A I:l = b A 2. Description, Architecture,
= and Features

®

Introduction HardCopy® Stratix® structured ASICs provide a comprehensive
alternative to ASICs. The HardCopy Stratix device family is fully
supported by the Quartus® II design software, and, combined with a vast
intellectual property (IP) portfolio, provides a complete path from
prototype to volume production. Designers can now procure devices,
tools, and Altera® IP for their high-volume applications.

As shown in Figure 2-1, HardCopy Stratix devices preserve their Stratix
FPGA counterpart’s architecture, but the programmability for logic,
memory, and interconnect is removed. HardCopy Stratix devices are also
manufactured in the same process technology and process voltage as
Stratix FPGAs. Removing all configuration and programmable routing
resources and replacing it with direct metal interconnect results in
considerable die size reduction and the ensuing cost savings.

Figure 2-1. HardCopy Stratix Device Architecture

4K RAM Blocks
512 RAM Blocks for DSP Blocks for for True Dual-Port 10Es Support DD, PC, GTL#, SSTL-3,
Dual-Port Memory, Shit Multiplication and Full Memory & Other Embedded  SSTL-2, HSTL, LVDS, LUPECL, PCML,
Registers, & FIFO Buffers Implementation of FIR Fiters  Memory Functions HyperTransport & other /0 Standards

[ees ] [ I0Es | oo
[1cEs ] LABs 1 LABS  HEmS ] LABs XY}
(110 T LT T T LTI
[ 10Es | LABs ] LABS [ HES ] LABs xXys
Lt T LT T LI T LI T I T
[ 10Es | LABs **.LA.ES. - ] LABs ] LABs eee
[ 10Es ] .LA!. 1 LABS
= I
o] B
EE -
EE -
EE -
m M-RAM Block L
[os ] -
o} B
EE -
EE -
EE -
[ 10Es | LABs
— .E;!._-'.E.!.'-....Lgs...... .
L] L]
L] L] . L] L] L] L] L]
L] L] L] L] L] L] L]
Altera Corporation 2-1

September 2008



HardCopy Series Handbook, Volume 1

HardCopy Stratix
and Stratix FPGA
Differences

The HardCopy Stratix family consists of base arrays that are common to
all designs for a particular device density. Design-specific customization
is done within the top two metal layers. The base arrays use an
area-efficient sea-of-logic-elements (SOLE) core and extend the flexibility
of high-density Stratix FPGAs to a cost-effective, high-volume production
solution. With a seamless migration process employed in numerous
successful designs, functionality-verified Stratix FPGA designs can be
migrated to fixed-function HardCopy Stratix devices with minimal risk
and guaranteed first-time success.

The SRAM configuration cells of the original Stratix devices are replaced
in HardCopy Stratix devices by metal connects, which define the function
of each logic element (LE), digital signal processing (DSP) block,
phase-locked loop (PLL), embedded memory, and I/O cell in the device.
These resources are interconnected using metallization layers. Once a
HardCopy Stratix device has been manufactured, the functionality of the
deviceis fixed and no re-programming is possible. However, as is the case
with Stratix FPGAs, the PLLs can be dynamically configured in
HardCopy Stratix devices.

To ensure HardCopy Stratix device functionality and performance,
designers should thoroughly test the original Stratix FPGA-based design
for satisfactory results before committing the design for migration to a
HardCopy Stratix device. Unlike Stratix FPGAs, HardCopy Stratix
devices are customized at the time of manufacturing and therefore donot
have programmability support.

Since HardCopy Stratix devices are customized within the top two metal
layers, no configuration circuitry is required. Refer to “Power-Up Modes
in HardCopy Stratix Devices” on page 2-7 for more information.

Depending on the design, HardCopy Stratix devices can provide, on
average, a 50% performance improvement over equivalent Stratix
FPGAs. The performance improvement is achieved by die size reduction,
metal interconnect optimization, and customized signal buffering.
HardCopy Stratix devices consume, on average, 40% less power than
their equivalent Stratix FPGAs.

s Designers can use the Quartus II software to design HardCopy
Stratix devices, estimate performance and power consumption,
and maximize system throughput.
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Table 2-1 illustrates the differences between HardCopy Stratix and

Stratix devices.

Table 2-1. HardCopy Stratix and Stratix Device Comparison (Part 1 of 2)

HardCopy Stratix

Stratix

Customized device. All
reprogrammability support is removed
and no configuration is required.

Re-programmable with configuration is
required upon power-up.

Average of 50% performance
improvement over corresponding
FPGA (7).

High-performance FPGA.

Average of 40% less power
consumption compared to
corresponding FPGA (1).

Standard FPGA power consumption.

Contact Alterafor information regarding
specific IP support.

IP support for all devices is available.

Double data rate (DDR) SDRAM
maximum operating frequency is
pending characterization.

DDR SDRAM can operate at 200 MHz
for -5 speed grade devices.

All routing connections are direct and
all unused routing is removed.

MultiTrack™ routing stitches together
routing resources to provide a path.

HC1S30 and HC1S40 devices have
two M-RAM blocks. HC1S80 devices
have six M-RAM blocks.

EP1S30 and EP1S40 devices have four
M-RAM blocks. EP1S80 devices have
nine M-RAM blocks.

It is not possible to initialize M512 and
M4K RAM contents during power-up.

The contents of M512 and M4K RAM
blocks can be preloaded during
configuration with data specified in a
memory initialization file (.mif).

The contents of memory output
registers are unknown after power-on
reset (POR).

The contents of memory output
registers are initialized to '0' after POR.

HC1S30 and HC1S40 devices have six
PLLs.

HC1S30 devices have 10 PLLs.
HC1S40 devices have 12 PLLs.

PLL dynamic reconfiguration uses
ROM for information. This
reconfiguration is performed in the
back-end and does not affect the
migration flow.

PLL dynamic reconfiguration uses a
MIF to initialize a RAM resource with
information.

The I/O elements (IOEs) are equivalent
but not identical to FPGA IOEs due to
slight design optimizations for
HardCopy devices.

The IOEs are optimized for the FPGA
architecture.
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Logic Elements

Embedded
Memory

Table 2-1. HardCopy Stratix and Stratix Device Comparison (Part 2 of 2)

HardCopy Stratix

Stratix

The I/O drive strength for single-ended
I/O pins are slightly different and is
modeled in the HardCopy Stratix I1BIS
models.

The I/O drive strength for single-ended
I/O pins are found in Stratix IBIS
models.

In the HC1S40 780-pin FineLine BGA®
device, the I/0 pins U12 and U18 must

In the HC1S40 780-pin FineLine BGA
device, the I/O pins U12 and U18 are

be connected to ground. available as general-purpose I/O pins.

The BSDL file describes re-ordered
Joint Test Action Group (JTAG)

The JTAG boundary-scan chain is
defined in the BSDL file.

boundary-scan chains.

Note to Table 2-1:
(1)  Performance and power consumption are design dependant.

Logic is implemented in HardCopy Stratix devices using the same
architectural units as the Stratix device family. The basic unit is the logic
element (LE) with logic array blocks (LAB) consisting of 10 LEs. The
implementation of LEs and LABs is identical to the Stratix device family.

In the HardCopy Stratix device family, all extraneous routing resources
not essential to the specific design are removed for performance and die
size efficiency. Therefore, the MultiTrack interconnect for routing
implementation between LABs and other device resources in the Stratix
device family is no longer necessary in the HardCopy Stratix device
family.

Table 2-2 illustrates the differences between HardCopy Stratix and
Stratix logic.

Table 2-2. HardCopy Stratix and Stratix Logic Comparison

Stratix

MultiTrack routing stitches routing
resources together to provide a path.

HardCopy Stratix

All routing connections are direct and
all unused routing is removed.

TriMatrix™ memory blocks from Stratix devices, including M512, M4K,
and M-RAM memory blocks, are available in HardCopy Stratix devices.
Embedded memory is seamlessly implemented in the equivalent
resource.
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Although memory resource implementation is equivalent, the number of
specific M-RAM blocks are not necessarily the same between
corresponding Stratix and HardCopy Stratix devices. Table 2-3 shows the
number of M-RAM blocks available in each device.

Table 2-3. HardCopy Stratix and Stratix M-RAM Block Comparison

HardCopy Stratix Stratix
Device M-RAM Blocks Device M-RAM Blocks
HC1S25 2 EP1S25 2
HC1S30 2 EP1S30 4
HC1S40 2 EP1S40 4
HC1S60 6 EP1S60 6
HC1S830 6 EP1S830 9

In HardCopy Stratix devices, it is not possible to preload RAM contents
using a MIF after powering up; the output registers of memory blocks
will have unknown values. This occurs because there is no configuration
process that is executed.

I'="  Violating the setup or hold time requirements on address
registers could corrupt the memory contents. This requirement
applies to both read and write operations.

Table 2—4 illustrates the differences between HardCopy Stratix and
Stratix memory.

Table 2-4. HardCopy Stratix and Stratix Memory Comparison

HardCopy Stratix Stratix

HC1S30 and HC1S40 devices have EP1S30 and EP1S40 devices have four
two M-RAM blocks. HC1S80 devices M-RAM blocks. EP1S80 devices have
have six M-RAM blocks. nine M-RAM blocks.

It is not possible to initialize M512 and | The contents of M512 and M4K RAM
M4k RAM contents during power-up. blocks can be preloaded during
configuration with data specified in a

MIF.
The contents of memory output The contents of memory output
registers are unknown after POR. registers are initialized to ‘0’ after POR.
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DSP Blocks DSP blocks in HardCopy Stratix devices are architecturally identical to
those in Stratix devices. The number of DSP blocks available in
HardCopy Stratix devices matches the number of DSP blocks available in
the corresponding Stratix device.

PLLs and Clock The PLLs in HardCopy Stratix devices are identical to those in Stratix
devices. The cdlock networks are also implemented exactly as they are in

N etworks Stratix devices. The number of PLLs can vary between corresponding
Stratix and HardCopy Stratix devices. Table 2-5 shows the number of
PLLs available in each device.

Table 2-5. HardCopy Stratix and Stratix PLL Comparison
HardCopy Stratix Stratix
Device PLLs Device PLLs
HC1825 6 EP1S25 6
HC1S30 6 EP1S30 10
HC 1840 6 EP1S40 12
HC1S60 12 EP1S60 12
EP1S830 12 EP1S830 12

Table 2-6 illustrates the differences between HardCopy Stratix and
Stratix PLLs.

Table 2-6. HardCopy Stratix and Stratix PLL Differences

HardCopy Stratix Stratix
HC1S30 and HC1S40 devices have six | HC1S30 devices have 10 PLLs.
PLLs. HC1S40 devices have12 PLLs.
PLL dynamic reconfiguration uses PLL dynamic reconfiguration uses a
ROM for information. This MIF to initialize a RAM resource with
reconfiguration is performed in the information.
back-end and does not affect the
migration flow.

| /0 st ru ctu rean d The HardCopy Stratix IOEs are equivalent, but not identical to, the Stratix
FPGA IOEs. This is due to the reduced die size, layout difference, and

Features metal customization of the HardCopy Stratix device. The differences are
minor but may be relevant to customers designing with tight DC and
switching characteristics. However, no signal integrity concerns are
introduced with HardCopy Stratix IOEs.
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When designing with very tight timing constraints (for example, DDR or
quad data rate [QDRY]), or if using the programmable drive strength
option, Altera recommends verifying final drive strength using updated
IBIS models located on the Altera website at www.altera.com.
Differential I/O standards are unaffected.

I/0 pin placement and VREF pin placement rules are identical between
HardCopy Stratix and Stratix devices. Unused pin settings will carry over
from Stratix device settings and are implemented as tri-stated outputs
driving ground or outputs driving V.

In Stratix EP1540 780-pin FineLine BGA FPGAs, the I/0 pins U12 and
U18 are available as general-purpose I/O pins. In the FPGA prototype,
EP1S40F780_HARDCOPY_FPGA_PROTOTYPE, and in the Hardcopy
Stratix HC1540 780-pin FineLine BGA device, the I/O pins U12 and U18
must be connected to ground. HC1540 780-pin FineLine BGA and
EP1540F780_HARDCOPY_FPGA_PROTOTYPE pin-outs are identical.

Table 2-7 illustrates the differences between HardCopy Stratix and
Stratix I/O pins.

Table 2-7. HardCopy Stratix and Stratix I/0 Pin Comparison

HardCopy Stratix Stratix
The IOEs are equivalent, but not IOEs are optimized for the FPGA
identical to, the FPGA IOEs due to architecture.

slight design optimizations for
HardCopy devices.

The /O drive strength for single-ended | The I/O drive strength for single-ended
I/O pins are slightly different and are I/O pins are found in Stratix IBIS
found in the HardCopy Stratix IBIS models.

models.

In the HC1S40 780-pin FineLine BGA | In the EP1S40 780-pin FineLine BGA
device, the I/O pins U1 2 and U1 8 must | device, the I/O pins U12 and U18 are
be connected to ground. available as general-purpose I/O pins.

Designers do not need to configure HardCopy Stratix devices, unlike
their FPGA counterparts. However, to facilitate seamless migration,
configuration can be emulated in HardCopy Stratix devices.

The modes in which a HardCopy Stratix device can be made ready for

operation after power-up are: instant on, instant on after 50 ms, and
configuration emulation. These modes are briefly described below.
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Hot Socketing
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B Ininstant on mode, the HardCopy Stratix device is available for use
shortly after the device receives power. The on-chip POR circuit
resets all registers. The CONF_DONE output s tri-stated once the POR
has elapsed. No configuration device or configuration data is
necessary.

B Ininstant on after 50 ms mode, the HardCopy Stratix device
performs in a fashion similar to the instant on mode, except that there
is an additional delay of 50 ms, during which time the device is held
inreset stage. The CONF_DONE output is pulled low during this time,
and then tri-stated after the 50 ms have elapsed. No configuration
device or configuration data is necessary for this option.

B 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 output is used, the
normal operation is delayed until this signal is released by the
HardCopy series device.

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

Instant on and instant on after 50 ms modes are the recommended
power-up modes because these modes are similar to an ASIC’s
functionality upon power-up. No changes to the existing board design or
the configuration software are required.

All three modes provide significant benefits to system designers. They
enable seamless migration of the design from the FPGA device to the
HardCopy device with no changes to the existing board design or the
configuration software. The pull-up resistors on nCONFIG, nSTATUS,and
CONF_DONE should be left on the printed circuit board.

For more information, refer to the HardCopy Series Configuration
Emulation chapter in the HardCopy Series Handbook.

HardCopy Stratix devices support hot socketing without any external
components. In a hot socketing situation, a device’s output buffers are
turned off during system power up or power down. To simplify board
design, HardCopy Stratix devices support any power-up or power-down
sequence (Vccio and Vcr)- For mixed-voltage environments, you can
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drive signals into the device before or during power up or power down
without damaging the device. HardCopy Stratix devices do not drive out
until they have attained proper operating conditions.

You can power up or power down the Vcjo and Vet pins in any
sequence. The power supply ramp rates can range from 100 ns to 100 ms.
During hot socketing, the I/O pin capacitance is less than 15 pF and the
clock pin capacitance is less than 20 pF.

B The hot socketing DC specificationis | Iiopny | <300 pA.

B The hot socketing AC specification is | Iiopiy | <8 mA for 10 ns or
less. This specification takes into account the pin capacitance only.
Additional capacitance for trace, connector, and loading needs to be
taken into consideration separately. I;opyy is the current at any user
I/0O pin on the device.

Il="  The DC specification applies when all V¢ supplies to the device
are stable in the powered-up or powered-down conditions. For
the AC specification, the peak current duration due to power-up
transients is 10 ns or less.

HARDCOPY_FPGA_PROTOTYPE devices are Stratix FPGAs available
for designers to prototype their HardCopy Stratix designs and perform
in-system verification before migration to a HardCopy Stratix device. The
HARDCOPY_FPGA_PROTOTYPE devices have the same available
resources as in the final HardCopy Stratix devices.

The Quartus II software version 4.1 and later contains the latest timing
models. For designs with tight timing constraints, Altera strongly
recommends compiling the design with the Quartus II software

version 4.1 or later. To properly verify I/O features, it is important to
design with the HARDCOPY_FPGA_PROTOTYPE device option prior to
migrating to a HardCopy Stratix device.

2-9



HardCopy Series Handbook, Volume 1

I~ Some HARDCOPY_FPGA_PROTOTYPE devices, as indicated
in Table 2-8, have fewer M-RAM blocks compared to the
equivalent Stratix FPGAs. The selective removal of these
resources provides a significant price benefit to designers using
HardCopy Stratix devices.

Table 2-8. M-RAM Block Comparison Between Various Devices

Number
of LEs

HARDCOPY_FPGA_PROTOTYPE
Devices

HardCopy Stratix Devices Stratix Devices

Device

M-RAM Blocks Device M-RAM Blocks Device M-RAM Blocks

25,660

EP1S25

HC1S25 EP1S25

32,470

EP1S30

HC1S30 EP1S30

41,250

EP1S40

HC1S40 EP1S40

57,120

EP1S60

HC1S60 EP1S60

79,040

EP1S830
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Revision History

For more information about how the various features in the Quartus II
software can be used for designing HardCopy Stratix devices, refer to
the Quartus II Support for HardCopy Stratix Devices chapter of the
HardCopy Series Handbook.

HARDCOPY_FPGA_PROTOTYPE FPGA devices have the identical
speed gradeas the equivalent Stratix FPGAs. However, HardCopy Stratix
devices are customized and do not have any speed grading. HardCopy
Stratix devices, on an average, can be 50% faster than their equivalent
HARDCOPY_FPGA_PROTOTYPE devices. The actual improvement is
design-dependent.

Table 2-9 shows the revision history for this chapter.

Table 2-9. Document Revision History (Part 1 of 2)

Date and Document
Version

Changes Made Summary of Changes

v3.4

September 2008

Revised chapter number and metadata. —

June 2007 v3.3

e Updated Table 2—1. _
e Added note to the “Embedded Memory” section.
e Updated the “Hot Socketing” section.
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Table 2-9. Document Revision History (Part2 of 2)

Date and Document

Version Changes Made Summary of Changes

December 2006 Updated revision history. —
v3.2
March 2006 Formerly chapter 6; no content change. —
October 2005v3.1 | e Minor edits Minor edits.

e Updated graphics
May 2005 e Added Table 6-1 Minor update.
v3.0 e Added the Logic Elements section

e Added the Embedded Memory section

e Added the DSP Blocks section

e Added the PLLs and Clock Networks section

e Added the I/O Structure and Features section
January 2005 e Added summary of /O and timing differences between Minor update.
v2.0 Stratix FPGAs and HardCopy Stratix devices

e Removed section on Quartus Il support of HardCopy

Stratix devices

e Added “Hot Socketing” section
August 2003 Edited section headings’ hierarchy. Minor edits.
vii
June 2003 Initial release of Chapter 6, Description, Architecture and —
v1.0 Features, in the HardCopy Device Handbook
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