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Introduction

Table 1–1. Stratix Device Features — EP1S10, EP1S20, EP1S25, EP1S30

Feature EP1S10 EP1S20 EP1S25 EP1S30

LEs 10,570 18,460 25,660 32,470

M512 RAM blocks (32 × 18 bits) 94 194 224 295

M4K RAM blocks (128 × 36 bits) 60 82 138 171

M-RAM blocks (4K × 144 bits) 1 2 2 4

Total RAM bits 920,448 1,669,248 1,944,576 3,317,184

DSP blocks 6 10 10 12

Embedded multipliers (1) 48 80 80 96

PLLs 6 6 6 10

Maximum user I/O pins 426 586 706 726

Table 1–2. Stratix Device Features — EP1S40, EP1S60, EP1S80

Feature EP1S40 EP1S60 EP1S80

LEs 41,250 57,120 79,040

M512 RAM blocks (32 × 18 bits) 384 574 767

M4K RAM blocks (128 × 36 bits) 183 292 364

M-RAM blocks (4K × 144 bits) 4 6 9

Total RAM bits 3,423,744 5,215,104 7,427,520

DSP blocks 14 18 22

Embedded multipliers (1) 112 144 176

PLLs 12 12 12

Maximum user I/O pins 822 1,022 1,238

Note to Tables 1–1 and 1–2:
(1) This parameter lists the total number of 9 × 9-bit multipliers for each device. For the total number of 18 × 18-bit 

multipliers per device, divide the total number of 9 × 9-bit multipliers by 2. For the total number of 36 × 36-bit 
multipliers per device, divide the total number of 9 × 9-bit multipliers by 8.
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Figure 2–3. Direct Link Connection

LAB Control Signals

Each LAB contains dedicated logic for driving control signals to its LEs. 
The control signals include two clocks, two clock enables, two 
asynchronous clears, synchronous clear, asynchronous preset/load, 
synchronous load, and add/subtract control signals. This gives a 
maximum of 10 control signals at a time. Although synchronous load and 
clear signals are generally used when implementing counters, they can 
also be used with other functions.

Each LAB can use two clocks and two clock enable signals. Each LAB’s 
clock and clock enable signals are linked. For example, any LE in a 
particular LAB using the labclk1 signal will also use labclkena1. If 
the LAB uses both the rising and falling edges of a clock, it also uses both 
LAB-wide clock signals. De-asserting the clock enable signal will turn off 
the LAB-wide clock.

Each LAB can use two asynchronous clear signals and an asynchronous 
load/preset signal. The asynchronous load acts as a preset when the 
asynchronous load data input is tied high.
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In addition to true dual-port memory, the memory blocks support simple 
dual-port and single-port RAM. Simple dual-port memory supports a 
simultaneous read and write and can either read old data before the write 
occurs or just read the don’t care bits. Single-port memory supports non-
simultaneous reads and writes, but the q[] port will output the data once 
it has been written to the memory (if the outputs are not registered) or 
after the next rising edge of the clock (if the outputs are registered). For 
more information, see Chapter 2, TriMatrix Embedded Memory Blocks in 
Stratix & Stratix GX Devices of the Stratix Device Handbook, Volume 2. 
Figure 2–13 shows these different RAM memory port configurations for 
TriMatrix memory.

Figure 2–13. Simple Dual-Port & Single-Port Memory Configurations

Note to Figure 2–13:
(1) Two single-port memory blocks can be implemented in a single M4K block as long 

as each of the two independent block sizes is equal to or less than half of the M4K 
block size.

The memory blocks also enable mixed-width data ports for reading and 
writing to the RAM ports in dual-port RAM configuration. For example, 
the memory block can be written in ×1 mode at port A and read out in ×16 
mode from port B.
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Figure 2–15. M512 RAM Block Control Signals
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Figure 2–17. M4K RAM Block Control Signals

Figure 2–18. M4K RAM Block LAB Row Interface
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Digital Signal Processing Block

Digital Signal 
Processing 
Block

The most commonly used DSP functions are finite impulse response (FIR) 
filters, complex FIR filters, infinite impulse response (IIR) filters, fast 
Fourier transform (FFT) functions, direct cosine transform (DCT) 
functions, and correlators. All of these blocks have the same fundamental 
building block: the multiplier. Additionally, some applications need 
specialized operations such as multiply-add and multiply-accumulate 
operations. Stratix devices provide DSP blocks to meet the arithmetic 
requirements of these functions.

Each Stratix device has two columns of DSP blocks to efficiently 
implement DSP functions faster than LE-based implementations. Larger 
Stratix devices have more DSP blocks per column (see Table 2–13). Each 
DSP block can be configured to support up to:

■ Eight 9 × 9-bit multipliers
■ Four 18 × 18-bit multipliers
■ One 36 × 36-bit multiplier

As indicated, the Stratix DSP block can support one 36 × 36-bit multiplier 
in a single DSP block. This is true for any matched sign multiplications 
(either unsigned by unsigned or signed by signed), but the capabilities for 
dynamic and mixed sign multiplications are handled differently. The 
following list provides the largest functions that can fit into a single DSP 
block.

■ 36 × 36-bit unsigned by unsigned multiplication
■ 36 × 36-bit signed by signed multiplication
■ 35 × 36-bit unsigned by signed multiplication
■ 36 × 35-bit signed by unsigned multiplication
■ 36 × 35-bit signed by dynamic sign multiplication
■ 35 × 36-bit dynamic sign by signed multiplication
■ 35 × 36-bit unsigned by dynamic sign multiplication
■ 36 × 35-bit dynamic sign by unsigned multiplication
■ 35 × 35-bit dynamic sign multiplication when the sign controls for 

each operand are different 
■ 36 × 36-bit dynamic sign multiplication when the same sign control 

is used for both operands

1 This list only shows functions that can fit into a single DSP block. 
Multiple DSP blocks can support larger multiplication 
functions.

Figure 2–29 shows one of the columns with surrounding LAB rows.
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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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Figure 2–35. Simple Multiplier Mode

Note to Figure 2–35:
(1) These signals are not registered or registered once to match the data path pipeline.

DSP blocks can also implement one 36 × 36-bit multiplier in multiplier 
mode. DSP blocks use four 18 × 18-bit multipliers combined with 
dedicated adder and internal shift circuitry to achieve 36-bit 
multiplication. The input shift register feature is not available for the 
36 × 36-bit multiplier. In 36 × 36-bit mode, the device can use the register 
that is normally a multiplier-result-output register as a pipeline stage for 
the 36 × 36-bit multiplier. Figure 2–36 shows the 36 × 36-bit multiply 
mode.
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PLLs & Clock Networks

Figure 2–49 shows a top-level diagram of the Stratix device and PLL 
floorplan.

Figure 2–49. PLL Locations
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Enhanced PLLs

Stratix devices contain up to four enhanced PLLs with advanced clock 
management features. Figure 2–52 shows a diagram of the enhanced PLL.

Figure 2–52. Stratix Enhanced PLL

Notes to Figure 2–52:
(1) External feedback is available in PLLs 5 and 6.
(2) This single-ended external output is available from the g0 counter for PLLs 11 and 12.
(3) These four counters and external outputs are available in PLLs 5 and 6.
(4) This connection is only available on EP1S40 and larger Stratix devices. For example, PLLs 5 and 11 are adjacent and 

PLLs 6 and 12 are adjacent. The EP1S40 device in the 780-pin FineLine BGA package does not support PLLs 11 
and 12.
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VCO period from up to eight taps for individual fine step selection. Also, 
each clock output counter can use a unique initial count setting to achieve 
individual coarse shift selection in steps of one VCO period. The 
combination of coarse and fine shifts allows phase shifting for the entire 
input clock period.

The equation to determine the precision of the phase shifting in degrees 
is: 45° ÷ post-scale counter value. Therefore, the maximum step size is 
45° , and smaller steps are possible depending on the multiplication and 
division ratio necessary on the output counter port.

This type of phase shift provides the highest precision since it is the least 
sensitive to process, supply, and temperature variation.

Clock Delay
In addition to the phase shift feature, the ability to fine tune the Δt clock 
delay provides advanced time delay shift control on each of the four PLL 
outputs. There are time delays for each post-scale counter (e, g, or l) from 
the PLL, the n counter, and m counter. Each of these can shift in 250-ps 
increments for a range of 3.0 ns. The m delay shifts all outputs earlier in 
time, while n delay shifts all outputs later in time. Individual delays on 
post-scale counters (e, g, and l) provide positive delay for each output. 
Table 2–21 shows the combined delay for each output for normal or zero 
delay buffer mode where Δte, Δtg, or Δtl is unique for each PLL output.

The tOUTPUT for a single output can range from –3 ns to +6 ns. The total 
delay shift difference between any two PLL outputs, however, must be 
less than ±3 ns. For example, shifts on two outputs of –1 and +2 ns is 
allowed, but not –1 and +2.5 ns because these shifts would result in a 
difference of 3.5 ns. If the design uses external feedback, the Δte delay will 
remove delay from outputs, represented by a negative sign (see 
Table 2–21). This effect occurs because the Δte delay is then part of the 
feedback loop.

Table 2–21. Output Clock Delay for Enhanced PLLs

Normal or Zero Delay Buffer Mode External Feedback Mode

ΔteOUTPUT = Δtn − Δtm + Δte
ΔtgOUTPUT = Δtn − Δtm + Δtg
ΔtlOUTPUT = Δtn − Δtm + Δtl

ΔteOUTPUT = Δtn − Δtm − Δte (1)
ΔtgOUTPUT = Δtn − Δtm + Δtg
ΔtlOUTPUT = Δtn − Δtm + Δtl

Note to Table 2–21:
(1) Δte removes delay from outputs in external feedback mode.
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I/O Structure

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 kΩ) weakly holds the output to the VCCIO 
level of the output pin’s bank. Table 2–30 shows which pin types support 
the weak pull-up resistor feature.

Advanced I/O Standard Support

Stratix device IOEs support the following I/O standards: 

■ LVTTL
■ LVCMOS
■ 1.5 V
■ 1.8 V
■ 2.5 V
■ 3.3-V PCI
■ 3.3-V PCI-X 1.0
■ 3.3-V AGP (1× and 2×)
■ LVDS
■ LVPECL
■ 3.3-V PCML 
■ 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

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

Pin Type Programmable Weak Pull-Up Resistor

I/O pins v

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.
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However, there is additional resistance present between the device ball 
and the input of the receiver buffer, as shown in Figure 2–72. This 
resistance is because of package trace resistance (which can be calculated 
as the resistance from the package ball to the pad) and the parasitic layout 
metal routing resistance (which is shown between the pad and the 
intersection of the on-chip termination and input buffer).

Figure 2–72. Differential Resistance of LVDS Differential Pin Pair (RD)

Table 2–35 defines the specification for internal termination resistance for 
commercial devices. 

MultiVolt I/O Interface

The Stratix architecture supports the MultiVolt I/O interface feature, 
which allows Stratix devices in all packages to interface with systems of 
different supply voltages. 

The Stratix VCCINT pins must always be connected to a 1.5-V power 
supply. With a 1.5-V VCCINT level, input pins are 1.5-V, 1.8-V, 2.5-V, and 
3.3-V tolerant. The VCCIO pins can be connected to either a 1.5-V, 1.8-V, 
2.5-V, or 3.3-V power supply, depending on the output requirements. 

LVDS
Input Buffer
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PadPackage Ball

Table 2–35. Differential On-Chip Termination 

Symbol Description Conditions 
Resistance

Unit
Min Typ Max

RD  (2) Internal differential termination for LVDS Commercial (1), (3) 110 135 165 W

Industrial (2), (3) 100 135 170 W

Notes to Table 2–35:
(1) Data measured over minimum conditions (Tj  = 0 C, VC C I O +5%) and maximum conditions (Tj = 85 C, 

VC C I O = –5%).
(2) Data measured over minimum conditions (Tj = –40 C, VCCIO +5%) and maximum conditions (Tj = 100 C, 

VCCIO = –5%).
(3) LVDS data rate is supported for 840 Mbps using internal differential termination. 
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Table 4–13. HyperTransport Technology Specifications

Symbol Parameter Conditions Minimum Typical Maximum Unit

VCCIO I/O supply voltage 2.375 2.5 2.625 V

VID (peak-
to-peak)

Input differential voltage 
swing (single-ended)

300 900 mV

VICM Input common mode 
voltage

300 900 mV

VOD Output differential voltage 
(single-ended)

RL = 100 Ω 380 485 820 mV

Δ VOD Change in VOD between 
high and low

RL = 100 Ω 50 mV

VOCM Output common mode 
voltage

RL = 100 Ω 440 650 780 mV

Δ VOCM Change in VOCM between 
high and low

RL = 100 Ω 50 mV

RL Receiver differential input 
resistor

90 100 110 Ω

Table 4–14. 3.3-V PCI Specifications

Symbol Parameter Conditions Minimum Typical Maximum Unit

VCCIO Output supply voltage 3.0 3.3 3.6 V

VIH High-level input voltage 0.5 ×  
VCCIO

VCCIO + 
0.5

V

VIL Low-level input voltage –0.5 0.3 ×  
VCCIO

V

VOH High-level output voltage IOUT = –500 μA 0.9 ×  
VCCIO

V

VOL Low-level output voltage IOUT = 1,500 μA 0.1 ×  
VCCIO

V
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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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Table 4–102 shows the reporting methodology used by the Quartus II 
software for minimum timing information for output pins.

Table 4–102. Reporting Methodology For Minimum Timing For Single-Ended Output Pins (Part 1 of 2) 
Notes (1), (2), (3)

I/O Standard

Loading and Termination Measurement 
Point

RUP

Ω
RDN

Ω
RS

Ω
RT

Ω
VCCIO

(V)
VTT
(V)

CL

(pF)
VMEAS

3.3-V LVTTL – – 0 – 3.600 3.600 10 1.800

2.5-V LVTTL – – 0 – 2.630 2.630 10 1.200

1.8-V LVTTL – – 0 – 1.950 1.950 10 0.880

1.5-V LVTTL – – 0 – 1.600 1.600 10 0.750

3.3-V LVCMOS – – 0 – 3.600 3.600 10 1.800

2.5-V LVCMOS – – 0 – 2.630 2.630 10 1.200

1.8-V LVCMOS – – 0 – 1.950 1.950 10 0.880

1.5-V LVCMOS – – 0 – 1.600 1.600 10 0.750

3.3-V GTL – – 0 25 3.600 1.260 30 0.860

2.5-V GTL – – 0 25 2.630 1.260 30 0.860

3.3-V GTL+ – – 0 25 3.600 1.650 30 1.120

2.5-V GTL+ – – 0 25 2.630 1.650 30 1.120

3.3-V SSTL-3 Class II – – 25 25 3.600 1.750 30 1.750

3.3-V SSTL-3 Class I – – 25 50 3.600 1.750 30 1.750

2.5-V SSTL-2 Class II – – 25 25 2.630 1.390 30 1.390

2.5-V SSTL-2 Class I – – 25 50 2.630 1.390 30 1.390

1.8-V SSTL-18 Class II – – 25 25 1.950 1.040 30 1.040

1.8-V SSTL-18 Class I – – 25 50 1.950 1.040 30 1.040

1.5-V HSTL Class II – – 0 25 1.600 0.800 20 0.900

1.5-V HSTL Class I – – 0 50 1.600 0.800 20 0.900

1.8-V HSTL Class II – – 0 25 1.950 0.900 20 1.000

1.8-V HSTL Class I – – 0 50 1.950 0.900 20 1.000

3.3-V PCI (4) –/25 25/– 0 – 3.600 1.950 10 1.026/2.214

3.3-V PCI-X 1.0 (4) –/25 25/– 0 – 3.600 1.950 10 1.026/2.214

3.3-V Compact PCI (4) –/25 25/– 0 – 3.600 3.600 10 1.026/2.214

3.3-V AGP 1× (4) –/25 25/– 0 – 3.600 3.600 10 1.026/2.214
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Figure 4–8 shows the measurement setup for output disable and output 
enable timing. The TCHZ stands for clock to high Z time delay and is the 
same as TXZ. The TCLZ stands for clock to low Z (driving) time delay and 
is the same as TZX.

Figure 4–8. Measurement Setup for TXZ and TZX

3.3-V CTT – – 25 50 3.600 1.650 30 1.650

Notes to Table 4–102:
(1) Input measurement point at internal node is 0.5 × VCCINT.
(2) Output measuring point for data is VMEAS. When two values are given, the first is the measurement point on the 

rising edge and the other is for the falling edge.
(3) Input stimulus edge rate is 0 to VCCINT in 0.5 ns (internal signal) from the driver preceding the I/O buffer.
(4) The first value is for the output rising edge and the second value is for the output falling edge. The hyphen (-) 

indicates infinite resistance or disconnection.

Table 4–102. Reporting Methodology For Minimum Timing For Single-Ended Output Pins (Part 2 of 2) 
Notes (1), (2), (3)

I/O Standard

Loading and Termination Measurement 
Point

RUP

Ω
RDN

Ω
RS

Ω
RT

Ω
VCCIO

(V)
VTT
(V)

CL

(pF)
VMEAS

200mV 

200mV 
200mV 

200mV 

CLK  

OUT  

OUT  

T CHZ 

T CLZ 

V  T =1.5V

C TOTAL=10pF

R =50Ω 
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Timing Model

SSTL-2 Class II (3) 200 200 167 167 MHz

SSTL-2 Class II (4) 200 200 167 167 MHz

SSTL-2 Class II (5) 150 134 134 134 MHz

SSTL-18 Class I 150 133 133 133 MHz

SSTL-18 Class II 150 133 133 133 MHz

1.5-V HSTL Class I 250 225 200 200 MHz

1.5-V HSTL Class II 225 200 200 200 MHz

1.8-V HSTL Class I 250 225 200 200 MHz

1.8-V HSTL Class II 225 200 200 200 MHz

3.3-V PCI 350 300 250 250 MHz

3.3-V PCI-X 1.0 350 300 250 250 MHz

Compact PCI 350 300 250 250 MHz

AGP 1× 350 300 250 250 MHz

AGP 2× 350 300 250 250 MHz

CTT 200 200 200 200 MHz

Differential 1.5-V HSTL 
C1

225 200 200 200 MHz

Differential 1.8-V HSTL 
Class I

250 225 200 200 MHz

Differential 1.8-V HSTL 
Class II

225 200 200 200 MHz

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 
technology (2)

350 350 350 350 MHz

Table 4–120. Stratix Maximum Output Clock Rate for PLL[5, 6, 11, 12] Pins 
in Flip-Chip Packages (Part 2 of 2)

I/O Standard -5 Speed 
Grade

-6 Speed 
Grade

-7 Speed 
Grade

-8 Speed 
Grade Unit



Index–4  Altera Corporation

Stratix Device Handbook, Volume 1

Fast Regional Clock External I/O Timing
Parameters 4–49

Global Clock External I/O Timing
Parameters 4–50

Regional Clock External I/O Timing
Parameters 4–50

EP1S60 Devices
Column Pin

Fast Regional Clock External I/O Timing
Parameters 4–51

Global Clock External I/O Timing
Parameters 4–52

Regional Clock External I/O Timing
Parameters 4–51

M-RAM
Interface Locations 2–38

Row Pin
Fast Regional Clock External I/O Timing

Parameters 4–52
Global Clock External I/O Timing

Parameters 4–53
Regional Clock External I/O Timing

Parameters 4–53
EP1S80 Devices

Column Pin
Fast Regional Clock External I/O Timing

Parameters 4–54
Global Clock External I/O Timing

Parameters 4–55
Regional Clock External I/O Timing

Parameters 4–54
Global Clock External I/O Timing

Parameters 4–56
Row Pin

Fast Regional Clock External I/O Timing
Parameters 4–55

Regional Clock External I/O Timing
Parameters 4–56

H
HSTL

Class I Specifications 4–14, 4–15
Class II Specifications 4–14, 4–15

I
I/O

Standards
1.5-V 4–14, 4–15

I/O Specifications 4–4
1.8-V

I/O Specifications 4–4
2.5-V

I/O Specifications 4–3
3.3-V 4–13

LVDS I/O Specifications 4–6
PCI Specifications 4–9
PCML Specifications 4–8

Advanced I/O Standard Support 2–122
Column I/O Block Connection to the

Interconnect 2–107
Column Pin

Input Delay Adders 4–66
Control Signal Selection per IOE 2–109
CTT I/O Specifications 4–16
Differential LVDS Input On-Chip

Termination 2–128
External I/O Delay Parameters 4–66
GTL+ I/O Specifications 4–10
High-Speed Differential I/O

Support 2–130
HyperTransport Technology

Specifications 4–9
I/O Banks 2–125
I/O Structure 2–104
I/O Support by Bank 2–126
IOE Structure 2–105
LVCMOS Specifications 4–3
LVDS Performance on Fast PLL

Input 2–103
LVPECL Specifications 4–8
LVTTL Specifications 4–3
MultiVolt I/O Interface 2–129
MultiVolt I/O Support 2–130
Output Delay Adders for Fast Slew Rate

on Column Pins 4–68
Output Delay Adders for Fast Slew Rate

on Row Pins 4–69
Output Delay Adders for Slow Slew Rate

on Column Pins 4–70
Package Options & I/O Pin Counts 1–4
Receiver Input Waveforms for Differential



Altera Corporation  Index–5

Stratix Device Handbook, Volume 1

I/O Standards 4–5
Row I/O Block Connection to the

Interconnect 2–106
Row Pin

Input Delay Adders 4–67
Signal Path through the I/O Block 2–108
SSTL-18 4–11
SSTL-2 4–12
SSTL-3 4–12, 4–13
Stratix IOE in Bidirectional I/O

Configuration 2–110
Supported I/O Standards 2–123
Transmitter Output Waveforms for Differ-

ential I/O Standards 4–6
Interconnect

C4 Connections 2–18
DSP Block Interface to Interconnect 2–72
Left-Facing M-RAM to Interconnect

Interface 2–40
LUT Chain Register Chain

Interconnects 2–17
M-RAM

Column Unit Interface to
Interconnect 2–42

Row Unit Interface to Interconnect 2–41
R4 Connections 2–15

IOE
Internal Timing Microparameters 4–29

J
JTAG

Boundary-Scan
Register Length 3–3
Support 3–1

Stratix JTAG
Instructions 3–2
Waveforms 3–4

L
LAB

Control Signals 2–5
Wide Control Signals 2–6

LUT
Chain & Register Chain 2–8

M
Memory Architecture

Byte Enable for M4K
RAM Block

2–32
Byte Enable for M-RAM

Block
2–35

External RAM Interfacing 2–115
M4K

Block Internal Timing
Microparameter

Descriptions 4–24
Microparameters 4–31

RAM Block
2–30

Configurations (Simple Dual-
Port) 2–31

Configurations (True Dual-
Port) 2–31

Control Signals 2–33
LAB Row Interface 2–33

M512
Block Internal Timing

Microparameter
Descriptions 4–24

Microparameters 4–30
RAM Block

Architecture 2–27
Configurations (Simple Dual-Port

RAM) 2–27
Control Signals 2–29
LAB Row Interface 2–30

Memory Block Size 2–26
Memory Modes 2–21
M-RAM

Block
2–34

Configurations (Simple Dual-
Port) 2–34

Configurations (True Dual-
Port) 2–35

Block Control Signals 2–37
Block Internal Timing

Microparameter
Descriptions 4–25

Combined Byte Selection for x144


