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single port.
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Instruction Set Summary (Continued)

Mnemonics | Operands | Description Operation Flags #Clock
CLS Clear Signed Test Flag S«0 S 1
SEV Set Two’s Complement Overflow Vet \ 1
CLv Clear Two’s Complement Overflow Vo0 \% 1
SET Set T in SREG T« 1 T 1
CLT Clear T in SREG T«O0 T 1
SEH Set Half-carry Flag in SREG He«1 H 1
CLH Clear Half-carry Flag in SREG H«O0 H 1
NOP No Operation None 1
SLEEP Sleep (See specific description for Sleep) None 1
WDR Watchdog Reset (See specific description for WDR) None 1
BREAK Break For on-chip debug only None N/A

Pin Descriptions

Vee Supply voltage

GND Ground

PortD (PD7..PDO)

PortE (PE7..PE0)

RX0
TXO0
RX1
X1

XTALA

Port D is an 8-bit bi-directional I/O port with internal programmable pull-up resistors. The Port
D output buffers can be programmed to sink/source either 6 or 20 mA (SCR54 — see “System
Control Register - FPGA/AVR” on page 30). As inputs, Port D pins that are externally pulled
Low will source current if the programmable pull-up resistors are activated.

The Port D pins are input with pull-up when a reset condition becomes active, even if the clock
is not running. On lower pin count packages Port D may not be available. Check the Pin List
for details.

Port E is an 8-bit bi-directional 1/O port with internal programmable pull-up resistors. The Port
E output buffers can be programmed to sink/source either 6 or 20 mA (SCR55 — see “System

Control Register — FPGA/AVR” on page 30). As inputs, Port E pins that are externally pulled
Low will source current if the pull-up resistors are activated.

Port E also serves the functions of various special features. See Table 47 on page 149.

The Port E pins are input with pull-up when a reset condition becomes active, even if the clock
is not running

Input (receive) to UART(0) — See SCR52
Output (transmit) from UART(0) — See SCR52
Input (receive) to UART(1) — See SCR53
Output (transmit) from UART(1) — See SCR53

Input to the inverting oscillator amplifier and input to the internal clock operating circuit.
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Memory-mapped I/O

The 1/O space definition of the embedded AVR core is shown in the following table:

AT94K Register Summary

Rev. 1138G-FPSLI-11/03
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Address Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit 2 Bit 1 Bit 0 Re{,e;;:"e
$3F ($5F) SREG | T H S \ N z (o} 51
$3E ($5E) SPH SP15 SP14 SP13 SP12 SP11 SP10 SP9 SP8 57
$3D ($5D) SPL SP7 SP6 SP5 SP4 SP3 SP2 SP1 SPO 51
$3C ($5C) Reserved
$3B ($5B) EIMF INTF3 INTF2 INTFA1 INTFO INT3 INT2 INT1 INTO 62
$3A ($5A) SFTCR FMXOR WDTS DBG SRST 51
$39 ($59) TIMSK TOIE1 OCIE1A OCIE1B TOIE2 TICIE1 OCIE2 TOIEO OCIEO 62
$38 ($58) TIFR TOVA OCF1A OCF1B TOvV2 ICF1 OCF2 TOVO OCF0 63
$37 ($57) Reserved
$36 ($56) TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN TWIE 110
$35 ($55) MCUR JTRF JTD SE SM1 SMo PORF WDRF EXTRF 51
$34 ($54) Reserved
$33 ($53) TCCRO FOCO PWMO COMO1 COMO00 CTCO CS02 CSo1 CS00 69
$32 ($52) TCNTO Timer/Counter0 (8-bit) 70
$31 ($51) OCRO Timer/Counter0 Output Compare Register 71
$30 ($50) SFIOR PSR2 PSR10 66
$2F ($4F) TCCR1A COM1A1 COM1A0 COM1B1 COM1B0O FOC1A FOC1B PWM11 PWM10 76
$2E ($4E) TCCR1B ICNCH ICES1 ICPE CTCH CS12 CS11 CS10 77
$2D ($4D) TCNT1H Timer/Counter1 - Counter Register High Byte 78
$2C ($4C) TCNTIL Timer/Counter1 - Counter Register Low Byte 78
$2B ($4B) OCR1AH Timer/Counter1 - Output Compare Register A High Byte 79
$2A ($4A) OCR1AL Timer/Counter1 - Output Compare Register A Low Byte 79
$29 ($49) OCR1BH Timer/Counter1 - Output Compare Register B High Byte 79
$28 ($48) OCR1BL Timer/Counter1 - Output Compare Register B Low Byte 79
$27 ($47) TCCR2 FOC2 PWM2 COomM21 COM20 CTC2 CSs22 Ccs21 CS20 69
$26 ($46) ASSR AS2 TCN20B OCR2UB TCR2UB 73
$25 ($45) ICR1H Timer/Counter1 - Input Capture Register High Byte 80
$24 ($44) ICR1L Timer/Counter1 - Input Capture Register Low Byte 80
$23 ($43) TCNT2 Timer/Counter2 (8-bit) 70
$22 ($42) OCR2 Timer/Counter 2 Output Compare Register 71
$21 ($41) WDTCR WDTOE WDE WDP2 WDP1 WDPO 83
$20 ($40) UBRRHI UART1 Baud Rate High Nibble [11..8] UARTO Baud Rate Low Nibble [11..8] 105
$1F ($3F) TWDR 2-wire Serial Data Register 111
$1E ($3E) TWAR 2-wire Serial Address Register 112
$1D ($3D) TWSR 2-wire Serial Status Register 112
$1C ($3C) TWBR 2-wire Serial Bit Rate Register 109
$1B ($3B) FPGAD FPGA Cache Data Register (D7 - D0O) 52
$1A ($3A) FPGAZ FPGA Cache Z Address Register (T3 - T0) (Z3 - Z0) 53
$19 ($39) FPGAY FPGA Cache Y Address Register (Y7 - YO) 53
$18 ($38) FPGAX FPGA Cache X Address Register (X7 - X0) 53
$17 ($37) FISUD FPGA /O Select, Interrupt Mask/Flag Register D (Reserved on AT94K05) 54, 56
47
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Table 16. Reset Characteristics (V¢ = 3.3V)

Symbol Parameter Minimum Typical Maximum Units
Power-on Reset Threshold 10 14 18 v
(Rising) ’ ’ ’
V
POt Power-on Reset Threshold 0.4 0.6 0.8 v
(Falling) ’ ’ ’
RESET Pin Threshold
Vst Voltage Vec/2 v
5 CPU
cycles
Trout Reset Delay Time-out Period 0.4 0.5 0.6
3.2 4.0 4.8 ms
12.8 16.0 19.2

Note: 1. The Power-on Reset will not work unless the supply voltage has been below Vpqy (falling).

A Power-on Reset (POR) circuit ensures that the device is reset from power-on. As shown in
Figure 35, an internal timer clocked from the Watchdog Timer oscillator prevents the MCU
from starting until after a certain period after V¢ has reached the Power-on Threshold voltage
— Vpor, regardless of the V¢ rise time (see Figure 36 and Figure 37).

Power-on Reset

Figure 36. MCU Start-up, RESET Tied to V¢
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Figure 37. Watchdog Reset during Operation
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On-chip Debug
Specific JTAG
Instructions

IEEE 1149.1
(JTAG)
Boundary-scan

Features

System Overview

Rev. 1138G-FPSLI-11/03

The On-Chip debug support is considered being private JTAG instructions, and distributed
within ATMEL and to selected third-party vendors only. Table 17 lists the instruction opcode.

Table 17. JTAG Instruction and Code

JTAG Instruction 4-bit Code Selected Scan Chain # Bits

EXTEST $0 (0000) AVR /O Boundary 69
IDCODE $1 (0001) Device ID 32
SAMPLE_PRELOAD $2 (0010) AVR /O Boundary 69

PRIVATE $4 (0100) FPSLIC On-chip Debug System -
PRIVATE $5 (0101) FPSLIC On-chip Debug System -
PRIVATE $6 (0110) FPSLIC On-chip Debug System -
|ReseveD | seun wa =
PRIVATE $8 (1000) FPSLIC On-chip Debug System -
PRIVATE $9 (1001) FPSLIC On-chip Debug System -
PRIVATE $A (1010) FPSLIC On-chip Debug System -
PRIVATE $B (1011) FPSLIC On-chip Debug System -
AVR_RESET $C (1100) AVR Reset 1

BYPASS

$F (1111)

Bypass

JTAG (IEEE std. 1149.1 compliant) Interface

Boundary-scan Capabilities According to the JTAG Standard
Full Scan of All Port Functions

Supports the Optional IDCODE Instruction

Additional Public AVR_RESET Instruction to Reset the AVR

The Boundary-Scan chain has the capability of driving and observing the logic levels on the
AVR’s digital I/0O pins. At system level, all ICs having JTAG capabilities are connected serially
by the TDI/TDO signals to form a long shift register. An external controller sets up the devices
to drive values at their output pins, and observe the input values received from other devices.
The controller compares the received data with the expected result. In this way, Boundary-
Scan provides a mechanism for testing interconnections and integrity of components on
Printed Circuits Boards by using the 4 TAP signals only.

The four IEEE 1149.1 defined mandatory JTAG instructions IDCODE, BYPASS, SAM-
PLE/PRELOAD, and EXTEST, as well as the AVR specific public JTAG instruction
AVR_RESET can be used for testing the Printed Circuit Board. Initial scanning of the data reg-
ister path will show the ID-code of the device, since IDCODE is the default JTAG instruction. It
may be desirable to have the AVR device in reset during test mode. If not reset, inputs to the
device may be determined by the scan operations, and the internal software may be in an

AIMEL 7
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Table 20. AVR I/O Boundary Scan — JTAG Instructions $0/$2

1/0 Ports Description Bit
Data Out/In - PD7 44
Enable Output - PD7 43
Pull-up - PD7 42
Data Out/In - PD6 41
Enable Output - PD6 40
Pull-up - PD6 39
Data Out/In - PD5 38
Enable Output - PD5 37
Pull-up - PD5 36
Data Out/In - PD4 35
Enable Output - PD4 34
Pull-up - PD4 33
PORTD
Data Out/In - PD3 32
Enable Output - PD3 31
Pull-up - PD3 30
Data Out/In - PD2 29
Enable Output - PD2 28
Pull-up - PD2 27
Data Out/In - PD1 26
Enable Output - PD1 25
Pull-up - PD1 24
Data Out/In - PDO 23
Enable Output - PDO 22
Pull-up - PDO 21
Input with Pull-up - INTP3 20
EXT INTERRUPTS Input with Pull-up - INTP2 19
Input with Pull-up - INTP1 18(")
Input with Pull-up - INTPO 17()
Data Out/In - TX1 16
Enable Output - TX1 15
UARTT
Pull-up - TX1 14
Input with Pull-up - RX1 131
Data Out/In - TXO 12
Enable Output - TX0 11
UARTO
Pull-up - TX0 10
Input with Pull-up - RX0 9t

AT94KAL Series FPSLIC mees—
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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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Multi-processor
Communication Mode

UART Control

Rev. 1138G-FPSLI-11/03

The Multi-processor Communication Mode enables several Slave MCUs to receive data from
a Master MCU. This is done by first decoding an address byte to find out which MCU has been
addressed. If a particular Slave MCU has been addressed, it will receive the following data
bytes as normal, while the other Slave MCUs will ignore the data bytes until another address
byte is received.

For an MCU to act as a Master MCU, it should enter 9-bit transmission mode (CHR9n in UCS-
RnB set). The 9-bit must be one to indicate that an address byte is being transmitted, and zero
to indicate that a data byte is being transmitted.

For the Slave MCUs, the mechanism appears slightly different for 8-bit and 9-bit Reception
mode. In 8-bit Reception mode (CHR9n in UCSRnB cleared), the stop bit is one for an
address byte and zero for a data byte. In 9-bit Reception mode (CHR9n in UCSRNB set), the
9-bit is one for an address byte and zero for a data byte, whereas the stop bit is always High.

The following procedure should be used to exchange data in Multi-processor Communication
mode:

1. All Slave MCUs are in Multi-processor Communication Mode (MPCMn in UCSRnA
is set).

2. The Master MCU sends an address byte, and all Slaves receive and read this byte.
In the Slave MCUs, the RXCn flag in UCSRnA will be set as normal.

3. Each Slave MCU reads the UDRn register and determines if it has been selected.
If so, it clears the MPCMn bit in UCSRnNA, otherwise it waits for the next address
byte.

4. For each received data byte, the receiving MCU will set the receive complete flag
(RXCn in UCSRnNA. In 8-bit mode, the receiving MCU will also generate a framing
error (FEn in UCSRNA set), since the stop bit is zero. The other Slave MCUs,
which still have the MPCMn bit set, will ignore the data byte. In this case, the UDRn
register and the RXCn, FEn, or flags will not be affected.

5. After the last byte has been transferred, the process repeats from step 2.

UARTO I/O Data Register — UDRO

Bit 7 6 5 4 3 2 1 0

$0C ($2C) [msB | | | LsB | ubRo
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

UART1 I/O Data Register - UDR1

Bit 7 6 5 4 3 2 1 0

$03 ($23) [ msB | | | LSB | uor1
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

The UDRn register is actually two physically separate registers sharing the same 1/O address.
When writing to the register, the UART Transmit Data register is written. When reading from
UDRn, the UART Receive Data register is read.

AIMEL 123
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Table 36. UBR Settings at Various Crystal Frequencies

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 00011001 019 25 2404 2400 0.2| 1.8432 0000 00101111 02F 47 2400 2400 0.0
0000 00001100 0oC 12 4808 4800 0.2 0000 00010111 017 23 4800 4800 0.0
0000 00000110 006 6 8929 9600 7.5 0000 00001011 00B 1 9600 9600 0.0
0000 00000011 003 3 15625 14400 7.8 0000 00000111 007 7 14400 14400 0.0
0000 00000010 002 2 20833 19200 7.8 0000 00000101 005 5 19200 19200 0.0
0000 00000001 001 1 31250 28880 7.6 0000 00000011 003 3 28800 28880 0.3
0000 00000001 001 1 31250 38400 22.9 0000 00000010 002 2 38400 38400 0.0
0000 00000000 000 0 62500 57600 7.8 0000 00000001 001 1 57600 57600 0.0
0000 00000000 000 0 62500 76800 22.9 0000 00000001 001 1 57600 76800 33.3
0000 00000000 000 0 62500 115200 84.3 0000 00000000 000 0 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 0000 11101111 OEF 239 2400 2400 0.0] 18.432 0001 11011111 1DF 479 2400 2400 0.0
0000 01110111 077 119 4800 4800 0.0 0000 11101111 OEF 239 4800 4800 0.0
0000 00111011 03B 59 9600 9600 0.0 0000 01110111 077 119 9600 9600 0.0
0000 00100111 027 39 14400 14400 0.0 0000 01001111 04F 79 14400 14400 0.0
0000 00011101 01D 29 19200 19200 0.0 0000 00111011 03B 59 19200 19200 0.0
0000 00010011 013 19 28800 28880 0.3 0000 00100111 027 39 28800 28880 0.3
0000 00001110 00E 14 38400 38400 0.0 0000 00011101 01D 29 38400 38400 0.0
0000 00001001 009 9 57600 57600 0.0 0000 00010011 013 19 57600 57600 0.0
0000 00000111 007 7 72000 76800 6.7 0000 00001110 00E 14 76800 76800 0.0
0000 00000100 004 4 115200 115200 0.0 0000 00001001 009 9 115200 115200 0.0
0000 00000001 001 1 288000 230400 20.0 0000 00000100 004 4 230400 230400 0.0
0000 00000000 000 0 576000 460800 20.0 0000 00000001 001 1 576000 460800 20.0
0000 00000000 000 0 576000 912600 58.4 0000 00000000 000 0 1152000 912600 20.8
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 0010 10011001 299 665 2400 2400 0.0 40 0100 00010001 411 1041 2399 2400 0.0
0001 01001100 14C 332 4800 4800 0.0 0010 00001000 208 520 4798 4800 0.0
0000 10100110 0A6 166 9572 9600 0.3 0001 00000011 103 259 9615 9600 0.2
0000 01101110 06E 110 14401 14400 0.0 0000 10101100 0AC 172 14451 14400 0.4
0000 01010010 052 82 19259 19200 0.3 0000 10000001 081 129 19231 19200 0.2
0000 00110110 036 54 29064 28880 0.6 0000 01010110 056 86 28736 28880 0.5
0000 00101001 029 M 38060 38400 0.9 0000 01000000 040 64 38462 38400 0.2
0000 00011011 01B 27 57089 57600 0.9 0000 00101010 02A 42 58140 57600 0.9
0000 00010100 014 20 76119 76800 0.9 0000 00100000 020 32 75758 76800 1.4
0000 00001101 00D 13 114179 115200 0.9 0000 00010101 015 21 113636 115200 1.4
0000 00000110 006 6 228357 230400 0.9 0000 00001010 00A 10 227273 230400 1.4
0000 00000011 003 3 399625 460800 15.3 0000 00000100 004 4 500000 460800 7.8
0000 00000001 001 1 799250 912600 14.2 0000 00000010 002 2 833333 912600 9.5

Rev. 1138G-FPSLI-11/03

UARTO0 and UART1 High Byte Baud-rate Register UBRRHI

Bit 7 6 5 4 3 2 1 0

$20 ($40) | wsB1 | | | LSB1 [ MSBO | | LSBO | UBRRHI
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

The UART baud register is a 12-bit register. The 4 most significant bits are located in a sepa-
rate register, UBRRHI. Note that both UARTO and UART1 share this register. Bit 7 to bit 4 of
UBRRHI contain the 4 most significant bits of the UART1 baud register. Bit 3 to bit 0 contain
the 4 most significant bits of the UARTO baud register.
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Figure 72. Formats and States in the Master Receiver Mode
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lave to master

AIMEL

Any number of data bytes
and their associated acknowledge bits

This number (contained in TWSR) corresponds
to a defined state of the 2-wire serial bus

MT

AT94KAL Series FPSLIC
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Table 44. Status Codes for Slave Transmitter Mode

Application Software Response
Status Stat'us of the 2-wirg To TWCR ) )
Code Serial Bus and 2-wire Next Action Taken by 2-wire
(TWSR) Serial Hardware To/From TWDR STA STO TWINT | TWEA | Serial Hardware
$A8 Own SLA+R has been Load data byte or X 0 1 0 Last data byte will be transmitted and NOT
received; ACK should be received
ACK has been returned | | oad data byte X 0 1 1 Data byte will be transmitted and ACK should
be received
$BO Arbitration lost in Load data byte or X 0 1 0 Last data byte will be transmitted and NOT
SLA+R/W as Master; ACK should be received
own SLA+R hasbeen | | oad data byte X 0 1 1 Data byte will be transmitted and ACK should
received; be received
ACK has been returned
$B8 Data byte in TWDR has | Load data byte or X 0 1 0 Last data byte will be transmitted and NOT
been transmitted; ACK should be received
ACK has been received | | oad data byte X 0 1 1 Data byte will be transmitted and ACK should
be received
$CO Data byte in TWDR has | No TWDR action or 0 0 1 0 Switched to the not addressed Slave mode;
been transmitted; no recognition of own SLA or GCA
NOT ACK has been No TWDR action or 0 0 1 1 Switched to the not addressed Slave mode;
received own SLA will be recognized; GCA will be
recognized if GC = “1”

No TWDR action or 1 0 1 0 Switched to the not addressed Slave mode;
no recognition of own SLA or GCA; a START
condition will be transmitted when the bus
becomes free

No TWDR action 1 0 1 1 Switched to the not addressed Slave mode;
own SLA will be recognized; GCA will be
recognized if GC = “1”; a START condition
will be transmitted when the bus becomes
free

$C8 Last data byte in TWDR | No TWDR action or 0 0 1 0 Switched to the not addressed Slave mode;
has been transmitted no recognition of own SLA or GCA
(TWAE = “07); No TWDR action or 0 0 1 1 Switched to the not addressed Slave mode;
ACK has been received own SLA will be recognized; GCA will be
recognized if GC = “1”

No TWDR action or 1 0 1 0 Switched to the not addressed Slave mode;
no recognition of own SLA or GCA; a START
condition will be transmitted when the bus
becomes free

No TWDR action 1 0 1 1 Switched to the not addressed Slave mode;
own SLA will be recognized; GCA will be
recognized if GC = “1”; a START condition
will be transmitted when the bus becomes
free

145
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I1/0 Ports

PortD

PortD as General
Digital I/O

Rev. 1138G-FPSLI-11/03

All AVR ports have true read-modify-write functionality when used as general I/O ports. This
means that the direction of one port pin can be changed without unintentionally changing the
direction of any other pin with the SBI and CBI instructions. The same applies for changing
drive value (if configured as output) or enabling/disabling of pull-up resistors (if configured as
input).

PortD is an 8-bit bi-directional 1/0 port with internal pull-up resistors.

Three /0 memory address locations are allocated for the PortD, one each for the Data Regis-
ter — PORTD, $12($32), Data Direction Register — DDRD, $11($31) and the Port D Input Pins
— PIND, $10($30). The Port D Input Pins address is read only, while the Data Register and the
Data Direction Register are read/write.

The PortD output buffers can sink 20 mA. As inputs, PortD pins that are externally pulled Low
will source current if the pull-up resistors are activated.

PortD Data Register - PORTD

Bit 7 6 5 4 3 2 1 0

$12 | PorTD7 | PORTDE | PORTDS | PORTD4 | PORTD3 | PORTD2 | PORTD1 | PORTDO | PORTD
Read/Write RIW RIW R/W RIW RIW R/W R/W RIW

Initial Value 1 1 1 1 1 1 1 1

PortD Data Direction Register — DDRD

Bit 7 6 5 4 3 2 1 0

$11 | oop7 | ppbps | DDD5 | DDD4 | DDD3 | DDD2 | DDD1 | DDDO | DDRD
Read/Write RIW RIW RW RIW RIW R/W R/W RIW

Initial Value 0 0 0 0 0 0 0 0

PortD Input Pins Address — PIND

Bit 7 6 5 4 3 2 1 0

$10 | PnD7 | PINDe | PIND5S | PIND4 | PIND3 | PIND2 | PIND1 | PINDO | PIND
Read/Write R R R R R R R R

Initial Value Pull1 Pull1 Pull1 Pull1 Pull1 Pull1 Pull1 Pull1

The PortD Input Pins address — PIND — is not a register, and this address enables access to
the physical value on each PortD pin. When reading PORTD, the PortD Data Latch is read,
and when reading PIND, the logical values present on the pins are read.

PDn, General I/O pin: The DDDn bit in the DDRD register selects the direction of this pin. If
DDDn is set (one), PDn is configured as an output pin. If DDDn is cleared (zero), PDn is con-
figured as an input pin. If PDn is set (one) when configured as an input pin the MOS pull-up
resistor is activated. To switch the pull-up resistor off the PDn has to be cleared (zero) or the
pin has to be configured as an output pin. The port pins are input with pull-up when a reset
condition becomes active, even if the clock is not running, see Table 46.
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AC & DC Timing Characteristics

Absolute Maximum Ratings*(")

Operating Temperature ............cccceeviveeeiieenens -55°C to +125°C
Storage Temperature .........ccccocceeeeiieeeisnen e -65°C to +150°C
Voltage®® on Any Pin

with Respect to Ground ...........cocccveiieeeeniiecene -0.5V to +5.0V
Supply Voltage (Veg) «ovveeverieeniniienieieniieiecne -0.5V to +5.0V
Maximum Soldering Temp. (10 sec. @ 1/16in.)............. 250°C
ESD (Rypp = 1.5K, Cypp= 100 PF)..ovuivrieireieieeeinneas 2000V

Notes: 1. For AL parts only

*NOTICE:  Stresses beyond those listed under Absolute
Maximum Ratings may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those listed under oper-
ating conditions is not implied. Exposure to Abso-
lute Maximum Rating conditions for extended
periods of time may affect device reliability.

2. Minimum voltage of -0.5V DC which may undershoot to -2.0V for pulses of less than 20 ns.

DC and AC Operating Range — 3.3V Operation

AT94K AT94K
Commercial Industrial
Operating Temperature (Case) 0°C -70°C -40°C - 85°C
Vo Power Supply 3.3V +0.3V 3.3V +0.3V
High (V)0 70% - 100% V, 70% - 100% V,
Input Voltage Level (CMOS) He ce ce
Low (V) c) 0-30% V¢e 0-30% V¢

Rev. 1138G-FPSLI-11/03
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Table 52. FPSLIC Interface Timing Information")

AIMEL

3.3V Commercial = 10% 3.3V Industrial = 10%

Symbol | Parameter Minimum Typical Maximum | Minimum Typical Maximum | Units

tixga Clock Delay From XTAL2 Pad 3.6 4.8 7.6 3.4 4.8 7.9 ns
to GCK_5 Access to FPGA Core

tixas Clock Delay From XTAL2 Pad 3.9 5.2 8.1 3.6 5.2 8.8 ns
to GCK_6 Access to FPGA Core

tixc Clock Delay From XTAL2 Pad 2.8 3.7 6.3 25 3.7 6.9 ns
to AVR Core Clock

ty Clock Delay From XTAL2 Pad 3.5 4.7 7.5 3.2 4.7 7.8 ns
to AVR /O Clock

tcrR AVR Core Clock to FPGA 5.3 6.6 7.9 4.4 6.6 9.2 ns
1/0O Read Enable

torw AVR Core Clock to 5.2 6.6 7.9 4.4 6.6 9.2 ns
FPGA I/O Write Enable

tcris AVR Core Clock to 6.3 7.8 9.4 5.3 7.8 11.0 ns
FPGA I/O Select Active

triRQ FPGA Interrupt Net 0.2 0.2 0.3 0.1 0.2 0.3 ns
Propagation Delay to AVR Core

trs FPGA SRAM Clock to 6.1 7.7 7.7 4.9 7.7 7.7 ns
On-chip SRAM

trRws FPGA SRAM Write 4.4 5.5 5.5 3.7 5.5 5.5 ns
Stobe to On-chip SRAM

tras FPGA SRAM Address Valid to 5.4 6.7 6.7 4.3 6.7 6.7 ns
On-chip SRAM Address Valid

trows FPGA Write Data Valid 1.3 1.7 2.0 1.3 1.7 2.0 ns
to On-chip SRAM Data Valid

trpRs On-chip SRAM Data Valid to 0.2 0.2 0.2 0.2 0.2 0.2 ns
FPGA Read Data Valid

Note: 1. Insertion delays are specified from XTAL2. These delays are more meaningful because the XTAL1-to-XTAL2 delay is sensi-

tive to system loading on XTAL2. If it is necessary to drive external devices with the system clock, devices should use XTAL2
output pin. Remember that XTAL2 is inverted in comparison to XTAL1.
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External Clock Figure 85. External Clock Drive Waveforms
Drive Waveforms
tehex
feox teen — “~ < teneL
VIH1
VIL1 N 7 N
toLex
teret
Table 53. External Clock Drive, Vc = 3.0V to 3.6V
Symbol Parameter Minimum Maximum Units
McLel Oscillator Frequency 0 25 MHz
toLoL Clock Period 40 - ns
tcHex High Time 15 - ns
toLex Low Time 15 - ns
toLeH Rise Time - 1.6 us
toHoL Fall Time - 1.6 us
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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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Packaging and Pin List Information

FPSLIC devices should be laid out to support a split power supply for both AL and AX families.
Please refer to the “Designing in Split Power Supply Support for AT94KAL and AT94SAL
Devices” application note, available on the Atmel web site.

Table 54. Part and Package Combinations Available

Part # Package AT94KO05 AT94K10 AT94K40
PLCC 84 AJ 46 46
TQ 100 AQ 58 58
LQ144 BQ 82 84 84
PQ 208 DQ 96 116 120
Table 55. AT94K JTAG ICE Pin List
AT94KO05 AT94K10 AT94K40
Pin 96 FPGA I/O 192 FPGA I/O 384 FPGA I/0
TDI 1034 1050 1098
TDO 1038 1054 10102
TMS 1043 1063 10123
TCK 1044 1064 10124
Table 56. AT94K Pin List
AT94K05 AT94K10 AT94K40 Packages
96 FPGA I/O 192 FPGA I/O 384 FPGA I/0 PC84 TQ100 PQ144 PQ208
West Side
GND GND GND 12 1 1 2
I/02A1G6C))K1 I/OZA1G6?K1 I/O;A?6C))K1 13 2 2 4
1/02 (A17) 1102 (A17) 1/02 (A17) 14 3 3 5
1/03 1/03 1/03 4 6
1/04 1/04 1/04 5 7
/05 (A18) 1/05 (A18) 1/05 (A18) 15 4 6 8
1/06 (A19) 1/06 (A19) 1/06 (A19) 16 5 7 9
GND
1/07
1108
1/09
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.

AT94KAL Series FPSLIC mees—
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Table 56. AT94K Pin List (Continued)

AT94K05 AT94K10 AT94K40 Packages
96 FPGA 1/0 192 FPGA I/O 384 FPGA IO PC84 TQ100 PQ144 PQ208
1/064
1/065
1/066
GND
1/031 1/067
1/032 1/068
vDD®@ vDD®
1/021 (A26) 1/033 (A26) 1/069 (A26) 25 16 23 33
1/022 (A27) /034 (A27) 1/070 (A27) 26 17 24 34
1/023 1/035 11071 25 35
/024, FCK2 1/036, FCK2 I/072, FCK2 26 36
GND GND GND 27 37
11073
1/074
1/037 11075
1/038 11076
1/077
11078
GND
11079
17080
1/039 1/081 38
1/040 1/082 39
11025 1/041 1/083 40
11026 1/042 1/084 41
GND
vce®
1/085
1/086
11087
11088
1/027 (A28) 1/043 (A28) 1/089 (A28) 27 18 28 42
11028 1/044 17090 19 29 43
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 AT94K10 AT94K40 Packages
96 FPGA 1/0 192 FPGA I/O 384 FPGA IO PC84 TQ100 PQ144 PQ208
GND
vce®
1/0373
1/0374
1/0375
/0376
1/0377
1/0378
GND
110187 1/0379
1/0188 1/0380
1/0125 1/0189 1/0381 140 201
1/0126 1/0190 /0382 141 202
/0127 (A14) /0191 (A14) 1/0383 (A14) 9 98 142 203
/01 ?2% 5G)CK8 /01 ?i% 5G)CK8 I/OS?:% 5G)CK8 10 99 143 204
vce™ vce™ vce™ 1 100 144 205

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.

AIMEL

183




AIMEL

JTAG Interface and On-chip Debug System ..., 68

IEEE 1149.1 (JTAG) BOUNGAAIY-SCAN ......cciiiiiiiiiieeiie et 73
BYPass ReGISIr.....ccoiiii s 74
Device Identification RegiSter ..o 74

AVR ReSet REQISIEN ... .. 75
TIMEI/COUNTEIS .. e e 85
TIimMer/Counter PreSCalersS .........oi i 85

8-bit Timers/Counters T/CO and T/C2.......c..ueeiiiiiiiiiiiiiiieee e 86
TIMEI/COUNTEIT .. e e 95
WatChdOg TIMEN ... et e e e s 104

Y 1T T o 1= SRR 106
LN I USRS 119
2-wire Serial Interface (Byte Oriented) .........cccoeiiiiiiiiiiiiiie e 130

@ I oo T4 £ TSRS UPUPPPUPPRPN 147

AC & DC Timing CharacteriStiCs ............ccuueeemmrrecrssssmmnmsssssssssnnnnnnnas 159
Absolute Maximum RatingS .......cccooiiieiiii e 159

DC and AC Operating Range — 3.3V Operation ..........cccceiviieeeiiniieeieiisiieeeenn 159
Power-On Power Supply ReqUIrements............ccooeeveeeeessseennesnsnnaas 161
FPSLIC Dual-port SRAM CharacteriStiCs .........cccueiiriiiiiiniiieeee e 162
External Clock Drive WavefOorms ..........cceeviiiiiiiieiiiiee et 165
Packaging and Pin List Information...............ccccccummmmmmmmmmmsmmmssssssna 170
Packaging INfOrmation ..............ueeeeuemmeescsssssssssssssssssnssssnmmssmmsssssssssss 185
84U — PLCC ittt e e e e 185

TOOA — TR P ettt ettt re e et e et ee e e e e e e seee e e eee e eneeeaaaneeens 186
T44LT — LQFP ettt e e e e e ee e e 187
208QT = PQIFP ...ttt ettt e e e s 188
Table Of CONTENLS ... er s ssm s esmm s e ssns i
i AT94K Sel‘ies FPSLIC |

1138F-FPSLI-06/02



