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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.
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Introduction

Table 1-5. Stratix FineLine BGA Package Sizes
Dimension 484 Pin 672 Pin 780 Pin 1,020 Pin 1,508 Pin
Pitch (mm) 1.00 1.00 1.00 1.00 1.00
Area (mm2) 529 729 841 1,089 1,600
Length x width 23 x 23 27 x 27 29 x 29 33x 33 40 x 40
(mm x mm)

Stratix devices are available in up to four speed grades, -5, -6, -7, and -8,
with -5 being the fastest. Table 1-6 shows Stratix device speed-grade
offerings.

Table 1-6. Stratix Device Speed Grades
. . 484-Pin 672-Pin 780-Pin 1,020-Pin 1,508-Pin
Device 6732(;';'" 9536(;2'" FineLine | FineLine | FineLine | FineLine FineLine
BGA BGA BGA BGA BGA
EP1S10 6, -5, -6, -7 -8, -7 -5, -6, -7
EP1S20 -8, - -5, -6, -7 -8, -7 -5, -6, -7
EP1S25 -6, - -6,-7,-8 -5, -6, -7 -5, -6, -7
EP1S30 -5, -6, -7 -5,-6,-7,-8 | -5,-6,-7
EP1S40 -5, -6, -7 -5,-6,-7,-8 | -5,-6,-7 -5, -6, -7
EP1S60 -6, -7 -5, -6, -7 -6, -7
EP1S80 -6, -7 -5, -6, -7 -5, -6, -7
Altera Corporation 1-5
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TriMatrix Memory

2-34

M-RAM Block

The largest TriMatrix memory block, the M-RAM block, is useful for
applications where a large volume of data must be stored on-chip. Each
block contains 589,824 RAM bits (including parity bits). The M-RAM
block can be configured in the following modes:

True dual-port RAM
Simple dual-port RAM
Single-port RAM

FIFO RAM

You cannot use an initialization file to initialize the contents of a M-RAM
block. All M-RAM block contents power up to an undefined value. Only
synchronous operation is supported in the M-RAM block, so all inputs
are registered. Output registers can be bypassed. The memory address
and output width can be configured as 64K x 8 (or 64K x 9 bits), 32K x 16
(or 32K x 18 bits), 16K x 32 (or 16K x 36 bits), 8K x 64 (or 8K x 72 bits), and
4K x 128 (or 4K x 144 bits). The 4K x 128 configuration is unavailable in
true dual-port mode because there are a total of 144 data output drivers
in the block. Mixed-width configurations are also possible, allowing
different read and write widths. Tables 2-8 and 2-9 summarize the
possible M-RAM block configurations:

Table 2-8. M-RAM Block Configurations (Simple Dual-Port)
Write Port
Read Port
64K x 9 32K <18 | 16K x36 | 8Kx72 | 4K x 144

64K x 9 v v v v
32K x 18 v v v v
16K x 36 v v v v
8K x 72 v v v v
4K x 144 v

Altera Corporation
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TriMatrix Memory

Figure 2-23. M-RAM Column Unit Interface to Interconnect
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PLLs & Clock Networks

Figure 2-45. EP1830 Device Fast Regional Clock Pin Connections to Fast

Regional Clocks
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Notes to Figure 2—45:

(1) This is a set of two multiplexers.
(2) Inaddition to the FCLK pin inputs, there is also an input from the I/O interconnect.

Combined Resources

Within each region, there are 22 distinct dedicated clocking resources
consisting of 16 global clock lines, four regional clock lines, and two fast
regional clock lines. Multiplexers are used with these clocks to form eight
bit busses to drive LAB row clocks, column IOE clocks, or row IOE clocks.
Another multiplexer is used at the LAB level to select two of the eight row
clocks to feed the LE registers within the LAB. See Figure 2—46.

2-78 Altera Corporation
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PLLs & Clock Networks

provide general purpose clocking with multiplication and phase shifting
as well as high-speed outputs for high-speed differential I/O support.
Enhanced and fast PLLs work together with the Stratix high-speed I/O
and advanced clock architecture to provide significant improvements in

system performance and bandwidth.

The Quartus II software enables the PLLs and their features without
requiring any external devices. Table 2-18 shows the PLLs available for

each Stratix device.

Table 2-18. Stratix Device PLL Availability
Fast PLLs Enhanced PLLs

Device

1 2 3 4 7 8 9 10 | 5(7) | 6(1) | 11(2) | 12(2)
EP1S10 v v v v v v
EP1S20 v v v v
EP1S25 v v v v v v
EP1S30 v v v vV VO |IvVE)|vE |IvVE | v v
EP1540 v/ v/ v/ VOIVE)IVE)VE (VOB | v v V3| V(3
EP1S60 v v v v v v v v v/ v/ v v
EP1580 v/ v/ v/ v/ v v/ v/ v/ v v v v

Notes to Table 2-18:
(1) PLLs 5 and 6 each have eight single-ended outputs or four differential outputs.
(2) PLLs 11 and 12 each have one single-ended output.

(3) EP1S30 and EP1540 devices do not support these PLLs in the 780-pin FineLine BGA® package.
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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

Stratix Device Handbook, Volume 1 July 2005



Stratix Architecture

Table 2-20. I/0 Standards Supported for Enhanced PLL Pins (Part 2 of 2)

AGP (1x and 2x)

Input Output
I/0 Standard

INCLK FBIN PLLENABLE | EXTCLK
1.5-V HSTL Class Il v v v
1.8-V HSTL Class | v v v
1.8-V HSTL Class Il v v v
SSTL-18 Class | v v v
SSTL-18 Class |l N4 v v
SSTL-2 Class | N4 v v
SSTL-2 Class Il v v v
SSTL-3 Class | N4 v v
SSTL-3 Class Il v Vv v
v v v
v v v

CTT

Enhanced PLLs 11 and 12 support one single-ended output each (see
Figure 2-56). These outputs do not have their own vVCC and GND signals.
Therefore, to minimize jitter, do not place switching I/O pins next to this
output pin.

Figure 2-56. External Clock Outputs for Enhanced PLLs 11 & 12

g0

Counter

—™

CLK13n, I/O, PLL11_OUT

-

From Internal
Logic or IOE

Note to Figure 2-56:

=

or CLKén, I/O, PLL12_OUT (1)

(1) For PLL 11, this pin is CLK13n; for PLL 12 this pin is CLK7n.

Altera Corporation
July 2005

Stratix devices can drive any enhanced PLL driven through the global
clock or regional clock network to any general I/O pin as an external
output clock. The jitter on the output clock is not guaranteed for these
cases.
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PLLs & Clock Networks

resynchronization or relock period. The clkena signal can also disable
clock outputs if the system is not tolerant to frequency overshoot during
resynchronization.

The extclkena signals work in the same way as the c1kena signals, but
they control the external clock output counters (¢0, €1, €2, and €3). Upon
re-enabling, the PLL does not need a resynchronization or relock period
unless the PLL is using external feedback mode. In order to lock in
external feedback mode, the external output must drive the board trace
back to the FBIN pin.

Figure 2-57. extclkena Signals

COUNTER

OUTPUT G\
\

CLKENA q G\
CLKOUT
Fast PLLs
Stratix devices contain up to eight fast PLLs with high-speed serial
interfacing ability, along with general-purpose features. Figure 2-58
shows a diagram of the fast PLL.
2-100 Altera Corporation
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1/0 Structure

Stratix devices have an I/O interconnect similar to the R4 and C4
interconnect to drive high-fanout signals to and from the I/O blocks.
There are 16 signals that drive into the I/O blocks composed of four
outputenables io_boe [3..0], four clock enables io_bce [3..0], four
clocks io_bclk[3..0], and four clear signals io_bclr[3..0]. The
pin’s datain signals can drive the IO interconnect, which in turn drives
the logic array or other I/O blocks. In addition, the control and data
signals can be driven from the logic array, providing a slower but more
flexible routing resource. The row or column IOE clocks, io_clk[7..0],
provide a dedicated routing resource for low-skew, high-speed clocks.
I/0 clocks are generated from regional, global, or fast regional clocks (see
“PLLs & Clock Networks” on page 2-73). Figure 2-62 illustrates the
signal paths through the I/O block.

Figure 2-62. Signal Path through the 1/0 Block
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1/0 Structure

Figure 2-64. Stratix I0E in Bidirectional I/0 Configuration Note (1)
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2-110

The Stratix device IOE includes programmable delays that can be
activated to ensure zero hold times, input IOE register-to-logic array
register transfers, or logic array-to-output IOE register transfers.

A path in which a pin directly drives a register may require the delay to
ensure zero hold time, whereas a path in which a pin drives a register
through combinatorial logic may not require the delay. Programmable
delays exist for decreasing input-pin-to-logic-array and IOE input
register delays. The Quartus II Compiler can program these delays to
automatically minimize setup time while providing a zero hold time.
Programmable delays can increase the register-to-pin delays for output

Stratix Device Handbook, Volume 1

Altera Corporation

July 2005



IEEE Std. 1149.1 (JTAG) Boundary-Scan Support

Table 3—1. Stratix JTAG Instructions

JTAG Instruction

Instruction Code

Description

SAMPLE/PRELOAD

00 0000 0101

Allows a snapshot of signals at the device pins to be captured and
examined during normal device operation, and permits an initial
data pattern to be output at the device pins. Also used by the
SignalTap Il embedded logic analyzer.

EXTEST (1)

00 0000 0000

Allows the external circuitry and board-level interconnects to be
tested by forcing a test pattern at the output pins and capturing test
results at the input pins.

BYPASS

111111 1111

Places the 1-bit bypass register between the TDI and TDO pins,
which allows the BST data to pass synchronously through selected
devices to adjacent devices during normal device operation.

USERCODE

00 0000 0111

Selects the 32-bit USERCODE register and places it between the
TDI and TDO pins, allowing the USERCODE to be serially shifted
out of TDO.

IDCODE

00 0000 0110

Selects the IDCODE register and places it between TDI and TDO,
allowing the IDCODE to be serially shifted out of TDO.

HIGHZ (1)

00 0000 1011

Places the 1-bit bypass register between the TDI and TDO pins,
which allows the BST data to pass synchronously through selected
devices to adjacent devices during normal device operation, while
tri-stating all of the 1/O pins.

CLAMP (1)

00 0000 1010

Places the 1-bit bypass register between the TDI and TDO pins,
which allows the BST data to pass synchronously through selected
devices to adjacent devices during normal device operation while
holding I/O pins to a state defined by the data in the boundary-scan
register.

ICR instructions

Used when configuring an Stratix device via the JTAG port with a
MasterBlaster™, ByteBlasterMV™, or ByteBlaster™ Il download
cable, or when using a Jam File or Jam Byte-Code File via an
embedded processor or JRunner.

PULSE_NCONFIG

00 0000 0001

Emulates pulsing the nCONFIG pin low to trigger reconfiguration
even though the physical pin is unaffected.

CONFIG_IO

00 0000 1101

Allows configuration of 1/0 standards through the JTAG chain for
JTAG testing. Can be executed before, after, or during
configuration. Stops configuration if executed during configuration.
Once issued, the CONFIG_IO instruction will hold nSTATUS low
to reset the configuration device. nSTATUS is held low until the
device is reconfigured.

SignalTap Il
instructions

Monitors internal device operation with the SignalTap Il embedded
logic analyzer.

Note to Table 3-1:

(1) Bus hold and weak pull-up resistor features override the high-impedance state of HIGHZ, CLAMP, and EXTEST.
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Operating Conditions

Table 4-2. Stratix Device Recommended Operating Conditions (Part 2 of 2)
Symbol Parameter Conditions Minimum Maximum | Unit
Vecio Supply voltage for output (4), (5) 3.00 (3.135) | 3.60 (3.465) Vv
buffers, 3.3-V operation
Supply voltage for output (4) 2.375 2.625 Vv
buffers, 2.5-V operation
Supply voltage for output (4) 1.71 1.89 Vv
buffers, 1.8-V operation
Supply voltage for output (4) 14 1.6 Vv
buffers, 1.5-V operation
V, Input voltage (3), (6) -0.5 4.0 Vv
Vo Output voltage 0 Vecio Vv
T, Operating junction For commercial use 0 85 °C
temperature For industrial use -40 100 °C
Table 4-3. Stratix Device DC Operating Conditions \ote (7) (Part 1 of 2)
Symbol Parameter Conditions Minimum | Typical Maximum Unit
f Input pin leakage Vi =Veciomax 10 0V (8) -10 10 HA
current
loz Tri-stated I/O pin Vo =Veciomax to 0V (8) -10 10 HA
leakage current
lcco Ve supply current | V| = ground, no load, no mA
(standby) (All toggling inputs
memory blocks in EP1S10. V, = ground, no 37 mA
power-down mode) o
load, no toggling inputs
EP1S20. V, = ground, no 65 mA
load, no toggling inputs
EP1S25. V| = ground, no 90 mA
load, no toggling inputs
EP1S30. V, = ground, no 114 mA
load, no toggling inputs
EP1S40. V, = ground, no 145 mA
load, no toggling inputs
EP1S60. V| = ground, no 200 mA
load, no toggling inputs
EP1S80. V, = ground, no 277 mA
load, no toggling inputs
4-2 Altera Corporation
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Timing Model

Table 4-75. EP1830 External I/0 Timing on Column Pins Using Global Clock Networks (Part 2 of 2)

-5 Speed Grade -6 Speed Grade -7 Speed Grade -8 Speed Grade
Parameter Unit
Min Max Min Max Min Max Min Max
tyz 2.754 5.406 2.754 5.848 2.754 6.412 2.754 7.159 ns
trx 2.754 5.406 2.754 5.848 2.754 6.412 2.754 7.159 ns
tinsuPLL 1.265 1.236 1.403 1.756 ns
tinHPLL 0.000 0.000 0.000 0.000 ns
touTcopLL 1.068 2.302 1.068 2.483 1.068 2.510 1.068 2.423 ns
tyzpLL 1.008 2.176 1.008 2.351 1.008 2.386 1.008 2.308 ns
toxpLL 1.008 2.176 1.008 2.351 1.008 2.386 1.008 2.308 ns
Table 4-76. EP1S30 External /0 Timing on Row Pins Using Fast Regional Clock Networks
-5 Speed Grade -6 Speed Grade -7 Speed Grade -8 Speed Grade
Parameters Unit
Min Max Min Max Min Max Min Max
tinsu 2.616 2.808 3.223 3.797 ns
tin 0.000 0.000 0.000 0.000 ns
toutco 2.542 5.114 2.542 5.502 2.542 5.965 2.542 6.581 ns
tyz 2.569 5.168 2.569 5.558 2.569 6.033 2.569 6.663 ns
trx 2.569 5.168 2.569 5.558 2.569 6.033 2.569 6.663 ns
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Timing Model

Table 4-110. Stratix IOE Programmable Delays on Row Pins Note (1)

-5 Speed Grade | -6 Speed Grade | -7 Speed Grade | -8 Speed Grade
Parameter Setting Unit
Min Max Min Max Min Max Min Max
Decrease input delay | Off 3,970 4,367 5,022 5,908 | ps
to internal cells Small 3,390 3,729 4,288 5045 | ps
Medium 2,810 3,091 3,554 4,181 ps
Large 173 181 208 245 ps
On 173 181 208 245 ps
Decrease input delay | Off 3,900 4,290 4,933 5,804 | ps
to input register on 0 0 0 0 ps
Decrease input delay | Off 1,240 1,364 1,568 1,845 | ps
to output register Oon 0 0 0 0 ps
Increase delay to Off 0 0 0 0 ps
output pin on 397 417 417 417 | ps
Increase delay to Off 0 0 0 0 ps
output enable pin on 348 383 441 518 | ps
Increase output clock | Off 0 0 0 0 ps
enable delay Small 180 198 227 267 | ps
Large 260 286 328 386 ps
On 260 286 328 386 ps
Increase input clock | Off 0 0 0 0 ps
enable delay Small 180 198 207 267 | ps
Large 260 286 328 386 ps
On 260 286 328 386 ps
Increase output Off 0 0 0 0 ps
32;@'9 clock enable g 540 594 683 804 | ps
Large 1,016 1,118 1,285 1,512 | ps
On 1,016 1,118 1,285 1,512 ps
Increase tyx delay to | Off 0 0 0 0 ps
output pin On 1,993 2,092 2,002 2,092 | ps

Note to Table 4-109 and Table 4-110:
(1) The delay chain delays vary for different device densities. These timing values only apply to EP1530 and EP1540
devices. Reference the timing information reported by the Quartus II software for other devices.
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DC & Switching Characteristics

Table 4-122. Stratix Maximum Output Clock Rate for PLL[5, 6, 11, 12] Pins
in Wire-Bond Packages (Part 2 of 2)
A

LVDS (2) 311 275 275 MHz
HyperTransport 311 275 275 MHz
technology (2)

Table 4-123. Stratix Maximum Output Clock Rate (Using I/0 Pins) for PLL[1,
2, 3, 4] Pins in Wire-Bond Packages (Part 1 of 2)

oy |Gt et A%ty
LVTTL 200 175 175 MHz
25V 200 175 175 MHz
1.8V 200 175 175 MHz
15V 200 175 175 MHz
LVCMOS 200 175 175 MHz
GTL 125 100 100 MHz
GTL+ 125 100 100 MHz
SSTL-3 Class | 110 90 90 MHz
SSTL-3 Class Il 150 133 133 MHz
SSTL-2 Class | 90 80 80 MHz
SSTL-2 Class I 110 100 100 MHz
SSTL-18 Class | 110 100 100 MHz
SSTL-18 Class II 110 100 100 MHz
1.5-V HSTL Class | 225 200 200 MHz
1.5-V HSTL Class Il 200 167 167 MHz
1.8-V HSTL Class | 225 200 200 MHz
1.8-V HSTL Class Il 200 167 167 MHz
3.3-V PCI 200 175 175 MHz
3.3-VPCI-X 1.0 200 175 175 MHz
Compact PCI 200 175 175 MHz
AGP 1x 200 175 175 MHz
AGP 2x 200 175 175 MHz
CTT 125 100 100 MHz
LVPECL (2) 311 270 270 MHz
PCML (2) 400 311 311 MHz
Altera Corporation 4-85
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DC & Switching Characteristics

Hi g h-Speed 1/0 Table 4-124 provides high-speed timing specifications definitions.

Specification

Table 4-124. High-Speed Timing Specifications & Terminology

High-Speed Timing Specification

Terminology

tc High-speed receiver/transmitter input and output clock period.
fuscLk High-speed receiver/transmitter input and output clock frequency.
trisE Low-to-high transmission time.

traLL High-to-low transmission time.

Timing unit interval (TUI)

The timing budget allowed for skew, propagation delays, and data
sampling window. (TUI = 1/(Receiver Input Clock Frequency x
Multiplication Factor) = tc/w).

fHSDR

Maximum LVDS data transfer rate (fyspg = 1/TUI).

Channel-to-channel skew (TCCS)

The timing difference between the fastest and slowest output edges,
including tgo variation and clock skew. The clock is included in the TCCS
measurement.

Sampling window (SW)

The period of time during which the data must be valid to be captured
correctly. The setup and hold times determine the ideal strobe position
within the sampling window.
SW = tSW (maX) - tSW (mln)

Input jitter (peak-to-peak)

Peak-to-peak input jitter on high-speed PLLs.

Output jitter (peak-to-peak)

Peak-to-peak output jitter on high-speed PLLs.

touty Duty cycle on high-speed transmitter output clock.
tLock Lock time for high-speed transmitter and receiver PLLs.
J Deserialization factor (width of internal data bus).

w PLL multiplication factor.

Altera Corporation
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