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A |:| = b A Section |. Stratix Device
= ® Family Data Sheet

This section provides the data sheet specifications for Stratix® devices.
They contain feature definitions of the internal architecture,
configuration and JTAG boundary-scan testing information, DC
operating conditions, AC timing parameters, a reference to power
consumption, and ordering information for Stratix devices.

This section contains the following chapters:

B Chapter 1, Introduction

B Chapter 2, Stratix Architecture

B Chapter 3, Configuration & Testing

B Chapter 4, DC & Switching Characteristics

B Chapter 5, Reference & Ordering Information

RE\IiSiOﬂ H istﬂrv The table below shows the revision history for Chapters 1 through 5.

Chapter Date/Version Changes Made
1 July 2005, v3.2 e Minor content changes.
September 2004, v3.1 |® Updated Table 1-6 on page 1-5.
April 2004, v3.0 e Main section page numbers changed on first page.
e Changed PCI-X to PCI-X 1.0 in “Features” on page 1-2.
o Global change from SignalTap to SignalTap II.
® The DSP blocks in “Features” on page 1-2 provide dedicated

implementation of multipliers that are now “faster than 300 MHz.”

January 2004, v2.2
October 2003, v2.1 | e Add -8 speed grade device information.

Updated -5 speed grade device information in Table 1-6.

July 2003, v2.0 e Format changes throughout chapter.

Altera Corporation Section -1



Stratix Device Family Data Sheet

Chapter

Date/Version

Changes Made

4

October 2003, v2.1

Added -8 speed grade information.

Updated performance information in Table 4-36.

Updated timing information in Tables 4-55 through 4—-96.
Updated delay information in Tables 4—103 through 4-108.
Updated programmable delay information in Tables 4—100 and
4-108.

July 2003, v2.0

Updated clock rates in Tables 4—114 through 4—123.

Updated speed grade information in the introduction on page 4-1.
Corrected figures 4-1 & 4-2 and Table 4-9 to reflect how VID and VOD
are specified.

Added note 6 to Table 4-32.

Updated Stratix Performance Table 4-35.

Updated EP1S60 and EP1S80 timing parameters in Tables 4-82 to 4-
93. The Stratix timing models are final for all devices.

Updated Stratix IOE programmable delay chains in Tables 4-100 to 4-
101.

Added single-ended I/O standard output pin delay adders for loading
in Table 4-102.

Added spec for FPLL[10..7]CLK pins in Tables 4-104 and 4-107.
Updated high-speed I/O specification for J=2 in Tables 4-114 and 4-
115.

Updated EPLL specification and fast PLL specification in Tables 4-
116 to 4-120.

September 2004, v2.1

Updated reference to device pin-outs on page 5-1 to indicate that
device pin-outs are no longer included in this manual and are now
available on the Altera web site.

April 2003, v1.0

No new changes in Stratix Device Handbook v2.0.
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Stratix Architecture

The DSP block consists of the following elements:

B Multiplier block
B Adder/output block

Multiplier Block

The DSP block multiplier block consists of the input registers, a
multiplier, and pipeline register for pipelining multiply-accumulate and
multiply-add/subtract functions as shown in Figure 2-32.

Figure 2-32. Multiplier Sub-Block within Stratix DSP Block

sign_a (1)

sign_b (1)
aclr[3..0]

clock[3..0]
€Na[3..0] m—

shiftin B shiftin A

| VVYVYVYVY
Data A Result
to Adder
blocks
Optional
Multiply-Accumulate
DataB b Q ? and Multiply-Add
—|ENA Pipeline
CLRN
\ / A /

shiftout B shiftout A

Note to Figure 2-32:
(1) These signals can be unregistered or registered once to match data path pipelines if required.

Altera Corporation 2-57
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Stratix Architecture
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Pipeline/Post Multiply Register

The output of 9 x 9- or 18 x 18-bit multipliers can optionally feed a register
to pipeline multiply-accumulate and multiply-add/subtract functions.
For 36 x 36-bit multipliers, this register will pipeline the multiplier
function.

Adder/Output Blocks

The result of the multiplier sub-blocks are sent to the adder/output block
which consist of an adder/subtractor/accumulator unit, summation unit,
output select multiplexer, and output registers. The results are used to
configure the adder/outputblock as a pure output, accumulator, a simple
two-multiplier adder, four-multiplier adder, or final stage of the 36-bit
multiplier. You can configure the adder/output block to use output
registers in any mode, and must use output registers for the accumulator.
The system cannot use adder/output blocks independently of the
multiplier. Figure 2-34 shows the adder and output stages.

2-61
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Digital Signal Processing Block

Output Selection Multiplexer

The outputs from the various elements of the adder/output block are
routed through an output selection multiplexer. Based on the DSP block
operational mode and user settings, the multiplexer selects whether the
output from the multiplier, the adder/subtractor/accumulator, or
summation block feeds to the output.

Output Registers

Optional output registers for the DSP block outputs are controlled by four
sets of control signals: clock [3..0],aclr[3..0],and ena[3..0].
Output registers can be used in any mode.

Modes of Operation

The adder, subtractor, and accumulate functions of a DSP block have four
modes of operation:

Simple multiplier
Multiply-accumulator
Two-multipliers adder
Four-multipliers adder

=
()

Each DSP block can only support one mode. Mixed modes in the
same DSP block is not supported.

Simple Multiplier Mode

In simple multiplier mode, the DSP block drives the multiplier sub-block
result directly to the output with or without an output register. Up to four
18 x 18-bit multipliers or eight 9 x 9-bit multipliers can drive their results
directly out of one DSP block. See Figure 2-35.

2-64 Altera Corporation
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Digital Signal Processing Block

Figure 2-41. DSP Block Interface to Interconnect

C4 and C8 Direct Link Interconnect Nine Direct Link Outputs  Direct Link Interconnect
Interconnects from Adjacent LAB R4 and R8 Interconnects to Adjacent LABs from Adjacent LAB
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DSP Block to 18 Inputs per Row 18 Qutputs per Row
LAB Row Interface
Block Interconnect Region

A bus of 18 control signals feeds the entire DSP block. These signals
include clock [0. .3] clocks, aclr [0. .3] asynchronous clears,
ena[l..4] clock enables, signa, signb signed/unsigned control
signals, addnsubl and addnsub3 addition and subtraction control
signals, and accum_sload[0. .1] accumulator synchronous loads. The

2-72 Altera Corporation
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PLLs & Clock Networks

2-88

Clock Multiplication & Division

Each Stratix device enhanced PLL provides clock synthesis for PLL
output ports using m/(n x post-scale counter) scaling factors. The input
clock is divided by a pre-scale divider, 1, and is then multiplied by the m
feedback factor. The control loop drives the VCO to match fiy x (m/n).
Each output port has a unique post-scale counter that divides down the
high-frequency VCO. For multiple PLL outputs with different
frequencies, the VCO is set to the least common multiple of the output
frequencies that meets its frequency specifications. Then, the post-scale
dividers scale down the output frequency for each output port. For
example, if output frequencies required from one PLL are 33 and 66 MHz,
set the VCO to 330 MHz (the least common multiple in the VCO’s range).
There is one pre-scale counter, 1, and one multiply counter, m, per PLL,
with a range of 1 to 512 on each. There are two post-scale counters (/) for
regional clock output ports, four counters (g) for global clock output
ports, and up to four counters (e) for external clock outputs, all ranging
from 1 to 1024 with a 50% duty cycle setting. The post-scale counters
range from 1 to 512 with any non-50% duty cycle setting. The Quartus II
software automatically chooses the appropriate scaling factors according
to the input frequency, multiplication, and division values entered.

Clock Switchover

To effectively develop high-reliability network systems, clocking schemes
must support multiple clocks to provide redundancy. For this reason,
Stratix device enhanced PLLs support a flexible clock switchover
capability. Figure 2-53 shows a block diagram of the switchover
circuit.The switchover circuit is configurable, so you can define how to
implement it. Clock-sense circuitry automatically switches from the
primary to secondary clock for PLL reference when the primary clock
signal is not present.

Altera Corporation
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Stratix Architecture

Altera Corporation
July 2005

and/or output enable registers. A programmable delay exists to increase
the tzx delay to the output pin, which is required for ZBT interfaces.
Table 2-24 shows the programmable delays for Stratix devices.

Table 2-24. Stratix Programmable Delay Chain

Programmable Delays Quartus Il Logic Option
Input pin to logic array delay Decrease input delay to internal cells
Input pin to input register delay Decrease input delay to input register
Output pin delay Increase delay to output pin
Output enable register tco delay Increase delay to output enable pin
Output tzy delay Increase tzy delay to output pin
Output clock enable delay Increase output clock enable delay
Input clock enable delay Increase input clock enable delay
Logic array to output register delay | Decrease input delay to output register
Output enable clock enable delay Increase output enable clock enable delay

The IOE registers in Stratix devices share the same source for clear or
preset. You can program preset or clear for each individual IOE. You can
also program the registers to power up high or low after configuration is
complete. If programmed to power up low, an asynchronous clear can
control the registers. If programmed to power up high, an asynchronous
preset can control the registers. This feature prevents the inadvertent
activation of another device’s active-low input upon power-up. If one
register in an IOE uses a preset or clear signal then all registers in the IOE
must use that same signal if they require preset or clear. Additionally a
synchronous reset signal is available for the IOE registers.

Double-Data Rate 1/0 Pins

Stratix devices have six registers in the IOE, which support DDR
interfacing by clocking data on both positive and negative clock edges.
The IOEs in Stratix devices support DDR inputs, DDR outputs, and
bidirectional DDR modes.

When using the IOE for DDR inputs, the two input registers clock double
rate input data on alternating edges. An input latch is also used within the
IOE for DDR input acquisition. The latch holds the data that is present
during the clock high times. This allows both bits of data to be
synchronous with the same clock edge (either rising or falling).

Figure 2-65 shows an IOE configured for DDR input. Figure 2-66 shows
the DDR input timing diagram.

2-111
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1/0 Structure

Figure 2-65. Stratix IOE in DDR Input I/0 Configuration Note (1)
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Notes to Figure 2—-65:
(1) Allinput signals to the IOE can be inverted at the IOE.

(2)  This signal connection is only allowed on dedicated DQ function pins.
(3) This signal is for dedicated DQS function pins only.

L

Bus-Hold
Circuit
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1/0 Structure

Tables 2-25 and 2-26 show the performance specification for DDR
SDRAM, RLDRAM II, QDR SRAM, QDRII SRAM, and ZBT SRAM
interfaces in EP1510 through EP1540 devices and in EP1560 and EP1S80
devices. The DDR SDRAM and QDR SRAM numbers in Table 2-25 have
been verified with hardware characterization with third-party DDR
SDRAM and QDR SRAM devices over temperature and voltage

extremes.
Table 2-25. External RAM Support in EP1S10 through EP1S40 Devices
Maximum Clock Rate (MHz)
DDR Memorv Type 1/0 '565:2::(1 -6 Speed Grade -7 Speed Grade | -8 Speed Grade
vivp Standard
S op i Wire- Flip- Wire- Flip- | Wire-
Flip-Chip | Flip-Chip | - g4 | Chip | Bond | Chip | Bond
DDR SDRAM (1), (2) |SSTL-2 200 167 133 133 100 100 100
DDR SDRAM - side | SSTL-2 150 133 110 133 100 100 100
banks (2), (3), (4)
RLDRAM Il (4) 1.8-V HSTL 200 (5) (5) (5) (5) (5) (5)
QDR SRAM (6) 1.5-V HSTL 167 167 133 133 100 100 100
QDRII SRAM (6) 1.5-V HSTL 200 167 133 133 100 100 100
ZBT SRAM (7) LVTTL 200 200 200 167 167 133 133

Notes to Table 2-25:

(1)  These maximum clock rates apply if the Stratix device uses DQS phase-shift circuitry to interface with DDR
SDRAM. DQS phase-shift circuitry is only available in the top and bottom I/O banks (I/O banks 3, 4, 7, and 8).
(2)  For more information on DDR SDRAM, see AN 342: Interfacing DDR SDRAM with Stratix & Stratix GX Devices.
(3) DDR SDRAM is supported on the Stratix device side I/O banks (I/O banks 1, 2, 5, and 6) without dedicated DQS
phase-shift circuitry. The read DQS signal is ignored in this mode.
(4) These performance specifications are preliminary.
(5) This device does not support RLDRAM II.
(6)  For more information on QDR or QDRII SRAM, see AN 349: QDR SRAM Controller Reference Design for Stratix &

Stratix GX Devices.

(7)  For more information on ZBT SRAM, see AN 329: ZBT SRAM Controller Reference Design for Stratix & Stratix GX

Deuvices.

2-116
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1/0 Structure

2-122

Programmable Pull-Up Resistor

Each Stratix device I/O pin provides an optional programmable pull-up
resistor during user mode. If this feature is enabled for an I/O pin, the
pull-up resistor (typically 25 kQ) weakly holds the output to the Vcio
level of the output pin’s bank. Table 2-30 shows which pin types support
the weak pull-up resistor feature.

Table 2-30. Programmable Weak Pull-Up Resistor Support

Pin Type Programmable Weak Pull-Up Resistor
1/0 pins 4
CLK[15..0]
FCLK v

FPLL[7..10]CLK

Configuration pins
JTAG pins v/ (1)

Note to Table 2-30:
(1) TDO pins do not support programmable weak pull-up resistors.

Advanced 1/0 Standard Support
Stratix device IOEs support the following I/O standards:

LVTTL

LVCMOS

15V

1.8V

25V

3.3-V PCI

3.3-VPCI-X 1.0

3.3-V AGP (1x and 2x)

LVDS

LVPECL

3.3-VPCML

HyperTransport

Differential HSTL (on input/output clocks only)
Differential SSTL (on output column clock pins only)
GTL/GTL+

1.5-V HSTL Class I and II

Altera Corporation
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DC & Switching Characteristics
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Table 4-39. DSP Block Internal Timing Microparameter Descriptions

Symbol Parameter
tsu Input, pipeline, and output register setup time before clock
th Input, pipeline, and output register hold time after clock
tco Input, pipeline, and output register clock-to-output delay

tiNREG2PIPEY

Input Register to DSP Block pipeline register in 9 x 9-bit
mode

tiNREG2PIPE1S

Input Register to DSP Block pipeline register in 18 x 18-bit
mode

tPIPE20UTF(EG2ADD

DSP Block Pipeline Register to output register delay in Two-
Multipliers Adder mode

tPIPE20UTF(EG4ADD

DSP Block Pipeline Register to output register delay in Four-
Multipliers Adder mode

trpo Combinatorial input to output delay for 9 x 9

trp1s Combinatorial input to output delay for 18 x 18

tppas Combinatorial input to output delay for 36 x 36

toLr Minimum clear pulse width

toLKHL Register minimum clock high or low time. This is a limit on

the min time for the clock on the registers in these blocks.
The actual performance is dependent upon the internal
point-to-point delays in the blocks and may give slower
performance as shown in Table 4-36 on page 4-20 and as
reported by the timing analyzer in the Quartus Il software.

4-23
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DC & Switching Characteristics

Figure 4-3 shows the TriMatrix memory waveforms for the M512, M4K,
and M-RAM timing parameters shown in Tables 4-40 through 4-42.

Figure 4-3. Dual-Port RAM Timing Microparameter Waveform
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Internal timing parameters are specified on a speed grade basis
independent of device density. Tables 4—44 through 4-50 show the
internal timing microparameters for LEs, IOEs, TriMatrix memory

structures, DSP blocks, and MultiTrack interconnects.

Table 4-43. Routing Delay Internal Timing Microparameter
Descriptions (Part 1 of 2)
Symbol Parameter
tra Delay for an R4 line with average loading; covers a distance of four
LAB columns.
trs Delay for an R8 line with average loading; covers a distance of eight
LAB columns.
tRos Delay for an R24 line with average loading; covers a distance of 24
LAB columns.
Altera Corporation 4-27
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DC & Switching Characteristics

Table 4-45. IOE Internal TSU Microparameter by Device Density (Part 2 of 2)

-5 -6 -1 -8 Unit
Device Symbol
Min Max Min Max Min Max Min Max
EP1S40 tsu R 76 80 80 80 ps
tsu ¢ 376 380 380 380 ps
EP1S60 tsu R 276 280 280 280 ps
tsu ¢ 276 280 280 280 ps
EP1S80 tsu_r 426 430 430 430 ps
tsu_c 76 80 80 80 ps

Table 4-46. I0E Internal Timing Microparameters

-5 -6 -7 -8
Symbol Unit
Min Max Min Max Min Max Min Max
ty 68 71 82 96 ps
tco_r 171 179 206 242 ps
tco c 171 179 206 242 ps
tpIN2COMBOUT R 1,234 1,295 1,490 1,753 ps
triN2cOMBOUT C 1,087 1,141 1,312 1,544 ps
tcomBINZPIN.R 3,894 4,089 4,089 4,089 ps
tCOMBINZPIN.C 4,299 4,494 4,494 4,494 ps
tolr 276 289 333 392 ps
trRe 260 273 313 369 ps
toLkHL 1,000 1,111 1,190 1,400 ps

Table 4-47. DSP Block Internal Timing Microparameters (Part 1 of 2)

-5 -6 -7 -8
Symbol Unit
Min Max Min Max Min Max Min Max
tsu 0 0 0 0 ps
ty 67 75 86 101 ps
tco 142 158 181 214 ps
tiNREG2PIPEY 2,613 2,982 3,429 4,035 ps
tNREG2PIPE18 3,390 3,993 4,591 5,402 ps
Altera Corporation 4-29
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DC & Switching Characteristics

Tables 4-61 through 4-66 show the external timing parameters on column
and row pins for EP1520 devices.

Table 4-61. EP1S20 External I/0 Timing on Column Pins Using Fast Regional Clock Netwarks Note (1)

-5 Speed Grade -6 Speed Grade -7 Speed Grade -8 Speed Grade )
Parameter Unit
Min Max Min Max Min Max Min Max
tinsu 2.065 2.245 2.576 NA ns
tiNe 0.000 0.000 0.000 NA ns
toutco 2.283 4.622 2.283 4.916 2.283 5.310 NA NA ns
tyz 2.223 4.496 2.223 4.784 2.223 5.186 NA NA ns
tzx 2.223 4.496 2.223 4.784 2.223 5.186 NA NA ns

Table 4-62. EP1S20 External I/0 Timing on Column Pins Using Regional Clock Networks Note (1)

-5 Speed Grade -6 Speed Grade -7 Speed Grade -8 Speed Grade
Parameter Unit

Min Max Min Max Min Max Min Max
tinsu 1.541 1.680 1.931 NA ns
tin 0.000 0.000 0.000 NA ns
touTco 2.597 5.146 2.597 5.481 2.597 5.955 NA NA ns
tyz 2.537 5.020 2.537 5.349 2.537 5.831 NA NA ns
tzx 2.537 5.020 2.537 5.349 2.537 5.831 NA NA ns
tinsupLL 0.777 0.818 0.937 NA ns
tiNHPLL 0.000 0.000 0.000 NA ns
touTcopLL 1.296 2.690 1.296 2.801 1.296 2.876 NA NA ns
twzpLL 1.236 2.564 1.236 2.669 1.236 2.752 NA NA ns
toxpLL 1.236 2.564 1.236 2.669 1.236 2.752 NA NA ns

Altera Corporation 4-39
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DC & Switching Characteristics

Table 4-77. EP1S30 External /0 Timing on Row Pins Using Regional Clock Networks

-5 Speed Grade -6 Speed Grade -7 Speed Grade -8 Speed Grade
Parameter Unit
Min Max Min Max Min Max Min Max
tinsu 2.322 2.467 2.828 3.342 ns
tine 0.000 0.000 0.000 0.000 ns
touTco 2.731 5.408 2.731 5.843 2.731 6.360 2.731 7.036 ns
tyz 2.758 5.462 2.758 5.899 2.758 6.428 2.758 7.118 ns
trx 2.758 5.462 2.758 5.899 2.758 6.428 2.758 7.118 ns
tinSUPLL 1.291 1.283 1.469 1.832 ns
tinHPLL 0.000 0.000 0.000 0.000 ns
touTcopLL 1.192 2.539 1.192 2.737 1.192 2.786 1.192 2.742 ns
tyzpLL 1.219 2.539 1.219 2.793 1.219 2.854 1.219 2.824 ns
toxpLL 1.219 2.539 1.219 2.793 1.219 2.854 1.219 2.824 ns
Table 4-78. EP1S30 External 1/0 Timing on Row Pins Using Global Clock Networks
-5 Speed Grade -6 Speed Grade -7 Speed Grade -8 Speed Grade
Parameter Unit
Min Max Min Max Min Max Min Max
tinsu 1.995 2.089 2.398 2.830 ns
tin 0.000 0.000 0.000 0.000 ns
touTco 2.917 5.735 2917 6.221 2.917 6.790 2.917 7.548 ns
tyz 2.944 5.789 2.944 6.277 2.944 6.858 2.944 7.630 ns
trx 2.944 5.789 2.944 6.277 2.944 6.858 2.944 7.630 ns
tinsuPLL 1.337 1.312 1.508 1.902 ns
tiNHPLL 0.000 0.000 0.000 0.000 ns
touTcopLL 1.164 2.493 1.164 2.708 1.164 2.747 1.164 2,672 ns
tyzpLL 1.191 2.547 1.191 2.764 1.191 2.815 1.191 2.754 ns
toxpLL 1.191 2.547 1.191 2.764 1.191 2.815 1.191 2.754 ns
Altera Corporation 4-47
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Timing Model

Table 4-108. Stratix I/0 Standard Output Delay Adders for Slow Slew Rate on Row Pins

-5 Speed Grade | -6 Speed Grade | -7 Speed Grade | -8 Speed Grade

1/0 Standard Unit
Min Max Min Max Min Max Min Max

LVCMOS 2mA 1,571 1,650 1,650 1,650 | ps
4mA 594 624 624 624 ps
8 mA 208 218 218 218 ps
12 mA 0 0 0 0 ps
3.3-V LVTTL 4 mA 1,571 1,650 1,650 1,650 | ps
8 mA 1,393 1,463 1,463 1,463 | ps
12 mA 596 626 626 626 ps
16 mA 562 590 590 590 ps
2.5-V LVTTL 2mA 2,562 2,690 2,690 2,690 | ps
8 mA 1,343 1,410 1,410 1,410 | ps
12 mA 864 907 907 907 ps
16 mA 945 992 992 992 ps
1.8-V LVTTL 2mA 6,306 6,621 6,621 6,621 ps
8 mA 3,369 3,538 3,538 3,538 | ps
12 mA 2,932 3,079 3,079 3,079 | ps
1.5-V LVTTL 2mA 9,759 10,247 10,247 10,247 | ps
4mA 6,830 7,172 7,172 7172 | ps
8 mA 5,699 5,984 5,984 5984 | ps
GTL+ -333 -350 -350 -350 | ps
CTT 591 621 621 621 ps
SSTL-3 Class | 267 280 280 280 ps
SSTL-3 Class I -346 -363 -363 -363 | ps
SSTL-2 Class | 481 505 505 505 ps
SSTL-2 Class |l -58 -61 -61 -61 ps
SSTL-18 Class | 2,207 2,317 2,317 2,317 | ps
1.5-V HSTL Class | 1,966 2,064 2,064" 2,064 | ps
1.8-V HSTL Class | 1,208 1,268 1,460 1,720 | ps
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Table 4-120. Stratix Maximum Output Clock Rate for PLL[5, 6, 11, 12] Pins

in Flip-Chip Packages (Part 2 of 2)

osngar || S| oo | St |y
SSTL-2 Class Il (3) 200 200 167 167 MHz
SSTL-2 Class Il (4) 200 200 167 167 MHz
SSTL-2 Class Il (5) 150 134 134 134 MHz
SSTL-18 Class | 150 133 133 133 MHz
SSTL-18 Class Il 150 133 133 133 MHz
1.5-V HSTL Class | 250 225 200 200 MHz
1.5-V HSTL Class Il 225 200 200 200 MHz
1.8-V HSTL Class | 250 225 200 200 MHz
1.8-V HSTL Class Il 225 200 200 200 MHz
3.3-V PCI 350 300 250 250 MHz
3.3-VPCI-X 1.0 350 300 250 250 MHz
Compact PCI 350 300 250 250 MHz
AGP 1x 350 300 250 250 MHz
AGP 2x 350 300 250 250 MHz
CTT 200 200 200 200 MHz
Differential 1.5-V HSTL 225 200 200 200 MHz
C1
Differential 1.8-V HSTL 250 225 200 200 MHz
Class |
Differential 1.8-V HSTL 225 200 200 200 MHz
Class Il
Differential SSTL-2 (6) 200 200 167 167 MHz
LVPECL (2) 500 500 500 500 MHz
PCML (2) 350 350 350 350 MHz
LVDS (2) 500 500 500 500 MHz
HyperTransport 350 350 350 350 MHz
technology (2)
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