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Maximum Allowed Overshoot and Undershoot Voltage

During transitions, input signals may overshoot to the voltage listed in the following table and undershoot to -2.0 V for input
currents less than 100 mA and periods shorter than 20 ns.

The maximum allowed overshoot duration is specified as a percentage of high time over the lifetime of the device. A DC signal
is equivalent to 100% duty cycle.

For example, a signal that overshoots to 4.00 V can only be at 4.00 V for ~15% over the lifetime of the device; for a device
lifetime of 10 years, this amounts to 1.5 years.

Table 3. Maximum Allowed Overshoot During Transitions for Cyclone V Devices

This table lists the maximum allowed input overshoot voltage and the duration of the overshoot voltage as a percentage of device lifetime.

Symbol Description Condition (V) Overshoot Duration as % of High Time Unit

Vi (AC) AC input voltage 3.8 100 %
3.85 68 %

3.9 45 %

3.95 28 %

4 15 %

4.05 13 %

4.1 11 %

4.15 9 %

4.2 8 %

4.25 7 %

4.3 5.4 %

4.35 3.2 %

4.4 1.9 %

4.45 1.1 %

continued...
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Symbol Description Condition Minimum(2) Typical Maximum(2) Unit
VeeraMm Configuration pins power supply 3.3V 3.135 3.3 3.465 \%
3.0V 2.85 3.0 3.15 \%
25V 2.375 2.5 2.625 \%
1.8V 1.71 1.8 1.89 \%
Veea rpul® PLL analog voltage regulator power supply — 2.375 2.5 2.625 \%
Veegar(® Battery back-up power supply — 1.2 — 3.0 \%
(For design security volatile key register)
A DC input voltage — -0.5 — 3.6

Vo Output voltage - 0 — Vccio
T Operating junction temperature Commercial 0 — 85 °C
Industrial -40 — 100 °C
Automotive -40 — 125 °C
tramp(”) Power supply ramp time Standard POR 200us — 100ms —
Fast POR 200ps — 4ms —

(2)

(5)

(6)

(7)

The power supply value describes the budget for the DC (static) power supply tolerance and does not include the dynamic tolerance
requirements. Refer to the PDN tool for the additional budget for the dynamic tolerance requirements.

PLL digital voltage is regulated from Vcca rpLL.

If you do not use the design security feature in Cyclone V devices, connect Vccgar to @ 1.5-V, 2.5-V, or 3.0-V power supply. Cyclone V
power-on reset (POR) circuitry monitors Vccgar- Cyclone V devices do not exit POR if Vccgat is not powered up.

This is also applicable to HPS power supply. For HPS power supply, refer to tramp specifications for standard POR when HPS_PORSEL =

0 and tramp specifications for fast POR when HPS PORSEL = 1.
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Table 22. Transceiver Clocks Specifications for Cyclone V GX, GT, SX, and ST Devices
Symbol/Description Condition Transceiver Speed Grade 5(30) Transceiver Speed Grade 6 Transceiver Speed Grade 7 Unit
Min Typ Max Min Typ Max Min Typ Max
fi xedcl k clock frequency PCIe Receiver Detect — 125 — — 125 — — 125 — MHz
Transceiver Reconfiguration — 75 - 100/1256 75 — 100/125¢( 75 - 100/1256 MHz
Controller IP 7) 37) 7)
(mgnt _cl k_cl k) clock
frequency
Table 23. Receiver Specifications for Cyclone V GX, GT, SX, and ST Devices
Symbol/Description Condition Transceiver Speed Grade 5(30) Transceiver Speed Grade 6 Transceiver Speed Grade 7 Unit
Min | Typ | Max Min | Typ | Max Min | Typ | Max
Supported I/O standards 1.5V PCML, 2.5V PCML, LVPECL, and LVDS
Data rate(38) — 614 — 5000/614 614 - 3125 614 — 2500 Mbps
4(35)
Absolute Vyax for a receiver — — — 1.2 — — 1.2 — — 1.2 \
pin(39
Absolute Vyy for a receiver - -0.4 - - -0.4 - - -0.4 - - Y
pin
Maximum peak-to-peak — — — 1.6 — — 1.6 — — 1.6 \%
differential input voltage
Vip (diff p-p) before device
configuration
Maximum peak-to-peak — — — 2.2 — — 2.2 — — 2.2 \
differential input voltage
Vip (diff p-p) after device
configuration
continued...

(37) The maximum supported clock frequency is 100 MHz if the PCIe hard IP block is enabled or 125 MHz if the PCIe hard IP block is not

enabled.

(38) To support data rates lower than the minimum specification through oversampling, use the CDR in LTR mode only.

(39) The device cannot tolerate prolonged operation at this absolute maximum.
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Symbol/Description Condition Transceiver Speed Grade 5(30) Transceiver Speed Grade 6 Transceiver Speed Grade 7 Unit
Min | Typ | Max Min | Typ | Max Min | Typ | Max
Programmable ppm — +62.5, 100, 125, 200, 250, 300, 500, and 1000 ppm
detector(46)
Run length — — | — | 200 | — | — | 200 | — | — | 200 UI
Programmable equalization AC gain setting = Refer to CTLE Response at Data Rates > 3.25 Gbps across Supported AC Gain and DC Gain for Cyclone V dB
AC and DC gain to 3 47) GX, GT, SX, and ST Devices and CTLE Response at Data Rates < 3.25 Gbps across Supported AC Gain and
DC gain setting = DC Gain for Cyclone V GX, GT, SX, and ST Devices diagrams.
to1l
Table 24. Transmitter Specifications for Cyclone V GX, GT, SX, and ST Devices
Symbol/Description Condition Transceiver Speed Grade 5(30) Transceiver Speed Grade 6 Transceiver Speed Grade 7 Unit
Min | Typ | Max Min | Typ | Max Min | Typ | Max
Supported I/0 standards 1.5V PCML
Data rate — 614 — 5000/614 614 — 3125 614 — 2500 Mbps
4(35)
Vocm (AC coupled) — — 650 — — 650 — — 650 — mV
Differential on-chip 85-Q setting — 85 — — 85 — — 85 — Q
termination resistors
100-Q setting — 100 — — 100 — — 100 — Q
120-Q setting — 120 — — 120 — — 120 — Q
150-Q setting — 150 — — 150 — — 150 — Q
continued...

(43) tiTR 1TD_manual IS the time the receiver CDR must be kept in lock to reference (LTR) mode after the r x_i s_| ockedt or ef signal goes
high when the CDR is functioning in the manual mode.

(46) The rate matcher supports only up to £300 parts per million (ppm).

(47) The Intel Quartus Prime software allows AC gain setting = 3 for design with data rate between 614 Mbps and 1.25 Gbps only.
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Typical TX Vgp Setting for Cyclone V Transceiver Channels with termination of 100 Q

Table 27.

Typical TX Vgp Setting for Cyclone V Transceiver Channels with termination of 100 Q
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Symbol

Vop differential peak-to-peak typical

Vop Setting(48) Vop Value (mV) Vop Setting(48) Vop Value (mV)
6(49) 120 34 680
7(49) 140 35 700
8(49) 160 36 720

9 180 37 740
10 200 38 760
11 220 39 780
12 240 40 800
13 260 41 820
14 280 42 840
15 300 43 860
16 320 44 880
17 340 45 900
18 360 46 920
19 380 47 940
20 400 48 960
21 420 49 980
22 440 50 1000
23 460 51 1020
24 480 52 1040
continued...

(48) Convert these values to their binary equivalent form if you are using the dynamic reconfiguration mode for PMA analog controls.

(49) Only valid for data rates < 5 Gbps.

Cyclone V Device Datasheet

34



Cyclone V Device Datasheet
CV-51002 | 2018.05.07

intel.

Protocol Sub-protocol Data Rate (Mbps)
CPRI E12LV 1,228.8
CPRI E12HV 1,228.8
CPRI E12LVIL 1,228.8
CPRI E24LV 2,457.6
CPRI E24LVII 2,457.6
CPRI E30LV 3,072
CPRI E30LVIL 3,072
CPRI E48LVII(51) 4,915.2
CPRI E60LVII(GY) 6,144
Gbps Ethernet (GbE) GbE 1250 1,250
OBSAIL OBSAI 768 768
OBSAI 1536 1,536
OBSAI 3072 3,072
Serial digital interface (SDI) SDI 270 SD 270
SDI 1485 HD 1,485
SDI 2970 3G 2,970
VbyOne VbyOne 3750 3,750
HiGig+ HIGIG 3750 3,750

Related Information

e PCle Supported Configurations and Placement Guidelines
Provides more information about the maximum full duplex channels recommended in Cyclone V GT and ST devices

which require full compliance to the PCIe Gen2 transmit jitter specification.

(51) For CPRI E48LVII and E60LVII, Intel recommends increasing the Veee_exeL and Veer_gxsl typical value from 1.1 V to 1.2 V for full
compliance to CPRI transmit jitter specification at 4.9152 Gbps (Cyclone V GT and ST devices) and 6.144 Gbps (Cyclone V GT and ST

devices only). For more information about the maximum full duplex channels recommended in Cyclone V GT and ST devices for CPRI

6.144 Gbps, refer to the Transceiver Protocol Configurations in Cyclone V Devices chapter.
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Symbol Parameter Condition Min Typ Max Unit
-C8, -A7 speed grades 600 - 1300 MHz
temnpuTty Input clock or external feedback clock input — 40 — 60 %
duty cycle
fouT Output frequency for internal global or -C6, -C7, -17 speed — — 550(54) MHz
regional clock grades
-C8, -A7 speed grades — — 460054) MHz
fout_ext Output frequency for external clock output -C6, -C7, -17 speed — — 667(54) MHz
grades
-C8, -A7 speed grades - - 533(54) MHz
toutpuTy Duty cycle for external clock output (when set — 45 50 55 %
to 50%)
trcomp External feedback clock compensation time — — — 10 ns
toyconFigeLk Dynamic configuration clock for mgmt _cl k — — — 100 MHz
and scancl k
tlock Time required to lock from end-of-device — — — 1 ms
configuration or deassertion of ar eset
toLock Time required to lock dynamically (after — — — 1 ms
switchover or reconfiguring any non-post-
scale counters/delays)
feLew PLL closed-loop bandwidth Low - 0.3 — MHz
Medium — 1.5 — MHz
High(55) — 4 — MHz
tpLL_PSERR Accuracy of PLL phase shift — — _ 450 ps
continued...

(33) The VCO frequency reported by the Intel Quartus Prime software takes into consideration the VCO post-scale counter K value.
Therefore, if the counter K has a value of 2, the frequency reported can be lower than the fyco specification.

(54) This specification is limited by the lower of the two: I/O fyax or Fout of the PLL.

(55) High bandwidth PLL settings are not supported in external feedback mode.
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High-Speed I/0 Specifications

Table 34. High-Speed I/0 Specifications for Cyclone V Devices
When J = 1 or 2, bypass the serializer/deserializer (SERDES) block.
For LVDS applications, you must use the PLLs in integer PLL mode. This is achieved by using the LVDS clock network.

The Cyclone V devices support the following output standards using true LVDS output buffer types on all I/O banks.
. True RSDS output standard with data rates of up to 360 Mbps
. True mini-LVDS output standard with data rates of up to 400 Mbps

Symbol Condition -C6 -C7, -17 -C8, -A7 Unit
Min Typ Max Min Typ Max Min Typ Max
fuscik_in (input clock frequency) True Differential 1I/0 Clock boost 5 — 437.5 5 — 420 5 — 320 MHz
Standards factor W = 1 to
40(63)
fuscik_in (input clock frequency) Single-Ended 1/0 Clock boost 5 — 320 5 — 320 5 — 275 MHz
Standards factor W = 1 to
40(63)
fuscLk_out (output clock frequency) - 5 - 420 5 - 370 5 - 320 MHz
Transmitter True Differential I/0 Standards - | SERDES factor J (65) — 840 (65) — 740 (65) — 640 Mbps
fuspr (data rate) =4 to 10(64)
continued...

(63) Clock boost factor (W) is the ratio between the input data rate and the input clock rate.
(64) The Fnax specification is based on the fast clock used for serial data. The interface Fr.y is also dependent on the parallel clock domain
which is design dependent and requires timing analysis.

(65) The minimum specification depends on the clock source (for example, the PLL and clock pin) and the clock routing resource (global,
regional, or local) that you use. The I/0 differential buffer and input register do not have a minimum toggle rate.
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Symbol

Condition

-c7, -17

-C8, -A7

Min

Typ

Max

Min

Typ

Max

Min

Typ

Max

Unit

Emulated
Differential I/O
Standards

trise and tearL

True Differential
I/0 Standards

200

200

200

ps

Emulated
Differential I/0
Standards with
Three External
Output Resistor

Networks

250

250

300

ps

Emulated
Differential I/0
Standards with

One External
Output Resistor
Network

300

300

300

ps

TCCS

True Differential
I/0 Standards

200

250

250

ps

Emulated
Differential I/O
Standards with
Three External
Output Resistor

Networks

300

300

300

ps

Emulated
Differential I/0
Standards with

One External
Output Resistor
Network

300

300

300

ps

Receiver

fuspr (data rate)

SERDES factor J
=4 to 10(64)

(65)

875(67)

(65)

840(67)

(65)

640(67)

Mbps

SERDES factor J
=1to 2, uses
DDR registers

(65)

(66)

(65)

(66)

(65)

(66)

Mbps

Sampling Window

350

350

350

ps
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SD/MMC Timing Characteristics

Table 46.

After power up or cold reset, the Boot ROM uses drvsel = 3 and snpl sel = 0 to execute the code. At the same time, the SD/MMC controller enters the
Identification Phase followed by the Data Phase. During this time, the value of interface output clock SDMMC_CLK_QUT changes from a maximum of 400 kHz
(Identification Phase) up to a maximum of 12.5 MHz (Data Phase), depending on the internal reference clock SDMMC_CLK and the CSEL setting. The value of

SDVWMC_CLK is based on the external oscillator frequency and has a maximum value of 50 MHz.

After the Boot ROM code exits and control is passed to the preloader, software can adjust the value of dr vsel and snpl sel via the system manager. dr vsel
can be set from 1 to 7 and snpl sel can be set from 0 to 7. While the preloader is executing, the values for SDMMC_CLK and SDMMC_CLK_CQUT increase to a

maximum of 200 MHz and 50 MHz respectively.

Secure Digital (SD)/MultiMediaCard (MMC) Timing Requirements for Cyclone V Devices

intel.

Symbol Description Min Max Unit
Tsdmmc_clk (internal reference SDMMC_CLK clock period (Identification 20 — ns
clock) mode)
SDMMC_CLK clock period (Default speed 5 - ns
mode)
SDMMC_CLK clock period (High speed 5 — ns
mode)
Tsdmmc_clk_out (interface output SDMMC_CLK_OUT clock period 2500 — ns
clock) (Identification mode)
SDMMC_CLK_OUT clock period (Default 40 — ns
speed mode)
SDMMC_CLK_OUT clock period (High speed 20 - ns
mode)
Tautycycle SDMMC_CLK_OUT duty cycle 45 55 %
Ty SDMMC_CMD/SDMMC_D output delay (Tsgmme ak X drvsel )/2 - 1.23 (Tsamme_cik x drvsel )/2 ns
- 70) + 1.69 (70)
Tsu Input setup time 1.05 = (Tsdmmec _ck X shpl sel )/2 - ns
7
Th Input hold time (Tsamme_cik X sl sel )72 71 — ns

(70) drvsel is the drive clock phase shift select value.

1) snpl sel is the sample clock phase shift select value.
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Figure 13. MDIO Timing Diagram
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I2C Timing Characteristics

Table 51. I2C Timing Requirements for Cyclone V Devices

Symbol Description Standard Mode Fast Mode Unit
Min Max Min Max
Tak Serial clock (SCL) clock period 10 — 2.5 — us
Telkhigh SCL high time 4.7 — 0.6 — us
Telklow SCL low time 4 - 1.3 - HS
Ts Setup time for serial data line (SDA) data to SCL 0.25 — 0.1 — us
Th Hold time for SCL to SDA data 0 3.45 0 0.9 us
Ty SCL to SDA output data delay — 0.2 — 0.2 us
Tsu_start Setup time for a repeated start condition 4.7 - 0.6 - Hs
Thd_start Hold time for a repeated start condition 4 — 0.6 — us
Tsu_stop Setup time for a stop condition 4 — 0.6 — us

Cyclone V Device Datasheet
61



CV-51002 | 2018.05.07

| | ®
‘ l n tel ] Cyclone V Device Datasheet

Figure 16. NAND Address Latch Timing Diagram
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Figure 17. NAND Data Write Timing Diagram
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Symbol Description Min Max Unit
tipco JTAG port clock to output — 11(76) hs
tipzx JTAG port high impedance to valid output — 14(76) ns
tipxz JTAG port valid output to high impedance — 14(76) ns

FPP Configuration Timing

DCLK-to-DATA[] Ratio (r) for FPP Configuration

Fast passive parallel (FPP) configuration requires a different DCLK-to-DATA[ ] ratio when you turn on encryption or the
compression feature.

Depending on the DCLK-to-DATA[ ] ratio, the host must send a DCLK frequency that is r times the DATA[ ] rate in byte per
second (Bps) or word per second (Wps). For example, in FPP x16 where the ris 2, the DCLK frequency must be 2 times the
DATA[] rate in Wps.

Cyclone V devices use additional clock cycles to decrypt and decompress the configuration data. If the DCLK-to-DATA[ ] ratio
is greater than 1, at the end of configuration, you can only stop the DCLK (DCLK-to-DATA[ ] ratio - 1) clock cycles after the
last data is latched into the Cyclone V device.

Table 57. DCLK-to-DATA[] Ratio for Cyclone V Devices

Configuration Scheme Encryption Compression DCLK-to-DATA[] Ratio (r)
FPP (8-bit wide) Off Off 1
On off 1
off On 2
On On 2
FPP (16-bit wide) Off Off 1
continued...

(76) A 1-ns adder is required for each VCCIO voltage step down from 3.0 V. For example, tJPCO= 13 ns if VCCIO of the TDO I/O bank =
2.5V, or 14 ns if it equals 1.8 V.
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Symbol Parameter Minimum Maximum Unit
teL DCLK low time 0.45 x 1/fvax - S
teik DCLK period 1/fmax - S
fmax DCLK frequency (FPP x8/ x16) — 125 MHz
tepaum CONF_DONE high to user mode(80) 175 437 us
tepacu CONF_DONE high to CLKUSR enabled 4x maximum DCLK period — —
tepaume CONF_DONE high to user mode with CLKUSR option on tepacu + (Tinit X CLKUSR period) — —
Tinit Number of clock cycles required for device initialization 8,576 — Cycles

Related Information
e FPP Configuration Timing
Provides the FPP configuration timing waveforms.
e DCLK-to-DATA[] Ratio (r) for FPP Configuration on page 69
FPP Configuration Timing when DCLK-to-DATA[] >1
Table 59. FPP Timing Parameters When DCLK-to-DATA[] Ratio is >1 for Cyclone V Devices
Use these timing parameters when you use the decompression and design security features.

Symbol Parameter Minimum Maximum Unit
teracp NCONFI G low to CONF_DONE low — 600 ns
terasto NnCONFI Glow to nSTATUS low - 600 ns
tere NCONFI G low pulse width 2 — us
tstaTUS NSTATUS low pulse width 268 1506(81) us
terasTe NCONFI G high to nSTATUS high — 1506(82) us

continued...

(80) The minimum and maximum numbers apply only if you chose the internal oscillator as the clock source for initializing the device.

(81) This value can be obtained if you do not delay configuration by extending the nCONFI G or nSTATUS low pulse width.
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Active Serial (AS) Configuration Timing

Table 60. AS Timing Parameters for AS x1 and x4 Configurations in Cyclone V Devices
The minimum and maximum numbers apply to both the internal oscillator and CLKUSR when either one is used as the clock source for device configuration.
The tceacp, terastor teras tstatus, @and teeasti timing parameters are identical to the timing parameters for passive serial (PS) mode listed in PS Timing Parameters
for Cyclone V Devices table. You can obtain the tcrasti value if you do not delay configuration by externally holding nSTATUS low.

Symbol Parameter Minimum Maximum Unit
tco DCLK falling edge to the AS_DATAOQ/ASDO output — 2 ns
tsu Data setup time before the falling edge on DCLK 1.5 — ns
tpn (88 Data hold time after the falling edge on DCLK 2.5(87)/2,9(88) — ns
teoaum CONF_DONE high to user mode 175 437 ps
tepacu CONF_DONE high to CLKUSR enabled 4 x maximum DCLK period — —
tepaume CONF_DONE high to user mode with CLKUSR option on tepacu + (Tinit X CLKUSR period) — —
Tinit Number of clock cycles required for device initialization 8,576 — Cycles

Related Information
e Passive Serial (PS) Configuration Timing on page 74
e AS Configuration Timing
Provides the AS configuration timing waveform.
e ANS822: Intel FPGA Configuration Device Migration Guideline
(86) Note: To evaluate the data setup (tsy) and data hold time (tpy) slack on your board in order to ensure you are meeting the tgy and

tpy requirement, you are recommended to follow the guideline in the "Evaluating Data Setup and Hold Timing Slack" chapter in
AN822: Intel FPGA Configuration Device Migration Guideline.

(87) Specification for -6 speed grade

(88) gpecification for -7 and -8 speed grade
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DCLK Frequency Specification in the AS Configuration Scheme

Table 61. DCLK Frequency Specification in the AS Configuration Scheme

This table lists the internal clock frequency specification for the AS configuration scheme. The DCLK frequency specification applies when you use the internal

oscillator as the configuration clock source. The AS multi-device configuration scheme does not support DCLK frequency of 100 MHz.

Parameter Minimum Typical Maximum Unit
DCLK frequency in AS configuration scheme 5.3 7.9 12.5 MHz
10.6 15.7 25.0 MHz
21.3 31.4 50.0 MHz
42.6 62.9 100.0 MHz
Passive Serial (PS) Configuration Timing
Table 62. PS Timing Parameters for Cyclone V Devices
Symbol Parameter Minimum Maximum Unit
teracp NCONFI G low to CONF_DONE low - 600 ns
terasTo NCONFI Glow to nSTATUS low - 600 ns
tera NnCONFI G low pulse width 2 — Hs
tstatus NSTATUS low pulse width 268 1506(89) us
terasTi NCONFI G high to nSTATUS high — 1506(90) us
terack D NCONFI G high to first rising edge on DCLK 1506 — us
tsrack®Y) NSTATUS high to first rising edge of DCLK 2 — Hs
tosu DATA[ ] setup time before rising edge on DCLK 5.5 — ns
continued...

(89) You can obtain this value if you do not delay configuration by extending the nCONFI G or nSTATUS low pulse width.

(90) You can obtain this value if you do not delay configuration by externally holding nSTATUS low.

(91) 1f nSTATUS is monitored, follow the tstock Specification. If nSTATUS is not monitored, follow the tcrack Specification.
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Programmable Output Buffer Delay

Table 69. Programmable Output Buffer Delay for Cyclone V Devices
This table lists the delay chain settings that control the rising and falling edge delays of the output buffer.

You can set the programmable output buffer delay in the Intel Quartus Prime software by setting the Output Buffer Delay Control assignment to either
positive, negative, or both edges, with the specific values stated here (in ps) for the Output Buffer Delay assignment.

Symbol Parameter Typical Unit

DouTBUF Rising and/or falling edge delay 0 (default) ps
50 ps

100 ps

150 ps

Glossary

Table 70. Glossary

Term Definition

Differential I/O standards Receiver Input Waveforms

continued...
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Date Version Changes
June 2013 3.4 e Updated Table 20, Table 27, and Table 34.
e Updated “UART Interface” and “CAN Interface” sections.
e Removed the following tables:
— Table 45: UART Baud Rate for Cyclone V Devices
— Table 47: CAN Pulse Width for Cyclone V Devices
May 2013 3.3 e Added Table 33.
e Updated Figure 5, Figure 6, Figure 17, Figure 19, and Figure 20.
e Updated Table 1, Table 4, Table 5, Table 10, Table 13, Table 19, Table 20, Table 26, Table 32, Table 35, Table 36, Table 43,
Table 53, Table 54, Table 57, and Table 61.
March 2013 3.2 e Added HPS reset information in the “HPS Specifications” section.
e Added Table 57.
e Updated Table 1, Table 2, Table 17, Table 20, Table 52, and Table 56.
e Updated Figure 18.
January 2013 3.1 Updated Table 4, Table 20, and Table 56.
November 2012 3.0 e Updated Table 1, Table 4, Table 5, Table 9, Table 14, Table 16, Table 17, Table 19, Table 20, Table 25, Table 28, Table 52,
Table 55, Table 56, and Table 59.
e Removed table: Transceiver Block Jitter Specifications for Cyclone V GX Devices.
e Added HPS information:
— Added “HPS Specifications” section.
— Added Table 33, Table 34, Table 35, Table 36, Table 37, Table 38, Table 39, Table 40, Table 41, Table 42, Table 43, Table
44, Table 45, and Table 46.
— Added Figure 4, Figure 5, Figure 6, Figure 7, Figure 8, Figure 9, Figure 10, Figure 11, Figure 12, Figure 13, Figure 14,
Figure 15, and Figure 16.
— Updated Table 3.
June 2012 2.0 Updated for the Quartus Prime software v12.0 release:

Restructured document.
Removed “Power Consumption” section.

Updated Table 1,Table 3, Table 19, Table 20, Table 25, Table 27, Table 28, Table 30, Table 31, Table 34, Table 36, Table 37,
Table 38, Table 39, Table 41, Table 43, and Table 46.

Added Table 22, Table 23, and Table 29.
Added Figure 1 and Figure 2.
Added “Initialization” and “Configuration Files” sections.
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Date Version Changes

February 2012 1.2 e Added automotive speed grade information.
e Added Figure 2-1.

e Updated Table 2-3, Table 2-8, Table 2-9, Table 2-19, Table 2-20, Table 2-21, Table 2-22, Table 2-23, Table 2-24, Table
2-25, Table 2-26, Table 2-27, Table 2-28, Table 2-30, Table 2-35, and Table 2-43.

e Minor text edits.

November 2011 1.1 e Added Table 2-5.
e Updated Table 2-3, Table 2-4, Table 2-11, Table 2-13, Table 2-20, and Table 2-21.

October 2011 1.0 Initial release.
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