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4.2 Components of MARC4 Core

The core contains ROM, RAM, ALU, program counter, RAM address registers, instruction
decoder and interrupt controller. The following sections describe each functional block in more
detail.

4.2.1 Program Memory

The program memory (EEPROM) is programmable with the customer application program. The
EEPROM is addressed by a 12-bit wide program counter, thus predefining a maximum program
bank size of 4 Kbytes. The lowest user program memory address segment is taken up by a 512-
byte zero page which contains predefined start addresses for interrupt service routines and spe-
cial subroutines accessible with single byte instructions (SCALL).

The corresponding memory map is shown in Figure 4-2. Look-up tables of constants can Oalso
be held in ROM and are accessed via the MARC4’s built-in table instruction.

Figure 4-2. ROM Map

1F8h
1FOh
FFFh 1E8h
1EOh 1EOh — INT?
EEPROM 2 1COh — INT6
7]
@ 180h — INT5
(4 K x 8 bit) 3 140h — INT4
_— g page 100h — INT3
3 0Coh — INT2
080h — INT1
020h 040h — INTO
018h
1FFh 010h
Zero page 9o8h 008h — S$RESET
000h 000h — S$AUTOSLEEP

4.2.2 RAM
The ATAMB893-D contains 256 x 4-bit wide static random access memory (RAM). It is used for
the expression stack, the return stack and data memory for variables and arrays. The RAM is
addressed by any of the four 8-bit wide RAM address registers SP, RP, X and Y.

4.2.2.1 Expression Stack

4680C-4BMCU-01/05

The 4-bit wide expression stack is addressed with the expression Stack Pointer (SP). All arith-
metic, I/O and memory reference operations take their operands from, and return their results to
the expression stack. The MARC4 performs the operations with the top of stack items (TOS and
TOS-1). The TOS register contains the top element of the expression stack and works in the
same way as an accumulator. This stack is also used for passing parameters between subrou-
tines and as a scratch pad area for temporary storage of data.
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4.2.5 /0 Bus

The 1/O ports and the registers of the peripheral modules are I/O mapped. All communication
between the core and the on-chip peripherals takes place via the 1/O bus and the associated 1/0
control. With the MARC4 IN and OUT instructions the I/O bus allows a direct read or write
access to one of the 16 primary 1/0O addresses. More about the 1/0 access to the on-chip periph-
erals is described in the section “Peripheral Modules”. The I/O bus is internal and is not
accessible by the customer on the final microcontroller device, but it is used as the interface for
the MARC4 emulation (see section “Emulation”).

4.2.6 Instruction Set

The MARCA4 instruction set is optimized for the high level programming language gFORTH.
Many MARC4 instructions are gqFORTH words. This enables the compiler to generate a fast and
compact program code. The CPU has an instruction pipeline allowing the controller to prefetch
an instruction from program memory at the same time as the present instruction is being exe-
cuted. The MARC4 is a zero address machine, the instructions containing only the operation to
be performed and no source or destination address fields. The operations are implicitly per-
formed on the data placed on the stack. There are one and two byte instructions which are
executed within 1 to 4 machine cycles. A MARC4 machine cycle is made up of two system clock
cycles (SYSCL). Most of the instructions are only one byte long and are executed in a single
machine cycle. For more information refer to the “MARC4 Programmer's Guide”.

4.2.7 Interrupt Structure

The MARC4 can handle interrupts with eight different priority levels. They can be generated
from the internal and external interrupt sources or by a software interrupt from the CPU itself.
Each interrupt level has a hard-wired priority and an associated vector for the service routine in
the program memory (see Table 4-2 on page 11). The programmer can postpone the processing
of interrupts by resetting the interrupt enable flag () in the CCR. An interrupt occurrence will still
be registered, but the interrupt routine only started after the | flag is set. All interrupts can be
masked, and the priority individually software configured by programming the appropriate control
register of the interrupting module (see section “Peripheral Modules”).

4.2.7.1 Interrupt Processing

For processing the eight interrupt levels, the MARC4 includes an interrupt controller with two
8-bit wide “interrupt pending” and “interrupt active” registers. The interrupt controller samples all
interrupt requests during every non-1/O instruction cycle and latches these in the interrupt pend-
ing register. If no higher priority interrupt is present in the interrupt active register, it signals the
CPU to interrupt the current program execution. If the interrupt enable bit is set, the processor
enters an interrupt acknowledge cycle. During this cycle a short call (SCALL) instruction to the
service routine is executed and the current PC is saved on the return stack.

An interrupt service routine is completed with the RTI instruction. This instruction resets the cor-
responding bits in the interrupt pending/active register and fetches the return address from the
return stack to the program counter. When the interrupt enable flag is reset (triggering of inter-
rupt routines are disabled), the execution of new interrupt service routines is inhibited but not the
logging of the interrupt requests in the interrupt pending register. The execution of the interrupt
is delayed until the interrupt enable flag is set again. Note that interrupts are only lost if an inter-
rupt request occurs while the corresponding bit in the pending register is still set (i.e., the
interrupt service routine is not yet finished).

ATMEL 9
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4.2.7.2 Interrupt Latency
The interrupt latency is the time from the occurrence of the interrupt to the interrupt service rou-
tine being activated. In MARC4 this is extremely short (taking between 3 to 5 machine cycles
depending on the state of the core).
Figure 4-6. Interrupt Handling
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INT5 ATl
|
- 57 INTS active
s | RTI
3 41l INTS\I
2
.§ INT2
s 37T INT3 active
RTI
2T INT2 pending INT2 active
RTI
1+ SWIO
0+ INTO pending INTO active
RTI
. ( Main/ f
%&Qélee Au?g]sleep
Time
Table 4-1. Interrupt Priority Table
Interrupt Priority ROM Address Interrupt Opcode  |Function
INTO Lowest 040h C8h (SCALL 040h) |Software interrupt (SWIO)
INTH | 080h DOh (SCALL 080h) g)gse;nal hardware interrupt, any edge at BP52 or
INT2 | 0COh D8h (SCALL 0COh) [Timer 1 interrupt
INT3 | 100h Esh (SCALL 100h) Sgldrlgterrupt or external hardware interrupt at BP40 or
INT4 I 140h E8h (SCALL 140h) |Timer 2 interrupt
INT5 | 180h FOh (SCALL 180h) |Timer 3 interrupt
INT6 o 1Coh F8h (SCALL 1COh) g)gse:nal hardware interrupt, at any edge at BP50 or
INT7 Highest 1EOh FCh (SCALL 1EOh) |Voltage Monitor (VM) interrupt
10 ATAM893-D |
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Figure 4-8. Brown-out Detection
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BOT = 1, low brown-out voltage threshold 1.7 V (is reset value).
BOT = 0, high brown-out voltage threshold 2.0 V.

4.3.2 Watchdog Reset
The watchdog's function can be enabled at the WDC register and triggers a reset with every
watchdog counter overflow. To suppress the watchdog reset, the watchdog counter must be
regularly reset by reading the watchdog register address (CWD). The CPU reacts in exactly the
same manner as a reset stimulus from any of the above sources.

4.3.3 External Clock Supervisor
The external input clock supervisor function can be enabled if the external input clock is selected
within the CM and SC registers of the clock module. The CPU reacts in exactly the same man-
ner as a reset stimulus from any of the above sources.

4.4 Voltage Monitor

The voltage monitor consists of a comparator with an internal voltage reference. It is used to
supervise the supply voltage or an external voltage at the VMI pin. The comparator for the sup-
ply voltage has three internal programmable thresholds: one lower threshold (2.2 V), one middle
threshold (2.6 V) and one higher threshold (3.0 V). For external voltages at the VMI pin, the
comparator threshold is set to Vgg = 1.3 V. The VMS bit indicates if the supervised voltage is
below (VMS = 0) or above (VMS = 1) this threshold. An interrupt can be generated when the
VMS bit is set or reset to detect a rising or falling slope. A voltage monitor interrupt (INT7) is
enabled when the interrupt mask bit (VIM) is reset in the VMC register.

ATMEL i
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5.2

5.2.1

24

ATMEL

Bi-directional Ports

With the exception of Port 1 and Port 6, all other ports (2, 4 and 5) are 4 bits wide. Port 1 and
Port 6 have a data width of 2 bits (bit 0 and bit 3). All ports may be used for data input or output.
All ports are equipped with Schmitt trigger inputs and a variety of mask options for open drain,
open source, full complementary outputs, pull-up and pull-down transistors. All Port Data Regis-
ters (PxDAT) are /O mapped to the primary address register of the respective port address and
the Port Control Register (PxCR), to the corresponding auxiliary register.

There are five different directional ports available:

Port 1 2-bit wide bi-directional ports with automatic full bus width direction switching
Port 2 4-bit wide bit-wise-programmable I/O port
Port 5 4-bit wide bit-wise-programmable bi-directional port with optional strong pull-ups

and programmable interrupt logic

Port 4 4-bit wide bit-wise-programmable bi-directional port also provides the I/O interface
to Timer 2, SSI, voltage monitor input and external interrupt input

Port 6 2-bit wide bit-wise-programmable bi-directional port also provides the I/O interface
to Timer 3 and external interrupt input

Bi-directional Port 1

In Port 1 the data direction register is not independently software programmable, the direction of
the complete port being switched automatically when an 1/O instruction occurs (see Figure 5-2
on page 25). The port is switched to output mode via an OUT instruction and to input via an IN
instruction. The data written to a port will be stored into the output data latches and appears
immediately at the port pin following the OUT instruction. After RESET all output latches are set
to '1' and the port is switched to input mode. An IN instruction reads the condition of the associ-
ated pins.

Note:  Care must be taken when switching the bi-directional port from output to input. The capacitive pin
loading at this port in conjunction with the high resistance pull-ups may cause the CPU to read the
contents of the output data register rather than the external input state. To avoid this, one of the
following programming techniques should be used:

Use two IN-instructions and DROP the first data nibble. The first IN switches the port from output
to input and the DROP removes the first invalid nibble. The second IN reads the valid pin state.
Use an OUT-instruction followed by an IN-instruction. Via the OUT-instruction, the capacitive load
is charged or discharged depending on the optional pull-up/pull-down configuration. Write a '1' for
pins with pull-up resistors and a '0' for pins with pull-down resistors.

4680C-4BMCU-01/05



Table 5-3. Port 5 Control Register

Auxiliary Address: '5'hex First Write Cycle

Second Write Cycle

Code
3210 ([Function

Code
3210 |Function

xx 11 |BP50 in input mode — interrupt disabled

xx11 |BP52ininput mode — interrupt disabled

xx 01 |BP50 in input mode — rising edge interrupt

xx 01 |BP52ininput mode — rising edge interrupt

xx 10 |BP50 in input mode — falling edge interrupt

xx10 |BP52ininput mode — falling edge interrupt

xx 00 |BP50 in output mode — interrupt disabled

xx00 |BP52in output mode — interrupt disabled

11 xx [BP51 ininput mode — interrupt disabled

11xx |BP53ininput mode — interrupt disabled

01 xx |BP51 ininput mode — rising edge interrupt

01xx |BP53in input mode — rising edge interrupt

10xx [BP51 in input mode — falling edge interrupt

10xx |BP53ininput mode — falling edge interrupt

00xx |BP51 in output mode — interrupt disabled

00xx |BP53 in output mode — interrupt disabled

5.2.4 Bi-directional Port 4

The bi-directional Port 4 is a bit-wise configurable I/O port and provides the external pins for the
Timer 2, SSI and the voltage monitor input (VMI). As a normal port, it performs in exactly the
same way as bi-directional Port 2 (see Figure 5-6). Two additional multiplexes allow data and
port direction control to be passed over to other internal modules (Timer 2, VM or SSI). The 1/0O
pins for the SC and SD lines have an additional mode to generate an SSl-interrupt.

All four Port 4 pins can be

individually switched by the P4CR register. Figure 5-6 shows the inter-

nal interfaces to bi-directional Port 4.

Figure 5-6. Bi-directional Port 4 and Port 6
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524.1 Port 4 Data Register (P4DAT)
Primary register address: '4'hex
Bit 3 Bit 2 Bit 1 Bit 0
PADAT ‘ P4DAT3 | P4DAT2 P4DAT1 P4DATO Reset value: 1111b
5242 Port 4 Control Register (P4CR) Byte Write
Auxiliary register address: '4'hex
Bit 3 Bit 2 Bit 1 Bit 0
P4CR First write cycle  |[P41M2 [P41M1  |P40M2 |P40M1  |Reset value: 1111b
Bit 7 Bit 6 Bit 5 Bit 4

Second write

cycle P43M2 |P43M1 P42M2 |P42M1 Reset value: 1111b

P4xM2, P4xM1 — Port 4x Interrupt Mode/Direction Code

Table 5-4. Port 4 Control Register

Auxiliary Address: '4'hex First Write Cycle Second Write Cycle
Code Code
3210 |[Function 3210 |Function
xx 11 |BP40 in input mode xx11 |BP42in input mode
xx 10 |BP40 in output mode xx10 |BP42in output mode
x x 01 |BP40 enable alternate function (SC for SSI) xx0x [BP42 enable alternate function (T20 for Timer 2)

BP40 enable alternate function (falling edge interrupt

xx00 input for INT3) 11xx |BP43ininput mode

11 xx |BP41 ininput mode 10xx |BP43in output mode

10xx [BP41 in output mode 01xx |BP43 enable alternate function (SD for SSI)

01 xx BP41 enable alternat.e fu.nction 00 x X BP43 enable alternate function (falling edge interrupt
(VMI for voltage monitor input) input for INT3)

00 x X BP41 enable alternate function _ _
(T21 external clock input for Timer 2)

5.2.5 Bi-directional Port 6
The bi-directional Port 6 is a bit-wise configurable I/O port and provides the external pins for the
Timer 3. As a normal port, it performs in exactly the same way as bi-directional Port 6 (see Fig-
ure 5-6 on page 29). Two additional multiplexes allow data and port direction control to be
passed over to other internal modules (Timer 3). The I/O pin for the T3l line has an additional
mode to generate a Timer 3-interrupt.

All two Port 6 pins can be individually switched by the P6CR register. Figure 5-6 on page 29
shows the internal interfaces to bi-directional Port 6.

30 ATAM893'D _________________________________________________________________________________|



Timer 2 Output Mode 2

Duty Cycle Burst Generator 1: The DCG output signal (DCGO) is given to the output, and
gated by the output flip-flop (M2)

Figure 5-18. Carrier Frequency Burst Modulation with Timer 2 Toggle Flip-flop Output

i
|
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Timer 2 Output Mode 3

Duty Cycle Burst Generator 2: The DCG output signal (DCGO) is given to the output, and
gated by the SSl internal data output (SO)

Figure 5-19. Carrier Frequency Burst Modulation with the SSI Data Output
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Timer 2 Output Mode 4

Bi-phase Modulator: Timer 2 Modulates the SSI Internal Data Output (SO) to Bi-phase Code.

Figure 5-20. Bi-phase Modulation

8-bit SR Data ™

|
SO | 0 0 | 1 1 | 0 | 1 | 0 1 i

| Bit 7 Bit0 !
T
T20 ;\0’0\1/ \1’ \0'1\[0\1[;

Data: 00110101
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5325 Timer 2 Control Register (T2C)
Address: '7'hex — Subaddress: '0'hex
Bit 3 Bit 2 Bit 1 Bit 0
T2C T2CS1 T2CS0 T2TS T2R Reset value: 0000b

T2CS1 Timer 2 Clock Select bit 1
T2CSO Timer 2 Clock Select bit 0

Timer 2 Toggle with Start
T2TS T2TS = 0, the output flip-flop of Timer 2 is not toggled with the timer start
T2TS = 1, the output flip-flop of Timer 2 is toggled when the timer is started with T2R

Timer 2 Run
T2R T2R =0, Timer 2 stop and reset
T2R =1, Timer 2 run

Table 5-8. Timer 2 Clock Select Bits

T2CS1 T2CS0 Input Clock (CL 2/1) of Counter Stage 2/1
0 0 System clock (SYSCL)
0 1 Output signal of Timer 1 (T10UT)
1 0 Internal shift clock of SSI (SCL)
1 1 Output signal of Timer 3 (TOG3)
5326 Timer 2 Mode Register 1 (T2M1)
Address: '7'hex — Subaddress: '1'hex
Bit 3 Bit 2 Bit 1 Bit 0

T2M1 | T2D1 | T2D0 | T2MS1 | T2MSO | Reset value: 1111b

T2D1 Timer 2 Duty cycle bit 1
T2D0 Timer 2 Duty cycle bit 0
T2MSH1 Timer 2 Mode Select bit 1
T2MS0 Timer 2 Mode Select bit 0

Table 5-9. Timer 2 Duty Cycle Bits

T2D1 T2D0 |Function of Duty Cycle Generator (DCG) Additional Divider Effect
1 1 Bypassed (DCGOO0) "
1 0 Duty cycle 1/1 (DCGO1) 2
0 1 Duty cycle 1/2 (DCGO2) /3
0 0 Duty cycle 1/3 (DCGO03) /4

ATMEL -
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Table 5-11.  Timer 2 Output Select Bits

Output Mode | T20S2 T20S1 T20S0 |Clock Output

Toggle mode: a Timer 2 compare match toggles
the output flip-flop (M2) -T20

Duty cycle burst generator 1: the DCG output
2 1 1 0 signal (DCGO) is given to the output and gated by
the output flip-flop (M2)

Duty cycle burst generator 2: the DCG output
3 1 0 1 signal (DCGO) is given to the output and gated by
the SSl internal data output (SO)

Bi-phase modulator: Timer 2 modulates the SSI

1 1 1 1

4 1 0 0 internal data output (SO) to Bi-phase code

5 0 1 1 Manchester modulator: Timer 2 modulates the
SSlinternal data output (SO) to Manchester code

6 0 1 0 SSI output: T20 is used directly as SSl internal
data output (SO)

7 0 0 1 PWM mode: an 8/12-bit PWM mode

8 0 0 0 Not allowed

If one of these output modes is used the T20 alternate function of Port 4 must also be activated.

5329 Timer 2 Compare and Compare Mode Registers
Timer 2 has two separate compare registers, T2CO1 for the 4-bit stage and T2CO2 for the 8-bit
stage of Timer 2. The timer compares the contents of the compare register current counter value
and if it matches it generates an output signal. Depending on the timer mode, this signal is used
to generate a timer interrupt, to toggle the output flip-flop as SSI clock or as a clock for the next
counter stage.

In the 12-bit timer mode, T2CO1 contains bits 0 to 3 and T2CO2 bits 4 to 11 of the 12-bit com-
pare value. In all other modes, the two compare registers work independently as a 4- and 8-bit
compare register. When assigned to the compare register a compare event will be suppressed.

ATMEL s
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Timer 3 - Mode 8: FSK Modulation with Shift Register Data (SO)

The two compare registers are used for generating two different time intervals. The SSI internal
data output (SO) selects which compare register is used for the output frequency generation. A
'0' level at the SSI data output enables the compare register 1. A '1' level enables compare reg-
ister 2. The compare- and compare mode registers must be programmed to generate the two
frequencies via the output toggle flip-flop. The SSI can be supplied with the toggle signal of
Timer 2. The Timer 3 counter is driven by an internal or external clock source. The Timer 2
counter is driven by the Counter 3 (TOG3) (see section “Combination Mode 13”).

Figure 5-31. FSK Modulation
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Timer 3 - Mode 9: Pulse-width Modulation with the Shift Register

The two compare registers are used for generating two different time intervals. The SSI internal
data output (SO) selects which compare register is used for the output pulse generation. In this
mode both compare- and compare mode registers must be programmed for generating the two
pulse widths. It is also useful to enable the single-action mode for extreme duty cycles. Timer 2
is used as baud-rate generator and for the trigger restart of Timer 3. The SSI must be supplied
with a toggle signal of Timer 2. The counter is driven by an internal or external clock source (see
section “Combination Mode 77).

Figure 5-32. Pulse-width Modulation
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5.3.3.5 Timer 3 Demodulator for Bi-phase, Manchester and Pulse-width-modulated Signals

The demodulator stage of Timer 3 can be used to decode Bi-phase, Manchester and pulse-
width-coded signals

Figure 5-37. Timer 3 Demodulator 3
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5.3.3.6 Timer 3 Registers
5.3.3.7 Timer 3 Mode Register (T3M)
Address: 'B'hex — Subaddress: '0'hex
Bit 3 Bit 2 Bit 1 Bit 0
T3M3 T3M2 T3M1 T3MO Reset value: 1111b
T3M3 Timer 3 Mode select bit 3
T3M2 Timer 3 Mode select bit 2
T3M1 Timer 3 Mode select bit 1
T3MO Timer 3 Mode select bit 0

Table 5-13. Timer 3 Mode Select Bits

Mode | T3M3 T3M2 T3M1 T3MO |[Timer 3 Modes
1 1 1 1 1 Timer/counter with a read access

Timer/counter, external capture and external trigger
2 1 1 1 0
restart mode (T3I)

Timer/counter, internal capture and internal trigger

8 1 1 0 1 restart mode (TOG2)

4 1 1 0 0 Timer/counter mode 1 without output
(T20 -T30)

5 y 0 1 1 Timer/counter mode 2 without output
(T20 -T30)

6 1 0 1 0 Burst modulation with Timer 2 (M2)

7 1 0 0 1 Burst modulation with shift register (SO)

Note: 1. Inthis mode, the SSI can be used only as demodulator (8-bit NRZ rising edge). All other SSI
modes are not allowed.

ATMEL =5
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Table 5-13. Timer 3 Mode Select Bits (Continued)

Mode T3M3 T3M2 T3M1 T3MO |Timer 3 Modes

8 1 0 0 0 FSK modulation with shift register (SO)
Pulse-width modulation with shift register (SO) and

9 0 1 1 1 Timer 2 (TOG2), internal trigger restart (SCO) —counter
reset

10 0 ] ] o |Manchester demodulation/pulse-width demodulation

(T20 -T30)

11 0 1 0 1 Bi-phase demodulation!” (T20 - T30)

12 0 1 0 0 Timer/counter with external capture mode (T3l)
13 0 0 1 1 Not allowed

14 0 0 1 0 Not allowed

15 0 0 0 1 Not allowed

16 0 0 0 0 Not allowed

Note: 1. In this mode, the SSI can be used only as demodulator (8-bit NRZ rising edge). All other SSI
modes are not allowed.

5.3.3.8 Timer 3 Control Register 1 (T3C) Write
Primary register address: 'C'hex — Write
Bit 3 Bit 2 Bit 1 Bit 0
Write T3EIM T3TOP T3TS T3R Reset value: 0000b

Timer 3 Edge Interrupt Mask
T3EIM T3EIM = 0, disables the interrupt when an edge event for Timer 3 occurs (T3l)
T3EIM = 1, enables the interrupt when an edge event for Timer 3 occurs (T3l)

Timer 3 Toggle Output Preset T3TOP = 0, sets toggle output (M3) to '0'
TITOP T3TOP = 1, sets toggle output (M3) to 1’
................... Note: If T3R = 1, no output preset is possible

Timer 3 Toggle with Start . T3TS = 0, Timer 3 output is not toggled during the start

8IS T3TS =1, Timer 3 output is toggled if started with T3R
T3R Timer3Run ... T3R =0, Timer 3 stop and reset
............ T3R =1, Timer 3 run
56 ATAM893'D |
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5.3.3.13 Timer 3 Compare Mode Register 2 (T3CM2)

T3CM2

T3SM2

T3TM2

T3RM2

T3IM2

Address: 'B'hex — Subaddress: '3'hex
Bit 3 Bit 2 Bit 1 Bit 0
T3SM2 T3TM2 T3RM2 T3IM2 Reset value: 0000b

Timer 3 Single action Mask bit 2

T3SM2 = 0, disables single-action compare mode

T3SM2 = 1, enables single-compare mode. After this bit is set, the compare
register (T3CO2) is used until the next compare match

Timer 3 compare Toggle action Mask bit 2

T3TM2 = 0, disables compare toggle

T3TM2 = 1, enables compare toggle. A match of Counter 3 with the compare
register (T3CO2) toggles the output flip-flop (TOG3)

Timer 3 Reset Mask bit 2

T3RM2 = 0, disables counter reset

T3RM2 = 1, enables counter reset. A match of Counter 3 with the compare
register (T3CO2) resets the Counter 3

Timer 3 Interrupt Mask bit 2
T3RM2 = 0, disables Timer 3 interrupt for T3CO2 register
T3RM2 = 1, enables Timer 3 interrupt for T3CO2 register

T3CM2 contains the mask bits for the match event of Counter 3 compare register 2

The compare registers and corresponding counter reset masks can be used to program the
counter time intervals and the toggle masks can be used to program the output signal. The sin-
gle-action mask can also be used in this mode. It starts operating after the timer started with

T3R.

5.3.3.14 Timer 3 COmpare Register 1 (T3CO1) Byte Write

Address: 'B'hex — Subaddress: '4'hex

High Nibble

Second write cycle Bit7 | Bit6 | Bit5 | Bit4 Reset value: 1111b
Low Nibble

First write cycle Bit3 | Bit2 | Bit1 | Bit0 Reset value: 1111b

5.33.15 Timer 3 COmpare Register 2 (T3COZ2) Byte Write

4680C-4BMCU-01/05

Address: '‘Beaux — Subaddress: '5'hex

High Nibble

Second write cycle Bit7 | Bit6 | Bit5 | Bit4 Reset value: 1111b
Low Nibble

First write cycle Bit 3 ‘ Bit 2 ‘ Bit 1 ‘ Bit0 Reset value: 1111b

ATMEL =
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Figure 5-40. Example of an 8-bit Synchronous Transmit Operation

se MMM AL,

msb~" """ Isb: msb~"""77~" Isb: msb~~ """ 77" Isb :
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Interrupt ! :wf :M
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| I |
Interrupt | V’ i !
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Write STB Write STB ~ Write STB
(tx data 1) (tx data 2)  (tx data 3)

Figure 5-41. Example of an 8-bit Synchronous Receive Operation
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Figure 5-44. MCL Bus Protocol 1
U] (@) 4) 4) (©) ()

) /A A/

* T\ / A

Start Data Data Data Stop
condition valid change valid condition
Bus not busy (1) Both data and clock lines remain HIGH.
Start data transfer (2) A HIGH to LOW transition of the SD line while the clock (SC)
is HIGH defines a START condition.
Stop data transfer (3) A LOW to HIGH transition of the SD line while the clock (SC)

is HIGH defines a STOP condition.

Data valid (4) The state of the data line represents valid data when,
after START condition, the data line is stable for the
duration of the HIGH period of the clock signal.

Acknowledge All address and data words are serially transmitted to and
from the device in eight-bit words. The receiving device
returns a zero on the data line during the ninth clock cycle to
acknowledge word receipt.

Figure 5-45. MCL Bus Protocol 2

TN S\

SD T \Start ] . T
1st Bit 8th Bit ACK Stop

5.34.8 SSI Interrupt

The SSI interrupt INT3 can be generated either by an SSI buffer register status (i.e., transmit
buffer empty or receive buffer full), the end of SSI data telegram or on the falling edge of the
SC/SD pins on Port 4 (see PACR). SSl interrupt selection is performed by the Interrupt Function
control bit (IFN). The SSl interrupt is usually used to synchronize the software control of the SSI
and inform the controller of the present SSI status. The Port 4 interrupts can be used together
with the SSI or, if the SSl itself is not required, as additional external interrupt sources. In either
case this interrupt is capable of waking the controller out of sleep mode.

To enable and select the SSI relevant interrupts use the SSI interrupt mask (SIM) and the Inter-
rupt Function (IFN) while the Port 4 interrupts are enabled by setting appropriate control bits in
P4CR register.

ATMEL o7
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Combination Mode 2: Bi-phase Modulation 1

SSI mode 1: 8-bit shift register internal data output (SO) to the Timer 2
modulator stage

Timer 2 mode 1, 2, 3 or 4: 8-bit compare counter with 4-bit programmable prescaler

Timer 2 output mode 4: The modulator 2 of Timer 2 modulates the SSl internal

data output to Bi-phase code

Figure 5-50. Bi-phase Modulation 1

roeJLILILIL LI L pnn
so [ I I B

8-bit SR-data >
SO ‘| 0 0 | 1 1 | 0 | 1 | 0 | 1
! Bit7 Bit 0
0 0 1 1 0 1 0 ~ 1 '

Data: 00110101

Combination Mode 3: Manchester Modulation 1

SSI mode 1: 8-bit shift register internal data output (SO) to the Timer 2
modulator stage

Timer 2 mode 1, 2, 3or 4: 8-bit compare counter with 4-bit programmable prescaler

Timer 2 output mode 5: The modulator 2 of Timer 2 modulates the SSI internal data

output to Manchester code

Figure 5-51. Manchester Modulation 1

oL LI LNt

sc | L L LT L L]
| 8-bit SR-data L
so Lo ol Lo [ e [
Bit7 Bit 0
o0 —10 ’ \ of 1 \ / 1 \ 0 ’ 1 \ 0 ' 1 s i
Bit 7 Bito |
Data: 00110101
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Combination Mode 6: FSK Modulation

SSI mode 1: 8-bit shift register internal data output (SO) to the Timer 3
Timer 3 mode 8: FSK modulation with shift register data (SO)

The two compare registers are used to generate two varied time intervals. The SSI data output
selects which compare register is used for the output frequency generation. A '0'-level at the SSI
data output enables the compare register 1 and a '1'-level enables the compare register 2. The
compare and compare mode registers must be programmed to generate the two frequencies via
the output toggle flip-lop. The SSI can be supplied with the toggle signal of Timer 2 or any other
clock source. The Timer 3 counter is driven by an internal or external clock source.

Figure 5-55. FSK Modulation 1

T3R a
c tor 3 |o|1|2|3,3|0|1|2|3|g|0|1|2|3|3‘0|1|g|0|1|g|0|1|g‘ol1,g|0|1|g‘0|1|g‘0|1|g|0|1|2|3,ﬁ|0|1
ounter
oMt U ) S -
— I I I )
SO 0 | 1 0
0 N e A e A e A e A B
Combination Mode 7: Pulse-width Modulation (PWM)
SSI mode 1: 8-bit shift register internal data output (SO) to the Timer 3
Timer 3 mode 9: Pulse-width modulation with the shift register data (SO)

The two compare registers are used to generate two varied time intervals. The SSI data output
selects which compare register is used for the output pulse generation. In this mode, both com-
pare and compare mode registers must be programmed to generate the two pulse width. It is
also useful to enable the single-action mode for extreme duty cycles. Timer 2 is used as baud-
rate generator and for the triggered restart of Timer 3. The SSI must be supplied with the toggle
signal of Timer 2. The counter is driven by an internal or external clock source.

Figure 5-56. Pulse-width Modulation

Tog2 — Il I I
SIR —l
so 0 | 1 | 0 1
TR —
Counter 3 1010100,0/0,0,00,00,00,0,0,00,0;0; 1,2,3,4,5,6,7, 891" 12/%14/5 0, 1,23, 45,67, 8,019 1214/} 0, 1)2,3,4
ounter
M3t [ L
CM32 l_l
T30 | |—| L
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Figure 5-60. Frequency Measurement

T3R J
T3l
countor s 0101 T12131415(6/7,891011121314151617,0, 1,2, 3,4, 5,6, 7, 8 9101 112131415161718 0, 12,345
To62 — I I
T3CP- Capture value = 0 X Capture value = 17 X Capt. value = 18
Register

Figure 5-61. Event Counter with Time Gate

T3R J
SO 11101 s | S B S I ]

0,0,1,2/3/4,/56,7,8 91 11 0,1 2 3 4 0,1,2
Counter 3 19112131456,718,919 [ | | [F1 ]
T3CP- :X Capture value =0 X Capture value = 11 XCapture value = 4
Register

Combination Mode 11: Burst Modulation 1

Timer 2 mode 1/2: 12-bit compare counter/8-bit compare counter and 4-bit prescaler

Timer 2 output mode 1/6: Timer 2 compare match toggles the output flip-flop (M2) to the
Timer 3

Timer 3 mode 6: Carrier frequency burst modulation controlled by Timer 2 output
(M2)

The Timer 3 counter is driven by an internal or external clock source. lts compare- and compare
mode registers must be programmed to generate the carrier frequency with the output toggle
flip-flop. The output toggle flip-flop (M2) of Timer 2 is used to enable and disable the Timer 3 out-
put. The Timer 2 can be driven by the toggle output signal of Timer 3 (TOG3) or any other clock
source.

Figure 5-62. Burst Modulation 1
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Gounter 3 LAOA3H3°NY 123489410 13348000 | ) SOAY | B0 1 1 BOOT 1 BOOT 1 BOA 1 OO 1 RO 1 B9 SO
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ma ] | [ [] [ [ [ [] [ [ [ [] [1 [
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| l l |-

w2 | | |
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6.2.3.1 Read One Data Byte

‘ Start ‘ Control byte ‘A‘ Data byte 1 ‘ N‘ Stop ’

6.2.3.2 Read Two Data Bytes

‘ Start ‘ Control byte ‘A‘ Data byte 1 ‘A‘ Data byte 2 ‘N‘ Stop ’

6.2.3.3 Read n Data Bytes
‘ Start ‘ Control byte ‘ A‘ Data byte 1 ‘ A‘ Data byte 2 ‘ A‘ ‘ Data byte n ‘ N‘ Stop ’
6.2.3.4 Read Control Bytes
MSB LSB
Read low byte first, A4 | A3 | A2 | A1 | A0 | cCi Co | RNW
address increment
Row address 0 1 1
Byteorder | LB(R) | HB(R) | LB(R+1) | HB(R+1) | --- | LB(R+n) | HB(R+n) |
MSB LSB
Read high byte first, A4 | A3 | A2 | A1 | A0 | cCi co | RNW
address decrement
Row address 1 0 1
Byteorder | HB(R) | LB(R) | HB(R-1) | LB(R-1) | --- | HB(R=) | LB(R-n) |

A sacknowledge, N -no acknowledge; HB: high byte; LB: low byte, R: row address

6.2.3.5 Initializing the Serial Interface to the EEPROM
To prevent unexpected behavior of the EEPROM and its interface it is good practice to use an
initialization sequence after any reset of the circuit. This is performed by writing:

\ Start \ “FFh” \ A\ \ N\ Stop ]

to the serial interface. If the EEPROM acknowledges this sequence it is in a defined state. It may
be necessary to perform this sequence twice.
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