2. P -Up M
A |:| —E D)/A ower-Up Modes and

Configuration Emulation in
HardCopy Series Devices

®

Introduction

HardCopy
Power-Up
Options

Altera Corporation
September 2008

Configuring an FPGA is the process of loading the design data into the
device. Altera’s SRAM-based Stratix® II, Stratix, APEX"™ 20KC, and
APEX 20KE FPGAs require configuration each time the device is
powered up. After the device is powered down, the configuration data
within the Stratix II, Stratix, or APEX device is lost and must be loaded
again on power up.

There are several ways to configure these FPGAs. The details on the
various configuration schemes available for these FPGAs are explained in
the Configuration Handbook.

HardCopy® series devices are mask-programmed and cannot be
configured. However, in addition to the capability of being instantly on
upon power up (like a traditional ASIC device), these devices can mimic
the behavior of the FPGA during the configuration process if necessary.

This chapter addresses various power-up options for HardCopy series
devices. This chapter also discusses how configuration is emulated in
HardCopy series devices while retaining the benefits of seamless
migration and provides examples of how to replace the FPGAs in the
system with HardCopy series devices.

HardCopy series devices feature three variations of instant on power-up
modes and a configuration emulation power-up mode. They are as
follows:

B Instanton
B Instant on after 50 ms
B Configuration emulation of an FPGA configuration sequence

I~  You must choose the power-up option when submitting the
design database to Altera for migrating to a HardCopy series
device. Once the HardCopy series devices are manufactured,
the power-up option cannot be changed.

HardCopy II and some HardCopy Stratix devices do not support
configuration emulation. Refer to “Configuration Emulation of FPGA
Configuration Sequence” on page 2-9 for more information.
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HardCopy II and HardCopy Stratix devices retain the functionality of
VCCSEL and PORSEL pins from the prototyping Stratix and Stratix II
FPGAs. The signals can affect the HardCopy series power-up behavior
using any power up option. Refer to the Stratix Device Handbook or the
Stratix II Device Handbook for proper use of these additional signals.

Instant On Options

Instant on is the traditional power-up scheme of most ASIC and
non-volatile devices. The instant on mode is the fastest power-up option
of a HardCopy series device and is used when the HardCopy series
device powers up independently while other components on the board
still require initialization and configuration. Therefore, you must verify
all signals that propagate to and from the HardCopy series device (for
example, reference clocks and other input pins) are stable or do not affect
the HardCopy series device operation.

There are two variations of instant on power-up modes available on all
HardCopy devices.

B Instant on (no added delay)
B Instant on after 50 ms (additional delay)

Instant On (No Added Delay)

In the instant on power-up mode, once the power supplies ramp up
above the HardCopy series device’s power-on reset (POR) trip point, the
device initiates an internal POR sequence. When this sequence is
complete, the HardCopy series device transitions to an initialization
phase, which releases the CONF_DONE signal to be pulled high. Pulling
the CONF_DONE signal high indicates that the HardCopy series device is
ready for normal operation. Figures 2-1 to 2-3 show the instant on timing
waveform relationships of the configuration signals, V¢ and user I/O
pins with respect to the HardCopy series device’s normal operation
mode.

During the power-up sequence, internal weak pull-up resistors can pull
the user I/O pins high. Once POR and the initialization phase is
complete, the I/O pins are released. Similar to the FPGA, if the

nIO pullup pin transitions high, the weak pull-up resistors are
disabled. Refer to the table that provides recommended operating
conditions in the handbook for the specific device.

The value of the internal weak pull-up resistors on the I/O pins is in the
Operating Conditions table of the specific FPGA’s device handbook.
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Instant On After 50-ms Delay

The instant on after 50-ms delay power-up mode is similar to the instant
on power-up mode. However, in this case, the device waits an additional
50 ms following the end of the internal POR sequence before releasing the
CONF_DONE pin. This option is useful if other devices on the board (such
as a microprocessor) must be initialized prior to the normal operation of
the HardCopy series device.

An on-chip oscillator generates the 50-ms delay after the power-up
sequence. During the POR sequence and delay period, all user I/O pins
can be driven high by internal, weak pull-up resistors. Just like the instant
on mode, these pull-up resistors are affected by the nI0_pullup pin.

& Similar to APEX 20K FPGAs, HardCopy APEX devices do not
have an nI0_pullup function. Their internal, weak pull-up
resistors are enabled during the power-up and initialization
phase.

On the FPGA, an initialization phase occurs immediately after
configuration where registers are reset, any PLLs used are initialized, and
any I/O pins used are enabled as the device transitions into user mode.
When the HardCopy series device uses instant on and instant on after
50-ms modes, a configuration sequence is not necessary, so the HardCopy
series device transitions into the initialization phase after a power-up
sequence immediately or after a 50-ms delay.

Figures 2-1 to 2-3 show instant on timing waveform relationships of the
configuration signals, V¢ and user 1/O pins with respect to the
HardCopy series device’s normal operation mode. Tables 2-1 to 2-3
define the timing parameters for each of the HardCopy series device
waveforms, and also show the effect of the PORSEL pin on power up. The
nCE pin must be driven low externally for these waveforms to apply.

Figure 2-1 shows an instant on power-up waveform, where the
HardCopy device is powered up, and the nCONFIG, nSTATUS, and
CONF_DONE are not driven low externally.

Altera Corporation 2-3
September 2008



HardCopy Series Handbook, Volume 1

Figure 2-1. Timing Waveform for Instant On Option Notes (1), (2), (3), (4), (5)

Ve (ALL)

nCONFIG "don't care"

nSTATUS  "don't care"

CONF_DONE __"don'tcare”

User I/0O "don't care" High-Z User Mode

INIT_DONE __ "don't care”

fron taop tep tum

Notes to Figure 2-1:

(1) Ve (ALL) represents either all of the power pins or the last power pin powered up to specified operating
conditions. All HardCopy power pins must be powered within specifications as described under Hot Socketing
sections.

(2) nCONFIG, nSTATUS, and CONF_DONE must not be driven low externally for this waveform to apply.

(3) UserI/0 pins may be tri-stated or driven before and during power up. See the Hot Socketing sections for more
details. The nIO_pullup pin can affect the state of the user I/O pins during the initialization phase.

(4) INIT DONE is an optional pin that can be enabled on the FPGA using the Quartus II software. HardCopy series
devices carry over the INIT DONE functionality from the prototyped FPGA design.

(5) The nCEO pinis asserted about the same time the CONF_ DONE pin is released. However, the nCE pin must be driven
low externally for this waveform to apply.

An alternative to the power-up waveform in Figure 2-1 is if the nCONFIG
pin is externally held low longer than the PORSEL delay. This delays the
initialization sequence by a small amount as indicated in Figure 2-2.

In addition, Figure 2-2 is an instant on power-up waveform where
nCONFIG is momentarily held low and nSTATUS and CONF_DONE are
not driven low externally.
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Figure 2-2. Timing Waveform for Instant On Option Where nCONFIG is Held Low After Power Up Notes (1),
), (3), (4), (5), (6)

CONF_DONE __‘"don't care”

INIT_DONE __‘"don't care"

Vee (ALL)

nCONFIG

nSTATUS "don't care"

User 1/O "don't care" High-Z User Mode

to0rOF LOnger t

CF2ST1 ‘ADD CcD UM

Notes to Figure 2-2:

@
@

This waveform applies if nCONFIG is held low longer than t oz delay.

Ve (ALL) represents either all of the power pins or the last power pin powered up to specified operating
conditions. All HardCopy power pins must be powered within specifications as described under Hot Socketing
sections.

nCONFIG, nSTATUS, and CONF_DONE must not be driven low externally for this waveform to apply.

User I/0O pins may be tri-stated or driven before and during power up. See the Hot Socketing sections for more
details. The nIO pullup pin can affect the state of the user I/O pins during the initialization phase.

INIT DONE is an optional pin that can be enabled on the FPGA using the Quartus II software. HardCopy devices
carry over the INIT DONE functionality from the prototyped FPGA design.

The nCEO pin is also asserted about the same time the CONF_DONE pin is released. However, the nCE pin must be
driven low externally for this waveform to apply.

Pulsing the nCONFIG signal on an FPGA re-initializes the configuration
sequence. The nCONFIG signal on a HardCopy series device also restarts
the initialization sequence.

Figure 2-3 shows the instant on behavior of the configuration signals and
user I/0 pins if the nCONFIG pin is pulsed while the V¢ supplies are
already powered up and stable.
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Figure 2-3. Timing Waveform for Instant On Option When Pulsing NConfig Notes (1), (2), (3), (4), (5)
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Notes to Figure 2-3:

(1)  Vce (ALL) represents either all of the power pins or the last power pin powered up to specified operating
conditions. All HardCopy power pins must be powered within specifications as described under Hot Socketing
sections.

(2) nSTATUS and CONF_DONE must not be driven low externally for this waveform to apply.

(3) The nIO pullup pin can affect the state of the user I/O pins during the initialization phase.

(4) INIT DONE is an optional pin that can be enabled on the FPGA using the Quartus II software. HardCopy devices
carry over the INIT DONE functionality from the prototyped FPGA design.

(5) The nCEO pin is also asserted about the same time the CONF_DONE pin is released. However, the nCE pin must be
driven low externally for this waveform to apply.

= In the FPGA, the INIT DONE signal remains high for several
clock cycles after the nCONFIG signal is asserted, after which
time INIT DONE goes low. In the HardCopy series device, the
INIT DONE signalstarts low, as shown in Figure 2-3, regardless
of the logic state of the nCONFIG signal. The INIT DONE signal
transitions high only after the CONF_DONE signal transitions
high.
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Tables 2-1 through 2-3 show the timing parameters for the instant on
mode. These tables also show the time taken for completing the instant on
power-up sequence in Figure 2-1 on page 2—4 for HardCopy series
devices. This option is typical of an ASIC’s functionality.

Table 2-1. Timing Parameters for Instant On Mode in HardCopy Il Devices

Parameter Description Condition Min Typical Max Units
tror PORSEL delay (1) 12 12 ms
100 100 ms
tcrasTo nCONFIG low to 800 ns
nSTATUS low (1)
tcrosTi nCONFIG high to 100 us
nSTATUS high (7)
tapD Additional delay Instant on 33 60 us
After 50 ms 50 90 ms
added delay
tcp CONF_DONE delay 600 1100 ns
tum User mode delay 25 55 us

Note to Table 2-1:
(1) This parameter is similar to the Stratix Il FPGA specifications. Refer to the Configuration Handbook for more
information.

Table 2-2. Timing Parameters for Instant On Mode in HardCopy Stratix Devices

Parameter Description Condition Min Typical Max Units
tror PORSEL delay 2 1 2 ms
100 70 100 ms
tcrasTo nCONFIG low to 800 ns
nSTATUS low (1)
tcrasTi nCONFIG high to 40 us
nSTATUS high (7)
taDD Additional delay Instant on 4 8 ms
After 50 ms 25 50 75 ms
added delay
tcp CONF_DONE delay 0.5 3 us
tum User mode delay 6.0 28 us

Note to Table 2-2
(1)  This parameter is similar to the Stratix FPGA specifications. Refer to the Configuration Handbook for more
information.
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Table 2-3. Timing Parameters for Instant On Mode in HardCopy APEX Devices

Parameter Description Condition Min Typical Max Units
troR POR delay 5 us
tcrasTo nCONFIG low to 200 ns
nSTATUS low (1)
tcrasTi nCONFIG high to 1 us
nSTATUS high (1)
taDpD Additional delay Instant on 0 us
After 50 ms 50 ms
added delay
teo CONF_DONE delay 0.5 3 us
tum User mode delay 25 8 us

Note to Table 2-3:
(1) This parameter is similar to the APEX FPGA specifications. Refer to the Configuration Handbook for more
information.

2-8

For correct operation of a HardCopy series device using the instant on
option, pull the nSTATUS, nCONFIG, and CONF DONE pins to Vc. In the
HardCopy series devices, these pins are designed with weak internal
resistors pulled up to Vcc. Many FPGA configuration schemes require
pull-up resistors on these I/O pins, so they may already be present on the
board. In some HardCopy series device applications, you can remove
these external pull-up resistors.

Altera recommends leaving external pull-up resistors on the board if one
of the following conditions exists.

«®  Formore information, refer to the Designing with 1.5-V Devices chapter in
the Stratix Device Handbook.

B There is more than one HardCopy series and/or FPGA on the board
B The HardCopy design uses configuration emulation
B The design uses MultiVolt I/O configurations
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In the FPGA, you can enable the INIT DONE pin in the Quartus II
software. If you used the INIT DONE pin on the FPGA prototype, the
HardCopy series device retains its function.

B In HardCopy series devices, the INIT DONE settings option is
masked-programmed into the device. You must submit these
settings to Altera with the final design prior to migrating to a
HardCopy series device. The use of the INIT DONE option and other
option pins (for example, DEV_CLRn and DEV_OE) are available in
the Fitter Device Options sections of the Quartus II report file.

B For HardCopy II and HardCopy Stratix devices, the PORSEL pin
setting delays the POR sequence similar to the prototyping FPGA.
For more information on PORSEL settings for the FPGA, refer to the
Configuration Handbook.

In some FPGA configuration schemes, inputs DCLK and DATA[7..0]
float if the configuration device is removed from the board. In the
HardCopy series devices, these I/O pins are designed with weak,
internal pull-up resistors, so the pins can be left unconnected on the
board.

Configuration Emulation of FPGA Configuration Sequence

In configuration emulation mode, the HardCopy series device emulates
the behavior of an APEX or Stratix FPGA during its configuration phase.
When this mode is used, the HardCopy device uses a configuration
emulation circuit to receive configuration bit streams. When all the
configuration data is received, the HardCopy series device transitions
into an initialization phase and releases the CONF_DONE pin to be pulled
high. Pulling the CONF_DONE pin high signals that the HardCopy series
device is ready for normal operation. If the optional open-drain

INIT DONE outputis used, the normal operation is delayed until this
signal is released by the HardCopy series device.

'~  HardCopy Il and some HardCopy Stratix devices do not
support configuration emulation mode.

During the emulation sequence, the user I/O pins can be pulled high by
internal, weak pull-up resistors. Once the configuration emulation and
initialization phase is completed, the I/O pins are released. Similar to the
FPGA, if the nTO_pullup pin is driven high, the weak pull-up resistors
are disabled. The value of the internal weak pull-up resistors on the I/O
pins can be found in the Operating Conditions table of the specific
FPGA’s device handbook.
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= Similar to APEX 20K FPGAs, HardCopy APEX devices do not
have an nI0_pullup function. Their internal weak pull-up
resistors are enabled during the power up and initialization
phase.

= Similar to Stratix or APEX FPGAs, HardCopy Stratix or
HardCopy APEX devices enter initialization phase immediately
after a successful configuration sequence. At this time, registers
are reset, any PLLs used are initialized, and any I/O pins used
are enabled as the device transitions into user mode.

One application of the configuration emulation mode occurs when
multiple programmable devices are cascaded in a configuration chain
and only one device is replaced with a HardCopy series device. In this
case, programming control signals and clock signals used to program the
FPGA must also be used for the HardCopy series device. If this is not
done, the HardCopy series device remains in the configuration emulation
phase, the emulation sequence never ends, and the HardCopy
CONF_DONE pin remains de-asserted. The proper configuration data
stream and data clock is necessary so the HardCopy series device has the
accurate emulation behavior.

Figure 2-4 shows a waveform of the configuration signals and the user
I/0 signals using configuration emulation mode.
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