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fAhl IERA Section I. HardCopy IV Device Datasheet

This section provides the datasheet for the HardCopy® IV device family. This section
includes the following chapter:

m Chapter 1, DC and Switching Characteristics of HardCopy IV Devices
m Chapter 2, Extended Temperature Range for HardCopy 1V Devices

Revision History

Refer to each chapter for its own specific revision history. For information on when
each chapter was updated, refer to the Chapter Revision Dates section, which appears
in the full handbook.
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fAhl IERA 1. DC and Switching Characteristics of
— o HardCopy IV Devices

Electrical Characteristics

This chapter covers the electrical characteristics for HardCopy® IV devices.

Operating Conditions

When implementing HardCopy IV devices in a system, the system rates the devices
according to a set of defined parameters. To maintain the highest possible
performance and reliability, consider the operating requirements described in this
chapter. HardCopy IV devices are not speed binned because HardCopy IV devices
function at a target frequency based on timing constraints. Altera offers HardCopy IV
devices that support applications in commercial or industrial grade temperatures.

Ahsolute Maximum Ratings

Absolute maximum ratings define the maximum operating conditions for
HardCopy IV devices. Experiments with the device and theoretical modeling of
breakdown and damage mechanisms provide these values. These conditions do not
imply the functional operation of the device.

Table 1-1 lists the absolute maximum ratings for a HardCopy IV device.
I'=" Conditions other than those listed in Table 1-1 and Table 1-3 may cause permanent

damage to the device. Additionally, device operation at the absolute maximum
ratings for extended periods of time may have adverse effects on the device.

Table 1-1. HardCopy IV Device Ahsolute Maximum Ratings (Part 1 of 2) (Noie 1)

Symbol Description Minimum | Maximum Unit
Ve Core voltage and periphery circuitry power supply 0.5 1.35 v
Veeer (2) Power supply for programmable power technology — — v
Vecram Configuration pins power supply -0.5 3.75 v
Vecaux Power supply for temperature sensing diode and POR 05 3.75 vV
Vesar (3) | Battery back-up power supply for design security volatile key register — — v
Veern I/0 predriver power supply 05 3.75 V
Veeio I/0 power supply 0.5 3.9 V
Ve cLkin Differential clock input power supply -0.5 3.75 v
Veen pLL Phase-locked loop (PLL) digital power supply 0.5 1.35 Vv
Veca pLL PLL analog power supply -0.5 3.75 v
vV, DC input voltage 05 4.0 v

© 2011 Altera Corporation. All rights reserved. ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS and STRATIX are Re‘? U.S. Pat. & Tm. Off.
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1-2 Chapter 1: DC and Switching Characteristics of HardCopy IV Devices
Electrical Characteristics

Tahle 1-1. HardCopy IV Device Absolute Maximum Ratings (Part 2 of 2) (Noie 1)

Symbol Description Minimum | Maximum Unit
lout DC output current per pin -25 40 mA
Ty Operating junction temperature 55 125 C
Ts6 Storage temperature (No bias) —65 150 C

Notes to Table 1-1:

(1) Supply voltage specifications apply to voltage readings taken at the device pins and not the power supply.
(2) HardCopy IV devices do not require programmable power technology.
(3) HardCopy IV devices do not use this power supply.

Table 1-2 lists the power supply absolute maximum ratings for HardCopy IV GX
transceiver.

Table 1-2. HardCopy IV GX Transceiver Power Supply Ahsolute Maximum Ratings

Symbol Description Minimum | Maximum | Unit
Veea L Transceiver high voltage power (left side) -05 3.75 v
Veea R Transceiver high voltage power (right side) -0.5 3.75 v
Veenp L Transceiver hard IP digital power (right side) -05 1.35 v
Vechip r Transceiver hard IP digital power (left side) -0.5 1.35 v
Veer L Receiver power (left side) -05 1.35 v
Veer R Receiver power (right side) -0.5 1.35 \
Veer L Transmitter power (left side) -05 1.35 v
Veer R Transmitter power (right side) -0.5 1.35 v
VeeL axan (1) | Transceiver clock power (left side) -05 1.35 v
Voo axsr (1) | Transceiver clock power (right side) -0.5 1.35 v
Veen exsLn (7) | Transmitter output buffer power (left side) -05 1.65 v
Veen axgrn (1) | Transmitter output buffer power (right side) -0.5 1.65 \

Note to Table 1-2:
(1) The Vgen and VggL powers are per transceiver block.
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Chapter 1: DC and Switching Characteristics of HardCopy IV Devices
Electrical Characteristics

December 2011

Maximum Allowed Overshoot or Undershoot Voltage

Table 1-3 lists the maximum allowed input overshoot voltage and the duration of the

overshoot voltage as a percentage of device lifetime. The maximum allowed

overshoot duration is a percentage of high-time over the lifetime of the device. A DC

signal is equivalent to 100% duty cycle.

During transitions, input signals may overshoot to the voltage shown in Table 1-3 and
undershoot to -2.0 V for input currents less than 100 mA and periods shorter than

20 ns.

Table 1-3. Maximum Allowed Overshoot During Transitions

Symhol Description Condition Pg::;flltl:;; :;'ﬁit!::"T?“s‘ g| Unit
40V 100.000 %
4.05V 79.330 %
41V 46.270 %
415V 27.030 %
4.2V 15.800 %
425V 9.240 %
43V 5.410 %
435V 3.160 %
. . 44V 1.850 %
Vi (AC) AC input voltage
445V 1.080 %
45V 0.630 %
455V 0.370 %
46V 0.220 %
465V 0.130 %
4.7V 0.074 %
475V 0.043 %
48V 0.025 %
485V 0.015 %

Altera Corporation
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Electrical Characteristics

Figure 1-1 shows the methodology to determine overshoot duration. The color red
shows the overshoot voltage and is present at the HardCopy IV pin, up to 4.1 V. In
Table 1-3, for an overshoot of up to 4.1 V, the percentage of high time for overshoot is
greater than 3.15 V can be as high as 46% over an 11.4 year period. The percentage of
high time is (A T/T) x 100. This 11.4 year period assumes that you turned on the
device with 100% I/O toggle rate and 50% duty cycle signal. Lifetimes increase for
lower I/0O toggle rates and situations in which the device is in an idle state.

Figure 1-1. Overshoot Duration

Recommended Operating Conditions

This section lists the functional operation limits for AC and DC parameters for
HardCopy IV devices. Table 1-4 shows the steady-state voltage and current values
expected from HardCopy IV devices. All supplies must reach their full-rail values in
trave Maximum monotonically.

Table 1-4. HardCopy IV Device Recommended Operating Conditions (Part 1 of 2)

Symbol Description Condition Minimum Typical Maximum | Unit
Vee Core voltage and periphery circuitry power . 0.87 0.90 0.93 v
supply
Power supply for programmable power - - - -
Veeer (1) technology v
Power supply for the temperature sensing .
Vecaux diode and POR 2.375 2.5 2.625 v
v I/ predriver (3.0 V) power supply — 2.85 3 3.15 V
CoPD 1/0 predriver (2.5 V) power supply — 2375 25 2.625 v
I/0 buffers (3.0 V) power supply — 2.85 3 3.15 V
I/0 buffers (2.5 V) power supply — 2.375 2.5 2.625 V
Veeio I/0 buffers (1.8 V) power supply — 1.71 1.8 1.89 v
I/0 buffers (1.5 V) power supply — 1.425 1.5 1.575 v
I/0 buffers (1.2 V) power supply — 1.14 1.2 1.26 v
Configuration pins (3.0 V) power supply — 2.85 3 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
December 2011  Altera Corporation HardCopy IV Device Handbook, Volume 4: Datasheet
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Electrical Characteristics

Table 1-4. HardCopy IV Device Recommended Operating Conditions (Part 2 of 2)

Symbol Description Condition Minimum | Typical | Maximum | Unit
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

Differential clock input power supply — 1.075 1.2 1.325 v
Differential clock input power supply — 1.375 1.5 1.625 v
Vec cukiv | Differential clock input power supply — 1.675 1.8 1.925 v
Differential clock input power supply — 2.375 2.5 2.625 V
Differential clock input power supply — 2.875 3.0 3.125 \Y
Veeanr (2) Battery back-pp power§upply (for design - - . - v
security volatile key register)
V| DC input voltage — -0.5 — 3.6 v
Vo Output voltage — 0 — Veeio v
L Commercial use 0 — 85 °C
T, Operating junction temperature -
Industrial use -40 — 100 °C
('\;g;'gg'Lpzog 0.05 — 100 | ms
tramp Power supply ramp time Fast POR
(PORSEL = 1) 0.05 — 4 ms
(3)

Notes to Table 1-4:

(1) HardCopy IV devices do not require programmable power technology.
(2) HardCopy IV devices do not require this power supply.
(3) If the PORSEL pin is connected to Vg, all supplies must ramp up in 4 ms.

Table 1-5 shows the transceiver power supply recommended operating conditions.

Table 1-5. HardCopy IV GX Transceiver Power Supply Recommended Operating Conditions (Part 1 of 2)

Symbol Description Minimum Typical Maximum Unit
V Transceiver high voltage power (left side Vv
CoAL \ver high voltage power (feft side) 285012375 | 300725 134500605
Veea R Transceiver high voltage power (right side) (3) Vv
V 1 Transceiver hard IP digital power (right side v
ceHip_L (1) | .Q. p (rig . ) 0.87 0.90 0.93
Vecrie r (1) Transceiver hard IP digital power (left side) vV
V Recei left si v
CCR_L ece?verpower((.a S|d.e) 105 11 115
Veer R Receiver power (right side) vV
V Transmitter power (left side v
corL ter powier (left side) 1.05 11 115
Veer R Transmitter power (right side) v

December 2011  Altera Corporation HardCopy IV Device Handbook, Volume 4: Datasheet
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Electrical Characteristics

Table 1-5. HardCopy IV GX Transceiver Power Supply Recommended Operating Conditions (Part 2 of 2)

Symbol Description Minimum Typical Maximum Unit
VeoL exein (2) | Transceiver clock power (left side) 105 11 115 vV
Ve axsrn (2) | Transceiver clock power (right side) ' ' ' Vv
V 2) | Transmitter output buffer power (left side V

coH_axeLn (2) | T ' r output bu VPWV(. |.) 133 or 1.425 14or1s |40 4575
Veer axern (2) | Transmitter output buffer power (right side) (4) Vv

Notes to Table 1-5:

(1) If Voewip_um is connected to the same power supply source as Vg, the recommended minimum and maximum operating supply levels are 0.87 V
and 0.93 V respectively.

(2) The Vggyand Vg, powers are per transceiver block.

(3) Veca Lr must be connected to a 3.0 V supply if the clock multiplier unit phase-locked loops (CMU PLLs), receiver clock data recovery (CDR),
or both are configured at a base data rate > 4.25Gbps. For data rates up to 4.25 Gbps, you can connect Vgca (5 to either 3.0 V or 2.5 V.

(4) For data rates up to 6.5 Gbps, you can connect Vo gxpus t0 either 1.4V or 1.5 V.

DC Characteristics

This section lists the supply current, I/O pin leakage current, input pin capacitance,
on-chip termination (OCT) tolerance, and hot socketing specifications.

Supply Current

Standby current is the current the device draws after configuration, with no inputs or
outputs toggling and no activity in the device. Because these currents vary with the
resources you use, use the Excel-based PowerPlay Early Power Estimator (EPE) to get
supply current estimates for your design.

Table 1-6 lists supply current specifications for V¢ ¢y and Vecpgy Use the
PowerPlay EPE to get supply current estimates for the remaining power supplies.

Table 1-6. Supply Current Specifications for VCC_CLKIN and VCCPGM

Symbol Parameter Min Max Unit
lokin Vec_cLkin current specifications 0 250 mA
lpgm Veepam current specifications 0 250 mA

I/0 Pin Leakage Current

Table 1-7 lists the HardCopy IV I/O pin leakage current specifications.

Table 1-7. HardCopy IV I/0 Pin Leakage Current (Note 1), (2)

Symbol Description Conditions Min Typ Max Unit
I, Input pln V= 0\/ to VCCIOMAX -20 — 20 UA
loz Tristated 1/0 pin Vo = Oy 10 Viciomax -20 — 20 pA

Notes to Table 1-7:

(1) This value is for normal device operation. The value may vary during power up. This applies for all Vggg settings
(3.0,2.5,1.8,1.5,and 1.2 V).

(2) The20mA /0 leakage current limitis applicable when the internal clamping diode is off. You can observe a higher
current when the diode is on.
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Chapter 1: DC and Switching Characteristics of HardCopy IV Devices

Electrical Characteristics

Bus Hold Specifications
Table 1-8 lists the HardCopy IV bus hold specifications

Table 1-8. Bus Hold Parameters

Veeio
Parameter | Symbol | Condition 1.2V 15V 1.8V 25V 3.0V Unit
Min | Max | Max | Min Max | Min Min | Max | Max | Max
Low Vi sV
sustaining IsusL N~ I 225 — 25.0 — 30.0 — 50.0 — 70.0 — UA
(maximum)
current
High Vo<V
sustaining lsusk IN® %I -25| — |-250| — |-80| — |-500]| — |-700]| — UA
(minimum)
current
Low
overdrive IODL 0V< V< Vcc|0 — 120 — 160 — 200 — 300 — 500 HA
current
High
overdrive loon | OV<Vin<Veoo| — —120 — —160 — —200 — —-300 — -500 | pA
current
Bus-hold . — 045 | 095 | 050 | 100 | 068 | 107 | 070 | 170 | 080 | 200 | v
trip point
OCT Specifications

If you enabled OCT calibration, calibration is automatically performed at power up

for I/Os connected to the calibration block. Table 1-9 lists the HardCopy IV OCT

calibration block accuracy specifications.

Tahle 1-9. HardCopy IV OCT With Calibration Specification for I/0s (Note 1)

Symbol Description Conditions c:;i:l:f;i:" u:'i

2{52)9 Rs 3.0/25/1.8/1.5/1.2 Icr;tltiel;;]:tlisﬁr(ig;_tgr?;rt]t?rt]ig? with Veoio = 3.0/2.5/1.81.5M.2V .8 o

50-Q Rs 3.0/2.51.8/1.5/12 L'Qﬁ?é?ﬂ.ﬁﬁ r('gf)tg?;ﬁf;'g)" with Veoo=3.0/25/1.8151.2V |  +8 %

50-Q Ry 2.5/ 8/15/1.2 'C';ﬁfgpﬂlg’ﬁrglf';f;g‘t'n”;;')o” with Vooio = 2,51 .8/1.51.2V 0 | %

e ag‘/‘i 225(?) s [ romination it ];:Oalillt)n:;trlgil (Szeongzs 400 |Vooo=3.02518451.2V]  +10 | %
and 60-Q RS settings)

25-Q Ry it i L’;ﬁfg?ﬂléiﬂ(gg'gsgg“fﬂt:’hrlTs"re‘itl:?;) With 1y 0=3.0254.845M12V] 10 | %

Notes to Table 1-9:

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

December 2011  Altera Corporation
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Chapter 1: DC and Switching Characteristics of HardCopy IV Devices

Electrical Characteristics

The calibration accuracy for calibrated series and parallel OCTs are applicable at the
moment of calibration. If the voltage or temperature changes, the termination
resistance value varies. Table 1-10 lists the resistance tolerance for HardCopy IV OCT.

Table 1-10. 1/0 OCT Resistance Tolerance

Resistance Tolerance

Symbol Description Commercial Industrial Unit
Max Max
25-QRS3.0/2.5 | Internal series termination without calibration (25-Q2 setting) | ¢c0 =\/3'0/ 251 0 %
25-Q RS 1.8/1.5 | Internal series termination without calibration (25-Q setting) | Vecio =1.8/1.5V +40 %
25-QRS 1.2 Internal series termination without calibration (25-Q setting) Veco=1.2V +50 %
50-Q RS 3.0/2.5 | Internal series termination without calibration (50-Q setting) | Vecio =3.0/2.5V +40 %
50-Q RS 1.8/1.5 | Internal series termination without calibration (50-Q setting) | Vecio =1.8/1.5V +40 %
50-QRS 1.2 Internal series termination without calibration (50-Q setting) Veao=1.2V +50 %

Table 1-11 lists OCT variation with temperature and voltage after power-up
calibration. Use Table 1-11 and Equation 1-1 to determine the OCT variation when
voltage and temperature vary after power-up calibration.

Equation 1-1. OCT Variation Without Recalibration (Noie 1), (2), (3), (4), (5), (6)

Notes to Equation 1-1:
(1) Roer value calculated from Equation 1-1 shows the range of OCT resistance with the variation of temperature and

Vegio-
2

3

5
6

dR dR
Roer = RSCAL(l + <ETXAT> + <EX—/XAV>)

(2) Rscar is the OCT resistance value at power-up.
(3) AT is the variation of temperature with respect to the temperature at power-up.
(4) AVis the variation of voltage with respect to the Vg o at power-up.

(5) dR/dT is the percentage change of Rgca With temperature.

(6) dR/dV is the percentage change of Rgga. With voltage.

Tahle 1-11. OCT Variation after Power-Up Calibration (Note 1)

Symbol Description Veeio (V) co_;_vmg;tl:ial Unit
30 0.0297
OCT variation with voltage without 25 00om

dRAGY | ot e YOTage WY 18 0.0499 %/mV
15 0.0744
12 0.1241

December 2011  Altera Corporation
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Electrical Characteristics

Tahle 1-11. OCT Variation after Power-Up Calibration (Note 1)

Symbol Description Veeio (V) m_;_;::::l:ial Unit
3.0 0.189
OCT variation with t t = 02
15 0.273
12 0.317

Notes to Table 1-11:
(1) Valid for Vggio range of + 5% and a temperature range of 0° to 85°C.

Pin Capacitance
Table 1-12 lists the HardCopy 1V device family pin capacitance.

Table 1-12. HardCopy IV Device Capacitance

Symbol Description Typical Unit
CioTs Input capacitance on top or bottom I/0 pins 5 pF
CioLr Input capacitance on left or right 1/0 pins 5 pF
c Input capacitance on top or bottom dedicated clock input 4 F

CLKTB pins p
Celkir Input capacitance on left or right dedicated clock input pins 4 pF
c Input capacitance on dual-purpose clock output or feedback 5 F

OUTFB pins p
CCLK1
ggLKS Input capacitance for dedicated clock input pins 2 pF

LK8
Ceik1o

Hot Socketing

Table 1-13 lists the hot socketing specification for HardCopy IV devices.

Table 1-13. HardCopy IV Hot Socketing Specifications

Symbol Description Maximum
|IIOPIN(DC) DC current per I/0 pin 300 }.lA
liopiniac) AC current per I/0 pin 8mA (1)

Note to Table 1-13:

(1) The I/0 ramp rate is 10 ns or more. For ramp rate faster than 10 ns, |IIOPIN| = Cdv/dt, in which C is I/0 pin
capacitance and dv/dt is the slew rate.

December 2011  Altera Corporation HardCopy IV Device Handbook, Volume 4: Datasheet
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Internal Weak Pull-Up Resistor
Table 1-14 lists the weak pull-up resistor values for HardCopy IV devices.

Table 1-14. HardCopy IV Internal Weak Pull-Up Resistor (1), (2)

Symbol Parameter Conditions Typ Unit
Vcc|0= 3.0V+5% (3) 25 kQ

Value of 1/0 pin pull-up resistor before and during Veeio=25V 5% (3) 25 kQ

Rey configuration, as well as user mode if the Veco=18V 5% (3) 25 kQ
programmable pull-up resistor option is enabled. Veoio =15V £5% (3) 25 )

Vecio=1.2V 5% (3) 25 kQ

Notes to Table 1-14:

(1) All'l/O pins have an option to enable weak pull-up except test and JTAG pins.

(2) Theinternal weak pull-down feature is only available for JTAG TCK pin. The typical value for this internal weak pull-down resistor is around 25k.
(3) Pin pull-up resistance values may be lower if an external source drives the pin higher than Vego.

I/0 Standard Specifications

Table 1-15 through Table 1-20 list input voltage (Vy,; and V), output voltage (Vo and
Vo.), and current drive characteristics (I, and 1) for various I/ O standards
supported by HardCopy IV devices. These tables also show the HardCopy IV device
family I/O standard specifications. For an explanation of terms used in Table 1-15
through Table 1-20, refer to the “Glossary” on page 1-35. V and V, values are valid
at the corresponding I, and I, , respectively.

Table 1-15. Single-Ended I/0 Standards

Veeio (V) Vi (V) Vin(V) Vo (V) Vou(V) | |
I/0 Standard ( n#\) ( n':R)
Min | Typ | Max | Min Max Min Max Max Min
3.3-V LVTTL 285 | 3 | 3.15 |03 08 17 36 0.4 2.4 2 | -2
3.3-V LVCMOS 2.85 3 3.15 | 0.3 0.8 1.7 3.6 0.2 Vecio- 0.2 0.1 -0.1
0.2 2.1 0.1 | -0.1
25V 0375 | 25 | 2625 | 03| 07 17 356 0.4 2 1|
LVTTL/LVCMOS ’ ’ ' ' ’ ’ ’ :
0.7 1.7 2 -2
18-V 171 |18 | 189 [03[035*V 0.65*V V 0.3 0.45 Veeio - 0.45 2 -2
LVTTL/LVCMOS . . . . . cclo . cclo ccio tU. . cclo .
15'V * * * *
LVTTL/LVCMOS 1425 | 1.5 | 1.575 | 0.3 | 0.35 * Vg | 0.65 * Vegio | Veeio +0.3 | 0.25 * Vigio | 0.75 * Vigio 2 -2
1'2-V * * * *
LVTTL/LVCMOS 114 | 12| 126 | 0.3 | 0.35 * Vggo | 0.65 * Veeio | Vecio +0.3 | 0.25 *Veeio | 0.75 * Vo 2 -2
3.0-V PCI 285 | 3 | 315 | — | 03" Vogo | 05" Vo | 36 | 01" Ve | 0.9 Vo | 1.5 | ~05
3.0-V PCI-X 285 | 3 | 315 | — |0.35* Vogo | 05" Vou — 01" Ve | 0.9* Vego | 1.5 | 05
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1-1

For an example of a voltage referenced receiver input waveform and explanation of
terms used in Table 1-16, refer to Figure 1-10 on page 1-37.

Table 1-16. Single-Ended SSTL and HSTL I/0 Reference Voltage Specifications

Vecio (V) Veer (V) Vrr (V)
1/0 Standard
Min Typ Max Min Typ Max Min Typ Max

SSTL-2Class I, Il | 2375 | 25 | 2.625 | 049 * Voo | 05 * Voo | 051 * Voo | Vegr - 004 | Veer | Vegr + 0.04

SSTL-18 Class LIl | 1.71 | 18 1.89 0.833 0.9 0969 | Vegr-004 | Vegr | Veer+0.04

SSTL-15Class I, Il | 1425 | 15 | 1575 | 047 *Vego | 05 * Vego | 053 *Vego | 047 *Vego | Veer | 053 * Voo

HSTL-18Class Il | 1.71 | 1.8 1.89 0.85 0.9 0.95 — Veoro/2 —

HSTL-15Class I, Il | 1.425 1.5 1.575 0.68 0.75 0.9 — Veeio/2 —

HSTL-12Class I, Il | 1.14 | 12 126 | 047 * Ve | 05 * Vego | 053 * Voo — Veoo/2 —
Table 1-17. Single-Ended SSTL and HSTL I/0 Standards Signal Specifications

/0 Vivog) (V) Vinoe) (V) Ve (V) | Vinae) (V) | Vou(V) | Vou(V) (|o;\ Iy
m

Standard | i | Max Min Max Max Min Max Min | ) | (™A

SSTL-2

Class | -0.3 VREF- 0.15 VREF +0.15 Vcc|0 +0.3 VREF -0.31 VREF+ 0.31 VTT -0.57 VTT +0.57 8.1 -8.1

SSTL-2

Class Il -0.3 VREF_ 0.15 VREF +0.15 cho +0.3 VREF -0.31 VREF+ 0.31 VTT -0.76 VTT +0.76 16.2 | -16.2

SSTL-18

Class | -0.3 VREF -0.125 VREF +0.125 VCCIO +0.3 VREF -0.25 VREF +0.25 VTT -0.475 VTT +0.475 6.7 -6.7

SSTL-18

Class Il -0.3 VREF -0.125 VREF +0.125 VCCIO +0.3 VREF -0.25 VREF +0.25 0.28 VCCIO -028| 134 | 134

glsaTSI;-:s -0.3 VREF -0.1 VREF +0.1 VCClO +0.3 VREF -0.175 VREF +0175 | 02~ Vcc|0 08~ Vcc|0 8 -8

SSTL-15 . .

Class Il -0.3 VREF -041 VREF +01 Vcc|0 +0.3 VREF -0175 VREF +0.175 | 0.2 Vcc|0 0.8 Vcc|0 16 -16

I(-;Ilsa-g;-:s -0.3 VREF -01 VREF +01 Vcc|0 +0.3 VREF -0.2 VREF +0.2 04 Vcc|0 -0.4 8 -8

I(-:Ilsa-it-:ls -0.3 VREF -01 VREF +041 cho +0.3 VREF -0.2 VREF +0.2 0.4 Voc|0 -0.4 16 -16

I[-:Ilsa-gt-.l's -0.3 VHEF -041 VREF +01 VCCIO +0.3 VREF -0.2 VREF +0.2 04 Vcc|0 -0.4 8 -8

I[-:IISa-Is-t-:Is -0.3 VREF -041 VREF +01 VCCIO +0.3 VREF -0.2 VREF +0.2 04 VCCIO -0.4 16 -16

HSTL-12 R R

Class | -0.15 VREF -0.08 VREF +0.08 Vcc|0 +0.15 VREF -0.15 VREF+ 0.15 0.25 Vcc|0 0.75 Vcc|0 8 -8

HSTL-12 R R

Class Il -0.15 VREF -0.08 VREF +0.08 VCCIO +0.15 VREF -0.15 VREF+ 0.15 | 0.25 VCCIO 0.75 VCCIO 16 -16
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Table 1-18. Differential SSTL /0 Standard Specifications

For receiver input and transmitter output waveforms and for all differential I/ O
standards (LVDS, mini-LVDS, and RSDS)), refer to Figure 1-5 on page 1-35 and
Figure 1-6 on page 1-35. V¢ cixn is the power supply for differential column clock
input pins. Vpp, is the power supply for row 1/Os and all other column I/Os.

/0 Veeio (V) Vswingoe) (V) Vyac) (V) Vswingiac) (V) Voxac) (V)
Standard | iy | Typ | Max | Min | Max Min Typ | Max |Min| Max | Min | Typ | Max
SSTL-2 ) o Veoio/2+ Veciot+ | Vecio/2 . Vici0/2
Class 1,11 | 2375 | 25| 2625 | 03 | Vogo+ 0.6 | Vooo/2-02 2ot |06 | TRt | Yoot o s
SSTL-18 VCC|0/2 - _ VCC|0/2+ VCClO + VCC|0/2 _ VCC|0/2
Class I, Il 1.1 1 1.8 1.89 | 03 | Vooio +0.6 0.175 0.175 0.5 0.6 -0.125 +0.125
SSTL-15
Class |, Il 1.425 | 1.5 | 1575 | 0.2 — Veeio/2 — 0.4 — — Veeiof2 —

Table 1-19. Differential HSTL I/0 Standard Specifications
Veeio (V) Voirpe) (V) Vx@ae) (V) Vempe) (V) Voirac) (V)
I/0 Standard
Min | Typ | Max | Min | Max | Min Typ Max Min Typ Max Min | Max
HSTL-18Class I, Il | 1.71 1.8 1.89 0.2 — 0.78 — 1.12 0.8 — 1.12 0.4 —
HSTL-15Class I, Il | 1425 | 15 | 1575 | 0.2 | — | 0.68 — 0.9 0.7 — 0.9 0.4 —
HSTL-12Class I, 11 | 114 | 12 | 126 | 0.2 | — 05" Vogo | — | 0.4" Vg | 05% Vogo | 06" Voo | 0.3 | —
Tahle 1-20. Differential 1/0 Standard Specifications (Note 7) (Part 1 of 2)
10 Veeio (V) Vio (mV) Viempe) (V) Voo (V) (2) Voem (V) (2)
Standard | yiy | Typ | Max | Min | Condition | Max | Min | Condition | Max | Min | Typ | Max | Min | Typ | Max
Dmax <
D6\ — 0.05 700 Mbps 1.8 0247 | — 06 | 1.125| 1.25 | 1.375
2375 | 25 | 2.625 | 100 | Vgu=1.25V
LVDS (H10) Dmax >
— 1.05 700 Mbps 155 (0247 | — 06 | 1.125| 1.25 | 1.375
Dmax <
D6\ — 0.05 700 Mbps 1.8 0247 | — 0.6 1.0 1.25 1.5
2375 | 25 | 2.625 | 100 | Vgy=1.25V
LVDS (vI0) Dmax >
— 1.05 700 Mbps 155 (0247 | — 0.6 1.0 1.25 1.5
?Hs|[(;)s 2375 | 25 | 2625 | 100 | Vgu=1.25V | — 0.3 — 1.4 0.1 0.2 0.6 0.5 1.2 14
?\/SB)S 2375 | 25 | 2625 | 100 | Vgu=1.25V | — 0.3 — 1.4 0.1 0.2 0.6 0.5 1.2 1.5
:\Ill-lillg)i;L\IDS 2375 | 25 | 2.625 | 200 — 600 0.4 — 1.325 | 0.25 — 0.6 1.0 1.2 14
:\(l/ill(l)i)-L\IDS 2375 | 25 | 2.625 | 200 — 600 0.4 — 1.325 | 0.25 — 0.6 1.0 1.2 1.5
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Table 1-20. Differential 1/0 Standard Specifications (Note 7) (Part 2 of 2)

10 Veen (V) Vip (mV) Viewpe) (V) Voo (V) (2) Vocm (V) (2)
Standard | i Typ | Max | Min | Condition | Max | Min | Condition | Max | Min | Typ | Max | Min | Typ | Max
Dmax < 1.8
2375 | 2.5 | 2625 | 300 — — | 06 700 Mbps 3| — | = — — | =
LVPECL o s
2375 | 2.5 | 2625 | 300 — — [ 10 700 Mbgs (3) — — | = — — | =

Notes to Table 1-20:
(1) Vertical I/0 (VI0) is top and bottom 1/0s; horizontal 1/0 (HIO) is left and right 1/0s.
(2) Rprange:90< R <110Q.

(3) For Dyax > 700 Mbps, the minimum input voltage is 0.85 V; the maximum input voltage is 1.75 V. For Fyax< 700 Mbps, the minimum input
voltage is 0.45 V; the maximum input voltage is 1.95 V.

Power Consumption

Altera offers the Excel-based PowerPlay EPE and the Quartus® Il PowerPlay Power
Analyzer feature to estimate power consumption for your design.

Use the interactive Excel-based PowerPlay EPE before designing your HardCopy IV
device to get a magnitude estimate of the device power. The Quartus II PowerPlay
Power Analyzer provides better quality estimates based on the specifics of your
design after placement and routing is complete. The PowerPlay Power Analyzer can
apply a combination of user-entered, simulation-derived, and estimated signal
activities that, combined with detailed circuit models, can yield very accurate power
estimates.

For supply current estimates for Vecpgy and Ve crans refer to Table 1-6 on page 1-6.
Use the PowerPlay EPE and Power Analyzer for current estimates of the remaining
power supplies.

For more information about power estimation tools, refer to the PowerPlay Early
Power Estimator page on the Altera website and the PowerPlay Power Analysis chapter
in volume 3 of the Quartus Il Handbook.

Switching Characteristics

December 2011

This section provides performance characteristics of HardCopy IV core and periphery
blocks for commercial grade devices.

HardCopy IV devices can meet, at minimum, the -3 speed grade of the Stratix® IV
devices. Silicon characterization determines the actual performance of the

HardCopy IV devices. These characteristics are Preliminary or Final, as defined in the
following:

m Preliminary—Created using simulation results, process data, and other known
parameters.

m Final—Based on actual silicon characterization and testing.

These numbers reflect the actual performance of the device under worst-case silicon
process, voltage, and junction temperature conditions.
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Transceiver Performance Specifications

This section describes transceiver performance specifications. Table 1-21 lists
HardCopy IV GX transceiver specifications.

Table 1-21. HardCopy IV GX Transceiver Specifications (Part 1 of 5)

Symbol Parameter Min Typ Max Unit
Reference Clock
Input frequency
from REFCLK input — 50 — 672 MHz
pins
Phase frequency
detector (CMU PLL — 50 — 325 MHz
and receiver CDR)
Absolute Vmax for _ _ _ 16 v
a REFCLK pin
Operational Vmax _ _ _ 15 N
for a REFCLK pin
Absolute Vmin for . 04 . . v
a REFCLK pin
Rise/fall time — — — 0.2 ul
Duty cycle — 45 — 55 %
Peak-to-peak
differential input — 200 — 1600 mV
voltage
Spread-spectrum
modulating clock PCI Express 30 — 33 kHz
frequency
Spread-spectrum PCI Express — 0t0-0.5% | — —
downspread
OCT resistors — — 100 — Q
VICM (AC coupled) — — 1100 — mV

HCSL I/0 standard for
VICM (DC coupled) | PCI Express reference 250 — 550 mV
clock

Rref — — 2000 £1% | — Q
Transceiver Clocks
Calibration block . 10 _ 125 MHz
clock frequency
fixedclk clock PCI Express Receiver . 195 . MHz
frequency Detect
reconfig clk Dynamic reconfiguration - -
clock frequency clock frequency 250r37.5 (2) 50
Transceiver block
minimum
power-down pulse — — 1 — us
width
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Tahle 1-21. HardCopy IV GX Transceiver Specifications (Part 2 of 5)
Symbol Parameter Min Typ Max Unit
Receiver
Data rate
(Single width, — 600 — 3750 Mbps
non-PMA Direct)
Data rate
(Double width, — 1000 — 6500 Mbps
non-PMA Direct)
Data rate
(Single width, PMA — 600 — 3250 Mbps
Direct)
Data rate
(Double width, — 1000 — 6500 Mbps
PMA Direct)
Absolute Vmax for . . . 16 N
areceiver pin (3)
Operational Vmax _ _ _ 15 N
for a receiver pin
Absqlute Vmin for . 04 . . N
receiver pin
Maximum VICM = 0.82-V setting — — 2.7 V
peak-to-peak
differential input VICM =1.1-V setting
voltage VID 4) - - 16 v
(diff p-p)
Minimum Data Rate = 600 Mbps to _ _
peak-to-peak 5 Gbps 100 mv
differential input
voltage VID (diff Data Rate > 5 Gbps 165 — — mV
p-p)
VICM = 0.82-V setting — 820 — mV
VICM -11- i
VICM = 1.1-V setting L 1100 . my
(4)
85-Q setting — 85 — Q
Differential OCT 100-€2 setting — 100 — Q
resistors 120-Q setting — 120 — Q
150-Q setting — 150 — Q
PCI Express 50 MHz to 1.25 GHz: —10dB — — —
XAUI 100 MHz to 2.5 GHz: -10dB — — —
Return loss
differential mode 100 MHz to 4.875 GHz: -8dB
(OIF) CEI 4.875GHz to 10GHz: 16.6 dB/decade — — —
slope
PCI Express 50 MHz to 1.25 GHz: —6dB — — —
XAUI 100 MHz to 2.5 GHz; —6dB — — —
Return loss
common mode 100 MHz to 4.875 GHz: —6dB
(OIF) CEI 4.875GHz to 10GHz: 16.6 dB/decade — — —

slope
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Tahle 1-21. HardCopy IV GX Transceiver Specifications (Part 3 of 5)

Symbol Parameter Min Typ Max Unit
Programmable . +62.5, 100, 125, 200, 250, 300, 500, . . m
PPM detector (5) 1000 pp
Run length — — 80 — Ui
Programmable . . . 16 dB
equalization
Signal detect/loss PCI Express (PIPE) o
threshold Mode 65 175 mv
CDR LTR time (6) — — — 75 s
CDR minimum T1b . 15 . . us
(7)

LTD lock time (8) — 0 100 4000 ns
Data lock time
from
rx_freglocked o o o 4000 ns
9)
Receiver buffer and
CDR offs_et . . . . 7872 reconfig clk
cancellation time cycles
(per channel)
DC Gain Setting =0 — 0 — dB
DC Gain Setting =1 — 3 — dB
g;?r?’ammab'e DC ™5 Gain Setting = 2 — 6 — dB
DC Gain Setting = 3 — 9 — dB
DC Gain Setting =4 — 12 — dB
Transmitter
Data rate
(Single width, — 600 — 3750 Mbps
non-PMA Direct)
Data rate
(Double width, — 1000 — 6500 Mbps
non-PMA Direct)
Data rate
(Single width, PMA — 600 — 3250 Mbps
Direct) (70)
Data rate (Double
width, PMA Direct) — 1000 — 6500 Mbps
(10)
VOCM 0.65-V setting — 650 — mV
85-Q setting — 85 — Q
Differential OCT 100-Q setting — 100 — Q
resistors 120-Q setting — 120 — Q
150-Q setting — 150 — Q
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Tahle 1-21. HardCopy IV GX Transceiver Specifications (Part 4 of 5)

Symbol Parameter Min Typ Max Unit
PCI Express 50 MHz to 1.25 GHz: —10 dB — — —
312 MHz to 625 MHz: —10 dB
XAUI 625 MHz to 3.125 GHz: -10 dB/decade — — —
Return loss slope
differential mode p
100 MHz to 4.875 GHz: -8 dB
(OIF) CElI 4.875 GHz to 10 GHz: 16.6 dB/decade — — —
slope
PCI Express 50 MHz to 1.25 GHz: -6 dB — — —
Return loss 100 MHz to 4.875 GHz: -6 dB
common mode (OIF) CEI 4.875 GHz to 10 GHz: 16.6 dB/decade — — —
slope
Rise time — 50 — 200 ps
Fall time (77) — 50 — 200 ps
Intra differential
. — — — 15 ps
pair skew
Intra-transceiver
block skew x4 XAUI, PCI Express _ _ 120 s
PMA and PCS (PIPE) x4, Basic x4 p
bonded
Inter-transceiver
block skew x8 PCI Express (PIPE) x8, . . 500 s
PMA and PCS Basic x8 P
bonded
, N < 18 channels located
Inter-transceiver

across three transceiver
blocks with the source — — 400 ps
CMU PLL located in the

block skew xN
PMA-Only bonded

(12) center transceiver block
CMU PLLO and CMU PLL1
oupported Data — 600 —  |es00|  mops
ange
CMU PLL lock time
from
pll powerdown o o - 100 us
deassertion
ATX PLL
/L=1 4800 to 5400 and 6000 to 6375 — — Mbps
Supported Data ~ — —
Range (13) L=2 2400 t0 2700 and 3000 to 3187.5 Mbps
L=4 1200 to 1350 and 1500 to 1593.75 — — Mbps
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Tahle 1-21. HardCopy IV GX Transceiver Specifications (Part 5 of 5)

Symbol Parameter Min Typ Max Unit

Transceiver-HCell Logic Interface

Interface speed

(non-PMA Direct) - 25 — 250 MHz

Interface speed

(PMA Direct) — 50 — 325 MHz

Digital reset pulse

width - Minimum is 2 parallel clock cycles — — _

Notes to Table 1-21:
(1) The —2X speed grade is the fastest speed grade offered in the following HardCopy IV GX devices: HC4GX15LF780N, HCAGX25LF780N,
HC4GX25LF1152N, HC4GX25FF1152N, HCAGX35FF1152N, HC4GX35LF1517N and HC4GX35FF1517N.

(2) The minimum reconfig clkfrequency is 2.5 MHz if you configure the transceiver channel in transmitter only mode. The minimum
reconfig clk frequency is 37.5 MHz if you configure the transceiver channel in receiver only or receiver and transmitter mode. For more
information, refer to HardCopy IV GX Dynamic Reconfiguration chapter in volume 3 of the HardCopy IV Device Handbook.

(3) The device cannot tolerate prolonged operation at this absolute maximum.

(4) Use the 1.1-V RX VICM setting if the input serial data standard is LVDS and the link is DC coupled.

(5) The rate matcher supports only up to +300 ppm.

(6) Theduration for rx pll locked signal goes high from rx analogreset deassertion. For more information, refer to Figure 1-2 on page 1-19.
(

7) The duration for which the CDR must be kept in lock-to-reference mode after rx_pll 1ockedsignal goes high and before rx locktodata is
asserted in manual mode. For more information, refer to Figure 1-2 on page 1-19.

(8) The duration for to recover valid data after the rx locktodatasignal is asserted in manual mode. For more information, refer to Figure 1-2 on
page 1-19.

(9) The duration for to recover valid data after the rx_freglocked signal goes high in automatic mode. For more information, refer to Figure 1-3
on page 1-19.

(10) A general- purpose PLL (GPLL) may be required to meet PMA-HardCopy fabric interface timing above certain data rates and this requirement
is the same as PMA-FPGA fabric interface. For more information, refer to section “Left/Right PLL Requirements in Basic (PMA Direct) Mode” in
the Stratix IV Transceiver Clocking chapter in volume 2 of the Stratix IV Device Handbook.

(11) The Quartus Il software automatically selects the appropriate slew rate depending on the configured data rate or functional mode.

(12) For applications that require low transmitlane-to-lane skew, use Basic (PMA Direct) xN to achieve PMA-Only bonding across all channels in the
link. You can bond all channels on one side of your device by configuring the channels in Basic (PMA-Direct) XN mode. For more information
about clocking requirements in Basic (PMA-Direct) XN mode, refer to the “Basic (PMA Direct) Mode Clocking” section in the Stratix IV
Transceiver Clocking chapter in volume 2 of the Stratix |V Device Handbook.

(13) The Quartus Il software automatically selects the appropriate /L divider depending upon the configured data rate.
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Figure 1-2 shows the lock time parameters in manual mode. Figure 1-3 shows the
lock time parameters in automatic mode.

Il LID = Lock-To-Data; LTR = Lock-To-Reference

Figure 1-2. Lock Time Parameters for Manual Mode
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Figure 1-3. Lock Time Parameters for Automatic Mode
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Table 1-22 through Table 1-25 list the typical Vo, for various differential termination
settings for HardCopy IV GX devices.

Table 1-22. Typical VOD Setting, TX Term =85 Q

VOD Setting (mV)
0 1 2 3 4 5 6 7

Symbol

Vp differential peak-to-peak Typical | 170+ | 340+ | 510+ | 595+ | 680+ | 765+ | 850+ | 1020+
(mV) 20% | 20% | 20% | 20% | 20% | 20% | 20% | 20%

Table 1-23. Typical VOD Setting, TX Term =100 Q

VOD Setting (mV)

Symbol
0 1 2 3 4 5 6 7

Vp differential peak-to-peak Typical | 200+ | 400+ | 600+ | 700+ | 800+ | 900+ | 1000+ | 1200+
(mV) 20% | 20% | 20% | 20% | 20% | 20% | 20% | 20%

Table 1-24. Typical VOD Setting, TX Term =120 Q

VOD Setting (mV)

Symbol
0 1 2 3 4 5 6 7
Vqp differential peak-to-peak | 240+ | 480+ | 600+ | 720+ | 840+ | 960+ | 1080+ | 1200+
Typical (mV) 20% | 20% | 20% | 20% | 20% | 20% | 20% | 20%

Table 1-25. Typical VOD Setting, TX Term =150 Q

V0D Setting (mV)
Symbol
0 1 2 3 4 5
VOD differential peak-to-peak 300+ 600+ 900+ 1050+ 1200+ 1350+
Typical (mV) 20% 20% 20% 20% 20% 20%

Table 1-26 lists typical transmitter pre-emphasis levels in dB for the first post tap
under the following conditions (low-frequency data pattern [five 1s and five Os] at
6.25 Gbps). The levels listed in Table 1-26 are a representation of possible
pre-emphasis levels under the specified conditions only and that the pre-emphasis
levels may change with data pattern and data rate.

To estimate the pre-emphasis level for your specific data rate and pattern, run
simulations using the HardCopy IV high-speed serial interface (HSSI) HSPICE
models.
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Tahle 1-26. Transmitter Pre-emphasis Levels for HardCopy IV Devices

Pre- VOD Setting
emphasis
First
Post-Tap 0 1 2 3 4 5 6 7
Setting
0 0 0 0 0 0 0 0 0
1 — 0.7 0 0 0 0 0 0
2 — 1 03 0 0 0 0 0
3 — 1.5 0.6 0 0 0 0 0
4 — 2 0.7 0.3 0 0 0 0
5 — 2.7 1.2 0.5 0.3 0 0 0
6 — 3.1 13 0.8 0.5 0.2 0 0
7 — 3.7 1.8 1.1 0.7 0.4 0.2 0
8 — 4.2 2.1 1.3 0.9 0.6 0.3 0
9 — 4.9 24 1.6 1.2 0.8 0.5 0.2
10 — 5.4 2.8 1.9 1.4 1 0.7 0.3
11 — 6 3.2 2.2 1.7 1.2 0.9 0.4
12 — 6.8 35 2.6 1.9 1.4 1.1 0.6
13 — 7.5 3.8 2.8 2.1 1.6 1.2 0.6
14 — 8.1 4.2 3.1 2.3 1.7 1.3 0.7
15 — 8.8 45 34 2.6 1.9 1.5 0.8
16 — — 49 3.7 2.9 2.2 1.7 0.9
17 — — 5.3 4 3.1 2.4 1.8 1.1
18 — — 5.7 4.4 3.4 2.6 2 1.2
19 — — 6.1 4.7 3.6 2.8 2.2 1.4
20 — — 6.6 5.1 4 3.1 2.4 1.5
21 — — 5.4 4.3 3.3 2.7 1.7
22 — — 6.1 4.8 3.8 3 2
23 — — 6.8 5.4 4.3 3.4 2.3
24 — — 10 7.6 6 4.8 3.9 2.6
25 — — 11.4 8.4 6.8 5.4 4.4 3
26 — — 12.6 94 7.4 5.9 4.9 3.3
27 — — — 10.3 8.1 6.4 5.3 3.6
28 — — — 11.3 8.8 7.1 5.8 4
29 — — — 12.5 9.6 7.7 6.3 4.3
30 — — — — 114 9 7.4 —
31 — — — — 12.9 10 8.2 —

December 2011  Altera Corporation HardCopy IV Device Handbook, Volume 4: Datasheet



1-22 Chapter 1: DC and Switching Characteristics of HardCopy IV Devices
Switching Characteristics

Table 1-27 lists HardCopy IV GX transceiver jitter specifications for all supported
protocols.

Tahle 1-27. HardCopy IV GX Transceiver Block Jitter Specification (Noie 1), (2) (Part 1 of 5)

Symbol/Description Conditions Min Typ Max Unit

SONET/SDH Transmit Jitter Generation (3)

Peak-to-peak jitter at 622.08 Mbps Pattern = PRBS23 — — 0.1 ul
RMS jitter at 622.08 Mbps Pattern = PRBS23 — — 0.01 ul
Peak-to-peak jitter at 2488.32 Mbps Pattern = PRBS23 — — 0.1 ul
RMS jitter at 2488.32 Mbps Pattern = PRBS23 — — 0.01 ul

SONET/SDH Receiver Jitter Tolerance (3)

Jitter frequency = 0.03KHz

Pattern = PRBS23 >15 | >15 >15 ul

Jitter frequency = 25KHz

Jitter tolerance at 622.08Mbps Pattern = PRBS24

Jitter frequency = 250KHz

Pattern = PRBS25 >015|>015| >0.15 ul

Jitter frequency = 0.06KHz

Pattern = PRBS23 >15 | >15 | >15 ul

Jitter frequency = 100KHz
Pattern = PRBS24

Jitter tolerance at 2488.32Mbps
Jitter frequency = 1MHz

Pattern = PRBS25 >0.15(>0.15| >0.15 ul

Jitter frequency = 10MHz

Pattern = PRBS26 >015(>015| >0.15 ul

Fibre Channel Transmit Jitter Generation (4), (12)

Total jitter FC-1 Pattern = CRPAT — — 0.23 ul
Deterministic jitter FC-1 Pattern = CRPAT — — 0.11 ul
Total jitter FC-2 Pattern = CRPAT — — 0.33 ul
Deterministic jitter FC-2 Pattern = CRPAT — — 0.2 ul
Total jitter FC-4 Pattern = CRPAT — — 0.52 ul
Deterministic jitter FC-4 Pattern = CRPAT — — 0.33 ul

Fibre Channel Receiver Jitter Tolerance (4), (13)

Deterministic jitter FC-1 Pattern = CJTPAT >0.37 ul

Random jitter FC-1 Pattern = CJTPAT >0.31 ul

) _ Fc/25000 >15 ul
Sinusoidal jitter FC-1

Fc/1667 > 0.1 Ul

Deterministic jitter FC-2 Pattern = CJTPAT >0.33 ul
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Tahle 1-27. HardCopy IV GX Transceiver Block Jitter Specification (Noie 1), (2) (Part 2 of 5)
Symbol/Description Conditions Min Typ Max Unit
Random jitter FC-2 Pattern = CJTPAT >0.29 ul
Fc/25000 1.5 ul
Sinusoidal jitter FC-2 >
Fc/1667 > 0.1 ul
Deterministic jitter FC-4 Pattern = CJTPAT >0.33 Ul
Random jitter FC-4 Pattern = CJTPAT >0.29 ul
) — Fc/25000 >15 ul
Sinusoidal jitter FC-4
Fc/1667 > 0.1 ul
XAUI Transmit Jitter Generation (5)
Total jitter at 3.125 Gbps Pattern = CJPAT — — 0.3 ul
Deterministic jitter at 3.125 Gbps Pattern = CJPAT — — 0.17 ul
XAUI Receiver Jitter Tolerance (5)
Total jitter — >0.65 ul
Deterministic jitter — >0.37 ul
Peak-to-peak jitter Jitter frequency = 22.1 KHz >85 ul
Peak-to-peak jitter Jitter frequency = 1.875 MHz > 0.1 ul
Peak-to-peak jitter Jitter frequency = 20 MHz > 0.1 ul
PCI Express Transmit Jitter Generation (6)
Total jitter at 2.5 Gbps (Gen1) Compliance pattern — — 0.25 ul
Total jitter at 5 Gbps (Gen2) Compliance pattern — — — ul
PCI Express Receiver Jitter Tolerance (6)
Total jitter at 2.5 Gbps (Gen1) Compliance pattern > 0.6 ul
Total jitter at 2.5 Gbps (Gen2) Compliance pattern — | — | — ul
Serial RapidIO Transmit Jitter Generation (/)
o Data Rate = 1.25, 2.5, 3.125 Gbps
Deterministic jitter (peak-to-peak) Pattern = CJPAT — — 0.17 ul
. L Data Rate = 1.25, 2.5, 3.125 Gbps . .
Total jitter (peak-to-peak) Pattern = CJPAT 0.35 ul
Serial RapidIO Receiver Jitter Tolerance (7)
- Data Rate = 1.25, 2.5, 3.125 Gbps
Deterministic jitter (peak-to-peak) Pattern = CJPAT >0.37 ul
Combined deterministic and random jitter | Data Rate = 1.25, 2.5, 3.125 Gbps 5 0.55 ul
tolerance (peak-to-peak) Pattern = CJPAT '
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Tahle 1-27. HardCopy IV GX Transceiver Block Jitter Specification (Noie 1), (2) (Part 3 of 5)

Symbol/Description Conditions Min Typ Max Unit
Jitter Frequency = 22.1 KHz
Data Rate = 1.25, 2.5, 3.125 Gbps > 8.5 ul
Pattern = CJPAT
Jitter Frequency = 1.875 MHz
Sinusoidal jitter tolerance (peak-to-peak) Data Rate = 1.25, 2.5, 3.125 Gbps > 0.1 ul
Pattern = CJPAT
Jitter Frequency = 20 MHz
Data Rate = 1.25, 2.5, 3.125 Gbps > 0.1 ul
Pattern = CJPAT
GIGE Transmit Jitter Generation (8)
Deterministic jitter (peak-to-peak) Pattern = CRPAT — — 0.14 ul
Total jitter (peak-to-peak) Pattern = CRPAT — — 0.279 ul
GIGE Receiver Jitter Tolerance ()
Deterministic jitter (peak-to-peak) Pattern = CJPAT >04 ul
Combined deterministic and random jitter Pattern = CJPAT 5 0.66 ul
tolerance (peak-to-peak)
HiGig Transmit Jitter Generation (9)
o Data Rate = 3.75 Gbps
Deterministic jitter (peak-to-peak) Pattern = CJPAT — — — ul
. L Data Rate = 3.75 Gbps _ _ _
Total jitter (peak-to-peak) Pattern = CJPAT ul
HiGig Receiver Jitter Tolerance (9)
- Data Rate = 3.75 Gbps
Deterministic jitter tolerance (peak-to-peak) Pattern = CJPAT — — — ul
Combined deterministic and random jitter | Data Rate = 3.75 Gbps . . - ul
tolerance (peak-to-peak) Pattern = CJPAT
Jitter Frequency = 22.1 KHz
Data Rate = 3.75 Gbps — — — ul
Pattern = CJPAT
Jitter Frequency = 1.875 MHz
Sinusoidal jitter tolerance (peak-to-peak) Data Rate = 3.75 Gbps — — — ul
Pattern = CJPAT
Jitter Frequency = 20 MHz
Data Rate = 3.75 Gbps — — — ul
Pattern = CJPAT
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Tahle 1-27. HardCopy IV GX Transceiver Block Jitter Specification (Noie 1), (2) (Part 4 of 5)
Symbol/Description Conditions Min Typ Max Unit
(OIF) CEI Transmitter Jitter Generation (70)
.. L Data Rate = 6.375 Gbps . . .
Total jitter (peak-to-peak) Pattern = PRBS15 BER = 10exp-12 .
(OIF) CEI Receiver Jitter Tolerance (70)
L e Data Rate = 6.375 Gbps . _ _
Deterministic jitter tolerance (peak-to-peak) Pattern = PRBS31 BER = 10exp-12 ul
Combined deterministic and random jitter | Data Rate = 6.375 Gbps . L o ul
tolerance (peak-to-peak) Pattern = PRBS31 BER = 10exp-13
Jitter Frequency = 38.2 KHz
Data Rate = 6.375 Gbps — — — ul
Pattern = PRBS31 BER = 10exp-12
Jitter Frequency = 3.82 MHz

Sinusoidal jitter tolerance (peak-to-peak) Data Rate = 6.375 Gbps — — — ul
Pattern = PRBS31 BER = 10exp-12
Jitter Frequency = 20 MHz
Data Rate = 6.375 Gbps — — — ul
Pattern = PRBS31 BER = 10exp-12

SDI Transmitter Jitter Generation (77)
Data Rate = 1.485 Gbps (HD)
Pattern = Color Bar Low-Frequency 0.2 — — ul
Roll-Off = 100 KHz

Alignment jitter (peak-to-peak)
Data Rate = 2.97 Gbps (3G)
Pattern = Color Bar Low-Frequency 0.3 — — ul
Roll-Off = 100 KHz

SDI Receiver Jitter Tolerance (77)
Jitter Frequency = 15 KHz
Data Rate = 2.97 Gbps (3G) >2 ul
Pattern = Single Line Scramble Color Bar
Jitter Frequency = 100 KHz

Sinusoidal jitter tolerance (peak-to-peak) Data Rate = 2.97 Gbps (3G) >0.3 ul
Pattern = Single Line Scramble Color Bar
Jitter Frequency = 148.5 MHz
Data Rate = 2.97 Gbps (3G) >0.3 ul

Pattern = Single Line Scramble Color Bar
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Tahle 1-27. HardCopy IV GX Transceiver Block Jitter Specification (Noie 1), (2) (Part 5 of 5)

Symbol/Description Conditions Min Typ Max Unit

Jitter Frequency = 20 KHz

Pattern = 75% Color Bar

Data Rate = 1.485 Gbps (HD) >1 ul

Jitter Frequency = 100 KHz

Sinusoidal jitter tolerance (peak-to-peak) Data Rate = 1.485 Gbps (HD) >0.2 ul

Pattern = 75% Color Bar

Jitter Frequency = 148.5 MHz

Pattern = 75% Color Bar

Data Rate = 1.485 Gbps (HD) >0.2 ul

Notes to Table 1-27:

1) Dedicated refclk pins drive the input reference clocks.

2) Jitter numbers specified are valid for the stated conditions only.

) The jitter numbers for SONET/SDH are compliant to the GR-253-CORE Issue 3 Specification.
) The jitter numbers for Fibre Channel are compliant to the FC-PI-4 Specification revision 6.1.0.
) The jitter number for XAUI are compliant to the IEEE802.3ae-2002 Specification.

) The jitter numbers for PCI Express are compliant to the PCle Base Specification 2.0.

) The jitter numbers for Serial RapidlO are compliant to the RapidlO Specification 1.3.
)
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The jitter numbers for GIGE are compliant to the IEEE802.3-2002 Specification.

The jitter numbers for HiGig are compliant to the IEEE802.3ae-2002 Specification.

The jitter numbers for (OIF) CEl are compliant to the OIF-CEI-02.0 Specification.

The HD-SDI and 3G-SDI jitter numbers are compliant to the SMPTE292M and SMPTE424M Specifications.

The fibre channel transmitter jitter generation numbers are compliant to the specification at &; interoperability point.
The fibre channel receiver jitter tolerance numbers are compliant to the specification at 8 interoperability point.

= = ==

Core Performance Specifications

This section describes the clock tree, PLL, DSP, TriMatrix, and configuration and JTAG

specifications.

Clock Tree Specifications

Table 1-28 lists clock tree performance specifications for the logic array, DSP blocks,

and TriMatrix memory blocks for HardCopy IV devices.

Table 1-28. HardCopy IV Clock Tree Performance

Device Maximum Frequency Unit
HC4E25 600 MHz
HC4E35 600 MHz
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PLL Specifications

Table 1-29 describes the HardCopy IV PLL specifications when operating in both the
commercial junction temperature range (0° to 85°C) and the industrial junction
temperature range (—40° to 100°C). For a PLL block diagram, refer to Figure 1-8 on

page 1-36.

Table 1-29. HardCopy IV PLL Specifications (Part 1 of 2)

Symbol Parameter Min Typ Max Unit
fin Input clock frequency 5 — 7 (1) MHz
finerD Input frequency to the PFD 5 — 325 MHz
fvco PLL VCO operating range 600 — 1300 MHz
temouty Input clock or external feedback clock input duty cycle 40 — 60 %
four Output frequency for internal global or regional clock — — 600 MHz
four_ext Output frequency for external clock input (=3 speed grade) — — 7 (2) MHz
toutouty Duty cycle for external clock output (when set to 50%) 45 50 55 %
trcomp External feedback clock compensation time — — 10 ns
teoNFIGPLL Time required to reconfigure PLL scan chain — | 35 — Sg;;:ik
tcoNFIGPHASE Time required or reconfigure phase shift — 1 — scanclk

cycles
fscancik scanclk frequency — — 100 MHz
tLock Time required to lock from end of device configuration — — 1 ms
Time required to lock dynamically (after switchover or
toLock L et — — 1 ms
reconfiguring any non-post-scale counters/delays)
PLL closed-loop low bandwidth — 0.3 — MHz
foLaw PLL closed-loop medium bandwidth — 15 — MHz
PLL closed-loop high bandwidth — 4 — MHz
tpLL_PSERR Accuracy of PLL phase shift — — +50 ps
tARESET Minimum pulse width on a reset signal 10 — — ns
; ) Input clock cycle to cycle jitter (Frer > 100 MHz) — — 0.15 Ul (p-p)
INee) Input clock cycle to cycle jitter (Frer < 100 MHz) — | = 1 <50 | ps(pp)
; ) Period jitter for dedicated clock output (Four > 100 MHz) — — 175 ps (p-p)
OUTPJ_DC Period jitter for dedicated clock output (Four < 100 MHz) — | = 175 | mUl (p-p)
. ) Cycle-to-cycle jitter for dedicated clock output (Four > 100 MHz) | — — 175 ps (p-p)
0uTee..B Cycle-to-cycle jitter for dedicated clock output (Four <100 MHz) | — — 17.5 mUl (p-p)
; ) Period Jitter for clock output on regular 10 (Foyt>100 MHz) — — 600 ps (p-p)
OUTR-0 Period Jitter for clock output on regular 10 (Foyt < 100 MHz) — | = 60 | mUl (p-p)
Cycle-to-cycle jitter for clock output on regular 10 . . )
(Four = 100 MHz) 600 ps (p-p)
toutcs 0 (4) Cycle-to-cycle jitter for clock output on regular 10
y ycle Ji utpu qu _ _ 60 mUI (p-p)

(Four < 100 MHz)
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Table 1-29. HardCopy IV PLL Specifications (Part 2 of 2)

Symbol Parameter Min Typ Max Unit
Period Jitter for dedicated clock output in cascaded PLLS (Foyr >
— — 250 ps (p-p)
teasc outpspc | 100 MH2)
(4) Period Jitter for dedicated clock output in cascaded PLLs (Four< | . i
100 MHz) 25| mUl(p-p)
foriFT Frequency drift after PFDENA is disabled for duration of 100 us — — 10 %

Notes to Table 1-29:
(1) This specification is limited in Quartus Il software by the I/0 maximum frequency. The maximum I/0 frequency is different for each I/0 standard.
(2) This specification is limited by the lower of the two: I/0 Fyax or Four of the PLL.

(3) Ahighinput jitter directly affects the PLL output jitter. To have low PLL output clock jitter, you must provide a clean clock source, which is less
than 120 ps.

(4) Peak-to-peak jitter with a probability level of 10-'2 (14 sigma, 99.99999999974404% confidence level). The output jitter specification applies
to the intrinsic jitter of the PLL, when an input jitter of 30 ps is applied. The external memory interface clock output jitter specifications use a
different measurement method and are available in Table 1-38.

DSP Block Specifications
Table 1-30 describes the HardCopy IV DSP block performance specifications.

Tahle 1-30. HardCopy IV DSP Block Performance Specifications (Note 1)

Mode Iul:lﬂ::ﬁ::r; IV.Iaxilflum Freqflency Unit
Flipchip Wirebond

9 x 9-bit multiplier (a, c, e, ) 1 345 276 MHz
9 x 9-bit multiplier (b, d, f, h) 1 385 308 MHz
12 x 12-bit multiplier (a, e) 1 345 276 MHz
12 x 12-bit multiplier (b, d, f, h) 1 385 308 MHz
18 x 18-bit multiplier 1 425 340 MHz
36 x 36-bit multiplier 1 345 276 MHz
18 x 18-hit multiply accumulator 4 370 296 MHz
18 x 18-bit multiply adder 4 380 304 MHz
18 x 18-bit multiply adder-signed full precision 2 380 304 MHz
18 x 18-bit multiply adder with loopback (2) 2 300 240 MHz
36-bit shift (32 bit data) 1 370 296 MHz
Double mode 1 345 276 MHz

Notes to Table 1-30:

(1) Maximum is for fully pipelined block with Round and Saturation disabled.
(2) Maximum is for non-pipelined block with loopback input registers disabled and Round and Saturation disabled.
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TriMatrix Memory Block Specifications
Table 1-31 lists the HardCopy IV TriMatrix memory block specifications.
Table 1-31. HardCopy IV TriMatrix Memory Block Performance Specifications (Part 1 of 2)
. . Maximum Frequency
TriMatrix .
Memory Mode Memory Unit
Flipchip Wirehond
Single port 16 x 10 1 500 375 MHz
MLAB Simple dual-port 16 x 20 1 500 375 MHz
ROM 64 x 10 1 500 375 MHz
ROM 32 x 20 1 500 375 MHz
Single-port 8K x 1 1 540 405 MHz
Single-port 4K x 2 or 2K x 4 1 540 405 MHz
Single-port 1K x 9, 512 x 18, or
956 x 36 1 540 405 MHz
Simple dual-port, 8K x 1 1 490 368 MHz
Simple dual-port, 4K x 2 or 1 490 368 MHz
2K x 4
Simple dual-port, 1K x 9,
512 x 18, or 256 x 36 1 490 368 MHz
Simple dual-port, 8K x 1, 4K x 2,
or 2K x 4 with the
read-during-write option set to 1 340 255 MHz
“Old Data”
Simple dual-port, 1K x 9,
512 x 18, or 256 x 36 with the
M9K ’
read-during-write option set to 1 340 255 MHz
“Old Data”
True dual-port, 8K x 1 1 430 323 MHz
True dual-port, 4K x 2 or 2K x 4 1 430 323 MHz
True dual-port, 1K x 9 or
512 x 18 1 430 323 MHz
True dual-port, 8K x 1, 4K x 2, or
2K x 4 with the read-during-write 1 335 236 MHz
option set to “Old Data”
True dual-port, 1K x 9 or
512 x 18 with the
read-during-write option set to 1 335 236 MHz
“Old Data”
ROM 1P, 8K x 1,4K x 2, or 1 540 405 MHz
2K x 4
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Table 1-31. HardCopy IV TriMatrix Memory Block Performance Specifications (Part 2 of 2)

. : Maximum Frequency
Memory Mode wx::w Unit
Flipchip Wirebhond
ROM 1P, 1K x 9,512 x 18, or
956 x 36 1 540 405 MHz
ROM 2P, 8K x 1,4K x 2, or
K x 4 1 540 405 MHz
M9K ROM 2P, 1K x 9, or 512 x 18 1 540 405 MHz
Min Pulse Width (Clock High -
Time) 800 1067 ps
Min Pulse Width (Clock Low -
Time) 625 831 ps
True dual-port 16K x 9 or
8K x 18 1 350 263 MHz
True dual-port 4K x 36 1 350 263 MHz
Simple dual-port 16K x 9 or
8K x 18 1 375 281 MHz
Simple dual-port 4K x 36 or
9K x 72 1 375 281 MHz
ROM 1 Port 1 450 338 MHz
ROM 2 Port 1 425 319 MHz
Single-port 16K x 9 or 8K x 18 1 400 300 MHz
Single-port 4K x 36 1 400 300 MHz
True dual-port 16K x 9, 8K x 18,
M144K or 4K x 36 with the 1 995 169 MHz
read-during-write option set to
“Old Data”
Simple dual-port 16K x 9,
8K x 18, 4K x 36, or 2K x 72 with
the read-during-write option set 1 225 169 MHz
to “Old Data”
Simple dual-port 2K x 64 (with
ECC) 1 295 221 MHz
Min Pulse Width (Clock High -
Time) 1382 1843 ps
Min Pulse Width (Clock Low
Time) — 690 920 ps

HardCopy IV Device Handbook, Volume 4: Datasheet December 2011  Altera Corporation




Chapter 1: DC and Switching Characteristics of HardCopy IV Devices 1-31
Switching Characteristics

JTAG Specification

Table 1-32 lists the JTAG timing parameters and values for HardCopy IV devices. For
JTAG timing requirements, refer to the “High-speed I/ O Block” row in Table 1-39 on

page 1-35.
Table 1-32. HardCopy IV JTAG Timing Parameters and Values
Flipchip Wirehond
Symbol Description Unit
Min Max Min Max

tiee TCK clock period 30 — 40 — ns
ticn TCK clock high time 14 — 19 — ns
tie TCK clock low time 14 — 19 — ns
tpsu o | TDIJTAG port setup time 1 — 1 — ns
trsums | TMS JTAG port setup time 3 — 3 — ns
tien JTAG port hold time 5 — 5 — ns
tco JTAG port clock to output — 14 (1) | — 16 (1) | ns
trax JTAG port high impedance to valid output — 14 (1) — 16 (1) | ns
[ JTAG port valid output to high impedance — 14 (1) | — 16 (1) | ns

Note to Table 1-32:

(1) A1nsadderis required for each Vg voltage step down from 3.0 V. For example, typco = 15 ns if Vg0 0f the TDO
I/0 bank=2.5V, or 16 ns if it equals 1.8 V.

Periphery Performance

This section describes periphery performance, including high-speed I/O and external
memory interface, and OCT calibration block specifications.

High-Speed 1/0 Specification
Table 1-33 shows the high-speed I/O timing for HardCopy IV devices.

Tahle 1-33. High-Speed 1/0 Specifications—Preliminary (Part 1 of 2) (Note 1), (2), (3)
FlipChip Wirebhond

Symbol Conditions
Min | Typ Max Min Typ Max
Transmitter
SERDES factor J =310 10 150 — 1250 150 — 840
SERDES factor J = 2, . .
Dedicated LVDS—,spg (data rate) | uses DDR registers @ 1250 (4) 840
SERDES factor J =1, . .
uses SDR register “) i 4 450
LVDS_E_3R—f data rate 4 — 1000 4 — 640
£ SR hsoroea )| SERDES factor J =4 to 10 ) 4
LVDS_E_1R—f};spropa (data rate) ) — 200 (4) — 170
Total Jitter for data rate, . . . .
_ 600 Mbps - 1.6G bps 160 160
t, Jitter -
Total Jitter for data rate, . . 04 . . 0.1
< 600 Mbps '
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Tahle 1-33. High-Speed I/0 Specifications—Preliminary (Part 2 of 2) (Note 1), (2), (3)

Symbol Conditions FlipChip Wirebond
Min | Typ Max Min Typ Max
touty Tx output clock duty cycle 45 50 55 45 50 55
Dedicated LVDS — | — | 200 — 200 —
tase and ta, LVDS_E_3R — | — ] 350 — 350 —
LVDS_E_1R — | — | 500 — 500 —
Dedicated LVDS — | — ] 100 — — 200
TCCS
LVDS_E_3R/ LVDS_E_1R — | — ] 250 — — 250
Receiver
fusoropa (data rate) | SERDES factor J = 310 10 | 150 | — [ 1250 | 150 — 840
DPA Mode
DPA run length | — | — | — | 10000 | — — | 10000
Soft CDR mode
Soft-CDR PPM tolerance | — | — | — | 300 — —
Non DPA Mode
Sampling Window | All differential /O standards | — | — | 300 — — 400

Notes to Table 1-33:

(1) Numbers are preliminary pending characterization.
(2) When J =3to 10, the SERDES block is used.

(3) WhenJ =1 or2,the SERDES block is bypassed.
(4)

4) The minimum specification is dependent on the clock source (for example, PLL and clock pin) and the clock routing resource (global, regional,
or local) is used.
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Table 1-34 lists the DPA lock time specifications for HardCopy IV devices.
Table 1-34. DPA Lock Time Specifications—Preliminary (Note 1), (2), (3)
“"'ll]':f; of Numb_er_ of
Transitions ":)'gt'ztégn
Standard Training Pattern in one Condition Min Typ | Max
repetition data
of training tranzjlon
pattern
without DPA -
PLL calibration 256 data transitions — —
SPI-4 00000000001111111111 2 128 iti
with DPA PLL 3 x 256 data transitions +
Lo 2 x 96 slow clock cycles (5), — —
calibration
(6)
without DPA "
PLL calibration 256 data transitions — —
00001111 2 128 —
with DPA PLL 3 x 256 data transitions +
Lo 2 x 96 slow clock cycles (5), — —
calibration
Parallel (6)
Rapid I/0 without DPA "y
PLL calibration 256 data transitions — —
10010000 4 64 iti
with DPA PLL 3 x 256 data transitions +
L 2 x 96 slow clock cycles (5), — —
calibration
(6)
without DPA "
PLL calibration 256 data transitions — —
10101010 8 32 iti
with DPA PLL 3 x 256 data transitions +
Lo 2 x 96 slow clock cycles (5), — —
calibration
Vi (6)
8¢ ithout DPA
wi .
PLL calibration 256 data transitions — —
01010101 8 32 iti
with DPA PLL 3 x 256 data transitions +
L 2 x 96 slow clock cycles (5), — —
calibration
(6)
Notes to Tahle 1-34:

) The DPA

lock time is for one channel.

) One data transition is defined as a 0-to-1 or 1-to-0 transition.
) The DPA lock time stated in the table applies to both commercial and industrial grade.

) Slow clock = data rate (MHz)/deserialization factor.
) The DPA lock time with DPA PLL Calibration enabled is preliminary.

December 2011

Figure 1-4 shows the DPA lock time specifications with DPA PLL calibration enabled.

(1
(2
(3
(4) This is the number of repetition for the stated training pattern to achieve 256 data transitions.
(5
6

Figure 1-4. DPA Lock Time Specification with DPA PLL Calibration Enabled
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DLL and DQS Logic Block Specifications

Table 1-35 describes the delay-locked loop (DLL) frequency range specifications for
HardCopy IV devices. Table 1-36 shows the average DQS offset delay for setting.

Table 1-35. HardCopy IV DLL Frequency Range Specifications

Frequency Mode DQS Delay Setting Number of Delay Chains fmm (MHz) fmax (MHz)
0 6 bits 16 90 130
1 6 bits 12 120 170
2 6 bits 10 150 210
3 6 bits 8 180 250
4 5 bits 12 240 320
5 5 bits 10 290 380
6 5 bits 8 360 450
7 5 bits 6 430 590

Table 1-36. Average DQS Phase Offset Delay per Setting (7), (2), (3)
Minimum Typical Maximum Unit
7 11 15 ps

Notes to Table 1-36:

(1) The valid settings for phase offsetare —64 to +63 for frequency modes 0 to 3 and -32 to +31 for frequency modes

410 6.

(2) The typical value equals the average of the minimum and maximum values.
(3) The delay settings are linear with a cumulative delay variation of +20ps for all speed grades.

OCT Calibration Block Specifications
Table 1-37 describes the OCT calibration block specifications for HardCopy IV

devices.

Table 1-37. OCT Calibration Block Specifications

Symbol Description Min | Typ | Max | Unit
OCTUSRCLK Clock required by OCT calibration blocks — — 20 MHz
Tocrea Number of ocTUusSRCLK clock cycles required for OCT Rs/Ry calibration — | 1000 | — | Cycles
Tocrsmer Number of ocTusrCLK clock cycles required for OCT code to shift out — 28 — | Cycles
Tas ar Time required to dynamically switch from Rs to Ry — 2.5 — ns

Duty Cycle Distortion (DCD) Specifications
Table 1-38 lists the worst case DCD for HardCopy IV devices.
Table 1-38. DCD on HardCopy IV 1/0 Pins
Symbol Min Max Unit
Output Duty Cycle 45 55 %
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1/0 Timing

Altera offers the Excel-based I/O Timing spreadsheet and the Quartus II TimeQuest
Timing Analyzer to determine I/O timing.

Excel-based I/ O Timing spreadsheet provides pin timing performance for each device
density and speed grade. Use the data before designing the HardCopy device to get
an estimate of the timing budget as part of the link timing analysis. The TimeQuest
analyzer provides a more accurate and precise I/O timing data based on the specifics
of your design after completing placement and routing.
“ e Youcan download the Excel-based I/O Timing spreadsheet from the HardCopy IV
Devices Literature web page.

Glossary
Table 1-39 shows the glossary for this chapter.

Table 1-39. Glossary Table (Part 1 of 4)

Letter Subject Definitions
A — _
B — —
c — _

Figure 1-5. Receiver Input Waveforms

Single-Ended Waveform

Positive Channel (p) = Voy

rrrrrrrrrrrrr Vop
Negative Channel (n) = Vo
Vem

Ground

Differential Waveform

Vop
p-n=0V
Vob
Differential I/0

Standards Figure 1-6. Transmitter Output Waveforms

Single-Ended Waveform

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

Negative Channel (n) = V|_

Ground

Differential Waveform

Vi

p-n=0V
Vi
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Table 1-39. Glossary Tahle (Part 2 of 4)

Letter Subject Definitions
E J— -
Thscwk Left/Right PLL input clock frequency.
f High-speed 1/0 block: Maximum/minimum LVDS data transfer rate
F fsoR (fusor = 1/TUI), non-DPA.
f High-speed 1/0 block: Maximum/minimum LVDS data transfer rate
HSDROPA (fHSDRDPA = 1/TUI), DPA.
G I J—
H I N
| J— N
J High-speed 1/0 block: Deserialization factor (width of parallel data bus).
Figure 1-7. JTAG Timing Specifications
DI X X X X
J JTAG Timing . tace . | |
Specifications ~hon et e hesr el
TCK ] ‘ L
tJPZX‘—"i tipco ‘—’ ‘—’ tipxz
TDO : X ‘
K — —
|_ J— J—
M J— J—
N J— J—
0 J— J—
Figure 1-8 shows the PLL specification parameters:
Figure 1-8. Diagram of PLL Specifications (7)
P P LL Core CIOCKE
Specifications
D Reconfigurable in User Mode External Feedback
Note to Figure 1-8:
(1) core Clockcan only be fed by dedicated clock input pins or PLL outputs.
Q — —
R R. Receiver differential input discrete resistor (external to HardGopy IV device).
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Table 1-39. Glossary Table (Part 3 of 4)

Letter

Subject

Definitions

SW (sampling
window)

The period of time during which the data must be valid in order to capture it correctly. The
setup and hold times determine the ideal strobe position in the sampling window, as shown
inFigure 1-9:

Figure 1-9. Timing Diagram

Bit Time

< »
<« >

RSKM Sampling Window

(SW)

0.5xTCCS RSKM 0.5x TCCS

Single-ended
voltage
referenced I/0
standard

The JEDECG standard for SSTI and HSTL 1/0 defines both the AC and DC input signal values.
The AC values indicate the voltage levels at which the receiver must meet its timing
specifications. The DC values indicate the voltage levels at which the final logic state of the
receiver is unambiguously defined. After the receiver input has crossed the AC value, the
receiver changes to the new logic state.

The new logic state is then maintained as long as the input stays beyond the AC threshold.
This approach is intended to provide predictable receiver timing in the presence of input
waveform ringing, as shown in Figure 1-10:

Figure 1-10. Single-Ended Voltage Referenced I/0 Standard

----- N ——
Vinac)

ViHoc)

Ving)

ViLac)

t;

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

TCCS (channel-
to-channel-skew)

The timing difference between the fastest and slowest output edges, including t;, variation
and clock skew, across channels driven by the same PLL. The clock is included in the TCCS
measurement (refer to the Timing Diagram figure under S in this table).

tDUTY

High-speed 1/0 block: Duty cycle on high-speed transmitter output clock.
Timing Unit Interval (TUI)

The timing budget allowed for skew, propagation delays, and data sampling window. (TUI =
1/(Receiver Input Clock Frequency Multiplication Factor) = t/w)

tFALL

Signal high-to-low transition time (80-20%)

tINGCJ

Cycle-to-cycle jitter tolerance on PLL clock input

tOLITPJ,IO

Period jitter on general purpose 1/0 driven by a PLL

tOUTPJ,DC

Period jitter on dedicated clock output driven by a PLL

tRISE

Signal low-to-high transition time (20-80%)
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Glossary
Table 1-39. Glossary Table (Part 4 of 4)
Letter Subject Definitions

Vouoo DC common mode input voltage.

Ve Input common mode voltage: The common mode of the differential signal at the receiver.

v, Input differential voltage swing: The difference in vqltgge between th_e positive and
complementary conductors of a differential transmission at the receiver.

Vo) AC differential input voltage: Minimum AC input differential voltage required for switching.

Voroo DC differential input voltage: Minimum DC input differential voltage required for switching.

v, Voltlage input h.igh:. The minimum positive voltage applied to the input that is accepted by the
device as a logic high.

Viinc) High-level AC input voltage

Voo High-level DC input voltage

v Y Voltage input low: The maximum positive voltage applied to the input that is accepted by the
- device as a logic low.

Vi Low-level AC input voltage

Voo Low-level DC input voltage

V.., Output.common mode voltage: The common mode of the differential signal at the
transmitter.
Output differential voltage swing: The difference in voltage between the positive and

Voo complementary conductors of a differential transmission at the transmitter.

Vswine Differential input voltage

V, Input differential cross point voltage

Vox Output differential cross point voltage

w High-speed I/0 block: Clock boost factor

N|=<|Xx|=
|
I
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Document Revision History

Table 1-40 shows the revision history for this chapter.

Table 1-40. Document Revision History

Date

Version

Changes

December 2011

2.1

Updated tgavp PORSEL value in Table 1-4.

Updated HardCopy IV 1/0 pin leakage current value.

Added Table 1-8 Bus Hold Specifications

Updated Single-Ended SSTL and HSTL I/0 Reference Voltage Specifications
Updated supply current specifications for Ve cikin and Vecpam values.
Updated JTAG timing parameters values.

Updated DSP block performance specification.

Updated the TriMatrix memory block performance specifications.
Updated DLL frequency range specifications.

Updated hot socketing values.

Updated device capacitance values.

Updated internal weak pull-up resistor values.

Updated 1/0 OCT resistance tolerance values.

Updated OCT with calibration specification values.

Updated OCT variation after power-up calibration values.

Updated PLL specifications values.

Updated operating junction temperature value.

Minor text edits.

January, 2011

2.0

Updated Table 1-5, Table 1-20, Table 1-21, Table 1-22, Table 1-23, Table 1-28,

Table 1-30, and Table 1-32.

Added Table 1-24.

Removed “External Memory Interface Specifications” section.
Updated “I/0 Timing” section.

Made general formatting update.

March, 2010

1.0

Metadata corrected. No changes made to document.

June, 2009

1.0

Initial release.
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fAN |:| 5 D)/, 2. Extended Temperature Range for
= ® HardCopy IV Devices

HIV54002-1.0

As part of the Altera® initiative to provide enhanced commercial off-the-shelf (COTS)
devices for wider applications, the temperature range for the HardCopy® IV device
families has been extended to enable operation across the extended temperature range
(—40°C to 125°C). This extension allows design engineers who are working on systems
with stringent temperature requirements to benefit from the cost savings by using
commercially available HardCopy IV ASICs.

HardCopy IV ASICs are extremely robust and capable of operating across a wide
temperature range with excellent reliability. This chapter describes the Altera support
for HardCopy IV extended temperature range operation with the appropriate
background information. It also explains how to use HardCopy IV devices across the
extended temperature range operation, along with any limitations in operation that
affect the HardCopy IV datasheet specifications.

These guidelines have been determined through additional characterization of
HardCopy IV devices on samples of production silicon across the extended
temperature ranges (125°C and —40°C). While characterizations demonstrate correct
operation across extended temperatures by design, production testing of industrial
grade devices for extended temperature range operation is performed at 100°C.

Extended Temperature Support

Extended temperature operation requires additional timing margin over industrial
temperature operation to compensate for the potentially increased variation of fy;,x
across temperature. For the Stratix® IV FPGA prototype devices, the increased timing
margin is achieved by compiling the design using an industrial I4 part and setting the
temperature range from —40°C to 125°C in the Quartus® II software. The Quartus II
software provides separate timing models at 125°C for slow corner and —40°C for fast
corner. By selecting a HardCopy IV companion device and extended temperature
range (—40°C min and 125°C max) in the operating temperature condition, the
Quartus II software uses the appropriate timing models to ensure that the constraints
of extended temperature range operation are met.

The extended temperature range support design flow is the same as that for
commercial and industrial devices. Use the Quartus II HardCopy IV Advisor to help
guide you through the flow to ensure your design is ready for submission to the
Altera HardCopy Design Center.

© 2012 Altera Corporation. All rights reserved. ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS and STRATIX are Re{?. U.S. Pat. & Tm. Off.
and/ or trademarks of Altera Corporation in the U.S. and other countries. All other trademarks and service marks are the property of their respective holders as described at
www.altera.com /common/legal.html. Altera warrants performance of its semiconductor products to current specifications in accordance with Altera’s standard warranty, but
reserves the right to make changes to any cFroducts and services at any time without notice. Altera assumes no responsibility or liability arising out of the application or use of any
information, product, or service described herein except as expressly agreed to in writing by Altera. Altera customers are advised to obtain the latest version of device
specifications before relying on any published information and before placing orders for products or services.
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Limitations to Datasheet Specifications

Table 2-1 lists the HardCopy IV device part numbers that support the extended
temperature operation.

Tahle 2-1. HardCopy IV Extended Temperature Support

HardCGopy Family Device Package Extended Temperature Support
HC4E25 All Yes
HC4E35 All Yes
HardCopy IV HC4GX15 All Yes
HC4GX25 All Yes
HC4GX35 Al Yes
Software Support

The HardCopy IV extended temperature grade device models are supported in the
following versions of these tools:

m The PowerPlay Early Power Estimator (EPE) or the PowerPlay Power Analyzer
software, version 11.1 or later. Download these tools from:
www.altera.com/support/devices/estimator /pow-powerplay.html

m The Quartus II software, version 11.1 or later. Download the software from:
www.altera.com/products /software/quartus-ii/subscription-edition / qts-se-
index.html

Limitations to Datasheet Specifications

This section describes the limitations to the HardCopy IV datasheet specifications
when operating HardCopy IV devices at extended temperature range.
Characterization results show that Hard Copy IV device operation across the extended
temperature range is bounded by the industrial grade of the datasheet specifications
and any relevant errata, except where noted below.

DSP Block Specifications

Table 2-2 lists the HardCopy IV DSP block performance specifications.

Tahle 2-2. HardCopy IV DSP Block Performance Specifications (Part 1 of 2) (Note 1)

Mode Num!ael_' of Maximum Frequency Unit
Multipliers | Ejipchip | Wirebond

9 x 9-bit multiplier (a, c, e, g) (2) 1 315 252 MHz
9 x 9-bit multiplier (b, d, f, h) (2) 1 375 300 MHz
12 x 12-hit multiplier (a, e) (3) 1 315 252 MHz
12 x 12-bit multiplier (b, d, f, h) (3) 1 375 300 MHz
18 x 18-bit multiplier 1 400 320 MHz
36 x 36-hit multiplier 1 315 252 MHz
Double mode 1 315 252 MHz
18 x 18-bit multiply accumulator 4 330 264 MHz
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Limitations to Datasheet Specifications
Tahle 2-2. HardCopy IV DSP Block Performance Specifications (Part 2 of 2) (Note 1)
Maximum Frequency
P Flipchip | Wirebond
18 x 18-bit multiply adder 4 345 276 MHz
18 x 18-bit multiply adder-signed full precision 2 345 276 MHz
18 x 18-bit multiply adder with loopback (4) 2 300 240 MHz
36-bit shift (32-bit data) 1 330 264 MHz
Notes to Tahle 2-2:
(1) The maximum is for a fully pipelined block with round and saturation disabled.
(2) The DSP block implements eight independent 9 x 9-bit multipliers using a, b, ¢, and d for the top half of the DSP block;
and e, f, g, and h for the bottom half of the DSP block multipliers.
(3) The DSP block implements six independent 12 x 12-bit multipliers using a, b, and d for the top half of the DSP block;
and e, f, and h for the bottom half of the DSP block multipliers.
(4) The maximum for a non-pipelined block with loopback input registers disabled with round and saturation disabled.
TriMatrix Memory Block Specifications
Table 2-3 lists the HardCopy IV TriMatrix memory block specifications.
Tahle 2-3. HardCopy IV TriMatrix Memory Block Performance Specifications (Part 1 of 2)
. ; Maximum Frequency
TriMatrix .
Memory Mode Memory Unit
Flipchip Wirebhond
Single port 16 x 10 1 450 338 MHz
MLAB Simple dual-port 16 x 20 1 450 338 MHz
ROM 64 x 10 1 450 338 MHz
ROM 32 x 20 1 450 338 MHz
Single-port 8K x 1 1 405 304 MHz
Single-port 4K x 2 or 2K x 4 1 405 304 MHz
Single-port 1Kx 9,512 x 18, or 256 x 36 1 460 345 MHz
Simple dual-port, 8K x 1 1 400 300 MHz
Simple dual-port, 4K x 2 or 2K x 4 1 400 300 MHz
Simple dual-port, 1K x 9, 512 x 18, or
MK 256 x 36 1 400 300 MHz
Simple dual-port, 8K x 1, 4K x 2, or
2K x 4 with the read-during-write option 1 265 199 MHz
set to “Old Data”
Simple dual-port, 1K x 9, 512 x 18, or
256 x 36 with the read-during-write 1 265 199 MHz
option set to “Old Data”
True dual-port, 8K x 1 1 435 326 MHz
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Table 2-3. HardCopy IV TriMatrix Memory Block Performance Specifications (Part 2 of 2)

. . Maximum Frequency
Memory Mode wn?;:? Unit
Flipchip Wirebhond
True dual-port, 4K x 2 or 2K x 4 1 370 278 MHz
True dual-port, 1K x 9 or 512 x 18 1 370 278 MHz
True dual-port, 8K x 1, 4K x 2, or 2K x 4
with the read-during-write option set to 1 245 184 MHz
“Old Data”
True dual-port, 1K x 9 or 512 x 18 with
the read-during-write option set to “Old 1 245 184 MHz
M9IK Data”

ROM 1P, 8Kx 1,4Kx 2, 0r 2K x 4 1 405 304 MHz
ROM 1P, 1K x 9,512 x 18, or 256 x 36 1 405 304 MHz
ROM 2P, 8Kx 1,4K x 2, 0r 2K x 4 1 405 304 MHz
ROM 2P, 1Kx 9, 0r 512 x 18 1 405 304 MHz
Min Pulse Width (Clock High Time) — 800 1067 ps
Min Pulse Width (Clock Low Time) — 625 831 ps
True dual-port 16K x 9 or 8K x 18 1 310 233 MHz
True dual-port 4K x 36 1 310 233 MHz
Simple dual-port 16K x 9 or 8K x 18 1 325 244 MHz
Simple dual-port 4K x 36 or 2K x 72 1 325 244 MHz
ROM 1 Port 1 420 315 MHz

M144K "Rom 2 Port 1 380 285 MHz
Single-port 16K x 9 or 8K x 18 1 350 263 MHz
Single-port 4K x 36 1 350 263 MHz
True dual-port 16K x 9, 8K x 18, or
4K x 36 with the read-during-write 1 200 150 MHz
option set to “Old Data”
Simple dual-port 16K x 9, 8K x 18,
4K x 36, or 2K x 72 with the read- 1 200 150 MHz
during-write option set to “Old Data”

M144K " T'Simple dual-port 2K x 64 (with ECC) 1 245 171 MHzZ
Min Pulse Width (Clock High Time) — 1382 1843 ps
Min Pulse Width (Clock Low Time) — 690 920 ps

Transceiver Performance Specifications

Transceiver performance is supported up to 3Gbps protocols only.

“ e For additional information about extended temperature support, refer to the
Stratix 1V Military Temperature Range Support Technical Brief and the HardCopy IV

PowerPlay Early Power Estimator.
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Document Revision History

Table 24 lists the revision history for this document.

Table 2-4. Document Revision History

Date

Version

Changes

March 2012

1.0

Initial release.
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Additional Information
fAN ISR

This chapter provides additional information about the document and Altera.

How to Contact Altera

To locate the most up-to-date information about Altera products, refer to the

following table.
Contact (7) Contact Method Address
Technical support Website www.altera.com/support
) - Website www.altera.com/training
Technical training . :
Email custrain@altera.com
Product literature Website www.altera.com/literature
Non-technical support (General) Email nacomp@altera.com
(Software Licensing) Email authorization@altera.com

Note to Table:
(1) You can also contact your local Altera sales office or sales representative.

Typographic Conventions

The following table shows the typographic conventions this document uses.

Visual Cue Meaning

Indicate command names, dialog box titles, dialog box options, and other GUI

Bold Type with Initial Capital labels. For example, Save As dialog box. For GUI elements, capitalization matches

Letters the GUI
Indicates directory names, project names, disk drive names, file names, file name
bold type extensions, software utility names, and GUI labels. For example, \qdesigns

directory, D: drive, and chiptrip.gdf file.
Italic Type with Initial Capital Letters | Indicate document titles. For example, Stratix IV Design Guidelines.

Indicates variables. For example, n+ 1.

italic type Variable names are enclosed in angle brackets (< >). For example, <file name> and
<project name>.pof file.

Indicate keyboard keys and menu names. For example, the Delete key and the
Options menu.

Initial Capital Letters

Quotation marks indicate references to sections within a document and titles of

Subheading Title Quartus Il Help topics. For example, “Typographic Gonventions.”
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Additional Information
Typographic Conventions

Visual Cue

Courier type

Indicates signal, port, register, bit, block, and primitive names. For example, data1,
tdi, and input. The suffixn denotes an active-low signal. For example, resetn.

Indicates command line commands and anything that must be typed exactly as it
appears. For example, c: \qdesigns\tutorial\chiptrip.gdf.

Also indicates sections of an actual file, such as a Report File, references to parts of
files (for example, the AHDL keyword SUBDESIGN), and logic function names (for
example, TRI).

t

An angled arrow instructs you to press the Enter key.

o N
o w
Qo
=
o

., and so on

iRl

Numbered steps indicate a list of items when the sequence of the items is important,
such as the steps listed in a procedure.

m >~

Bullets indicate a list of items when the sequence of the items is not important.

/| |
u

7\
q
[

The hand points to information that requires special attention.

A question mark directs you to a software help system with related information.

The feet direct you to another document or website with related information.

>

0
>
c
=
O]
b4

A caution calls attention to a condition or possible situation that can damage or
destroy the product or your work.

A warning calls attention to a condition or possible situation that can cause you
injury.

0>

The envelope links to the Email Subscription Management Center page of the Altera
website, where you can sign up to receive update notifications for Altera documents.
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