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Chapter 1: Device Datasheet for Arria Il Devices
Electrical Characteristics

Table 1-5. Recommended Operating Conditions for Arria Il GX Devices (Note 1) (Part 2 of 2)

Symbol Description Condition Minimum Typical Maximum Unit
t Power Supply Ramp time Normal POR 0.05 — 100 ms
RAMP Py P Fast POR 0.05 — 4 ms

Notes to Table 1-5:

)
@

security key, you may connect the Vgggar to either GND or a 3.0-V power supply.

©)
(4)

For more information about supply pin connections, refer to the Arria Il Device Family Pin Connection Guidelines.
Altera recommends a 3.0-V nominal battery voltage when connecting V¢cgar to a battery for volatile key backup. If you do not use the volatile

Veepp must be 2.5-V for 1/0 banks with 2.5-V and lower Vg g, 3.0-V for 3.0-V Vg o, and 3.3-V for 3.3-V Vg o.
Veeio for 3C and 8C 1/0 banks where the configuration pins reside only supports 3.3-, 3.0-, 2.5-, or 1.8-V voltage levels.

Table 1-6 lists the recommended operating conditions for Arria II GZ devices.

Tahle 1-6. Recommended Operating Conditions for Arria Il GZ Devices (Note 6) (Part 1 of 2)

Symbol Description Condition Minimum Typical Maximum | Unit
Ve gl?ggl\;oltage and periphery circuitry power . 0.87 0.90 0.93 N
Voocs S#gplies power for the configuration RAM . 145 150 155 N
Vecaux Auxiliary supply — 2.375 2.5 2.625 v
Vecen (2) /0 pre-driver (3.0 V) power supply — 2.85 3.0 3.15 v

/O pre-driver (2.5 V) power supply —_ 2.375 2.5 2.625 V
/0 buffers (3.0 V) power supply — 2.85 3.0 3.15 V
/0 buffers (2.5 V) power supply — 2.375 2.5 2.625 v
Veeio /0 buffers (1.8 V) power supply — 1.71 1.8 1.89 v
/0 buffers (1.5 V) power supply — 1.425 1.5 1.575 v
/0 buffers (1.2 V) power supply — 1.14 1.2 1.26 v
Configuration pins (3.0 V) power supply — 2.85 3.0 3.15 v
Vecram Configuration pins (2.5 V) power supply — 2.375 2.5 2.625 v
Configuration pins (1.8 V) power supply — 1.71 1.8 1.89 v
Veea pLL PLL analog voltage regulator power supply — 2.375 2.5 2.625 v
Veen, pLL PLL digital voltage regulator power supply — 0.87 0.90 0.93 v
Ve oLk Differential clock input power supply — 2.375 2.5 2.625 v
Vs (1) | saurty volatle oy g | 2o = | s |
Vv, DC input voltage — -0.5 — 3.6 v
Vo Output voltage — 0 — Veeio v
Veea L Transce?ver h?gh voltage power (Ielzft sid.e) — 2852375 | 3.0/25 (4) | 3152625 | V
Veea R Transceiver high voltage power (right side) —
VecHip L Transceiver HIP digital power (left side) — 0.87 0.9 0.93 v
Veer L Receiver power (left side) — 1.05 1.1 1.15 v
Veer R Receiver power (right side) — 1.05 1.1 1.15 v
Veer L Transmitter power (left side) — 1.05 1.1 1.15 v
Veer R Transmitter power (right side) — 1.05 1.1 1.15 Y
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Chapter 1: Device Datasheet for Arria Il Devices

Electrical Characteristics

Table 1-11. OCT With and Without Calibration Specification for Arria Il GX Device I/0s (Note 1) (Part 2 of 2)

Calibration Accuracy
Symbol Description Conditions (V) Unit
Commercial Industrial
50-Q Rg .
50-Q series OCT Veeio = 3.0, 2.5, 0
fg 25,18, 15, | ith calibration 1.8,1.5,1.2 =10 =10 o
100-Q differential
;050'9 Ro 0CT without Veoio = 2.5 + 30 + 30 %
) calibration
Note to Table 1-11:
(1) OCT with calibration accuracy is valid at the time of calibration only.
Table 1-12 lists the OCT termination calibration accuracy specifications for
Arria II GZ devices.
Table 1-12. OCT with Calibration Accuracy Specifications for Arria Il GZ Devices (Note 1)
Calibration Accuracy
Symbol Description Conditions (V) Unit
C2 C3,13 C4,14
25-Q Rg ) ,
30,25.18,15, | 2>€seriesOCT | Vego=30,25, .8 .8 +8 %
12 (2) with calibration 1.8,1.5,1.2
50-Q Rg . ,
50-Q internal series | Vggg = 3.0, 2.5, 0
39251815 | ocT with calibration | 18,15, 1.2 +8 +8 +8 &
50-Q Ry 50-Qinternal parallel | Vg =2.5, 1.8, 0
25,1.8,15,1.2 | OCT with calibration 15,1.2 +10 +10 +10 &
20-Q, 40-Q and
200, 40-Q,and | 65 ) Rs expanded
60-Q Ry range for internal Vecio =3.0, 2.5, +10 +10 +10 %
3.0,2.5,1.8, 1.5, g . 1.8,1.5,1.2 * * * °
12 (3) series OCT with
) calibration
25-Q Rs_jert_shitt
25-Q Rs_geft_shift : ok
s internal left shift Veeio = 3.0, 2.5, 0
?g 2.5,1.8,1.5, series OCT with 1815 1.2 +10 +10 +10 Yo
' calibration

Notes to Table 1-12:

(1) OCT calibration accuracy is valid at the time of calibration only.
(2) 25-Q Rgis not supported for 1.5V and 1.2 VV in Row 1/0.
(3) 20-Q Rgis not supported for 1.5V and 1.2 VV in Row 1/0.
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Electrical Characteristics

The calibration accuracy for calibrated series and parallel OCTs are applicable at the
moment of calibration. When process, voltage, and temperature (PVT) conditions
change after calibration, the tolerance may change.

Table 1-13 lists the Arria I GZ OCT without calibration resistance tolerance to PVT
changes.

Table 1-13. OCT Without Calibration Resistance Tolerance Specifications for Arria Il GZ Devices

Resistance Tolerance

Symbol Description Conditions (V) Unit
C3,13 C4,14
25-Q) internal series
25-Q Rg . ~ 0
30and 25 OCT_ W|tr_10ut Veeio=3.0,2.5 +40 +40 %o
calibration
25-Q) internal series
?58-2n581 5 OCT without Vecio=1.8,1.5 +40 +40 %
' ' calibration
25-Q) internal series
$52'Q Rs 0CT without Vegio = 1.2 + 50 + 50 %
' calibration
50-Q2 internal series
g%’fngsz 5 0CT without Veoio = 3.0, 2.5 + 40 + 40 %
' ’ calibration
50-Q2 internal series
300 Rs 0CT without Veeio = 1.8, 1.5 + 40 + 40 %
1.8and 1.5 o
calibration
50-Q internal series
?02@ Rs 0CT without Voo = 1.2 + 50 + 50 %
' calibration
100-Q Rp 100-Q internal _
25 differential OCT Veeo = 2.5 25 +25 %

OCT calibration is automatically performed at power up for OCT-enabled I/Os.
When voltage and temperature conditions change after calibration, the resistance may
change. Use Equation 1-1 and Table 1-14 to determine the OCT variation when
voltage and temperature vary after power-up calibration for Arria II GX and GZ
devices.

Equation 1-1. OCT Variation (Note 1)

dR dR

Notes to Equation 1-1:

(1) Rocr value calculated from Equation 1-1shows the range of OCT resistance with the variation of temperature and
cclo-
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Electrical Characteristics
Table 1-30 lists the HSTL I/O standards for Arria II GX devices.
Table 1-30. Differential HSTL /0 Standards for Arria Il GX Devices
Veeio (V) Voo (V) Vxag) (V) Vemoe) (V) Virac) (V)
I/0 Standard
Min | Typ | Max | Min | Max | Min | Typ | Max | Min Typ Max | Min | Max
HSTL-18 Class | 1.71 | 1.8 | 1.89 | 0.2 — 085 — | 095 | 0.88 — 0.95 04 —
HSTL-15 Class |, Il 1.425| 15 (1575 0.2 — 1071 — 079 0.71 — 0.79 0.4 —
0.48
HSTL-12 Class I, 1l | 114 | 12 | 1.26 [016| — | — 3‘5X — | 3-5" 0\-/52x 03 | —
CClo vV CClo cClo
celo
Table 1-31 lists the HSTL I/O standards for Arria II GZ devices.
Table 1-31. Differential HSTL /0 Standards for Arria Il GZ Devices
Veeio (V) Voiroe) (V) Vxac) (V) Vemoe) (V) Voirac (V)
1/0 Standard
Min | Typ | Max | Min | Max | Min | Typ | Max | Min Typ Max | Min | Max
HSTL-18 Class | 1.71 1.8 189 | 0.2 — 0.78 — 112 | 0.78 — 112 0.4 —
HSTL-15 Class I, Il 1425 | 15 [ 1575 | 0.2 — 0.68 — 0.9 0.68 — 0.9 04 —
Veeio
HSTL-12 Class I, Il | 144 | 12 | 1.26 |06 | Voo | — | O9x ] 04w} 051 0.6 | g5 7%
+0.3 Veeio Veeio | Veeo | Vecio 0.48
Table 1-32 lists the differential /O standard specifications for Arria II GX devices.
Table 1-32. Differential I/0 Standard Specifications for Arria Il GX Devices (Note 1)

T Vecio (V) Vip (mV) Viem (V) (2) Voo (V) (3) Vocm (V)
Standard | wip | Typ | Max | Min | Cond. | Max | Min | Max | Min | Typ | Max | Min | Typ | Max
25V Vew= | _ _

LVDS 2375 | 252625 | 100 195V 0.05 | 1.80 | 0.247 0.6 1125 | 1.25 | 1.375
RSDS (4) | 2.375 | 25 | 2.625 — — — — — 0.1 0.2 0.6 0.5 1.2 14
'\;'[';)“'LVDS 2375 (252625 — | — | — | — | — |o2s | —| o6 | 1 |12 14
L;’;ECL 2375 |25 2625|300 | — | — |06 |18 | — |[—| — | — | — | —
BLVDS (6) | 2.375 | 2.5 | 2.625 | 100 — — — — — — — — — —
Notes to Table 1-32:

(1) The 1.5V PCML transceiver /0 standard specifications are described in “Transceiver Performance Specifications” on page 1-21.

(2) Viyrange:0<=Vy<=1.85V.

(3) R_range:90<=RL<=110Q.

(4) The RSDS and mini-LVDS 1/0 standards are only supported for differential outputs.

(5) The LVPECL input standard is supported at the dedicated clock input pins (GCLK) only.

(6) There are no fixed V\cu, Vop, and Voew specifications for BLVDS. These specifications depend on the system topology.
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Table 1-34. Transceiver Specifications for Arria Il GX Devices (Note 1) (Part 5 of 7)

Symhol/ Condition ’ o Coand1s 8 Unit
Description . . . .
Min Typ Max Min Typ Max Min Typ Max Min Typ Max
L(T1D1 )'OCk time — 0 100 | 4000 | o | 100 | 4000 0 100 | 4000 | o | 100 | 4000 | ns
Data lock time
from rx o . . . . . . . o
freqlocked 4000 4000 4000 4000 ns
(12)
DC Gain
Setting =0 T 0 - - 0 - T 0 - - 0 T dB
Programmable | DC Gain L . . . L . L L
DC gain Setting = 1 3 3 3 3 dB
DC Gain
Setting = 2 T 6 - - 6 - T 6 - - 6 T dB
Transmitter
Supported 1/0 K
Standards 1.5-V PCML
Data rate — 600 — 6375 600 — 3750 600 — 3750 600 — 3125 Mbps
065V
Voeum setting — 650 — — 650 — — 650 — — 650 — mV
Differential
on-chip 100-Q . . . . . . . .
termination setting 100 100 100 100 Q
resistors
Return loss PCle 50 MHz to 1.25 GHz: —10dB
u
differential mode XAUI 312 MHz to 625 MHz: —10dB
625 MHz to 3.125 GHz: —10dB/decade slope
Retwrnloss | pgq 50 MHz to 1.25 GHz: ~6dB
common mode
Rise time (2) — 50 — 200 50 — 200 50 — 200 50 — 200 ps
Fall time — 50 — 200 50 — 200 50 — 200 50 — 200 ps

sonsuaioeiey) Bulyoumg
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Switching Characteristics
Table 1-35. Transceiver Specifications for Arria Il GZ Devices (Part 2 of 5)
—CG3 and -I3 (7) —C4 and -14
D:!:r‘im::ﬁn Conditions Unit
P Min | Typ Max Min | Typ Max
Transceiver Clocks
Calibration block clock
frequency (cal blk_clk) o 10 o 125 10 o 125 MHz
. PCle Receiver
fixedclk clock frequency Detect — 125 — — 125 — MHz
, Dynamic 2.5/ 2.5/
recontig_clk clock reconfiguration | 375 | — 50 | 375 | — 50 | MHz
d y clock frequency (4) (4)
Delta time between
reconfig clks (5) o o o 2 o o 2 ms
Transceiver block minimum
power-down _ 1 _ _ 1 _ — S
(9xb_powerdown) pulse !
width
Receiver
Supported 1/0 Standards 1.4-V PCML, 1.5-V PCML, 2.5-V PCML, LVPECL, and LVDS
Data rate (76) — 600 — 6375 600 — 3750 Mbps
Absolute Vyay for a receiver . . . 16 . . 16 N
pin (6) ' '
Operational Vyax for a . . . 15 . . 15 N
receiver pin ) ’
Absolute Vyy for a receiver . 04 . o 04 . . N
pin ' '
Maximum peak-to-peak
differential input voltage Vip . . . . .
(diff p-p) before device 16 16 v
configuration
Maximum peak-to-peak Viem = 0.82V _ _ 57 _ _ 97 vV
differential input voltage V,p setting
(diff p-p) after device View =1.1V setting
configuration (7) - - 1.6 _ _ 1.6 v
Data Rate =
600 Mbps to
5 Gbps 100 — — 165 — — mV
Minimum differential eye Equalization = 0
opening at receiver serial DC gain = 0 dB
input pins (8)
Data Rate > 5 Gbps
Equalization =0 165 — — 165 — — mV
DCgain=0dB
View = 0.82V 820 + 10% 820 + 10% mv
v setting
ICM .
View =1 1(7\; setting 1100 £ 10% 1100 + 10% mV
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Switching Characteristics
Table 1-35. Transceiver Specifications for Arria Il GZ Devices (Part 4 of 5)
Symhol/ Conditi —CG3 and -I3 (7) —C4 and -14 Unit
Description onditions : : ni
Min Typ Max Min Typ Max
Transmitter
Supported 1/0 Standards 1.5-V PCML
Data rate (74) — 600 — 6375 600 — 3750 Mbps
Vocm 0.65 V setting — 650 — — 650 — mV
85-Q setting 85 +15% 85 +15% Q
Differential on-chip 100-Q setting 100 + 15% 100 + 15% Q
termination resistors 120-Q) setting 120 + 15% 120 + 15% Q
150-Q2 setting 150 £ 15% 150 £+ 15% Q
PCle Gen1 and
Gen2 (TX Vgp=4),
XAUI (TX Vgp=6),
HiGig+
(TX Vop=6),
. . CEl SR/LR
Ewlgggerr:attlﬁlrr? Tgsgommon (TX Vop=8), Compliant —
SRIO SR (Vgp=6),
SRIO LR (Vgp=8),
CPRI LV (Vgp=6),
CPRIHV (Vgp=2),
O0BSAI (Vgp=6),
SATA (Vgp=4),
Rise time (15) — 50 — 200 50 — 200 ps
Fall time (15) — 50 — 200 50 — 200 ps
Intra-differential pair skew — — — 15 — — 15 ps
Intra-transceiver block x‘:)m/; daﬂgoggs
transmitter . — — 120 — — 120 ps
channel-to-channel skew Example: XAUI,
PCle x4, Basic x4
. x8 PMA and PCS
Inter-transceiver block
. bonded mode
transmitter . — — 500 — — 500 ps
Example: PCle x8,
channel-to-channel skew :
Basic x8
CMUO PLL and CMU1 PLL
Supported Data Range — 600 | — | 6375 600 | — | 3750 | Mbps
pll powerdown minimum
pulse width — 1 1 us
(tpll powerdown)
CMU PLL lock time from
pll powerdown — — — 100 — — 100 us
de-assertion
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Table 1-35. Transceiver Specifications for Arria Il GZ Devices (Part 5 of 5)

. :!:::::::{, ) Conitions | C3 and -13 (1) | G4 and -14 Unit
Min Typ Max Min Typ Max
PCle Gen1 25-35 MHz
PCle Gen2 6-8 MHz
-3 dB Bandwidth XAUI 2-4 MHz
SRI0 1.25 Gbps 3-55 MHz
SRI0 2.5 Gbps 3-55 MHz
SRI0 3.125 Gbps 2-4 MHz
GIGE 25-45 MHz
SONET 0C12 15-25 MHz
SONET 0C48 35-6 MHz
Transceiver-FPGA Fabric Interface

Interface speed — 25 ‘ — ‘ 325 | 25 ‘ — ‘ 250 MHz

Digital reset pulse width — Minimum is two parallel clock cycles —

Notes to Table 1-35:

(1) The 3x speed grade is the fastest speed grade offered in the following Arria Il GZ devices: EP2AGZ225, EP2AGZ300, and EP2AGZ350.
(2) The rise and fall time transition is specified from 20% to 80%.

(3) To calculate the REFCLK rms phase jitter requirement at reference clock frequencies other than 100 MHz, use the following formula:
REFCLK rms phase jitter at f (MHz) = REFCLK rms phase jitter at 100 MHz * 100/1.

(4) The minimum reconfig clk frequency is 2.5 MHz if the transceiver channel is configured in Transmitter only mode. The minimum
reconfig clk frequency is 37.5 MHz if the transceiver channel is configured in Receiver only or Receiver and Transmitter mode.

(5) If your design uses more than one dynamic reconfiguration controller (altgx reconfig) instances to control the transceiver (altgx)
channels physically located on the same side of the device AND if you use different reconfig clk sources for these altgx reconfig
instances, the delta time between any two of these reconfig_clk sources becoming stable must not exceed the maximum specification listed.

The device cannot tolerate prolonged operation at this absolute maximum.
You must use the 1.1-V RX Vo setting if the input serial data standard is LVDS.

The differential eye opening specification at the receiver input pins assumes that Receiver Equalization is disabled. If you enable Receiver
Equalization, the receiver circuitry can tolerate a lower minimum eye opening, depending on the equalization level. Use H-Spice simulation to
derive the minimum eye opening requirement with Receiver Equalization enabled.

(9) The rate matcher supports only up to + 300 ppm.
(10) Time taken to rx_pll locked goes high from rx_analogreset de-assertion. Refer to Figure 1-1 on page 1-33.

(11) Time for which the CDR must be kept in lock-to-reference mode after rx_pll locked goes high and before rx_locktodata is asserted in
manual mode. Refer to Figure 1-1 on page 1-33.

(12) Time taken to recover valid data after the rx_locktodata signal is asserted in manual mode. Refer to Figure 1-1 on page 1-33.
(13) Time taken to recover valid data after the rx_freglocked signal goes high in automatic mode. Refer to Figure 1-2 on page 1-33.

(14) A GPLL may be required to meet the PMA-FPGA fabric interface timing above certain data rates. For more information, refer to the Transceiver
Clocking for Arria Il Devices chapter.

(15) The Quartus Il software automatically selects the appropriate slew rate depending on the configured data rate or functional mode.
(16) To support data rates lower than the minimum specification through oversampling, use the CDR in LTR mode only.

—_— o~
o N o
—_— =
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Figure 1-1 shows the lock time parameters in manual mode.

[’ LID = lock-to-data. LTR = lock-to-reference.

Figure 1-1. Lock Time Parameters for Manual Mode

r x_analogreset

CDR status

|
]
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: i
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] ]
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r x_locktodata : ) '

] ]
: : ! '
‘ i i :
! Invalid Data ' ! Valid data
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I ]

CDR Minimum T1b

Figure 1-2 shows the lock time parameters in automatic mode.

Figure 1-2. Lock Time Parameters for Automatic Mode

CDR status LTR ><

r x_freqlocked

LTD

r x_dataout Invalid data

1
>< Valid  data

<+“—>

Data lock time from rx_freqglocked
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Switching Characteristics

Table 1-37 lists the typical Vp for TX term that equals 100 Q. for Arria I GX and GZ
devices.

Table 1-37. Typical Vy, Setting, TX Termination = 100 O for Arria Il Devices

Quartus Il Setting Vgp Setting (mV)
1 400
2 600
3 (Arria Il GZ) 700
4 800
5 900
6 1000
7 1200

Table 1-38 lists the typical transmitter pre-emphasis levels in dB for the first post tap
under the following conditions: low-frequency data pattern (five 1s and five 0s) at
6.375 Gbps. The levels listed in Table 1-38 are a representation of possible
pre-emphasis levels under these specified conditions only, the pre-emphasis levels
may change with data pattern and data rate.

To predict the pre-emphasis level for your specific data rate and pattern, run
simulations using the Arria II GX HSSI HSPICE models.

Tahle 1-38. Transmitter Pre-Emphasis Levels for Arria Il GX Devices

Arria Il GX Arria Il GX (Quartus Il Software) VOD Setting
(Quartus Il
Software)
First Post Tap 1 2 4 5 6 7 Unit
Setting
0 (off) 0 —
1 0.7 0 0 0 0 0 dB
2 2.7 1.2 0.3 0 0 0 dB
3 49 2.4 1.2 0.8 0.5 0.2 dB
4 7.5 3.8 2.1 1.6 1.2 0.6 dB
5 — 5.3 3.1 2.4 1.8 1.1 dB
6 — 7 4.3 3.3 2.7 1.7 dB
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Table 1-40. Transceiver Block Jitter Specifications for Arria Il GX Devices (Noie 1) (Part 3 of 10)
Symhol/ Coniti 13 C4 C5, 15 C6 Unit
Description onditions : : : . ni
Min | Typ | Max | Min {Typ| Max | Min | Typ | Max | Min | Typ | Max
PCle Receiver Jitter Tolerance (4)
Total jitter at Compliance
2.5 Gbps (Gen1) pattern >0.6 >0.6 >0.6 >0.6 ul
PCle (Gen 1) Electrical Idle Detect Threshold (9)
VRX-IDLE- Compliance
DETDIFF (p-p) pattern 65 — | 175 | 65 | — | 175 65 | — 175 | 65 | — | 175 | mV
Serial RapidI0® (SRI0) Transmit Jitter Generation (5)
Deterministic Data Rate = 1.25,
jitter 25,31256Gbps | — | — (017 | — | —| 017 | — | — | 017 | — | — | 017 | Ul
(peak-to-peak) Pattern = CJPAT
Total jitter Data Rate = 1.25,
ot ) 2.5,3125Gbps | — — | 03%| —|—]03 | — | —]03|—|—]03] U
(peak-to-peak) | paiern - cJPAT
SRIO Receiver Jitter Tolerance (5)
Deterministic Data Rate = 1.25,
jitter tolerance 2.5,3.125 Gbps >0.37 >0.37 >0.37 >0.37 ul
(peak-to-peak) Pattern = CJPAT
Combined
deterministic and | Data Rate =1.25,
random jitter 2.5, 3.125 Gbps >0.55 >0.55 >0.55 >0.55 ul
tolerance Pattern = CJPAT
(peak-to-peak)
Jitter frequency =
22.1 KHz
Data rate = 1.25, >8.5 >8.5 >8.5 >8.5 ul
2.5,3.125 Gbps
Pattern = CJPAT
Jitter frequency =
Sinusoidal jitter 1875 MHz
tolerance Data rate = 1.25, >0.1 >0.1 >0.1 >0.1 ul
(peak-to-peak) 2.5,3.125 Gbps
Pattern = CJPAT
Jitter frequency =
20 MHz
Data rate = 1.25, > 0.1 > 0.1 >0.1 >0.1 ul
2.5,3.125 Gbps
Pattern = CJPAT
GIGE Transmit Jitter Generation (6)
Deterministic
jitter Pattern=CRPAT | — | — | 014 | — |— | 014 | — | — | 014 | — | — | 0.14 | Ul

(peak-to-peak)
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Table 1-41. Transceiver Block Jitter Specifications for Arria Il GZ Devices (Note 1), (2) (Part5 of 7)

Symbol/
Description

Conditions

—C3 and -I3

—C4 and -14

Typ

Max

Typ

Max

Unit

Jitter Frequency = 38.2 KHz
Data rate = 6.375 Gbps
Pattern = PRBS31 BER = 1012

>0.5

ul

Sinusoidal jitter tolerance (peak-
to-peak)

Jitter Frequency = 3.82 MHz
Data rate = 6.375 Gbps
Pattern = PRBS31 BER = 1012

> 0.05

ul

Jitter Frequency = 20 MHz
Data rate = 6.375 Gbps
Pattern = PRBS31 BER = 1012

>0.05

ul

SDI Transmitter Jitter Generation

(12)

Alignment jitter

Data rate = 1.485 Gbps (HD)
Pattern = color bar Low-frequency
roll-off = 100 KHz

0.2

0.2

(peak-to-peak)

Data rate = 2.97 Gbps (3G) Pattern
= color bar Low-frequency roll-off
=100 KHz

0.3

0.3

ul

SDI Receiver Jitter Tolerance (72)

Jitter frequency = 15 KHz

Data rate = 2.97 Gbps (3G) Pattern
= single line scramble color bar

>2

>2

ul

Sinusoidal jitter tolerance (peak-
to-peak)

Jitter frequency = 100 KHz

Data rate = 2.97 Gbps (3G) Pattern
= single line scramble color bar

>0.3

>0.3

ul

Jitter frequency = 148.5 MHz

Data rate = 2.97 Gbps (3G) Pattern
= single line scramble color bar

>0.3

>0.3

ul

Jitter frequency = 20 KHz

Data rate = 1.485 Gbps (HD)
pattern = 75% color bar

>1

>1

ul

Sinusoidal jitter tolerance (peak-
to-peak)

Jitter frequency = 100 KHz

Data rate = 1.485 Gbps (HD)
Pattern = 75% color bar

>0.2

>0.2

ul

Jitter frequency = 148.5 MHz

Data rate = 1.485 Gbps (HD)
Pattern = 75% color bar

>0.2

>0.2

ul

SAS Transmit Jitter Generation (73)

Total jitter at 1.5 Gbps (G1)

Pattern = CJPAT

0.55

0.55

Ul

Deterministic jitter at 1.5 Gbps
(G1)

Pattern = CJPAT

0.35

0.35

ul

Total jitter at 3.0 Gbps (G2)

Pattern = CJPAT

0.55

0.55

Ul
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Switching Characteristics
Core Performance Specifications for the Arria Il Device Family
This section describes the clock tree, phase-locked loop (PLL), digital signal
processing (DSP), embedded memory, configuration, and JTAG specifications for
Arria II GX and GZ devices.
Clock Tree Specifications
Table 142 lists the clock tree specifications for Arria II GX devices.
Table 1-42. Clock Tree Performance for Arria Il GX Devices
Performance
Clock Network Unit
13, C4 C5,15 C6
GCLK and RCLK 500 500 400 MHz
PCLK 420 350 280 MHz
Table 1-43 lists the clock tree specifications for Arria Il GZ devices.
Table 1-43. Clock Tree Performance for Arria Il GZ Devices
Performance
Clock Network Unit
-C3 and -I3 -C4 and -14
GCLK and RCLK 700 500 MHz
PCLK 500 450 MHz
PLL Specifications
Table 1-44 lists the PLL specifications for Arria II GX devices.
Table 1-44. PLL Specifications for Arria Il GX Devices (Part 1 of 3)
Symbol Description Min Typ Max Unit
Input clock frequency (from clock input pins residing in .
right/top/bottom banks) (-4 Speed Grade) 5 670 (1) MHz
Input clock frequency (from clock input pins residing in .
i right/top/bottom banks) (-5 Speed Grade) 5 622 (1) MHz
Input clock frequency (from clock input pins residing in .
right/top/bottom banks) (-6 Speed Grade) 5 500 (1) MHz
finerD Input frequency to the PFD 5 — 325 MHz
fvco PLL VCO operating Range (2) 600 — 1,400 MHz
finouty Input clock duty cycle 40 — 60 %
fenouty External feedback clock input duty cycle 40 — 60 %
tinees (3), Input clock cycle-to-cycle jitter (Frequency > 100 MHz) —_ —_ 0.15 Ul (p—
(4) Input clock cycle-to-cycle jitter (Frequency < 100 MHz) — — +750 ps (p-
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Switching Characteristics
DSP Block Specifications
Table 146 lists the DSP block performance specifications for Arria II GX devices.
Tahle 1-46. DSP Block Performance Specifications for Arria Il GX Devices (Note 1)
Resources
Used Performance
Mode Unit
Number of
Multipliers C4 I3 C5,15 C6
9 x 9-bit multiplier 1 380 310 300 250 MHz
12 x 12-bit multiplier 1 380 310 300 250 MHz
18 x 18-bit multiplier 1 380 310 300 250 MHz
36 x 36-hit multiplier 1 350 270 270 220 MHz
18 x 36-bit high-precision multiplier y 350 970 970 990 MHz
adder mode
18 x 18-bit multiply accumulator 380 310 300 250 MHz
18 x 18-bit multiply adder 380 310 300 250 MHz
18 x 18-bit multiply adder-signed full
precision 2 380 310 300 250 MHz
18 x 18-bit multiply adder with 9 975 990 990 180 MHz
loopback (2)
36-bit shift (32-bit data) 1 350 270 270 220 MHz
Double mode 1 350 270 270 220 MHz
Notes to Table 1-46:
(1) Maximum is for a fully-pipelined block with Round and Saturation disabled.
(2) Maximum is for loopback input registers disabled, Round and Saturation disabled, pipeline and output registers enabled.
Table 147 lists the DSP block performance specifications for Arria II GZ devices.
Tahle 1-47. DSP Block Performance Specifications for Arria Il GZ Devices (Note 1) (Part 1 of 2)
Resources
Used Performance
Mode Unit
Number of
Multipliers -3 -4
9 x 9-bit multiplier 1 460 400 MHz
12 x 12-bit multiplier 1 500 440 MHz
18 x 18-bit multiplier 1 550 480 MHz
36 x 36-hit multiplier 1 440 380 MHz
18 x 18-bit multiply accumulator 4 440 380 MHz
18 x 18-bit multiply adder 4 470 410 MHz
18 x.1.8-bit multiply adder-signed full 9 450 390 MHz
precision
18 x 18-bit multiply adder with
loopback (2) 2 350 310 MHz
36-bit shift (32-bit data) 1 440 380 MHz
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Table 1-53. High-Speed 1/0 Specifications for Arria Il GX Devices (Part 4 of 4)

I3 c4 C5,15 (]
Symbol Conditions Unit
Min Max Min Max Min Max Min Max
SERDES factor 945 945 740 640
s=sto | O | @ | @ g | O @ | M

SERDES factor
J =2 (using (3) (7) (3) (7) (3) (7) (3) (7) | Mbps
DDR registers)
SERDES factor
J =1 (using (3) (7) (3) (7) (3) (7) (3) (7) | Mbps
SDR registers)

fuspr (data rate)

Soft-CDR PPM Soft-CDR . 300 . 300 . 300 . 300 | +PPM
tolerance mode

DPA run length DPA mode — 10,000 — 10,000 — 10,000 — 10,000 ul
Sampling Non-DPAmode | . . .

window (SW) (5) 300 300 350 400 ps

Notes to Table 1-53:
(1) fusckn = fusor / W. Use W to determine the supported selection of input reference clock frequencies for the desired data rate.

(2) Applicable for interfacing with DPA receivers only. For interfacing with non-DPA receivers, you must calculate the leftover timing margin in the
receiver by performing link timing closure analysis. For Arria || GX transmitter to Arria Il GX non-DPA receiver, the maximum supported data
rate is 945 Mbps. For data rates above 840 Mbps, perform PCB trace compensation by adjusting the PCB trace length for LVDS channels to
improve channel-to-channel skews.

(3) The minimum and maximum specification depends on the clock source (for example, PLL and clock pin) and the clock routing resource you

use (global, regional, or local). The 1/0 differential buffer and input register do not have a minimum toggle rate.

The specification is only applicable under the influence of core noise.

Applicable for true LVDS using dedicated SERDES only.

Dedicated SERDES and DPA features are only available on the right banks.

You must calculate the leftover timing margin in the receiver by performing link timing closure analysis. You must consider the board skew
margin, transmitter channel-to-channel skew, and the receiver sampling margin to determine the leftover timing margin.

o1
—_—_= = =

— o~ =~ —~
<

Table 1-54 lists the high-speed I/O timing for Arria Il GZ devices.

Tahle 1-54. High-Speed 1/0 Specifications for Arria Il GZ Devices (Note 1), (2), (10) (Part 1 of 3)

C3,13 c4, 14
Symbol Conditions Unit
Min Typ Max Min Typ Max

Clock

fhscuk_in (input clock

frequency) true Clock boost factor . o

differential 1/0 W=1t0d0 (3 | ° ni 5 7| MHz

standards

fHSCLKﬁin (Input clock

frequency) single Clock boost factor o .

ended I/0 standards | W =11040 (3) > n 5 7| MHz
9)

fuscLi_in (input clock

frequency) single Clock boost factor . .

ended 1/0 standards W=1t040 (3) 5 420 5 420 MHz
(10)
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Table 1-54. High-Speed 1/0 Specifications for Arria Il GZ Devices (Note 1), (2), (10) (Part 2 of 3)
€3,13 c4, 14
Symbol Conditions Unit
Min Typ Max Min Typ Max
fuscLi_our (output _ _ _
clock frequency) 5 717 (7) 5 717 (7) MHz
Transmitter
SERDES factor, J =3
to 10
(using dedicated (4) — 1250 (4) — 1250 Mbps
SERDES) (8)
fHSDR (true LVDS S
ERDES factor J = 2,
output data rate) (using DDR registers) (4) — (5) (4) — (5) Mbps
SERDES factor J =1,
(uses an SDR (4) — (5) (4) — (5) Mbps
register)
fuspr (emulated
LVDS_E_3R output (4) — 1152 (4) — 800 Mbps
data rate) (5) SERDES factor J = 4
fHSDR (emU'atEd to 10
LVDS_E_1R output (4) — 200 (4) — 200 Mbps
data rate)
Total jitter for data
rate, 600 Mbps to — — 160 — — 160 ps
by Jitter 1.6 Gbps
Total jitter for data
rate, < 600 Mbps o - 0.1 - - 0.1 ul
t, Jitter - €mulated Total jitter for data
differential 1/0 rate, 600 Mbps to — — 300 — — 325 ps
standards with three 1.25 Gbps
external output resistor Total jitter for data
network rate < 600 Mbps o o 02 o o 0.25 ul
ty Jitter -~ €Mulated
differential 1/0
standards with one — — — 0.15 — — 0.15 ul
external output resistor
network
TX output clock duty
cycle for both True
touty and emulated 45 50 55 45 50 55 %
differential I/0
standards
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Table 1-60 lists the DQS phase shift error for Arria II GX devices.

Table 1-60. DQS Phase Shift Error Specification for DLL-Delayed Clock (tpgs pserg) for Arria Il GX
Devices (Note 1)

Number of DQS Delay Buffer C4 13, C5, 15 C6 Unit
1 26 30 36 ps
2 52 60 72 ps
3 78 90 108 ps
4 104 120 144 ps

Note to Table 1-60:
(1) This error specification is the absolute maximum and minimum error. For example, skew on three DQS delay

buffers in a C4 speed grade is = 78 ps or + 39 ps.
Table 1-61 lists the DQS phase shift error for Arria Il GZ devices.

Table 1-61. DQS Phase Shift Error Specification for DLL-Delayed Clock (tpgs pserg) for Arria Il GZ
Devices (Note 1)

Number of DQS Delay Buffer -3 -4 Unit
1 28 30 ps
2 56 60 ps
3 84 90 ps
4 112 120 ps

Note to Table 1-61:
(1) This error specification is the absolute maximum and minimum error. For example, skew on three DQS delay
buffers in a 3 speed grade is + 84 ps or + 42 ps.

Table 1-62 lists the memory output clock jitter specifications for Arria II GX devices.

Table 1-62. Memory Output Clock Jitter Specification for Arria Il GX Devices (Note 1), (2), (3)

Clock -4 -9 -5 .
Parameter Network Symbol Unit
Min Max Min Max Min Max
Clock period jitter Global tomioen) -100 100 -125 125 -125 125 ps
ﬁt{g're'to'cyc'e period | Global | tme | -200 | 200 | 250 | 250 | -250 | 250 | ps
Duty cycle jitter Global iirauty) -100 100 -125 125 -125 125 ps

Notes to Table 1-62:

(1) The memory output clock jitter measurements are for 200 consecutive clock cycles, as specified in the JEDEC DDR2/DDR3 SDRAM standard.

(2) The clock jitter specification applies to memory output clock pins generated using DDIO circuits clocked by a PLL output routed on a global
clock network.

(3) The memory output clock jitter stated in Table 1-62 is applicable when an input jitter of 30 ps is applied.
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Table 1-63 lists the memory output clock jitter specifications for Arria II GZ devices.

Tahle 1-63. Memory Output Clock Jitter Specification for Arria Il GZ Devices (Note 1), (2), (3)

Parameter Nﬂ:z::k Symbol - 3 - 4 Unit
Min Max Min Max
Clock period jitter Regional tirrpen) -55 55 -55 55 ps
Cycle-to-cycle period jitter Regional tormee) -110 110 -110 110 ps
Duty cycle jitter Regional [ -82.5 825 -82.5 82.5 ps
Clock period jitter Global tiir(pen) -82.5 825 -82.5 825 ps
Cycle-to-cycle period jitter Global tirmiee) -165 165 -165 165 ps
Duty cycle jitter Global timauy) -90 90 -90 90 ps

Notes to Table 1-63:

(1) The memory output clock jitter measurements are for 200 consecutive clock cycles, as specified in the JEDEC DDR2/DDR3 SDRAM standard.

(2) The clock jitter specification applies to memory output clock pins generated using differential signal-splitter and DDIO circuits clocked by a
PLL output routed on a regional or global clock network as specified. Altera recommends using regional clock networks whenever possible.

(3) The memory output clock jitter stated in Table 1-63 is applicable when an input jitter of 30 ps is applied.

Duty Cycle Distortion (DCD) Specifications
Table 1-64 lists the worst-case DCD specifications for Arria II GX devices.

Table 1-64. Duty Cycle Distortion on 1/0 Pins for Arria Il GX Devices (Note 1)

C4 13, C5, 15 (]
Symbol Unit
Min Max Min Max Min Max
Output Duty Cycle 45 55 45 55 45 55 %

Note to Table 1-64:
(1) The DCD specification applies to clock outputs from the PLL, global clock tree, IOE driving dedicated, and general
purpose I/0 pins.
Table 1-65 lists the worst-case DCD specifications for Arria Il GZ devices.

Table 1-65. Duty Cycle Distortion on 1/0 Pins for Arria Il GZ Devices (Note 1)

C3, 13 C4,14

Symbol Unit

Min Max Min Max

Output Duty Cycle 45 55 45 55 %

Note to Table 1-65:

(1) The DCD specification applies to clock outputs from the PLL, global clock tree, IOE driving dedicated, and general
purpose I/0 pins.
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1/0 Timing

1/0 Timing

Altera offers two ways to determine I/O timing:
m Using the Microsoft Excel-based 1/O Timing.
m Using the Quartus II Timing Analyzer.

The Microsoft Excel-based I/O Timing provides pin timing performance for each
device density and speed grade. The data is typically used prior to designing the
FPGA to get an estimate of the timing budget as part of the link timing analysis. The
Quartus II timing analyzer provides a more accurate and precise I/O timing data
based on the specifics of the design after place-and-route is complete.
“ e The Microsoft Excel-based I/O Timing spreadsheet is downloadable from the
Literature: Arria II Devices web page.

December 2013  Altera Corporation Arria 1l Device Handbook Volume 3: Device Datasheet and Addendum


http://www.altera.com/literature/lit-arria-ii-gx.jsp

1-74 Chapter 1: Device Datasheet for Arria Il Devices
Glossary

Glossary
Table 1-68 lists the glossary for this chapter.

Table 1-68. Glossary (Part 1 of 4)

Letter Subject Definitions

Receiver Input Waveforms

Single-Ended Waveform

Positive Channel (p) = V|4
Vi ><
Negative Channel (n) = V)

Ground
Differential Waveform
Vib
p-n=0V
A, Vib
B, | Differential 1/0
¢, | Standards
D Transmitter Output Waveforms
Single-Ended Waveform
Positive Channel (p) =Vou
Vob
Negative Channel (n) = Vg
Ground
Differential Waveform
Vob
p-n=0V
Vob
fusoLk Left/Right PLL input clock frequency.
E f High-speed I/0 block: Maximum/minimum LVDS data transfer rate
F’ HSDR (fusor = 1/TUI), non-DPA.
f High-speed I/0 block: Maximum/minimum LVDS data transfer rate
HSDRDPA (fusproea = 1/TUI), DPA.
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