A I:l E DY/A 4. DC and Switching

o Specifications and Operating
Conditions

|ntr0d u ct| on This chapter provides preliminary information on absolute maximum

ratings, recommended operating conditions, DC electrical characteristics,
and other specifications for HardCopy®1I devices.

Absolute HardCopy II devices are offered in both commercial and industrial
. grades. All parameter limits are representative of worst-case supply
Maximum voltage and junction temperature conditions. Unless otherwise noted, the

i arameter values in this chapter apply to all HardCopy II devices.
atings P pter apply Py

Table 4-1 contains the absolute maximum ratings for the HardCopy II
device family.

Table 4-1. HardCopy Il Device Absolute Maximum Ratings  Notes (1), (2), (3)

Symbol Parameter Conditions Minimum | Maximum | Unit
VeeinT Supply voltage With respect to ground -0.5 1.8 \%
Veeio Supply voltage With respect to ground -0.5 4.6 \%
Veerp Supply voltage With respect to ground -0.5 4.6 Vv
Veea Analog power supply for With respect to ground -0.5 1.8 \%

PLLs
Veep Digital power supply for With respect to ground -0.5 1.8 \Y
PLLs
V, DC input voltage(4) — -0.5 4.6 \Y
lout DC output current, per pin — -25 40 mA
Tsta Storage temperature No bias -65 150 °C
T, Junction temperature Ball-grid array (BGA) -55 125 °C
packages under bias

Notes to Table 4-1:

@
@

®)
4)

Refer to the Operating Requirements for Altera Devices Data Sheet for more information.

Conditions beyond those listed in Table 4-1 may cause permanent damage to a device. Additionally, device
operation at the absolute maximum ratings for extended periods of time may have adverse effects on the device.
Supply voltage specifications apply to voltage readings taken at the device pins, not at the power supply.
During transitions, the inputs may overshoot to the voltage shown in Table 4-2 based upon the input duty cycle.
The DC case is equivalent to a 100% duty cycle. During transitions, the inputs may undershoot to —2.0 V for input
currents less than 100 mA and periods shorter than 20 ns.
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Table 4-4. HardCopy Il Device DC Operating Conditions

Note (1) (Part2 of 2)

Symbol Parameter Conditions Device | Minimum | Typical | Maximum | Unit
lccioo Vccio supply current | V| = ground, no HC210W — 3(3) (5) mA
(standby) load, no toggling HC210 _ 3(3) (5) mA
inputs
HC220 — 3(3) (5) mA
T,=25°C HC230 — 3(3) (5) mA
HC240 — 3(3) (5) mA
RCONF(4) Value of /10 pin V,=0; Vcc|0 =33V — 10 25 50 kQ
pull-up resistor . _ —
before and during Vi=0; Voo =25V 5 35 70 kQ
configuration V,=0;Veeio=1.8V — 30 50 100 kQ
V,=0; Vcc|0 =18V — 40 75 150 kQ
V| =0; VCClO =12V — 50 90 170 kQ
Recommendedvalue — — — 1 2 kQ
of 1/0 pin external —
pull-down resistor
before and during -
configuration _

Notes to Table 4-4:

(1) Typical values are for TA = 25° C, Voenr = 1.2V, and Vo = 1.5+, 1.8-, 2.5-, and 3.3-V.

(2) This value is specified for normal device operation. The value may vary during power-up. This applies for all
Vo settings (3.3-, 2.5-, 1.8-, and 1.5-V).

(3) This specification is preliminary and pending further device characterization.

(4) Pin pull-up resistor values will lower if an external source drives the pin higher than V¢cjo.

(6) Maximum values depend on the actual Ty and design utilization. See the PowerPlay Early Power Estimator or the
Quartus 11 PowerPlay Power Analyzer feature for maximum values.

1/0 Standard Tables 4-5 through 4-27 show the HardCopy II device family’s [/O
ags . standard specifications.
Specifications
Table 4-5. LVTTL Specifications (Part 1 of 2)

Symbol Parameter Conditions Minimum Maximum Unit
Veeio (1) Output-supply voltage — 3.135 3.465 \Y
Viy High-level input voltage — 1.7 4.0 \
Vi Low-level input voltage — -0.3 0.8 \
Vou High-level output voltage lon=-4mA (2), (3) 2.4 — \Y
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Table 4-5. LVTTL Specifications (Part 2 of 2)

Symbol

Parameter

Conditions

Minimum

Maximum

Unit

VoL

Low-level output voltage

loL=4mA (2), (3)

0.45

Notes to Table 4-5:
(1) HardCopy II devices comply to the narrow range for the supply voltage as specified in the EIA /JEDEC Standard,

JESDS-B.
(2) Drive strength is programmable according to values in Table 2-10, Table 2-12, and Table 2-14.

(3) Drive strength varies based on pin location. Refer to the Description, Architecture, and Features chapter in the

HardCopy II Device Family Data Sheet section of volume 1 of the HardCopy Series Handbook for more information.

Table 4-6. LVCMOS Specifications

Symbol Parameter Conditions Minimum | Maximum | Unit
Veeio (1) | Output-supply voltage — 3.135 3.465 \Y
Vi{ High-level input voltage — 1.7 4.0
\" Low-level input voltage — -0.3 0.8 \Y
Vou High-level output voltage | Vceio = 3.0, lon =-0.1 mA (2), (3) | Vccio—0.2 — \Y
VoL Low-level output voltage | Vecio = 3.0, lop =0.1 mA (2), (3) — 0.2 Vv

Notes to Table 4-6:
(1) HardCopy II devices comply to the narrow range for the supply voltage as specified in the EIA /JEDEC Standard,

JESDS-B.
(2) Drive strength is programmable according to values in Tables 2-10, 2-12, and 2-14.

(3) Drive strength varies based on pin location. Refer to the Description, Architecture, and Features chapter in the

HardCopy II Device Family Data Sheet section in volume 1 of the HardCopy Series Handbook for more information.

Table 4-7. 2.5-V I/0 Specifications (Part 1 of 2)

Symbol Parameter Conditions Minimum Maximum Unit
Vecio (1) Output-supply voltage — 2.375 2.625 \
Vi{ High-level input voltage — 1.7 4.0 Vv
Vi Low-level input voltage — -0.3 0.7 \
Vonu High-level output voltage lon=-1mA (2), (3) 2.0 — \Y
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Table 4-7. 2.5-V I/0 Specifications (Part 2 of 2)

Symbol

Parameter

Conditions

Minimum

Maximum Unit

VoL

Low-level output voltage

loo=1mA (2), (3)

0.4 \

Notes to Table 4-7:
(1) HardCopy II devices Vcjo voltage-level support of 2.5 + -5% is narrower than defined in the normal range of the
EIA /JEDEC Standard.
(2) Drive strength is programmable according to values in Tables 2-10, 2-12, and 2-14.
(3) Drive strength varies based on pin location. Refer to the Description, Architecture, and Features chapter in the
HardCopy II Device Family Data Sheet section in volume 1 of the HardCopy Series Handbook for more information.

Table 4-8. 1.8-V I/0 Specifications

Symbol Parameter Conditions Minimum Maximum Unit
Veeio (1) | Output-supply voltage — 1.71 1.89 \"
Vi{ High-level input voltage — 0.65 % Veeio 2.25 \Y
" Low-level input voltage — -0.3 0.35 x Vceio \%
Vonu High-level output voltage |loy =-2t0-8 mA (2), (3) Veeio — 0.45 — \Y
VoL Low-level output voltage |lo. =2to 8 mA (2), (3) — 0.45 \Y

Notes to Table 4-8:
(1) HardCopy II devices Vcjo voltage-level support of 1.8 + -5% is narrower than defined in the normal range of the
EIA/JEDEC Standard.
(2) Drive strength is programmable according to values in Tables 2-10, 2-12, and 2-14.
(3) Drive strength varies based on pin location. Refer to the Description, Architecture, and Features chapter in the
HardCopy II Device Family Data Sheet section in volume 1 of the HardCopy Series Handbook for more information.

Table 4-9. 1.5-V I/0 Specifications (Part 1 of 2)

Symbol Parameter Conditions Minimum Maximum Unit
Veeio (1) Output-supply voltage — 1.425 1.575 \
Viy High-level input voltage — 0.65 x Vceio Vo + 0.3 \Y
Vi Low-level input voltage — -0.3 0.35 x Veeio \
Vou High-level output voltage lon=-2mA (2), (3) 0.75 x Veeio — Vv
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Table 4-9. 1.5-V I/0 Specifications (Part 2 of 2)

Symbol Parameter Conditions Minimum Maximum Unit

VoL Low-level output voltage loo=2mA (2), (3) — 0.25 x Veeio \

Notes to Table 4-9:
(1) HardCopy II devices Vcjo voltage-level support of 1.5 + -5% is narrower than defined in the normal range of the

EIA /JEDEC Standard.

(2) Drive strength is programmable according to values in Tables 2-10, 2-12, and 2-14.

(3) Drive strength varies based on pin location. Refer to the Description, Architecture, and Features chapter in the
HardCopy II Device Family Data Sheet section in volume 1 of the HardCopy Series Handbook for more information.

Figure 4-1 and Figure 4-2 show receiver input and transmitter
waveforms, respectively, for all differential I/O LVPECL and
HyperTransport technology.

Figure 4-1. Receiver Input Waveforms for Differential I/0 Standards

Single-Ended Waveform

Positive Channel (p) = V|y
"""""" Vip ><

Negative Channel (n) =V,

Ground

Differential Waveform (Mathematical Function of Positive & Negative Channel)

Vip

p-n=0V

Vip (Peak-to-peak) Vip
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Figure 4-2. Transmiter Output Waveforms for Differential I/0 Standards

Single-Ended Waveform

""""""" Vob ><

Positive Channel (p) = Voy

Negative Channel (n) = Vo

Ground

Differential Waveform (Mathematical Function of Positive & Negative Channel)

Vop
p-n=0V
Vop
Table 4-10. 2.5-V LVDS I/0 Specifications
Symbol Parameter Conditions | Minimum | Typical | Maximum | Unit
Vecio 1/0 supply voltage for I/O banks — 2.375 25 2.625 \
that support high-speed IOEs (1), —
(2)
Vip Input differential voltage swing — 100 350 900 mV
(single-ended)
Vicm Input common mode voltage — 200 1,250 1,800 mV
Vop Output differential voltage R =100 Q 250 — 450 mV
(single-ended)
Vocm Output common mode voltage R =100 Q 1.125 — 1.375 \
R Receiver differential input discrete — 90 100 110
resistor (external to HardCopy Il
devices)

Notes to Table 4-10:

(1) IOEs=1/0 elements.

(2) For information on which I/O banks support high-speed IOEs, refer to the Description, Architecture, and Features
chapter in the HardCopy II Device Family Data Sheet section in volume 1 of the HardCopy Series Handbook.
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Table 4-11. 3.3-V LVDS I/0 Specifications Note (1)
Symbol Parameter Conditions | Minimum | Typical | Maximum | Unit
Veeio Output and feedback pins in PLL — 3.135 3.3 3.465 \'%
banks 9, 10, 11, and 12 (2)
Vip Input differential voltage swing — 100 350 900 mV
(single-ended)
Vicm Input common mode voltage — 200 1,250 1,800 mV
Vop Output differential voltage R.=100 Q 250 — 710 mV
(single-ended)
Vocm Output common mode voltage R =100 Q 0.84 —_ 1.570 Vv
R, Receiver differential input discrete — 90 100 110
resistor (external to HardCopy Il
devices)

Notes to Table 4-11:

(1) Like Stratix II devices, 3.3-V LVDS is supported by the top and bottom clock input differential buffers, and by the
PLL clock output and feedback pins.

(2)  The top and bottom clock input differential buffers in I/O banks 3, 4, 7, and 8 are powered by V¢ciyt, not Vcro-
The PLL clock output and feedback differential buffers are powered by vCC PLLOUT. For differential clock output
and feedback operation, connect VCC_PLLOUT to 3.3 V.

Table 4-12. LVPECL Specifications (Part 10f2) Note (1)

Symbol Parameter Conditions Minimum Typical Maximum | Unit

Vecio 1/0 supply voltage for I/O — 3.135 3.3 3.465 Vv
banks that support high-
speed IOEs (2)

Vp (peak- | Input differential voltage — 300 600 1,000 mV

to-peak) swing
(single-ended)

Viem Input common mode R. =100 Q 1.0 — 25 mV
voltage

Vop Output differential voltage | R, =100 Q 525 — 970 mV
(single-ended)

Vocm Output common mode R. =100 Q 1.650 — 2.275 \
voltage
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Table 4-12. LVPECL Specifications (Part2 of2) Note (1)

Symbol

Parameter

Conditions

Minimum

Typical

Maximum

Unit

Re

Receiver differential input
discrete resistor (external to
HardCopy Il devices)

90

100

110

Notes to Table 4-12:

(1) Like Stratix IT devices, LVPECL is supported by the top and bottom clock input differential buffers, and by the PLL
clock output and feedback pins.

(2) The top and bottom clock input differential buffers in I/O banks 3, 4, 7, and 8 are powered by Vit not Vcio.
The PLL clock output and feedback differential buffers are powered by vCC_PLLOUT. For differential clock output
and feedback operation, connect VCC_PLLOUT to 3.3 V.

Table 4-13. HyperTransport Technology Specifications
Symbol Parameter Conditions Minimum | Typical | Maximum | Unit

Vecio 1/0 supply voltage for I/O — 2.375 2.5 2.625 \
banks that support
high-speed IOEs (1), (2)
Output and feedback pins in — 3.135 3.3 3.465 \Y
PLL banks 9, 10, 11, and 12

Vp (peak- | Input differential voltage — 300 600 900 mV

to-peak) swing (single-ended)

Vicm Input common mode voltage — 385 600 845 mV

Vop Output differential voltage R. =100 Q 400 600 820 mV
(single-ended)

AVop Change in Vop between high R. =100 Q — — 75 mV
and low

Vocwm Output common mode R. =100 Q 440 600 780 \%
voltage

AVocm Change in Vocp between R. =100 Q — — 50 mV
high and low

R, Receiver differential input — 90 100 110 Q
discrete resistor (external to
HardCopy Il devices)

Notes to Table 4-13:

(1)  For information on which I/O banks support high-speed IOEs, refer to the Description, Architecture, and Features
chapter in the HardCopy II Device Family Data Sheet section in volume 1 of the HardCopy Series Handbook.

(2) The top and bottom clock input differential buffers in I/O banks 3, 4, 7, and 8 are powered by Vit not Vcio.
The PLL clock output and feedback differential buffers are powered by vCC_PLLOUT. For differential clock output
and feedback operation, connect VCC_PLLOUT to 3.3 V.
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