parallel resonant quartz crystal resonator in the frequency
range specified for fogc (refer to paragraph 8.7 or 8.8 Control Timing). Use of an external CMOS oscillator
is recommended when crystals outside the specified ranges are to be used. The crystal and components
should be mounted as close as possible to the input pins to minimize output distortion and startup
stabilization time. Refer to paragraphs 8.5 or 8.6 for Vpp specifications.

CRYSTAL CERAMIC RESONATOR
2 MHz | 4 MHz | UNITS 2-4 MHz | UNITS
Rgmax | 400 | 75 Q Rg (TYPICAL) 10 Q
Cg 5 7 pF Co 40 pF
Cq 0.008 | 0.012 | uF Cq 4.3 of
Coscy | 15-4015-30| pF Cosct 30 pF
Cosc2 | 15-30{15-25| pF Cosc2 30 pF
Rp 10 10 mMQ Rp 1-10 MQ
a 30 40 K a 1250 -

(a) CRYSTAL/CERAMIC RESONATOR PARAMETERS

Cq
MC68HC05L6 L Rs

0sC1 0sC2 — |

4 5 —e *~—
Re 0sc1 Co 0sc2
\AAS 4 ]Is 5

0—-—||:||——0

|

c - — ] L
0SC1 I I Cosc2 2 'Dﬁ 5
= = {¢) EQUIVALENT CRYSTAL CIRCUIT

(b) CRYSTAL/CERAMIC RESONATOR
OSCILLATOR CONNECTIONS

MC68HCO5L6 MCE8HCO5L6
0SC1 0sC2 0sC1 0sC2
4 I 5 I 4 5[
R UNCONNECTED
(d) RC OSCILLATOR CONNECTIONS -——————<C EXTERNAL CLOCK

(e) EXTERNAL CLOCK SOURCE CONNECTIONS
(EITHER CRYSTAL OR RC MASK OPTIONS)

Figure 2-1. Oscillator Connections

MOTOROLA MC68HCO05L6
2-2
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<.2.0.2 GEKAMIC RESONATOR. A ceramic resonator may be used in place of the crystal in cost-
sensitive applications. The circuit in Figure 2-1(b) is recommended when using a ceramic resonator. Figure
2-1(a) lists the recommended capacitance and feedback resistance values. The manufacturer of the par-
ticular ceramic resonator being considered should be consulted for specific information.

2.2.6.3 RC. If the RC oscillator is selected, then a resistor is connected to the oscillator pins as shown
in Figure 2-1(d). The relationship between R and fggc is shown in Figure 2-2.

05 s
0.2 NG

0.1

OSCILLATOR FREQUENCY (MHz)

0.05
0.02

0.01!
1 2 5 10 20 50 100 200 500 1000

RESISTANCE (k)

Figure 2-2. Typical Frequency vs Resistance for
RC Oscillator Option Only (Vpp =5.0 V)

2:2.6.4 EXTERNAL CLOCK. An external clock should be applied to the 0SC1 input with the 0SC2 input
22t connected, as shown in Figure 2-1(e). An external clock may be used with either the RC or crystal
oscillator option.

2.2.7 PAO-PA7

‘tiese eight 1/0 lines comprise port A. The state of any pin is software programmable and all port A lines
&i¢ configured as input during power-on or reset. Refer to the INPUT/OUTPUT PROGRAMMING
raragraph for a detailed description of I/0 programming.

2.2.8 PB0-PB7

J=ese eight lines comprise port B. The state of any pin is software programmable and all port B lines are
Gonfigured as input during power-on or reset. Refer to the INPUT/OUTPUT PROGRAMMING paragraph
{o) a detailed description of 1/0 programming.

2£.9 PCO-PC7

‘tiese eight lines comprise port C. The state of any pin is software programmable and all port C lines are
configured as input during power-on or reset. Refer to the INPUT/OUTPUT PROGRAMMING paragraph
Tor a detailed description of I/0 programming. ’

MC68HCO05L6 MOTOROLA
2-3

For More Information On This Product,
Go to: www.freescale.com



\¥ 4

4\ Freescale Semiconductor, Inc.
2.2.10 PDO-PD3

These four lines comprise port D. This port performs a dual function for the MC68HCO5L6: a 4-bit input-
only port or the SPI input/output port.

When the serial peripheral interface is disabled, port D can be used to input four bits of data (least significant
nibble) to the port D data register at location $0003. The most significant nibble will always read as zeros.

When the serial peripheral interface is enabled, these four lines function as the interface lines between
the SPI-type microprocessors and/or peripherals. Refer to SECTION 5 SERIAL PERIPHERAL INTER-
FACE for additional information

2.2.11 BP1-BP4

These four output lines provide the backplane drive signals to the liquid crystal display unit.

2.2.12 FP1-FP24
These 24 output lines provide the frontplane drive signals to the liquid crystal display unit.

2.2.13 ALRT

This pin provides the tone generator output signal.

2.3 INPUT/OUTPUT PROGRAMMING

Ports A, B, and C may be programmed as an input or an output under software control. The direction of
the pins is determined by the state of the corresponding bit in the port data direction register (DDR). Each
8-bit port has an associated 8-bit data register. Any port A, port B, or port C pin is configured as an output
if its corresponding DDR bit is set to a logic one and as an input if the DDR bit is set to a logic zero.

At power-on reset, all DDRs are cleared, which configures all port A, B, and C pins as inputs. The data
direction registers are capable of being written to or read by the processor. Refer to Figure 2-3 and Table
2-1. When a port is programmed as an output, a read of the data register actually reads the value of the
output data latch and not the 1/0 pin.

Table 2-1. 1/0 Pin Functions

R/W#* | DDR 1/0 Pin Function
0 0 The 1/0 pin is in input mode. Data is written into the output data latch.
0 1 Data is written into the output data latch and output to the 1/0 pin.
1 0 The state of the I/0 pin is read.
1 1 The 1/0 pin is in an output mode. The output data latch is read.

*R/W is an internal signal.
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< REGISTER
BIT
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MC68HCO5L6 4 BIT PIN
CONNECTIONS -

W
(a)

7
TYPICAL PORT 8 5 4 3 2 ! g
DATA DIRECTION | DDR 7 | DDR 6 | DDR5 | DDR 4 | DDR 3./ DDR 2 | DDR 1 | DDR 0
A I N B
TYPICAL PORT
REGISTER
o V4 44 4 4 b
LINES Px7 Px6 Px5 Px4 Px3 Px2 Px1 Px0
(b)
Vop
PORT DATA
PORT DDR P—| p*
PAD
I?IY:
- NOTES:
1. *Denotes devices have
P same physical size, and
are enhancement type.

2. IP=Input protection.
INTERNAL 3. Latch-up protection not shown.
LOGIC
{c)

Figure 2-3. Typical Parallel Port 1/0 Circuitry
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2.4 MEMORY

A memory map configuration for the MC68HCO5L6 is shown in Figure 2-4. The first 256 bytes of memory
(page zero) include 22 bytes used as registers for input/output features such as the data ports, data
direction, timer, serial peripheral interface, and the liquid crystal display drivers along with 40 bytes of
user ROM and 176 bytes of user RAM. The 176 bytes of user RAM includes up to 64 bytes for the stack.

User ROM consists of a 48 byte segment within page zero and a 6144 byte segment starting at location
$0100 along with a 16 byte segment located at the top of available memory to be used for vectors to
interrupt or special subroutines. Self check (244 bytes) and self-check vector (16 bytes) memory locations
are located just below the user vectors. The segment of ROM starting at $1900 through $1EEB is not
implemented and not available to the user at this time.

+0000 0000 PORT A DATA REGISTER $00
110 7ch;:s PORT B DATA REGISTER $01
32(Rm)es PORT C DATA REGISTER $02
PORT D FIXED INPUT REGISTER §03
$001F 0031 UNUSED
$0020 0032 1 BYTE PORT A DATA DIRECTION REGISTER 504
USER ROM PORT B DATA DIRECTION REGISTER $05
“004F 48 BYTES 0079 LD PORT C DATA DIRECTION REGISTER 506
$0050 0080 2 BYTES NOT IMPLEMENTED $07
LCD DATA REGISTER 508
M
:’ f;";;;‘is Pl LCD ADDRESS REGISTER 509
3 BYTES SERIAL PERIPHERAL CONTROL REGISTER $0A
sooBF | | 0191 SERIAL PERIPHERAL STATUS REGISTER $0B
$00c0 STACK 0182 UNUSED SERIAL PERIPHERAL DATA I/0 REGISTER $0c
$00FF 64 BYTES 0255 5 BYTES NOT IMPLEMENTED $00
$0100 0256 NOT IMPLEMENTED $OF
TIMER NOT IMPLEMENTED $OF
USER ROM 10 BYTES NOT IMPLEMENTED 10
6144 BYTES
NOT IMPLEMENTED s
15 6399 e TIMER CONTROL REGISTER $12
$1900 6400 TIMER STATUS REGISTER $13
ROM
1518 BYTES INPUT CAPTURE HIGH REGISTER $14
(SEE TEXT) INPUT CAPTURE LOW REGISTER $15
$1EEB 7915
S$1EEC 7916 OUTPUT COMPARE HIGH REGISTER $16
SELF CHECK QUTPUT COMPARE LOW REGISTER $17
244 BYTES
COUNTER HIGH REGISTER 18
e — —ROM_ — —loe ER LOW REGISTER s 9
COUNT RE $1
$TFED SELF CHECK 8160
VECTORS ALTERNATE COUNTER HIGH REGISTER $1A
‘BR%YJES ALTERNATE COUNTER LOW REGISTER $18
$1FEF 8175 NOT IMPLEMENTED $1C
$1FFO 8176
USER VECTORS NOT IMPLEMENTED $10
16 BYTES NOT IMPLEMENTED $1E
ROM m o
S1FFE 8191 NOT IMPLEMENTED

Figure 2-4. Memory Map
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The MC68HC05L6 CPU contains five registers, as shown in the programming model of Figure 2-5. The
interrupt stacking order is shown in Figure 2-6.

ACCUMULATOR

INDEX REGISTER

12
{ PC

PROGRAM COUNTER

STACK POINTER

>
L _Jo Lo L_Jo L_lJo

12 7
[ofoofo]ofr|1] sp

W] t[N]z]c] conomon cooe ReGisTER
L CARRY/BORROW

L zRo

NEGATIVE

INTERRUPT MASK

HALF CARRY

Figure 2-5. Programming Model

7 0 STACK
r{ 1] 1] 1] connimon coo RegisTer ,"
E ACCUMULATOR T
INCREASING MEMORY | T ¢ | DECREASING MEMORY
ADDRESSES U INDEX REGISTER p ADDRESSES
R{o]o]o] PCH R
N PCL u
UNSTACK :

NOTE: Since the Stack Pointer decrements during pushes, the
PCL is stacked first, followed by PCH, etc. Pulling from
the stack is in the reverse order.

Figure 2-6. Stacking Order

25.1 Accumulator (A)

The accumulator is an 8-bit general purpose register used to hold operands, results of the arithmetic
calculations, and data manipulations.

5.2 Index Register (X)

‘Lne X register is an 8-bit register which is used during the indexed modes of addressing. It provides an
o-oit value which is used to create an effective address. The index register is also used for data manipulations
with the read-modify-write type of instructions and as a temporary storage register when not performing
addressing operations.

MC68HCO5L6 MOTOROLA
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w.v.v « «wgfam Counter (PC)

The program counter is a 13-bit register that contains the address of the next instruction to be executed
by the processor.

2.5.4 Stack Pointer (SP)

The stack pointer is a 13-bit register containing the address of the next free locations on the push-down/
pop-up stack. When accessing memory, the seven most significant bits are permanently configured to
0000011. These seven bits are appended to the six least significant register bits to produce an address
within the range of $00FF to $00C0. The stack area of RAM is used to store the return address on subroutine
calls and the machine state during interrupts. During external or power-on reset, and during a reset stack
pointer (RSP) instruction, the stack pointer is set to its upper limit ($00FF). Nested interrupt and/or
subroutines may use up to 64 (decimal) locations. When the 64 locations are exceeded, the stack pointer
wraps around and points to its upper limit ($00FF), thus, losing the previously stored information. A
subroutine call occupies two RAM bytes on the stack, while an interrupt uses five RAM bytes.

2.5.5 Condition Code Register (CC)

The condition code register is a 5-bit register which indicates the results of the instruction just executed
as well as the state of the processor. These bits can be individually tested by a program and specified
action taken as a result of their state. Each bit is explained in the following paragraphs.

2.5.5.1 HALF CARRY BIT (H). The H bit is set to a one when a carry occurs between bits three and
four of the ALU during an ADD or ADC instruction. The H bit is useful in binary coded decimal subroutines.

2.5.5.2 INTERRUPT MASK BIT (I). When the | bit is set, all interrupts are disabled. Clearing this bit
enables the interrupts. If an external interrupt occurs while the | bit is set, the interrupt is latched and is
processed after the | bit is next cleared; therefore, no interrupts are lost because of the | bit being set.
An internal interrupt can be lost if it is cleared while the | bit is set (refer to SECTION 4 PROGRAMMABLE
TIMER, and SECTION 5 SERIAL PERIPHERAL INTERFACE for more information).

2.5.5.3 NEGATIVE (N). When set, this bit indicates that the result of the last arithmetic, logical, or data
manipulation is negative (bit 7 in the result is a logic one).

2.5.5.4 ZERO (Z). When set, this bit indicates that the result of the last arithmetic, logical, or data
manipulation is zero.

2.5.5.5 CARRY/BORROW (C). Indicates that a carry or borrow out of the arithmetic logic unit (ALU)
occurred during the last arithmetic operation. This bit is also affected during bit test and branch instructions,
shifts, and rotates.

2.6 SELF-CHECK

The self-check capability of the MC68HCO05L6 MCU provides an internal check to determine if the device
is functional. Self-check is performed using the circuit shown in the schematic diagram of Figure 2-7. As
shown in the diagram, port C pins PCO-PC3 are monitored (light emitting diodes are shown but other
devices could be used) for the self-check results. The self-check mode is entered by applying a 9 Vdc
input (through a 4.7 kilohm resistor) to the TRQ pin and 5 Vdc input (through a 4.7 kilohm resistor) to the
TCAP pin and then depressing the reset switch to execute a reset. After reset, the following seven tests
are performed automatically.

MOTOROLA MC68HCO05L6
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17v—runctionally exercises ports A, B, and C
RAM—Counter test for each RAM byte
Timer—Tracks counter register and checks OCF flag
LCD—Displays the SC number
ROM —Exclusive OR with odd ones parity result
SPI—Transmission test with check for SPIF, WCOL, and MODF flags
INTERRUPTS —Tests external timer and SPI interrupts

AIU k I.OI-,;,Fj- % 1M§:
L 10k
Y 7], | AL
\ 1l el as sEEE]
2z B388Besseciciss
1 minisininisisisisisisinisisininls!
= 09 o) 61
1 PAs (] 10 01 o] 6P3
o—pras ) 8P4
PA3 ) FP24—
PA2 (] ) FP23 —
— Pa1 ) FP22 —
\Ll“ — Pao (] [ P21 —
2N3904 |-AAA P80 ] [ FP20 —]
—— pB1 [ rP19—
B2 (]18 52 [ rr18—
= pB3 ] ) FP17—
L— pB4 ] ] FP16——
L— PBS ] [ FP15—
pB6 [ ) FP14— o
— p87 [ ] FP13—
—— PC7 [ ] FP12—]
— PC6 ] [ FP11—]
— pcs [ 28 44 10—
27 35 43
47k UuuuuouUduggoououoouooun
gg8ggcggsEreeEEeERR
- | L |
AR l -L— I

Figure 2-7. Self-Check Circuit Schematic Diagram
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senr-cneck results (using the LEDs as monitors) are shown in Table 2-2. The following subroutines are
available to user programs and do not require any external hardware.

Table 2-2. Self-Check Results

PC3 | PC2 | PC1 PCO Remarks

1 0 0 1 Bad I/0

1 0 1 0 Bad RAM

1 0 1 1 Bad Timer

1 1 0 0 Bad ROM

1 1 0 1 Bad SPI

1 1 1 0 Bad Interrupts or IRQ Request
Flashing Good Device
All Others Bad Device, Bad Port C, etc.

0 Indicates LED On; 1 Indicates LED is OFF.

2.7 TIMER TEST SUBROUTINE

This subroutine returns with the Z bit cleared if any error is detected; otherwise, the Z bit is set.

This subroutine is called at location $1FOE. The output compare register is first set to the current timer
state. Because the timer is free running and has only a divide-by-four prescaler, each timer count cannot
be tested. The test reads the timer once every 10 counts (40 cycles) and checks for correct counting. The
test tracks the counter until the timer wraps around, triggering the output compare flag in the timer status
register. RAM locations $0050 and $0051 are overwritten. Upon return to the user’s program, X=40. If
the test passed, A=0.

2.8 ROM CHECKSUM ROUTINE
This subroutine returns with the Z bit cleared if any error is detected; otherwise, the Z bit is set.
This subroutine is called at locations $1F7D with RAM locations $0053 equal to $01 and A=0. A short

routine is set up and executed in RAM to compute a checksum of the entire ROM pattern. Upon return
to the user’s program, X =0. If the test passed, A=0, RAM locations $0050 through $0053 are overwritten.

MOTOROLA MC68HCO05L6
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SECTION 3
RESET MODES, INTERRUPTS, LOW POWER MODES

3.1 INTRODUCTION

This section contains a description of the reset modes and the different interrupt capabilities of the
MC68HCO5L6. The two low power consumption modes (WAIT and STOP) are also discussed.

3.2 RESET MODES

The MCB8HCO5L6 has two reset modes: an active low external reset pin (RESET) and a power-on reset
function; refer to Figure 3-1.

3.2.1 External Reset (RESET)

Jie RESET input pin is used to reset the MCU to provide an orderly software startup procedure. When
using the external reset mode, the RESET pin must stay low for a minimum of one and one half cycle
times. The RESET pin has Schmitt Trigger characteristics to improve noise immunity.

2.2 Power-On Reset

The power-on reset occurs when a positive transition is detected on power supply input pin. The power-
e reset is used strictly for power turn-on conditions and should not be used to detect any drops in the
=awer supply voltage. There is no provision for a power-down reset. The power-on circuitry provides a
4u54 cycle time delay from the time that the oscillator becomes active. If the RESET pin is low at the end
Githe 4064 cycle time time out, the processor remains in the reset condition until the RESET input pin
gees high. The user must ensure that input power has risen to a point where the MCU can operate properly
pior to the time the 4064 cycle time delay has elapsed. If there is any doubt, the RESET pin should remain
iow until such time that input power has risen to the minimum operating voltage required.

Table 3-1 shows the actions of the two resets on internal circuits, but not necessarily in order of occurrence
!X indicates that the condition occurs for the particular reset).

5.5 INTERRUPTS

Gustems often require that normal processing be interrupted so that some external event may be serviced.
ThHe MC68HCO5L6 may be interrupted by one of four different methods; either one of three maskable
ksrdware interrupts (IRQ, SPI, or Timer) and one non-maskable software interrupt (SWI). Interrupts such
g3)Timer and SPI have several flags which will cause the interrupt. Generally, interrupt flags are located
i read-only status registers, whereas their equivalent enable bits are located in associated control registers.
Tne interrupt flags and enable bits are never contained in the same register. If the enable bit is a logic
zero it blocks the interrupt from occurring but does not inhibit the flag from being set. Reset clears all
enable bits to preclude interrupts during the reset procedure.

MC68HCO5L6 MOTOROLA
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Table 3-1. Reset Action on Internal Circuit

Condition Ri?nET Po:;:?“

Timer Prescaler Reset to Zero State X X
Timer Counter Configured to $FFFC X X
Timer Output Compare (TCMP) Bit Reset to Zero X X
All Timer Interrupt Enable Bits Cleared (ICIE, OCIE, and TOIE) to Disable Timer Interrupts X X

The OLVL Timer is Also Cleared by Reset
All Data Direction Registers Cleared to Zero (Input) X X
Configure Stack Pointer to $00FF » X X
Force Internal Address Bus to Restart Vector ($1FFE-$1FFF) X X
Set | Bit in Condition Code Register to a Logic One X X
Clear STOP Latch X* X
Clear External Interrupt Latch X X
Clear WAIT Latch X X
Disable SPI (Serial Output Enable Control Bit SPE=0)—Other SPI Bits Cleared by Reset X X

Include: SPIE, MSTR, SPIF, WCOL, and MODF
Clear Serial Interrupt Enable Bit (SPIE) X X
Place SPI System in Slave Mode (MSTR=0) X X

*|ndicates that timeout still occurs.

Tne general sequence for clearing an interrupt is a software sequence of first accessing the status register
venile the interrupt flag is set, followed by a read or write of an associated register. When any of these
L.ulerrupts occur, and if the enable bit is a logic one, normal processing is suspended at the end of the
current instruction execution. Interrupts cause the processor registers to be saved on the stack (see Figure
2/0) and the interrupt mask (I bit) is set to prevent additional interrupts. The appropriate interrupt vector
t32n points to the starting address of the interrupt service routine (refer to Figure 2-4 for vector location).
Linon completion of the interrupt service routine, The RTI instruction (which is normally a part of the
gervice routine) causes the register contents to be recovered from the stack followed by a return to normal
paocessing. The stack order is shown in Figure 2-6.

NOTE

The interrupt mask bit (I bit) will be cleared if and only if the corresponding bit stored in the
stack is zero.

#.discussion of interrupts, plus a table listing vector addresses for all interrupts including reset is provided
ii"Table 3-2.

Table 3-2. Vector Address for Interrupts and Reset

Register NFal:nge Interrupts Int?::.lpt :::::srs
N/A N/A Reset RESET $1FFE-$1FFF
N/A N/A Software Swi $1FFC-$1FFD
N/A N/A | External Interrupt iRQ $1FFA-$1FFB

Timer Status ICF Input Capture TIMER $1FF8-$1FF9

OCF Output Compare
TOF Timer Overflow

SPI Status SPIF Transfer Complete SPI $1FF4-$1FF5
MODF | Mode Fault

MC68HCO05L6 MOTOROLA
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—eev. ..—.-ware Controlled Interrupt Sequence

The following three functions (RESET, STOP, and WAIT) are not in the strictest sense an interrupt;
however, they are acted upon in a similar manner. Flowcharts for hardware interrupts are shown in Figure
3-2, and for STOP and WAIT are provided in Figure 3-3. A discussion is provided below.

(a) A low input on the RESET input pin causes the program to vector to its starting address which
is specified by the contents of memory locations $1FFE and $1FFF. The | bit in the condition
code register is also set.

(b) WAIT —the WAIT instruction causes all processor clocks to stop, but leaves the timer, SPi, and
LCD clocks running. This rest state of the coprocessor can be cleared by reset, an external
interrupt (TRQ), Timer interrupt, or SPI interrupt. There are no special wait vectors for these
individual interrupts.

(c) STOP—The STOP instruction causes the oscillator to be turned off and the processor to “’sleep”
until an external interrupt (IRQ) or reset occurs.

3.3.2 Software Interrupt (SWI)

The software interrupt is an executable instruction. The action of the SWI instruction is similar to the
hardware interrupts. The SWI is executed regardless of the state of the interrupt mask (I bit) in the condition
code register. The interrupt service routine address is specified by the contents of memory location $1FFC
and $1FFD.

3.3.3 External Interrupt (IRQ)

If the interrupt mask (1 bit) of the condition code register has been cleared and the external interrupt pin
(TRQ) has gone low, then the external interrupt is recognized. When the interrupt is recognized, the current
state of the CPU is pushed onto the stack and the | bit is set. This masks further interrupts until the
present one is serviced. The interrupt service routine address is specified by the contents of memory
location $1FFA and $1FFB. Either a level-sensitive and negative edge-sensitive trigger, or a negative edge-
sensitive only trigger are available as a mask option. Figure 3-4 shows both a functional and mode timing
diagram for the interrupt line. The timing diagram shows two different treatments of the interrupt line
(TRQ) to the processor. The first method shows single pulses on the interrupt line spaced far enough apart
to be serviced. The minimum time between pulses is a function of the number of cycles required to execute
the interrupt service routine plus 21 cycles. Once a pulse occurs, the next pulse should not occur until
the MCU software has exited the routine (an RTI occurs). The second configuration shows several interrupt
lines ‘“wire-ORed” to form the interrupts at the processor. Thus, if after servicing one interrupt the interrupt
line remains low, then the next interrupt is recognized.

NOTE
The internal interrupt latch is cleared in the first part of the service routine; therefore, one (and
only one) external interrupt pulse could be latched during t|LIL and serviced as soon as the |
bit is cleared.

3.3.4 Timer Interrupt

There are three different timer interrupt flags that will cause a timer interrupt whenever they are set and
enabled. These three interrupt flags are found in the three most significant bits of the timer status register
(TSR, location $13) and all three will vector to the same interrupt service routine ($1FF8-$1FF9).

e
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iRQ
EXTERNAL
INTERRUPT

TIMER
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INTERRUPT

SPI
INTERNAL
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EXECUTE

MC68HCO05L6

INSTRUCTION

CLEAR TRO
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LATCH

STACK
PC, X, A, CC

LOAD PC FROM:
TRQ: $1FFA-$1FFB
TIMER: $1FF8-$1FF9
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INTERRUPT
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Figure 3-2. Hardware Interrupt Flowchart
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LEVEL SENSITIVE TRIGGER
T T WsKoToN
Yoo EXTERNAL
o By
INTERRUPT PIN : >
i | BIT (CC)

EXTERNAL INTERRUPT
BEING SERVICED (READ OF VECTORS)

n_‘— POWER-ON RESET
\__\_l_ EXTERNAL RESET
(a) INTERRUPT FUNCTION DIAGRAM

Edge-Sensitive Trigger Condition
T YLK R | I The minimum pulse width (t) ) is either
: |_| ¢ 125ns (Vpp=5V) or250 ns (Vpp =3 V).
The period t ji should not be less than
the number of tcyc cycles it takes to

Yy

tiLiL

[ execute the interrupt service routine plus
21 teyc cycles.
Level-Sensitive Trigger Condition
b If after servicing an interrupt the TRQ
a1 —lq— YLK —ﬂ remains low, then the next interrupt is
. recognized.
L]
. ﬁ r NORMALLY
iROn | USED WITH
WIRE-ORed
CONNECTION
0] |"
(MCU) )

(b) INTERRUPT MODE DIAGRAM

Figure 3-4. External Interrupt
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location $12). Reset clears all enable bits, thus preventing an interrupt from occurring during the reset
time period. The actual processor interrupt is generated only if the | bit in the condition code register is
also cleared. When the interrupt is recognized, the current machine state is pushed onto the stack and
the | bit is set. This masks further interrupts until the present one is serviced. The interrupt service routine
address is specified by the contents of memory location $1FF8 and $1FF9. The general sequence for
clearing an interrupt is a software sequence of accessing the status register while the flag is set, followed
by a read or write of an associated register. Refer to SECTION 4 PROGRAMMABLE TIMER for additional
information about the timer circuitry.

3.3.5 Serial Peripheral Interface (SPI) Interrupts

An interrupt in the serial peripheral interface (SPI) occurs when one of the interrupt flag bits in the serial
peripheral status register (location $0B) is set, provided the | bit in the condition code register is clear and
the enable bit in the serial peripheral control register (location $0A) is enabled. When the interrupt is
recognized, the current state of the machine is pushed onto the stack and the | bit in the condition code
register is set. This masks further interrupts until the present one is serviced. The SPI interrupt causes
the program counter to vector to memory location $1FF4 and $1FF5 which contains the starting address
of the interrupt service routine. Software in the serial peripheral interrupt service routine must determine
the priority and cause of the SPI interrupt by examining the interrupt flag bits located in the SPI status
register. The general sequence for clearing an interrupt is a software sequence of accessing the status
register while the flag is set, followed by a read or write of an associated register. Refer to SECTION 5
SERIAL PERIPHERAL INTERFACE for a description of the SPI system and its interrupts. :

3.4 LOW POWER MODES

Two low power consumption modes of operation are available: wait and stop. These operating modes
are initiated by using the WAIT and STOP instructions.

3.4.1 WAIT Instruction

The WAIT instruction places the microcomputer in a low power consumption mode. In the WAIT mode,
the internal clock remains active, and all CPU processing is stopped; however, the programmable timer
and serial peripheral interface remain active. Refer to Figure 3-3. During the WAIT mode, the | bit in the
condition code register is cleared to enable all interrupts. All other registers and memory remain unaltered
and all parallel input/output lines remain unchanged. This operating mode will continue until any interrupt
or reset is sensed. At this time the program counter vectors to the memory location ($1FFA through $1FFF)
which contains the starting address of the interrupt or reset service routine.

3.4.2 STOP Instruction

The STOP instruction places the microcomputer in its lowest power consumption mode. The internal
oscillator is turned off, causing all internal processing to be halted; refer to Figure 3-3. During the STOP
mode, the | bit in the condition code register is cleared to enable external interrupts. All other registers
and memory remain unaltered and all input/output lines remain unchanged. This continues until an external
interrupt (IRQ) or reset is sensed at which time the internal oscillator is turned on. The external interrupt
or reset causes the program counter to vector to memory location $1FFA and $1FFB or $1FFE and $1FFF
which contains the starting address of the interrupt or reset service routine respectively.

MOTOROLA MC68HCO05L6
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SECTION 4
PROGRAMMABLE TIMER

4.1 INTRODUCTION

The programmable timer, which is preceded by a fixed divide-by-four prescaler, can be used for many
purposes, including input waveform measurements while simultaneously generating an output waveform.
Pulse widths can vary from several microseconds to many seconds. A block diagram of the timer is shown
in Figure 4-1 and timing diagrams are shown in Figures 4-2 through 4-5.

Because the timer has a 16-bit architecture, each specific functional segment (capability) is represented
by two registers. These registers contain the high and low byte of that functional segment. Generally,
accessing the low byte of a specific timer function allows full control of that function; however, an access
f the high byte inhibits that specific timer function until the low byte is also accessed.

NOTE
The | bit in the condition code register should be set while manipulating both the high and low
byte register of a specific timer function to ensure that an interrupt does not occur. This prevents
interrupts from occurring between the time that the high and low bytes are accessed.

The programmable timer capabilities are provided by using the following ten addressable 8-bit registers
Chote that the high and low represent the significance of the byte).

Timer Control Register (TCR) location $12,
Timer Status Register (TSR) location $13,
Input Capture High Register location $14,
Input Capture Low Register location $15,
Output Compare High Register location $16,
Output Compare Low Register location $17,
Counter High Register location $18,
Counter Low Register location $19,
Alternate Counter High Register location $1A,
Alternate Counter Low Register location $1B.

A description of each register is provided in the following paragraphs.
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Figure 4-1. Programmable Timer Block Diagram
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Figure 4-2. Timer State Timing Diagram for Reset
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Figure 4-3. Timer State Timing Diagram for Input Capture
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Figure 4-4. Timer State Timing Diagram for Output Compare
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Figure 4-5. Timer State Diagram for Timer Overflow
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vie «eeeem-. sSONTROL REGISTER (TCR)

The timer control register is an 8-bit read/write register which contains five control bits. Three of these
bits control interrupts associated with each of the three flag bits found in the timer status register (discussed
below). The other two bits control: 1) which edge is significant to the input capture edge detector (i.e.,
negative or positive), and 2) the next value to be clocked to the output level register in response to a
successful output compare. The timer control register and the free running counter are the only sections
of the timer affected by reset. The TCMP pin is forced low during external reset and stays low until a
valid compare changes it to a high. The timer control register is illustrated below followed by a definition
of each bit.
7 8 5 4 3 2 1 0

so012 [ e [ oce | toe [ o [ o [ o [ e | om |

ICIE—Input Capture Interrupt Enable
If the input capture interrupt enable bit is set, a timer interrupt is enabled when the ICF status flag
(in the timer status register) is set. If the ICIE bit is clear, the interrupt is inhibited. The ICIE bit is
cleared by reset.

OCIE—Input Capture Interrupt Enable
If the output compare interrupt enable bit is set, a timer interrupt is enabled whenever the OCF status
flag is set. If the OCIE bit is clear, the interrupt is inhibited. The OCIE bit is cleared by reset.

= OlE—Timer Overfiow Interrupt Enable
If the timer overflow interrupt enable bit is set, a timer interrupt is enabled whenever the TOF status
flag (in the timer status register) is set. If the TOIE bit is clear, the interrupt is inhibited. The TOIE
bit is cleared by reset.

1EDG—Input Edge
The value of the input edge bit determines which level transition will trigger a free running counter
transfer to the input capture register. Reset does not affect the IEDG bit.
0= Negative Edge
1=Positive Edge

)LVL—Output Level
The value of the output level bit is clocked into the output level register by the next successful output
compare. This bit and the output level register are cleared by reset.
0= Low Output
1=High Output

4.3 TIMER STATUS REGISTER (TSR)
“’he timer status register is an 8-bit register of which the three most significant bits contain read-only
status information. These three bits indicate the following:
1. A proper transition has taken place with an accompanying transfer of the free running counter
contents to the input capture register,

2. A match has been found between the free running counter and the output compare register, and
3. A free running counter transition from $FFFF to $0000 has been sensed (timer overflow).

The timer status register is illustrated below followed by a definition of each bit. Refer to timing diagrams
shown in Figures 4-2, 4-3, and 4-4 for timing relationship to the timer status register bits.

7 6 5 4 3 2 1 0
suow[lcr[ucf|ror|o|o|o|o|oJ
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vwr  waew. —apture Flag
The input capture flag bit is set when a proper edge has been sensed by the input capture edge
detector. It is cleared by a processor access of the timer status register (with ICF set) followed by
accessing the low byte ($15) of the input capture register. Reset does not affect the input compare
flag.

OCF—Output Capture Flag
The output compare flag bit is set when the output compare register contents matches the contents
of the free running counter. The OCF is cleared by accessing the timer status register (with OCF set)
and then accessing the low byte ($17) of the output compare register. Reset does not affect the
output compare flag.

TOF—Timer Overflow Flag
The timer overflow flag bit is set by a transition of the free running counter from $FFFF to $0000. It
is cleared by accessing the timer status register (with TOF set) followed by an access of the free
running counter least significant byte ($19). Reset does not affect the TOF bit.

Accessing the timer status register satisfies the first condition required to clear any status bits which
happen to be set during the access. The only remaining step is to provide an access of the register which
is associated with the status bit. Typically, this presents no problem for the input capture and output
compare functions.

A problem can occur when using the timer overflow function and reading the free running counter at
random times to measure an elapsed time. Without incorporating the proper precautions into software,
the timer overflow flag could unintentionally be cleared if: 1) the timer status register is read or written
when TOF is set, and 2) the least significant byte of the free running counter is read but not for the
nurpose of servicing the flag. The counter alternate register at address $1A and $1B contains the same
value as the free running counter (at address $18 and $19); therefore, this alternate register can be read
at any time without affecting the timer overflow flag in the timer status register.

1.4 INPUT CAPTURE REGISTER

The two 8-bit registers which make up the 16-bit input capture register are read-only and are used to latch
che value of the free running counter after a defined transition is sensed by the corresponding input capture
zdge detector. The level transition which triggers the counter transfer is defined by the corresponding
input edge bit (IEDG). Reset does not affect the contents of the input capture register.

\The result obtained by an input capture will be one more than the value of the free running counter on
the rising edge of the internal processor clock preceding the external transition (refer to timing diagram
shown in Figure 4-3). This delay is required for internal synchronization. Resolution is affected by the
orescaler allowing the timer to only increment every four internal processor clock cycles.

The free running counter contents are transferred to the input capture register on each proper signal
ransition regardless of whether the input capture flag (ICF) is set or clear. The input capture register
always contains the free running counter value which corresponds to the most recent input capture.

After a read of the most significant byte of the input capture register ($14), counter transfer is inhibited
until the least significant byte ($15) of the input capture register is also read. This characteristic forces
the minimum pulse period attainable to be determined by the time used in the capture software routine
and its interaction with the main program. The free running counter increments every four internal processor
clock cycles due to the prescaler.
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. _ 1 least significant byte ($15) of the input capture register does not inhibit the free running
counter transfer. Again, minimum pulse periods are ones which allow software to read the least significant
byte ($15) and perform needed operations. There is no conflict between the read of the input capture -
register and the free running counter transfer since they occur on opposite edges of the internal processor
clock.

4.5 OUTPUT COMPARE REGISTER

The output compare register is a 16-bit register, which is made up of two 8-bit registers at locations $16
(most significant byte) and $17 (least significant byte). The output compare register can be used for several
purposes such as, controlling an output waveform or indicating when a period of time has elapsed. The
output compare register is unique in that all bits are readable and writable and are not altered by the timer
hardware. Reset does not affect the contents of this register and if the compare function is not used, the
two bytes of the output compare register can be used as storage locations.

‘The contents of the output compare register are compared with the contents of the free running counter
once during every four internal processor clocks. If a match is found, the corresponding output compare
flag (OCF) bit is set and the corresponding output level (OLVL) bit is clocked (by the output compare
circuit pulse) to an output level register. The values in the output compare register and the output level
bit should be changed after each successful comparison in order to control an output waveform or establish
1 new elapsed timeout. An interrupt can also accompany a successful output compare provided the
corresponding interrupt enable bit, OCIE, is set.

‘After a processor write cycle to the output compare register containing the most significant byte ($16),
*he output compare function is inhibited until the least significant byte ($17) is also written. The user must
write both bytes (locations) if the most significant byte is written first. A write made only to the least
cignificant byte ($17) will not inhibit the compare function. The free running counter is updated every four
‘nternal processor clock cycles due to the internal prescaler. The minimum time required to update the
vutput compare register is a function of the software program rather than the internal hardware.

\ processor write may be made to either byte of the output compare register without affecting the other
nyte. the output level (OLVL) bit is clocked to the output level register regardless of whether the output
compare flag (OCF) is set or clear.

Secause neither the output compare flag (OCF bit) or output compare register is affected by reset, care
must be exercised when initializing the output compare function with software. The following procedure
1s recommended.
(1) Write the high byte of the output compare register to inhibit further compares until the low byte
is written.
(2) Read the timer status register to arm the OCF if it is already set.
(3) Write the output compare register low byte to enable the output compare funZtion with the flag
clear.

"he advantage of this procedure is to prevent the OCF bit from being set between the time it is read and
rthe write to the output compare register. A software example is shown below.

B7 16 STA OCMPHI INHIBIT OUTPUT COMPARE
B6 13 LDA TSTAT ARM OCF BIT IF SET
BF 17 STX OCMPLD READY FOR NEXT COMPARE
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The key element in the programmable timer is a 16-bit free running counter, or counter register, preceded
by a prescaler which divides the internal processor clock by four. The prescaler gives the timer a resolution
of 2.0 microseconds if the internal processor clock is 2.0 MHz. The counter is clocked to increasing values
during the low portion of the internal processor clock. Software can read the counter at any time without
affecting its value.

The double byte free running counter can be read from either of two locations $18-$19 (called counter
register at this location), or $1A-$1B (counter alternate register at this location). A read sequence containing
only a read of the least significant byte of the free running counter ($19, $1B) will receive the count value
at the time of the read. If a read of the free running counter or counter alternate register first addresses
the most significant byte ($18, $1A) it causes the least significant byte ($19,$1B) to be transferred to a
buffer. This buffer value remains fixed after the first most significant byte ‘‘read” even if the user reads
the most significant byte several times. This buffer is accessed when reading the free running counter or
counter alternate register least significant byte ($19 or $1B), and thus completes a read sequence of the
total counter value. Note that in reading either the free running counter or counter alternate register, if
the most significant byte is read, the least significant byte must also be read in order to complete the
sequence.

The free running counter is configured to $FFFC during reset and is always a read-only register. During
a power-on reset, the counter is also configured to $FFFC and begins running after the oscillator startup
delay. Because the free running counter is 16 bits preceded by a fixed divide-by-four prescaler, the value
in the free running counter repeats every 262,144 processor internal processor clock cycles. When the
counter rolls over from $FFFF to $0000, the timer overflow flag (TOF) bit is set. An interrupt can also be
enabled when counter rollover occurs by setting its interrupt enable bit (TOIE).

4.7 TIMER DURING WAIT MODE

When the MCU enters the wait mode, the CPU clock is halted. All CPU action is suspended; however,
the timer remains active. In fact an interrupt from the timer (in addition to a logic low on the IRQ or RESET
pins) causes the processor to exit the wait mode.

4.8 TIMER DURING STOP MODE

When the MCU enters the stop mode, the timer counter stops counting (the internal processor clock is
stopped) and remains at that particular count value until the stop mode is exited by an interrupt {if exited
by reset the counter is forced to $FFFC). If the stop mode is exited by an external low on the 1RQ pin,
then the counter resumes from its stopped value as if nothing had happened.

Another feature of the programmable timer, in the stop mode, is that if at least one valid input capture
edge occurs at the TCAP pin, the input capture detect circuitry is armed. This action does not set any
timer flags or “‘wake up’”’ the MCU, but when the MCU does ‘““wake up” there will be an active input
capture flag (and data) from that first valid edge which occurred during the stop mode.

If the stop mode is exited by an external reset {logic low on RESET pin), then no such input capture flag
or data action takes place even if there was a valid input capture edge (at the TCAP pin) during the MCU
stop mode.
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SECTION 5
SERIAL PERIPHERAL INTERFACE (SPI)

5.1 INTRODUCTION

The serial peripheral interface (SPI) is an interface built into the MC68HCO5L6 microcomputer which allows
several SPI microcomputers, or SPI-type peripherals to be interconnected within a single ““black box’’ or
on the same printed circuit board. In a serial peripheral interface, separate wires (signals) are required for
data and clock. In the SPI format, the clock is not included in the data stream and must be furnished as
a separate signal. An SPI system may be configured as one containing one master MCU and several slave
MCUs, or as a system in which an MCU is capable of being either a master or a slave.

Figure 5-1 illustrates two different system configurations. Figure 5-1(a) represents a system of five different
microcomputers in which there is one master and four slaves (0, 1, 2, 3). In this system four basic lines
‘signals) are required for the MOSI (master out slave in), MISO (master in slave out), SCK (serial clock),
and SS (slave select) lines. Figure 5-1(b) represents a system of five microcomputers in which three can
ne either master or slave and two are slave only.

Features of the SPI include:

Full Duplex, Three-Wire Synchronous Transfers
Master or Slave Operation

1.056 MHz (Maximum) Master Bit Frequency

2.1 MHz (Maximum) Slave Bit Frequency

Four Programmable Master Bit Rates
Programmable Clock Polarity and Phase

End of Transmission Interrupt Flag

Write Collision Flag Protection

Master-Master Mode Fault Protection Capability

5.2 SPI SIGNAL DESCRIPTION

The four basic SPI signals (MOSI, MISO, SCK, and SS) are described in the following paragraphs. Each
signal is described for both the master and slave mode.

5.2.1 Master Out Slave In (MOSI)

The MOSI pin is configured as an output in a master (mode) device and as an input in a slave (mode)
device. Data is transferred serially from a master to a slave on this line, most significant bit first. The
dming diagram of Figure 5-2 shows the relationship between data and serial clock (SCK). As shown in
Figure 5-2, four possible timing relationships may be chosen by using control bits CPOL and CPHA. The
master device always allows data to be applied on the MOSI line a half-cycle before the serial clock edge
(SCK) in order for the slave device to latch the data.
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Both the slave device(s) and a master device must be programmed to similar timing modes for
proper data transfer.

When the master device transmits data to a slave device via the MOSI line, the slave device responds by
sending data to the master device via the MISO line. This implies full duplex transmission with both data
out and data in synchronized with the same clock signal (one which is provided by the master device).
Thus, the byte transmitted is replaced by the byte received and eliminates the need for separate transmit-
empty and receiver-full status bits. A single status bit (SPIF) in the serial peripheral status register (SPSR,
location $0B) is used to signify that the I/0 operation is complete.

Configuration of the MOSI pin is a function of the MSTR bit in the serial peripheral control register (SPCR,
location $0A). When a device is operating as a master, the MOSI pin is an output because the program
in firmware sets the MSTR bit to a logic one.

5.2.2 Master In Slave Out (MISO)

The MISO pin is configured as an input in a master (mode) device and as an output in a slave (mode)
device. Data is transferred serially from a slave to a master on this line, most significant bit first. The MISO
pin of a slave device is placed in the high-impedance state if it is not selected by the master; i.e., its SS
nin is a logic one. The timing diagram in Figure 5-2 shows the relationship between data and the serial
slock (SCK). As shown in Figure 5-2, four possible timing relationships may be chosen by using control
nits CPOL and CPHA. The master device always allows data to be applied on the MISO line a half-cycle
vefore the serial clock edge (SCK) in order for the slave device to latch the data.

NOTE
Both the slave device(s) and a master device must be programmed to similar timing modes for
proper data transfer.

s | [[=

SCK

(CPOL=10, CPHA=0)

(CPOL=0, CPHA=1)

(CPOL=1, CPHA=0)

SCK
(CPOL=1, CPHA=1)
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Figure 5-2. Data Clock Timing Diagram
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sending data to the master device via the MISO line. This implies full duplex transmission with both data
out and data in synchronized with the same clock signal (one which is provided by the master device).
Thus, the byte transmitted is replaced by the byte received and eliminates the need for separate transmit-
empty and receiver-full status bits. A single status bit (SPIF) in the serial peripheral status register (SPSR,
location $0B) is used to signify that the 1/0 operation is complete.

In the master device, the MSTR control bit in the serial peripheral control register (SPCR,location $0A)
is set to a logic one (by the program) to allow the master device to receive data on its MISO pin. In the
slave device, its MISO pin is enabled by the logic level of the SS pin; i.e., if SS=1 then the MISO pin is
placed in the high-impedance state, whereas, if $S =0 the MISO pin is an output for the slave device.

5.2.3 Slave Select (SS)

The slave select (SS) pin is a fixed input which receives an active low signal that is generated by the
master device to enable slave device(s) to accept data. To ensure that data will be accepted by a slave
device, the SS signal line must be a logic low prior to occurrence of serial SCK and must remain low until
after the last (eighth) SCK cycle. Figure 5-2 illustrates the relationship between SCK and the data for two
different level combinations of CPHA, when SS is pulled low. These are: 1) with CPHA =1 or 0, the first
bit or data is applied to the MISO line for transfer, and 2) when CPHA =0 the slave device is prevented
from writing to its data register. Refer to the WCOL status flag in the serial peripheral status register
(location $0B) description for further information on the effects that the SS input and CPHA control bit
have on the 1/0 data register. A high level SS signal forces the MISO line to the high-impedance state.
Also, SCK and the MOSI line are ignored by a slave device when its S8 signal is high.

When a device is a master, it constantly monitors its SS signal input for a logic low. The master device
will become a slave device any time its SS signal input is detected low. This ensures that there is only
one master controlling the SS line for a particular system. When the S8 line is detected low, it clears the
MSTR control bit (serial peripheral control register, location $0A). Also, control bit SPE in the serial
peripheral control register is cleared and causes the serial peripheral interface to be disabled. The MODF
flag bit in the serial peripheral status register (location $0B) is also set to indicate to the master device
that another device is attempting to become a master. Two devices attempting to be outputs are normally
the result of a software error; however, a system could be configured which would contain a default
master which would automatically ““take-over” and restart the system. Refer to SERIAL PERIPHERAL
INTERFACE SYSTEM CONSIDERATIONS.

5.2.4 Serial Clock (SCK)

The serial clock is used to synchronize the movement of data both in and out of the device through its
MOSI and MISO pins. The master and slave devices are capable of exchanging a data byte of information
during a sequence of eight clock pulses. Since SCK is generated by the master device, the SCK line
becomes an input on all slave devices and synchronizes slave data transfer. The type of clock and its
relationship to data are controlled by the CPOL and CPHA bits in the serial peripheral control register
(location $0A). Refer to Figure 5-2 for timing.

The master device generates the SCK through a circuit driven by the internal processor clock. Two bits
(SPRO and SPR1) in the serial peripheral control register (location $0A) of the master device select the
clock rate. The master device uses the SCK to latch incoming slave device data on the MISO line and
shifts out data to the slave device on the MOSI line. Both master and slave devices must be operated in
the same timing mode as controlled by the CPOL and CPHA bit in the serial peripheral control register.
In the slave device, SPRO, SPR1 have no effect on the operation of the serial peripheral interface. Timing
is shown in Figure 5-2.

MOTOROLA MC68HCO05L6
5-4

For More Information On This Product,
Go to: www.freescale.com



\¥ 4
i

A block diagram of the serial peripheral interface is shown in Figure 5-3. In a master configuration, the
master start logic receives an input from the CPU (in the form of a write to the SPI rate generator) and
originates the serial clock (SCK) based on the internal processor clock. This clock is also used internally
to control the state controller as well as the 8-bit shift register. As a master device, data is parallel loaded
into the 8-bit shift register (from the internal bus) during a write cycle and then shifted out serially to the
MOSI pin for application to the slave device(s). During a read cycle, data is applied serially from a slave
device via the MISO pin to the 8-bit shift register. After the 8-bit shift register is loaded, its data is parallel
transferred to the read buffer and then is made available to the internal data bus during a CPU read cycle.

JNAL DESCRIPTION Freescale Semiconductor, Inc.

In a slave configuration, the slave start logic receives a logic low (from a master device) at the SS pin
and a serial clock input (from the same master device) at the SCK pin. Thus, the slave is synchronized
with the master. Data from the master is received serially at the slave MOSI pin and loads the 8-bit shift
register. After the 8-bit shift register is loaded, its data is parallel transferred to the read buffer and then
is made available to the internal data bus during a CPU read cycle. During a write cycle, data is parallel
loaded into the 8-bit shift register from the internal data bus and then shifted out serially to the MISO pin
for application to the master device.

SEE NOTE
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PROCESSOR SCK MOsI MISO I
CLOCK

l READ
MASTER » ¢
l RATE »  sTRT > 8 INTERNAL
GENERATOR LoGIC > READ BUFFER LoaD) 7 >—r——> DATA
] - BUS
sc 8 >
£ - 8-BIT SHIFT (FULL) [
(SEE NOTE) SLAVE REGISTER L]
START ) 8
1, LoGIC WRITE
STATE
CONTROL l—-—> CONTROLLER
SPCR BITS
$0A
‘ 3
SPSR
+08 FLAGS S A -
7

\
A
Y

NOTES:

The SS, SCK, MOSI, and MISO are external pins which provide the following functions:

a. MOSI—Provides serial output to slave unit(s) when device is configured as a master. Receives serial input from master unit when device
is configured as a slave unit.

b. MISO—Receives serial input from slave unit(s) when device is configured as a master. Provides serial output to master when device is
configured as a slave unit.

c. SCK—Provides system clock when device is configured as a master unit. Receives system clock when device is configured as a slave
unit.

d.  SS—Provides a logic low to select a slave device for a transfer with a master device.

Figure 5-3. Serial Peripheral Interface Block Diagram
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the master SS pin is tied to a logic high and the slave SS pin is a logic low. Figure 5-1 provides a larger
system connection for these same pins. Note that in Figure 5-1, all SS pins are connected to a port pin
of a master/slave device. In this case any of the devices can be a slave.

1 1
MASTER X | SLAVE
| |
1 MISO MISO |
8-BIT SHIFT REGISTER - ' T 8-BIT SHIFT REGISTER

! | 7

1 )
| Mos| Mos!

T ) ]
1 !
| |
5P I scx SCK |
CLOCK GENERATOR | — > ' .
| |
155 S
—_— 45y ov——

Figure 5-4. Serial Peripheral Interface Master-Slave Interconnection

5.4 REGISTERS

There are three registers in the serial parallel interface which provide control, status, and data storage
functions. These registers are called the serial peripheral control register (SPCR, location $0A), serial
oeripheral status register (SPSR, location $0B), and serial peripheral data 1/0 register (SPDR, location
$0C) are described in the following paragraphs.

5.4.1 Serial Peripheral Control Register (SPCR)

7 8 5 4 3 2 1 0
soooa | s | s | - | msm [ co. | cea | st | semo |

The serial peripheral control register bits are defined as follows:

SPIE—Serial Peripheral Interrupt Enable
When the serial peripheral interrupt enable bit is high, it allows the occurrence of a processor interrupt,
and forces the proper vector to be loaded into the program counter if the serial peripheral status
register flag bit (SPIF and/or MODF) is set to a logic one. It does not inhibit the setting of a status
bit. The SPIE bit is cleared by reset.

SPE—Serial Peripheral Output Enable
When the serial peripheral output enable control bit is set, all output drive is applied to the external
pins and the system is enabled. When the SPE bit is set, it enables the SPI system by connecting it
to the external pins thus allowing it to interface with the external SPI bus. The pins that are defined
as output depend on which mode (master or slave) the device is in. Because the SPI bit is cleared
by reset, the SPI system is not connected to the external pins upon reset.

MSTR —Master
The master bit determines whether the device is a master or a slave. If the MSTR bit is a logic zero
it indicates a slave device and a logic one denotes a master device. If the master mode is selected,
the function of the SCK pin changes from an input to an output and the function of the MSIO and

MOTOROLA MC68HCO05L6 ‘
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and SCK to SCK without incident.The MSTR bit is cleared by reset; therefore, the device is always
placed in the slave mode during reset.

CPOL—Clock Polarity

The clock polarity bit controls the normal or steady state value of the clock when data is not being
transferred. The CPOL bit affects both the master and slave modes. It must be used in conjunction
with the clock phase control bit (CPHA) to produce the wanted clock-data relationship between a
master and a slave device. When the CPOL bit is a logic zero, it produces a steady state low value
at the SCK pin of the master device. If the CPOL bit is a logic one, a high value is produced at the
SCK pin of the master device when data is not being transferred. The CPOL bit is not affected by
reset. Refer to Figure 5-2.

CPHA—Clock Phase

The clock phase bit controls the relationship between the data on the MISO and MOSI pins and the
clock produced or received at the SCK pin. This control has effect in both the master and slave
modes. It must be used in conjunction with the clock polarity control bit (CPOL) to produce the
wanted clock-data relation. The CPHA bit in general selects the clock edge which captures data and
allows it to change states. It has its greatest impact on the first bit transmitted (MSB) in that it does
or does not allow a clock transition before the first data capture edge. The CPHA bit is not affected
by reset. Refer to Figure 5-2.

3PRO, SPR1—Serial Peripheral Rate
These two serial peripheral rate bits select one of four baud rates to be used as SCK if the device is
a master; however, they have no effect in the slave mode. The slave device is capable of shifting
data in and out at a maximum rate which is equal to the CPU clock. A rate table is given below for
the generation of the SCK from the master. The SPR1 and SPRO bits are not affected by reset.

Internal Processor

SPR1 SPRO Clock Divide By
0 0 2
0 1 4
1 0 16
1 1 32

5.4.2 Serial Peripheral Status Register (SPSR)

7 6 5 4 3 2 1 0
sooos [ sF | weor | - [wor [ - T -] - [ - |

The status flags which generate a serial peripheral interface (SPI) interrupt may be blocked by the SPIE
control bit in the serial peripheral control register. The WCOL bit does not cause an interrupt. The serial
oeripheral status register bits are defined as follows:

SPIF—Serial Peripheral Data Transfer Rate

The serial peripheral data transfer flag bit notifies the user that a data transfer between the device
and an external device has been completed. With the completion of the data transfer, SPIF is set,
and if SPIE is set, a serial peripheral interrupt is generated. During the clock cycle that SPIF is being
set, a copy of the received data byte in the shift register is moved to a buffer. When the data register
is read, it is the buffer that is read. During an overrun condition, when the master device has sent
several bytes of data and the slave device has not responded to the first SPIF, only the first byte
sent is contained in the receiver buffer and all other bytes are lost.

MC68HCO05L6 MOTOROLA
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Clearing the SPIF bit is accomplished by a software sequence of accessing the serial peripheral status
register while SPIF is set and followed by a write to or a read of the serial peripheral data register.
While SPIF is set, all writes to the serial peripheral data register are inhibited until the serial peripheral
status register is read. This occurs in the master device. In the slave device, SPIF can be cleared
(using a similar sequence) during a second transmission; however, it must be cleared before the
second SPIF in order to prevent an overrun condition. The SPIF bit is cleared by reset.

WCOL —Write Collision Status

The function of the write collision status bit is to notify the user that an attempt was made to write
the serial peripheral data register while a data transfer was taking place with an external device. The
transfer continues uninterrupted; therefore, a write will be unsuccessful. A “‘read collision’’ will never
occur since the received data byte is placed in a buffer in which access is always synchronous with
the MCU operation. If a “write collision” occurs, WCOL is set but no SPI interrupt is generated. The
WCOL bit is a status flag only.

Clearing the WCOL bit is accomplished by a software sequence of accessing the serial peripheral
status register while WCOL is set, followed by 1), a read of the serial peripheral data register prior
to the SPIF bit being set,or 2) a read or write of the serial peripheral data register after the SPIF bit
is set. A write to the serial peripheral data register (SPDR) prior to the SPIF bit being set, will result
in generation of another WCOL status flag. Both the SPIF and WCOL bits will be cleared in the same
sequence. If a second transfer has started while trying to clear (the previously set) SPIF and WCOL
bits with a clearing sequence containing a write to the serial peripheral data register, only the SPIF
bit will be cleared.

A collision of a write to the serial peripheral data register while an external data transfer is taking
place can occur in both the master mode and the slave mode, although with proper programming
the master device should have sufficient information to preclude this collision.

Collision in the master device is defined as a write of the serial peripheri data register while the
internal rate clock (SCK) is in the process of transfer. The signal on the SS pin is always high on
the master device.

A collision in a slave device is defined in two separate modes. One problem arises in a slave device
when the CPHA control bit is a logic zero. When CPHA is a logic zero, data is latched with the
occurrence of the first clock transition. The slave device does not have any way of knowing when
that transition will occur; therefore, the slave device collision occurs when it attempts to write the
serial peripheral data register after its SS pin has been pulled low. The SS pin of the slave device
freezes the data in its serial peripheral data register and does not allow it to be altered if the CPHA
bit is logic zero. The master device must raise the SS pin of the slave device high between each byte
it transfers to the slave device.

The second collision mode is defined for the state of the CPHA control bit being a logic one. With
the CPHA bit set, the slave device will be receiving a clock (SCK) edge prior to the latch of the first
data transfer. This first clock edge will freeze the data in the slave device 1/0 register and allow the
most significant bit onto the external MISO pin of the slave device. The SS pin low state enables
the slave device but the drive onto the MSIO pin does not take place until the first data transfer clock
edge. The WCOL bit will only be set if the I/0 register is accessed while a transfer is taking place.
By definition of the second collision mode, a master device might hold a slave device SS pin low
during a transfer of several bytes of data without a problem.

MOTOROLA MC68HCO05L6
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starts a transfer sequence (an edge or SCK for CPHA = 1; or an active SS transition for CPHA =0)
at the same time the slave device CPU is writing to its serial peripheral interface data register. In this
case it is assumed that the data byte written (in the slave device serial peripheral interface) is lost
and the contents of the slave device read buffer becomes the byte that is transferred. Because the
master device receives back the last byte transmitted, the master device can detect that a fatal write
collision occurred.

Since the slave device is operating asynchronously with the master device, the WCOL bit may be
used as an indicator of a collision occurrence. This helps alleviate the user from a strict real-time
programming effort. The WCOL bit is cleared by reset.

MODF—Mode Fault
The function of the mode fault flag bit is defined for the master mode (device). If the device is a
slave device the MODF bit will be prevented from toggling from a logic zero to a logic one; however,
this does not prevent the device from being in the slave mode with the MODF bit set. The MODF
bit is normally a logic zero and is set only when the master device has its SS pin pulled low. Toggling
the MODF bit to a logic one affects the internal serial peripheral interface (SPI) system in the following
ways:
1. MODF is set and SPI interrupt is generated if SPIE=1.
2. The SPE bit is forced to a logic zero. This blocks all output drive from the device, disables the

SPI system.

3. The MSTR bit is forced to a logic zero, thus forcing the device into the slave mode.

Clearing the MODF is accomplished by a software sequence of accessing the serial peripheral status
register while MODF is set followed by a write to the serial peripheral control register. Control bits
SPE and MSTR may be restored to their original set state during this clearing sequence or after the
MODF bit has been cleared. Hardware does not allow the user to set the SPE and MSTR bit while
MODF is a logic one unless it is during the proper clearing sequence. The MODF flag bit indicates
that there might have been a multi-master conflict for system control and allows a proper exit from
system operation to a reset or default system state. The MODF bit is cleared by reset.

5.4.3 Serial Peripheral Data I/0 Register (SPDR)

7 6 5 4 3 2 1 0
soooc | Serial Peripheral Data 1/0 Register |

The serial peripheral data 1/0 register is used to transmit and receive data on the serial bus. Only a write
to this register will initiate transmission/reception of another byte and this will only occur in the master
slevice. A slave device writing to this data 1/0 register will not initiate a transmission. At the completion
of transmitting a byte of data, the SPIF status bit is set in both the master and slave devices. A write or
.ead of the serial peripheral data 1/0 register, after accessing the serial peripheral status register with SPIF
set, will clear SPIF.

During the clock cycle that the SPIF bit is being set, a copy of the received data byte in the shift register
i3 being moved to a buffer. When the user reads the serial peripheral data |/O register, the buffer is actually
Yeing read. During an overrun condition, when the master device has sent several bytes of data and the
slave device has not internally responded to clear the first SPIF, only the first byte is contained in the
receive buffer of the slave device; all others are lost. The user may read the buffer at any time. The first
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iniuatea or an overrun condition will exist.

A write to the serial peripheral data 1/0 register is not buffered and places data directly into the shift
register for transmission.

The ability to access the serial peripheral data 1/0 register is limited when a transmission is taking place.
It is important to read the discussion defining the WCOL and SPIF status bits to understand the limits on
using the serial peripheral data |/0O register.

5.5 SPI DURING WAIT MODE

When the MCU enters the wait mode, the CPU clock is halted. All CPU action is suspended; however,
the SPI system remains active. In fact an interrupt from the SPI (in addition to a logic low on the IRQ or
RESET pins) causes the processor to exit the wait mode.

5.6 SPI DURING STOP MODE

When the processor executes the STOP instruction, the internal oscillator is turned off. This halts all
internal CPU processing including the operation of the serial peripheral interface. The only way for the
MCU to “wake up’’ from the stop mode is by receipt of an external interrupt (logic low on TRQ pin) or
by the detection of a reset (logic low on RESET pin or a power-on reset).

When the MCU enters the stop mode, the baud rate generator which drives the SPI shuts down. This
essentially stops all master mode SPI operation, thus the master SPI is unable to transmit or receive any
data. If the STOP instruction is executed during an SPI transfer, that transfer is halted until the MCU
exits the stop mode (provided it is an exit resulting from a logic low on the TRQ pin). If the stop mode is
exited by a reset, then the appropriate control/status bits are cleared and the SPI is disabled. If the device
is in the slave mode when the STOP instruction is executed, the slave SPI will still operate. It can still
accept data and clock information in addition to transmitting its own data back to a master device.

Since the M6805 HCMOS master device is the bus master, it internally controls the function of its MOSI ‘
and MISO lines, thus writing data to the slave devices on the MOSI and reading data from the slave |
devices on the MISO lines. The master device selects the individual slave devices by using four pins of a
parallel port to control the four SS pins of the slave devices. A slave device is selected when the master
device pulls its SS pin low. The SS pins are pulled high during reset since the master device ports will

be forced to be inputs at that time, thus disabling the slave devices. Note that the slave devices do not

have to be enabled in a mutually exclusive fashion except to prevent bus contention on the MISO line.

For example, three slave devices, enabled for a transfer, are permissible if only one has the capability of
being read by the master. An example of this is a write to several display drivers to clear a display with
a single 1/0 operation. To ensure that proper data transmission is occurring between the master device
and a slave device, the master device may have the slave device respond with a previously received data
byte (this data byte could be inverted or at least be a byte that is different from the last one sent by the
master device). The master device will always receive the previous byte back from the slave device if all
MISO and MOSI lines are connected and the slave has not written its data 1/0 register. Other transmission
security methods might be defined using ports for handshake lines or data bytes with command fields.

A multi-master system may also be configured by the user. A system of this type is shown in Figure
5-1(b). An exchange of master control could be implemented using a handshake method through the
1/0 ports or by an exchange of code messages through the serial peripheral interface system. The major
device control that plays a part in this system is the MSTR bit in the serial peripheral control register and
the MODF bit in the serial peripheral status register.
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SECTION 6
LIQUID CRYSTAL DISPLAY DRIVER AND TONE GENERATOR

6.1 INTRODUCTION

This section contains a description of the liquid crystal display driver and the tone generator. Also included
is a discussion of a common method for obtaining the LCD power supply voltage (V| L), some short
software segments to do some common LCD functions, some correlation information between a typical
7-segment display and the frontplane and backplane outputs for both x3 and x4 multiplexing, and some
sample waveforms.

6.2 LIQUID CRYSTAL DISPLAY DRIVER

~igure 6-1 is a functional block diagram of the LCD driver circuitry. The processor internal data bus is
Connected to the LCD address register ($08), LCD address register ($09), and the configuration register.

The LCD address selects one of the 12 LCD data latches for the processor to read or write. The LCD data
register will contain the data that is in the addressed latch. The data can either be read by the processor
Or the processor can change the data by writing new data into it.

he first write to the LCD address register is applied to the configuration register. This data must contain
he following information: fast charge on or off, selection of x3 or x4 multiplexing, selection of which
voltage generator to use, and selection of the crystal/LCD operating frequency ratio. After this first write,
14 latch is set and all writes to the LCD address register are accepted by only that register. All following
writes to the LCD address register should contain only LCD latch address information.

The address information fed to the address register is a pure binary number between zero and eleven and
he pointer or decode logic associated with the address register selects the associated LCD data latch. As
soon as a latch is selected, the data in that latch is available at the LCD data register ($08) for use by the
processor. The LCD data latches function like a dual-port RAM in that the data contained therein can be
accessed from two different directions (in this case, the LCD data register and the scan logic).

While the processor is either reading or writing to the LCD data register, the data in the addressed latch
is also being read or scanned by the scan logic circuitry. This circuitry is used to read the contents of all
+he LCD data latches and move that data to the LCD driver circuit where the proper frontplane (FPx) and
nackplane(BPx) outputs are fed the proper drive voltages to select the desired pixel.

Figure 6-2 is a map of the relationship of the individual backplane/frontplane pins to the individual LCD
Jata latch bit positions. This is shown for x4 multiplexing. In x3 multiplexing, each BP4 position is not
available.
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Figure 6-1. LCD Driver Circuitry—Functional Block Diagram
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LCD DATA LATCH 00 7 6 5 4 3 2 1 0
($00)| BP4 BP3 BP2 BP1 BP4 BP3 BP2 BP1

FP02 FPO1
LCD DATA LATCH 01 7 6 5 4 3 2 1 0
($01)| BP4 BP3 BP2 BP1 BP4 BP3 BP2 BP1

FPO4 FPO3
LCD DATA LATCH 02 7 6 5 4 3 2 1 0
($02)| BP4 BP3 BP2 BP1 BP4 BP3 BP2 BP1

FPO6 FPO5
LCD DATA LATCH 03 7 6 5 4 3 2 1 0
($03) BP4 BP3 BP2 BP1 BP4 BP3 BP2 BP1

FPO8 FPO7
LCD DATA LATCH 04 7 6 5 4 3 2 1 0
($04)| BP4 BP3 BP2 BP1 BP4 BP3 BP2 BP1

FP10 FPO9
LCD DATA LATCH 05 7 6 5 4 3 2 1 0
($085) BP4 BP3 BP2 BP1 BP4 BP3 BP2 BP1

FP12 FP11
LCD DATA LATCH 06 7 6 5 4 3 2 1 0
($06)| BP4 BP3 BP2 BP1 BP4 BP3 BP2 BP1

FP14 FP13
LCD DATA LATCH 07 7 6 5 4 3 2 1 0
($07) BP4 BP3 BP2 BP1 BP4 BP3 BP2 BP1

FP18 FP15
LCD DATA LATCH 08 7 6 5 4 3 2 1 0
($08)| BP4 BP3 BP2 BP1 BP4 BP3 BP2 BP1

FP18 FP17
LCD DATA LATCH 09 7 6 5 4 3 2 1 0
($08)| BP4 BP3 BP2 BP1 BP4 BP3 BP2 BP1

FP20 FP19
LCD DATA LATCH 10 7 6 5 4 3 2 1 0
($0A) BP4 BP3 BP2 BP1 BP4 BP3 BP2 BP1

FP22 FP21
LCD DATA LATCH 11 7 6 5 4 3 2 1 0
($0B)| BP4 BP3 BP2 BP1 BP4 BP3 BP2 BP1

FP24 FP23

Figure 6-2. Backplane/Frontplane Pin to LCD Data Latch Bit Relationship
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The voltage generator circuitry divides the liquid crystal display voltage (V[ L) into the 2/3, 1/3 voltage
components required by multiplexed liquid crystal displays. These voltage levels are applied to the driver
circuitry. Additional circuitry within the voltage generator provides the higher current needed when the
fast charge option is selected.

The fast charge feature is used to quickly charge the capacitance of very large displays by using an extra
high-current voltage generator for a very short period after each backplane or frontplane signal edge. This
circuitry also contains additional supplies that are used for larger displays. The fast charge option is also
available with the larger display voltage generator.

6.4 TONE GENERATOR

The tone generator is a counter which uses the crystal frequency input to produce an audio frequency
square wave at the ALRT pin. (The ratio between the processor clock frequency and the tone frequency
is determined by a user option at the time the part is manufactured.) The controls for the alert tone
generator are located in the LCD address register. Figure 6-3 is a simplified diagram of the tone generator.
The crystal frequency table shown in Figure 6-3 provides a list of the tone output frequencies provided
by some of the more common crystal frequencies and the four divider options available.

CRYSTAL FREQUENCY LCD ADDRESS REG.
OPTION = —
8.389 MHz | 4.194 MHz | 2.097 MH: | 0.524 MHz i o
AN=1024 | 2048 1024 512 128 = B
BN=512 | 4096 2048 1024 512
CN=256 | 8192 4096 2048 1024 CONTROL LOGIC
DN=64 32768 16384 8192 2048 \ i
RESET i

CRYSTAL }

FREQUENCY >
INPUT ALRT
I—N‘ DIVIDE BY 2 DIVIDE BY N > DIVIDE BY 2 >

Figure 6-3. Tone Generator—Simplified Diagram

6.5 LCD ADDRESS REGISTER

The LCD address register is used to point to one of twelve data latches, numbered 0 through 11. The
most significant nybble always reads as zeroes although it will perform some special functions as explained
in the following paragraphs. This allows the use of all the read-modify-write instructions to quickly access

any latch.
7 6 5 4 3 2 1 0
sos | o [ o [ o [ o IENECEEE | o | men)
L wn | wr [ v | o | ws [ a2 [ w1 | ano | waime)

The special functions contained in bits 7 through 4 of this register allow the user to directly control the ‘
LCD driver and tone generator circuitry. \

If a one is written into bit 7, the liquid crystal display drivers are turned on. If a one is written into bit 6,
they are turned off. The LCD drivers are disabled by a hardware reset (RESET =0). ’
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the tone generator.

Before the liquid crystal display driver circuitry can be used, the proper operating frequency ratio must
be selected. This is accomplished by writing the appropriate value into the address register with the first
write to this location after a reset.

6.6 LCD CONFIGURATION REGISTER

The first write to the LCD address register after a reset is used to configure the LCD driver system. Three
parameters are selected by this write operation: the crystal oscillator to liquid crystal display operating
frequency ratio, the voltage generator to be used, and multiplexing mode x3 or x4.

7 6 5 4 3 2 1 0
soos [ e | a3 [ veN [ e [ ms | m2 | | o |

The EFC bit enables the fast charge feature if it is set.
The x3 bit selects the x3 multiplexing mode if it is set and the x4 multiplexing mode if it is clear.

The VGN bit selects the high current voltage generator if it is set and the low current voltage generator
if it is clear. A

The low order bits FR4 through FRO are used to select the operating frequency ratio. Table 6-1 lists all
the possibilities.

Table 6-1. Operating Frequency Ratio Chart

FR4 FRO | Xtal/LCD | Bus/LCD | FR4 FRO | Xtal/LCD | Bus/LCD
00000 512 256 10000 2048 1024
00001 1024 512 10001 4096 2048
00010 2048 1024 10010 8192 4096
00011 4096 2048 10011 16348 8192
00100 8192 4096 10100 32768 16348
00101 16384 8192 10101 65536 32768%
00110 32768 16384 10110 131072 65536
00111 65536 32768%* 10111 262144 131072
01000 1636 768 11000 6656 3328
01001 3072 1536 11001 13312 6656
01010 6144 3072 11010 26624 13312
01011 12288 6144 11011 53248 26624
01100 24576 12288 11100 106496 53248
01101 49152 24576 11101 212992 106496
01110 98304 49152 11110 425984 212992
01111 196608 98304 1M1 851968 425984

Example: *60 Hz LCD with a 4 MHz crystal.

6.7 LCD DATA REGISTER

The LCD data register is used to accept data from the processor that will go into the selected LCD data
latch. This register will also contain the data present in any addressed LCD data latch and make it directly

available for the processor to read. This register is initialized whenever a write to the LCD address register
occurs.

6.8 LCD AND TONE GENERATOR DURING WAIT MODE

The liquid crystal display driver circuitry and tone generator are not affected by the WAIT instruction.
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The liquid crystal display driver circuitry and tone generator are disabled by the STOP instruction.

6.10 COMMON METHOD FOR OBTAINING VL

The operating voltage for the liquid crystal display driver circuitry is the V[ supply. It may range from
3.0 to 6.0 volts as needed. (Refer to the display manufacturer’'s recommendations for the required level.)

The MC68HCO5L6 has internal level translators so that the liquid crystal display driver voltage (VL) is
independent of the operating voltage (Vpp). Either voltage may be higher than the other.

A common method for determining the optimum drive level experimentally can be done with the config-
uration shown in Figure 6-4. V| | can then be adjusted for the best contrast. The final design could simply
replace the potentiometer with two fixed resistors if desired.

Most liquid crystal displays have a temperature coefficient of —8 mV/°C. A temperature compensated
VLL supply may be easily obtained using the circuit shown in Figure 6-5.

Vee
Vee
10 k@

>

10 k0 10 TURNS

10 TURNS VL

0.1 uF L 01w
I(BYPASS) “T~ (BYPASS)

Figure 6-4. Test Circuit for Determining V|| Figure 6-5. Test Circuit for Incorporating
Drive Level Temperature Compensation in the

VLL Supply

To determine which voltage generator to use and whether the fast charge feature is needed, connect the
microcomputer and the liquid crystal display as it will be in the final product (using the final printed circuit
board, crystal, etc. if possible) and use an oscilloscope (with a low capacitance probe) to examine the
liquid crystal display driver waveforms. Choose the combination which yields the best waveforms (least
noise).

In general most displays can be driven with the fast charge disabled. Fast charge is usually required for
very large displays only.

6.11 LCD SOFTWARE EXAMPLES

The following software segments are provided as suggested examples of how to load the registers to
perform a total display change, to scroll left , and to scroll right. NOTE: The parenthetical number (x) in
the comment column of the listing represents the number of machine cycles that it takes to execute the
given line of code. This is provided to assist you in determining the time required to execute the examples
given.

|
.
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. s/ Change

LDX #11 (2) Initialize the pointer
LOOP STX ADDREG (4) Point to the desired data register
LDA DATA, X (4) Fetch the data
STA DATREG  (4) Store the data
DEX (3) Update the data pointer
BPL LOOP (3) Branch unless finished
11 Bytes, 218 Cycles

Scroll Left

LDX #1 (2) Initialize the pointer
LOOP1 STX ADDREG (4) Point to the desired data register

LDA DATREG  (3) Fetch the data
DEC ADDREG (5) Point to the previous data register
STA DATREG  (3) Store the data
INX (5) Update the data pointer
CMPX #12 (2) Are we finished?
BNE LOOP1 (3) Branch if no

15 Bytes, 302 Cycles

Scroll Right

LDX #10 (2) Initialize the pointer
LOOP2  STX ADDREG (4) Point to the desired data register

LDA DATREG  (3) Fetch the data
INC ADDREG (5) Point to the next data register
STA DATREG  (4) Store the data
DEX (3) Update the data pointer
BPL LOOP2 (3) Branch unless finished

13 Bytes, 266 Cycles

6.12 7-SEGMENT DISPLAY CONNECTIONS

Figures 6-6 and 6-7 provide correlation between the frontplane and backplane outputs of the MC68HCO05L6
and a typical 7-segment liquid crystal displays. Both the x3 and x4 mulitplexing modes are covered.

5.13 MULTIPLEXED SEGMENTED DISPLAY WAVEFORMS

Figure 6-8 (sheets 1 and 2) present examples of the waveforms generated by the driver circuitry of the
MIC68HCO5L6 for application to multiplexed displays.
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FP1 | FP2 | FP3 | FP4 | ..... FP23 | FP24

BP1 al el a2 e2 | ..... al2 | el2

BP2 | b1 f1 b2 fa |..... b12 | f12

BP3 cl g1 c2 g2 |..... c12 | ¢12

BP4 | d1 h1 d2 h2 | ..... d12 | m2
DIGIT 1 DIGIT 2 DIGIT 12

SEGMENT TRUTH
TABLE*
FP1 | FP2
BP1 al el
BP2 | b1 f1
BP3 | «c1 g1
BP4 | d1 h1

*Since there is no

standard or back-
plane and front-
plane connections
on multiplexed dis-
plays, this truth
table may be used
for this example

only.

Figure 6-6. Frontplane and Backplane Connections to a Multiplexed-by-Four 7-Segment LCD
(Includes Decimal Point)

BP1

BP2

BP3

FP1 FP2 FP3
a T | a
b f
[ [
[
¢ e c
DP
d d
.
FP1 | FP2 | FP3 [FP4 ....... FP23 | FP24
BP1 m al b2 | T2 ....... al2 | el2
BP2 f1 g1 c2 f2 ....... b12 | f12
BP3 el d1 DP2 [ e2 ....... cl12 | g12
DIGIT1 DGIT2 ....... DIGIT 8

SEGMENT TRUTH TABLE*

FP1

FP2

FP3

BP1
BP2
BP3

m
f1
el

al

g1
d1

b2
cl
DP2

*Since there is no stan-
dard for backplane and

frontplane

connec-

tions on multiplexed

displays,

this truth
table may be used for
this example only.

Figure 6-7. Frontplane and Backplane Connections to a Multiplexed-by-Three 7-Segment LCD
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Figure 6-8. Multiplexed Segmented Display Waveforms (Sheet 1 of 2)
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SECTION 7
INSTRUCTION SET AND ADDRESSING MODES

7.1 INTRODUCTION

This section contains a functional compilation of the instruction set for the MC68HCO5L6 along with a
brief description of the addressing modes available.

7.2 INSTRUCTION SET

All of the instructions used in the M146805 CMOS Family are used in the MC68HCO05L6 MCU, plus an
additional one, the multiply (MUL) instruction. This instruction allows for unsigned multiplication of the
contents of the accumulator (A) and the index register (X). The higher order product is then stored in the
irdex register and the low order product is stored in the accumulator. A detailed definition of the MUL
instruction is shown below.

Operation:  X:A «—X*A

Description: Multiplies the eight bits in the index register by the eight bits in the accumulator to
obtain a 16-bit unsigned number in the concatenated accumulator and index register.

Condition H—Cleared

Codes: |—Not Affected
N—Not Affected
Z—Not Affected

C—Cleared
Source MUL
Form(s): Addressing Mode Cycles Bytes Opcode
Inherent 1 1 $42

The MC68HCO5L6 has a set of 62 basic instructions. They can be divided into five different types: register/
i*iemory, read-modify-write, branch, bit manipulation, and control. The following paragraphs briefly explain
21ch type. All the instructions within a given type are presented in individual tables.

~.2.1 Register/Memory Instructions

Ivlost of these instructions use two operands. The first operand is either the accumulator or the index
vogister. The second operand is obtained from memory using one of the addressing modes. The operand
.or the jump unconditional (JMP) and jump to subroutine (JSR) instructions is the program counter. Refer
) Table 7-1.

71.2.2 Read-Modify-Write Instructions

These instructions read a memory location or a register, modify or test its contents, and write the modified
value back to memory or to the register. The test for negative or zero (TST) instruction is an exception
to the read-modify-write sequence since it does not modify the value. Refer to Table 7-2.

MC68HCO5L6 MOTOROLA
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ch Instructions

Most branch instructions test the state of the condition code register and if certain criteria are met, a
branch is executed. This adds an offset between — 127 and + 128 to the current program counter. Refer

to Table 7-3.

Table 7-3. Branch Instructions
Relative
Addressing Mode
Function Mnemonic Cooze By:es Cy:Ies
Branch Always BRA 20 2 3
Branch Never BRN 21 2 3
Branch IFF Higher BHI 22 2 3
Branch IFF Lower or Same BLS 23 2 3
Branch IFF Carry Clear BCC 24 2 3
(Branch IFF Higher or Same) (BHS) 24 2 3
Branch IFF Carry Set BCS 25 2 3
(Branch IFF Lower) (BLO) 25 2 3
Branch IFF Not Equal BNE 26 2 3
Branch IFF Equal BEQ 27 2 3
Branch IFF Half Carry Clear BHCC 28 2 3
Branch IFF Half Carry Set BHCS 29 2 3
Branch IFF Plus BPL 2A 2 3
Branch IFF Minus BMi 2B 2 3
Branch IFF Interrupt Mask Bit is Clear BMC 2C 2 3
Branch IFF Interrupt Mask Bit is Set BMS 2D 2 3
Branch IFF Interrupt Line is Low BIL 2E 2 3
Branch IFF Interrupt Line is High BIH 2F 2 3
Branch to Subroutine BSR AD 2 6

7.2.4 Bit Manipulation Instructions

The MCU is capable of setting or clearing any bit which resides in the first 256 bytes of the memory space
except for ROM, port D data location ($03), serial peripheral status register ($0B), timer status register
($13), and timer input capture register ($14-$15). All port registers, port DDRs, timer, the serial system,
on-chip RAM, and 48 bytes of user ROM reside in the first 266 bytes (page zero). An additional feature
allows the software to test and branch on the state of any bit within the first 266 locations. The bit set,
bit clear, and bit test and branch functions are all implemented with a single instruction. For the test and
branch instructions, the value of the bit tested is automatically placed in the carry bit of the condition

code register. Refer to Table 7-4.

Table 7-4. Bit Manipulation Instructions

Addressing Modes

Bit Set/Clear

Bit Test and Branch

Function Mnemonic Op ’ # Op # !

Code | Bytes | Cycles | Code | Bytes | Cycles
Branch IFF Bit n is Set| BRSET n (n=0...7) — — - 2.n 3 5
Branch IFF Bitnis Clear | BRCLR n (n=0...7) — — — 01+2¢n 3 5
Set Bit n BSET n (n=0...7) | 10+2¢n — — —
Clear Bit n BCLR n (n=0...7) [ 11+2n - - —

Freescale Semiconductor, Inc.
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Instructions

These instructions are register reference instructions and are used to control processor operation during
program execution. Refer to Table 7-5.

Table 7-5. Control Instructions

Inherent
Function Mnemonic C?):e By:es Cy:|es
Transfer A to X TAX 97 1 2
Transfer X to A TXA 9F 1 2
Set Carry Bit SEC 99 1 2
Clear Carry Bit CLC 98 1 2
Set Interrupt Mask Bit SEI 9B 1 2
Clear Interrupt Mask Bit CLl 9A 1 2
Software Interrupt SWiI 83 1 10
Return from Subroutine RTS 81 1 6
Return from Interrupt RTI 80 1 9
Reset Stack Pointer RSP 9C 1 2
No-Operation NOP 9D 1 2
Stop STOP 8E 1 2
Wait WAIT 8F 1 2

7.3 INSTRUCTION SET—ALPHABETICAL LISTING

The complete instruction set is given in alphabetical order in Table 7-6.

7,4 INSTRUCTION SET—OPCODE MAP

Table 7-7 is an opcode map for the instructions.

+5 ADDRESSING MODES

“The MC68HCO5L6 uses ten different addressing modes to provide the programmer with an opportunity
1o optimize the code to all situations. The various indexed addressing modes make it possible to locate
~ata tables, code conversion tables, and scaling tables anywhere in the memory space. Short indexed
Aaccesses are single byte instructions, while the longest instructions (three bytes) permit accessing tables
mroughout memory. Short absolute (direct) and long absolute (extended) addressing are also included.
Zne and two byte direct addressing instructions access all data bytes in most applications. Extended
& ddressing permits jump instructions to reach all memory. Table 7-7 shows the addressing modes for each
instruction, with the effects each instruction has on the condition code register.

The term ““effective address” (EA) is used in describing the various addressing modes, and is defined as
the byte address to or from which the argument for an instruction is fetched or stored. The ten addressing
inodes of the processor are described in the following paragraphs. Parentheses are used to indicate
‘‘contents of”’ the location or register referred to; e.g., (PC) indicates the contents of the location pointed
.0 by the PC. An arrow indicates ‘‘is replaced by”’, and a colon indicates concatenation of two bytes.

7.5.1 Inherent

In inherent instructions, all the information necessary to execute the instruction is contained in the opcode.
Operations specifying only the index register or accumulator, and no other arguments, are included in this
mode.

MC68HCO05L6 MOTOROLA
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Addressing Modes Condition Codes

Mnemonic Inherent | Immediate | Direct | Extended | Relative Indexed | Indexed | Indexed sBitt/ TBitt&
iv " N e es’
(No Offset)| (8 Bits) | (16 Bits) Clear | Branch
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In immediate addressing, the operand is contained in the byte immediately following the opcode. Immediate
addressing is used to access constants which do not change during program execution (e.g. a constant
used to initialize a loop counter).

EA=PC+1; PC—PC+2

7.5.3 Direct

In the direct addressing mode, the effective address of the argument is contained in a single byte following
the opcode byte. Direct addressing allows the user to directly address the lowest 256 bytes in memory
with a single two-byte instruction. This includes all on-chip RAM and 1/0 registers, and 128 bytes of on-
chip ROM. Direct addressing is efficient in both memory and time.

EA=(PC+1); PC—PC+2
Address Bus High«0; Address Bus Low«— (PC+ 1)

7.5.4 Extended

In the extended addressing mode, the effective address of the argument is contained in the two bytes
following the opcode. Instructions with extended addressing modes are capable of referencing arguments
anywhere in memory with a single three-byte instruction. When using the Motorola assembler, the user
need not specify whether an instruction uses direct or extended addressing. The assembler automatically
selects the most efficient addressing mode.

EA=(PC+1):(PC+2); PC—PC+3
Address Bus High«— (PC + 1); Address Bus Low «— (PC +2)

7.5.5 Indexed, No Offset

In the indexed, no offset addressing mode, the effective address of the argument is contained in the 8-
bit index register. Thus, this addressing mode can access the first 256 memory locations. These instructions
are only one byte long. This mode is used to move a pointer through a table or to address a frequently
referenced RAM or 1/0 location.

EA=X; PC—PC+1
Address Bus High«~—0; Address Bus Low «+ X

7.5.6 Indexed, 8-Bit Offset

Here the EA is obtained by adding the contents of the byte following the opcode to that of the index
register; therefore, the operand is located anywhere within the lowest 511 memory locations. For example,
this mode of addressing is useful for selecting the mth element in a n element table. All instructions are
two bytes. The content of the index register (X) is not changed. The content of (PC + 1) is an unsigned
8-bit integer. One byte offset indexing permits look-up tables to be easily accessed in either RAM or ROM.

EA=X+(PC+1); PC—PC+2
Address Bus High+ K; Address Bus Low«— X+ (PC+1)

where:
K=The carry from the addition of X+ (PC+2)

MOTOROLA MC68HCO05L6
7-8
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In the indexed, 16-bit offset addressing mode, the effective address is the sum of the contents of the
unsigned 8-bit index register and the two unsigned bytes following the opcode. This addressing mode
can be used in a manner similar to indexed 8-bit offset, except that this three-byte instruction allows tables
to be anywhere in memory (e.g., jump tables in ROM). As with direct and extended, the M6805 assembler
determines the most efficient form of indexed offset; 8- or 16-bit. The content of the index register is not
changed.

EA=X+[(PC+1):(PC+2)]; PC+—PC+3
Address Bus High«— (PC + 1) + K; Address Bus Low«—X+(PC+2)

where:
K =The carry from the addition of X+ (PC+2)

7.5.8 Relative

Relative addressing is only used in branch instructions. In relative addressing, the content of the 8-bit
signed byte following the opcode (the offset) is added to the PC if and only if the branch condition is
true. Otherwise, control proceeds to the next instruction. The span of relative addressing is limited to the
range of —126 to + 129 bytes from the branch instruction opcode location. The Motorola assembler
calculates the proper offset and checks to see if it is with in the span of the branch.

EA=PC+2+(PC+1); PC«EA if branch taken;
otherwise, EA=PC—PC+2

7.5.9 Bit Set/Clear

Nirect addressing and bit addressing are combined in instructions which set and clear individual memory
2nd 1/0 bits. In the bit set and clear instructions, the byte is specified as a direct address in the location
bllowing the opcode. The first 256 addressable locations are thus accessed. The bit to be modified within
that byte is specified in the first three bits of the opcode. The bit set and clear instructions occupy two
Uytes, one for the opcode (including the bit number) and the other to address the byte which contains
the bit of interest.

EA=(PC+1); PC—PC+2
Address Bus High+—0; Address Bus Low«—(PC+1)

7.5.10 Bit Test and Branch

Bit test and branch is a combination of direct addressing, bit set/clear addressing, and relative addressing.
“‘he actual bit to be tested, within the byte, is specified within the low order nibble of the opcode. The
.ddress of the data byte to be tested is located via a direct address in the location following the opcode
hyte (EA1). The signed relative 8-bit offset is in the third byte (EA2) and is added to the PC if the specified
oit is set or cleared in the specified memory location. This single three-byte instruction allows the program
70 branch based on the condition of any bit in the first 256 locations of memory.

EA1=(PC+1)
Address Bus High«—0; Address Bus Low <« (PC+1)
EA2=PC+3+(PC+2); PC—EA2 if branch taken;
otherwise, PC+—PC+3

1
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SECTION 8
ELECTRICAL SPECIFICATIONS

8.1 INTRODUCTION
This section contains the electrical specifications and associated timing information for the MC68HCO5LS6.

8.2 MAXIMUM RATINGS
(Voltages referenced to VSS)

) N This device contains circuitry to protect the
Rating Symbol Value Unit inputs against damage due to high static
Supply Voltage Vpp -0.3to0 +7.0 \Y voltages or electric fields; however, it is
Input Voltage Vin Vgg—0.3 to Vpp+0.3 v advised that normal precautions be taken to
— . — avoid application of any voltage higher than
welf-Check Mode (IRQ Pin Only) Vin 2\/3\5/ Of (;t; v maximum rated voltages to this high
DDT 7 impedance circuit. For proper operation it is
! Vurrent Drain Per Pin Excluding | 25 mA recommended that Vin and Voyut be
'~pp and Vss constrained to the range Vgs=<(Vip or
i_t)perating Temperature Range TA TLto TH °C Vout)<Vpp- Reliablity of operation is
| MCe8HCO5L6 Oto +70 enhanced if unused inputs are connected to
3 an appropriate logic voltage level (e.g., eith
I Storage Temperature Range Tstg —65 to +150 °C Vsspzr \7;0)- gic voltage level fe.g., either
23 THERMAL CHARACTERISTICS
\ Characteristic Symbol Value Unit
! /Thermal Resistance 0JA °C/W
! Plastic Leaded Chip Carrier 70
Vpp=45V
PINS R1 R2 c1 Voo
PAO-PA7 ?E R2
PBO-PB7 | 3.26 k@ | 2.38 kQ | 50 pF < (SEE TABLE)
PCO-PC7 TEST

)
O I '
Vpp=30V e R
0o (SEE S (SEE TABLE)
PINS R1 R2 ¢ TABLE) _}_
PAO-PA7 L
PBO-PB7 | 1091 ka2 | 6.32 k2 | 50 pF
PCO-PC7

Figure 8-1. Equivalent Test Load

15—
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iR CONSIDERATIONS

The average chip-junction temperature, TJ, in °C can be obtained from:
Ty=TA+(Pp-6ya) 1)

where:

TA =Ambient Temperature, °C

6JA =Package Thermal Resistance, Junction-to-Ambient, °C/W

PD =PINT+P1/0

PINT =lcc xVce, Watts — Chip Internal Power

P1/0 =Power Dissipation on Input and Output Pins, Watts — User Determined
For most applications P|/Q <PINT and can be neglected.

An approximate relationship between Pp and Ty (if P|/Q is neglected) is: |
Pp=K~+(Ty+273°C) (2)

Solving equations (1) and (2) for K gives:

K=Pp«(TA+273°C) + 6 A-PpD2 (3)
where K is a constant pertaining to the particular part. K can be determined from equation (3) by
measuring Pp (at equilibrium) for a known Ta. Using this value of K, the values of Pp and TJ can be
obtained by solving equations (1) and (2) iteratively for any value of Ta.

8.5 DC ELECTRICAL CHARACTERISTICS
(VDD =5.0 Vdc +10%, V§s=0 Vdc, TA=TL to TH unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Output Voltage VoL — - 0.1 \
(lioad =10.0 pA) VoH | Vbp-0.1 - - v
Output High Voltage (See Figure 8-2) VOH Vpp-0.8 - - Vv
(lload =0.8 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP
Output Low Voltage (See Figure 8-3) VoL - - 0.4 v
(lload = 1.6 mA) PAO-PA7, PBO-PB7, PC0-PC7, TCMP
Input High Voltage _ ViH 0.7xVpp - Vbp \
PAO-PA7, PB0-PB7, PC0-PC7, PD0O-PD3, TCAP, IRQ, RESET, OSC1
Input Low Volitage - ViL Vss — 0.2xVpp \
PAO-PA7, PB0-PB7, PCO-PC7, PDO-PD3, TCAP, IRQ, RESET, OSC1
Data Retention Mode (0° to 70°C) VRM 2.0 — — \
Supply Current (See Notes) Ipp mA
Run (See Figures 8-4 and 8-5) - 35 7.0
Wait (See Figures 8-4 and 8-5) — 1.6 4.0
Stop (See Figure 8-5) uA
25°C — 2.0 50
0° to 70°C (Standard) = = 140
LCD (Vyef large) ILL - 15 TBD A
(Vref small) = 5 TBD
1/0 Port Hi-Z Leakage Current PAO-PA7, PB0O-PB7, PCO-PC7, PDO-PD3 iL — — +10 pA
Input Current RESET, IRQ, TCAP, 0SC1, PD3 lin — — +1 uA
Capacitance Ports (as Input or Output) Cout - - 12 pF
RESET, IRQ, TCAP, OSC1, PD3 Cin — — 8
NOTES:
1. All values shown reflect average measurements.
2. Typical values at midpoint of voltage range, 25°C only.
3. Wait Ipp: Only timer system active (SPE=TE=RE=0). If SPI active, add 10%.
4. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source (fosc=4.2 MHz), all inputs 0.2 V from rail, no dc

loads, less than 50 pF on all outputs, C|_=200 pF on 0SC2.
- Wait, Stop Ipp: All ports configured as inputs, Vi =0.2 V, Viy=Vpp—0.2 V.
. Stop Ipp measured with 0SC1=Vgg.
. Standard temperature range is 0° to 70°C.
. Wait Ipp is affected linearly by the OSC2 capacitance.

oNO O
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(VpD=3.3 Vdc +10%, V§s=0 Vdc, TA=TL to TH unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Output Voltage VoL - — 0.1 v
(lipad=10.0 pA) VoH | Vpbp-0.1 — — v
Output High Voltage (See Figure 8-2) VOH Vpp-0.8 — - \
(ljpad =0.8 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP
Output Low Voltage (See Figure 8-3) VoL - - 0.3 \Y
(load = 1.6 mA) PAO-PA7, PB0-PB7, PCO-PC7, TCMP
Input High Voltage . ViH 0.7xVpp - VbD \
PAO-PA7, PB0-PB7, PC0-PC7, PDO-PD3, TCAP, IRQ, RESET, 0SC1
Input Low Voltage . ViL Vss — 0.2xVpp \
PAO-PA7, PBO-PB7, PCO-PC7, PD0-PD3, TCAP, IRQ, RESET, OSC1
Data Retention Mode (0° to 70°C) VRM 2.0 — — \Y
Supply Current (See Notes) IpD mA
Run (See Figures 8-4 and 8-6) - 1.0 25
Wait (See Figures 8-4 and 8-6) —_ 0.5 1.4
Stop (See Figure 8-6) A
25°C - 1.0 30
0° to 70°C (Standard) — — 80
LCD (Vyef large) L - 15 TBD A
(Vyef small) - 5 TBD
170 Port Hi-Z Leakage Current PAO-PA7, PBO-PB7, PC0O-PC7, PD0O-PD3 IiL — — +10 pA
liiput Current RESET, IRQ, TCAP, 0SC1, PD3 lin - -~ +1 kA
Lapacitance Ports (as Input or Output) Cout - - 12 pF
RESET, 1RQ, TCAP, 0SC1, PD3 Cin — - 8

wUTES:
1. All values shown reflect average measurements.
2. Typical values at midpoint of voltage range, 25°C only.
2. Wait Ipp: Only timer system active (SPE=TE=RE=0). If SPI active, add 10%.
4, Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source (foge=4.2 MHz), all inputs 0.2 V from rail, no dc loads,
less than 50 pF on all outputs, C|_ =200 pF on 0SC2.
. Wait, Stop Ipp: All ports configured as inputs, V) =0.2V, V|y=Vpp-0.2 V.
. Stop Ipp measured with 0SC1=Vgg.
. Standard temperature range is 0° to 70°C.
. Wait Ipp is affected linearly by the OSC2 capacitance.

CPESHE
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50 5.0
40 // 40
30 D / T
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= N
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20 A 2.0
10 ( 10
//(.%
S
0 0
0 0.2 04 0.6 08 0 0.1 0.2 0.3 04

Vpp-VoH (VOLTS) VoL (VOLTS)

Figure 8-2. Typical VOH vs IQH for Ports A, Figure 8-3. Typical VQL vs IoL for All Ports

B, C, and TCMP
35 (3.5 mA)

35

3.0 3.0

U (2.9 mA)

(OPERATING)

MODE

25 25
WAIT
MODE
2.0 20
] ]
5 8

15 15
10 / (1.0 mA) 10

/ o® (0.9 mA)

7
S ,5§\
7 X\
0.5 & 05 K=o (05 mA)
(0.4 mA)
~3oN
Noo
0 0 T
0 05 1.0 15 20 0 05 1.0 15 20
INTERNAL FREQUENCY 1ftgycle (MH2) INTERNAL FREQUENCY 1/tgy clg (MH2)
Figure 8-4. Typical Current vs Internal Frequency for Run and Wait Modes
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(7.0 mA)
Vpp=5V +£10%
6.0

5.0 /
/

4.0 mA
Q/ 4.0 mA)
D
A
S
3.0 Ny

N
g
\J o
N O
7 e
20 / .
10 //

STOP Ipp (140 A, 0° —70°C)
0 !
0 05 1.0 15 2.0
INTERNAL FREQUENCY (MHz)

Ipp (mA)

Figure 8-5. Maximum Ipp vs Frequency for Vpp =5.0 Vdc

(2.5 mA)
25 I
Vpp=3.3V £10%
20 A
\@//
N
s » (1.4 mA)
= «?& /
g S
2 S
£ 2
10 | //
o
/“ N O
0.5 b >
STOP Ipp (80 A, 0°-70°C)
0 l ]
0 02 04

0.6 0.8

1.0
INTERNAL FREQUENCY (MHz)

Figure 8-6. Maximum Ipp vs Frequency for Vpp =3.3 Vdc
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.- - _..'ROL TIMING (Vpp=5.0 Vdc +10%, V§s=0 Vdc, TA=TL to TH
Characteristic Symbol Min Max Unit
Frequency of Operation fosc MHz
Crystal Operation - 4.2
External Clock Option dc 42
Internal Operating Frequency fop MHz
Crystal (fogc/2) - 2.1
External Clock (fogc/2) dc 2.1
Cycle Time teye 480 - ns
Crystal Oscillator Startup Time tOX0oV — 100 ms
Stop Recovery Startup Time (Crystal Oscillator) (See Figure 8-7) tILCH - 100 ms
RESET Pulse Width tRL 1.5 - toye
Timer
Resolution* ¥ tRES1 4.0 — teye
Input Capture Pulse Width (See Figure 8-8) tTH, tTL 125 - ns
Input Capture Pulse Period (See Figure 8-8) TLTL *xx — toye
Input Pulse Width Low (Edge-Triggered) tLIH 125 - ns
Interrupt Pulse Period fLIL * - toye
0SC1 Pulse Width toH. toL 90 - ns

*The minimum period tj || should not be less than the number of cycle times it takes to execute the interrupt service routine plus 21 teye:
**Since a two-bit prescaler in the timer must count four internal cycles, this is the limiting minimum factor in determining the timer resolution.

*¥%The minimum period tTTL should not be less than the number of cycle times it takes to execute the capture interrupt service routine plus
24 toyc.

8.8 CONTROL TIMING (Vpp=3.3 Vdc +10%, V§s=0 Vdc, TA=TL to TH

Characteristic Symbol Min Max Unit

Frequency of Operation fosc MHz

Crystal Operation - 20

External Clock Option dc 2.0
Internal Operating Frequency fop MHz

Crystal (fogc/2) - 1.0

External Clock (fogc/2) dc 1.0
Cycle Time teye 1000 - ns
Crystal Oscillator Startup Time toxXovV — 100 ms
Stop Recovery Startup Time (Crystal Oscillator) (See Figure 8-7) tILCH — 100 ms
RESET Pulse Width tRL 1.5 - teye
Timer

Resolution* * tRES1 4.0 - teye

Input Capture Pulse Width (See Figure 8-8) tTH. tTL 250 - ns

Input Capture Pulse Period (See Figure 8-8) tTLTL il — teye
Input Pulse Width Low (Edge-Triggered) HLIH 250 — ns
Interrupt Pulse Period fLIL * = teye
0SC1 Pulse Width tOH. tOL 200 = ns

*The minimum period tj ;L should not be less than the number of cycle times it takes to execute the interrupt service routine plus 21 teye:
**Since a two-bit prescaler in the timer must count four internal cycles, this is the limiting minimum factor in determining the timer resolution.

*%%The minimum period tTLTL should not be less than the number of cycle times it takes to execute the capture interrupt service routine plus
24 teyc.
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e tiiCH —————— € 4064 toye —>
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INTERNAL |
CLocK |
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BUS
NOTES: RESET OR INTERRUPT
1. Represents the internal gating of the OSC1 pin. VECTOR FETCH

2. !_R__g pin edge-sensitive mask option.
3. TRQ pin level and edge-sensitive mask option.
4. RESET vector address shown for timing example.

Figure 8-7. Stop Recovery Timing Diagram

EXTERNAL “—‘““"‘ —f | — e
oo [ L) L Ll L

Figure 8-8. Timer Relationships
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~ AL PERIPHERAL INTERFACE (SPI) TIMING (Figure 8-9)

(VDp=5.0 Vdc +10%, V§s=0 Vdc, TA=TL to TH)

Num Characteristic Symbol Min Max Unit
Operating Frequency
Master fop(m) dc 0.5 fop
Slave fopls) dc 2.1 MHz
1 Cycle Time
Master teyc(m) 2.0 - teye
Slave teyels) 480 - ns
2 Enable Lead Time ns
Master tlead(m) * -
Slave tlead(s) 240 -
3 Enable Lag Time ns
Master tag(m) * -
Slave Yag(s) 240 —
4 Clock (SCK) High Time ns
Master tw(SCKH)m 340 -
Slave tw(SCKH)s | 190 -
5 Clock (SCK) Low Time ns
Master tw(SCKL)m 340 -
Slave tw(SCKL)s | 190 -
6 Data Setup Time (Inputs) ns
Master tsu(m) 100 -
Slave tsu(s) 100 —
7 Data Hold Time (Inputs) ns
Master th(m) 100 -
Slave th(s) 100 -
8 Access Time (Time to Data Active from High Impedance State) ta 0 120 ns
Slave
9 Disable Time (Hold Time to High Impedance State) tdis - 240 ns
Slave
10 Data Valid ty(m)
Master (Before Capture Edge) ty(s) 0.25 - teye(m)
Slave (After Enable Edge)* * — 240 ns
1" Data Hold Time (Outputs)
Master (After Capture Edge) tho(m) 0.25 - teyc(m)
Slave (After Enable Edge) tho(s) 0 — ns
12 Rise Time (20% Vpp to 70% Vpp, CL =200 pF ns
SPI Outputs (SCK, MOSI, MISO) tr(m) - 100
Slave (SCK, MOSI, MISO, SS) t(s) - 2.0
13 Fall Time (20% Vpp to 70% Vpp, C| =200 pF ns
SPI Outputs (SCK, MOSI, MISO) tf(m) - 100
Slave (SCK, MOSI, MISO, SS) t(s) — 2.0

*Signal production depends on software.
* % Assumes 200 pF load on all SPI pins.

SPI Timing diagrams (Figure 8-9) are located on foldout
pages at the end of this document.
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(Vpp =3.3 Vdc +10%, V§s=0 Vdc, TA=TL to TH)

Num Characteristic Symbol Min Max Unit
Operating Frequency
Master fop(m) dc 0.5 fop
Slave fop(s) dc 1.0 MHz
1 Cycle Time
Master teyc(m) 2.0 - teye
Slave teye(s) 1.0 = us
2 Enable Lead Time ns
Master tlead(m) * -
Slave Yead(s) 500 —
3 Enable Lag Time ns
Master tiag(m) * -
Slave tYag(s) 500 —
4 Clock (SCK) High Time us
Master tw(SCKH)m 720 — ns
Slave tw(SCKH)s | 400 -
5 Clock (SCK) Low Time us
Master tw(SCKL)m 720 - ns
Slave tw(SCKL)s 400 -
6 Data Setup Time (Inputs) ns
Master tsu(m) 200 -
Slave tsu(s 200 -
7 Data Hold Time (Inputs) ns
! Master th(m) 200 -
. Slave this) 200 —
‘o 8 Access Time (Time to Data Active from High Impedance State) ta 0 250 ns
L Slave
S 9 Disable Time (Hold Time to High Impedance State) tdis - 500 ns
= Slave
! 510 Data Valid ty(m)
) . Master (Before Capture Edge) ty(s) 0.25 - teye(m)
| Slave (After Enable Edge)* * — 500 ns
= Data Hold Time (Outputs)
Master (After Capture Edge) tho(m) 0.25 - teyc(m)
) Slave (After Enable Edge) tho(s) 0 = ns
12 Rise Time (20% Vpp to 70% Vpp, C =200 pF ns
' SPI Outputs (SCK, MOSI, MISO) tr(m) - 200
| Slave (SCK, MOSI, MISO, SS) tr(s) — 2.0
w13 Fall Time (20% Vpp to 70% Vpp. C =200 pF ns
SPI Outputs (SCK, MOSI, MISO) t(m) - 200
Slave (SCK, MOSI, MISO, SS) t(s) — 2.0

*Signal production depends on software.
#* Assumes 200 pF load on all SPI pins.

SPI Timing diagrams (Figure 8-9) are located on foldout
pages at the end of this document.
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) DRIVER DC ELECTRICAL CHARACTERISTICS (VgN=0)
VoL -55°C 25°C 125°C
Characteristics Symbol Unit
v Min | Max | Min | Typ | Max | Min | Max

RMS Voltage Across a Segment “ON" VOoN 3.0 - - - 1.73 - - - \
(BPi-FPj) Segment 5.0 — — — 2.88 - - -

“OFF"” VOEF 3.0 - — - 1.00 - - — \
Segment 5.0 — — — 1.67 - — —

Average dc Offset Voltage Vdc 3.0 — 30 - 10 30 - 30 mV
5.0 — 50 — 17 50 —_ 50

Output Current, Backplanes and Frontplanes A
High-Current State* Vpo=2.85V IBH 3.0 - - —100 | —240 - - -
Vo=1.8V — - -15 -35 —_ - -
Vo=1.15V - - 15 35 - - -
Vp=0.15V — — 100 240 - — -
Vpo=4.85V 5.0 - - —-200 | —400 — - -
Vo=3.18V - - -50 | =110 | — - -
Vo=1.82V - - 50 110 - - -
Vp=0.15V — — 200 400 — — -
Low-Current State* Vp=2.85V IBL 3.0 - - —100 | -240 - - -
Vo=1.85V - - | -025| -10 | - - -
Vo=1.15V — - 0.25 1.0 — - —
Vo=0.15V — - 100 | 240 - - —
Vp=4.85V 5.0 - — -200 | -400 - - —
Vp=3.18V - - -10 | -30 | - - -
Vpo=182V - - 1.0 3.0 - — —
Vp=0.15V - — 200 400 — — —

*For time 1/(256 x f cp) after the backplane or frontplane waveform changes to a new voltage level, the circuit is maintained in the high-current
state to allow the load capacitors to charge quickly. Then the circuit is returned to the low-current state until the next voltage level change
occurs.

8.12 LCD DRIVER DC ELECTRICAL CHARACTERISTICS (VgN=1)

ViL ~55°C 25°C 125°C
Characteristics Symbol Unit
v Min | Max | Min | Typ | Max | Min | Max

RMS Voltage Across a Segment “ON" VON 3.0 = - — 1.73 - - - \
(BPi-FPj) Segment 5.0 — — — 2.88 — - —

“OFF" VOFE 3.0 - - - 1.00 - - — \%
Segment 5.0 — - - 1.67 — - -

Average dc Offset Voltage Vde 3.0 — 30 - 10 30 — 30 mV
5.0 — 50 — 17 50 — 50

Output Current, Backplanes and Frontplanes wA
High-Current State* Vo=2.85V 3.0 - — -100 | -240 — - -
Vo=1.85V IBH — - -24 -75 - — -
Vo=1.15V - - 24 75 - - -
Vp=0.15V — — 100 240 — — —
Vp=4.85V 5.0 - - —200 | —400 - - -
Vp=3.18V - - -80 | —250 - - -
Vo=1.82V - - 80 250 - — -
Vpo=0.15V - — 200 400 — — -
Low-Current State* Vp=2.85V IBL 3.0 - - —100 | —240 — - -
Vp=1.85V - - -05 | -2.0 - - -
Vo=1.15V - - 0.5 2.0 - - —
Vp=0.15V - - 100 240 — — —
Vpo=4.8V 5.0 - — —200 | —400 - - -
Vp=3.18V — — -20 | -7.0 - - —
Vpo=182V - — 2.0 7.0 - - —
Vp=0.15V - — 200 400 - — —

*For time 1/(256 x f| cp) after the backplane or frontplane waveform changes to a new voltage level, the circuit is maintained in the high-current
state to allow the load capacitors to charge quickly. Then the circuit is returned to the low-current state until the next voltage level change
occurs.
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SECTION 9
ORDERING INFORMATION

Please contact your local sales representative for acceptable media to use for pattern transmittal and details
on MCU ROM-based product flow.

Use a copy of this sheet to note the options that you require in the manufacturing of your microcomputer.
Send this completed form to your Motorola Representative. They will ensure that it is forwarded to the
factory in a timely manner.

Date ____/____/___

Customer Customer PO

Address

ity . State Zip
r.ustomer Contact Phone

MC68HCO5L6 Option Sheet

Internal Oscillator Input Tone Generator {See Figure 6-3)
O Crystal/Ceramic Resonator A Crystal Frequency/(1024.2)
0 Resistor/Capacitor B Crystal Frequency/(512.2)

C Crystal Frequency/(2562)
D Crystal Frequency/(64.2)

Input Trigger Clock Frequency
[0 Edge Sensitive Temperature Range

[0 Level and Edge Sensitive

Marking Information (12 Characters Maximum)

MC68HCO05L6 MOTOROLA
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SECTION 10
MECHANICAL DATA

10.1 INTRODUCTION

This section contains the pin assignments and package information for the MC68HCO5L6.

10.2 PIN ASSIGNMENT

e a o = [ 12 Z’ é g
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pA4 ] ) BP4
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P2 (18 52 (] P18
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87 [} [ FP13
pc7 [ ) FP12
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FN SUFFIX
68-LEAD PLASTIC LEADED CHIP CARRIER
CASE 779-02
“ Y BRK — B B0.18(0.007) GTING-POIL&-MB
/ o

— U [$[0.18(0.007) GTIN®-POILO-MB® |

E il 5
0 ‘
0 Zl
r SR
n [
{ <)
esf I }
(NOTE 1) === ]
r-— — G
—i X [#[0.25(0.010) GITIN®-PEILO-M® ]
A [8l0.18(0.007) BTLO-MON®-P®] [c1ar p-p
— Z
o 3
R et e e IR g
SRR 2 H 60 T8 (0007 GTING-P OIL O-M ]
l _O'T| | ‘ Kl
T
-U=- K
- [0.10(0.004)
L * SEATING PLANE
—{ G J - [#[0.18(0.007) G[T[L ©-MEINO-P @ |
[#[0. 18(0.007) GTIN®-PEILO-M@ |
DETAIL S
f————G | .
[#[0.25(0.010) G[T[L ®-MEOING®-P O] DETAIL S
NoTEs MILLIMETERS INCHES
. DUE TO SPACE LIMITATION, CASE 779-02 SHALL BE o N MAX N MAX
REPRESENTED BY A GENERAL (SMALLER) CASE 2500 25.27 | 0,955 o998
OUTLINE DRAWING RATHER THAN SHOWING ALL 68 B | 2802 2597|0988 0 995
LEADS. c 4.20 4.57 | 0.165 0.180
2. DATUMS -L-, -M-, -N-, AND -P- DETERMINED WHERE TOP OF E 2.29  2.79 | 0.090 0.110
LEAD SHOULDER EXIT PLASTIC BODY AT MOLD PARTING LINE. F 0.33  0.48 | 0.013 0.019
3. DIM GI. TRUE POSITION TO BE MEASURED AT DATUM -T-, SEATING PLANE. G 1.27 BSC 0.050 BSC
4. DIM R AND U DO NOT INCLUDE MOLD PROTRUSION. 3 g‘g? 0_'_8_' g'ggg 01(_)?2
ALLOWABLE MOLD PROTRUSION IS 0.25(0.010) PER SIDE. b o6t - | o028 -
5. DIMENSIONING AND TOLERANCING PER ANSI Yi4.5M, 1982. R | 24.13 24.28 | 0.950 0.956
6. CONTROLLING DIMENSION: INCH. u 24.13 24.28 | 0.950 0.956
v 1.07 1.2 | 0.042 0.048
" 1.07 1.2 | 0.042 0.048
X 1.07  1.42 | 0.042 0.056
Y ---  0.50 | --- 0.020
z 2 10° 2 10°
61 | 23.12 23.62 | 0.910 0.930
K 1.02  --- |0.040 ---
1 2 10° 2 1o*
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Figure 8-9. SPI Timing Diagrams (Sheet 1 of 2)
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(1) Measurement points are Vg, VOH, V|L. and V(4.
(2) *Denotes undefined, either high or low.

Figure 8-9. SPI Timing Diagrams (Sheet 2 of 2)
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Home Page:

www.freescale.com

email:

support@freescale.com
USA/Europe or Locations Not Listed:
Freescale Semiconductor

Technical Information Center, CH370
1300 N. Alma School Road
Chandler, Arizona 85224

(800) 521-6274

480-768-2130
support@freescale.com

Europe, Middle East, and Africa:
Freescale Halbleiter Deutschland GmbH
Technical Information Center
Schatzbogen 7

81829 Muenchen, Germany

+44 1296 380 456 (English)

+46 8 52200080 (English)

+49 89 92103 559 (German)

+33 1 69 35 48 48 (French)
support@freescale.com

Japan:

Freescale Semiconductor Japan Ltd.
Headquarters

ARCO Tower 15F

1-8-1, Shimo-Meguro, Meguro-ku
Tokyo 153-0064, Japan

0120 191014

+81 2666 8080
support.japan@freescale.com
Asia/Pacific:

Freescale Semiconductor Hong Kong Ltd.

Technical Information Center

2 Dai King Street

Tai Po Industrial Estate,

Tai Po, N.T., Hong Kong

+800 2666 8080
support.asia@freescale.com
For Literature Requests Only:
Freescale Semiconductor
Literature Distribution Center
P.O. Box 5405

Denver, Colorado 80217

(800) 441-2447

303-675-2140

Fax: 303-675-2150
LDCForFreescaleSemiconductor
@hibbertgroup.com

RoHS-compliant and/or Pb- free versions of Freescale products have the functionality
and electrical characteristics of their non-RoHS-compliant and/or non-Pb- free
counterparts. For further information, see http://www.freescale.com or contact your
Freescale sales representative.

For information on Freescale.s Environmental Products program, go to
http://www.freescale.com/epp.

Information in this document is provided solely to enable system and software
implementers to use Freescale Semiconductor products. There are no express or
implied copyright licenses granted hereunder to design or fabricate any integrated
circuits or integrated circuits based on the information in this document.

Freescale Semiconductor reserves the right to make changes without further notice to
any products herein. Freescale Semiconductor makes no warranty, representation or
guarantee regarding the suitability of its products for any particular purpose, nor does
Freescale Semiconductor assume any liability arising out of the application or use of
any product or circuit, and specifically disclaims any and all liability, including without
limitation consequential or incidental damages. “Typical” parameters which may be
provided in Freescale Semiconductor data sheets and/or specifications can and do
vary in different applications and actual performance may vary over time. All operating
parameters, including “Typicals” must be validated for each customer application by
customer’s technical experts. Freescale Semiconductor does not convey any license
under its patent rights nor the rights of others. Freescale Semiconductor products are
not designed, intended, or authorized for use as components in systems intended for
surgical implant into the body, or other applications intended to support or sustain life,
or for any other application in which the failure of the Freescale Semiconductor product
could create a situation where personal injury or death may occur. Should Buyer
purchase or use Freescale Semiconductor products for any such unintended or
unauthorized application, Buyer shall indemnify and hold Freescale Semiconductor
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all
claims, costs, damages, and expenses, and reasonable attorney fees arising out of,
directly or indirectly, any claim of personal injury or death associated with such
unintended or unauthorized use, even if such claim alleges that Freescale
Semiconductor was negligent regarding the design or manufacture of the part.
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