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Clocking and
Set/Reset

AIMEL

Six of the eight dedicated Global Clock buses (1, 2, 3, 4, 7 and 8) are connected to a dual-use
Global Clock pin. In addition, two Global Clock buses (5 and 6) are driven from clock signals
generated within the AVR microcontroller core, see Figure 11.

An FPGA core internal signal can be placed on any Global Clock bus by routing that signal to
a Global Clock access point in the corners of the embedded core. Each column of the array
has a Column Clock selected from one of the eight Global Clock buses. The left edge Column
Clock mux has two additional inputs from dual-use pins FCK1, see Figure 8, and FCK2 to pro-
vide fast clocking to left-side I/O. Each sector column of four cells can be clocked from a
(Plane 4) express bus or from the Column Clock. Clocking to the 4 cells of a sector can be dis-
abled. The Plane 4 express bus used for clocking is half length at the array edge. The clock
provided to each sector column of four cells can be either inverted or not inverted. The register
in each cell is triggered on a rising clock edge. On power-up, constant “0” is provided to each
register’s clock pins. A dedicated Global Set/Reset bus, see Figure 9, can be driven by any
USER 1/O pad, except those used for clocking, Global or Fast. An internal signal can be
placed on the Global Set/Reset bus by routing that signal to the pad programmed as the Glo-
bal Set/Reset input. Global Set/Reset is distributed to each column of the array. Each sector
column of four cells can be Set/Reset by a (Plane 5) express bus or by the Global Set/Reset.
The Plane 5 express bus used for Set/Reset is half length at array edge. The Set/Reset pro-
vided to each sector column of four cells can be either inverted or not inverted. The function of
the Set/Reset input of a register (either Set or Reset) is determined by a configuration bit for
each cell. The Set/Reset input of a register is Active Low (logic 0). Setting or resetting of a reg-
ister is asynchronous. On power-up, a logic 1 (High) is provided by each register, i.e., all
registers are set at power-up.

Figure 11. FPGA Clocks from AVR
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Table 6. AVR Data Decode for SRAM 0:17 (16K8)

Address Range SRAM Comments

$07FF — $0000 00 AVR Data Read/Write
$OFFF — $0800 01 AVR Data Read/Write
$17FF — $1000 02 L

$1FFF — $1800 03 CR41:40 = 11,10,01
$27FF — $2000 04 L

$2FFF — $2800 05 CR41:40=11,10
$37FF — $3000 06 L

$3FFF — $3800 07 CRa41:40 =11

B Side

The B side is not partitioned; the FPGA (and AVR debug mode) views the memory space as

36 x 8 Kbytes.

The B side is accessed by the FPGA/Configuration Logic.

The B side is accessed by the AVR with ST and LD instructions in DBG mode for code
self-modify.

To activate the debug mode and allow the AVR to access the program code space (with
ST — see Figure 21 — and LD — see Figure 22 — instructions), the DBG bit (bit 1) of the
SFTCR $3A ($5A) register has to be set. When this bit is set, SCR36 and SCR37 are
ignored — you can overwrite anything in the AVR program memory.

The FPGA memory access interface should be disabled while in debug mode. This is to
ensure that there is no contention between the FPGA address and data signals and the
AVR-generated address and data signals. To ensure the AVR has control over the “B
side” memory interface, the FMXOR bit (bit 3) of the SFTCR $3A ($5A) register should be
used in conjunction with the SCR63 system control register bit.

The FMXOR bit is XORed with the System Control Register’'s Enable FPGA SRAM Inter-
face bit (SCR63). The behavior when this bit is set to 1 is dependent on how the SCR was
initialized. If the Enable FPGA SRAM Interface bit (SCR63) in the SCR is 0, the FMXOR
bit enables the FPGA SRAM Interface when set to 1. If the Enable FPGA SRAM Interface
bit in the SCR is 1, the FMXOR bit disables the FPGA SRAM Interface when set to 1. Dur-
ing AVR reset, the FMXOR bit is cleared by the hardware.

Even though the FPGA (and AVR debug mode) views the memory space as
36 x 8 Kbytes, an awareness of the 2K x 8 partitions (or SRAM labels) is required if Frame
(and AVR debug mode) read/writes are to be meaningful to the AVR.

AVR data to FPGA addressing is 1:1 mapping.

AVR program to FPGA addressing requires 16-bit to 8-bit mapping and an understanding
of the partitions in Table 7.

Table 7. Summary Table for AVR and FPGA SRAM Addressing

FPGA and AVR DBG AVR Data

SRAM

Address Range

Address Range

AVR PC Address Range

00

$0000 - $07FF

$0000 - $07FF

01

$0800 - $OFFF

$0800 - $0FFF

02(M

$1000 - $17FF

$1000 - $17FF

$3800 - $3FFF (LS Byte)

03M

$1800 - $1FFF

$1800 - $1FFF

$3800 - $3FFF (MS Byte)

04"

$2000 - $27FF

$2000 - $27FF

$3000 - $37FF (LS Byte)
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Table 11. FPSLIC System Control Register

Bit Description
SCR56 0 = Disable XTAL Pin (Regeqpack)

1 = Enable XTAL Pin (Reegpack)
SCR57 0 = Disable TOSC2 Pin (Reeeapack)

1 = Enable TOSC2 Pin (Redback)

SCR58 - SCR59

Reserved

SCR60 - SCR61

SCR61 =0, SCR60 =0 “1”

SCR61 =0, SCR60 = 1 AVR System Clock

SCR61 =1, SCR60 = 0 Timer Oscillator Clock (TOSC1)(")

SCR61 = 1, SCR60 = 1 Watchdog Clock

Global Clock 6 mux select (set by using the AT94K Device Options in System
Designer).

Note: 1. The AS2 bit must be set in the ASSR register.

SCR62 0 = Disable Cachelogic Writes to FPGA by AVR
1 = Enable Cachelogic Writes to FPGA by AVR
SCR63 0 = Disable Access (Read and Write) to SRAM by FPGA

1 = Enable Access (Read and Write) to SRAM by FPGA

AIMEL
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Figure 29. The Parallel Instruction Fetches and Instruction Executions
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Figure 30 shows the internal timing concept for the register file. In a single clock cycle an ALU
operation using two register operands is executed, and the result is stored back to the destina-

tion register.

Figure 30. Single Cycle ALU Operation
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The internal data SRAM access is performed in two system clock cycles as described in

Figure 31.

Figure 31. On-chip Data SRAM Access Cycles
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External Interrupt Mask/Flag Register — EIMF

Bit 7 6 5 4 3 2 1 0

$3B ($5B) | INTF3 [ INTF2 [ INTF1 | INTFO | INT3 INT2 INT1 INTO | EIMF
Read/Write RW R/W RIW RW R/W RIW RW R/W

Initial Value 0 0 0 0 0 0 0 0

e Bits 3..0 - INT3, 2, 1, 0: External Interrupt Request 3, 2, 1, 0 Enable

When an INT3 - INTO bit is set (one) and the I-bit in the Status Register (SREQG) is set (one),
the corresponding external pin interrupt is enabled. The external interrupts are always nega-
tive edge triggered interrupts, see “Sleep Modes” on page 66.

e Bits 7..4 - INTF3, 2, 1, 0: External Interrupt 3, 2, 1, 0 Flags

When a falling edge is detected on the INT3, 2, 1, 0 pins, an interrupt request is triggered. The
corresponding interrupt flag, INTF3, 2, 1, 0 becomes set (one). If the I-bit in SREG and the
corresponding interrupt enable bit, INT3, 2, 1, 0 in EIMF, are set (one), the MCU will jump to
the interrupt vector. The flag is cleared when the interrupt routine is executed. Alternatively,
the flag is cleared by writing a logic 1 to it.

Timer/Counter Interrupt Mask Register — TIMSK

Bit 7 6 5 4 3 2 1 0

$39 ($39) | ToiE1 | oCIE1A | OCIEIB | TOIE2 | TICIE1 | OCIE2 | TOIEO | OCIE0 | TIMSK
Read/Write RIW R/W RIW R/W R/W RIW RIW R/W

Initial Value 0 0 0 0 0 0 0 0

e Bit 7 - TOIE1: Timer/Counter1 Overflow Interrupt Enable

When the TOIE1 bit is set (one) and the I-bit in the Status Register is set (one), the
Timer/Counter1 Overflow interrupt is enabled. The corresponding interrupt is executed if an
overflow in Timer/Counter1 occurs, i.e., when the TOV1 bit is set in the Timer/Counter Inter-
rupt Flag Register — TIFR.

e Bit 6 - OCIE1A: Timer/Counter1 Output CompareA Match Interrupt Enable

When the OCIE1A bit is set (one) and the I-bit in the Status Register is set (one), the
Timer/Counteri CompareA Match interrupt is enabled. The corresponding interrupt is exe-
cuted if a CompareA match in Timer/Counter1 occurs, i.e., when the OCF1A bit is set in the
Timer/Counter Interrupt Flag Register — TIFR.

e Bit 5 - OCIE1B: Timer/Counter1 Output CompareB Match Interrupt Enable

When the OCIE1B bit is set (one) and the I-bit in the Status Register is set (one), the
Timer/Counteri CompareB Match interrupt is enabled. The corresponding interrupt is exe-
cuted if a CompareB match in Timer/Counter1 occurs, i.e., when the OCF1B bit is set in the
Timer/Counter Interrupt Flag Register — TIFR.

e Bit 4 - TOIE2: Timer/Counter2 Overflow Interrupt Enable

When the TOIE2 bit is set (one) and the I-bit in the Status Register is set (one), the
Timer/Counter2 overflow interrupt is enabled. The corresponding interrupt is executed if an
overflow in Timer/Counter2 occurs, i.e., when the TOV2 bit is set in the Timer/Counter inter-
rupt flag register — TIFR.

e Bit 3 - TICIE1: Timer/Counter1 Input Capture Interrupt Enable
When the TICIE1 bit is set (one) and the I-bit in the Status Register is set (one), the
Timer/Counter1 input capture event interrupt is enabled. The corresponding interrupt is exe-

cuted if a capture-triggering event occurs on pin 29, (IC1), i.e., when the ICF1 bit is set in the
Timer/Counter interrupt flag register — TIFR.
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Timer/Counter1 Control Register A— TCCR1A

Bit 7 6 5 4 3 2 1 0

$2F ($4F) | COM1A1 | COM1A0 | COM1B1 | COM1BO | FOC1A FOC1B PWM11 PWM10 ITCCR1A
Read/Write R/W R/W R/W R/W R/w R/W R/W R/W

Initial Value 0 0 0 0 0 0 0 0

e Bits 7,6 - COM1A1, COM1A0: Compare Output Mode1A, Bits 1 and 0

The COM1A1 and COM1AO control bits determine any output pin action following a compare
match in Timer/Counter1. Any output pin actions affect pin OC1A — Output CompareA pin
PE6. This is an alternative function to an I/O port, and the corresponding direction control bit
must be set (one) to control an output pin. The control configuration is shown in Table 27.

e Bits 5,4 - COM1B1, COM1B0: Compare Output Mode1B, Bits 1 and 0
The COM1B1 and COM1BO0 control bits determine any output pin action following a compare
match in Timer/Counter1. Any output pin actions affect pin OC1B — Output CompareB pin

PES5. This is an alternative function to an I/O port, and the corresponding direction control bit
must be set (one) to control an output pin. The following control configuration is given:

Table 27. Compare 1 Mode Select(")

CoM1X1@ COM1X0® | Description
0 0 Timer/Counter1 disconnected from output pin OC1X
0 1 Toggles the OC1X output line
1 0 Clears the OC1X output line (to zero)
1 1 Sets the OC1X output line (to one)
Notes: 1. In PWM mode, these bits have a different function. Refer to Table 31 for a detailed
description.
2. X=AorB

e Bit 3 - FOC1A: Force Output CompareiA

Writing a logic 1 to this bit forces a change in the compare match output pin PE6 according to
the values already setin COM1A1 and COM1AQ. If the COM1A1 and COM1AQO bits are written
in the same cycle as FOC1A, the new settings will not take effect until next compare match or
forced compare match occurs. The Force Output Compare bit can be used to change the out-
put pin without waiting for a compare match in the timer. The automatic action programmed in
COM1A1 and COM1AOQ happens as if a Compare Match had occurred, but no interrupt is gen-
erated and it will not clear the timer even if CTC1 in TCCR1B is set. The FOC1A bit will always
be read as zero. The setting of the FOC1A bit has no effect in PWM mode.

e Bit 2 - FOC1B: Force Output CompareiB

Writing a logic 1 to this bit forces a change in the compare match output pin PE5 according to
the values already setin COM1B1 and COM1BO0. If the COM1B1 and COM1BO bits are written
in the same cycle as FOC1B, the new settings will not take effect until next compare match or
forced compare match occurs. The Force Output Compare bit can be used to change the out-
put pin without waiting for a compare match in the timer. The automatic action programmed in
COM1B1 and COM1BO0 happens as if a Compare Match had occurred, but no interrupt is gen-
erated. The FOC1B bit will always be read as zero. The setting of the FOC1B bit has no effect
in PWM mode.

AIMEL o7
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Figure 56. Effects on Unsynchronized OCR1 Latching
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Figure 57. Effects of Unsynchronized OCR1 Latching in Overflow Mode
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During the time between the write and the latch operation, a read from OCR1A or OCR1B will
read the contents of the temporary location. This means that the most recently written value
always will read out of OCR1A/B.

When the OCR1X contains $0000 or TOP, and the up/down PWM mode is selected, the out-
put OC1A/OC1B is updated to Low or High on the next compare match according to the
settings of COM1A1/COM1AQ0 or COM1B1/COM1BO0. This is shown in Table 32. In overflow
PWM mode, the output OC1A/OC1B is held Low or High only when the Output Compare Reg-
ister contains TOP.
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Implementations

mul16x16_16

mul16x16_32

AIMEL

Description

Multiply of two 16-bit numbers with a 16-bit result.
Usage

R17:R16 = R23:R22 « R21:R20
Statistics

Cycles: 9 + ret
Words: 6 + ret
Register usage: RO, R1 and R16 to R23 (8 registers)(")

Note: 1. Full orthogonality, i.e., any register pair can be used as long as the result and the two oper-
ands do not share register pairs. The routine is non-destructive to the operands.
mulléx16_16:
mul r22, r20 ; al * bl

movw rl1l7:rl6, rl:r0

mul r23, r20 ; ah * bl
add rl7, x0
mul r2l, r22 ; bh * al

add rl7, x0

ret
Description
Unsigned multiply of two 16-bit numbers with a 32-bit result.
Usage
R19:R18:R17:R16 = R23:R22 « R21:R20
Statistics

Cycles: 17 + ret
Words: 13 + ret
Register usage: RO to R2 and R16 to R23 (11 registers)(")
Note: 1. Full orthogonality, i.e., any register pair can be used as long as the result and the two oper-
ands do not share register pairs. The routine is non-destructive to the operands.
mulléx16_32:
clr r2
mul r23, r2l ; ah * bh
movw r19:r18, rl:r0
mul r22, r20 ; al * bl
movw rl17:rl6, rl:r0
mul r23, r20 ; ah * bl
add rl7, r0
adc rl8, rl
adc rl9, r2
mul r2l, r22 ; bh * al
add rl7, x0
adc rl8, rl
adc rl9, r2

ret
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Table 37. UBR Settings at Various Crystal Frequencies in Double UART Speed Mode

Clock UBRRHI UBR Actual Desired % | Clock UBRRHI UBR Actual Desired %
MHz 7:40r3:0 UBRRn HEX UBR Freq Freq. Error| MHz 7:40r3:0 UBRRn HEX UBR Freq Freq. Error
1 0000 00110011 033 51 2404 2400 0.2 |1.843 0000 01011111 O5F 95 2400 2400 0.0
0000 00011001 019 25 4808 4800 0.2 0000 00101111 O02F 47 4800 4800 0.0
0000 00001100 0OC 12 9615 9600 0.2 0000 00010111 017 23 9600 9600 0.0
0000 00001000 008 8 13889 14400 3.7 0000 00001111 OOF 15 14400 14400 0.0
0000 00000110 006 6 17857 19200 7.5 0000 00001011 o00B 11 19200 19200 0.0
0000 00000011 003 3 31250 28880 7.6 0000 00000111 007 7 28800 28880 0.3
0000 00000010 002 2 41667 38400 7.8 0000 00000101 005 5 38400 38400 0.0
0000 00000001 001 1 62500 57600 7.8 0000 00000011 003 3 57600 57600 0.0
0000 00000001 001 1 62500 76800 22.9 0000 00000010 002 2 76800 76800 0.0
0000 00000000 000 O 125000 115200 7.8 0000 00000001 001 1 115200 115200 0.0
Clock UBRRHI UBR Actual Desired % | Clock UBRRHI UBR Actual Desired %
MHz 7:40r3:0 UBRRn HEX UBR Freq Freq. Error| MHz 7:40r3:0 UBRRn HEX UBR Freq Freq. Error
9.216 0001 11011111 1DF 479 2400 2400 0.0 | 1843 0011 10111111 3BF 959 2400 2400 0.0
0000 11101111 OEF 239 4800 4800 0.0 0001 11011111 1DF 479 4800 4800 0.0
0000 01110111 077 119 9600 9600 0.0 0000 11101111 OEF 239 9600 9600 0.0
0000 01001111 O04F 79 14400 14400 0.0 0000 10011111 O09F 159 14400 14400 0.0
0000 00111011 03B 59 19200 19200 0.0 0000 01110111 077 119 19200 19200 0.0
0000 00100111 027 39 28800 28880 0.3 0000 01001111 O04F 79 28800 28880 0.3
0000 00011101 01D 29 38400 38400 0.0 0000 00111011 03B 59 38400 38400 0.0
0000 00010011 013 19 57600 57600 0.0 0000 00100111 027 39 57600 57600 0.0
0000 00001110 OOE 14 76800 76800 0.0 0000 00011101 01D 29 76800 76800 0.0
0000 00001001 009 9 115200 115200 0.0 0000 00010011 013 19 115200 115200 0.0
0000 00000100 004 4 230400 230400 0.0 0000 00001001 009 9 230400 230400 0.0
0000 00000010 002 2 384000 460800 20.0 0000 00000100 004 4 460800 460800 0.0
0000 00000000 000 O 1152000 912600 20.8 0000 00000010 002 2 768000 912600 18.8
Clock UBRRHI UBR Actual Desired % | Clock UBRRHI UBR Actual Desired %
MHz 7:40r3:0 UBRRn HEX UBR Freq Freq. Error| MHz 7:40r3:0 UBRRn HEX UBR Freq Freq. Error
25,576 0101 00110011 533 1331 2400 2400 0.0 40 1000 00100010 822 2082 2400 2400 0.0
0010 10011001 299 665 4800 4800 0.0 0100 00010001 411 1041 4798 4800 0.0
0001 01001110 14E 334 9543 9600 0.6 0010 00001000 208 520 9597 9600 0.0
0000 11011101 ODD 221 14401 14400 0.0 0001 01011010 15A 346 14409 14400 0.1
0000 10100110 OA6 166 19144 19200 0.3 0001 00000011 103 259 19231 19200 0.2
0000 01101110 O6E 110 28802 28880 0.3 0000 10101100 OAC 172 28902 28880 0.1
0000 01010010 052 82 38518 38400 0.3 0000 10000001 081 129 38462 38400 0.2
0000 00110111 037 55 57089 57600 0.9 0000 01010110 056 86 57471 57600 0.2
0000 00101001 029 41 76119 76800 0.9 0000 01000000 040 64 76923 76800 0.2
0000 00011011 01B 27 114179 115200 0.9 0000 00101010 02A 42 116279 115200 0.9
0000 00001101 0OD 13 228357 230400 0.9 0000 00010101 015 21 227273 230400 1.4
0000 00000110 006 6 456714 460800 0.9 0000 00001010 OOA 10 454545 460800 1.4
0000 00000011 003 3 799250 912600 14.2 0000 00000100 004 4 1000000 912600 8.7
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e Bits 7..0 - 2-wire Serial Bit-rate Register

TWBR selects the division factor for the bit-rate generator. The bit-rate generator is a fre-
quency divider which generates the SCL clock frequency in the Master modes according to
the following equation:

fCK

Bit-rate = —CK
f1ale = 16 + 2(TWBR)

e Bit-rate = SCL frequency
» fo = CPU Clock frequency
e TWBR = Contents of the 2-wire Serial Bit Rate Register

Both the receiver and the transmitter can stretch the Low period of the SCL line when waiting
for user response, thereby reducing the average bit rate.

The 2-wire Serial Control Register - TWCR

Bit 7 6 5 4 3 2 1 0

$36 ($56) | TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN - TWIE | TWCR
Read/Write R/W R/W R/W R/W R R/W R R/W

Initial Value 0 0 0 0 0 0 0 0

e Bit 7 - TWINT: 2-wire Serial Interrupt Flag

This bit is set by the hardware when the 2-wire Serial Interface has finished its current job and
expects application software response. If the I-bit in the SREG and TWIE in the TWCR regis-
ter are set (one), the MCU will jump to the interrupt vector at address $0046. While the TWINT
flag is set, the bus SCL clock line Low period is stretched. The TWINT flag must be cleared by
software by writing a logic 1 to it. Note that this flag is not automatically cleared by the hard-
ware when executing the interrupt routine. Also note that clearing this flag starts the operation
of the 2-wire Serial Interface, so all accesses to the 2-wire Serial Address Register — TWAR,
2-wire Serial Status Register - TWSR, and 2-wire Serial Data Register - TWDR must be com-
plete before clearing this flag.

e Bit 6 - TWEA: 2-wire Serial Enable Acknowledge Flag

TWEA flag controls the generation of the acknowledge pulse. If the TWEA bit is set, the ACK
pulse is generated on the 2-wire Serial Bus if the following conditions are met:

* The device’s own Slave address has been detected

* A general call has been received, while the TWGCE bit in the TWAR is set

* A data byte has been received in Master Receiver or Slave Receiver mode

By setting the TWEA bit Low the device can be virtually disconnected from the 2-wire Serial
Bus temporarily. Address recognition can then be resumed by setting the TWEA bit again.

e Bit 5 - TWSTA: 2-wire Serial Bus START Condition Flag

The TWSTA flag is set by the CPU when it desires to become a Master on the 2-wire Serial
Bus. The 2-wire serial hardware checks if the bus is available, and generates a Start condition
on the bus if the bus is free. However, if the bus is not free, the 2-wire Serial Interface waits

until a STOP condition is detected, and then generates a new Start condition to claim the bus
Master status.
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2-wire Serial Modes

Master
Transmitter Mode

Rev. 1138G-FPSLI-11/03

The 2-wire Serial Interface can operate in four different modes:
* Master Transmitter

e Master Receiver

e Slave Receiver

e Slave Transmitter

Data transfer in each mode of operation is shown in Figure 71 to Figure 74. These figures con-
tain the following abbreviations:

S: START condition

R: Read bit (High level at SDA)

W: Write bit (Low level at SDA)

A: Acknowledge bit (Low level at SDA)

A: Not acknowledge bit (High level at SDA)
Data: 8-bit data byte

P: STOP condition

In Figure 71 to Figure 74, circles are used to indicate that the 2-wire Serial Interrupt flag is set.
The numbers in the circles show the status code held in TWSR. At these points, an interrupt
routine must be executed to continue or complete the 2-wire Serial Transfer. The 2-wire Serial
Transfer is suspended until the 2-wire Serial Interrupt flag is cleared by software.

The 2-wire Serial Interrupt flag is not automatically cleared by the hardware when executing
the interrupt routine. Also note that the 2-wire Serial Interface starts execution as soon as this
bit is cleared, so that all access to TWAR, TWDR and TWSR must have been completed
before clearing this flag.

When the 2-wire Serial Interrupt flag is set, the status code in TWSR is used to determine the
appropriate software action. For each status code, the required software action and details of
the following serial transfer are given in Table 41 to Table 45.

In the Master Transmitter mode, a number of data bytes are transmitter to a Slave Receiver,
see Figure 71. Before the Master Transmitter mode can be entered, the TWCR must be initial-
ized as shown in Table 38.

Table 38. TWCR: Master Transmitter Mode Initialization

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE

value 0 X 0 0 0 1 0 X

TWEN must be set to enable the 2-wire Serial Interface, TWSTA and TWSTO must be
cleared.

The Master Transmitter mode may now be entered by setting the TWSTA bit. The 2-wire
Serial Logic will now test the 2-wire Serial Bus and generate a START condition as soon as
the bus becomes free. When a START condition is transmitted, the 2-wire Serial Interrupt flag
(TWINT) is set by the hardware, and the status code in TWSR will be $08. TWDR must then
be loaded with the Slave address and the data direction bit (SLA+W). The TWINT flag must
then be cleared by software before the 2-wire Serial Transfer can continue. The TWINT flag is
cleared by writing a logic 1 to the flag.

When the Slave address and the direction bit have been transmitted and an acknowledgment
bit has been received, TWINT is set again and a number of status codes in TWSR are possi-
ble. Status codes $18, $20, or $38 apply to Master mode, and status codes $68, $78, or $B0
apply to Slave mode. The appropriate action to be taken for each of these status codes is
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Table 42. Status Codes for Master Receiver Mode
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Application Software Response

Status Status of the 2-wire
To TWCR
Code Serial Bus and 2-wire Next Action Taken by 2-wire Serial
(TWSR) Serial Hardware To/From TWDR STA STO | TWINT | TWEA | Hardware
$08 A START condition has Load SLA+R X 0 1 X SLA+R will be transmitted
been transmitted ACK or NOT ACK will be received
$10 A repeated START Load SLA+R or X 0 1 X SLA+R will be transmitted
condition has been ACK or NOT ACK will be received
transmitted Load SLA+W X 0 1 X | SLA+W will be transmitted
Logic will switch to Master Transmitter mode
$38 Arbitration lost in No TWDR action or 0 0 1 X 2-wire serial bus will be released and not
SLA+R or NOT ACK bit addressed Slave mode will be entered
No TWDR action 1 0 1 X A START condition will be transmitted when
the bus becomes free
$40 SLA+R has been No TWDR action or 0 0 1 0 Data byte will be received and NOT ACK will
transmitted; be returned
ACK has been received | o TWDR action 0 0 1 1 Data byte will be received and ACK will be
returned
$48 SLA+R has been No TWDR action or 1 0 1 X Repeated START will be transmitted
transmitted; No TWDR action or 0 1 1 X STOP condition will be transmitted and
NOT ACK has been TWSTO flag will be reset
received No TWDR action 1 1 1 x | STOP condition followed by a START
condition will be transmitted and TWSTO flag
will be reset
$50 Data byte has been Read data byte or 0 0 1 0 Data byte will be received and NOT ACK will
received; be returned
ACKhas beenreturned | po. g gata byte 0 0 1 1 Data byte will be received and ACK will be
returned
$58 Data byte has been Read data byte or 1 0 1 X Repeated START will be transmitted
received; Read data byte or 0 1 1 X STOP condition will be transmitted and
NOT ACK has been TWSTO flag will be reset
returned Read data byte 1 1 1 X | STOP condition followed by a START
condition will be transmitted and TWSTO flag
will be reset
140 AT94KAL Series FPSLIC msse—
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Figure 77. PortE Schematic Diagram (Pin PE1)

MOS
PULL-UP
DL
RESET
RD
RESET
|
R
———< Q <€
DDE1
DL ‘
WD
GTS
2]
SCR(52) u::\)
RL
o <
RESET <
PE1 | [a)
1|<€— ocoPmwo R
Q D |«
PORTE1
COMO00
COMo1 I
WL
RP
GTS: Global Tri-State
DL: Configuration Download
SCR(52) WL: Write PORTE v
WD: Write DDRE
MOS RL: Read PORTE Latch
PULL-UP 0 RD: Read DDRE
RP: Read PORTE Pin
RX0D RX0D: UART 0 Receive Data
4 SCR: System Control Register
OCO0/PMWO: Timer/Counter 0 Output Compare
COMO*: Timer/Counter0 Control Bits
RX0

152 AT94KAL Series FPSLIC mees—

Rev. 1138G-FPSLI-11/03



158

ATmEL

Figure 82. PortE Schematic Diagram (Pin PE7)
MOS
PULL-UP
DL
RESET
RD
RESET
|
R
j DDE7
DL ‘
WD
GTS
SCR(51) ? >
RL
RESET
PE7 l
R
Q D
PORTE7
|
WL
RP
» ICP
SCR(51)
MOS J GTS: Global Tri-State
PULL-UP 0 DL: Configuration Download
) WL: Write PORTE
> extintp3 WD: Write DDRE
1 RL: Read PORTE Latch
RD: Read DDRE
RP: Read PORTE Pin
INTP3

AT94KAL Series FPSLIC mees—

Rev. 1138G-FPSLI-11/03

A

A

extintp3: External Interrupt 3
SCR: System Control Register
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FPSLIC Dual-port
SRAM
Characteristics

Frame Interface

AIMEL

The Dual-port SRAM operates in single-edge clock controlled mode during read operations,
and a double-edge controlled mode during write operations. Addresses are clocked internally
on the rising edge of the clock signal (ME). Any change of address without a rising edge of ME
is not considered.

In read mode, the rising clock edge triggers data read without any significant constraint on the
length of the clock pulse. The WE signal must be changed and held Low before the rising
edge of ME to signify a read cycle. The WE signal should then remain Low until the falling
edge of the clock.

In write mode, data applied to the inputs is latched on either the falling edge of WE or the fall-
ing edge of the clock, whichever comes earlier, and written to memory. Also, WE must be High
before the rising edge of ME to signify a write cycle. If data inputs change during a write cycle,
only the value present at the write end is considered and written to the address clocked at the
ME rise. A write cycle ending on WE fall does not turn into a read cycle — the next cycle will be
a read cycle if WE remains Low during rising edge of ME.

Figure 83. SRAM Read Cycle Timing Diagram

ADDR Address Valid

taps - Address Setup

taos 1< taon tapn - Address Hold

trps - Read Cycle Setup

trpy - Read Cycle Hold

tacc - Access Time from posedge ME
tyen - Minimum ME High

—> -
‘\Letnos” L
WE tyer - Minimum ME Low

<~ tacc —
DATA READ Previous Data * Output Valid

CLK (ME)

Figure 84. SRAM Write Cycle Timing Diagram
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tapn - Address Hold
twrs - Write Cycle Setup
t

t

t

taos 1< taon >

wpw -~ Minimum Write Duration
wos - Data Setup to Write End
won - Data Hold to Write End

CLK (ME) -

twrs™ tvpw
WE
twos twon —

twos < typy —
DATA WRITE Data Valid

The FPGA Frame Clock phase is selectable (see “System Control Register —- FPGA/AVR” on
page 30). This document refers to the clock at the FPGA/Dual-port SRAM interface as ME (the
relation of ME to data, address and write enable does not change). By default, FrameClock is
inverted (ME = ~FrameClock). Selecting the non-inverted phase assigns ME = FrameClock.
Recall, the Dual-port SRAM operates in single-edge clock controlled mode during read opera-
tions, and double-edge clock controlled mode during writes. Addresses are clocked internally
on the rising edge of the clock signal (ME). Any change of address without a rising edge of ME
is not considered.
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AC Timing Characteristics — 3.3V Operation

Delays are based on fixed loads and are described in the notes.
Maximum times based on worst case: V¢ = 3.0V, temperature = 70°C
Minimum times based on best case: V¢ = 3.6V, temperature = 0°C
Maximum delays are the average of tpp y and tppy, -

All input 10 characteristics measured from a V, of 50% of Vpp at the pad (CMOS threshold) to the internal V, of 50% of
Vpp- All output 10 characteristics are measured as the average of tpp y and tppy, to the pad V y of 50% of Vpp.

Cell Function Parameter Path -25 Units Notes
Repeaters

Repeater tpp (Maximum) L->E 2.2 ns 1 Unit Load
Repeater tpp (Maximum) E->E 2.2 ns 1 Unit Load
Repeater tpp (Maximum) L->L 2.2 ns 1 Unit Load
Repeater tpp (Maximum) E->L 2.2 ns 1 Unit Load
Repeater tpp (Maximum) E->I10 1.4 ns 1 Unit Load
Repeater tpp (Maximum) L->10 1.4 ns 1 Unit Load

All input 10 characteristics measured from a V,, of 50% of Vpp at the pad (CMOS threshold) to the internal V, of 50% of
Vpp- All output 10 characteristics are measured as the average of tpp y and tppy, to the pad V y of 50% of Vpp.

Cell Function Parameter Path -25 Units Notes

10

Input tpp (Maximum) pad -> x/y 1.9 ns No Extra Delay
Input tpp (Maximum) pad -> x/y 5.8 ns 1 Extra Delay
Input tpp (Maximum) pad -> x/y 11.5 ns 2 Extra Delays
Input tpp (Maximum) pad -> x/y 17.4 ns 3 Extra Delays
Qutput, Slow tpp (Maximum) x/y/E/L -> pad 9.1 ns 50 pf Load
Output, Medium tpp (Maximum) x/y/E/L -> pad 7.6 ns 50 pf Load
Output, Fast tep (Maximum) x/y/E/L -> pad 6.2 ns 50 pf Load
Qutput, Slow tpzx (Maximum) oe -> pad 9.5 ns 50 pf Load
Output, Slow tpxz (Maximum) oe -> pad 2.1 ns 50 pf Load
Output, Medium tpzx (Maximum) oe -> pad 7.4 ns 50 pf Load
Output, Medium tpyz (Maximum) oe -> pad 2.7 ns 50 pf Load
Output, Fast tpzx (Maximum) oe -> pad 5.9 ns 50 pf Load
Output, Fast tpyz (Maximum) oe -> pad 2.4 ns 50 pf Load

Rev. 1138G-FPSLI-11/03
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Table 56. AT94K Pin List (Continued)

AT94K05
96 FPGA I/O

AT94K10
192 FPGA I/O

AT94K40
384 FPGA I/0

Packages

PC84

TQ100

PQ144

PQ208

1/1010

1/011

11012

vec™

GND

/1013

11014

1107

1107

1/1015

10

17108

1108

11016

11

1109

11017

12

/010

11018

13

GND

11019

11020

11011

1/021

/012

11022

11023

11024

GND

GND

GND

14

1109, FCK1

1/013, FCK1

1/025, FCK1

15

/010

/014

11026

10

16

1/011 (A20)

1/015 (A20)

1/027 (A20)

17

11

17

/012 (A21)

/016 (A21)

1/028 (A21)

18

12

18

vee!

vee!

11017

11029

/018

1/030

GND

1/031

11032

1/033

1/1034

1/035

1/036

GND

Notes: 1. VCC is I/O high voltage. Please refer to the “Designing in Split Power Supply Support for
AT94KAL and AT94SAL Devices” application note.
2. VDD is core high voltage. Please refer to the “Designing in Split Power Supply Support

for AT94KAL and AT94SAL Devices” application note.

3. Unbonded pins are No Connects.
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Table 56. AT94K Pin List (Continued)

AT94K05
96 FPGA I/O

AT94K10
192 FPGA I/O

AT94K40
384 FPGA I/0

Packages

PC84

TQ100

PQ144

PQ208

/0113

/0114

GND

/0115

/0116

1/059

110117

1/060

/0118

/0119

1/0120

GND

GND

GND

45

67

11041

11061

/10121

46

68

1/042

1/062

110122

47

69

I/043/TMS

I/063/TMS

1/10123/TMS

38

31

48

70

1/044/TCK

1/064/TCK

1/0124/TCK

39

32

49

71

vee!

vee!

11065

110125

72

11066

/0126

73

GND

110127

110128

110129

1/0130

/0131

110132

GND

vee!

1/0133

/0134

11067

1/0135

11068

110136

1/045

11069

110137

33

50

74

1/046

1/070

110138

34

51

75

GND

1/0139

Notes: 1. VCC is I/O high voltage. Please refer to the “Designing in Split Power Supply Support for

AT94KAL and AT94SAL Devices” application note.

2. VDD is core high voltage. Please refer to the “Designing in Split Power Supply Support

for AT94KAL and AT94SAL Devices” application note.

3. Unbonded pins are No Connects.
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