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4 ● Table 4–48 on page 4–30: added rows tM512CLKSENSU and tM512CLKENH, 
and updated symbol names.

● Updated power-up current (ICCINT) required to power a Stratix 
device on page 4–17.

● Updated Table 4–37 on page 4–22 through Table 4–43 on 
page 4–27.

● Table 4–49 on page 4–31: added rows tM4KCLKENSU, tM4KCLKENH, 
tM4KBESU, and tM4KBEH, deleted rows tM4KRADDRASU and tM4KRADDRH, and 
updated symbol names.

● Table 4–50 on page 4–31: added rows tMRAMCLKENSU, tMRAMCLKENH, 
tMRAMBESU, and tMRAMBEH, deleted rows tMRAMADDRASU and 
tMRAMRADDRH, and updated symbol names.

● Table 4–52 on page 4–34: updated table, deleted “Conditions” 
column, and added rows tXZ and tZX.

● Table 4–52 on page 4–34: updated table, deleted “Conditions” 
column, and added rows tXZ and tZX.

● Table 4–53 on page 4–34: updated table and added rows tXZPLL and 
tZXPLL.

● Updated Note 2 in Table 4–53 on page 4–34.
● Table 4–54 on page 4–35: updated table, deleted “Conditions” 

column, and added rows tXZPLL and tZXPLL.
● Updated Note 2 in Table 4–54 on page 4–35.
● Deleted Note 2 from Table 4–55 on page 4–36 through Table 4–66 on 

page 4–41.
● Updated Table 4–55 on page 4–36 through Table 4–96 on 

page 4–56. Added rows TXZ, TZX, TXZPLL, and TZXPLL.

● Added Note 4 to Table 4–101 on page 4–62.
● Deleted Note 1 from Table 4–67 on page 4–42 through Table 4–84 on 

page 4–50.
● Added new section “I/O Timing Measurement Methodology” on 

page 4–60.
● Deleted Note 1 from Table 4–67 on page 4–42 through Table 4–84 on 

page 4–50.
● Deleted Note 2 from Table 4–85 on page 4–51 through Table 4–96 on 

page 4–56.
● Added Note 4 to Table 4–101 on page 4–62.
● Table 4–102 on page 4–64: updated table and added Note 4.
● Updated description of “External I/O Delay Parameters” on 

page 4–66.
● Added Note 1 to Table 4–109 on page 4–73 and Table 4–110 on 

page 4–74.
● Updated Table 4–103 on page 4–66 through Table 4–110 on 

page 4–74.
● Deleted Note 2 from Table 4–103 on page 4–66 through Table 4–106 

on page 4–69.
● Added new paragraph about output adder delays on page 4–68.
● Updated Table 4–110 on page 4–74.
● Added Note 1 to Table 4–111 through Table 4–113 on page 4–75.
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Stratix Architecture

The number of M512 RAM, M4K RAM, and DSP blocks varies by device 
along with row and column numbers and M-RAM blocks. Table 2–1 lists 
the resources available in Stratix devices.

Logic Array 
Blocks

Each LAB consists of 10 LEs, LE carry chains, LAB control signals, local 
interconnect, LUT chain, and register chain connection lines. The local 
interconnect transfers signals between LEs in the same LAB. LUT chain 
connections transfer the output of one LE’s LUT to the adjacent LE for fast 
sequential LUT connections within the same LAB. Register chain 
connections transfer the output of one LE’s register to the adjacent LE’s 
register within an LAB. The Quartus® II Compiler places associated logic 
within an LAB or adjacent LABs, allowing the use of local, LUT chain, 
and register chain connections for performance and area efficiency. 
Figure 2–2 shows the Stratix LAB.

Table 2–1. Stratix Device Resources

Device M512 RAM 
Columns/Blocks

M4K RAM 
Columns/Blocks

M-RAM 
Blocks

DSP Block 
Columns/Blocks

LAB 
Columns LAB Rows

EP1S10 4 / 94 2 / 60 1 2 / 6 40 30

EP1S20 6 / 194 2 / 82 2 2 / 10 52 41

EP1S25 6 / 224 3 / 138 2 2 / 10 62 46

EP1S30 7 / 295 3 / 171 4 2 / 12 67 57

EP1S40 8 / 384 3 / 183 4 2 / 14 77 61

EP1S60 10 / 574 4 / 292 6 2 / 18 90 73

EP1S80 11 / 767 4 / 364 9 2 / 22 101 91
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Stratix Architecture

Figure 2–8. Carry Select Chain 

Clear & Preset Logic Control

LAB-wide signals control the logic for the register’s clear and preset 
signals. The LE directly supports an asynchronous clear and preset 
function. The register preset is achieved through the asynchronous load 
of a logic high. The direct asynchronous preset does not require a NOT-
gate push-back technique. Stratix devices support simultaneous preset/ 
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Stratix Architecture

M512 RAM Block

The M512 RAM block is a simple dual-port memory block and is useful 
for implementing small FIFO buffers, DSP, and clock domain transfer 
applications. Each block contains 576 RAM bits (including parity bits). 
M512 RAM blocks can be configured in the following modes:

■ Simple dual-port RAM
■ Single-port RAM
■ FIFO
■ ROM
■ Shift register

When configured as RAM or ROM, you can use an initialization file to 
pre-load the memory contents.

The memory address depths and output widths can be configured as 
512 × 1, 256 × 2, 128 × 4, 64 × 8 (64 × 9 bits with parity), and 32 × 16 
(32 × 18 bits with parity). Mixed-width configurations are also possible, 
allowing different read and write widths. Table 2–4 summarizes the 
possible M512 RAM block configurations.

When the M512 RAM block is configured as a shift register block, a shift 
register of size up to 576 bits is possible.

The M512 RAM block can also be configured to support serializer and 
deserializer applications. By using the mixed-width support in 
combination with DDR I/O standards, the block can function as a 
SERDES to support low-speed serial I/O standards using global or 
regional clocks. See “I/O Structure” on page 2–104 for details on 
dedicated SERDES in Stratix devices.

Table 2–4. M512 RAM Block Configurations (Simple Dual-Port RAM)

Read Port
Write Port

512 × 1 256 × 2 128 × 4 64 × 8 32 × 16 64 × 9 32 × 18

512 × 1 v v v v v

256 × 2 v v v v v

128 × 4 v v v v

64 × 8 v v v

32 × 16 v v v v

64 × 9 v

32 × 18 v
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TriMatrix Memory

M4K RAM blocks support byte writes when the write port has a data 
width of 16, 18, 32, or 36 bits. The byte enables allow the input data to be 
masked so the device can write to specific bytes. The unwritten bytes 
retain the previous written value. Table 2–7 summarizes the byte 
selection. 

The M4K RAM blocks allow for different clocks on their inputs and 
outputs. Either of the two clocks feeding the block can clock M4K RAM 
block registers (renwe, address, byte enable, datain, and output 
registers). Only the output register can be bypassed. The eight labclk 
signals or local interconnects can drive the control signals for the A and B 
ports of the M4K RAM block. LEs can also control the clock_a, 
clock_b, renwe_a, renwe_b, clr_a, clr_b, clocken_a, and 
clocken_b signals, as shown in Figure 2–17.

The R4, R8, C4, C8, and direct link interconnects from adjacent LABs 
drive the M4K RAM block local interconnect. The M4K RAM blocks can 
communicate with LABs on either the left or right side through these row 
resources or with LAB columns on either the right or left with the column 
resources. Up to 10 direct link input connections to the M4K RAM Block 
are possible from the left adjacent LABs and another 10 possible from the 
right adjacent LAB. M4K RAM block outputs can also connect to left and 
right LABs through 10 direct link interconnects each. Figure 2–18 shows 
the M4K RAM block to logic array interface.

Table 2–7. Byte Enable for M4K Blocks Notes (1), (2)

byteena[3..0] datain ×18 datain ×36

[0] = 1 [8..0] [8..0]

[1] = 1 [17..9] [17..9]

[2] = 1 – [26..18]

[3] = 1 – [35..27]

Notes to Table 2–7:
(1) Any combination of byte enables is possible.
(2) Byte enables can be used in the same manner with 8-bit words, i.e., in × 16 and 

× 32 modes.
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Stratix Architecture

Figure 2–33. Multiplier Sub-Blocks Using Input Shift Register Connections 
Note (1)

Note to Figure 2–33:
(1) Either Data A or Data B input can be set to a parallel input for constant coefficient 

multiplication.
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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

Device
Fast PLLs Enhanced PLLs

1 2 3 4 7 8 9 10 5(1) 6(1) 11(2) 12(2)

EP1S10 v v v v v v

EP1S20 v v v v v v

EP1S25 v v v v v v

EP1S30 v v v v v (3) v (3) v (3) v (3) v v

EP1S40 v v v v v (3) v (3) v (3) v (3) v v v(3) v(3)

EP1S60 v v v v v v v v v v v v

EP1S80 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 EP1S40 devices do not support these PLLs in the 780-pin FineLine BGA® package.
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PLLs & Clock Networks

Figure 2–51. Global & Regional Clock Connections from Top Clock Pins & Enhanced PLL Outputs Note (1)

Notes to Figure 2–51:
(1) PLLs 1 to 4 and 7 to 10 are fast PLLs. PLLs 5, 6, 11, and 12 are enhanced PLLs.
(2) CLK4, CLK6, CLK12, and CLK14 feed the corresponding PLL’s inclk0 port.
(3) CLK5, CLK7, CLK13, and CLK15 feed the corresponding PLL’s inclk1 port.
(4) The EP1S40 device in the 780-pin FineLine BGA package does not support PLLs 11 and 12.
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Each IOE contains its own control signal selection for the following 
control signals: oe, ce_in, ce_out, aclr/preset, sclr/preset, 
clk_in, and clk_out. Figure 2–63 illustrates the control signal 
selection.

Figure 2–63. Control Signal Selection per IOE

In normal bidirectional operation, the input register can be used for input 
data requiring fast setup times. The input register can have its own clock 
input and clock enable separate from the OE and output registers. The 
output register can be used for data requiring fast clock-to-output 
performance. The OE register can be used for fast clock-to-output enable 
timing. The OE and output register share the same clock source and the 
same clock enable source from local interconnect in the associated LAB, 
dedicated I/O clocks, and the column and row interconnects. Figure 2–64 
shows the IOE in bidirectional configuration.
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Figure 2–68. Output Timing Diagram in DDR Mode

The Stratix IOE operates in bidirectional DDR mode by combining the 
DDR input and DDR output configurations. Stratix device I/O pins 
transfer data on a DDR bidirectional bus to support DDR SDRAM. The 
negative-edge-clocked OE register holds the OE signal inactive until the 
falling edge of the clock. This is done to meet DDR SDRAM timing 
requirements.

External RAM Interfacing

Stratix devices support DDR SDRAM at up to 200 MHz (400-Mbps data 
rate) through dedicated phase-shift circuitry, QDR and QDRII SRAM 
interfaces up to 167 MHz, and ZBT SRAM interfaces up to 200 MHz. 
Stratix devices also provide preliminary support for reduced latency 
DRAM II (RLDRAM II) at rates up to 200 MHz through the dedicated 
phase-shift circuitry.

1 In addition to the required signals for external memory 
interfacing, Stratix devices offer the optional clock enable signal. 
By default the Quartus II software sets the clock enable signal 
high, which tells the output register to update with new values. 
The output registers hold their own values if the design sets the 
clock enable signal low. See Figure 2–64.

f To find out more about the DDR SDRAM specification, see the JEDEC 
web site (www.jedec.org). For information on memory controller 
megafunctions for Stratix devices, see the Altera web site 
(www.altera.com). See AN 342: Interfacing DDR SDRAM with Stratix & 
Stratix GX Devices for more information on DDR SDRAM interface in 
Stratix. Also see AN 349: QDR SRAM Controller Reference Design for 
Stratix & Stratix GX Devices and AN 329: ZBT SRAM Controller Reference 
Design for Stratix & Stratix GX Devices.
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Configuration & Testing

Figure 3–3. Remote Update Transition Diagram Notes (1), (2)

Notes to Figure 3–3:
(1) Remote update of Application Configuration is controlled by a Nios embedded processor or user logic programmed 

in the Factory or Application configurations.
(2) Up to seven pages can be specified allowing up to seven different configuration applications.
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Operating Conditions

Table 4–20. SSTL-2 Class I Specifications

Symbol Parameter Conditions Minimum Typical Maximum Unit

VCCIO Output supply voltage 2.375 2.5 2.625 V

VTT Termination voltage VREF – 0.04 VREF VREF + 0.04 V

VREF Reference voltage 1.15 1.25 1.35 V

VIH(DC) High-level DC input voltage VREF + 0.18 3.0 V

VIL(DC) Low-level DC input voltage –0.3 VREF – 0.18 V

VIH(AC) High-level AC input voltage VREF + 0.35 V

VIL(AC) Low-level AC input voltage VREF – 0.35 V

VOH High-level output voltage IOH = –8.1 mA 
(3)

VTT + 0.57 V

VOL Low-level output voltage IOL = 8.1 mA (3) VTT – 0.57 V

Table 4–21. SSTL-2 Class II Specifications

Symbol Parameter Conditions Minimum Typical Maximum Unit

VCCIO Output supply voltage 2.375 2.5 2.625 V

VTT Termination voltage VREF – 0.04 VREF VREF + 0.04 V

VREF Reference voltage 1.15 1.25 1.35 V

VIH(DC) High-level DC input voltage VREF + 0.18 VCCIO + 0.3 V

VIL(DC) Low-level DC input voltage –0.3 VREF – 0.18 V

VIH(AC) High-level AC input voltage VREF + 0.35 V

VIL(AC) Low-level AC input voltage VREF – 0.35 V

VOH High-level output voltage IOH = –16.4 mA 
(3)

VTT + 0.76 V

VOL Low-level output voltage IOL = 16.4 mA (3) VTT – 0.76 V

Table 4–22. SSTL-3 Class I Specifications (Part 1 of 2)

Symbol Parameter Conditions Minimum Typical Maximum Unit

VCCIO Output supply voltage 3.0 3.3 3.6 V

VTT Termination voltage VREF – 0.05 VREF VREF + 0.05 V

VREF Reference voltage 1.3 1.5 1.7 V

VIH(DC) High-level DC input voltage VREF + 0.2 VCCIO + 0.3 V

VIL(DC) Low-level DC input voltage –0.3 VREF – 0.2 V

VIH(AC) High-level AC input voltage VREF + 0.4 V
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DC & Switching Characteristics

Power 
Consumption

Altera® offers two ways to calculate power for a design: the Altera web 
power calculator and the PowerGaugeTM feature in the Quartus® II 
software.

The interactive power calculator on the Altera web site is typically used 
prior to designing the FPGA in order to get a magnitude estimate of the 
device power. The Quartus II software PowerGauge feature allows you to 
apply test vectors against your design for more accurate power 
consumption modeling.

In both cases, these calculations should only be used as an estimation of 
power, not as a specification.

Stratix devices require a certain amount of power-up current to 
successfully power up because of the small process geometry on which 
they are fabricated. 

Table 4–34 shows the maximum power-up current (ICCINT) required to 
power a Stratix device. This specification is for commercial operating 
conditions. Measurements were performed with an isolated Stratix 
device on the board to characterize the power-up current of an isolated 

Table 4–33. Stratix Device Capacitance Note (5)

Symbol Parameter Minimum Typical Maximum Unit

CIOTB Input capacitance on I/O pins in I/O banks 
3, 4, 7, and 8.

11.5 pF

CIOLR Input capacitance on I/O pins in I/O banks 
1, 2, 5, and 6, including high-speed 
differential receiver and transmitter pins.

8.2 pF 

CCLKTB Input capacitance on top/bottom clock input 
pins: CLK[4:7] and CLK[12:15].

11.5 pF 

CCLKLR Input capacitance on left/right clock inputs: 
CLK1, CLK3, CLK8, CLK10.

7.8 pF 

CCLKLR+ Input capacitance on left/right clock inputs: 
CLK0, CLK2, CLK9, and CLK11.

4.4 pF

Notes to Tables 4–10 through 4–33:
(1) When tx_outclock port of altlvds_tx megafunction is 717 MHz, VO D ( m i n )  = 235 mV on the output clock pin.
(2) Pin pull-up resistance values will lower if an external source drives the pin higher than VCCIO.
(3) Drive strength is programmable according to the values shown in the Stratix Architecture chapter of the Stratix 

Device Handbook, Volume 1.
(4) VREF specifies the center point of the switching range.
(5) Capacitance is sample-tested only. Capacitance is measured using time-domain reflections (TDR). Measurement 

accuracy is within ±0.5 pF.
(6) VIO and VCM have multiple ranges and values for J=1 through 10.
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Timing Model

Table 4–52 shows the external I/O timing parameters when using fast 
regional clock networks.

Table 4–53 shows the external I/O timing parameters when using 
regional clock networks.

Table 4–52. Stratix Fast Regional Clock External I/O Timing Parameters 
Notes (1), (2)

Symbol Parameter

tINSU Setup time for input or bidirectional pin using IOE input register with 
fast regional clock fed by FCLK pin

tINH Hold time for input or bidirectional pin using IOE input register with 
fast regional clock fed by FCLK pin

tOUTCO Clock-to-output delay output or bidirectional pin using IOE output 
register with fast regional clock fed by FCLK pin

tXZ Synchronous IOE output enable register to output pin disable delay 
using fast regional clock fed by FCLK pin

tZX Synchronous IOE output enable register to output pin enable delay 
using fast regional clock fed by FCLK pin

Notes to Table 4–52:
(1) These timing parameters are sample-tested only.
(2) These timing parameters are for column and row IOE pins. You should use the 

Quartus II software to verify the external timing for any pin. 

Table 4–53. Stratix Regional Clock External I/O Timing Parameters (Part 1 
of 2) Notes (1), (2)

Symbol Parameter

tINSU Setup time for input or bidirectional pin using IOE input register with 
regional clock fed by CLK pin

tINH Hold time for input or bidirectional pin using IOE input register with 
regional clock fed by CLK pin

tOUTCO Clock-to-output delay output or bidirectional pin using IOE output 
register with regional clock fed by CLK pin

tINSUPLL Setup time for input or bidirectional pin using IOE input register with 
regional clock fed by Enhanced PLL with default phase setting

tINHPLL Hold time for input or bidirectional pin using IOE input register with 
regional clock fed by Enhanced PLL with default phase setting

tOUTCOPLL Clock-to-output delay output or bidirectional pin using IOE output 
register with regional clock Enhanced PLL with default phase setting
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Table 4–57. EP1S10 External I/O Timing on Column Pins Using Global Clock Networks Note (1)

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

Unit
Min Max Min Max Min Max Min Max

tINSU 1.647 1.692 1.940 NA ns

tINH 0.000 0.000 0.000 NA ns

tOUTCO 2.619 5.184 2.619 5.515 2.619 5.999 NA NA ns

tXZ 2.559 5.058 2.559 5.383 2.559 5.875 NA NA ns

tZX 2.559 5.058 2.559 5.383 2.559 5.875 NA NA ns

tINSUPLL 1.239 1.229 1.374 NA ns

tINHPLL 0.000 0.000 0.000 NA ns

tOUTCOPLL 1.109 2.372 1.109 2.436 1.109 2.492 NA NA ns

tXZPLL 1.049 2.246 1.049 2.304 1.049 2.368 NA NA ns

tZXPLL 1.049 2.246 1.049 2.304 1.049 2.368 NA NA ns

Table 4–58. EP1S10 External I/O Timing on Row Pin Using Fast Regional Clock Network Note (1)

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

Unit
Min Max Min Max Min Max Min Max

tINSU 2.212 2.403 2.759 NA ns

tINH 0.000 0.000 0.000 NA ns

tOUTCO 2.391 4.838 2.391 5.159 2.391 5.569 NA NA ns

tXZ 2.418 4.892 2.418 5.215 2.418 5.637 NA NA ns

tZX 2.418 4.892 2.418 5.215 2.418 5.637 NA NA ns
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The scaling factors for column output pin timing in Tables 4–111 to 4–113 
are shown in units of time per pF unit of capacitance (ps/pF). Add this 
delay to the tCO or combinatorial timing path for output or bidirectional 
pins in addition to the I/O adder delays shown in Tables 4–103 through 
4–108 and the IOE programmable delays in Tables 4–109 and 4–110.

Table 4–111. Output Delay Adder for Loading on LVTTL/LVCMOS Output Buffers Note (1)

Conditions Output Pin Adder Delay (ps/pF)

Parameter Value 3.3-V LVTTL 2.5-V LVTTL 1.8-V LVTTL 1.5-V LVTTL LVCMOS

Drive Strength

24mA 15 – – - 8

16mA 25 18 – – –

12mA 30 25 25 – 15

8mA 50 35 40 35 20

4mA 60 – – 80 30

2mA – 75 120 160 60

Note to Table 4–111:
(1) The timing information in this table is preliminary.

Table 4–112. Output Delay Adder for Loading on SSTL/HSTL Output Buffers Note (1)

Conditions
Output Pin Adder Delay (ps/pF)

SSTL-3 SSTL-2 SSTL-1.8 1.5-V HSTL

Class I
Class II

25 25 25 25

25 20 25 20

Note to Table 4–112:
(1) The timing information in this table is preliminary.

Table 4–113. Output Delay Adder for Loading on GTL+/GTL/CTT/PCI Output Buffers Note (1)

Conditions Output Pin Adder Delay (ps/pF)

Parameter Value GTL+ GTL CTT PCI AGP

VCCIO Voltage 
Level

3.3V 18 18 25 20 20

2.5V 15 18 - - -

Note to Table 4–113:
(1) The timing information in this table is preliminary.
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Tables 4–125 and 4–126 show the high-speed I/O timing for Stratix devices.

Table 4–125. High-Speed I/O Specifications for Flip-Chip Packages (Part 1 of 4) Notes (1), (2)

Symbol Conditions
-5 Speed Grade -6 Speed Grade -7 Speed Grade -8 Speed Grade

Unit
Min Typ Max Min Typ Max Min Typ Max Min Typ Max

fHSCLK (Clock 
frequency)
(LVDS, 
LVPECL, 
HyperTransport 
technology)
fHSCLK = fHSDR / 
W

W = 4 to 30 
(Serdes used)

10 210 10 210 10 156 10 115.5 MHz

W = 2 (Serdes 
bypass)

50 231 50 231 50 231 50 231 MHz

W = 2 (Serdes 
used)

150 420 150 420 150 312 150 231 MHz

W = 1 (Serdes 
bypass)

100 462 100 462 100 462 100 462 MHz

W = 1 (Serdes 
used)

300 717 300 717 300 624 300 462 MHz

fHSDR Device 
operation
(LVDS, 
LVPECL, 
HyperTransport 
technology)

J = 10 300 840 300 840 300 640 300 462 Mbps

J = 8 300 840 300 840 300 640 300 462 Mbps

J = 7 300 840 300 840 300 640 300 462 Mbps

J = 4 300 840 300 840 300 640 300 462 Mbps

J = 2 100 462 100 462 100 640 100 462 Mbps

J = 1 (LVDS 
and LVPECL 
only)

100 462 100 462 100 640 100 462 Mbps
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