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Document 
Revision History

Table 1–6 shows the revision history for this chapter.

Table 1–6. Document Revision History 

Date and 
Document 

Version
Changes Made Summary of Changes

May 2007, v4.2 Moved Document Revision History to the end of the 
chapter.

—

April 2006, v4.1 ● Updated “Features” section.
● Removed Note 4 from Table 1–2.
● Updated Table 1–4.

—

December 2005, 
v4.0

● Updated Tables 1–2, 1–4, and 1–5.
● Updated Figure 2–43.

—

July 2005, v3.1 ● Added vertical migration information, including 
Table 1–4.

● Updated Table 1–5.

—

May 2005, v3.0 ● Updated “Features” section.
● Updated Table 1–2.

—

March 2005, 
v2.1

Updated “Introduction” and “Features” sections. —

January 2005, 
v2.0

Added note to Table 1–2. —

October 2004, 
v1.2

Updated Tables 1–2, 1–3, and 1–5. —

July 2004, v1.1 ● Updated Tables 1–1 and 1–2.
● Updated “Features” section.

—

February 2004, 
v1.0

Added document to the Stratix II Device Handbook. —
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Figure 2–14. Example of a 3-bit Add Utilizing Shared Arithmetic Mode

Shared Arithmetic Chain
In addition to the dedicated carry chain routing, the shared arithmetic 
chain available in shared arithmetic mode allows the ALM to implement 
a three-input add. This significantly reduces the resources necessary to 
implement large adder trees or correlator functions.

The shared arithmetic chains can begin in either the first or fifth ALM in 
an LAB. The Quartus II Compiler creates shared arithmetic chains longer 
than 16 (8 ALMs in arithmetic or shared arithmetic mode) by linking 
LABs together automatically. For enhanced fitting, a long shared 
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arithmetic chain runs vertically allowing fast horizontal connections to 
TriMatrix memory and DSP blocks. A shared arithmetic chain can 
continue as far as a full column.

Similar to the carry chains, the shared arithmetic chains are also top- or 
bottom-half bypassable. This capability allows the shared arithmetic 
chain to cascade through half of the ALMs in a LAB while leaving the 
other half available for narrower fan-in functionality. Every other LAB 
column is top-half bypassable, while the other LAB columns are bottom-
half bypassable.

See the “MultiTrack Interconnect” on page 2–22 section for more 
information on shared arithmetic chain interconnect.

Register Chain

In addition to the general routing outputs, the ALMs in an LAB have 
register chain outputs. The register chain routing allows registers in the 
same LAB to be cascaded together. The register chain interconnect allows 
an LAB to use LUTs for a single combinational function and the registers 
to be used for an unrelated shift register implementation. These resources 
speed up connections between ALMs while saving local interconnect 
resources (see Figure 2–15). The Quartus II Compiler automatically takes 
advantage of these resources to improve utilization and performance.
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Figure 2–43 shows the global and regional clocking from enhanced PLL 
outputs and top and bottom CLK pins. The connections to the global and 
regional clocks from the top clock pins and enhanced PLL outputs is 
shown in Table 2–11. The connections to the clocks from the bottom clock 
pins is shown in Table 2–12. 
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Table 2–11. Global & Regional Clock Connections from Top Clock Pins & Enhanced PLL Outputs (Part 1 
of 2)

Top Side Global & Regional 
Clock Network Connectivity

DL
LC

LK

CL
K1

2

CL
K1

3

CL
K1

4

CL
K1

5

RC
LK

24

RC
LK

25

RC
LK

26

RC
LK

27

RC
LK

28

RC
LK

29

RC
LK

30

RC
LK

31

Clock pins

CLK12p v v v v v
CLK13p v v v v v
CLK14p v v v v v
CLK15p v v v v v
CLK12n v v v
CLK13n v v v
CLK14n v v v
CLK15n v v v
Drivers from internal logic

GCLKDRV0 v
GCLKDRV1 v
GCLKDRV2 v
GCLKDRV3 v
RCLKDRV0 v v
RCLKDRV1 v v
RCLKDRV2 v v
RCLKDRV3 v v
RCLKDRV4 v v
RCLKDRV5 v v
RCLKDRV6 v v
RCLKDRV7 v v
Enhanced PLL 5 outputs

c0 v v v v v
c1 v v v v v
c2 v v v v v
c3 v v v v v
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Table 2–18 summarizes Stratix II MultiVolt I/O support.

The TDO and nCEO pins are powered by VCCIO of the bank that they reside 
in. TDO is in I/O bank 4 and nCEO is in I/O bank 7. 

Ideally, the VCC supplies for the I/O buffers of any two connected pins are 
at the same voltage level. This may not always be possible depending on 
the VCCIO level of TDO and nCEO pins on master devices and the 
configuration voltage level chosen by VCCSEL on slave devices. Master 
and slave devices can be in any position in the chain. Master indicates that 
it is driving out TDO or nCEO to a slave device. 

For multi-device passive configuration schemes, the nCEO pin of the 
master device drives the nCE pin of the slave device. The VCCSEL pin on 
the slave device selects which input buffer is used for nCE. When VCCSEL 
is logic high, it selects the 1.8-V/1.5-V buffer powered by VCCIO. When 
VCCSEL is logic low it selects the 3.3-V/2.5-V input buffer powered by 
VCCPD. The ideal case is to have the VCCIO of the nCEO bank in a master 
device match the VCCSEL settings for the nCE input buffer of the slave 
device it is connected to, but that may not be possible depending on the 
application. Table 2–19 contains board design recommendations to 
ensure that nCEO can successfully drive nCE for all power supply 
combinations.

Table 2–18. Stratix II MultiVolt I/O Support Note (1)

VCCIO (V)
Input Signal (V) Output Signal (V)

1.2 1.5 1.8 2.5 3.3 1.2 1.5 1.8 2.5 3.3 5.0

1.2  (4)  v (2)  v (2) v (2) v (2) v (4)

1.5 (4) v v v (2) v (2) v (3) v
1.8 (4) v v v (2) v (2) v (3) v (3) v
2.5 (4) v v v (3) v (3) v (3) v
3.3 (4) v v v (3) v (3) v (3) v (3) v v

Notes to Table 2–18:
(1) To drive inputs higher than VCCIO but less than 4.0 V, disable the PCI clamping diode and select the Allow LVTTL 

and LVCMOS input levels to overdrive input buffer option in the Quartus II software.
(2) The pin current may be slightly higher than the default value. You must verify that the driving device’s VO L 

maximum and VO H minimum voltages do not violate the applicable Stratix II VI L  maximum and VI H  minimum 
voltage specifications.

(3) Although VCCIO specifies the voltage necessary for the Stratix II device to drive out, a receiving device powered at 
a different level can still interface with the Stratix II device if it has inputs that tolerate the VCCIO value.

(4) Stratix II devices do not support 1.2-V LVTTL and 1.2-V LVCMOS. Stratix II devices support 1.2-V HSTL.
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Table 5–25. 1.5-V HSTL Class I & II Differential Specifications

Symbol Parameter Conditions Minimum Typical Maximum Unit

VCCIO I/O supply voltage 1.425 1.500 1.575 V

VDIF (DC) DC input differential voltage 0.2 V

VCM (DC) DC common mode input 
voltage

0.68 0.90 V

VDIF (AC) AC differential input voltage 0.4 V

VOX (AC) AC differential cross point 
voltage

0.68 0.90 V

Table 5–26. 1.8-V HSTL Class I Specifications

Symbol Parameter Conditions Minimum Typical Maximum Unit

VCCIO Output supply voltage 1.71 1.80 1.89 V

VREF Input reference voltage 0.85 0.90 0.95 V

VTT Termination voltage 0.85 0.90 0.95 V

VIH (DC) DC high-level input voltage VREF + 0.1 V

VIL (DC) DC low-level input voltage –0.3 VREF – 0.1 V

VIH (AC) AC high-level input voltage VREF + 0.2 V

VIL (AC) AC low-level input voltage VREF – 0.2 V

VOH High-level output voltage IOH = 8 mA (1) VCCIO – 0.4 V

VOL Low-level output voltage IOH = –8 mA (1) 0.4 V

Note to Table 5–26:
(1) This specification is supported across all the programmable drive settings available for this I/O standard as shown 

in the Stratix II Architecture chapter in volume 1 of the Stratix II Device Handbook.
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Preliminary status means the timing model is subject to change. Initially, 
timing numbers are created using simulation results, process data, and 
other known parameters. These tests are used to make the preliminary 
numbers as close to the actual timing parameters as possible. 

Final timing numbers are based on actual device operation and testing. 
These numbers reflect the actual performance of the device under 
worst-case voltage and junction temperature conditions.

I/O Timing Measurement Methodology

Altera characterizes timing delays at the worst-case process, minimum 
voltage, and maximum temperature for input register setup time (tSU) 
and hold time (tH). The Quartus II software uses the following equations 
to calculate tSU and tH timing for Stratix II devices input signals.

tSU = + data delay from input pin to input register
+ micro setup time of the input register
– clock delay from input pin to input register

tH = – data delay from input pin to input register
+ micro hold time of the input register
+ clock delay from input pin to input register 

Figure 5–3 shows the setup and hold timing diagram for input registers.

Table 5–33. Stratix II Device Timing Model Status

Device Preliminary Final

EP2S15 v
EP2S30 v
EP2S60 v
EP2S90 v

EP2S130 v
EP2S180 v
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4. Record the time to VMEAS.

5. Compare the results of steps 2 and 4. The increase or decrease in 
delay should be added to or subtracted from the I/O Standard 
Output Adder delays to yield the actual worst-case propagation 
delay (clock-to-output) of the PCB trace.

The Quartus II software reports the timing with the conditions shown in 
Table 5–34 using the above equation. Figure 5–4 shows the model of the 
circuit that is represented by the output timing of the Quartus II software.

Figure 5–4. Output Delay Timing Reporting Setup Modeled by Quartus II

Notes to Figure 5–4:
(1) Output pin timing is reported at the output pin of the FPGA device. Additional 

delays for loading and board trace delay need to be accounted for with IBIS model 
simulations.

(2) VCCPD is 3.085 V unless otherwise specified.
(3) VCCINT is 1.12 V unless otherwise specified.

Figures 5–5 and 5–6 show the measurement setup for output disable and 
output enable timing.
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1 The performance numbers in Table 5–36 are extracted from the 
Quartus II software version 5.1 SP1.

Table 5–36. Stratix II Performance Notes (Part 1 of 6) Note (1)

Applications 

 Resources Used Performance

ALUTs
TriMatrix 
Memory 
Blocks

DSP 
Blocks

-3 
Speed 
Grade 

(2)

-3 
Speed 
Grade 

(3)

-4 
Speed 
Grade

-5 
Speed 
Grade

Unit 

LE 16-to-1 multiplexer (4) 21 0 0 654.87 625.0 523.83 460.4 MHz 

32-to-1 multiplexer (4) 38 0 0 519.21 473.26 464.25 384.17 MHz 

16-bit counter 16 0 0 566.57 538.79 489.23 421.05 MHz 

64-bit counter 64 0 0 244.31 232.07 209.11 181.38 MHz 

TriMatrix 
Memory 
M512 
block 

Simple dual-port RAM 
32 × 18 bit 

0 1 0 500.00 476.19 434.02 373.13 MHz 

FIFO 32 x 18 bit 22 1 0 500.00 476.19 434.78 373.13 MHz 

TriMatrix 
Memory 
M4K 
block

Simple dual-port RAM 
128 x 36 bit (8)

0 1 0 540.54 515.46 469.48 401.60 MHz 

True dual-port RAM 
128 × 18 bit (8)

0 1 0 540.54 515.46 469.48 401.60 MHz 

FIFO 
128 × 36 bit 

22 1 0 530.22 499.00 469.48 401.60 MHz 

Simple dual-port RAM 
128 × 36 bit (9)

0 1 0 475.28 453.30 413.22 354.10 MHz

True dual-port RAM 
128 × 18 bit (9)

0 1 0 475.28 453.30 413.22 354.10 MHz
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Stratix II Clock Timing Parameters

See Tables 5–43 through 5–67 for Stratix II clock timing parameters.

tM E GAC L K H Minimum clock high 
time

1,250  1,312  1,437
1,437

 1,675  ps 

tM E GAC L R  Minimum clear pulse 
width

144  151  165
165

 192  ps 

Notes to Table 5–42:
(1) FMAX of M-RAM Block obtained using the Quartus II software does not necessarily equal to 1/TMEGARC.
(2) These numbers apply to -3 speed grade EP2S15, EP2S30, EP2S60, and EP2S90 devices.
(3) These numbers apply to -3 speed grade EP2S130 and EP2S180 devices.
(4) For the -3 and -5 speed grades, the minimum timing is for the commercial temperature grade. Only -4 speed grade 

devices offer the industrial temperature grade.
(5) For the -4 speed grade, the first number is the minimum timing parameter for industrial devices. The second 

number is the minimum timing parameter for commercial devices.

Table 5–42. M-RAM Block Internal Timing Microparameters (Part 2 of 2) Note (1)

Symbol Parameter

-3 Speed 
Grade (2)

-3 Speed 
Grade (3)

-4 Speed 
Grade

-5 Speed 
Grade

Unit
Min 
(4) Max Min 

(4) Max Min 
(5) Max Min 

(4) Max

Table 5–43. Stratix II Clock Timing Parameters

Symbol Parameter

tC I N  Delay from clock pad to I/O input register

tC O UT Delay from clock pad to I/O output register

tP L L C I N  Delay from PLL inclk pad to I/O input register

tP L L C O U T Delay from PLL inclk pad to I/O output register
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EP2S15 Clock Timing Parameters

Tables 5–44 though 5–47 show the maximum clock timing parameters for 
EP2S15 devices.

Table 5–44. EP2S15 Column Pins Regional Clock Timing Parameters

Parameter
Minimum Timing -3 Speed 

Grade
-4 Speed 

Grade
-5 Speed 

Grade Unit
Industrial Commercial

tC I N  1.445 1.512 2.487 2.848 3.309 ns 

tC O UT 1.288 1.347 2.245 2.570 2.985 ns 

tP L L C I N  0.104 0.102 0.336 0.373 0.424 ns 

tP L L C O UT -0.053 -0.063 0.094 0.095 0.1 ns 

Table 5–45. EP2S15 Column Pins Global Clock Timing Parameters

Parameter
Minimum Timing -3 Speed 

Grade
-4 Speed 

Grade
-5 Speed 

Grade Unit
Industrial Commercial

tC I N  1.419 1.487 2.456 2.813 3.273 ns 

tC O UT 1.262 1.322 2.214 2.535 2.949 ns 

tP L L C I N  0.094 0.092 0.326 0.363 0.414 ns 

tP L L C O UT -0.063 -0.073 0.084 0.085 0.09 ns 

Table 5–46. EP2S15 Row Pins Regional Clock Timing Parameters

Parameter
Minimum Timing -3 Speed 

Grade
-4 Speed 

Grade
-5 Speed 

Grade Unit
Industrial Commercial

tC I N  1.232 1.288 2.144 2.454 2.848 ns 

tC O UT 1.237 1.293 2.140 2.450 2.843 ns 

tP L L C I N  -0.109 -0.122 -0.007 -0.021 -0.037 ns 

tP L L C O UT -0.104 -0.117 -0.011 -0.025 -0.042 ns 
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EP2S30 Clock Timing Parameters

Tables 5–48 through 5–51 show the maximum clock timing parameters 
for EP2S30 devices.

Table 5–47. EP2S15 Row Pins Global Clock Timing Parameters

Parameter
Minimum Timing -3 Speed 

Grade
-4 Speed 

Grade
-5 Speed 

Grade Unit
Industrial Commercial

tC I N  1.206 1.262 2.113 2.422 2.815 ns 

tC O UT 1.211 1.267 2.109 2.418 2.810 ns 

tP L L C I N  -0.125 -0.138 -0.023 -0.038 -0.056 ns 

tP L L C O UT -0.12 -0.133 -0.027 -0.042 -0.061 ns 

Table 5–48. EP2S30 Column Pins Regional Clock Timing Parameters

Parameter
Minimum Timing -3 Speed 

Grade
-4 Speed 

Grade
-5 Speed 

Grade Unit
Industrial Commercial

tC I N  1.553 1.627 2.639 3.025 3.509 ns 

tC O UT 1.396 1.462 2.397 2.747 3.185 ns 

tP L L C I N  0.114 0.113 0.225 0.248 0.28 ns 

tP L L C O UT -0.043 -0.052 -0.017 -0.03 -0.044 ns 

Table 5–49. EP2S30 Column Pins Global Clock Timing Parameters

Parameter
Minimum Timing -3 Speed 

Grade
-4 Speed 

Grade
-5 Speed 

Grade Unit
Industrial Commercial

tC I N  1.539 1.613 2.622 3.008 3.501 ns 

tC O UT 1.382 1.448 2.380 2.730 3.177 ns 

tP L L C I N  0.101 0.098 0.209 0.229 0.267 ns 

tP L L C O UT -0.056 -0.067 -0.033 -0.049 -0.057 ns 
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IOE Programmable Delay

See Tables 5–69 and 5–70 for IOE programmable delay.

Table 5–69. Stratix II IOE Programmable Delay on Column Pins Note (1)

Parameter Paths Affected Available 
Settings

Minimum 
Timing (2)

-3 Speed 
Grade (3)

-4 Speed 
Grade

-5 Speed 
Grade

Min 
Offset 
(ps)

Max 
Offset 
(ps)

Min 
Offset 
(ps)

Max 
Offset 
(ps)

Min 
Offset 
(ps)

Max 
Offset 
(ps)

Min 
Offset 
(ps)

Max 
Offset 
(ps)

Input delay from 
pin to internal 
cells 

Pad to I/O 
dataout to logic 
array

8 0
0

1,696
1,781

0
0

2,881
3,025

0 3,313 0 3,860

Input delay from 
pin to input 
register 

Pad to I/O input 
register 

64 0
0

1,955
2,053

0
0

3,275
3,439

0 3,766 0 4,388

Delay from 
output register 
to output pin 

I/O output 
register to pad 

2 0
0

316
332

0
0

500
525

0 575 0 670

Output enable 
pin delay 

tX Z, tZ X 2 0
0

305
320

0
0

483
507

0 556 0 647

Notes to Table 5–69:
(1) The incremental values for the settings are generally linear. For the exact delay associated with each setting, use the 

latest version of the Quartus II software.
(2) The first number is the minimum timing parameter for industrial devices. The second number is the minimum 

timing parameter for commercial devices.
(3) The first number applies to -3 speed grade EP2S15, EP2S30, EP2S60, and EP2S90 devices. The second number 

applies to -3 speed grade EP2S130 and EP2S180 devices.
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Duty Cycle 
Distortion

Duty cycle distortion (DCD) describes how much the falling edge of a 
clock is off from its ideal position. The ideal position is when both the 
clock high time (CLKH) and the clock low time (CLKL) equal half of the 
clock period (T), as shown in Figure 5–7. DCD is the deviation of the 
non-ideal falling edge from the ideal falling edge, such as D1 for the 
falling edge A and D2 for the falling edge B (Figure 5–7). The maximum 
DCD for a clock is the larger value of D1 and D2.

3.3-V LVTTL OCT 
50 Ω

133 152 152 133 152 152 147 152 152

2.5-V LVTTL OCT 
50 Ω

207 274 274 207 274 274 235 274 274

1.8-V LVTTL OCT 
50 Ω

151 165 165 151 165 165 153 165 165

3.3-V LVCMOS OCT 
50 Ω

300 316 316 300 316 316 263 316 316

1.5-V LVCMOS OCT 
50 Ω

157 171 171 157 171 171 174 171 171

SSTL-2 Class I OCT 
50 Ω

121 134 134 121 134 134 77 134 134

SSTL-2 Class II OCT 
25 Ω

56 101 101 56 101 101 58 101 101

SSTL-18 Class I OCT 
50 Ω

100 123 123 100 123 123 106 123 123

SSTL-18 Class II OCT 
25 Ω

61 110 110 - - - 59 110 110

1.2-V HSTL (2) OCT 
50 Ω

95 - - - - - - - 95

Notes to Table 5–79:
(1) For LVDS and HyperTransport technology output on row I/O pins, the toggle rate derating factors apply to loads 

larger than 5 pF. In the derating calculation, subtract 5 pF from the intended load value in pF for the correct result. 
For a load less than or equal to 5 pF, refer to Table 5–78 for output toggle rates.

(2) 1.2-V HSTL is only supported on column I/O pins in I/O banks 4,7, and 8.
(3) Differential HSTL and SSTL is only supported on column clock and DQS outputs.
(4) LVPECL is only supported on column clock outputs.

Table 5–79. Maximum Output Clock Toggle Rate Derating Factors (Part 5 of 5)

I/O Standard Drive 
Strength

Maximum Output Clock Toggle Rate Derating Factors (ps/pF)

Column I/O Pins Row I/O Pins Dedicated Clock Outputs

-3 -4 -5 -3 -4 -5 -3 -4 -5
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tL O C K Time required for the 
PLL to lock from the 
time it is enabled or 
the end of device 
configuration

0.03 1 ms

tD L O C K Time required for the 
PLL to lock 
dynamically after 
automatic clock 
switchover between 
two identical clock 
frequencies

1 ms

fS W I T CH OV E R Frequency range 
where the clock 
switchover performs 
properly 

4 500 MHz

fC L B W PLL closed-loop 
bandwidth

0.13 1.20 16.90 MHz

fV C O PLL VCO operating 
range for –3 and –4 
speed grade devices

300 1,040 MHz

PLL VCO operating 
range for –5 speed 
grade devices

300 840 MHz

fS S Spread-spectrum 
modulation frequency

30 150 kHz

% spread Percent down spread 
for a given clock 
frequency

0.4 0.5 0.6 %

tP L L _ P S E R R Accuracy of PLL 
phase shift

±15 ps

tA R E S E T Minimum pulse width 
on areset signal. 

10 ns

tA R E S E T _ RE C O NF I G Minimum pulse width 
on the areset signal 
when using PLL 
reconfiguration. Reset 
the PLL after 
scandone goes 
high.

500 ns

Notes to Table 5–92:
(1) Limited by I/O fM A X. See Table 5–78 on page 5–69 for the maximum. Cannot exceed fO U T  specification.
(2) If the counter cascading feature of the PLL is utilized, there is no minimum output clock frequency.

Table 5–92. Enhanced PLL Specifications (Part 2 of 2)

Name Description Min Typ Max Unit
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Table 5–93. Fast PLL Specifications

Name Description Min Typ Max Unit

fI N Input clock frequency (for -3 and -4 speed 
grade devices)

16.08 717 MHz

Input clock frequency (for -5 speed grade 
devices)

16.08 640 MHz

fI N P F D Input frequency to the PFD 16.08 500 MHz

fI N D UT Y Input clock duty cycle 40 60 %

tI N J I T T E R Input clock jitter tolerance in terms of period 
jitter. Bandwidth ≤ 2 MHz

0.5 ns (p-p)

Input clock jitter tolerance in terms of period 
jitter. Bandwidth > 2 MHz

1.0 ns (p-p)

fV C O Upper VCO frequency range for –3 and –4 
speed grades

300 1,040 MHz

Upper VCO frequency range for –5 speed 
grades

300 840 MHz

Lower VCO frequency range for –3 and –4 
speed grades

150 520 MHz

Lower VCO frequency range for –5 speed 
grades

150 420 MHz

fO U T PLL output frequency to GCLK or RCLK 4.6875 550 MHz

PLL output frequency to LVDS or DPA clock 150 1,040 MHz

fO U T _ I O PLL clock output frequency to regular I/O 
pin

4.6875 (1) MHz

fS C A N C L K Scanclk frequency 100 MHz

tC O NF I G P L L Time required to reconfigure scan chains 
for fast PLLs

75/fS CA N CL K ns

fC L B W PLL closed-loop bandwidth 1.16 5.00 28.00 MHz

tL O C K Time required for the PLL to lock from the 
time it is enabled or the end of the device 
configuration

0.03 1.00 ms

tP L L _ P S E R R Accuracy of PLL phase shift ±15 ps

tA R E S E T Minimum pulse width on areset signal. 10 ns

tA R E S E T _ RE C O NF I G Minimum pulse width on the areset signal 
when using PLL reconfiguration. Reset the 
PLL after scandone goes high.

500 ns

Note to Table 5–93:
(1) Limited by I/O fM A X. See Table 5–77 on page 5–67 for the maximum.
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External 
Memory 
Interface 
Specifications

Tables 5–94 through 5–101 contain Stratix II device specifications for the 
dedicated circuitry used for interfacing with external memory devices.

Table 5–95 lists the maximum delay in the fast timing model for the 
Stratix II DQS delay buffer. Multiply the number of delay buffers that you 
are using in the DQS logic block to get the maximum delay achievable in 
your system. For example, if you implement a 90° phase shift at 200 MHz, 
you use three delay buffers in mode 2. The maximum achievable delay 
from the DQS block is then 3 × .416 ps = 1.248 ns. 

Table 5–94. DLL Frequency Range Specifications

Frequency Mode Frequency Range Resolution 
(Degrees)

0 100 to 175 30

1 150 to 230 22.5

2 200 to 310 30

3 240 to 400 (–3 speed grade) 36

240 to 350 (–4 and –5 speed grades) 36

Table 5–95. DQS Delay Buffer Maximum Delay in Fast Timing Model

Frequency Mode Maximum Delay Per Delay Buffer 
(Fast Timing Model) Unit

0 0.833 ns

1, 2, 3 0.416 ns

Table 5–96. DQS Period Jitter Specifications for DLL-Delayed Clock 
(tDQS_JITTER)  Note (1)

Number of DQS Delay Buffer 
Stages (2) Commercial Industrial Unit

1 80 110 ps

2 110 130 ps

3 130 180 ps

4 160 210 ps

Notes to Table 5–96:
(1) Peak-to-peak period jitter on the phase shifted DQS clock.
(2) Delay stages used for requested DQS phase shift are reported in your project’s 

Compilation Report in the Quartus II software.
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