AT40K Series Configuration

Configuration is the process by which a
design is loaded into an AT40K series
field programmable gate array (FPGA).
AT40K series devices are SRAM based
and can be configured any number of
times. The entire device or select por-
tions can be configured. Sections can be
configured while others continue to oper-
ate undisturbed. Full configuration takes
only milliseconds. Partial configuration
takes even less time and is a function of
design density.

Configuration data is transferred to the
device in one of six modes (Table 1).
Three dedicated input pins, My, M;, and
M,, determine the configuration mode.
There is one auto-configuring Master
mode, four Slave modes, and a Synchro-
nous RAM mode for accessing the
SRAM based configuration memory
directly from a parallel microprocessor
port.

Configuration States

There are four basic configuration states
of operation. The first, power-on-reset,
occurs when power is first applied to the
part. The FPGA initiates a complete
clearing of all internal configuration
SRAM (configuration clear cycle).

The second, manual reset, occurs when
the RESET pin is driven low by the user.
Again, the FPGA initiates a configuration
clear cycle.

The third is configuration download. In
this state the Configuration Mode is
active. The FPGA accepts serial or par-
allel data from an outside source and
configures the configuration SRAM
appropriately.

The fourth is idle, when there is no con-
figuration activity.

Table 1. AT40K Series Configuration Modes

Y (F)

AT40K FPGAs

Mode | Description M, | M | M | CCLK | Data Notes
Auto
0 Master Serial 0 0 0 Output | Serial Configuration,
Serial EEPROM
. . Microprocessor or
1 Slave Serial 0 0 1 Input Serial Serial EEPROM
. . Microprocessor or
7 Slave Serial 1 1 1 Input Serial Serial EEPROM
8- or 16-bit Microprocessor or
2 Slave Parallel 0 1 0 Input Word Parallel EEPROM
. 20-bit Address
6 Slave Parallel UP | 1 1| 0 Input a};:jle'b't Out, Parallel
EPROM
4 | Synchronous 10 | 0 | Iinput | S oriebi ﬁi}ZﬁQ %%rﬁsosfm,
RAM PUY 1 word .
Microprocessor
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Master Mode

The master mode is auto-configuring; that is, after power-
on-reset (POR) and the clearing of configuration memory, it
self-initiates configuration. The master mode uses an inter-
nal oscillator to provide CCLK for clocking the external
EEPROMSs (Configurators) which contain the configuration
data. CCLK also drives the downstream devices (Slaves) in
the configuration cascade chain. Master Serial mode
clocks and receives data from a EEPROM Serial Configu-
ration Memory (AT17C65, AT17C128, AT17C256,
AT17C512, AT17C010). After auto-configuration is com-
plete, reconfiguration can be initiated manually by the user.

Slave Modes

In slave modes, configuration is always initiated by an
external signal. Data is applied to the device on the rising
edge of CCLK. In Slave Serial Mode, the device receives
serial configuration data. In Slave Parallel Mode, the device
receives either 8-bit wide or 16-bit wide parallel data. In
Slave Parallel Up Mode, the device receives either 8-bit or
16-bit wide parallel data and generates a 20-bit address up

Table 2. Configuration Pins Interface Definition

counter for use in addressing memories. CCLK is not gen-
erated in slave modes.

Synchronous RAM Mode

In Synchronous RAM Mode, the device receives a 32- or
40-bit wide bitstream composed of a 24-bit address and
either a 8-bit wide or 16-bit wide word of data. Address,
data, and write enable are applied simultaneously at the
rising edge of CCLK. In this mode, designed to interface to
a generic 10 port of a microprocessor, the FPGA configura-
tion SRAM is seen as a simple memory mapped address
space. The user has full read and write access to the entire
FPGA configuration SRAM. The overhead normally associ-
ated with bitstreams is eliminated, resulting in faster recon-
figuration.

Configuration Pins

During configuration, the flow of design data to and from
the device is controlled by the dedicated mode pins and a
number of dual function pins that double as user 1/O under
normal programmed operation. The number of dual func-
tion pins required for each mode varies (Table 2).

State
Download Download Download Download Download Download
Pins Reset Mode 0 Mode 1 Mode 7 Mode 2 Mode 6 Mode 4 Idle
M) TTL Input TTL Input TTL Input TTL Input TTL Input TTL Input TTL Input TTL Input
RESET TTL Input, TTL Input, TTL Input, TTL Input, TTL Input, TTL Input, TTL Input, TTL Input,
50K Pullup 50K Pullup 50K Pullup 50K Pullup 50K Pullup 50K Pullup 50K Pullup 50K Pullup
INIT Open Drain Open Drain Open Drain Open Drain Open Drain Open Drain Open Drain User I/O
Bidirectional, Bidirectional, Bidirectional, Bidirectional, Bidirectional, Bidirectional, Bidirectional,
20K pullup 20K pullup 20K pullup 20K pullup 20K pullup 20K pullup 20K pullup
CON Open Drain Open Drain Open Drain Open Drain Open Drain Open Drain Open Drain Open Drain
Bidirectional, Bidirectional, Bidirectional, Bidirectional, Bidirectional, Bidirectional, Bidirectional, Bidirectional,
10K pullup 10K pullup 10K pullup 10K pullup 10K pullup 10K pullup 10K pullup 10K pullup
CCLK Schmitt Output Schmitt Schmitt Schmitt Schmitt Schmitt Schmitt
trigger Input, trigger Input, trigger Input, trigger Input, trigger Input, trigger Input, trigger Input,
50K pullup 50K pullup 50K pullup 50K pullup 50K pullup 50K pullup 50K pullup
HDC Output Output Output Output Output Output User I/O User I/O
LDC Output Qutput Output Output Output Qutput User I/O User I/O
Dq CMOS Input Input Input Input Input Bidirectional User I/O
Input, 20K
pullup
Da.1y CMOS User I/0 User I/O User I/0 Input Input Bidirectional User I/0
Input, 20K
pullup
Ds:8) CMOS User I/O User I/O User I/O Optional Input Optional Input Optional User I/O
Input, 20K Bidirectional
pullup
A9:0) CMOS User I/O User I/O User I/O User 1/O Output Input User I/O
Input, 20K
pullup
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Table 2. Configuration Pins Interface Definition (Continued)

State
Download Download Download Download Download Download

Pins Reset Mode 0 Mode 1 Mode 7 Mode 2 Mode 6 Mode 4 Idle

A23:20) CMOS User I/0 User I/O User I/O User I/0 User I/O Input User 1/0
Input, 20K
pullup

CSO0 CMOS User I/O Input User I/O User I/O User I/O Input User I/O
Input, 20K
pullup

Cs1 CMOS User I/O User I/O User I/O Input User I/O User I/O User I/O
Input, 20K
pullup

CSOUT | CMOSs Optional Output Optional Optional Optional Optional User I/O User I/O
Input, 20K Output Output Output Output
pullup

CHECK | CMOS Check Input Check Input Check Input Check Input Check Input Check Input User I/O
Input, 20K or User I/O or User I/O or User I/O or User I/O or User I/O or User I/O
pullup

oTS CMOS OTS Input OTS Input OTS Input OTS Input OTS Input OTS Input OTS Input
Input, 20K or User I/O or User I/O or User I/O or User I/O or User 1/O or User I/O or User I/O
pullup

Mo, M4, M, tional 1/0 which releases high when the configuration clear

The mode pins are dedicated TTL threshold inputs that
determine the configuration mode to be used. Table 1 lists
the states for each configuration mode. The mode pins
should not be changed during power-on-reset, manual
reset, or configuration download. The user may change the
mode pins during configuration idle. These pins have no
pullup resistors to VDD, so they need to be driven by the
user or tied off.

CCLK

CCLK is the configuration clock pin. It is an input or output
depending on the mode of operation. During power-on-
reset or manual reset, it is a tristated output. During config-
uration download and in Mode 0, it is an output with a typi-
cal frequency of 1 MHz. During configuration download and
in all other modes, it is a schmitt trigger input with approxi-
mately 1 volt of hysteresis for noise immunity. It is an input
during configuration idle, but is ignored. It is pulled to VDD
with a nominal 50K internal resistor.

RESET

RESET is the FPGA configuration manual reset pin. It is
available during all configuration states. It initiates a config-
uration clear cycle and, if operating in Mode 0, an auto-con-
figuration. It is a dedicated schmitt trigger input with
approximately 1 volt of hysteresis for noise immunity. It is
pulled to VDD with a nominal 50K internal resistor.

INIT

INIT is a multi-function pin. During power-on-reset and
manual reset, the pin functions as an open drain bidirec-

cycle is complete, but can be held low to hold the configu-
ration in a reset state. Once released, the FPGA will pro-
ceed to either configuration download or idle, as
appropriate. During configuration download, the INIT pin is
again an open drain bidirectional pin which signals if an
error is encountered during the download of a configuration
bitstream. In addition, during the Check Function, the INIT
pin drives low for any configuration SRAM mismatch (see
the description of the Check Function on page 11 for more
details). While in open drain mode, the pin is pulled to VDD
with a nominal 20K internal resistor. When not configuring,
the INIT pin becomes a fully functional user 1/0.

CON

CON is the FPGA configuration start and status pin. It is a
dedicated open drain bidirectional pin. During power-on-
reset or manual reset, CON is driven low by the FPGA. In
Modes 2, 6, or 7, when the FPGA has finished the configu-
ration clear cycle, CON is released to indicate the device is
ready for the user to initiate configuration download. The
user may then drive CON low to initiate a configuration
download. After three clock cycles, CON is then driven low
by the FPGA until it finishes the download, and it is then
released. In Mode 0, CON is not released by the FPGA at
the end of power-on-reset or manual reset. Instead, CON is
controlled by the FPGA until the end of the auto-configura-
tion process. CON is released at the end of configuration
download in Mode 0, and the user may then initiate a man-
ual configuration download by driving CON low. While in
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open drain mode, the pin is pulled to VDD with a nominal
10K internal resistor.

HDC

HDC is the FPGA “High During Configuration” pin. It is an
output, driven high by the FPGA during power-on-reset,
manual reset, and configuration download. During configu-
ration idle, the pin is a fully functional user 1/O.

Note:  All user I/O default to inputs with pullups “on”. The HDC
pin transitions from driving a strong “1” to a pullup “1”
after reset. The HDC pin will transition from driving a
strong “1” to the user programmed state at the end of
configuration download. If not programmed, the default

state is input with pullup.

LDC

LDC is the FPGA “Low During Configuration” pin. It is an
output, driven low by the FPGA during power-on-reset,
manual reset, and configuration download. During configu-
ration idle, the pin is a fully functional user 1/O.

Note:  All user I/O pullups and pulldowns are programmed by
the user. The LDC pin transitions from driving a strong
“0” to a weak “1” after reset. The LDC pin will transition
from driving a strong “0” to the user programmed state at
the end of configuration download. If not programmed,

the default state is input with pullup.

Do

Dy is the Isb of the FPGA configuration data bus used to
download configuration data to the device. During power-
on-reset or manual reset, D, is controlled by the configura-
tion SRAM. The D, pin will transition from the user pro-
grammed state to a CMOS input with a nominal 20K
internal pullup resistor as the SRAM at that location is
cleared by the configuration clear cycle. D, becomes an
input during configuration download.

D,:D,

D,:D, are the upper 7 bits of the 8-bit parallel data bus
used to download configuration data to the device. During
power-on-reset or manual reset, D,:D, are controlled by
the configuration SRAM. The D,:D; pins will transition from
the user programmed state to CMOS inputs with nominal
20K internal pullup resistors as the SRAM at those loca-
tions is cleared by the configuration clear cycle. When in
Modes 2 or 6, D;:D; become inputs during configuration
download. D;:D- are not used in the serial Modes 0, 1
and 7.

Dg:D;5 are the upper 8 bits of the 16-bit parallel wide data
bus used to download configuration data to the device.
During power-on-reset or manual reset, Dg:D;5 are con-
trolled by the configuration SRAM. The Dg:D,5 pins will

transition from the user programmed state to CMOS inputs
with nominal 20K internal pullup resistors as the SRAM at
those locations is cleared by the configuration clear cycle.
When in Modes 2 or 6, Dg:D,5 become optional inputs dur-
ing configuration download. They become available as
soon as the appropriate bit in the configuration control reg-
ister is set. Dg:D,5 are not used in the serial Modes 0, 1
and 7.

Ay:A,q are used to control external addressing of memories
during downloads. During power-on-reset or manual reset,
Ag:A,q are controlled by the configuration SRAM. The
Ay:Aq pins will transition from the user programmed state
to CMOS inputs with nominal 20K internal pullup resistors
as the SRAM at those locations is cleared by the configura-
tion clear cycle. When in Mode 6, Ay:A;4 become outputs
during configuration download. A,:A,4 are used only in
Mode 6.

Note:  Pin A, is also pin CS;, which is available only for Mode 2.

See the description for CS; on page 5 for more details.

CS,
CS, is an FPGA configuration chip select. It is active low.
During power-on-reset or manual reset, CSy is controlled
by the configuration SRAM. The CS; pin will transition from
the user programmed state to a CMOS input with a nhominal
20K internal pullup resistor as the SRAM at that location is
cleared by the configuration clear cycle. In Mode 1, it is
used as a chip select to enable configuration to begin. It is
most often used as the chip select of the downstream
device in a cascade chain, and is usually driven by CSOUT
of the upstream device. Releasing CS, during configuration
causes the Mode 1 FPGA to abort the download and
release CON. CS, is used only in Mode 1.

CS,
CS; is an FPGA configuration chip select. It is active low.
During power-on-reset or manual reset, CS; is controlled
by the configuration SRAM. The CS; pin will transition from
the user programmed state to a CMOS input with a nominal
20K internal pullup resistor as the SRAM at that location is
cleared by the configuration clear cycle. In Mode 2, it is
used as a chip select to enable configuration to begin. It is
most often used as the chip select of the downstream
device in a cascade chain, and is usually driven by CSOUT
of the upstream device. Releasing CS; during configuration
causes the Mode 2 FPGA to abort the download and
release CON. CS; is used only in Mode 2.

Note:  Pin CS; is also pin A2, which is active only for Mode 6.
See the description for Aj:A;q, On page 4 for more

detalils.
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CSOuUT

CSOUT is the configuration pin used to enable the down-
stream device in a cascade chain. During power-on-reset
or manual reset, CSOUT is controlled by the configuration
SRAM. The CSOUT pin will transition from the user pro-
grammed state to a CMOS input with a nominal 20K inter-
nal pullup resistor as the SRAM at that location is cleared
by the configuration clear cycle. During configuration down-
load, CSOUT becomes an optional output. It is enabled by
default after reset, and may be enabled or disabled via the
configuration control register. If the user has disabled the
cascade function, the pin remains a user I/O. If the cascade
function is enabled, the CSOUT pin is driven high at the
start of configuration download. At the end of the device’'s
portion of the cascade bitstream, the CSOUT pin is driven
low (and into the CS, or CS; of the downstream device) to
enable the downstream device. CSOUT is released by the
device at the end of the cascade bitstream and becomes a
fully functional user 1/O.

CHECK

CHECK is a configuration control pin used to control the
Check Function. The Check Function takes a bitstream and
compares it to the contents of a previously loaded bit-
stream and notifies the user of any differences. Any differ-
ences causes the INIT pin to go low. During power-on-reset
or manual reset, CHECK is controlled by the configuration
SRAM. The CHECK pin will transition from the user pro-
grammed state to a CMOS input with a nominal 20K inter-
nal pullup resistor as the SRAM at that location is cleared
by the configuration clear cycle. During configuration down-
load, CHECK becomes an optional input. It is enabled by
default after reset, and may be enabled or disabled via the
configuration control register. If the user has disabled the
Check Function, the pin remains a user /0.

OTS

OTS is an input pin used to immediately tristate all user I/O.
It is enabled by a bit in the configuration control register.
Once activated, it is always an input. The OTS tristate con-
trol of Dual Use pins is superseded by the configuration

logic’s claim on those pins. If the user has disabled the
OTS function, the pin remains as User I/O.

Dual Use I/O

Any pin which functions as user 1/0 and configuration I/O is
a Dual Use I/O pin. INIT, HDC, LDC, Dy:D45, Ag:A1g, CSy,
CS;, CSOUT, CHECK, and OTS are all Dual Use /O pins.
It must be noted that while the configuration logic controls
Dual Use 1/O pins during a particular mode of operation,
the configuration logic does not control the pullup, pull-
down, CMOS/TTL threshold select, or Schmitt trigger
selects. The user must be cautioned to avoid possible sys-
tem problems with the use of Dual Use I/O pins. For exam-
ple, turning off the internal pullup resistor for the open drain
INIT pin would not apply the weak high required of an open
drain driver. Conversely, disabling the pullup and enabling
the pulldown of the HDC pin might be a good idea, since
the user may then actually see the pin go low at the end of
configuration.

Dual Use pins share input buffers. It should be noted that
even when the configuration has claimed a pin for its own
purposes, the user input buffer is still fully functional. This
implies that any user logic tied to the input buffers of the
pins in question will remain operational. (See Figure 1).

Figure 1. Dual Use IO

To configuration logic

—— To user logic

From user logic
From Configuration

Configuration claim

From user logic
From configuration
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Configuration States

When power is first applied to an AT40K series FPGA, an
internal power-on-reset circuit senses VDD and activates at
approximately 2.1 volts. The FPGA then enters the power-
on-reset state. During this state, INIT is driven low, CON is
driven low, LDC is driven low, HDC is driven high, and all
user /O are tristated. I/O thresholds, pullups and pulldowns
are at an indeterminate state. The FPGA configuration
clear cycle begins and the configuration SRAM is reset.
The configuration clear cycle is repeated a nominal 150 ms
to allow VDD to rise to the minimum operational level for
the device (3.0 volts).

This additional delay is only applied at power-on-reset, and
is not needed for manual reset.

Once the configuration clear cycle is complete, RESET is
sampled. If high, INIT is released. This open drain pin is
sampled to make sure all other devices (if any) in a cas-
cade chain are also done with the configuration clear cycle.
Once INIT goes high the mode pins are sampled.

If Mode 0 is detected, the part proceeds to the configura-
tion download state. CON is held low by the FPGA, HDC
remains high, LDC remains low, and CCLK is now driven
by the FPGA at a nominal frequency of approximately 1
MHz. The appropriate configuration interface pins for Mode
0 become active.

If a slave mode is detected (i.e., Modes 1, 2, 6, or 7), then
CON is released and pulled high with the internal pullup
resistor. Once CON goes high, the part proceeds to the idle
state and LDC and HDC are released. The internal oscilla-
tor stops running. The part is now available for configura-
tion download.

When RESET is lowered, the manual reset state is
entered. An internal oscillator begins running, INIT is driven
low, CON is driven low, LDC is driven low, and HDC is
driven high. During this state, the FPGA configuration clear
cycle begins and the configuration SRAM is reset. Once
this cycle is complete, RESET is sampled and the reset

state machine proceeds as above. The configuration reset
state diagram is shown in Figure 2.

Table 3. Configuration Clear Cycle Times

Clear Cycle Time
Device Array Size Min Typ Max Units
AT40KO05 16 x 16 137 228 365 us
AT40K10 24 x 24 197 328 525 us
AT40K20 32x32 257 428 685 us
AT40K30 40 x 40 317 528 845 us
AT40K40 48 x 48 377 628 1005 us

After a configuration clear cycle, the user logic of the FPGA
is set to a benign state. The following chart shows the vari-
ous types of user circuitry and their default states.

Core inputs tied off
local drivers off
DFF set

Repeater all drivers off
passgates off

I/O output drivers off
CMOS threshold
pullup enabled
pulldown disabled

Clocks tied high

Resets tied low (active)

RAM disabled
contents cleared

There is no activity in either the user logic or the configura-
tion logic and the device is in a low power state.
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Figure 2. Configuration Reset State Diagram
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Device
= Master ?

Yes
(Power-On-Reset)

Configuration Download

AT40K FPGAs

The AT40K FPGA allows complete reconfigurability down
to the byte level. The Cachelogic® architecture lets users
reconfigure part of the FPGA while the rest of the FPGA
continues to operate unaffected.

Control of the FPGA system level interface is possible on
an AT40K series FPGA. User 1/0, internal Global
Set/Reset, and Global and Fast Clocks can be enabled or
disabled during configuration downloads by setting bits in
the control register.

User I/O become active as soon as the relevant I/O config-
uration SRAM is loaded. To aid system level integration, a
bit in the control register (CR3;) may be set which com-
mands all I/O pins not part of the configuration interface to
go tristated. This bit is set at the start of configuration so
the very first download can be affected.

Another bit in the control register (CR;,) may be set to
enable (drive low) the global reset net during configuration
download.

Another set of bits in the control register (CR,7:CR1¢) may
be set to disable (drive high) each of the global and fast
clock input buffers which drive the global clock nets. The
user I/O portion of these buffers is not affected.

Holding off Auto-Configuration

There are two methods by which the user may delay a
master Mode 0 auto-configuration. The first is to drive
RESET low during power-on-reset or manual reset and
hold the signal low until the user is ready to proceed with
auto-configuration. The second is to drive INIT low with an
open drain driver during power-on-reset or manual reset,
and release when the user is ready to proceed with auto-
configuration. Both are valid in a AT40K series device.
Assuming the device has completed its configuration clear
cycle and that INIT and RESET are inactive (high), a
Mode 0 FPGA starts CCLK and configuration download.

AIMEL 7
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Configuration Control Register

The AT40K series devices have a 32-bit control register
that is written at the beginning of a configuration download.
These bits control various configuration sequence parame-

Table 4. Control Register

ters. All bits are set to 0 during a configuration clear cycle.
In parallel modes, byte 0 is loaded first. In serial modes, bit-
31 is loaded first. The control register settings are made in
the FPGA Designer IDS Software Options section.

Byte 0 CRy; CRg CRy CRyg CRy; CRyg CRys CR,,

Byte 1 CRyg CR,, CRy; CRy0 CRyg CRyg CRy; CRys

Byte 2 CRys CRy, CRy3 CRy, CRy; CRyp CRy CRg

Byte 3 CR, CRg CRs CR, CR, CR CR, CR,
CRy: 0 = Reset Address Counter 1 = 16-bit (Wide) data access

1 = Retain Address Counter

CR, controls the value of the Mode 6 device’s memory
address counter after each configuration sequence. The
default resets the address up-counter to 000000 after each
configuration download is completed. When this bit is set,
the memory address counter retains its last value. This
allows multiple designs to be stored sequentially in an
external memory device for use in reconfigurable systems.

CR;: Not used (ignored)
CR,: 0 = Enable cascading
1 = Disable cascading

CR, controls the operation of the dual function I/O CSOUT.
When CR, is set, the CSOUT pin is not used by the config-
uration during downloads.

CRg: 0 = Check function enabled
1 = Check function disabled
CRj controls the operation of the CHECK pin and enables

the Check Function. When CR; is set, the CHECK pin is
not used by the configuration during downloads.

CRy: 0 = Memory Lockout disabled
1 = Memory Lockout enabled

CR, is the Security Flag and controls the writing and check-
ing of configuration memory during any subsequent config-
uration download. When CR, is set, any subsequent
configuration download initiated by the user, whether a nor-
mal download or a CHECK function download, causes the
INIT pin to immediately activate. CON is released, and no
further configuration activity takes place. The download
sequence during which CR, is set is NOT affected. The
Control Register write is also prohibited, so bit CR, may
only be cleared by a power-on-reset or manual reset.

CRg: Not used (ignored)
CRg: 0 = OTS disabled
1= 0TS enabled

Setting CRz makes the OTS pin an input which controls the
global tristate control for all user 1/0.

CR;: 0 = 8-bit data access

CR; is the Wide data control bit. Setting this bit immediately
enables bits Dg:D,5 of the configuration interface as inputs
for all parallel modes (2 and 6). All writes and checks of
configuration memory are subsequently performed by 16
bits. Cr; is ignored in serial modes (0, 1 and 7).

CRg: Not used (ignored)
CRg: Not used (ignored)
CRy: Not used (ignored)
CRy;: Not used (ignored)
CRy,: Not used (ignored)
CRy3: 0 = CCLK normal operation

1 = CCLK continues after configuration

Setting bit CR;5 allows the CCLK pin to continue to run
after configuration download is completed. This bit is valid
for master mode.

CRy,CR;s: 00=1MHz
01 = 2 MHz
10 = 4 MHz
11 = 8 MHz

Bits CR;, and CR,5 speed up the internal oscillator and
allow the master mode to drive CCLK at 1, 2, 4 or 8 MHz.
Setting these bits immediately enables the higher CCLK
frequency.

CR.5:CR,3: 0= Gclk0:7 always enabled

1 = Gclk0:7 disabled during
configuration download.

Setting CR4:C,5 allows the user to disable the input buffers
driving the global clocks. The clock buffers are enabled and
disabled synchronously with the rising edge of the respec-
tive Gcelk signal, and stop in a high (“1") state. Setting one
of these bits disables the appropriate Gelk input buffer only
and has no effect on the connection from the input buffer to
the FPGA array.

CR,,:.CR,;: 0= Fclk0:3 always enabled

1 = Fclk0:3 disabled during
configuration download.
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Setting CR,,:C, allows the user to disable the input buffers
driving the fast clocks. The clock buffers are enabled and
disabled synchronously with the rising edge of the respec-
tive Fclk signal, and stop in a high (“1”) state. Setting one of
these bits disables the appropriate Fclk input buffer only
and has no effect on the connection from the input buffer to
the FPGA array.

CRyg: Reserved (must be “07)
CRyq: Not used (ignored)
CRgy: 0 = Global set/reset normal

1 = Global set/reset active (low) during
configuration

CR;, allows the Global set/reset hold the core DFFs in
set/reset during any configuration download. The Global
set/reset net is released at the end of configuration down-
load on the rising edge of CON.

Figure 3. Configuration Download State Machine

Power on or Manual Reset

| Configuration Clear Cycle |

0 = Disable /O tristate
1 = 1/O tristate during configuration

CRg, forces all user defined I/O pins to go tristate during
configuration download. Tristate is released at the end of
configuration download on the rising edge of CON.

CRjy:

Configuration Downloads

The initiation of the writing, reading, or checking design
specific data into the FPGA configuration SRAM is called
configuration download. Configuration downloads are exe-
cuted by a synchronous state machine that controls the
flow of data into the FPGA (Figure 3). The state machine is
clocked by CCLK. On the rising edge of each CCLK a bit or
byte of the configuration data bitstream is clocked into the
device. Figure 5 displays a sample 8-bit wide bitstream for
an AT40K series device.

1 Hold Con Low
Claim Configuration Interface

Release Con
Release Configuration Interface

Drive Initn/Errmn Low

Drive Csoutn Low

No

Yes
Cascading ?
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Table 5. Sample 8-bit wide stream

msb<>Isb

00000000 null

10110111 preamble

00000000 control register byte 0
00000000 control register byte 1
00000000 control register byte 2
00000000 control register byte 3
00000000 number of windows, msb
00000001 number of windows, Isb
00000000 start address 0
00000000 start address 1
00000000 start address 2
00000000 end address 0
00000000 end address 1
00000011 end address 2
11110000 data, byte O

11100001 data, byte 1

11010010 data, byte 2

11000011 data, byte 3

11100111 postamble

From the power-on-reset, manual reset, or the configura-
tion idle state, when CON and the appropriate chip select
(CS, or CS,) is activated, the device begins clocking data.
For AT40K series devices, the timing relationships are
fixed, and no additional data is allowed at the front of the
bitstreams. Serial data is read in most-significant-bit first.

The null byte is read in, followed by the preamble. If the
expected preamble value is not seen as the second byte of
data, an error is reported by driving INIT low and terminat-
ing the configuration download.

After the preamble check, the state machine loads the con-
figuration control register, which controls various features
of the configuration process.

Small areas of the AT40K arrays can be programmed inde-
pendently of each other. Each of these areas is known as a
window. After the control register, the device loads the
number of configuration windows. A single bitstream can
have up to 64K windows. The minimum data block size for
a window is 1 word.

Next, the start and end addresses of the first window are
loaded. An invalid start address will cause an error; the

INIT pin is driven low, and the configuration download is
terminated.

Next, data is loaded into the configuration SRAM (unless
the CHECK function is activated).

Next, if more than one window is to be downloaded, start
and end addresses are loaded, followed by another data
block. This process is repeated until all windows are down-
loaded.

Finally, the postamble byte is downloaded. If the expected
postamble value is not seen as the last byte of data, an
error is reported by driving INIT low and terminating the
configuration download.

Wide Data Configuration Downloads

For parallel Modes 2 and 6, there is available an option to
increase the bandwidth of the data block portion of the
download to 16-bits per clock cycle, reducing download
time. Table 6 shows a sample 16-bit version of the same 8-
bit bitstream shown in Table 5.

Table 6. Sample 16-bit wide bitstream

msb Isb
XXXXXXXX00000000 null
XXXXXxxx10110111 preamble
XXXXXXXx00000000 control register byte 0
XXXXXXXx00000000 control register byte 1
XXXXxxXx00000000 control register byte 2
XXxxxxxx10000000 control register byte 3
XXXXXXXX00000000 number of windows, msb
XXXXXXXx00000001 number of windows, Isb
XXXXXxxx00000000 start address 0
XXXXXXxx00000000 start address 1
XXXXXxxx00000000 start address 2
XXXXXXXxx00000000 end address 0
XXXXXXXxx00000000 end address 1
XXXXXXXxx00000011 end address 2
1110000111110000 data: bytel, byteO
1100001111010010 data: bytel, byteO
XXXXXxXx11100111 postamble

Note:  xis adon't care

As can be seen from the figure only the data block portion
of the download has increased bandwidth. The upper 8-bits
of all other non-data words can be treated as don't cares.
To turn on the wide interface, a bit is set in the control reg-
ister. Once set, the configuration claims the upper 8 Dual
Use I/O data pins (Dg:D;5). This implies that at the start of a
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parallel download in which the user wants wide data band-
width and Dg:D;5 as user output ports, the configuration
interface pins Dg:D;5 will not be tristated until the appropri-
ate byte of the control register is written. At the start of any
subsequent reconfigurations, pins Dg:D,5 will be claimed
immediately upon CON going low. Atmel recommends not
moving between 8- and 16-bit data bandwidths.

Full vs. Partial Bitstreams

In programming an AT40K series FPGA, the user will nor-
mally load the entire configuration SRAM memory map
from start to finish. This requires a full bitstream. Bitstream
sizes are shown in Table 7.

Table 7. AT40K Series Bitstream sizes

Device Array Size Bytes Bits

AT40KO05 16 x 16 5263 42104
AT40K10 24 x 24 11175 89400
AT40K20 32 x32 19279 154232
AT40K30 40 x 40 29575 236600
AT40K40 48 x 48 42063 336504

It is possible, by using the windowing mechanism, to down-
load the SRAM memory map in smaller segments. By this
means, the user may load portions of the array before oth-
ers, eliminate the loading of unused portions of the array,
and overwrite previously written portions of configuration
SRAM with new design information.

AT40K software tools (Atmel's FPGA Integrated Develop-
ment System) supports bitstream compression. Please
refer to the IDS Software User Guide for more information.

Check Function

The AT40K family supports a Check Function on configura-
tion SRAM data (a write verify). This is accomplished by
normally initiating a configuration download while driving
CHECK low. Instead of writing the contents of the bitstream
to memory, the contents of memory are instead read and
compared to the bitstream on a byte-by-byte basis in the
configuration logic. Any differences are reported by driving
the INIT pin low. The INIT pin will lower two clocks after the
miscompare. The Check Function is available after power-
on-reset and manual reset, and can be performed on an
“empty” FPGA prior to the first programming of the device.
Windowed or non-windowed bitstreams may be checked.
Although the check function does not write the FPGA
SRAM contents, the configuration control register is written.
The configuration control register is not checked. Start and
End addresses are examined for integrity, as they are in
every download, but only the data at those addresses are
“checked”. The contents of the Checksum registers cannot
be verified with the Check Function.

The maximum CCLK frequency when performing a Check
Function is much lower than that of a normal download.
Exact timing specifications are listed under the mode
descriptions later in this document.

The bitstream will not be terminated on a Check Function
error.

Checksum Function

The AT40K family supports a Checksum Function. During
a configuration download, an accumulated checksum is
calculated after each word (8- or-16 bits) of the bitstream is
downloaded to the FPGA. During the bitstream download,
the user may write to a series of registers in a special win-
dow known as the Checksum Page.

Table 8. Checksum Page

byte 0 Evaluate Checksum, bits 7:0
byte 1 Evaluate Checksum, bits 15:8
byte 2 Seed, bits 7:0

byte 3 Seed, bits 15:8

After power-on-reset, the checksum and seed are cleared
to zero. Just prior to the start of a configuration download,
the seed value is loaded into the checksum. Whenever the
Evaluate Checksum register(s) are written, a new Check-
sum is calculated. If the new value does not equal “FF” (or
“FFFF” for 16-bit operation), The INIT pin is driven low to
indicate an error has occurred. Whenever the Seed is writ-
ten, the Checksum accumulator is also written with the new
Seed value.

The bitstream will not be terminated on a Checksum Func-
tion error.

Bitstream Errors

The INIT pin is driven low by the FPGA for a number of rea-
sons. In all cases, the INIT pin will be driven low two clocks
after the byte which caused the error. Some errors will
cause a bitstream to be terminated. Some will not. If a bit-
stream is terminated, all configuration pins are released by
the configuration logic, and the configuration state returns
to Idle.

A bad preamble causes the INIT pin to be driven low, and
causes the bitstream to be terminated.

A bad window start address or end address causes the
INIT pin to be driven low two clocks after the third byte of
the end address is seen by the device. The bitstream is ter-
minated.

If the number of windows has been decremented to zero
and the expected postamble is not seen by the device, the
INIT pin is driven low two clocks after the bad byte is seen
by the FPGA. The bitstream is terminated.

During a Check Function, a mismatched write-verify error
results in the INIT pin being driven low two clocks after the
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byte. The INIT pin will remain low until the end of the bit-
stream. The bitstream will NOT terminate.

If the Security Flag bit was set in the previous bitstream,
the FPGA will drive the INIT pin low two clocks after CON
was driven low by the user. The bitstream will immediately
terminate.

If a checksum error is detected during a bitstream down-
load, the INIT pin is driven low two clocks after the write to
the Checksum Page. The INIT pin will remain low until the
end of the bitstream. The bitstream will not terminate.

Synchronous RAM Configuration
Downloads (Mode 4)

The AT40K family supports the writing and reading of
design specific data to or from the FPGA configuration
SRAM by means of a simple single port synchronous
SRAM type interface. This interface, requires no configura-
tion state machine during the download process. The pro-
cess starts when CON and CSO are both lowered. The
configuration interface is claimed, and consists of a clock
(CCLK), 24-bits of address (Ay:A,3), 8-bits of parallel data
(Dg:D5), a Write/Read bar signal (CHECK), and an error
flag (INIT). If the wide data select bit is set in the control
register, another 8 bits of parallel data pins (Dg:D,5) are
claimed by the configuration logic. The entire configuration
SRAM memory map is available for read/write access by
the user. During write cycles, data, address, and W/R sig-
nals are presented simultaneously to the device, and the
configuration SRAM write occurs on the first falling edge of
CCLK after the first rising edge of CCLK. During read

Figure 4. System Level Integration: Start of Configuration

@

tsce

cycles, address and W/R signals are presented simulta-
neously to the device, and valid data is available on the
second rising edge of CCLK.

To protect users, detailed bitstream information and
detailed use of this mode are not published in this docu-
ment. For further information on using AT40K devices in
dynamically reconfigurable systems using Mode 4, please
contact your local Atmel sales office.

Configuration and System Level
Integration

To aid in system level integration, AT40K series devices
have available a number of bits in the control register which
cause the I/O pins to tristate, the Global Set/Reset network
to activate (low), and the Global and Fast clock input buff-
ers to be disabled (high).

At the start of configuration, these functions go through a
fixed timing sequence whereby they are enabled (if
selected by the control register). When CON is driven low
by the user, HDC, LDC, INIT and any Dual Use /O pins
needed for the appropriate FPGA mode are claimed imme-
diately by the configuration logic. All I/O not needed by the
configuration logic is tristated on the falling edge of CON.
The Global Set/Reset net is forced low on the falling edge
of CON. The Global and Fast clock nets are disabled
(driven high) on the first rising edge of the appropriate Gclk
or Fclk signal after the falling edge of CON. Figure 4 shows
the timing relationships of these functions at the start of
configuration.

L/ .

- - T
CON KlOK PULLUPN

tbceTs ™

USER CONTROL

J‘-(OPTIONALLY TRISTATED DURING CONFIGURATION)

GLOBAL SET/
RESET NET

tbGsr ¥
USER CONTROL

BE (OPTIONALLY FORCED ON (LOW) DURING CONFIGURATION)

GCLK* FCLK*

INTERNAL CLOCK NET

—\_/_\_/ OPTIONALLY DISABLED DURING CONFIGURATION)

Notes: 1.

The appropriate global and fast clock nets are disabled on the first rising edge of the associated global or fast clock input

signal after CON is driven low. The nets are forced high for glitchless suppression of activity.

2. User I/O are tristated on the first rising edge of CCLK after CON has been driven low.
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At the end of configuration, these functions go through a
fixed timing sequence whereby they are disabled. When
CON is released and pulled high by the FPGA, HDC, LDC,
INIT and any Dual Use I/O pins needed for the appropriate
FPGA mode are released immediately by the configuration
logic. All other I/O become active (as programmed by the
user) on the rising edge of CON. The Global Set/Reset net

Figure 5. System Level Integration: End of Configuration

CCLK

CON

is released on the second rising edge of CCLK after the ris-
ing edge of CON. The Global and Fast clock nets are
released on the first rising edge of the appropriate Gcelk or
Fclk signal after the second rising edge of CCLK after the
rising edge of CON. Figure 5 shows the timing relationships
of these functions at the end of configuration.

USER I/O  (OPTIONALLY TRISTATED DURING CONFIGURATION)

® @
/ 7‘_\_/_\
fscc
71_ N AR T T T T
e 10K PULLUP

r USER CONTROLLED OUTPUT DRIVER

GLOBAL SET/
RESET NET

(OPTIONALLY FORCED ON (LOW) DURING CONFIGURATION)

tocesr ™)
USER CONTROL

tser

ther
GCLK*,FCLK*

INTERNAL

CLOCK NET

Notes: 1.

(OPTIONALLY DISABLED DURING CONFIGURATION)

The appropriate global and fast clock nets are enabled on the first rising edge of the associated global or fast cock input

signal after CON is released high. The nets are released high for glitchless operation.
User 1/O output drivers are enabled on the first rising edge of CCLK after CON has been released high.
The Global Set/Reset net is no longer forced on (low) on the second rising edge of CCLK after Con has been released high.

Table 9. System Level Integration Timing Parameters @ 5V *+ 10% Industrial/Commercial (Not Tested)

Parameter | Description Min Typ Max | Units

tsce Setup time for CON and CS* with respect to CCLK to initiate the start or end of 6 10 16 ns
configuration System Startup

thesr Delay from falling edge of CON to a forced low on the Internal Global Set/Rest net 10 16 26 ns

tocasr Delay from rising edge of CCLK to the release of the Internal Global Set/Reset net 10 16 26 ns
to full user control

toceTs Delay from rising edge of CCLK to the activation or deactivation of output drivers on 10 16 26 ns
User I/O

thee Hold time for the rising edge of Gclk of Fclk with respect to the rising or falling edge 0 0 0 ns
of CON for activation or deactivation of one of the Global or Fast Clock nets

tsar Setup time for the rising edge of Gclk or Fclk with respect to the rising or falling 3 24 ns
edge of CON for activation or deactivation of one of the disabled Global or Fast
Clock nets. Varies depending on the Gclk or Fclk chosen.

During a normal download, the 1/O, clock tree, and global
set/reset nets are loaded near the very end of configura-
tion. The configuration control register is loaded at the
beginning of the bitstream, so the system integration bits
for I/O tristate, global and fast clocks, and global set/reset

nets can be set while those portions of the FPGA are still
inactive. This implies that no system integration problems
will occur on the first download after power-on-reset or
manual reset.
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Mode 0: Master Serial

Serial EEPROM

RESET, CON, Mg, M, M,,
CCLK

Dy, INIT, LDC, HDC
CSOUT, CHECK.OTS

Configuration Data Source:

Dedicated Configuration Pins:

Dual Use 1/O:
Optional Dual Use 1/O:

Figure 6. Standalone 0 Configurator System Application

MO
M1
M2

v

VSS
OPTIONAL I0———4 OTS
OPTIONAL 10 ——— CHECK

AT40K
Mode 0
Master Serial
CSOUTh—
CCLK CLK
D<0> DATA

RESET
INIT

RESET
INIT
CON

AT17C256

———qCE CEO o——
RESET

In Mode 0, CCLK is driven by the Master Serial AT40K
FPGA into an Atmel Configurator that drives data out its
Data pin and into the DO pin of the FPGA. Each CCLK
increments the Configurator internal address counter, and
serial data is presented to the FPGA. Once the bitstream is
completed, CON is released by the FPGA, indicating the
device is completely ready for user operation. Configura-
tion time depends on the frequency of the internal clock
driving CCLK (approximately 1 microsecond), and on the
structure of the bitstream. A full bitstream for the AT40K20
takes about 153 milliseconds to download (one microsec-
ond per bit of configuration data).

At the end of power-on-reset or manual reset, CON is not
pulsed high. For the AT40K series devices, the either the
RESET or INIT pin is tied to the Configurator OE/RESET
pin, and CON is tied to the Configurator chip enable (Ce).
Figure 7 shows the timing of the configuration interface
after power-on-reset or manual reset and at the start of
download. Figure 8 shows the timing of the configuration
interface after manually initiating a configuration download
from the idle state (without reset). Figure 9 shows the tim-
ing of the configuration interface at the end of configuration
download. Table 10 shows the configuration timing param-
eters for these timing diagrams.
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Figure 7. Master Serial Start of Auto-Configuration Download

Note:

1.

50K PULLUP (INTERNAL)  tpccik

ok \_71_\_77_\_/ \_/ \

INIT VA ticcik ) “
20K PULLUP (INTERNAL)
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CON

LDC

HDC

toe
-« ‘ thep |<— tsco

o b
Do \T\ BITSTREAM BIT|0 BIT1 X BIT 2 X BT3 X

20K PULLUP (INTERNAL)

Parameter ty is taken from the AT17 series data sheet.

Figure 8. Master Serial Start of Reconfiguration (without reset)

Notes:

=

a b~ wD

50K PULLUP (INTERNAL)

tbceLkH
CCLK \ 71_\_74 \ / \_/_\
_____ “NC T T TDRIVENBYUSERPNLY "USER MAY RELEASE
CON k 10K PULLUP N _\ /
(INTERNAL)
INIT USER I/O - — =7
20K PULLUP (INTERNAL)
> (e
CHECK USER I/0 tsceceLk
el e
LDC USER I/0 %
HDC USER I/O 7[
USER 1/0,
po —MUSTBEANINPUT Bro X BT1 X BTz X B3 X
—»!
tce

INIT is an open drain pin during configuration downloads, so this pin must be driven only by an open drain driver. The pullup
value should be properly chosen to allow the pin to be pulled high prior to the first rising edge of CCLK. Failure to do so will
not cause the part to abort the download, but may cause the user confusion if the FPGA does drive the pin low.

Parameter t.¢ is taken from the AT17 series data sheet.
For configuration interface inputs, ty¢, indicates the time for the User I/O to tristate.
Users must drive CON low for 3 rising edge of CCLK, and then should release.

During reconfiguration, when CON is driven low, the EEPROM begins driving immediately, but the FPGA will not claim the
configuration interface until after the first rising edge of CCLK after CON goes low. The Dy pin is a Dual Use I/O, but must
remain an input in order for reconfiguration to operate properly. Failure to do so will cause contention between the Serial
EEPROM and the FPGA when CON goes low.

The EEPROM’s OE/RESET pin is wired to the INIT pin of the FPGA in the example wiring shown in Figure 6. The internal
counters of the EEPROM are reset by a low pulse on the OE/RESET pin. The user must either load both the reconfigura-

tion bitstream and the auto-configuration bitstream sequentially into the EEPROM, or pulse the OE/RESET pin low to reset
the EEPROM and then reload the auto-configuration bitstream.
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Figure 9. Master Serial End of Configuration Download
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HDC Xi USER 10
paTAN 1 (X 1 X x X x X «x X USER 1O
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tocsout™
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Table 10. Master Serial Configuration Timing Parameters @ 5V + 10% Industrial/Commercial
Parameter | Description Min | Typ | Max | Units
topccLk Period of CCLK 0.6 1 1.6 Us
2 MHz option 300 | 500 | 800 ns
4 MHz option 150 | 250 | 400 ns
8 MHz option 75 125 | 200 ns
tcok Delay from rising edge of INIT after reset to first rising edge of CCLK 1.8 3 4.8 ns
tseo Setup time for Data with respect to rising edge of CCLK 6 10 16 ns
theo Hold time for Data with respect to rising edge of CCLK 0 0 0 ns
toccLkH Delay from falling edge of CON to first rising edge of CCLK to start recognition. 0.6 1 1.6 us
tscecLk Setup time for CHECK with respect to rising edge of CCLK at the start of a configuration 6 10 16 ns
download.
toe Delay from rising edge of CCLK to activation of configuration interface pins at the start of 6 10 16 ns
recognition.
toe Delay from rising edge of OE/RESET of AT17 series Configurator EEPROM to data valid 150 ns
on Data Out of Configurator. Data taken from the AT17 series data sheet.
tee Delay from falling edge of CON to Data valid from AT17 series Configurator EEPROM. 45 ns
Data taken from the AT17 series data sheet.
tconm Delay from rising edge of CCLK to rising edge release of CON at the end of 130 ns
configuration. Timing is measured with a 50pg load and a 2.7K pullup resistor on CON.
Actual time will depend on system loading of CON.
ters Delay from rising edge of CCLK to the release of Dual Use pins to full user functionality. 6 10 16 ns
toesouT Delay from rising edge of CCLK to CSOUT active at end of configuration. 6 10 16 ns
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Mode 1: Slave Serial

Configuration Data Source: Serial EEPROM,

Microprocessor

RESET, CON, My, M, M,,
CCLK

Dy, INIT, LDC, HDC,
CSOUT, CHECK, OTS

Dedicated Configuration Pins:

Dual Use 1/O:
Optional Dual Use 1/O:

Figure 10. Standalone 1 Microprocessor System Application
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A Mode 1 Slave Serial device is usually configured in a sys-
tem whereby data comes either from a serial EEPROM or
from the data port of a microprocessor. Figure 10 shows a
typical system application with a microprocessor. Figure 11
shows a typical system application with a Mode 1 device
serial EEPROM in a cascade chain with a Mode 0 device
as the master in the chain.

In Mode 1, CCLK is driven by an external device, most
often either a microprocessor or a Master Serial FPGA, in
cascade mode. Like the Master Serial device, serial data is

driven into the D, pin of the FPGA. To begin configuration,
CON must be driven low. Once the bitstream is completed,
CON is released by the FPGA, indicating the device is
completely ready for user operation. Configuration time
depends on the frequency of the external clock driving
CCLK. The maximum frequency in which a Mode 1 device
can be downloaded is 33 MHz. A full bitstream for the
AT40K20 can be downloaded in only 4.6 ms (30 ns per bit
of configuration data).
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Figure 11. Cascade 0 11 Configurator System Application
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RESET r RESET

Note that all D, inputs for the FPGAs in the cascade chain
are tied in parallel. The Master Serial device does not
accept data intended for downstream devices and propa-
gate it to the next device; instead, it simply passes a chip
select downstream. Note that CSOUT of the upstream
Master Serial device is connected to the CS; of the down-
stream device.

CS, is a Dual Use /O pin is required as a chip select to
enable the part to claim the configuration, so care must be
taken by the user not to use the CS; pin in such a manner
that the part may not be reconfigured. As an example, if the
user programs CS, as an output driving high, then CS,
cannot be lowered, and the part will never reconfigure with-

out first either powering down or manually resetting. It is
recommended therefore that for Slave Serial Mode, the
user leave CS; as an input.

Figure 12 shows the timing of the configuration interface
after manually initiating a configuration download from the
idle state (without reset). Figure 13 shows the timing of the
configuration interface at the end of configuration down-
load. Figure 14 shows the timing of the configuration inter-
face at the interface of the upstream and downstream
devices in the cascade chain. Table 11 shows the configu-
ration timing parameters pertaining to these timing dia-
grams.
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Figure 12. Slave Serial Start of Configuration

trceLk
cax /N /] N/ A N\
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LDC USER I/O XK
HDC USER I/0 7Z
thep tscp
DO USER /O B0 X BT1 BIT2 X
csouT USER 1/0 ¥

Notes: 1. INIT is an open drain pin during configuration downloads, this pin must be driven by only an open drain driver. The pullup
value should be properly chosen to allow the pin to be pulled high prior to the first rising edge of CCLK. Failure to do so will

not cause the part to abort the download, but may cause the user confusion if the FPGA does drive the pin low.
2. For configuration interface inputs, tyc, indicates the time for the user 1/O to tristate.

3. The pins CSOUT and CHECK are claimed by the configuration interface only if enabled by the control register. Both are
enabled by default after power-on-reset or manual reset.

4. Users must drive CON low for 3 rising edges of CCLK, and then should release it.

AIMEL
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Figure 13. Slave Serial End of Configuration Download

cox \ N\ e

tconn P *
CON 7Z ‘\10»( PULLUP
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20K PULLUP (INTERNAL)
LDC 71 USER I/O
HDC 3( USER 110
DO 0 X 1 X X X X X X X USER I/O
LAST BIT OF
POSTAMBLE
Ibcsout )l
CSOUT XF 71 USER /0

Notes: 1. For a configuration bitstream error, INIT is driven low on the second rising edge after the bitstream error is detected. Inthe
above example, the “0” in the second to last bit of the postamble is inserted to produce the error shown. The proper value is
“1". The error is shown for timing purposes only; under normal circumstances the bitstream download would terminate pre-
maturely.
2. The pins CSOUT and CHECK are claimed by the configuration interface only if enabled by the control register. Both are
enabled by default after power-on-reset or manual reset.

Figure 14. Serial Cascade Chain Interface Timing Diagram

cx ./ S S S

CON UPSTREAM DEVICE DRIVES ONLY \ BOTH DRIVE /  DOWNSTREAM DEVICE DRIVES ONLY

CSOUT(FROM UPSTREAM) \
CS0 (TO DOWNSTREAM)
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DATA IN lXIXOXOXOXOXOXOXO

LAST BIT OF POSTAMBLE/ FIRST BIT OF NULL BYTE
OF UPSTREAM DEVICE OF DOWNSTREAM DEVICE

Notes: 1. Cascade bitstream is formed by simple concatenation of upstream and downstream bitstreams.
2. INIT of upstream and downstream devices are tied together for above example.
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Table 11. Slave Serial Configuration Timing Parameters @ 5V + 10% Industrial/Commercial Range

AIMEL

Parameter | Description Min | Typ | Max | Units
topccLk Period of CCLK for configuration downloads 30 ns
Period of CCLK for configuration downloads with the check functions enabled 1000 ns
tsce Setup time for CON and CSO with respect to rising edge of CCLK 6 10 16 ns
tseo Setup time for data with respect to rising edge of CCLK 6 10 16 ns
theo Hold time for data with respect to rising edge of CCLK 0 0 0 ns
tsceelk Setup time for CHECK with respect to rising edge of CCLK at the start of a 6 10 16 ns
configuration download.
toe Delay from rising edge of CCLK to activation of configuration interface at the start of 6 10 16 ns
reconfiguration
thesout Delay from rising edge of CCLK to falling edge of CSOUT by upstream device during a 6 10 16 ns
cascade configuration
tconm Delay from rising edge of CCLK to rising edge release of CON at the end of 130 ns
configuration.
Timing is measured with a 50pf load and a 2.7K pullup resistor on CON. Actual time will
depend on system loading of CON.
terg Delay from rising edge of CCLK to the release of dual use pins to full user functionality. 6 10 16 ns
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Mode 7: Slave Serial

Configuration Data Source: Serial EEPROM,

Microprocessor

RESET, CON, My, M, M,,
CCLK

Dy, INIT, LDC, HDC
CSOUT, CHECK

Dedicated Configuration Pins:

Dual Use 1/O:
Optional Dual Use 1/O:

Figure 15. Standalone 7 Microprocessor System Application

10<31>f
10<30> |
10<29> [ ——
10<28>——
10<27> —
10<26> ——
10<25>
10<24> ——
10<23>—
10<22>—
10<21> ——
10<20>
10<19>f
10<18> —
10<17> }——
10<16> ———
10<15> ——
10<14>
10<13>

Microprocessor

VDD

MO

M1

M2

10<12>

Optional I0] y1g
Optional I0f ~yeck

10<11>F———
10<10> ——

AT40K
CCLK

10<9>|
10<8>|—
10<7>}——
10<6>|——
10<6> |
10<4>

CSOUTp——

D<0>

10<3>[

CLOCK
Clk 10<2>

RESET

RESET

Reset

10<1>

INIT

10<0>

CON

A Mode 7 Slave Serial device is usually configured in a sys-
tem whereby data comes either from a serial EEPROM or
from the data port of a microprocessor. Figure 15 shows a
typical system application with a microprocessor.

In Mode 7, CCLK is driven by an external device, most
often either a microprocessor or a Master Serial FPGA, in
cascade mode. Like the Master Serial device, serial data is
driven into the D, pin of the FPGA. To begin configuration,

CON must be driven low. Once the bitstream is completed,
CON is released by the FPGA, indicating the device is
completely ready for user operation. Configuration time
depends on the frequency of the external clock driving
CCLK. The maximum frequency in which a Mode 7 device
can be downloaded is 33 MHz. A full bitstream for the
AT40K20 can be downloaded in only 4.6 ms (30 ns per bit
of configuration data).
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Figure 16. Slave Serial Start of Configuration

trceLk
cax /S N\__/] N/ A ./ \
tsc
CON LlOK PULLUP_S( DRIVEN BY USE ONLY /USER MAY RELEASE
(INTERNAL)
INIT USER 1/0 —
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CHECK USER I/0 tsceeLk
tbc® [
LDC USER I/O XK
HDC USER 1/0 £
tHep tscp
Do USER /0 BTo X  BIT1 BIT2 X
csouT USER 1/0 ¥

Notes: 1. INIT is an open drain pin during configuration downloads, this pin must be driven by only an open drain driver. The pullup
value should be properly chosen to allow the pin to be pulled high prior to the first rising edge of CCLK. Failure to do so will

not cause the part to abort the download, but may cause the user confusion if the FPGA does drive the pin low.
For configuration interface inputs, ty¢, indicates the time for the user I/O to tristate.

3. The pins CSOUT and CHECK are claimed by the configuration interface only if enabled by the control register. Both are
enabled by default after power-on-reset or manual reset.

4. Users must drive CON low for 3 rising edges of CCLK, and then should release it.

AIMEL
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Figure 17. Slave Serial End of Configuration Download

cox \ A\ e
.-

tconH
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LDC 71 USER 110
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DoOXlXxXxXx X USER 10
LAST BIT OF
POSTAMBLE
Ibcsout )l
csouT XF # USER /O

Notes: 1. For a configuration bitstream error, INIT is driven low on the second rising edge after the bitstream error is detected. Inthe
above example, the “0” in the second to last bit of the postamble is inserted to produce the error shown. The proper value is
“1". The error is shown for timing purposes only; under normal circumstances the bitstream download would terminate pre-
maturely.

2. The pins CSOUT and CHECK are claimed by the configuration interface only if enabled by the control register. Both are
enabled by default after power-on-reset or manual reset.

Table 12. Slave Serial Configuration Timing Parameters @ 5V + 10% Industrial/Commercial Range

Parameter | Description Min | Typ | Max | Units
topccLk Period of CCLK for configuration downloads 30 ns
Period of CCLK for configuration downloads with the check functions enabled 1000 ns
tsce Setup time for CON with respect to rising edge of CCLK 6 10 16 ns
tseo Setup time for data with respect to rising edge of CCLK 6 10 16 ns
theo Hold time for data with respect to rising edge of CCLK 0 0 0 ns
tsccelk Setup time for CHECK with respect to rising edge of CCLK at the start of a 6 10 16 ns
configuration download.
toc Delay from rising edge of CCLK to activation of configuration interface at the start of 6 10 16 ns
reconfiguration
toesouT Delay from rising edge of CCLK to falling edge of CSOUT by upstream device during a 6 10 16 ns
cascade configuration
teonm Delay from rising edge of CCLK to rising edge release of CON at the end of 130 ns
configuration.
Timing is measured with a 50pf load and a 2.7K pullup resistor on CON. Actual time will
depend on system loading of CON.
ters Delay from rising edge of CCLK to the release of dual use pins to full user functionality. 6 10 16 ns
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Mode 6: Slave Parallel Up

Configuration Data Source:
Dedicated Configuration Pins:
Dual Use 1/O: Dy:D5, INIT, LDC, HDC, Ay:A g

Optional Dual Use 1/O: CSOUT, CHECK, Dg:D,5 OTS

Parallel EEPROM, EPROM, PROM
RESET, CON, My, M;, M,, CCLK

Figure 18. Standalone 6 Parallel EEPROM System Application

VDD
MO
M1
M2
VSS
Optllonal 10 oTs
Optional 10 CHECK
AT40K
CLOCK CCLK
Mode 6
Slave Parallel Low CSouT p——
ADDR<0-194 ADDR<0:14> NC<15:19% o 00 45
DATA <0:7> 10<0:7>
AT28C256
RESET RESET d OE
INlT—c INIT o CE
CON CON

A Mode 6 Slave Parallel Up device is usually configured in
a system whereby data comes from a parallel external
memory, such as a PROM. Figure 18 shows a typical sys-
tem application.

In Mode 6, CCLK is driven by an external device. On the
rising edge of each CCLK, an address is supplied by the
FPGA to an external memory, and parallel data is clocked
into the FPGA. To begin configuration, CON is driven low.
There is no chip select for Mode 6, since it is always config-
ured as the most upstream device in a cascade chain.
Once the bitstream is completed, CON is released by the
FPGA, indicating the device is completely ready for user

operation. Configuration time depends on the frequency of
the external clock driving CCLK. The maximum frequency
in which a Mode 6 device can be downloaded is 33 MHz. A
full bitstream for the AT40K20 can be downloaded in only
0.30 ms (30 ns per word of configuration data).

Figure 19 shows the timing of the configuration interface
after manually initiating a configuration download from the
idle state (without reset). Figure 20 shows the timing of the
configuration interface at the end of configuration down-
load. Table 13 shows the configuration timing specifica-
tions pertaining to these timing diagrams.
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Figure 19. Slave Parallel Up Start of Configuration

«PCCLK
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Notes: 1. INIT is an open drain pin during configuration downloads, this pin must be driven by only an open drain driver. The pullup
value should be properly chosen to allow the pin to be pulled high prior to the first rising edge of CCLK. Failure to do so will
not cause the part to abort the download, but may cause the user confusion if the FPGA does drive the pin low.

2. For configuration interface inputs, tyc, indicates the time for the user 1/O to tristate.

3. The pins CSOUT and CHECK are claimed by the configuration interface only if enabled by the control register. Both are
enabled by default after power-on-reset or manual reset.

4. Users must drive CON low for 3 rising edges of CCLK, and then should release.
*  Data can also be loaded D<0:15> as a 16-bit word.
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Figure 20. Slave Parallel Up End of Configuration Download

\__/ _\_7[_\_/ NO MORE
CCLK \_CLOCKS NEEDED
tconH -
7Z_ D
CON i 10K PULLUP
(INTERNAL)
INIT tcrG - e
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(INTERNAL)
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\ LAST BYTE, POSTAMBLE

appRessout 1 [ X n X nn X m2 X ne3 n+4 USER 110

tbcsout_yl
CsouT —
ACTIVE ONLY IF CASCADE ENABLED 74 USER I/O

Notes: 1. The pins CSOUT and CHECK are claimed by the configuration interface only if enabled by the control register. Both are
enabled by default after power-on-reset or manual reset.

2. The Address up counter counts 4 addresses beyond the postamble address, which is the last byte of the bitstream.
*  Data can also be loaded D<0:15> as a 16-bit word.

Table 13. Slave Parallel Up Configuration Timing Parameters @ 5V + 10% Industrial/Commercial Range

Parameter | Description Min | Typ | Max | Units

thcoLk Period of CCLK for configuration downloads 30 ns
Period of CCLK for configuration downloads with the check function enabled 1000 ns

tsce Setup time for CON with respect to rising edge of CCLK 6 10 16 ns

toca Delay from rising edge of CCLK to valid address out 3 13 19 ns

tseo Setup time for data with respect to rising edge of CCLK 6 10 16 ns

theo Hold time for data with respect to rising edge of CCLK 0 0 0 ns

tsccelk Setup time for CHECK with respect to rising edge of CCLK at the start of a configuration 6 10 16 ns
download.

toc Delay from rising edge of CCLK to activation of configuration interface at the start of 6 10 16 ns
recognition.

toesouT Delay from rising edge of CCLK to falling edge of CSOUT by upstream device during a 6 10 16 ns
cascade configuration

tconm Delay from rising edge of CCLK to rising edge release on CON at the end of 130 ns
configuration. Timing is measured with a 50pf load and a 2.7K pullup resistor on CON.
Actual time will depend on system loading of CON.

ters Delay from rising edge of CCLK to the release of Dual Use pins to full user functionality. 6 10 16 ns
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Mode 2: Slave Parallel

Configuration Data Source: Microprocessor, Parallel

EEPROM, EPROM, PROM
Dedicated Configuration Pins:
Dual Use 1/O:

Optional Dual Use 1/O: CSOUT, CHECK, Dg:D;5

Figure 21. Standalone 2 Microprocessor
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A Mode 2 Slave Parallel device is usually configured in a
system in one of two ways. The first is a standalone or cas-
cade scheme whereby data comes from a microprocessor.
Figure 21 shows this typical system application. The other
is a cascade scheme where the data is driven by a parallel
PROM, and the FPGA is usually downstream from a Mode
6 device. Figure 22 shows a 6-2-2 cascade system applica-
tion.

In Mode 2, CCLK is driven by an external device. On the
rising edge of each CCLK, parallel data is clocked into the
FPGA. To begin configuration, CON and the chip select
(CS;) must be driven low. Once the bitstream is completed,
CON is released, indicating the device is completely ready
for user operation. Configuration time depends on the fre-

quency of the external clock driving CCLK. The maximum
frequency in which a Mode 2 device can be downloaded is
33 MHz. A full bitstream for the AT40K20 can be down-
loaded in only 0.30 ms (30 ns per word of configuration
data). Any bitstream errors cause the INIT pin to drive low.
Figure 23 shows the timing of the configuration interface
after manually initiating a configuration download from the
idle state (without reset). Figure 24 shows the timing of the
configuration interface at the end of configuration down-
load. Figure 25 shows the timing of the configuration inter-
face at the interface of the upstream and downstream
devices in the cascade chain. Table 14 shows the configu-
ration timing specifications pertaining to these timing dia-
grams.
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Figure 22. Cascade 6 2 2 Parallel EEPROM

AT40K FPGAs
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Note that all D,:D; inputs for the FPGAs in the cascade
chain are tied in parallel. The upstream device does not
accept data intended for downstream devices and propa-
gate it to the next device; instead, it simply passes a chip
select downstream. Note that CSOUT of the upstream
device is connected to the CS; of the downstream device.

CS, is a Dual Use I/O pin required as a chip select to
enable the part to claim the configuration interface. Care

must be taken by the user not to use the CS; pin in such a
manner that the part may not be reconfigured. As an exam-
ple, if the user programs CS; as an output driving high,
then CS; cannot be lowered, and the part will never recon-
figure without first either powering down or manually reset-
ting. It is recommended therefore that for Slave Parallel
mode, the user leave CS; as an input.
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Figure 23. Slave Parallel Start of Configuration
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Notes: 1. INIT is an open drain pin during configuration downloads, so this pin must be driven by only an open drain driver. The pullup
value should be properly chosen to allow the pin to be pulled high prior to the first rising edge of CCLK. Failure to do so will
not cause the part to abort the download, but may cause the user confusion if the FPGA does drive the pin low.

For configuration interface inputs, tp, indicates the time for the user I/O to tristate.

3. The pins CSOUT and CHECK are claimed by the configuration interface only if enabled by the control register. Both are
enabled by default after power-on-reset or manual reset.

4. Users must drive CON low for 3 rising edges of CCLK, and then should release.
*  Data can also be loaded D<0:15> as a 16-bit word.
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Figure 24. Slave Parallel End of Configuration Download

NO MORE
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Notes: 1. For a configuration bitstream error, INIT is driven low on the second rising edge after the bitstream error is detected. Inthe
above example, the “00” in the second to last bit of the postamble is inserted to produce the error shown. The error is
shown for timing purposes only; under normal circumstances the bitstream download would terminate prematurely.

2. The pins CSOUT and CHECK are claimed by the configuration interface only if enabled by the control register. Both are
enabled by default after power-on-reset or manual reset.

*  Data can also be loaded D<0:15> as a 16-bit word.

Figure 25. Cascade Chain Interface Timing Diagram
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Notes: 1. Cascade bitstream is formed by simple concentration of upstream and downstream bitstreams.

2. INIT of upstream and downstream devices are tied together for above example.
*  Data can be driven D<0:15> as a 16-bit word.
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Table 14. Slave Parallel Configuration Timing Parameters @ 5V + 10% Industrial/Commercial Range

Parameter | Description Min | Typ | Max | Units

thcoLk Period of CCLK for configuration downloads 30 ns
Period of CCLK for configuration downloads with the check function enabled 1000 ns

tsce Setup time for CON and CS; with respect to rising edge of CCLK 6 10 16 ns

tseo Setup time for data with respect to rising edge of CCLK 6 10 16 ns

theo Hold time for data with respect to rising edge of CCLK 0 0 0 ns

tsccelk Setup time for CHECK with respect to rising edge of CCLK at the start of a configuration 6 10 16 ns
download.

toc Delay from rising edge of CCLK to activation of configuration interface at the start of 6 10 16 ns
reconfiguration

toesouT Delay from rising edge of CCLK to falling edge of CSOUT by upstream device during a 6 10 16 ns
cascade configuration

teonm Delay from rising edge of CCLK to rising edge release of CON at the end of 130 ns
configuration. Timing is measured with a 50pf load and a 2.7K pullup resistor on CON.
Actual time will depend on system loading of CON.

terc Delay from rising edge of CCLK to the release of dual use pins to full user functionality. 6 10 16 ns
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