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connections.
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2-85.
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2-87.
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acquire lock on either a new clock after loss of lock (page 2-96).
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Table 2-24.

● Renamed impedance matching to series termination throughout.
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tables.
● Added DDR SDRAM Performance Specification on page 2-117.
● Added external reference resistor values for terminator technology 

(page 2-136).
● Added Terminator Technology Specification on pages 2-137 and 2-

138.
● Updated Tables 2-45 to 2-49 to reflect PLL cross-bank support for 

high speed differential channels at full speed. 
● Wire bond package performance specification for “high” speed 

channels was increased to 624 Mbps from 462 Mbps throughout 
chapter.
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Logic Elements

Figure 2–8 shows the carry-select circuitry in an LAB for a 10-bit full 
adder. One portion of the LUT generates the sum of two bits using the 
input signals and the appropriate carry-in bit; the sum is routed to the 
output of the LE. The register can be bypassed for simple adders or used 
for accumulator functions. Another portion of the LUT generates carry-
out bits. An LAB-wide carry in bit selects which chain is used for the 
addition of given inputs. The carry-in signal for each chain, carry-in0 
or carry-in1, selects the carry-out to carry forward to the carry-in 
signal of the next-higher-order bit. The final carry-out signal is routed to 
an LE, where it is fed to local, row, or column interconnects. 

The Quartus II Compiler automatically creates carry chain logic during 
design processing, or you can create it manually during design entry. 
Parameterized functions such as LPM functions automatically take 
advantage of carry chains for the appropriate functions.

The Quartus II Compiler creates carry chains longer than 10 LEs by 
linking LABs together automatically. For enhanced fitting, a long carry 
chain runs vertically allowing fast horizontal connections to TriMatrix™ 
memory and DSP blocks. A carry chain can continue as far as a full 
column.
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Stratix Architecture

Table 2–12 shows the input and output data signal connections for the 
column units (B1 to B6 and A1 to A6). It also shows the address and 
control signal input connections to the row units (R1 to R11).

Table 2–12. M-RAM Row & Column Interface Unit Signals

Unit Interface Block Input SIgnals Output Signals

R1 addressa[7..0]

R2 addressa[15..8]

R3 byte_enable_a[7..0]
renwe_a

R4 -

R5 -

R6 clock_a
clocken_a
clock_b

clocken_b

R7 -

R8 -

R9 byte_enable_b[7..0]
renwe_b

R10 addressb[15..8]

R11 addressb[7..0]

B1 datain_b[71..60] dataout_b[71..60]

B2 datain_b[59..48] dataout_b[59..48]

B3 datain_b[47..36] dataout_b[47..36]

B4 datain_b[35..24] dataout_b[35..24]

B5 datain_b[23..12] dataout_b[23..12]

B6 datain_b[11..0] dataout_b[11..0]

A1 datain_a[71..60] dataout_a[71..60]

A2 datain_a[59..48] dataout_a[59..48]

A3 datain_a[47..36] dataout_a[47..36]

A4 datain_a[35..24] dataout_a[35..24]

A5 datain_a[23..12] dataout_a[23..12]

A6 datain_a[11..0] dataout_a[11..0]
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Single-Port Mode

The memory blocks also support single-port mode, used when 
simultaneous reads and writes are not required. See Figure 2–28. A single 
block in a memory block can support up to two single-port mode RAM 
blocks in the M4K RAM blocks if each RAM block is less than or equal to 
2K bits in size.

Figure 2–28. Single-Port Mode Note (1)

Note to Figure 2–28:
(1) Violating the setup or hold time on the address registers could corrupt the memory contents. This applies to both 

read and write operations.
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Digital Signal Processing Block

Figure 2–41. DSP Block Interface to Interconnect

A bus of 18 control signals feeds the entire DSP block. These signals 
include clock[0..3] clocks, aclr[0..3] asynchronous clears, 
ena[1..4] clock enables, signa, signb signed/unsigned control 
signals, addnsub1 and addnsub3 addition and subtraction control 
signals, and accum_sload[0..1] accumulator synchronous loads. The 
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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.

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 I/O 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.

Table 2–24. Stratix Programmable Delay Chain

Programmable Delays Quartus II 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 tZX delay Increase tZX 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
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High-Speed Differential I/O Support

The Quartus II MegaWizard® Plug-In Manager only allows the 
implementation of up to 20 receiver or 20 transmitter channels for each 
fast PLL. These channels operate at up to 840 Mbps. The receiver and 
transmitter channels are interleaved such that each I/O bank on the left 
and right side of the device has one receiver channel and one transmitter 
channel per LAB row. Figure 2–74 shows the fast PLL and channel layout 
in EP1S10, EP1S20, and EP1S25 devices. Figure 2–75 shows the fast PLL 
and channel layout in the EP1S30 to EP1S80 devices.

Figure 2–74. Fast PLL & Channel Layout in the EP1S10, EP1S20 or EP1S25 Devices Note (1)

Notes to Figure 2–74:
(1) Wire-bond packages support up to 624 Mbps.
(2) See Table 2–41 for the number of channels each device supports.
(3) There is a multiplexer here to select the PLL clock source. If a PLL uses this multiplexer to clock channels outside of 

its bank quadrant, those clocked channels support up to 840 Mbps for “high” speed channels and 462 Mbps for 
“low” speed channels, as labeled in the device pin-outs at www.altera.com. 
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Configuration

Figure 3–2. Stratix Device Remote Update

Note to Figure 3–2:
(1) When the Stratix device is configured with the factory configuration, it can handle update data from EPC16, EPC8, 

or EPC4 configuration device pages and point to the next page in the configuration device.
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The temperature-sensing diode works for the entire operating range 
shown in Figure 3–6.

Figure 3–6. Temperature vs. Temperature-Sensing Diode Voltage
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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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Operating Conditions

Table 4–31. CTT I/O Specifications

Symbol Parameter Conditions Minimum Typical Maximum Unit

VCCIO Output supply voltage 2.05 3.3 3.6 V

VTT/VREF Termination and input 
reference voltage

1.35 1.5 1.65 V

VIH High-level input voltage VREF + 0.2 V

VIL Low-level input voltage VREF – 0.2 V

VOH High-level output voltage IOH = –8 mA VREF + 0.4 V

VOL Low-level output voltage IOL = 8 mA VREF – 0.4 V

IO Output leakage current 
(when output is high Z)

GND ≤ VOUT ≤ 
VCCIO

–10 10 μA

Table 4–32. Bus Hold Parameters

Parameter Conditions

VCCIO Level

Unit1.5 V 1.8 V 2.5 V 3.3 V

Min Max Min Max Min Max Min Max

Low sustaining 
current

VIN > VIL 
(maximum)

25 30 50 70 μA

High sustaining 
current

VIN < VIH 
(minimum)

-25 –30 –50 –70 μA

Low overdrive 
current

0 V < VIN < 
VCCIO

160 200 300 500 μA

High overdrive 
current

0 V < VIN < 
VCCIO

-160 –200 –300 –500 μA

Bus-hold trip 
point

0.5 1.0 0.68 1.07 0.7 1.7 0.8 2.0 V
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External Timing Parameters

External timing parameters are specified by device density and speed 
grade. Figure 4–4 shows the pin-to-pin timing model for bidirectional 
IOE pin timing. All registers are within the IOE.

Figure 4–4. External Timing in Stratix Devices

All external timing parameters reported in this section are defined with 
respect to the dedicated clock pin as the starting point. All external I/O 
timing parameters shown are for 3.3-V LVTTL I/O standard with the 
24-mA current strength and fast slew rate. For external I/O timing using 
standards other than LVTTL or for different current strengths, use the I/O 
standard input and output delay adders in Tables 4–103 through 4–108.
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Table 4–54 shows the external I/O timing parameters when using global 
clock networks.

tXZPLL Synchronous IOE output enable register to output pin disable delay 
using regional clock fed by Enhanced PLL with default phase setting

tZXPLL Synchronous IOE output enable register to output pin enable delay 
using regional clock fed by Enhanced PLL with default phase setting

Notes to Table 4–53:
(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 4–54. Stratix Global Clock External I/O Timing Parameters Notes (1), 
(2)

Symbol Parameter

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

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

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

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

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

tOUTCOPLL Clock-to-output delay output or bidirectional pin using IOE output 
register with global clock Enhanced PLL with default phase setting

tXZPLL Synchronous IOE output enable register to output pin disable delay 
using global clock fed by Enhanced PLL with default phase setting

tZXPLL Synchronous IOE output enable register to output pin enable delay 
using global clock fed by Enhanced PLL with default phase setting

Notes to Table 4–54:
(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 2 
of 2) Notes (1), (2)

Symbol Parameter
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Tables 4–61 through 4–66 show the external timing parameters on column 
and row pins for EP1S20 devices.

Table 4–61. EP1S20 External I/O Timing on Column Pins Using Fast Regional 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 2.065  2.245  2.576  NA  ns

tINH 0.000  0.000  0.000  NA  ns

tOUTCO 2.283 4.622 2.283 4.916 2.283 5.310 NA NA ns

tXZ 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/O Timing on Column Pins Using Regional 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 1.541  1.680  1.931  NA  ns

tINH 0.000  0.000  0.000  NA  ns

tOUTCO 2.597 5.146 2.597 5.481 2.597 5.955 NA NA ns

tXZ 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

tXZPLL 1.236 2.564 1.236 2.669 1.236 2.752 NA NA ns

tZXPLL 1.236 2.564 1.236 2.669 1.236 2.752 NA NA ns
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Table 4–87. EP1S60 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 2.000  2.152  2.441  NA  ns

tINH 0.000  0.000  0.000  NA  ns

tOUTCO 3.051 5.900 3.051 6.340 3.051 6.977 NA NA ns

tXZ 2.991 5.774 2.991 6.208 2.991 6.853 NA NA ns

tZX 2.991 5.774 2.991 6.208 2.991 6.853 NA NA ns

tINSUPLL 1.315  1.362  1.543  NA  ns

tINHPLL 0.000  0.000  0.000  NA  ns

tOUTCOPLL 1.029 2.196 1.029 2.303 1.029 2.323 NA NA ns

tXZPLL 0.969 2.070 0.969 2.171 0.969 2.199 NA NA ns

tZXPLL 0.969 2.070 0.969 2.171 0.969 2.199 NA NA ns

Table 4–88. EP1S60 External I/O Timing on Row Pins Using Fast Regional 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 3.144  3.393  3.867  NA  ns

tINH 0.000  0.000  0.000  NA  ns

tOUTCO 2.643 5.275 2.643 5.654 2.643 6.140 NA NA ns

tXZ 2.670 5.329 2.670 5.710 2.670 6.208 NA NA ns

tZX 2.670 5.329 2.670 5.710 2.670 6.208 NA NA ns
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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 



4–70 Altera Corporation
Stratix Device Handbook, Volume 1 January 2006

Timing Model

1.5-V LVTTL 2 mA  5,460  5,733  5,733  5,733 ps

4 mA  2,690  2,824  2,824  2,824 ps

8 mA  1,398  1,468  1,468  1,468 ps

GTL+  6  6  6  6 ps

CTT  845  887  887  887 ps

SSTL-3 Class I  638  670  670  670 ps

SSTL-3 Class II  144  151  151  151 ps

SSTL-2 Class I  604  634  634  634 ps

SSTL-2 Class II  211  221  221  221 ps

SSTL-18 Class I  955  1,002  1,002  1,002 ps

1.5-V HSTL Class I  733  769  769  769 ps

1.8-V HSTL Class I  372  390  390  390 ps

LVDS  –196  –206  –206  –206 ps

LVPECL  –148  –156  –156  –156 ps

PCML  –147  –155  –155  –155 ps

HyperTransport 
technology

 –93  –98  –98  –98 ps

Note to Table 4–103 through 4–106:
(1) These parameters are only available on row I/O pins.

Table 4–107. Stratix I/O Standard Output Delay Adders for Slow Slew Rate on Column Pins (Part 1 of 2) 

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

Unit
Min Max Min Max Min Max Min Max

LVCMOS 2 mA 1,822 1,913 1,913 1,913 ps

4 mA 684 718 718 718 ps

8 mA 233 245 245 245 ps

12 mA 1 1 1 1 ps

24 mA –608 –638 –638 –638 ps

Table 4–106. Stratix I/O Standard Output Delay Adders for Fast Slew Rate on Row Pins (Part 2 of 2) 

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

Unit
Min Max Min Max Min Max Min Max
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High-Speed I/O 
Specification

Table 4–124 provides high-speed timing specifications definitions.

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

High-Speed Timing Specification Terminology

tC High-speed receiver/transmitter input and output clock period.

fHSCLK High-speed receiver/transmitter input and output clock frequency.

tRISE Low-to-high transmission time.

tFALL 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 ×  
Multiplication Factor) = tC/w).

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

Channel-to-channel skew (TCCS) The timing difference between the fastest and slowest output edges, 
including tCO 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 (min).

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.

tDUTY 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.
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Global Clock Network 2–74
Global Clocking 2–75
Independent Clock Mode 2–44
Input/Output

Clock Mode
2–46

Simple Dual-Port Mode 2–48
True Dual-Port Mode 2–47

Maximum Input & Output Clock Rates 4–76
Maximum Input Clock Rate

for CLK
(0, 2, 9, 11) Pins in
Flip-Chip

Packages 4–77

Wire-Bond
Packages 4–79

(1, 3, 8, 10) Pins in
Flip-Chip

Packages 4–78

Wire-Bond
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Wire-Bond
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Wire-Bond
Packages 4–85

(5, 6, 11, 12) Pins in
Flip-Chip

Packages 4–81

Wire-Bond
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2–60
Block 2–57
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EP1S10 Devices

Column Pin
Fast Regional Clock External I/O Timing

Parameters 4–36
Global Clock External I/O Timing

Parameters 4–37
Regional Clock External I/O Timing

Parameters 4–36
Row Pin

Fast Regional Clock External I/O Timing
Parameters 4–37

Global Clock External I/O Timing
Parameters 4–38

Regional Clock External I/O Timing
Parameters 4–38

EP1S20 Devices
Column Pin

Fast Regional Clock External I/O Timing
Parameters 4–39

Global Clock External I/O Timing
Parameters 4–40

Regional Clock External I/O Timing

Parameters 4–39
Row Pin

Fast Regional Clock External I/O Timing
Parameters 4–40

Global Clock External I/O Timing
Parameters 4–41

Regional Clock External I/O Timing
Parameters 4–41

EP1S25 Devices
Column Pin

Fast Regional Clock External I/O Timing
Parameters 4–42

Global Clock External I/O Timing
Parameters 4–43

Regional Clock External I/O Timing
Parameters 4–42

Row Pin
Fast Regional Clock External I/O Timing

Parameters 4–43
Global Clock External I/O Timing

Parameters 4–44
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Parameters 4–44
EP1S30 Devices

Column Pin
Fast Regional Clock External I/O Timing

Parameters 4–45
Global Clock External I/O Timing

Parameters 4–45
Regional Clock External I/O Timing

Parameters 4–45
Row Pin

Fast Regional Clock External I/O Timing
Parameters 4–46

Global Clock External I/O Timing
Parameters 4–47

Regional Clock External I/O Timing
Parameters 4–47

EP1S40 Devices
Column Pin

Fast Regional Clock External I/O Timing
Parameters 4–48

Global Clock External I/O Timing
Parameters 4–49
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Parameters 4–48

Row Pin


