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ATMEL

Overview of FMO
Operations

Flash Registers (SFR)

The CPU interfaces to the flash memory through the FCON register, AUXR1 register
and FSTA register.

These registers are used to map the column latches, HSB, extra row and EEDATA in
the working data or code space.

FCON Register

46

Table 13. FCON Register

FCON Register (S:D1h)
Flash Control Register

7 6 5 4 3 2 1 0
FPL3 ‘ FPL2 | FPL1 ‘ FPLO FPS FMOD1 FMODO FBUSY
Bit Bit

Number | Mnemonic | Description

Programming Launch Command Bits
7-4 FPL3:0 | Write 5Xh followed by AXh to launch the programming according to FMOD1.:0.
(see Table 16.)

Flash Map Program Space
When this bit is set:

3 FPS The MOVX @DPTR, A instruction writes in the columns latches space
When this bit is cleared:
The MOVX @DPTR, A instruction writes in the regular XDATA memory space

. | Flash Mode
21 FMODL0 | 56 Table 16.
Flash Busy
0 FBUSY Set by hardware when programming is in progress.

Clear by hardware when programming is done.
Can not be changed by software.

Reset Value= 0000 0000b
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Timers/Counters

Timer/Counter
Operations

Timer O

ATMEL

The AT89C51CCO03 implements two general-purpose, 16-bit Timers/Counters. Such are
identified as Timer 0 and Timer 1, and can be independently configured to operate in a
variety of modes as a Timer or an event Counter. When operating as a Timer, the
Timer/Counter runs for a programmed length of time, then issues an interrupt request.
When operating as a Counter, the Timer/Counter counts negative transitions on an
external pin. After a preset number of counts, the Counter issues an interrupt request.
The various operating modes of each Timer/Counter are described in the following
sections.

A basic operation is Timer registers THx and TLx (x = 0, 1) connected in cascade to
form a 16-bit Timer. Setting the run control bit (TRx) in TCON register (see Figure 30)
turns the Timer on by allowing the selected input to increment TLx. When TLx overflows
it increments THx; when THx overflows it sets the Timer overflow flag (TFx) in TCON
register. Setting the TRx does not clear the THx and TLx Timer registers. Timer regis-
ters can be accessed to obtain the current count or to enter preset values. They can be
read at any time but TRx bit must be cleared to preset their values, otherwise the behav-
ior of the Timer/Counter is unpredictable.

The C/Tx# control bit selects Timer operation or Counter operation by selecting the
divided-down peripheral clock or external pin Tx as the source for the counted signal.
TRx bit must be cleared when changing the mode of operation, otherwise the behavior
of the Timer/Counter is unpredictable.

For Timer operation (C/Tx# = 0), the Timer register counts the divided-down peripheral
clock. The Timer register is incremented once every peripheral cycle (6 peripheral clock
periods). The Timer clock rate is Fpggr/6, i.e. Fogc/12 in standard mode or Foge/6 in X2
mode.

For Counter operation (C/Tx# = 1), the Timer register counts the negative transitions on
the Tx external input pin. The external input is sampled every peripheral cycles. When
the sample is high in one cycle and low in the next one, the Counter is incremented.
Since it takes 2 cycles (12 peripheral clock periods) to recognize a negative transition,
the maximum count rate is Fpgr/12, i.e. Fogc/24 in standard mode or Fyg/12 in X2
mode. There are no restrictions on the duty cycle of the external input signal, but to
ensure that a given level is sampled at least once before it changes, it should be held for
at least one full peripheral cycle.

Timer 0 functions as either a Timer or event Counter in four modes of operation.
Figure 35 to Figure 38 show the logical configuration of each mode.

Timer 0 is controlled by the four lower bits of TMOD register (see Figure 31) and bits O,
1, 4 and 5 of TCON register (see Figure 30). TMOD register selects the method of Timer
gating (GATEOQ), Timer or Counter operation (T/C0#) and mode of operation (M10 and
MOO0). TCON register provides Timer 0 control functions: overflow flag (TFO0), run control
bit (TRO), interrupt flag (IEQ) and interrupt type control bit (ITO).

For normal Timer operation (GATEO = 0), setting TRO allows TLO to be incremented by
the selected input. Setting GATEO and TRO allows external pin INTO# to control Timer
operation.

Timer 0 overflow (count rolls over from all 1s to all 0s) sets TFO flag generating an inter-
rupt request.

It is important to stop Timer/Counter before changing mode.
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Table 39. TL2 Register

TL2 (S:CCh)
Timer 2 Low Byte Register

7 6 5 4 3 1
Bit Bit
Number Mnemonic | Description
7-0 Low Byte of Timer 2.
Reset Value = 0000 0000b
Not bit addressable
Table 40. RCAP2H Register
RCAP2H (S:CBh)
Timer 2 Reload/Capture High Byte Register
7 6 5 4 3 1
Bit Bit
Number | Mnemonic | Description
7-0 High Byte of Timer 2 Reload/Capture.
Reset Value = 0000 0000b
Not bit addressable
Table 41. RCAP2L Register
RCAP2L (S:CAH)
Timer 2 Reload/Capture Low Byte Register
7 6 5 4 3 1
Bit Bit
Number Mnemonic | Description
7-0 Low Byte of Timer 2 Reload/Capture.

Reset Value = 0000 0000b
Not bit addressable
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CAN Frame
(producer)

Figure 45. CAN Bit Construction
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[svwe _seq] PROP_SEG | PHASE_SEG_1 | PHASE_SEG 2 |

L, propagation ﬂ

delay

The first segment is used to synchronize the various bus nodes.

On transmission, at the start of this segment, the current bit level is output. If there is a
bit state change between the previous bit and the current bit, then the bus state change
is expected to occur within this segment by the receiving nodes.

This segment is used to compensate for signal delays across the network.

This is necessary to compensate for signal propagation delays on the bus line and
through the transceivers of the bus nodes.

Phase Segment 1 is used to compensate for edge phase errors.

This segment may be lengthened during resynchronization.

The sample point is the point of time at which the bus level is read and interpreted as the
value of the respective bit. Its location is at the end of Phase Segment 1 (between the
two Phase Segments).

This segment is also used to compensate for edge phase errors.

This segment may be shortened during resynchronization, but the length has to be at
least as long as the information processing time and may not be more than the length of
Phase Segment 1.

It is the time required for the logic to determine the bit level of a sampled bit.

The Information processing Time begins at the sample point, is measured in TQ and is
fixed at 2 TQ for the Atmel CAN. Since Phase Segment 2 also begins at the sample
point and is the last segment in the bit time, Phase Segment 2 minimum shall not be
less than the Information processing Time.

As a result of resynchronization, Phase Segment 1 may be lengthened or Phase Seg-
ment 2 may be shortened to compensate for oscillator tolerances. If, for example, the
transmitter oscillator is slower than the receiver oscillator, the next falling edge used for
resynchronization may be delayed. So Phase Segment 1 is lengthened in order to
adjust the sample point and the end of the bit time.

ATMEL o



Figure 47. CAN Controller Block Diagram
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CAN Controller Mailbox  The pagination allows management of the 321 registers including 300(15x20) Bytes of
and Registers mailbox via 34 SFR’s.

Organization All actions on the message object window SFRs apply to the corresponding message
object registers pointed by the message object number find in the Page message object
register (CANPAGE) as illustrate in Figure 48.
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Figure 48. CAN Controller Memory Organization
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message object 14 - Status

hessage object 14 - Control and DL!

message object 0 - Status

lessage object O - Control and DY
T

L
|Ch.0 - Message Data - byte 0

Ch.0-ID Tag - 1 |
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Ch.0-ID Tag - 3 |
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ICh.14 - Message Data - byte 0
L T

Ch.14-1DTag-1
Ch.14-1D Tag - 2
Ch.14-1D Tag - 3
Ch.14 - ID Tag - 4

Ch.14 - ID Mask - 1
Ch.14 - ID Mask - 2
Ch.14 - ID Mask - 3
Ch.14 - ID Mask - 4
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e Enable General CAN IT in the interrupt system register,
« Enable interrupt by message object, EICHi,
e Enable interrupt on error, ENERCH.

To enable an interrupt on general error:
« Enable General CAN IT in the interrupt system register,
e Enable interrupt on error, ENERG.

To enable an interrupt on Buffer-full condition:
« Enable General CAN IT in the interrupt system register,
« Enable interrupt on Buffer full, ENBUF.

To enable an interrupt when Timer overruns:
* Enable Overrun IT in the interrupt system register.

When an interrupt occurs, the corresponding message object bit is set in the SIT
register.

To acknowledge an interrupt, the corresponding CANSTCH bits (RXOK, TXOK,...) or
CANGIT bits (OVRTIM, OVRBUF,...), must be cleared by the software application.

When the CAN node is in transmission and detects a Form Error in its frame, a bit Error
will also be raised. Consequently, two consecutive interrupts can occur, both due to the
same error.

When a message object error occurs and is set in CANSTCH register, no general error
are set in CANGIE register.

ATMEL =
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Table 53. CANGIE Register

CANGIE (S:C1h)
CAN General Interrupt Enable

7 6 5 4 3 2 1 0

| - ‘ - | ENRX ENTX ENERCH | ENBUF ENERG ;

Bit
Number | Bit Mnemonic | Description

Reserved

-6 ) The values read from these bits are indeterminate. Do not set these bits.

Enable Receive Interrupt
5 ENRX 0 - Disable
1 - Enable

Enable Transmit Interrupt
4 ENTX 0 - Disable
1 - Enable

Enable Message Object Error Interrupt
3 ENERCH 0 - Disable
1 - Enable

Enable BUF Interrupt
2 ENBUF 0 - Disable
1 - Enable

Enable General Error Interrupt
1 ENERG 0 - Disable
1 - Enable

Reserved
The value read from this bit is indeterminate. Do not set this bit.

Note:  See Figure 50
Reset Value = xx00 000xb
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Bit
Number

Bit
Mnemonic

Description

MODF

Mode Fault

- Set by hardware to indicate that the sSs pin is in inappropriate logic level (in both
master and slave modes).

- Cleared by hardware when reading SPSCR

When MODF error occurred:

- In slave mode: SPI interface ignores all transmitted data while SS remains high.
A new transmission is perform as soon as SS returns low.

- In master mode: SPI interface is disabled (SPEN=0, see description for SPEN
bit in SPCON register).

SPTE

Serial Peripheral Transmit register Empty
- Set by hardware when transmit register is empty (if needed, SPDAT can be
loaded with another data).

- Cleared by hardware when transmit register is full (no more data should be
loaded in SPDAT).

UARTM

Serial Peripheral UART mode

Set and cleared by software:

- Clear: Normal mode, data are transmitted MSB first (default)
- Set: UART mode, data are transmitted LSB first.

SPTEIE

Interrupt Enable for SPTE
Set and cleared by software:

- Set to enable SPTE interrupt generation (when SPTE goes high, an interrupt is
generated).

- Clear to disable SPTE interrupt generation

Caution: When SPTEIE is set no interrupt generation occurred when SPIF flag
goes high. To enable SPIF interrupt again, SPTEIE should be cleared.

MODFIE

Interrupt Enable for MODF

Set and cleared by software:

- Set to enable MODF interrupt generation

- Clear to disable MODF interrupt generation

Reset Value = 00X0 XXXXb
Not Bit addressable

Serial Peripheral DATa Register The Serial Peripheral Data Register (Table 94) is a read/write buffer for the receive data
(SPDAT) register. A write to SPDAT places data directly into the shift register. No transmit buffer is
available in this model.

A Read of the SPDAT returns the value located in the receive buffer and not the content
of the shift register.

Table 94. SPDAT Register
SPDAT - Serial Peripheral Data Register (OD6H)

7

6

5 4 3 2 1 0

R7

R6

R5 R4 R3 R2 R1 RO

Reset Value = Indeterminate

R7:R0: Receive data bits

41820-CAN-09/08
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SPCON, SPSTA and SPDAT registers may be read and written at any time while there
is no on-going exchange. However, special care should be taken when writing to them
while a transmission is on-going:

« Do not change SPR2, SPR1 and SPRO

e Do not change CPHA and CPOL

« Do not change MSTR

e Clearing SPEN would immediately disable the peripheral
e Writing to the SPDAT will cause an overflow.
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Table 100. CH Register

CH (S:F9h)
PCA Counter Register High Value
7 6 5 4 3 2 1 0
CH7 CH6 CH5 CH4 CH3 CH?2 CH1 CHO
Bit Bit
Number | Mnemonic | Description
7:0 CH 7:0 | High byte of Timer/Counter
Reset Value = 0000 00000b
Table 101. CL Register
CL (S:E9h)
PCA counter Register Low Value
7 6 5 4 3 2 1 0
CL7 CL6 CL5 CL4 CL3 CL2 CL1 CLO
Bit Bit
Number Mnemonic | Description
7:0 CLO 7:0 |Low byte of Timer/Counter
Reset Value = 0000 00000b
151
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Table 115. IPH1 Register

IPH1 (S:F7h)
Interrupt High Priority Register 1

7 6 5 4 3 2 1 0
| - - - - SPIH POVRH PADCH PCANH
Bit Bit
Number Mnemonic | Description
7 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
6 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
5 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
4 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
SPI Interrupt Priority Level Most Significant bit
SPIH SPIL Priority level
0 0 Lowest
3 SPIH 0 1
1 0
1 1 Highest
Timer overrun Interrupt Priority Level Most Significant bit
POVRH POVRL Priority level
0 0 Lowest
2 POVRH 0 1
1 0
1 1 Highest
ADC Interrupt Priority Level Most Significant bit
PADCH PADCL Priority level
0 0 Lowest
1 PADCH 0 1
1 0
1 1 Highest
CAN Interrupt Priority Level Most Significant bit
PCANH PCANL Priority level
0 0 Lowest
0 PCANH 0 1
1 0
1 1 Highest
Reset Value = XXXX 0000b
167
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Shift Register Timing
Waveforms

External Clock Drive
Characteristics (XTAL1)

41820-CAN-09/08

Table 125. AC Parameters for a Fix Clock (F = 40 MHz)

Symbol Min Max Units
Txixe 300 ns
Tovhx 200 ns
Txrox 30 ns
TxHDx 0 ns
Tyrov 117 ns
Table 126. AC Parameters for a Variable Clock
Standard X parameter
Symbol Type Clock X2 Clock for -M range Units
Tyixt Min 127 6T ns
Tovkx Min 10T-x 5T-x 50 ns
Txrox Min 2T-x T-Xx 20 ns
TyHbx Min X X 0 ns
Tynoy Max 10T -x 5T-x 133 ns
INSTRUCTION | O | 1 | 2 | 3 | 5 6 | | 8 |

ALE

CLOCK

OUTPUT DATA

WRITE to SBUF
INPUT DATA

CLEARRI

Town = "&C
\

Table 127. AC Parameters

ATMEL

Symbol Parameter Min Max Units
Terel Oscillator Period 25 ns
Tchex High Time 5 ns
Teorex Low Time 5 ns
Telen Rise Time 5 ns
TeheL Fall Time 5 ns

Tenex/Telex | Cyclic ratio in X2 mode 40 60 %
177
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External Clock Drive
Waveforms Vee-0.5V-- -

0.45 Tenex

Tener —» 4— Teiex Tewen
< Terel >

Ve -0.5V
INPUT/OUTPUT > i 02Vec*09 ; <
0.45V 0.2V¢e-0.1
AC inputs during testing are driven at V. - 0.5 for a logic “1” and 0.45V for a logic “0".
Timing measurement are made at V,,; min for a logic “1” and V, max for a logic “0”".

AC Testing Input/Output
Waveforms

Float Waveforms

FLOAT

Vions Vioao + 0.1V

Vioap - 0.1V

For timing purposes as port pin is no longer floating when a 100 mV change from load
voltage occurs and begins to float when a 100 mV change from the loaded V,/Vq, level
occurs. lg /loy 2+ 20 mA.
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VQFP64

A mEl% 189

41820-CAN-09/08



