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Chapter 4 Memory

4.4.3

Program and Erase Command Execution

The steps for executing any of the commands are listed below. The FCDIV register must be initialized and
any error flags cleared before beginning command execution. The command execution steps are:

1.

Write a data value to an address in the flash array. The address and data information from this write
is latched into the flash interface. This write is a required first step in any command sequence. For
erase and blank check commands, the value of the data is not important. For page erase commands,
the address may be any address in the 512-byte page of flash to be erased. For mass erase and blank
check commands, the address can be any address in the flash memory. Whole pages of 512 bytes
are the smallest blocks of flash that may be erased. In the 60K version, there are two instances
where the size of a block that is accessible to the user is less than 512 bytes: the first page following
RAM, and the first page following the high page registers. These pages are overlapped by the RAM
and high page registers, respectively.

NOTE

Do not program any byte in the flash more than once after a successful erase
operation. Reprogramming bits in a byte which is already programmed is
not allowed without first erasing the page in which the byte resides or mass
erasing the entire flash memory. Programming without first erasing may
disturb data stored in the flash.

Write the command code for the desired command to FCMD. The five valid commands are blank
check (0x05), byte program (0x20), burst program (0x25), page erase (0x40), and mass erase
(0x41). The command code is latched into the command buffer.

Write a 1 to the FCBEF bit in FSTAT to clear FCBEF and launch the command (including its
address and data information).

A partial command sequence can be aborted manually by writing a 0 to FCBEF any time after the write to
the memory array and before writing the 1 that clears FCBEF and launches the complete command.
Aborting a command in this way sets the FACCERR access error flag which must be cleared before
starting a new command.

A strictly monitored procedure must be adhered to, or the command will not be accepted. This minimizes
the possibility of any unintended change to the flash memory contents. The command complete flag
(FCCF) indicates when a command is complete. The command sequence must be completed by clearing
FCBEEF to launch the command. Figure 4-2 is a flowchart for executing all of the commands except for
burst programming. The FCDIV register must be initialized before using any flash commands. This must
be done only once following a reset.
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Chapter 5 Resets, Interrupts, and System Configuration

Table 5-3. SRS Field Descriptions (continued)

Field Description
2 Internal Clock Generation Module Reset — Reset was caused by an ICG module reset.
ICG 0 Reset not caused by ICG module.
1 Reset caused by ICG module.
1 Low Voltage Detect — If the LVD reset is enabled (LVDE = LVDRE = 1) and the supply drops below the LVD trip
LvD voltage, an LVD reset occurs. The LVD function is disabled when the MCU enters stop. To maintain LVD operation
in stop, the LVDSE bit must be set.
0 Reset not caused by LVD trip or POR.
1 Reset caused by LVD trip or POR.
5.8.3 System Background Debug Force Reset Register (SBDFR)

This register contains a single write-only control bit. A serial background command such as
WRITE BYTE must be used to write to SBDFR. Attempts to write this register from a user program are
ignored. Reads always return 0x00.

5 2 1 0
R 0 0 0 0 0 0 0 0
w BDFR!
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

' BDFR is writable only through serial background debug commands, not from user programs.

Figure 5-4. System Background Debug Force Reset Register (SBDFR)

Table 5-4. SBDFR Field Descriptions

Field Description
0 Background Debug Force Reset — A serial background mode command such as WRITE_BYTE allows an
BDFR external debug host to force a target system reset. Writing 1 to this bit forces an MCU reset. This bit cannot be

written from a user program.
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Chapter 6 Parallel Input/Output

Port A can be configured to be keyboard interrupt input pins. Refer to Chapter 9, “Keyboard Interrupt
(SO8KBIV1),” for more information about using port A pins as keyboard interrupts pins.

6.3.2 Port B and Analog to Digital Converter Inputs

Port B Bit 7 6 5 4 3 2 1 Bit0

MCU Pin: PTB7/ PTB6/ PTB5/ PTB4/ PTB3/ PTB2/ PTB1/ PTBO/
" AD1P7  AD1P6  AD1P5 AD1P4  AD1P3  AD1P2  AD1P1  AD1PO

Figure 6-3. Port B Pin Names

Port B is an 8-bit port shared among the ATD inputs and general-purpose I/O. Any pin enabled as an ATD
input will be forced to act as an input.

Port B pins are available as general-purpose I/O pins controlled by the port B data (PTBD), data direction
(PTBDD), pullup enable (PTBPE), and slew rate control (PTBSE) registers. Refer to Section 6.4, “Parallel
I/O Controls,” for more information about general-purpose 1/O control.

When the ATD module is enabled, analog pin enables are used to specify which pins on port B will be used
as ATD inputs. Refer to Chapter 14, “Analog-to-Digital Converter (SOSATDV3),” for more information
about using port B pins as ATD pins.

6.3.3 Port C and SCI2, IIC, and High-Current Drivers

PortC Bit 7 6 5 3 3 2 1 Bit 0

PTC3/ PTC2/ PTC1/ PTCO/
SCL1 SDAT RxD2 TxD2

Figure 6-4. Port C Pin Names

MCU Pin:  PTC7 PTC6 PTC5 PTC4

Port C is an 8-bit port which is shared among the SCI2 and IIC1 modules, and general-purpose I/O. When
SCI2 or IIC1 modules are enabled, the pin direction will be controlled by the module or function. Port C
has high current output drivers.

Port C pins are available as general-purpose I/O pins controlled by the port C data (PTCD), data direction
(PTCDD), pullup enable (PTCPE), and slew rate control (PTCSE) registers. Refer to Section 6.4, “Parallel
I/O Controls,” for more information about general-purpose I/O control.

When the SCI2 module is enabled, PTCO serves as the SCI2 module’s transmit pin (TxD2) and PTC1
serves as the receive pin (RxD2). Refer to Chapter 11, “Serial Communications Interface (SO8SCIV1),”
for more information about using PTCO and PTC1 as SCI pins

When the IIC module is enabled, PTC2 serves as the IIC modules’s serial data input/output pin (SDA1)
and PTC3 serves as the clock pin (SCL1). Refer to Chapter 13, “Inter-Integrated Circuit (SOS8IICV1),” for
more information about using PTC2 and PTC3 as IIC pins.
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Chapter 6 Parallel Input/Output

6.6.2 Port B Registers (PTBD, PTBPE, PTBSE, and PTBDD)

Port B includes eight general-purpose I/O pins that share with the ATD function. Port B pins used as
general-purpose I/O pins are controlled by the port B data (PTBD), data direction (PTBDD), pullup enable
(PTBPE), and slew rate control (PTBSE) registers.

If the ATD takes control of a port B pin, the corresponding PTBDD, PTBSE, and PTBPE bits are ignored.
When a port B pin is being used as an ATD pin, reads of PTBD will return a 0 of the corresponding pin,
provided PTBDD is 0.

7 6 5 4 3 2 1 0
R
PTBD7 PTBD6 PTBD5 PTBD4 PTBD3 PTBD2 PTBD1 PTBDO
w
Reset 0 0 0 0 0 0 0 0
Figure 6-13. Port B Data Register (PTBD)
Table 6-5. PTBD Field Descriptions
Field Description
7:0 Port B Data Register Bits — For port B pins that are inputs, reads return the logic level on the pin. For port B
PTBD[7:0] |pins that are configured as outputs, reads return the last value written to this register.
Writes are latched into all bits of this register. For port B pins that are configured as outputs, the logic level is
driven out the corresponding MCU pin.
Reset forces PTBD to all Os, but these Os are not driven out on the corresponding pins because reset also
configures all port pins as high-impedance inputs with pullups disabled.
7 6 5 4 3 2 1 0
R
PTBPE7 PTBPE6 PTBPE5S PTBPE4 PTBPE3 PTBPE2 PTBPE1 PTBPEO
w
Reset 0 0 0 0 0 0 0 0
Figure 6-14. Pullup Enable for Port B (PTBPE)
Table 6-6. PTBPE Field Descriptions
Field Description
7:0 Pullup Enable for Port B Bits — For port B pins that are inputs, these read/write control bits determine whether
PTBPE[7:0] |internal pullup devices are enabled. For port B pins that are configured as outputs, these bits are ignored and the

internal pullup devices are disabled.
0 Internal pullup device disabled.
1 Internal pullup device enabled.
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Chapter 7
Internal Clock Generator (S08ICGV2)

The MC9S08GBxxA/GTxxA microcontroller provides one internal clock generation (ICG) module to
create the system bus frequency. All functions described in this section are available on the
MC9S08GBxxA/GTxxA microcontroller. The EXTAL and XTAL pins share port G bits 2 and 1,
respectively. Analog supply lines Vppa and Vggp are internally derived from the MCU’s Vpp and Vgg
pins. Electrical parametric data for the ICG may be found in Appendix A, “Electrical Characteristics.”

r— - — — — = A
SYSTEM
| CONTROL | TPM1 TPM2 lict sci SCI2 SPI1
caerowk | "O%C |
® RTI
FFE T |
| =2 |
ICG | FIXED FREQ CLOCKI(XCLK)
| |
| |
ICGOUT | o [ BUSCLK |
I
ICGLOLK* | |
L = - - — .
CPU BDC ATD1 RAM FLASH
4 D 4 ATD has min and max Flash has frequency
J__ J__ frequency requirements. See requirements for program
= = *|CGLCLK is the alternate BDC clock source for the MC9S08GBxxA/GTxxA. Chapter 1, “Device Overview” and and erase operation.

Appendix A, “Electrical Characteristics. See Appendix A, “Electrical
Characteristics.

Figure 7-1. System Clock Distribution Diagram

NOTE

Freescale Semiconductor recommends that flash location SFFBE be
reserved to store a nonvolatile version of ICGTRM. This will allow
debugger and programmer vendors to perform a manual trim operation and
store the resultant ICGTRM value for users to access at a later time.
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Internal Clock Generator (S08ICGV2)

7.1.2 Modes of Operation

This is a high-level description only. Detailed descriptions of operating modes are contained in
Section 7.3, “Functional Description.”

e Mode 1 — Off

The output clock, ICGOUT, is static. This mode may be entered when the STOP instruction is
executed.

*  Mode 2 — Self-clocked (SCM)

Default mode of operation that is entered out of reset. The ICG’s FLL is open loop and the digitally
controlled oscillator (DCO) is free running at a frequency set by the filter bits.

* Mode 3 — FLL engaged internal (FEI)

In this mode, the ICG’s FLL is used to create frequencies that are programmable multiples of the
internal reference clock.

— FLL engaged internal unlocked is a transition state which occurs while the FLL is attempting
to lock. The FLL DCO frequency is off target and the FLL is adjusting the DCO to match the
target frequency.

— FLL engaged internal locked is a state which occurs when the FLL detects that the DCO is
locked to a multiple of the internal reference.

* Mode 4 — FLL bypassed external (FBE)
In this mode, the ICG is configured to bypass the FLL and use an external clock as the clock source.
* Mode 5 — FLL engaged external (FEE)

The ICG’s FLL is used to generate frequencies that are programmable multiples of the external
clock reference.

— FLL engaged external unlocked is a transition state which occurs while the FLL is attempting
to lock. The FLL DCO frequency is off target and the FLL is adjusting the DCO to match the
target frequency.

— FLL engaged external locked is a state which occurs when the FLL detects that the DCO is
locked to a multiple of the internal reference.

7.2 Oscillator Pins

The oscillator pins are used to provide an external clock source for the MCU.

7.2.1 EXTAL— External Reference Clock / Oscillator Input

If upon the first write to ICGC1, either FEE mode or FBE mode is selected, this pin functions as either the
external clock input or the input of the oscillator circuit as determined by REFS. If upon the first write to
ICGCl, either FEI mode or SCM mode is selected, this pin is not used by the ICG.

7.2.2 XTAL— Oscillator Output

If upon the first write to [CGC1, either FEE mode or FBE mode is selected, this pin functions as the output
of the oscillator circuit. If upon the first write to ICGC1, either FEI mode or SCM mode is selected, this

MC9S08GB60A Data Sheet, Rev. 2

Freescale Semiconductor 107



V¥ ¢
i

Internal Clock Generator (S08ICGV2)

pin is not used by the ICG. The oscillator is capable of being configured to provide a higher amplitude
output for improved noise immunity. This mode of operation is selected by HGO = 1.
7.2.3

External Clock Connections

If an external clock is used, then the pins are connected as shown in Figure 7-4.

ICG
EXTAL Vss XTAL
T L NOT CONNECTED
CLOCK INPUT

7.24

Figure 7-4. External Clock Connections

External Crystal/Resonator Connections

If an external crystal/resonator frequency reference is used, then the pins are connected as shown in

Figure 7-5. Recommended component values are listed in Appendix A, “Electrical Characteristics.”

ICG

EXTAL

Vs XTAL

Gy

|
il
CRYSTAL OR RESONATOR

Figure 7-5. External Frequency Reference Connection
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Timer/PWM (TPM)

register (TPMxCnVH:TPMxCnVL). The polarity of this PWM signal is determined by the setting in the
ELSnA control bit. Duty cycle cases of 0 percent and 100 percent are possible.

As Figure 10-3 shows, the output compare value in the TPM channel registers determines the pulse width
(duty cycle) of the PWM signal. The time between the modulus overflow and the output compare is the
pulse width. If ELSnA = 0, the counter overflow forces the PWM signal high and the output compare
forces the PWM signal low. IfELSnA = 1, the counter overflow forces the PWM signal low and the output
compare forces the PWM signal high.

OVERFLOW OVERFLOW OVERFLOW
—»«+—— PERIOD >t »-
PULSE
WIDTH
\ \ \
TPMxC
A A *
OUTPUT OUTPUT OUTPUT
COMPARE COMPARE COMPARE

Figure 10-3. PWM Period and Pulse Width (ELSnA = 0)

When the channel value register is set to $0000, the duty cycle is 0 percent. By setting the timer channel
value register (TPMxCnVH:TPMxCnVL) to a value greater than the modulus setting, 100 percent duty
cycle can be achieved. This implies that the modulus setting must be less than $FFFF to get 100 percent
duty cycle.

Because the HCSO0S is a family of 8-bit MCU s, the settings in the timer channel registers are buffered to
ensure coherent 16-bit updates and to avoid unexpected PWM pulse widths. Writes to either register,
TPMxCnVH or TPMxCnVL, write to buffer registers. In edge-PWM mode, values are transferred to the
corresponding timer channel registers only after both 8-bit bytes of a 16-bit register have been written and
the value in the TPMxCNTH:TPMxCNTL counter is $0000. (The new duty cycle does not take effect until
the next full period.)

10.5.3 Center-Aligned PWM Mode

This type of PWM output uses the up-/down-counting mode of the timer counter (CPWMS = 1). The
output compare value in TPMxCnVH:TPMxCnVL determines the pulse width (duty cycle) of the PWM
signal and the period is determined by the value in TPMxMODH:TPMxMODL.
TPMxMODH:TPMxMODL should be kept in the range of $0001 to $7FFF because values outside this
range can produce ambiguous results. ELSnA will determine the polarity of the CPWM output.

pulse width =2 x (TPMxCnVH:TPMxCnVL) Eqn. 10-1

period = 2 x (TPMxMODH: TPMxMODL);
for TPMxMODH:TPMxMODL = $0001-$7FFF Eqn. 10-2

If the channel value register TPMxCnVH:TPMxCnVL is zero or negative (bit 15 set), the duty cycle will
be 0 percent. If TPMxCnVH:TPMxCnVL is a positive value (bit 15 clear) and is greater than the (nonzero)
modulus setting, the duty cycle will be 100 percent because the duty cycle compare will never occur. This
implies the usable range of periods set by the modulus register is $0001 through $7FFE ($7FFF if
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Chapter 11
Serial Communications Interface (S08SCIV1)

11.1 Introduction

The MC9S08GBxxA/GTxxA includes two independent serial communications interface (SCI) modules —
sometimes called universal asynchronous receiver/transmitters (UARTSs). Typically, these systems are
used to connect to the RS232 serial input/output (I/O) port of a personal computer or workstation, and they
can also be used to communicate with other embedded controllers.

A flexible, 13-bit, modulo-based baud rate generator supports a broad range of standard baud rates beyond
115.2 kbaud. Transmit and receive within the same SCI use a common baud rate, and each SCI module
has a separate baud rate generator.

This SCI system offers many advanced features not commonly found on other asynchronous serial I/O

peripherals on other embedded controllers. The receiver employs an advanced data sampling technique
that ensures reliable communication and noise detection. Hardware parity, receiver wakeup, and double
buffering on transmit and receive are also included.
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Serial Peripheral Interface (S08SPIV3)

Table 12-7. SPI1S Register Field Descriptions

Field Description

7 SPI Read Buffer Full Flag — SPREF is set at the completion of an SPI transfer to indicate that received data may
SPRF be read from the SPI data register (SPI1D). SPRF is cleared by reading SPRF while it is set, then reading the
SPI data register.

0 No data available in the receive data buffer
1 Data available in the receive data buffer

5 SPI Transmit Buffer Empty Flag — This bit is set when there is room in the transmit data buffer. It is cleared by
SPTEF reading SPI1S with SPTEF set, followed by writing a data value to the transmit buffer at SPI1D. SPI1S must be
read with SPTEF = 1 before writing data to SPI1D or the SPI1D write will be ignored. SPTEF generates an
SPTEF CPU interrupt request if the SPTIE bit in the SPI1C1 is also set. SPTEF is automatically set when a data
byte transfers from the transmit buffer into the transmit shift register. For an idle SPI (no data in the transmit buffer
or the shift register and no transfer in progress), data written to SPI1D is transferred to the shifter almost
immediately so SPTEF is set within two bus cycles allowing a second 8-bit data value to be queued into the
transmit buffer. After completion of the transfer of the value in the shift register, the queued value from the transmit
buffer will automatically move to the shifter and SPTEF will be set to indicate there is room for new data in the
transmit buffer. If no new data is waiting in the transmit buffer, SPTEF simply remains set and no data moves from
the buffer to the shifter.

0 SPI transmit buffer not empty
1 SPI transmit buffer empty

4 Master Mode Fault Flag — MODF is set if the SPI is configured as a master and the slave select input goes low,
MODF indicating some other SPI device is also configured as a master. The SS pin acts as a mode fault error input only
when MSTR = 1, MODFEN = 1, and SSOE = 0; otherwise, MODF will never be set. MODF is cleared by reading
MODF while it is 1, then writing to SPI control register 1 (SPI1C1).

0 No mode fault error
1 Mode fault error detected

12.4.5 SPI Data Register (SPI1D)

7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit 0
w
Reset 0 0 0 0 0 0 0 0

Figure 12-9. SPI Data Register (SPI1D)

Reads of this register return the data read from the receive data buffer. Writes to this register write data to
the transmit data buffer. When the SPI is configured as a master, writing data to the transmit data buffer
initiates an SPI transfer.

Data should not be written to the transmit data buffer unless the SPI transmit buffer empty flag (SPTEF)
is set, indicating there is room in the transmit buffer to queue a new transmit byte.

Data may be read from SPI1D any time after SPRF is set and before another transfer is finished. Failure
to read the data out of the receive data buffer before a new transfer ends causes a receive overrun condition
and the data from the new transfer is lost.
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Serial Peripheral Interface (S08SPIV3)

in LSBFE. Both variations of SPSCK polarity are shown, but only one of these waveforms applies for a
specific transfer, depending on the value in CPOL. The SAMPLE IN waveform applies to the MOSI input
of a slave or the MISO input of a master. The MOSI waveform applies to the MOSI output pin from a
master and the MISO waveform applies to the MISO output from a slave. The SS OUT waveform applies
to the slave select output from a master (provided MODFEN and SSOE = 1). The master SS output goes
to active low at the start of the first bit time of the transfer and goes back high one-half SPSCK cycle after
the end of the eighth bit time of the transfer. The SS IN waveform applies to the slave select input of a
slave.

BIT TIME # (¢
(REFERENCE) 1 2 §§ 6 7 8
o0 \_/_\ /_\\_/_\\_/_\\_/_\
(CPOL = 0) /N 3
1/ \_g ¢ \
o) ) /_\_//—S 5_\_/_\_//_\_/_\_/
(CPOL = 1) \__/
SAMPLE IN
(MISO OR MOS)) | o | | | |
) ()

§6
MOSI \< >< > < > /
(MASTER OUT) / g
)
MSB FIRST BIT 7 BIT6 BIT 2 BIT 1 BIT O
LSB FIRST BITO BIT 1 BITS5 BIT6 BIT7

MISO S
(SLAVE OUT) A >< ><:

SSouT T /_

(MASTER) N ( 7
SSIN Lo i
(SLAVE) L g 1/

Figure 12-11. SPI Clock Formats (CPHA = 0)

When CPHA = 0, the slave begins to drive its MISO output with the first data bit value (MSB or LSB
depending on LSBFE) when SS goes to active low. The first SPSCK edge causes both the master and the
slave to sample the data bit values on their MISO and MOSI inputs, respectively. At the second SPSCK
edge, the SPI shifter shifts one bit position which shifts in the bit value that was just sampled and shifts the
second data bit value out the other end of the shifter to the MOSI and MISO outputs of the master and
slave, respectively. When CPHA = 0, the slave’s SS input must go to its inactive high level between
transfers.
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Serial Peripheral Interface (S08SPIV3)

12.5.2 SPI Interrupts

There are three flag bits, two interrupt mask bits, and one interrupt vector associated with the SPI system.
The SPI interrupt enable mask (SPIE) enables interrupts from the SPI receiver full flag (SPRF) and mode
fault flag (MODF). The SPI transmit interrupt enable mask (SPTIE) enables interrupts from the SPI
transmit buffer empty flag (SPTEF). When one of the flag bits is set, and the associated interrupt mask bit
is set, a hardware interrupt request is sent to the CPU. If the interrupt mask bits are cleared, software can
poll the associated flag bits instead of using interrupts. The SPI interrupt service routine (ISR) should
check the flag bits to determine what event caused the interrupt. The service routine should also clear the
flag bit(s) before returning from the ISR (usually near the beginning of the ISR).

12.5.3 Mode Fault Detection

A mode fault occurs and the mode fault flag (MODF) becomes set when a master SPI device detects an
error on the SS pin (provided the SS pin is configured as the mode fault input signal). The SS pin is
configured to be the mode fault input signal when MSTR = 1, mode fault enable is set (MODFEN = 1),
and slave select output enable is clear (SSOE = 0).

The mode fault detection feature can be used in a system where more than one SPI device might become
a master at the same time. The error is detected when a master’s SS pin is low, indicating that some other
SPI device is trying to address this master as if it were a slave. This could indicate a harmful output driver
conflict, so the mode fault logic is designed to disable all SPI output drivers when such an error is detected.

When a mode fault is detected, MODF is set and MSTR is cleared to change the SPI configuration back
to slave mode. The output drivers on the SPSCK, MOSI, and MISO (if not bidirectional mode) are
disabled.

MODF is cleared by reading it while it is set, then writing to the SPI control register 1 (SPI1C1). User
software should verify the error condition has been corrected before changing the SPI back to master
mode.
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Inter-Integrated Circuit (S08IICV1)

13.1.1 Features

The IIC includes these distinctive features:

Compatible with IIC bus standard

Multi-master operation

Software programmable for one of 64 different serial clock frequencies
Software selectable acknowledge bit

Interrupt driven byte-by-byte data transfer

Arbitration lost interrupt with automatic mode switching from master to slave
Calling address identification interrupt

START and STOP signal generation/detection

Repeated START signal generation

Acknowledge bit generation/detection

Bus busy detection

13.1.2 Modes of Operation

The IIC functions the same in normal and monitor modes. A brief description of the IIC in the various
MCU modes is given here.

Run mode — This is the basic mode of operation. To conserve power in this mode, disable the
module.

Wait mode — The module will continue to operate while the MCU is in wait mode and can provide
a wake-up interrupt.

Stop mode — The IIC is inactive in stop3 mode for reduced power consumption. The STOP
instruction does not affect IIC register states. Stop2 and stop1 will reset the register contents.
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Table 13-3. lIC Divider and Hold Values

Inter-Integrated Circuit (S08IICV1)

(Irfi?() SCL Divider S[\’,‘:I'::'d (:ff:) SCL Divider SE\)/I:. I:':'d
00 20 7 20 160 17
01 22 7 21 192 17
02 24 8 22 224 33
03 26 8 23 256 33
04 28 9 24 288 49
05 30 9 25 320 49
06 34 10 26 384 65
07 40 10 27 480 65
08 28 7 28 320 33
09 32 7 29 384 33
0A 36 9 2A 448 65
0B 40 9 2B 512 65
0C 44 11 2C 576 97
oD 48 11 2D 640 97
OE 56 13 2E 768 129
OF 68 13 2F 960 129
10 48 9 30 640 65
11 56 9 31 768 65
12 64 13 32 896 129
13 72 13 33 1024 129
14 80 17 34 1152 193
15 88 17 35 1280 193
16 104 21 36 1536 257
17 128 21 37 1920 257
18 80 9 38 1280 129
19 96 9 39 1536 129
1A 112 17 3A 1792 257
1B 128 17 3B 2048 257
1C 144 25 3C 2304 385
1D 160 25 3D 2560 385
1E 192 33 3E 3072 513
1F 240 33 3F 3840 513
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Analog-to-Digital Converter (SO8ATDV3)

Table 14-1. Signal Properties

Name Function

AD7-ADO Channel input pins
VREFH High reference voltage for ATD converter
VREFL Low reference voltage for ATD converter
Vbbab ATD power supply voltage
Vssap ATD ground supply voltage

14.2.1.1 Channel Input Pins — AD1P7-AD1P0

The channel pins are used as the analog input pins of the ATD. Each pin is connected to an analog switch
which serves as the signal gate into the sample submodule.

14.2.1.2 ATD Reference Pins — Vgrern, VREEL

These pins serve as the source for the high and low reference potentials for the converter. Separation from
the power supply pins accommodates the filtering necessary to achieve the accuracy of which the system
is capable.

14.2.1.3 ATD Supply Pins — Vppap; Vssap

These two pins are used to supply power and ground to the analog section of the ATD. Dedicated power
is required to isolate the sensitive analog circuitry from the normal levels of noise present on digital power
supplies.

NOTE

Vppapi and Vpp must be at the same potential. Likewise, Vggap; and Vgg
must be at the same potential.

14.3 Functional Description

The ATD uses a successive approximation register (SAR) architecture. The ATD contains all the necessary
elements to perform a single analog-to-digital conversion.

A write to the ATD1SC register initiates a new conversion. A write to the ATD1C register will interrupt

the current conversion but it will not initiate a new conversion. A write to the ATD1PE register will also
abort the current conversion but will not initiate a new conversion. If a conversion is already running when
a write to the ATDI1SC register is made, it will be aborted and a new one will be started.

14.3.1 Mode Control

The ATD has a mode control unit to communicate with the sample and hold (S/H) machine and the SAR
machine when necessary to collect samples and perform conversions. The mode control unit signals the
S/H machine to begin collecting a sample and for the SAR machine to begin receiving a sample. At the
end of the sample period, the S/H machine signals the SAR machine to begin the analog-to-digital
conversion process. The conversion process is terminated when the SAR machine signals the end of
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Analog-to-Digital Converter (SO8ATDV3)

Table 14-6. ATD1SC Field Descriptions

Field Description
7 Conversion Complete Flag — The CCF is a read-only bit which is set each time a conversion is complete. The
CCF CCF bit is cleared whenever the ATD1SC register is written. It is also cleared whenever the result registers,
ATD1RH or ATD1RL, are read.
0 Current conversion is not complete.
1 Current conversion is complete.
6 ATD Interrupt Enabled — When this bit is set, an interrupt is generated upon completion of an ATD conversion.
ATDIE At this time, the result registers contain the result data generated by the conversion. The interrupt will remain
pending as long as the conversion complete flag CCF is set. If the ATDIE bit is cleared, then the CCF bit must
be polled to determine when the conversion is complete. Note that system reset clears pending interrupts.
0 ATD interrupt disabled.
1 ATD interrupt enabled.
5 ATD Continuous Conversion — When this bit is set, the ATD will convert samples continuously and update the
ATDCO result registers at the end of each conversion. When this bit is cleared, only one conversion is completed between
writes to the ATD1SC register.
0 Single conversion mode.
1 Continuous conversion mode.
4.0 Analog Input Channel Select — This field of bits selects the analog input channel whose signal is sampled and
ATDCH converted to digital codes. Table 14-7 lists the coding used to select the various analog input channels.

Table 14-7. Analog Input Channel Select Coding

ATDCH Analog Input Channel
00 ADO
01 AD1
02 AD2
03 AD3
04 AD4
05 AD5
06 AD6
07 AD7
08-1D Reserved (default to Vygp|)
1E VREFH
1F VREFL

14.6.3 ATD Result Data (ATD1RH, ATD1RL)

For left-justified mode, result data bits 9—2 map onto bits 7-0 of ATD1RH, result data bits 1 and 0 map
onto ATDIRL bits 7 and 6, where bit 7 of ATD1RH is the most significant bit (MSB).
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Appendix A Electrical Characteristics
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