Intel - EPACGX150DF27C8 Datasheet

Welcome to E-XFL.COM

Understanding Embedded - FPGAs (Field
Programmable Gate Array)

Embedded - FPGAs, or Field Programmable Gate Arrays,
are advanced integrated circuits that offer unparalleled
flexibility and performance for digital systems. Unlike
traditional fixed-function logic devices, FPGAs can be
programmed and reprogrammed to execute a wide array
of logical operations, enabling customized functionality
tailored to specific applications. This reprogrammability
allows developers to iterate designs quickly and implement
complex functions without the need for custom hardware.

Applications of Embedded - FPGAs

The versatility of Embedded - FPGAs makes them
indisnensahle in numerous fields. In telecommunications.

Details

Product Status Active
Number of LABs/CLBs 9360

Number of Logic Elements/Cells 149760

Total RAM Bits 6635520
Number of I/O 393

Number of Gates -

Voltage - Supply 1.16V ~ 1.24V

Mounting Type
Operating Temperature
Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

Surface Mount
0°C ~ 85°C (T))
672-BGA
672-FBGA (27x27)

https://www.e-xfl.com/product-detail/intel/ep4cgx150df27c8

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/ep4cgx150df27c8-4497474
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-fpgas-field-programmable-gate-array

1-2 Chapter 1: Cyclone IV Device Datasheet
Operating Conditions

[l=~ Cyclone IV E industrial devices 17 are offered with extended operating temperature

range.

Absolute Maximum Ratings
Absolute maximum ratings define the maximum operating conditions for Cyclone IV
devices. The values are based on experiments conducted with the device and
theoretical modeling of breakdown and damage mechanisms. The functional
operation of the device is not implied at these conditions. Table 1-1 lists the absolute
maximum ratings for Cyclone IV devices.

A%  Conditions beyond those listed in Table 1-1 cause permanent damage to the device.
Additionally, device operation at the absolute maximum ratings for extended periods
of time have adverse effects on the device.

Table 1-1. Absolute Maximum Ratings for Cyclone IV Devices (*/
Symbol Parameter Min Max Unit
Core voltage, PCI Express® (PCle®) hard IP
Veent block, and transceiver physical coding sublayer -05 1.8 \Y
(PCS) power supply
Veea Phase-locked loop (PLL) analog power supply -0.5 3.75 v
Veeo pu | PLL digital power supply 05 1.8 vV
Veeio I/0 banks power supply -0.5 3.75 vV
Ve ckin | Differential clock input pins power supply -05 4.5 V
Voo gxs | Transceiver output buffer power supply -0.5 3.75 v
Transceiver physical medium attachment (PMA) ~
Veeaoxs | 4ng auxiliary power supply 0.5 3.75 v
Vool gxs | Transceiver PMA and auxiliary power supply 05 1.8 v
\ DC input voltage -0.5 4.2 v
lout DC output current, per pin —25 40 mA
Tstg Storage temperature -65 150 °C
T, Operating junction temperature -40 125 °C
Note to Table 1-1:
(1) Supply voltage specifications apply to voltage readings taken at the device pins with respect to ground, not at the
power supply.
Maximum Allowed Overshoot or Undershoot Voltage
During transitions, input signals may overshoot to the voltage shown in Table 1-2 and
undershoot to —2.0 V for a magnitude of currents less than 100 mA and for periods
shorter than 20 ns. Table 1-2 lists the maximum allowed input overshoot voltage and
the duration of the overshoot voltage as a percentage over the lifetime of the device.
The maximum allowed overshoot duration is specified as a percentage of high-time
over the lifetime of the device.
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Operating Conditions
Table 1-3. Recommended Operating Conditions for Cyclone IV E Devices ("> (2 (Part 2 of 2)
Symbol Parameter Conditions Min Typ Max Unit
Ioisce Magnitude of DC current across . . o 10 mA

PCl-clamp diode when enable

Notes to Table 1-3:

(1) Cyclone IVE 1.0V core voltage devices only support CG8L, CIL, and 18L speed grades. Cyclone IV E 1.2 V core voltage devices only support
C6, G7, C8, 17, and A7 speed grades.

(2) Vo for all I/0 banks must be powered up during device operation. All vcca pins must be powered to 2.5 V (even when PLLs are not used)

and must be powered up and powered down at the same time.

(3) Ve must rise
(4) Vcc|0 powers

monotonically.
all input buffers.

(5) The POR time for Standard POR ranges between 50 and 200 ms. Each individual power supply must reach the recommended operating range

within 50 ms.

(6) The POR time for Fast POR ranges between 3 and 9 ms. Each individual power supply must reach the recommended operating range within

3 ms.

Table 1-4. Recommended Operating Conditions for Cyclone IV GX Devices (Part 1 of 2)

Symbol Parameter Conditions Min Typ Max Unit
Core voltage, PCle hard IP block, and
(3) ’ ’ _

Veom transceiver PCS power supply 116 12 124 v

Ve (169 PLL analog power supply — 2.375 2.5 2.625 v

Veep pue @ | PLL digital power supply — 1.16 1.2 1.24 v
I/0 banks power supply for 3.3-V . 3135 33 3.465 v
operation ’ ' '
I/0 banks power supply for 3.0-V . 585 3 315 Y
operation ’ '
I/0 banks power supply for 2.5-V L 9375 95 9 625 Y

Vego (9@ operation
I/0 banks power supply for 1.8-V . 171 18 189 v
operation ’ ’ ’
I/0 banks power supply for 1.5-V L 1.495 15 1575 Y
operation ’ ' '
I/0 banks power supply for 1.2-V . 114 192 126 v
operation ’ ’ ’
Differential clock input pins power . 3135 33 3.465 v
supply for 3.3-V operation ’ ’ '
Differential clock input pins power . 5 85 3 315 Y
supply for 3.0-V operation ’ '
Differential clock input pins power . 2375 95 9 625 v

Vee cLKIN supply for 2.5-V operation ' ' '

(3).(5).(6) Differential clock input pins power B - 18 | 189 y
supply for 1.8-V operation ’ ’ ’
Differential clock input pins power . 1.495 15 1575 v
supply for 1.5-V operation ’ ’ '
Differential clock input pins power . 114 192 196 Y
supply for 1.2-V operation ’ ’ ’

VecH oxs Transceiver output buffer power supply — 2.375 2.5 2.625 v
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Operating Conditions

Table 1-4. Recommended Operating Conditions for Cyclone IV GX Devices (Part 2 of 2)

Symbol Parameter Conditions Min Typ Max Unit
Voo 6x6 1lrjei)nps;|§e|ver PMA and auxiliary power . 9375 95 2 625 v
Transceiver PMA and auxiliary power
Voo exe Supply yP — 116 | 12 | 124 | v
\ DC input voltage — -0.5 — 3.6 v
Vo DC output voltage — 0 — Veeio v
L For commercial use 0 — 85 °C
T, Operating junction temperature - ,
For industrial use —40 — 100 °C
Standard power-on reset
50 us — 50 ms —
traup Power supply ramp time (POR) ™ H
Fast POR (@ 50 us — 3ms —
Ioioge Magnitude of DC current across . . . 10 mA

PCl-clamp diode when enabled

Notes to Table 1-4:

M
)
)
(4)

All veea pins must be powered to 2.5 V (even when PLLs are not used) and must be powered up and powered down at the same time.
You must connect Vegp pry to Vet through a decoupling capacitor and ferrite bead.
Power supplies must rise monotonically.

Veeio for all 1/0 banks must be powered up during device operation. Configurations pins are powered up by Veejg 0f /0 Banks 3, 8, and 9 where
1/0 Banks 3 and 9 only support Ve 0f 1.5, 1.8, 2.5, 3.0, and 3.3 V. For fast passive parallel (FPP) configuration mode, the Vg level of 1/0
Bank 8 must be powered up to 1.5, 1.8, 2.5, 3.0, and 3.3 V.

You must set Vg gLy 10 2.5 V if you use CLKIN as a high-speed serial interface (HSSI) refclk or as a DIFFCLK input.

The cLxIN pins in I/0 Banks 3B and 8B can support single-ended 1/0 standard when the pins are used to clock left PLLs in non-transceiver
applications.

The POR time for Standard POR ranges between 50 and 200 ms. Vg, Voca, and Vegio of I/0 Banks 3, 8, and 9 must reach the recommended
operating range within 50 ms.

The POR time for Fast POR ranges between 3 and 9 ms. Vet Veca, and Veeio 0f 1/0 Banks 3, 8, and 9 must reach the recommended operating
range within 3 ms.

ESD Performance

This section lists the electrostatic discharge (ESD) voltages using the human body
model (HBM) and charged device model (CDM) for Cyclone IV devices general
purpose I/Os (GPIOs) and high-speed serial interface (HSSI) I/Os. Table 1-5 lists the
ESD for Cyclone IV devices GPIOs and HSSI 1/Os.

Table 1-5. ESD for Cyclone IV Devices GPIOs and HSSI I/0s

Symbol Parameter Passing Voltage Unit
y ESD voltage using the HBM (GPIOs) (7 + 2000 v
ESDHEM ESD using the HBM (HSSI 1/0s) (@) +1000 v
} ESD using the CDM (GPIOs) + 500 v
ESDCOM ESD using the CDM (HSS!I 1/0s) 2 + 250 v

Notes to Table 1-5:

(1) The passing voltage for EP4CGX15 and EP4CGX30 row 1/0s is +1000V.
(2) This value is applicable only to Cyclone IV GX devices.

Cyclone IV Device Handbook, March 2016  Altera Corporation
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Example 1-1 shows how to calculate the change of 50-Q I/O impedance from 25°C at
3.0 Vto85°Cat3.15V.

Example 1-1. Impedance Change
ARy = (3.15—-3) x 1000 x —0.026 = -3.83
AR = (85—-25) x 0.262 = 15.72
Because ARy is negative,
MFy =1/(3.83/100 + 1) = 0.963
Because ARy is positive,
MF; = 15.72/100 + 1 = 1.157
MF = 0.963 x 1.157 = 1.114
Riina =50x 1.114=55.71Q

Pin Capacitance
Table 1-11 lists the pin capacitance for Cyclone IV devices.

Table 1-11. Pin Capacitance for Cyclone IV Devices (7

Typical - | Typical - | Typical -
QuadFlat | Quad Flat | Ball-Grid .
Symbol Parameter Pack No Leads Array Unit
(QFP) (QFN) (BGA)
Ciots Input capacitance on top and bottom I/0 pins 7 7 6 pF
Cior Input capacitance on right 1/0 pins 7 7 5 pF
Cuosir | Input capacitance on right I/0 pins with dedicated LVDS output 8 8 7 pF
Cvrerir | Input capacitance on right dual-purpose VREF pin when used as
. 21 21 21 pF
@ Vger Or user 1/0 pin
C;,REFFB Input capacitance on top qnd bottom dual-purpose VREF pin when 93 (3) 93 93 oF
2 used as Vg or user 1/0 pin
CeLka Input capacitance on top and bottom dedicated clock input pins 7 7 6 pF
Corkir Input capacitance on right dedicated clock input pins 6 6 5 pF

Notes to Table 1-11:
(1) The pin capacitance applies to FBGA, UBGA, and MBGA packages.

(2) When you use the VREF pin as a regular input or output, you can expect a reduced performance of toggle rate and tgq because of higher pin
capacitance.

(3) Cyreerg for the EP4CE22 device is 30 pF.

Cyclone IV Device Handbook, March 2016  Altera Corporation
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Internal Weak Pull-Up and Weak Pull-Down Resistor

Table 1-12 lists the weak pull-up and pull-down resistor values for Cyclone IV
devices.

Table 1-12. Internal Weak Pull-Up and Weak Pull-Down Resistor Values for Cyclone IV Devices (/

Symbol Parameter Conditions Min Typ Max | Unit
VCCIO =33V+5% @ (6 7 25 41 kQ
- % (2). (3)

Value of the 1/0 pin pull-up resistor Vooio =30V £ 5% ’ 28 47 ke
R before and during configuration, as | Vecio =2.5V 5% (2 (9 8 35 61 kQ
-PU well as user mode if you enable the [/ = 1.8V 5% (2 (3 10 57 108 | kQ
programmable pull-up resistor option Voo =15V 5% @ @ 13 82 163 O
Voo = 1.2V £ 5% (2 () 19 | 143 | 351 | ka
Voo = 3.3V £ 5% () 6 19 | 30 | ko
Voo = 3.0V £ 5% (@ 6 | 22 | 36 | ko

Value of the 1/0 pin pull-down resistor ~ o @
R_po before and during configuration Veoio =2.5V £ 5% 6 25 43 ke
Voo = 1.8V £ 5% (@) 7 [ 35 | 71 |
Veoio =15V + 5% (4 8 | 50 | 112 | ka

Notes to Table 1-12:
(1) All'I/0 pins have an option to enable weak pull-up except the configuration, test, and JTAG pins. The weak pull-down feature is only available
for JTAG TCK.
(2) Pin pull-up resistance values may be lower if an external source drives the pin higher than Vgo.
(3) R pu=(Vecio— Vi)/Ir_py
Minimum condition: =40°C; V1o = Vg + 5%, V) = Vg + 5% — 50 mV;
Typical condition: 25°C; Vgeig = Ve, Vi =0V,
Maximum condition: 100°C; Vg9 = Voo — 5%, V, = 0'V; in which V| refers to the input voltage at the 1/0 pin.
(4) Rpp=Vilgpp
Minimum condition: —40°C; Vg0 = Ve + 5%, V, =50 mV,
Typlcal condition: 2500, cho = Vcc, V| = VCC - 50/0;
Maximum condition: 100°C; V¢gg = Vg — 5%, V) = Ve — 5% in which V, refers to the input voltage at the 1/0 pin.

Hot-Socketing
Table 1-13 lists the hot-socketing specifications for Cyclone IV devices.

Table 1-13. Hot-Socketing Specifications for Cyclone IV Devices

Symbol Parameter Maximum
liopinge) DC current per I/0 pin 300 pA
liopingac) AC current per 1/0 pin 8mA (1
xcvRTX(DC) DC current per transceiver TX pin 100 mA
IxcvRRX(DC) DC current per transceiver RX pin 50 mA

Note to Table 1-13:

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

I'=" During hot-socketing, the I/O pin capacitance is less than 15 pF and the clock pin
capacitance is less than 20 pF.

March 2016  Altera Corporation Cyclone IV Device Handbook,
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Schmitt Trigger Input

Cyclone IV devices support Schmitt trigger input on the TDI, TMS, TCK, nSTATUS,
nCONFIG, nCE, CONF_DONE, and DCLK pins. A Schmitt trigger feature introduces
hysteresis to the input signal for improved noise immunity, especially for signals with
slow edge rate. Table 1-14 lists the hysteresis specifications across the supported
Vccio range for Schmitt trigger inputs in Cyclone IV devices.

Table 1-14. Hysteresis Specifications for Schmitt Trigger Input in Cyclone IV Devices

Symbol Parameter Conditions (V) Minimum Unit

VCCIO =3.3 200 mV

v Hysteresis for Schmitt trigger Vicip =29 200 mV
SCHMITT H

mDUt VCClO =1.8 140 mV

Vecio=1.9 110 mv

1/0 Standard Specifications

The following tables list input voltage sensitivities (Vi and Vi), output voltage (Voy
and V), and current drive characteristics (Io and Iy ), for various I/0O standards
supported by Cyclone IV devices. Table 1-15 through Table 1-20 provide the I/O
standard specifications for Cyclone IV devices.

Table 1-15. Single-Ended 1/0 Standard Specifications for Cyclone IV Devices () (2

Vecio (V) Vi (V) Vi (V) Vo (V) Vou (V) lo lon
1/0 Standard (mA) | (mA)
Min | Typ Max | Min | Max Min Max Max Min “ “
33-VLVITL @ |3135| 3.3 | 3465 — | 08 | 1.7 3.6 0.45 2.4 4 | 4
3.3-VLVCMOS @ [3135| 33 | 3465 | — | 08 | 17 3.6 02 |Veo-02| 2 | -2
30VLVITL @ | 285 | 30 | 315 |-03] 08 | 17 [Veeo+03| 045 2.4 4 | 4
3.0-VLVCMOS @ | 285 | 30 | 315 | 03| 08 | 17 |[Veo+03| 02 |Veo-02| 01 | -01
25V () 2375| 25 | 2625 |-03| 07 | 17 |Veo+03| 04 2.0 1 1
0.35x | 0.65x Vecio —
18V 171 | 18 | 1.89 | -03 2.25 0.45 2 | -2
Vecio | Vecio 0.45
15V 1425| 15 | 1575 | —03 | 0:30% | 066x |y gg] 020x | O76x |, 4,
VCCIO VCCIO VCCIO VCCIO
12V 144 | 12 | 126 | -0.3 | 030X [ 065Xy Log| 029x | 075X 2 | -2
Vecio | Veeio Veeio Vecio
03x | 0.5x
3.0-V PCI 2.85 3.0 3.15 — VCClO +03]01x VCClO 0.9x VCClO 15 -0.5
VCCIO VCCIO
3.0-V PCI-X 285 | 30 | 345 | — |O3X | 0X Hy 03] 04%Vegp | 0.9%Voge | 1.5 | 05
Vecio | Veeio

Notes to Table 1-15:
(1)
()
()

AC load CL =10 pF

For voltage-referenced receiver input waveform and explanation of terms used in Table 115, refer to “Glossary” on page 1-37.

For more information about interfacing Cyclone 1V devices with 3.3/3.0/2.5-V LVTTL/LVCMOS I/0 standards, refer to AN 447: Interfacing Cyclone 111

and Cyclone IV Devices with 3.3/3.0/2.5-V LVTTL/LVCMOS 1/0 Systems.

(4)

To meet the loLand lon specifications, you must set the current strength settings accordingly. For example, to meet the 3.3-V LVTTL specification (4

mA), set the current strength settings to 4 mA or higher. Setting at lower current strength may not meet the loLand lox specifications in the handbook.

Cyclone IV Device Handbook,
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Table 1-16. Single-Ended SSTL and HSTL I/0 Reference Voltage Specifications for Cyclone IV Devices (7
T Veeio (V) Vier (V) Vyr (V) @
Standard | iy | Typ | Max Min Typ Max Min Typ Max
SSTL-2 VREF - VREF +
Class |, Il 2375 | 2.5 |2.625 1.19 1.25 1.31 0.04 Veer 0.04
SSTL-1 8 VREF - VREF +
Class | Il 1.7 1.8 1.9 0.833 0.9 0.969 0.04 VRer 0.04
HSTL18 1471 | 18 | 189 0.85 09 095 0.85 09 095
Class I, Il
HSTL-15
Class |, Il 1.425| 15 |1.575 0.71 0.75 0.79 0.71 0.75 0.79
HSTL-12 114 | 12 | 126 0.48 x Vg @ | 0.5x Vegig @] 0.52 x Vggig @ 0.5x
Class I! I . . . 0.47 x VCClO 4 0.5x VCClO 4 0.53 x VCClO 4 VCClO
Notes to Table 1-16:
(1) For an explanation of terms used in Table 1-16, refer to “Glossary” on page 1-37.
(2) Vyy of the transmitting device must track Vggr of the receiving device.
(3) Value shown refers to DC input reference voltage, Vger(pc)-
(4) Value shown refers to AC input reference voltage, Vrer(ac)-
Table 1-17. Single-Ended SSTL and HSTL 1/0 Standards Signal Specifications for Cyclone IV Devices
1/0 ViLog) (V) Vinoe) (V) Vitiag) (V) Vinac) (V) Vo (V) Vou (V) I, low
Standard | mip | Max | Min Max | Min | Max | Min Max Max Min | (MA) | (mA)
SSTL-2 _ VRer - VR + _ _ VRer - VRer + _ Vir - Vir + 81 | -8.1
Class | 0.18 0.18 0.35 0.35 0.57 0.57 ' '
SSTL-2 . Vier — Vier + . _ VRer — Vier + _ Vir— Vir+ 16.4 | =16.4
Class Il 0.18 0.18 0.35 0.35 0.76 0.76 ' '
SSTL-18 | Veer— | VRer+ _ _ Veer— | VRer+ _ Vi - Vir + 67 | -6.7
Class | 0.125 0.125 0.25 0.25 0.475 0.475 ' '
SSTL-18 . Vier — Vier + _ _ VRer — ViRer + _ Veeio - _
Class I 0125 | 0125 025 | 0.25 028 | ‘ppg | 134|134
HSTL-18 | Veer— | VRer+ _ _ Veer— | VRer+ _ 0.4 Veeio— 8 -8
Class | 0.1 0.1 0.2 0.2 ’ 0.4
HSTL-18 . Vier — Vier + _ _ VRer — ViRer + _ Veeio - _
Class Il 0.1 0.1 0.2 0.2 04 0.4 16 16
HSTL-15 _ VRer — Vrer + _ _ VRer — ViRer + _ 0.4 Veeio = 8 -8
Class | 0.1 0.1 0.2 0.2 ’ 0.4
HSTL-15 . Vier — Vier + _ _ VRer — ViRer + _ Veeio - _
Class Il 0.1 0.1 0.2 0.2 04 0.4 16 16
HSTL-1 2 _ VREF_ VREF + _ VREF - VREF + VCCIO + 0.25 x 0.75 x _
Class| | 01°| o008 | o008 |Veoo*t0151-0241 %35 | 045 | 024 | Vg | Veeo | ° | °
HSTL-1 2 _ VREF_ VREF + _ VREF - VREF + VCC|0 + 025 X 075 X _
Classil | 01°| 008 | o008 |Veeo*0151=0241 %35 | 045 | 024 | Vege | Veeo | | T
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= TFor more information about receiver input and transmitter output waveforms, and for

other differential I/O standards, refer to the I/O Features in Cyclone IV Devices chapter.

Table 1-18. Differential SSTL I/0 Standard Specifications for Cyclone IV Devices ()

Veu:
Veeio (V) Vswinge) (V) Vx(ag) (V) s“i"'ﬂm) Voxacg) (V)
1/0 Standard
Min | Typ | Max | Min | Max Min Typ Max | Min | Max Min Typ| Max
SSTL-2 _ _ | Vecio/2 Voo | Veewo2- | __ | Veewo/2
Class |, I 2.375| 2.5 | 2.625 | 0.36 | Vceio | Vecio/2—0.2 £ 009 0.7 . 0,125 + 0195
SSTL-18 Veeio/2 - | Vo2 Veor | Veoo2- | | Vecio/2
Class .l | -7 | 18| 190 1025 Voo |~ g'y75 40175 | 99 | 7 025 +0.125
Note to Table 1-18:
(1) Differential SSTL requires a Vggr input.
Table 1-19. Differential HSTL I/0 Standard Specifications for Cyclone IV Devices (")
Veeio (V) VmF(nc) V) VX(Ac) (v) VcM(nc) V) VmF(Ac) V)
I/0 Standard Mi
Min | Typ | Max | Min | Max Min Typ Max Min Typ Max n Max
HSTL18 | 47y |18 (189 | 02| — | 08 |—| 095 | 085 |—| 095 |04| —
Class I, Il
HSTL-15
Class |, Il 1425|115 (1575] 02 | — 0.71 — 0.79 0.71 — 0.79 04| —
HSTL-12 0.52 x 0.48 x 0.52 x 0.48x
114 |12 ] 1.26 [0.16 |V 0.48xV — — 0.3
Class I, II celo celo Vecio Veeio Veeio Vecio
Note to Table 1-19:
(1) Differential HSTL requires a Vger input.
Table 1-20. Differential I/0 Standard Specifications for Cyclone IV Devices (”/ (Part 1 of 2)
Veeo (V) Vip (mV) Viem (V) @ Vgp (mV) @ Vos (V) @
1/0 Standard
Min Typ | Max | Min | Max | Min Condition Max | Min | Typ | Max | Min Typ | Max
0.05 | Dyax < 500 Mbps | 1.80
LVPECL
. 500 MbpSS DMAX . . _ _ _ —
((Ij)ow I/0s) 2375 | 25 | 2625|100 0.55 < 700 Mbps 1.80
1.05 | Dyax> 700 Mbps | 1.55
0.05 | Dyax < 500 Mbps | 1.80
LVPECL
(Column | 2375 | 25 | 2625|100 | — | 0.55 iogo“é't,’\jl’si[)m“ 180 | — | — | —| — | — | =
1/0s) () = P
1.05 DMAX > 700 |V|bpS 1.55
0.05 | Dyax < 500 Mbps | 1.80
LVDS (Row . 500 Mbps < Dyax .
110s) 2375 | 25 | 2625 | 100 0.55 < 700 Mbps 1.80 | 247 600 | 1.125 | 1.25 | 1.375
1.05 | Dyax > 700 Mbps | 1.55
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Switching Characteristics

Table 1-21. Transceiver Specification for Cyclone IV GX Devices (Part 2 of 4)

Symbol/ Conii C6 C7,17 c8 Unit
Description onditions : : ; ni
Min Typ Max Min Typ Max Min Typ Max
Receiver
1.4V PCML,
Supported 1/0 1.5V PCML,
Standards 2.5V PCML,
LVPECL, LVDS
Data rate (F324 and . . . .
smaller package) (79 600 2500 600 2500 | 600 2500 | Mbps
Data rate (F484 and — 600 | — | 3125 | 600 | — | 3125 | 600 | — | 2500 | Mbps
larger package) (19
Absolute VMAX fora _ _ . _ _ _ .
receiver pin (¢ 1.6 1.6 16 v
Operational Viax for . . . 15 . . 15 . . 15 v
a receiver pin
Absolute Vi for a — 04| — — 04| — | — 04| — | — | v
receiver pin
Vigw =0.82 V
Peak-to-peak oM
differential input | Setn@: DataRate |y o0 g | | 27 |01 | — | 27 | v
voltage Vip (diff p-p) | 600 Mbps to
D 3.125 Gbps
v Vigw = 0.82V | 80| _ s« | _ [ _ fe0«| _ [
™ setting 10% 10% 10%
Differential on-chip 100-2 setting — 100 — — 100 — — 100 — Q
termination resistors | 150-Q setting — | 150 — — | 150 — — | 150 — Q
Differential and PlPI.E’ Serial
common mode Rapid 1/0 SR, Compliant —
return loss SATA, CPRI LV,
SDI, XAUI
Programmable ppm . +62.5,100, 125, 200, m
detector ) 250, 300 pp
Clock data recovery
(CDR) ppm +300 (5 =300 £300
tolerance (without — — — +350 — — — — y ppm
spread-spectrum (6).(7) ?35(9) ?35((7))
clocking enabled)
?M?ifh Ppm tolerance 350 to 35010 350 to
dy t — — | — | 5350 | — | — |-5350| — | — | -5350 | ppm
Spread-spectrum ).(9) (7).(9) (7).(9)
clocking enabled) (¢
Run length — — 80 — — 80 — — 80 — ul
No Equalization — — 1.5 — — 1.5 — — 1.5 dB
Programmab|e Medium Low — —_— 45 —_— —_— 45 — — 45 dB
equalization Medium High — — 5.5 — — 5.5 — — 5.5 dB
High — | - 7 - | - 7 — | - 7 dB
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Table 1-21. Transceiver Specification for Cyclone IV GX Devices (Part 3 of 4)
Symbol/ Conii C6 C7, 17 c8 Unit
Description onditions : : ; ni
Min Typ Max Min Typ Max Min Typ Max
Signal detectloss | pipe e 65 | — | 175 | 65 | — | 175 | 65 | — | 175 | mv
threshold
tLTR (10) — — —_— 75 —_— —_— 75 — —_— 75 us
tirr-Lro_manua (7 — 15 — — 15 — — 15 — — us
tip (12 — 0 100 4000 0 100 4000 0 100 4000 ns
tLTDfManual (13) — — — 4000 — — 4000 — — 4000 ns
tirp_aute (™Y — — — 4000 — — 4000 — — 4000 ns
Receiver buffer and recon
CDR offsat _ — | — | 1000 | — | — |1700| — | — | 17000 | FioC
cancellation time 1k
(per channel) cycles
DC Gain Setting= | 0 . . 0 . . 0 . dB
0
Programmable DC | DC Gain Setting= | 3 _ _ 3 _ _ 3 _ dB
gain 1
DC Gain Setting =
9 — 6 — — 6 — — 6 — dB
Transmitter
Supported 1/0
Standards 1.5V PCML
Data rate (F324 and — 600 | — | 2500 | 600 | — | 2500 | 600 | — | 2500 | Mbps
smaller package)
Data rate (F484 and . . . .
larger package) 600 3125 600 3125 | 600 2500 | Mbps
Vocm 0.65 V setting — 650 — — 650 — — 650 — mV
Differential on-chip 100-Q2 setting — 100 — — 100 — — 100 — Q
termination resistors | 150-Q) setting — 150 — — 150 — — 150 — Q
. . PIPE, CPRI LV
Differential and ) 1
common mode S%nalga;;gg I/|0 Gompliant —
return loss SR, SDI, XAUL,
SATA
Rise time — 50 — 200 50 — 200 50 — 200 ps
Fall time — 50 — 200 50 — 200 50 — 200 ps
Intra-differential pair . . o 15 . o 15 . o 15 s
skew P
Intra-transceiver
block skew — — — 120 — — 120 — — 120 psS
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Table 1-25. PLL Specifications for Cyclone IV Devices ("> 2/ (Part 2 of 2)
Symbol Parameter Min Typ Max Unit
Time required to lock dynamically (after switchover,
toLock reconfiguring any non-post-scale counters/delays or — — 1 ms
areset is deasserted)
Dedicated clock output period jitter . . 300 ps
toururrrer_perion_peoctk @ Four > 100 MHz
FOUT< 100 MHz — — 30 muUl
Dedicated clock output cycle-to-cycle jitter . . 300 ps
tourarrrer_ccy_oeock Four > 100 MHz
FOUT< 100 MHz — — 30 mul
Regular 1/0 period jitter
— — 650 ps
toururrrer_perion_io Four > 100 MHz
Four< 100 MHz — — 75 muUl
Regular 1/0 cycle-to-cycle jitter
— — 650 S
toururrrer_ccsio @ Four > 100 MHz P
Four < 100 MHz — — 75 muUl
tpLL PSERR Accuracy of PLL phase shift — — +50 ps
tARESET Minimum pulse width on areset signal. 10 — — ns
teonFigpLL Time required to reconfigure scan chains for PLLs — 357 — SES?ISSJK
fscancik scanclk frequency — — 100 MHz
Period jitter for dedicated clock output in cascaded . o 495 bs
teasc_ouruer_perion_pepctk | FELS (Four> 100 MHz)
®.) Period jitter for dedicated clock output in cascaded | — |l aos | o

PLLs (Four < 100 MHz)

Notes to Table 1-25:
This table is applicable for general purpose PLLs and multipurpose PLLs.

You must connect Vegp pri to Veenr through the decoupling capacitor and ferrite bead.
This parameter is limited in the Quartus Il software by the I/0 maximum frequency. The maximum I/0 frequency is different for each 1/0

Q)
(2)
)

(9)

standard.

The V¢q frequency reported by the Quartus Il software in the PLL Summary section of the compilation report takes into consideration the Vgq
post-scale counter K value. Therefore, if the counter K has a value of 2, the frequency reported can be lower than the f,¢q specification.

A high input jitter directly affects the PLL output jitter. To have low PLL output clock jitter, you must provide a clean clock source that is less

than 200 ps.

Peak-to-peak jitter with a probability level of 102 (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.

With 100-MHz scanclk frequency.
The cascaded PLLs specification is applicable only with the following conditions:

m Upstream PLL—0.59 MHz < Upstream PLL bandwidth < 1 MHz
m Downstream PLL—Downstream PLL bandwidth > 2 MHz

PLL cascading is not supported for transceiver applications.
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Table 1-31. RSDS Transmitter Timing Specifications for Cyclone IV Devices (" - (4) (Part 2 of 2)

C6 C7,17 C8, A7 C8L, I8L CcIL
Symbol Modes Unit
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max

TLock @ — [=T=T1T=]=T7T1T1=T7T=T11=T7T=T7T1T1=7=T71T1ms

Notes to Table 1-31:

(1) Applicable for true RSDS and emulated RSDS_E_3R transmitter.

(2) Cyclone IV E devices—true RSDS transmitter is only supported at the output pin of Row 1/0 Banks 1, 2, 5, and 6. Emulated RSDS transmitter is supported at the
output pin of all /0 Banks.
Cyclone IV GX devices—true RSDS transmitter is only supported at the output pin of Row I/0 Banks 5 and 6. Emulated RSDS transmitter is supported at the output
pin of 1/0 Banks 3, 4,5, 6,7, 8, and 9.

tLock is the time required for the PLL to lock from the end-of-device configuration.

Cyclone IV E 1.0 V core voltage devices only support G8L, CIL, and I8L speed grades. Cyclone IV E 1.2 V core voltage devices only support C6, C7, C8, 17, and A7
speed grades. Cyclone IV GX devices only support C6, C7, C8, and 17 speed grades.

—_
N ow
= =

Table 1-32. Emulated RSDS_E_1R Transmitter Timing Specifications for Cyclone IV Devices () ) (Part 1 of 2)

C6 C7,17 C8, A7 c8L, IsL cIL
Symbol Modes Unit
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
x10 5| — |8 |5 |— |8 |5 |— |8 |5 |— |8 |5 |—1|725| MHz
x8 5 — | 85 5 — | 85 5] — ] 85 51— 8 5 | — | 725 | MHz
I:l-ll(s)%LkK (input x7 5 | —[8 |5 | —[8|5]|—|8|[5|—]8]5|—]725]VH
frequency) x4 5| — |8 |5 |— |8 |5|— |85 |— |8 |5 |—]725| MHz
x2 5| — |8 |5 |— |8 |5 |— |8 |5 |— |8 |5 ]|—1|725| MHz
x1 5|(—|170| 5 |—|170| 5 | —|170| 5 | — [|170| 5 | — | 145 | MHz
x10 100 | — | 170|100 | — [ 170|100 | — | 170 | 100 | — | 170 | 100 | — | 145 | Mbps
x8 80 | — | 170 | 80 | — | 170 | 80 | — | 170 | 80 | — | 170 | 80 | — | 145 | Mbps
Device x7 70| —[10[70 | —[170]70 [ — 170 70 [ — [ 170 | 70 | — | 145 | Mbps
operation in
Mbps x4 40 | — | 170 | 40 | — (170 | 40 | — | 170 | 40 | — | 170 | 40 | — | 145 | Mbps
x2 20| — | 170 | 20 | — | 170 | 20 | — | 170 | 20 | — | 170 | 20 | — | 145 | Mbps
x1 10 | — (170 | 10 | — | 170 | 10 | — [ 170 | 10 | — | 170 | 10 | — | 145 | Mbps
touty — 45 | — | 55 | 45 | — | 55 | 45 | — | 55 | 45 | — | 55 | 45 | — | 55 %
TCCS — — | — |20 — | — 200 — | — |200 | — | — | 200 | — | — | 200 | ps
?p“et:ﬂ ) 'ﬁﬁ;m — | —| =150 —|—|50|—|—|5%|—|—]|60|—|—|700] ps
20 - 80%,
trise CLoap = — 500 — | — |500| — | — |500| — | — |500| — | — [500| — ps
5pF
20 - 80%,
traLL CLoap = — |500| — | — |B500| — | — |500| — | — |500| — | — [500| — ps
5pF
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Table 1-32. Emulated RSDS_E_1R Transmitter Timing Specifications for Cyclone IV Devices (7 %) (Part 2 of 2)

C6 C7,17 C8, A7 C8L, I8L CcIL
Symbol Modes Unit
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
tiock @ — — | — ] 1 — | — | 1 — | — | 1 — | — | 1 — | — 1 ms

Notes to Table 1-32:
(1)

(2)
3)

devices.

tLock is the time required for the PLL to lock from the end-of-device configuration.
Cyclone IV E 1.0 V core voltage devices only support C8L, C9L, and I8L speed grades. Cyclone IV E 1.2 V core voltage devices only support C6, G7, C8, 17, and

A7 speed grades. Cyclone IV GX devices only support C6, C7, C8, and 17 speed grades.

Table 1-33. Mini-LVDS Transmitter Timing Specifications for Cyclone IV Devices (* (2 (4)

Emulated RSDS_E_1R transmitter is supported at the output pin of all I/0 Banks of Cyclone IV E devices and 1/0 Banks 3, 4, 5, 6, 7, 8, and 9 of Cyclone IV GX

(H] C7,17 C8, A7 C8L, I8L caL
Symbol Modes Unit
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
x10 5| —|200| 5 | — |1555| 5 | — | 1555 | 5 | — | 1555 | 5 | — [1325| MHz
x8 5| —|200| 5 | — |1555| 5 | — | 1555 | 5 | — | 15565 | 5 | — [1325| MHz
fHISCng (input x7 5 | — 20| 5 [ —[1555| 5 | —[15655] 5 | — [ 1555 | 5 | — [1325| MHz
cloc
frequency) x4 5| — |20 5 | — |1555| 5 | — | 1555 | 5 | — | 15565 | 5 | — [1325| MHz
x2 5| —|200| 5 | — |1555| 5 | — | 1555 | 5 | — | 1555 | 5 | — [1325| MHz
x1 5 | — 400 5 | — | 311 5 | — | 311 5 | — | 311 5 | — | 265 | MHz
x10 100 | — | 400 | 100 | — | 311 (100 | — | 311 [100| — | 311 [100| — | 265 | Mbps
x8 80 | — [ 400| 80 | — | 311 | 80 | — | 311 80 | — | 311 80 | — | 265 | Mbps
Dewcq . x7 70| — 40070 | — | 311 | 70 | — | 311 70 | — | 311 70 | — | 265 | Mbps
operation in
Mbps x4 40 | — | 400 | 40 | — | 311 | 40 | — | 311 40 | — | 311 40 | — | 265 | Mbps
x2 20| — [ 400 20 | — | 311 | 20 | — | 311 20 | — | 311 20 | — | 265 | Mbps
x1 10| — (400|110 | — | 311 |10 | — | 311 10 | — | 311 10 | — | 265 | Mbps
touty — 45 | — | 55 | 45 | — | 55 | 45 | — 55 45 | — 55 45 | — | 55 %
TCCS — — | — |20 — | — | 200 | — | — | 200 | — | — | 200 | — | — | 200 psS
Output jitter L o . o | |
(peak to peak) 500 500 550 600 700 ps
20 — 80%,
trise CLOAD = — | 500 | — — | 500 — — | 500 — — | 500 — — | 500 — ps
5pF
20 — 80%,
traLL CLOAD = — | 500 | — — | 500 — — | 500 — — | 500 — — | 500 — ps
5pF
t ook @ — — | — | 1 — | — 1 — | — 1 — | — 1 — | — 1 ms

Notes to Table 1-33:
(1)
(2)

Applicable for true and emulated mini-LVDS transmitter.

Cyclone IV E—true mini-LVDS transmitter is only supported at the output pin of Row I/0 Banks 1, 2, 5, and 6. Emulated mini-LVDS transmitter is supported at
the output pin of all I/0 banks.

Cyclone IV GX—true mini-LVDS transmitter is only supported at the output pin of Row 1/0 Banks 5 and 6. Emulated mini-LVDS transmitter is supported at the

output pin of 1/0 Banks 3, 4, 5, 6, 7, 8, and 9.
tLock is the time required for the PLL to lock from the end-of-device configuration.
Cyclone IV E 1.0 V core voltage devices only support C8L, C9L, and I8L speed grades. Cyclone IV E 1.2 V core voltage devices only support C6, C7, C8, 17, and

—_—
S W
= =

A7 speed grades. Cyclone IV GX devices only support C6, G7, C8, and |7 speed grades.
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Table 1-35. Emulated LVDS Transmitter Timing Specifications for Cyclone IV Devices (7> () (Part 2 of 2)

C6 C7,17 C8, A7 C8L, I8L CcoL
Symbol Modes Unit
Min Max Min Max Min Max Min Max Min Max

touty — 45 55 45 55 45 55 45 55 45 55 %
TCCS — — 200 — 200 — 200 — 200 — 200 ps
Output jitter . . . . . .
(peak to peak) 500 500 550 600 700 ps
tLOCK 2) — — 1 — 1 — 1 — 1 — 1 ms

Notes to Table 1-35:

(1) Cyclone IV E—emulated LVDS transmitter is supported at the output pin of all /0 Banks.
Cyclone IV GX—emulated LVDS transmitter is supported at the output pin of 1/0 Banks 3, 4, 5, 6, 7, 8, and 9.

(2) tLock is the time required for the PLL to lock from the end-of-device configuration.

(3) Cyclone IV E 1.0 V core voltage devices only support C8L, CIL, and I8L speed grades. Cyclone IV E 1.2 V core voltage devices only support
C6, C7, C8, 17, and A7 speed grades. Cyclone IV GX devices only support C6, C7, C8, and 17 speed grades.

Table 1-36. LVDS Receiver Timing Specifications for Cyclone IV Devices (7 (3

C6 C7,17 C8, A7 C8L, IsL CcaL
Symbol Modes Unit
Min Max Min Max Min Max Min Max Min Max

x10 | 10 |4375] 10 | 370 | 10 | 320 | 10 | 320 | 10 | 250 | MHz
«8 10 [4375] 10 [ 370 | 10 [ 320 | 10 | 320 | 10 | 250 | MHz
fCHks)cCLkK (input [",7 10 [4375] 10 [ 370 | 10 [ 320 | 10 [ 320 | 10 | 250 | MHz
frequency) x4 10 [4375] 10 [ 370 | 10 [ 320 | 10 | 320 | 10 | 250 | MHz
X2 10 [4375] 10 [ 370 | 10 | 320 | 10 | 320 | 10 | 250 | MHz
x1 10 [4375] 10 [4025| 10 [4025| 10 | 362 | 10 | 265 | MHz
x10 | 100 | 875 | 100 | 740 | 100 | 640 | 100 | 640 | 100 | 500 | Mbps
x8 80 | 875 | 80 | 740 | 80 | 640 | 80 | 640 | 80 | 500 | Mbps

x7 70 875 70 740 70 640 70 640 70 500 | Mbps

HSIODR
<4 | 40 | 875 | 40 | 740 | 40 | 640 | 40 | 640 | 40 | 500 | Mbps
«2 | 20 | 875 | 20 | 740 | 20 | 640 | 20 | 640 | 20 | 500 | Mbps
A 10 | 4375 | 10 | 4025 | 10 | 4025| 10 | 362 | 10 | 265 | Mbps
Sw — | — T[40 | — | 400 | — | 400 | — | 550 | — | 640 | ps
Input jitter — | — |50 | — |50 | — | 50| — |60 ]| — | 700 | ps
tolerance
tLOCK 2 —_— —_ 1 — 1 —_— 1 —_— 1 —_— 1 ms

Notes to Table 1-36:

(1) Cyclone IV E—LVDS receiver is supported at all I/0 Banks.
Cyclone IV GX—LVDS receiver is supported at 1/0 Banks 3, 4, 5, 6, 7, 8, and 9.

(2) tLock is the time required for the PLL to lock from the end-of-device configuration.
(3) Cyclone IVE 1.0V core voltage devices only support C8L, CIL, and 18L speed grades. Cyclone IV E 1.2 V core voltage devices only support

C6, G7, C8, 17, and A7 speed grades. Cyclone IV GX devices only support C6, C7, C8, and 17 speed grades.
External Memory Interface Specifications

The external memory interfaces for Cyclone IV devices are auto-calibrating and easy
to implement.
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=@ TFor more information about the supported maximum clock rate, device and pin

planning, IP implementation, and device termination, refer to Section I1I: System
Performance Specifications of the External Memory Interface Handbook.

Table 1-37 lists the memory output clock jitter specifications for Cyclone IV devices.

Table 1-37. Memory Output Clock Jitter Specifications for Cyclone IV Devices (7 (2)

Parameter Symbol Min Max Unit
Clock period jitter tyim(per) -125 125 ps
Cycle-to-cycle period jitter tiimcee) —200 200 ps
Duty cycle jitter tiimduty) -150 150 ps

Notes to Table 1-37:

(1) Memory output clock jitter measurements are for 200 consecutive clock cycles, as specified in the JEDEC DDR2

standard.

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

Duty Cycle Distortion Specifications

Table 1-38 lists the worst case duty cycle distortion for Cyclone IV devices.

Table 1-38. Duty Cycle Distortion on Cyclone IV Devices I/0 Pins (7 (2. (3)

C6 C7,17 C8, I8L, A7 CcoL
Symbol Unit
Min Max Min Max Min Max Min Max
Output Duty Cycle 45 55 45 55 45 55 45 55 %

Notes to Table 1-38:

(1) The duty cycle distortion specification applies to clock outputs from the PLLs, global clock tree, and IOE driving the dedicated and general

purpose 1/0 pins.

(2) Cyclone IV devices meet the specified duty cycle distortion at the maximum output toggle rate for each combination of I/0 standard and current

strength.

(3) Cyclone IV E 1.0 V core voltage devices only support C8L, CIL, and I8L speed grades. Cyclone IV E 1.2 V core voltage devices only support

C6, C7, C8, 17, and A7 speed grades. Cyclone IV GX devices only support C6, C7, C8, and 17 speed grades.

OCT Calibration Timing Specification

Table 1-39 lists the duration of calibration for series OCT with calibration at device
power-up for Cyclone IV devices.

Table 1-39. Timing Specification for Series OCT with Calibration at Device Power-Up for
Cyclone IV Devices ("

Symbol Description Maximum Units
i Duration of series OCT with 20 s
OCTCAL calibration at device power-up !

Note to Table 1-39:

(1) OCT calibration takes place after device configuration and before entering user mode.
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Table 1-42 and Table 1-43 list the IOE programmable delay for Cyclone IVE 1.2V
core voltage devices.

Table 1-42. 10E Programmable Delay on Column Pins for Cyclone IV E 1.2 V Core Voltage Devices (7 (2

Numb Max Offset
Paths UMBEr | Min .
Parameter Affected Se:tfing Offset Fast Corner Slow Corner Unit
(H ] 17 A7 C6 c7 c8 17 A7

Input delay from pin to Pad to 1/0
'np v p dataout to 7 0 1.314 [ 1.211 | 1.211 | 2.177 | 2.340 | 2.433 | 2.388 | 2.508 | ns
internal cells

core
Input delay from pinto | Pad to /0 8 0 [1.307]1.203|1.203| 219 |2.387 | 2540 | 2.430 | 2.545 | ns
input register input register

I/0 output
Delay from output 1 o wcter to 2 0 | 0437|0402 | 0402|0747 | 0.820 | 0.880 | 0.834 | 0.873 | ns
register to output pin pad
Input delay from Pad to global
dual-purpose clock pin | clock 12 0 0.693 | 0.665 | 0.665 | 1.200 | 1.379 | 1.532 | 1.393 | 1.441 | ns
to fan-out destinations | network

Notes to Table 1-42:

(1) The incremental values for the settings are generally linear. For the exact values for each setting, use the latest version of the Quartus Il software.

(2) The minimum and maximum offset timing numbers are in reference to setting 0 as available in the Quartus Il software.

Table 1-43. 10E Programmable Delay on Row Pins for Cyclone IV E 1.2 V Core Voltage Devices (- 2

Numb Max Offset
umber .
Paths Min .
Parameter Affected Se:tfing Offset Fast Corner Slow Corner Unit
(] 17 A7 (] c7 (] 17 A7
. Pad to I/0
Input delay from pinto | 4.0t 1o 7 0 |1314|1.209 |1.209 | 2201 | 2.386 | 2510 | 2.429 | 2548 | ns
internal cells
core
Input delay from pinto | Pad to /0 8 0 |1312|1.207 |1.207 | 2.202 | 2.402 | 2.558 | 2.447 | 2.557 | ns
input register input register
I/0 output
Delay from output .
register to output pin ;g(]jlsterto 2 0 0.458 | 0.419 { 0.419| 0.783 | 0.861 | 0.924 | 0.875 | 0.915 | ns
Input delay from Pad to global
dual-purpose clock pin | clock 12 0 0.686 | 0.657 | 0.657 | 1.185 | 1.360 | 1.506 | 1.376 | 1.422 | ns
to fan-out destinations | network

Notes to Table 1-43:

(1) The incremental values for the settings are generally linear. For the exact values for each setting, use the latest version of the Quartus Il software.
(2) The minimum and maximum offset timing numbers are in reference to setting 0 as available in the Quartus Il software.
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1/0 Timing

1/0 Timing

Glossary

Use the following methods to determine I/O timing;:
m the Excel-based I/O Timing
m the Quartus II timing analyzer

The Excel-based I/O timing provides pin timing performance for each device density
and speed grade. The data is typically used prior to designing the FPGA to get a
timing budget estimation as part of the link timing analysis. The Quartus II timing
analyzer provides a more accurate and precise I/O timing data based on the specifics
of the design after place-and-route is complete.

The Excel-based I/O Timing spreadsheet is downloadable from Cyclone IV Devices
Literature website.

Table 1-46 lists the glossary for this chapter.

Table 1-46. Glossary (Part 1 of 5)

Letter Term Definitions

A R R

B — —

c J— J—

D J— J—

E — —

F | fuscik High-speed 1/0 block: High-speed receiver/transmitter input and output clock frequency.

g GCLK Input pin directly to Global Clock network.
GCLK PLL Input pin to Global Clock network through the PLL.

H | HSIODR High-speed 1/0 block: Maximum/minimum LVDS data transfer rate (HSIODR = 1/TUI).
Input Waveforms

I fqr the S_STL Vewine
Differential I/0
Standard
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Table 1-46. Glossary (Part 2 of 5)
Letter Term Definitions
™S X
D1 X
tce tupsu_TDI >
e—tycH—sie—tycL—> tupsu_Tms topy ——
TCK
J | JTAG Waveform
typzxie— typco tpxz
TDO X
. tyssul itysH
Signal : :
to be X >\ >< X
Captured ) : : ) T :
Sinal tuszx e tysco— tysxz >
igna :
to be X
Driven
K — —
L — _
M — —
N — _
0 — _
The following highlights the PLL specification parameters:
_ Switchover CLKOUT Pins
fout_ext
CLK
four GCLK
Core Clock
P PLL Block
Key
|:| Reconfigurable in User Mode
Q — _
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Table 1-46. Glossary (Part 3 of 5)

Letter

Term

Definitions

Ru

Receiver differential input discrete resistor (external to Cyclone IV devices).

Receiver Input

Receiver input waveform for LVDS and LVPECL differential standards:

Single-Ended Waveform

Positive Channel (p) =V,

Negative Channel (n) =V,

Ground

R Waveform
Differential Waveform (Mathematical Function of Positive & Negative Channel)
Vip
ov
VID
""""""""""""""""""""""""""""""""""""""""""" p-n
?If:v?/“rﬁ;rlgi%m High-speed I/0 block: The total margin left after accounting for the sampling window and TCCS.
(RSKM) RSKM = (TUI - SW -TCCS) / 2.
e ek
----- A
VIH(AC)
¥ 7
\ / Vitpo)
V
\ RE / Vipe)
1 T
Single-ended ViLac)
voltage-
referenced I/0 | ----5 72t St ittt
S | Standard ______Oi _______________________________________________
VSS
The JEDEC standard for SSTI and HSTL 1/0 standards 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 crosses 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 DC threshold. This approach is intended to provide predictable receiver timing in the
presence of input waveform ringing.
SW (Sampling High-speed 1/0 block: The period of time during which the data must be valid to capture it
Window) correctly. The setup and hold times determine the ideal strobe position in the sampling window.
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Table 1-46. Glossary (Part 4 of 5)

Letter Term Definitions
tc High-speed receiver and transmitter input and output clock period.
Channel-to- High-speed 1/0 block: The timing difference between the fastest and slowest output edges,
channel-skew . . - O )
(TCCS) including tgg variation and clock skew. The clock is included in the TCCS measurement.
tein Delay from the clock pad to the I/0 input register.
tco Delay from the clock pad to the I/0 output.
teout Delay from the clock pad to the 1/0 output register.
touty High-speed 1/0 block: Duty cycle on high-speed transmitter output clock.
traLL Signal high-to-low transition time (80-20%).
tH Input register hold time.
Timing Unit High-speed 1/0 block: The timing budget allowed for skew, propagation delays, and data
Interval (TUI) sampling window. (TUI = 1/(Receiver Input Clock Frequency Multiplication Factor) = t¢/w).
tINJITTER Period jitter on the PLL clock input.
touturer_pencik | Period jitter on the dedicated clock output driven by a PLL.
toutuitter_io Period jitter on the general purpose 1/0 driven by a PLL.
toiigin Delay from the PLL inclk pad to the I/0 input register.
I toiicout Delay from the PLL inclk pad to the I/0 output register.
Transmitter output waveforms for the LVDS, mini-LVDS, PPDS and RSDS Differential I/0
Standards:
Single-Ended Waveform
Positive Channel (p) = Vgy
Voo

Negative Channel (n) = Vg
Transmitter Ground
Output
Waveform

Differential Waveform (Mathematical Function of Positive & Negative Channel)
VOD
oV
VOD
""""""""""""""""""""""""""""""""""""""""""" p-n
trise Signal low-to-high transition time (20-80%).
tsy Input register setup time.
U J— J—
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