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General Description

PTAO/T1CHO/ADO/KBIO <—>|
PTA1/T1CH1/AD1/KBI1 ~—> @ CLOCK
. GENERATOR
PTA2/IRQ/KBI2/TICLK —»
PTA3/RST/KBI3 ~&—>
PTA4/0SC2/AD2/KBI4 ~€—3 <:{> KEYBOARD INTERRUPT

MODULE
PTA5/0SC1/AD3/KBI5 ~e—

(———)  weascoscry  K——)
SINGLE INTERRUPT

PTBO/SPSCK/AD4 <a—>
PTB1/MOSI/T2CH1/AD5 <e—»| <::||> MODULE

PTB2/MISO/T2CHO/AD6 ~&—>|
PTB3/SS/T2CLK/AD7 ~a—»~
PTB4/RxD/T2CHO/AD8 ~e—>=
PTB5/TXD/T2CH1/AD9 ~a—3
PTB6/T1CH2 <a—

PTA
DDRA

PTB
DDRB

<}:"> <::> BREAK
MODULE

PTB7/TICH3 ~<—> @ PERIODIC WAKEUP
MODULE
PTCO <—»] < N
PTC1 - .. | o é ﬁ V @ LOW-VOLTAGE
2| @ INHIBIT
PTC2 - | O
PTC3 —~ MCEBHCO08QC6 4-CHANNEL 16-BIT
16,384 BYTES @ TIMER MODULE
PTDO <«—»] MC68HC908QC8
il 8192 BYTES 2-CHANNEL 16-BIT
- | MC68HC908QC4 TIMER MODULE
ﬁgi ™ els <:(> 4096 BYTES
- A
PTDE <) USER FLASH cop
PTD6 <> @ MODULE
PTD7 <a—>»
@ 10-CHANNEL
MC68HC908QC16 10-BIT ADC
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MC68HC908QC8 ENHANCED SERIAL
384 BYTES @ Q::} COMMUNICATIONS
INTERFACE MODULE
MCB8HC908QC4 CEMODU
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SERIAL PERIPHERAL
USER RAM @ INTERFACE
Q:{} MONITOR ROM
e— Vpp
POWER SUPPLY N
l«— Vss

All port pins can be configured with internal pullup
PTC not available on 16-pin devices (see note in 11.1 Introduction)
PTD not available on 16-pin or 20-pin devices (see note in 11.1 Introduction)

Figure 1-1. Block Diagram
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Memory

Addr.

$0242

$0243

$0244

$0245

$0246

$0247

$0248

$0249

$024A

$024B

$024C

$024D

$024E

32

Register Name

TIM2 Counter Register Low
(T2CNTL)
See page 214.

TIM2 Counter Modulo
Register High (T2MODH)
See page 215.

TIM2 Counter Modulo
Register Low (T2MODL)
See page 215.

TIM2 Channel 0 Status and
Control Register (T2SCO)
See page 215.

TIM2 Channel 0 Register
High (T2CHOH)
See page 218.

TIM2 Channel 0 Register
Low (T2CHOL)
See page 218.

TIM2 Channel 1 Status and
Control Register (T2SC1)
See page 215.

TIM2 Channel 1 Register
High (T2CH1H)
See page 218.

TIM2 Channel 1 Register
Low (T2CH1L)
See page 218.

Reserved

Periodic Wakeup Status
and Control Register
(PWUSC)

See page 119.

Periodic Wakeup Prescaler
Register (PWUP)
See page 120.

Periodic Wakeup Modulo
Register (PWUMOD)
See page 121.

Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:

Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:

Bit7 6 5 4 3 2 1 Bit0
Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0 0

Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8
1 1 1 1 1 1 1 1
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
1 1 1 1 1 1 1 1
CHOF
0 CHOIE MS0B MSO0A ELSOB ELSOA TOVO CHOMAX
0 0 0 0 0 0 0 0
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8
Indeterminate after reset
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Indeterminate after reset
CHI1F 0
0 CH1IE MS1A ELS1B ELS1A TOV1 CH1MAX
0 0 0 0 0 0 0 0
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8
Indeterminate after reset
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Indeterminate after reset
0 0 . PWUF 0
PWUON PWUCLK PWUIE SMODE
SEL PWUACK
0 0 0 0 0 0 0 0
0 0 0 0
PS3 PS2 PS1 PS0
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0 0

D = Unimplemented

E = Reserved

U = Unaffected

Figure 2-2. Control, Status, and Data Registers (Sheet 6 of 8)
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Analog-to-Digital Converter (ADC10) Module

3.3.4 Sources of Error

Several sources of error exist for ADC conversions. These are discussed in the following sections.

3.3.4.1 Sampling Error

For proper conversions, the input must be sampled long enough to achieve the proper accuracy. Given
the maximum input resistance of approximately 15 kQ and input capacitance of approximately 10 pF,
sampling to within 1/4LSB (at 10-bit resolution) can be achieved within the minimum sample window (3.5
cycles / 2 MHz maximum ADCK frequency) provided the resistance of the external analog source (Rps)
is kept below 10 kQ. Higher source resistances or higher-accuracy sampling is possible by setting
ADLSMP (to increase the sample window to 23.5 cycles) or decreasing ADCK frequency to increase
sample time.

3.3.4.2 Pin Leakage Error

Leakage on the I/O pins can cause conversion error if the external analog source resistance (Rpg) is high.
If this error cannot be tolerated by the application, keep Rag lower than Vapy N/ (4096™1 o4k) for less than
1/4LSB leakage error (at 10-bit resolution).

3.3.4.3 Noise-Induced Errors

System noise which occurs during the sample or conversion process can affect the accuracy of the
conversion. The ADC10 accuracy numbers are guaranteed as specified only if the following conditions
are met:

* Thereis a 0.1uF low-ESR capacitor from Vgeggy to Vgeg, (if available).
* Thereis a 0.1uF low-ESR capacitor from Vppa to Vggp (if available).

* If inductive isolation is used from the primary supply, an additional 1uF capacitor is placed from
VDDA to VSSA (If available).

* Vgga and Vgep (if available) is connected to Vgg at a quiet point in the ground plane.

* The MCU is placed in wait mode immediately after initiating the conversion (next instruction after
write to ADSCR).

e There is no I/O switching, input or output, on the MCU during the conversion.
There are some situations where external system activity causes radiated or conducted noise emissions
or excessive Vpp noise is coupled into the ADC10. In these cases, or when the MCU cannot be placed

in wait or 1/O activity cannot be halted, the following recommendations may reduce the effect of noise on
the accuracy:

* Place a 0.01 uF capacitor on the selected input channel to Vggg or Vggp (if available). This will
improve noise issues but will affect sample rate based on the external analog source resistance.

* Operate the ADC10 in stop mode by setting ACLKEN, selecting the channel in ADSCR, and
executing a STOP instruction. This will reduce Vpp noise but will increase effective conversion time
due to stop recovery.

* Average the input by converting the output many times in succession and dividing the sum of the
results. Four samples are required to eliminate the effect of a 1LsSB, one-time error.

* Reduce the effect of synchronous noise by operating off the asynchronous clock (ACLKEN=1) and
averaging. Noise that is synchronous to the ADCK cannot be averaged out.
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Central Processor Unit (CPU)

Table 6-1. Instruction Set Summary (Sheet 3 of 6)

Effect a o g

o n
Slggr';:e Operation Description on CCR g g S g %

< O Q. Q. >
H|1NjZ|C q= o O |O
CLR opr M « $00 DIR 3F (dd 3
CLRA A « $00 INH 4F 1
CLRX X « $00 INH 5F 1
CLRH Clear H « $00 —-|-10]1 INH 8C 1
CLR opr,X M « $00 IX1 6F |ff 3
CLR X M « $00 IX 7F 2
CLR opr,SP M « $00 SP1 9EG6F | ff 4
CMP #opr IMM A1 i 2
CMP opr DIR B1 |dd 3
CMP opr EXT C1 |hhil |4
CMP opr,X . IX2 D1 |eeff | 4
CMP oprX Compare A with M (A) = (M) =177 X1 E1 |ff 3
CMP X IX F1 2
CMP opr,SP SP1 9EE1 |ff 4
CMP opr,SP SP2 9ED1 |eeff | 5
COM opr M« (M) = $FF — (M DIR 33 |(dd 4
COMA A« (A= %FF - (M) INH 43 1
COMX ; X « (X) = $FF — (M) | INH 53 1
COM oprx Complement (One’s Complement) M — (M) = $FF — (M) ol X1 63 |if 4
COM ,X M « (M) = $FF — (M) IX 73 3
COM opr,SP M « (M) = $FF — (M) SP1 9EG3 | ff 5
CPHX #opr RV . . IMM 65 Jiiii+1 | 3
CPHX opr Compare H:X with M (H:X) = (M:M + 1) -1-117 DIR 75 |dd 2
CPX #opr IMM A3 i 2
CPX opr DIR B3 |dd 3
CPX opr EXT C3 |hhil |4
CPX ,X : IX2 D3 |eeff | 4
CPX oprX Compare X with M (X) = (M) —-[-1217 IX1 E3 |ff 3
CPX opr,X IX F3 2
CPX opr,SP SP1 9EES |ff 4
CPX opr,SP SP2 9ED3|eeff | 5
DAA Decimal Adjust A (A)10 -[-1217? INH 72 2
A—A)—1TorM« (M)—1or X« (X)-1 5
DBNZ opr,rel PC « (PC) + 3 + rel ? (result) # 0 DIR 3B (ddrr 3
DBNZA rel PC « (PC) + 2 + rel ? (result) # 0 INH 4B |rr 3
DBNZX rel Decrement and Branch if Not Zero PC « (PC) + 2 + rel ? (result) #0 ol el el INH 5B |(rr 5
DBNZ opr,X,rel PC « (PC) + 3 + rel ? (result) # 0 IX1 6B |ffrr 4
DBNZ X, rel PC « (PC) + 2 + rel ? (result) # 0 IX 7B |rr 6

DBNZ opr,SP,rel PC « (PC) + 4 + rel ? (result) #0 SP1 9E6B |ff rr
DEC opr M « (M) -1 DIR 3A |(dd 4
DECA A« (A) -1 INH 4A 1
DECX X« (X) -1 ne INH 5A 1
DEC opr,X Decrement M« (M) — 1 = ixa 6A |ff 4
DEC ,X M « (M) —1 IX 7A 3
DEC opr,SP M« (M) -1 SP1 9EBA |ff 5
. A « (H:A)/(X) -1z
DIV Divide H < Remainder ! INH 52 7
EOR #opr IMM A8 i 2
EOR opr DIR B8 |dd 3
EOR opr EXT C8 |hhil |4
EOR opr,X . . IX2 D8 |eeff | 4
EOR oprX Exclusive OR M with A A—(ADM) =177 X1 Es |if 3
EOR ,X IX F8 2
EOR opr,SP SP1 9EES |ff 4
EOR opr,SP SP2 9ED8 |eeff | 5
INC opr M« (M) + 1 DIR 3C |dd 4
INCA A (A)+1 INH 4C 1
INCX X (X)+1 INH 5C 1
INC opr.X Increment M (M) + 1 == X 6C |ff |4
INC ,X M« (M) + 1 IX 7C 3
INC opr,SP M« (M) + 1 SP1 9E6C | ff 5
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Chapter 7
External Interrupt (IRQ)

7.1 Introduction

The IRQ (external interrupt) module provides a maskable interrupt input.

IRQ functionality is enabled by setting configuration register 2 (CONFIG2) IRQEN bit accordingly. A zero
disables the IRQ function and IRQ will assume the other shared functionalities. A one enables the IRQ
function. See Chapter 4 Configuration Registers (CONFIG1 and CONFIG2) for more information on
enabling the IRQ pin.

The IRQ pin shares its pin with general-purpose input/output (I/O) port pins. See Figure 7-1 for port
location of this shared pin.

7.2 Features

Features of the IRQ module include:
« A dedicated external interrupt pin IRQ
e |IRQ interrupt control bits
* Programmable edge-only or edge and level interrupt sensitivity
¢ Automatic interrupt acknowledge
* Internal pullup device

7.3 Functional Description

Alow level applied to the external interrupt request (IRQ) pin can latch a CPU interrupt request. Figure 7-2
shows the structure of the IRQ module.

Interrupt signals on the IRQ pin are latched into the IRQ latch. The IRQ latch remains set until one of the
following actions occurs:
* |RQ vector fetch. An IRQ vector fetch automatically generates an interrupt acknowledge signal that
clears the latch that caused the vector fetch.
* Software clear. Software can clear the IRQ latch by writing a 1 to the ACK bit in the interrupt status
and control register (INTSCR).
* Reset. A reset automatically clears the IRQ latch.

The external IRQ pin is falling edge sensitive out of reset and is software-configurable to be either falling
edge or falling edge and low level sensitive. The MODE bit in INTSCR controls the triggering sensitivity
of the IRQ pin.
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LVI Interrupts

9.4 LVI Interrupts

The LVI module does not generate interrupt requests.

9.5 Low-Power Modes
The STOP and WAIT instructions put the MCU in low power-consumption standby modes.

9.5.1 Wait Mode

If enabled, the LVI module remains active in wait mode. If enabled to generate resets, the LVI module can
generate a reset and bring the MCU out of wait mode.

9.5.2 Stop Mode

If the LVIPWRD bit in the configuration register is cleared and the LVISTOP bit in the configuration
register is set, the LVI module remains active. If enabled to generate resets, the LVI module can generate
a reset and bring the MCU out of stop mode.

9.6 Registers

The LVI status register (LVISR) contains a status bit that is useful when the LVI is enabled and LVI reset
is disabled.

Bit 7 6 5 4 3 2 1 Bit 0
Read:| LVIOUT 0 0 0 0 0 0 R
Write:
Reset: 0 0 0 0 0 0 0 0

I:I = Unimplemented Iil = Reserved

Figure 9-2. LVI Status Register (LVISR)

LVIOUT — LVI Output Bit
This read-only flag becomes set when the Vpp voltage falls below the Vg pg trip voltage and is cleared

when Vpp voltage rises above Vgpr. (See Table 9-1.)

Table 9-1. LVIOUT Bit Indication

Voo LVIOUT
Vop > VTRIPR 0
Vbp < VTRIPF 1
V1ripF < Vop < VTRIPR Previous value
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Port A

Figure 11-3 shows the port A I/O logic.

4"\ READ DDRA ($0004) T
PTAPUEX | [:
WRITE DDRA ($0004)
® - DDRAX
3 RESET — D PULLUP
g
S WRITE PTA ($0000)
= » PTAX * —> PTAX
[am
w
= 3
READ PTA ($0000)
-¢ L 4 b
N
\j

TO KEYBOARD INTERRUPT CIRCUIT

Figure 11-3. Port A I/O Circuit

NOTE
Figure 11-3 does not apply to PTAZ2.

When DDRAX is a 1, reading address $0000 reads the PTAx data latch. When DDRAX is a 0, reading
address $0000 reads the voltage level on the pin. The data latch can always be written, regardless of the
state of its data direction bit.

11.3.3 Port A Input Pullup Enable Register

The port A input pullup enable register (PTAPUE) contains a software configurable pullup device for each
if the six port A pins. Each bit is individually configurable and requires the corresponding data direction
register, DDRAX, to be configured as input. Each pullup device is automatically and dynamically disabled
when its corresponding DDRAX bit is configured as output.

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Wit OSC2EN PTAPUE5 | PTAPUE4 | PTAPUE3 | PTAPUE2 | PTAPUE1 | PTAPUEQ
rite:
Reset: 0 0 0 0 0 0 0 0

I:I = Unimplemented

Figure 11-4. Port A Input Pullup Enable Register (PTAPUE)

OSC2EN — Enable PTA4 on OSC2 Pin
This read/write bit configures the OSC2 pin function when internal oscillator or RC oscillator option is
selected. This bit has no effect for the XTAL or external oscillator options.
1 = OSC2 pin outputs the internal or RC oscillator clock (BUSCLKX4)
0 = OSC2 pin configured for PTA4 1/0O, having all the interrupt and pullup functions

PTAPUE[5:0] — Port A Input Pullup Enable Bits
These read/write bits are software programmable to enable pullup devices on port A pins.
1 = Corresponding port A pin configured to have internal pull if its DDRA bit is set to 0
0 = Pullup device is disconnected on the corresponding port A pin regardless of the state of its
DDRA bit
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ESCI Arbiter

13.9 ESCI Arbiter

The ESCI module comprises an arbiter module designed to support software for communication tasks as
bus arbitration, baud rate recovery and break time detection. The arbiter module consists of an 9-bit
counter with 1-bit overflow and control logic. The can control operation mode via the ESCI arbiter control
register (SCIACTL).

13.9.1 ESCI Arbiter Control Register

Bit 7 6 5 4 3 2 1 Bit 0
Read: ALOST AFIN ARUN AROVFL ARDS8
AM1 AMO ACLK
Write:
Reset: 0 0 0 0 0 0 0 0

D = Unimplemented

Figure 13-18. ESCI Arbiter Control Register (SCIACTL)

AM1 and AMO — Arbiter Mode Select Bits
These read/write bits select the mode of the arbiter module as shown in Table 13-11.

Table 13-11. ESCI Arbiter Selectable Modes

AM[1:0] ESCI Arbiter Mode
00 Idle / counter reset
01 Bit time measurement
10 Bus arbitration
11 Reserved / do not use

ALOST — Arbitration Lost Flag
This read-only bit indicates loss of arbitration. Clear ALOST by writing a 0 to AM1.

ACLK — Arbiter Counter Clock Select Bit
This read/write bit selects the arbiter counter clock source.
1 = Arbiter counter is clocked with one half of the ESCI input clock generated by the ESCI prescaler
0 = Arbiter counter is clocked with the bus clock divided by four

NOTE
For ACLK = 1, the arbiter input clock is driven from the ESCI prescaler. The
prescaler can be clocked by either the bus clock or BUSCLKX4 depending
on the state of the ESCIBDSRC bit in configuration register.

AFIN— Arbiter Bit Time Measurement Finish Flag
This read-only bit indicates bit time measurement has finished. Clear AFIN by writing any value to
SCIACTL.
1 = Bit time measurement has finished
0 = Bit time measurement not yet finished

ARUN— Arbiter Counter Running Flag
This read-only bit indicates the arbiter counter is running.
1 = Arbiter counter running
0 = Arbiter counter stopped
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Chapter 14
System Integration Module (SIM)

14.1 Introduction

This section describes the system integration module (SIM), which supports up to 24 external and/or
internal interrupts. Together with the central processor unit (CPU), the SIM controls all microcontroller unit
(MCU) activities. A block diagram of the SIM is shown in Figure 14-1. The SIM is a system state controller
that coordinates CPU and exception timing.

The SIM is responsible for:

* Bus clock generation and control for CPU and peripherals
— Stop/wait/reset/break entry and recovery
— Internal clock control

* Master reset control, including power-on reset (POR) and computer operating properly (COP)
timeout

e Interrupt control:
— Acknowledge timing
— Arbitration control timing
— Vector address generation

* CPU enable/disable timing

Table 14-1. Signal Name Conventions

Signal Name Description
BUSCLKX4 Buffered clock from the internal, RC or XTAL oscillator circuit.
BUSCLKX2 The BUSCLKX4 frequency_ divided by two. This signal is again divided by two
in the SIM to generate the internal bus clocks (bus clock = BUSCLKX4 4).
Address bus Internal address bus
Data bus Internal data bus
PORRST Signal from the power-on reset module to the SIM
IRST Internal reset signal
R/W Read/write signal

14.2 RST and IRQ Pins Initialization

RST and IRQ pins come out of reset as PTA3 and PTA2 respectively. RST and IRQ functions can be
activated by programing CONFIG2 accordingly. Refer to Chapter 4 Configuration Registers (CONFIG1
and CONFIG2).

14.3 SIM Bus Clock Control and Generation

The bus clock generator provides system clock signals for the CPU and peripherals on the MCU. The
system clocks are generated from an incoming clock, BUSCLKX2, as shown in Figure 14-2.

MC68HC908QC16 » MC68HC908QC8 « MC68HC908QC4 Data Sheet, Rev. 5

Freescale Semiconductor 153



Low-Power Modes

Wait mode can also be exited by a reset (or break in emulation mode). A break interrupt during wait mode
sets the SIM break stop/wait bit, SBSW, in the break status register (BSR). If the COP disable bit, COPD,
in the configuration register is 0, then the computer operating properly module (COP) is enabled and
remains active in wait mode.

Figure 14-15 and Figure 14-16 show the timing for wait recovery.

ADDRESS BUS $6E0B \ secoc ) soorF ) soore ) soorp ) soorc Y
DATABUS $A6) $A6 | $A6 ) so1 ) 0B ) SeE )( (-
EXITSTOPWAIT |

NOTE: EXITSTOPWAIT = RST pin OR CPU interrupt

Figure 14-15. Wait Recovery from Interrupt

hYCLES CYCLE?‘
AODRESS BUS o XXXXX? Mxxxxj txxxxxxxxxxx rsrvarn Y )

DATABUS $A6 ) $A6 $A6‘ X:‘ES X E)E:X \ \ L

RST™ = ‘
| |
BUSCLKX4

1. RST is only available if the RSTEN bit in the CONFIG2 register is set.

Figure 14-16. Wait Recovery from Internal Reset

14.7.2 Stop Mode

In stop mode, the SIM counter is reset and the system clocks are disabled. An interrupt request from a
module can cause an exit from stop mode. Stacking for interrupts begins after the selected stop recovery
time has elapsed. Reset or break also causes an exit from stop mode.

The SIM disables the oscillator signals (BUSCLKX2 and BUSCLKX4) in stop mode, stopping the CPU
and peripherals. If OSCENINSTOP is set, BUSCLKX4 will remain running in STOP and can be used to
run the PWU. Stop recovery time is selectable using the SSREC bit in the configuration register 1
(CONFIGH1). If SSREC is set, stop recovery is reduced from the normal delay of 4096 BUSCLKX4 cycles
down to 32. This is ideal for the internal oscillator, RC oscillator, and external oscillator options which do
not require long start-up times from stop mode.

NOTE
External crystal applications should use the full stop recovery time by
clearing the SSREC bit.
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System Integration Module (SIM)

The SIM counter is held in reset from the execution of the STOP instruction until the beginning of stop
recovery. It is then used to time the recovery period. Figure 14-17 shows stop mode entry timing and
Figure 14-18 shows the stop mode recovery time from interrupt or break

NOTE

To minimize stop current, all pins configured as inputs should be driven to
a logic 1 or logic 0.

CPUSTOP |
ADDRESS BUS STOPADDR ) STOPADDR+1 )  SAME X SAME X
DATA BUS  PREVIOUSDATA Y  NEXTOPCODE ) SAME \ samE

e )

NOTE: Previous data can be operand data or the STOP opcode, depending on the last instruction.

Figure 14-17. Stop Mode Entry Timing

ﬂ ’« STOP RECOVERY PERIOD
INTERRUPT F

(

ADDRESS BUS X STOP +1 ()ZXSTOP+2XSTOP+2X P ) sp-1 X sp-2 ) spP-3 X
)

Figure 14-18. Stop Mode Recovery from Interrupt

14.8 SIM Registers

The SIM has three memory mapped registers. Table 14-4 shows the mapping of these registers.

Table 14-4. SIM Registers

166

Address Register Access Mode
$FEOO BSR User
$FEO1 SRSR User
$FEO03 BFCR User
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Functional Description

15.3.4 Queuing Transmission Data

The double-buffered transmit data register allows a data byte to be queued and transmitted. For an SPI
configured as a master, a queued data byte is transmitted immediately after the previous transmission
has completed. The SPI transmitter empty flag (SPTE) indicates when the transmit data buffer is ready
to accept new data. Write to the transmit data register only when the SPTE bit is high. Figure 15-8
shows the timing associated with doing back-to-back transmissions with the SPI (SPSCK has

CPHA: CPOL = 1:0).

wRITETOSPDR (D/ "\ ®/\ ®/\

SPTE ® ®
SPSCK
CPHA:CPOL = 1:0
MOSI
SPRF
READ SPSCR
READ SPDR

(1) WRITE BYTE 1 TO SPDR, CLEARING SPTE BIT. (7) READ SPDR, CLEARING SPRF BIT.

BYTE 1 TRANSFERS FROM TRANSMIT DATA WRITE BYTE 3 TO SPDR, QUEUEING BYTE
REGISTER TO SHIFT REGISTER, SETTING SPTE BIT. 3 AND CLEARING SPTE BIT.
(9) SECOND INCOMING BYTE TRANSFERS FROM SHIFT
® XVﬁSTgL%fF{ElﬁGTgPSTPEDQ'TQUEUE'NG BYTE2 REGISTER TO RECEIVE DATA REGISTER, SETTING
: SPRF BIT.

(@) FIRST INCOMING BYTE TRANSFERS FROM SHIFT BYTE 3 TRANSFERS FROM TRANSMIT DATA
REGISTER TO RECEIVE DATA REGISTER, SETTING REGISTER TO SHIFT REGISTER, SETTING SPTE BIT.
SPRF BIT. (D READ SPSCR WITH SPRF BIT SET.

(8) BYTE 2 TRANSFERS FROM TRANSMIT DATA (1) READ SPDR, CLEARING SPRF BIT.

REGISTER TO SHIFT REGISTER, SETTING SPTE BIT.
() READ SPSCR WITH SPRF BIT SET.

Figure 15-8. SPRF/SPTE interrupt Timing

The transmit data buffer allows back-to-back transmissions without the slave precisely timing its writes
between transmissions as in a system with a single data buffer. Also, if no new data is written to the data
buffer, the last value contained in the shift register is the next data word to be transmitted.

For an idle master or idle slave that has no data loaded into its transmit buffer, the SPTE is set again no
more than two bus cycles after the transmit buffer empties into the shift register. This allows the user to
queue up a 16-bit value to send. For an already active slave, the load of the shift register cannot occur

until the transmission is completed. This implies that a back-to-back write to the transmit data register is
not possible. SPTE indicates when the next write can occur.
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Timer Interface Module (TIM1)

The value in the TIM1 counter modulo registers and the selected prescaler output determines the
frequency of the PWM output The frequency of an 8-bit PWM signal is variable in 256 increments. Writing
$00FF (255) to the TIM1 counter modulo registers produces a PWM period of 256 times the internal bus
clock period if the prescaler select value is 000. See 16.8.1 TIM1 Status and Control Register.

The value in the TIM1 channel registers determines the pulse width of the PWM output. The pulse width
of an 8-bit PWM signal is variable in 256 increments. Writing $0080 (128) to the TIM1 channel registers
produces a duty cycle of 128/256 or 50%.

16.3.4.1 Unbuffered PWM Signal Generation

Any output compare channel can generate unbuffered PWM pulses as described in 16.3.4 Pulse Width
Modulation (PWM). The pulses are unbuffered because changing the pulse width requires writing the new
pulse width value over the old value currently in the TIM1 channel registers.

An unsynchronized write to the TIM1 channel registers to change a pulse width value could cause
incorrect operation for up to two PWM periods. For example, writing a new value before the counter
reaches the old value but after the counter reaches the new value prevents any compare during that PWM
period. Also, using a TIM1 overflow interrupt routine to write a new, smaller pulse width value may cause
the compare to be missed. The TIM1 may pass the new value before it is written to the timer channel
(T1CHxH:T1CHxL).

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

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

* When changing to a longer pulse width, enable TIM1 overflow interrupts and write the new value
in the TIM1 overflow interrupt routine. The TIM1 overflow interrupt occurs at the end of the current
PWM period. Writing a larger value in an output compare interrupt routine (at the end of the current
pulse) could cause two output compares to occur in the same PWM period.

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

16.3.4.2 Buffered PWM Signal Generation

Channels 0 and 1 can be linked to form a buffered PWM channel whose output appears on the T1CHO
pin. The TIM1 channel registers of the linked pair alternately control the output.

Setting the MSOB bit in TIM1 channel O status and control register (T1SCO0) links channel 0 and channel 1.
The TIM1 channel 0 registers initially control the pulse width on the T1CHO pin. Writing to the TIM1
channel 1 registers enables the TIM1 channel 1 registers to synchronously control the pulse width at the
beginning of the next PWM period. At each subsequent overflow, the TIM1 channel registers (0 or 1) that
control the pulse width are the ones written to last. T1SCO controls and monitors the buffered PWM
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Timer Interface Module (TIM2)

CHxF — Channel x Flag Bit
When channel x is an input capture channel, this read/write bit is set when an active edge occurs on
the channel x pin. When channel x is an output compare channel, CHxF is set when the value in the
counter registers matches the value in the TIM2 channel x registers.

Clear CHxF by reading the T2SCx register with CHxF set and then writing a 0 to CHxF. If another
interrupt request occurs before the clearing sequence is complete, then writing 0 to CHxF has no
effect. Therefore, an interrupt request cannot be lost due to inadvertent clearing of CHxF.

Writing a 1 to CHxF has no effect.
1 = Input capture or output compare on channel x
0 = No input capture or output compare on channel x

CHxIE — Channel x Interrupt Enable Bit
This read/write bit enables TIM2 interrupt service requests on channel x.
1 = Channel x interrupt requests enabled
0 = Channel x interrupt requests disabled

MSxB — Mode Select Bit B
This read/write bit selects buffered output compare/PWM operation. MSxB exists only in the T2SCO.

Setting MSOB causes the contents of T2SC1 to be ignored by the TIM2 and reverts T2CH1 to
general-purpose /0.

1 = Buffered output compare/PWM operation enabled

0 = Buffered output compare/PWM operation disabled

MSxA — Mode Select Bit A
When ELSxB:A # 00, this read/write bit selects either input capture operation or unbuffered output
compare/PWM operation. See Table 17-2.
1 = Unbuffered output compare/PWM operation
0 = Input capture operation

When ELSxB:A = 00, this read/write bit selects the initial output level of the T2CHXx pin (see
Table 17-2).

1 = Initial output level low

0 = Initial output level high

NOTE
Before changing a channel function by writing to the MSxB or MSxA bit, set
the TSTOP and TRST bits in the TIMZ2 status and control register (T2SC).

ELSxB and ELSxA — Edge/Level Select Bits
When channel x is an input capture channel, these read/write bits control the active edge-sensing logic
on channel x.

When channel x is an output compare channel, ELSxB and ELSxA control the channel x output
behavior when an output compare occurs.

When ELSxB and ELSxA are both clear, channel x is not connected to an 1/O port, and pin T2CHx is
available as a general-purpose I/0O pin. Table 17-2 shows how ELSxB and ELSxA work.
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Monitor Module (MON)

POR RESET

CONDITIONS

PTAO= 1 PTAO=1
. ) NO ,
FROM Table 18-1 RESET VECTOR : PTA1 =1, AND
BLANK? PTA4 = 07
YES YES
Y
FORCED NORMAL NORMAL INVALID
MONITOR MODE USER MODE MONITOR MODE USER MODE

_ HOST SENDS
> 8SECURITY BYTES

[

IS RESET YES
POR?
NO
ARE ALL
YES SECURITY BYTES
CORRECT?
ENABLE FLASH DISABLE FLASH
MONITOR MODE ENTRY
DEBUGGING
AND FLASH EXECUTE
PROGRAMMING MONITOR CODE
(IF FLASH
IS ENABLED)
J; Y
YES DOES RESET NO
OCCUR?

Figure 18-9. Simplified Monitor Mode Entry Flowchart
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Electrical Specifications

Characteristic(!) Symbol Min Typ®? Max Unit
DC injection current(®) (4) () (6)
Single pin limit
Vin > VDD 0 —_— 2
Vin < VSS IlC 0 —_— -0.2 mA
Total MCU limit, includes sum of all stressed pins
Vin > VDD 0 —_— 25
Vin < Vss 0 - -
Ports Hi-Z leakage current m 0 — +1 LA
Capacitance

Ports (as input)® Cin - - 8 PF
POR rearm voltage VpoRr 750 — — mV
POR rise time ramp rate®(?) RpoR 0.035 — — V/ms
Monitor mode entry voltage ®) VrsT Vpp +2.5 — 9.1 Y

i (8)
Pullup resistors Rpy 16 26 36 KO

PTAO-PTA5, PTB0O-PTB7, PTC3-PTCO, PTD7-PTDO
Pulldown resistors(®)

PTAO—PTAS Rpp 16 26 36 kQ
Low-voltage inhibit reset, trip falling voltage(® VTRIPE 3.90 4.20 4.50
Low-voltage inhibit reset, trip rising voltage VTRIPR 4.00 4.30 4.60
Low-voltage inhibit reset/recover hysteresis Vhys — 100 — mV

1.
2.

3.
4. All functional non-supply pins are internally clamped to Vgg and Vpp.
5.

o]

238

Vpp =4.5105.5Vdc, Vgg =0 Vdc, Tp = T_to T, unless otherwise noted.

Typical values reflect average measurements at midpoint of voltage range, 25 Conly. Typical values are for reference only
and are not tested in production.

Values are based on characterization results, not tested in production.

Input must be current limited to the value specified. To determine the value of the required current-limiting resistor, calculate
resistance values for positive and negative clamp voltages, then use the larger of the two values.

. Power supply must maintain regulation within operating Vpp range during instantaneous and operating maximum current

conditions. If positive injection current (V;, > Vpp) is greater than Ipp, the injection current may flow out of Vpp and could
result in external power supply going out of regulation. Ensure external Vpp load will shunt current greater than maximum
injection current. This will be the greatest risk when the MCU is not consuming power. Examples are: if no system clock is
present, or if clock rate is very low (which would reduce overall power consumption).

. If minimum Vpp is not reached before the internal POR reset is released, the LVI will hold the part in reset until minimum

Vpp is reached.

- Rpy and Rpp is measured at Vpp = 5.0 V. Pulldown resistors only available when KBIx is enabled with KBIXPOL =1.
. Functionality of MCU guaranteed by production test down to minimum LVI trip point. The electrical parameters are only

guaranteed within the specified operating voltage range.
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Typical 5-V Output Drive Characteristics

19.6 Typical 5-V Output Drive Characteristics

— e 5VPTA
—m 5V PTB,PTC,PTD

S
T
o) 0.8 o
=
A /
S 06 /
0.4
0.2 ST
//
0.0 !
0 -5 -10 -15 -20 -25 -30

IOH (mA)

Figure 19-1. Typical 5-Volt Output High Voltage
versus Output High Current (25°C)
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Figure 19-2. Typical 5-Volt Output Low Voltage
versus Output Low Current (25°C)
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NOTES:

1.
2.

3.

>

DIMENSIONS ARE IN MILLIMETERS.
DIMENSIONING AND TOLERANCING PER ASME Y14.5M—1994.

DATUMS A AND B TO BE DETERMINED AT THE PLANE WHERE THE BOTTOM OF THE LEADS
EXIT THE PLASTIC BODY.

THIS DIMENSION DOES NOT INCLUDE MOLD FLASH, PROTRUSION OR GATE BURRS. MOLD
FLASH, PROTRUSION OR GATE BURRS SHALL NOT EXCEED 0.15 MM PER SIDE. THIS
DIMENSION IS DETERMINED AT THE PLANE WHERE THE BOTTOM OF THE LEADS EXIT
THE PLASTIC BODY.

THIS DIMENSION DOES NOT INCLUDE INTER—LEAD FLASH OR PROTRUSIONS. INTER—LEAD
FLASH AND PROTRUSIONS SHALL NOT EXCEED 0.25 MM PER SIDE. THIS DIMENSION IS
DETERMINED AT THE PLANE WHERE THE BOTTOM OF THE LEADS EXIT THE PLASTIC BODY.

THIS DIMENSION DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR PROTRUSION
SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED 0.62 mm.
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