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Chapter 1: Cyclone IV FPGA Device Family Overview
Cyclone IV Device Family Features

Cyclone IV Device Handbook,
Volume 1

Cyclone IV GX devices offer up to eight high-speed transceivers that provide:
m Data rates up to 3.125 Gbps
m 8B/10B encoder/decoder

m  8-bit or 10-bit physical media attachment (PMA) to physical coding sublayer
(PCS) interface

m DByte serializer/deserializer (SERDES)

m  Word aligner

m Rate matching FIFO

m TXbit slipper for Common Public Radio Interface (CPRI)
m Electrical idle

m  Dynamic channel reconfiguration allowing you to change data rates and
protocols on-the-fly

m Static equalization and pre-emphasis for superior signal integrity
m 150 mW per channel power consumption

m  Flexible clocking structure to support multiple protocols in a single transceiver
block

Cyclone IV GX devices offer dedicated hard IP for PCI Express (PIPE) (PCle)
Gen 1:

m  x1, x2, and x4 lane configurations

m  End-point and root-port configurations

m  Up to 256-byte payload

m  One virtual channel

m 2 KB retry buffer

m 4 KB receiver (Rx) buffer

Cyclone IV GX devices offer a wide range of protocol support:
= PCle (PIPE) Gen 1 x1, x2, and x4 (2.5 Gbps)

m  Gigabit Ethernet (1.25 Gbps)

m  CPRI (up to 3.072 Gbps)

m  XAUI (3.125 Gbps)

m  Triple rate serial digital interface (SDI) (up to 2.97 Gbps)

m  Serial RapidlO (3.125 Gbps)

m Basic mode (up to 3.125 Gbps)

m  V-by-One (up to 3.0 Gbps)

m DisplayPort (2.7 Gbps)

m  Serial Advanced Technology Attachment (SATA) (up to 3.0 Gbps)
m  OBSAI (up to 3.072 Gbps)
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Cyclone IV Device Family Architecture

This section describes Cyclone IV device architecture and contains the following
topics:

m “FPGA Core Fabric”

m “I/O Features”

m “Clock Management”

m “External Memory Interfaces”

m “Configuration”

m “High-Speed Transceivers (Cyclone IV GX Devices Only)”
m “Hard IP for PCI Express (Cyclone IV GX Devices Only)”

FPGA Core Fabric

Cyclone IV devices leverage the same core fabric as the very successful Cyclone series
devices. The fabric consists of LEs, made of 4-input look up tables (LUTs), memory
blocks, and multipliers.

Each Cyclone IV device M9K memory block provides 9 Kbits of embedded SRAM
memory. You can configure the M9K blocks as single port, simple dual port, or true
dual port RAM, as well as FIFO buffers or ROM. They can also be configured to
implement any of the data widths in Table 1-7.

Table 1-7. M9YK Block Data Widths for Cyclone IV Device Family

Mode Data Width Configurations
Single port or simple dual port x1, x2, x4, x8/9, x16/18, and x32/36
True dual port x1, x2, x4, x8/9, and x16/18

The multiplier architecture in Cyclone IV devices is the same as in the existing
Cyclone series devices. The embedded multiplier blocks can implement an 18 x 18 or
two 9 x 9 multipliers in a single block. Altera offers a complete suite of DSP IP
including finite impulse response (FIR), fast Fourier transform (FFT), and numerically
controlled oscillator (NCO) functions for use with the multiplier blocks. The
Quartus® II design software’s DSP Builder tool integrates MathWorks Simulink and
MATLAB design environments for a streamlined DSP design flow.
“ e For more information, refer to the Logic Elements and Logic Array Blocks in Cyclone IV
Devices, Memory Blocks in Cyclone IV Devices, and Embedded Multipliers in Cyclone IV
Devices chapters.
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For more information, refer to the External Memory Interfaces in Cyclone 1V Devices
chapter.

Configuration

Cyclone IV devices use SRAM cells to store configuration data. Configuration data is
downloaded to the Cyclone IV device each time the device powers up. Low-cost
configuration options include the Altera EPCS family serial flash devices and
commodity parallel flash configuration options. These options provide the flexibility
for general-purpose applications and the ability to meet specific configuration and
wake-up time requirements of the applications.

Table 1-9 lists which configuration schemes are supported by Cyclone IV devices.

Table 1-9. Configuration Schemes for Cyclone IV Device Family

Devices Supported Configuration Scheme
Cyclone IV GX AS, PS, JTAG, and FPP (V)
Cyclone IV E AS, AP, PS, FPP, and JTAG

Note to Table 1-9:
(1) The FPP configuration scheme is only supported by the EP4CGX30F484 and EP4CGX50/75/110/150 devices.

IEEE 1149.6 (AC JTAG) is supported on all transceiver I/O pins. All other pins
support IEEE 1149.1 (JTAG) for boundary scan testing.

For more information, refer to the JTAG Boundary-Scan Testing for Cyclone IV Devices
chapter.

For Cyclone IV GX devices to meet the PCle 100 ms wake-up time requirement, you
must use passive serial (PS) configuration mode for the EP4CGX15/22/30 devices
and use fast passive parallel (FPP) configuration mode for the EP4ACGX30F484 and
EP4CGX50/75/110/150 devices.

For more information, refer to the Configuration and Remote System Upgrades in
Cyclone IV Devices chapter.

The cyclical redundancy check (CRC) error detection feature during user mode is
supported in all Cyclone IV GX devices. For Cyclone IV E devices, this feature is only
supported for the devices with the core voltage of 1.2 V.

For more information about CRC error detection, refer to the SEU Mitigation in
Cyclone IV Devices chapter.

High-Speed Transceivers (Cyclone IV GX Devices Only)

Cyclone IV GX devices contain up to eight full duplex high-speed transceivers that
can operate independently. These blocks support multiple industry-standard
communication protocols, as well as Basic mode, which you can use to implement
your own proprietary protocols. Each transceiver channel has its own pre-emphasis
and equalization circuitry, which you can set at compile time to optimize signal
integrity and reduce bit error rates. Transceiver blocks also support dynamic
reconfiguration, allowing you to change data rates and protocols on-the-fly.

Cyclone IV Device Handbook, March 2016  Altera Corporation
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Figure 3-12 shows the Cyclone IV devices M9K memory block in shift register mode.

Figure 3-12. Cyclone IV Devices Shift Register Mode Configuration
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Cyclone IV devices M9K memory blocks support ROM mode. A .mif initializes the
ROM contents of these blocks. The address lines of the ROM are registered. The
outputs can be registered or unregistered. The ROM read operation is identical to the
read operation in the single-port RAM configuration.

FIFO Buffer Mode

Cyclone IV devices M9K memory blocks support single-clock or dual-clock FIFO
buffers. Dual clock FIFO buffers are useful when transferring data from one clock
domain to another clock domain. Cyclone IV devices M9K memory blocks do not
support simultaneous read and write from an empty FIFO buffer.
“ e For more information about FIFO buffers, refer to the Single- and Dual-Clock FIFO
Megafunction User Guide.

November 2011  Altera Corporation Cyclone IV Device Handbook,
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Figure 5-10 shows a simplified block diagram of the major components of the PLL of
Cyclone IV E devices.

Figure 5-10. Cyclone IV E PLL Block Diagram (")
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Notes to Figure 5-10:
(1) Each clock source can come from any of the four clock pins located on the same side of the device as the PLL.
(2) This is the VCO post-scale counter K.

(3) This input port is fed by a pin-driven dedicated GCLK, or through a clock control block if the clock control block is fed by an output from another
PLL or a pin-driven dedicated GCLK. An internally generated global signal cannot drive the PLL.

['=~ The VCO post-scale counter K is used to divide the supported VCO range by two. The
VCO frequency reported by the Quartus II software in the PLL summary section of
the compilation report takes into consideration the VCO post-scale counter value.
Therefore, if the VCO post-scale counter has a value of 2, the frequency reported is
lower than the fy g specification specified in the Cyclone IV Device Datasheet chapter.

External Clock Outputs

Each PLL of Cyclone IV devices supports one single-ended clock output or one
differential clock output. Only the CO output counter can feed the dedicated external
clock outputs, as shown in Figure 5-11, without going through the GCLK. Other
output counters can feed other I/O pins through the GCLK.

October 2012  Altera Corporation Cyclone IV Device Handbook,
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Figure 5-11 shows the external clock outputs for PLLs.

Figure 5-11. External Clock Outputs for PLLs
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Notes to Figure 5-11:
(1) These external clock enable signals are available only when using the ALTCLKCTRL megafunction.

(2) PLL# CLKOUTpand PLL# CLKOUTn pins are dual-purpose I/0 pins that you can use as one single-ended clock
output or one differential clock output. When using both pins as single-ended 1/0s, one of them can be the clock
output while the other pin is configured as a regular user 1/0.

Each pin of a differential output pair is 180° out of phase. The Quartus II software
places the NOT gate in your design into the I/O element to implement 180° phase
with respect to the other pin in the pair. The clock output pin pairs support the same
I/0 standards as standard output pins.

To determine which 1/0 standards are supported by the PLL clock input and output
pins, refer to the Cyclone IV Device I/O Features chapter.

Cyclone IV PLLs can drive out to any regular I/O pin through the GCLK. You can also
use the external clock output pins as GPIO pins if external PLL clocking is not
required.

Cyclone IV Device Handbook, October 2012  Altera Corporation
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Figure 5-14 shows a waveform example of the phase relationship of the PLL clocks in
this mode.

Figure 5-14. Phase Relationship Between PLL Clocks in Normal Mode
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Note to Figure 5-14:
(1) The external clock output can lead or lag the PLL internal clock signals.

Zero Delay Buffer Mode

In zero delay buffer (ZDB) mode, the external clock output pin is phase-aligned with
the clock input pin for zero delay through the device. When using this mode, use the
same I/O standard on the input clock and output clocks to guarantee clock alignment
at the input and output pins.

Figure 5-15 shows an example waveform of the phase relationship of the PLL clocks
in ZDB mode.

Figure 5-15. Phase Relationship Between PLL Clocks in ZDB Mode
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1/0 Element Features

“ e For the specific sustaining current for each V¢cio voltage level driven through the

resistor and for the overdrive current used to identify the next driven input level, refer
to the Cyclone IV Device Datasheet chapter.

Programmable Pull-Up Resistor

Each Cyclone IV device I/O pin provides an optional programmable pull-up resistor
while in user mode. If you enable this feature for an I/O pin, the pull-up resistor
holds the output to the Vo level of the output pin’s bank.

"=~ 1If you enable the programmable pull-up resistor, the device cannot use the bus-hold
feature. Programmable pull-up resistors are not supported on the dedicated
configuration, JTAG, and dedicated clock pins.

"=~ When the optional DEV_OE signal drives low, all I/O pins remains tri-stated even with
the programmable pull-up option enabled.

Programmable Delay

The Cyclone IV IOE includes programmable delays to ensure zero hold times,
minimize setup times, increase clock-to-output times, and delay the clock input
signal.

A path in which a pin directly drives a register may require a programmable delay to
ensure zero hold time, whereas a path in which a pin drives a register through
combinational logic may not require the delay. Programmable delays minimize setup
time. The Quartus II Compiler can program these delays to automatically minimize
setup time while providing a zero hold time. Programmable delays can increase the
register-to-pin delays for output registers. Each dual-purpose clock input pin
provides a programmable delay to the global clock networks.

Table 6-1 shows the programmable delays for Cyclone IV devices.

Table 6-1. Cyclone IV Devices Programmable Delay Chain

Programmable Delay Quartus Il Logic Option
Input pin-to-logic array delay Input delay from pin to internal cells
Input pin-to-input register delay | Input delay from pin to input register
Output pin delay Delay from output register to output pin
gszlx;purpose clockinput pin Input delay from dual-purpose clock pin to fan-out destinations

There are two paths in the IOE for an input to reach the logic array. Each of the two
paths can have a different delay. This allows you to adjust delays from the pin to the
internal logic element (LE) registers that reside in two different areas of the device.
You must set the two combinational input delays with the input delay from pin to
internal cells logic option in the Quartus II software for each path. If the pin uses the
input register, one of the delays is disregarded and the delay is set with the input
delay from pin to input register logic option in the Quartus II software.

March 2016  Altera Corporation Cyclone IV Device Handbook,
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Figure 7-2 shows the location and numbering of the DQS, DQ, or CQ# pins in the
Cyclone IV GX I/0 banks.

Figure 7-2. DQS, CQ, or CQ# Pins in Cyclone IV GX I/0 Banks (7
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Note to Figure 7-2:

(1) The DQS, CQ, or CQ# pin locations in this diagram apply to all packages in Cyclone IV GX devices except devices in
169-pin FBGA and 324-pin FBGA.
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Configuration

Configuration Scheme

A configuration scheme with different configuration voltage standards is selected by
driving the MSEL pins either high or low, as shown in Table 8-3, Table 8—4, and

Table 8-5.

f
q
(

Hardwire the MSEL pins to Vcca or GND without pull-up or pull-down resistors to

avoid problems detecting an incorrect configuration scheme. Do not drive the MSEL
pins with a microprocessor or another device.

Table 8-3. Configuration Schemes for Cyclone IV GX Devices (EPACGX15, EP4CGX22, and EPACGX30 [except for F484

Package])
Configuration Scheme MSEL2 | MSEL1 | MSELO | POR Delay | Configuration Voltage Standard (V) (/
1 0 1 Fast 3.3
AS 0 1 1 Fast 3.0,25
0 0 1 Standard 3.3
0 1 0 Standard 3.0,25
1 0 0 Fast 3.3,3.0,2.5
PS 1 1 0 Fast 1.8,1.5
0 0 0 Standard 3.3,3.0,2.5
JTAG-based configuration (2) 3 ®) @) — —

Notes to Table 8-3:

(1) Configuration voltage standard applied to the Ve o Supply of the bank in which the configuration pins reside.
(2) JTAG-based configuration takes precedence over other configuration schemes, which means the MSEL pin settings are ignored.

(3) Do not leave the MSEL pins floating. Connect them to Vg, or GND. These pins support the non-JTAG configuration scheme used in production.
Altera recommends connecting the MSEL pins to GND if your device is only using JTAG configuration.

Table 8-4. Configuration Schemes for Cyclone IV GX Devices (EPACGX30 [only for F484 package], EP4CGX50,

EPACGX75, EP4CGX110, and EP4CGX150) (Part 1 of 2)

Configuration Scheme MSEL3 | MSEL2 | MSEL1 | MSELO | POR Delay | Configuration Voltage Standard (V) ("
1 1 0 1 Fast 3.3
1 0 1 1 Fast 3.0,2.5
AS
1 0 0 1 Standard 3.3
1 0 1 0 Standard 3.0,25
1 1 0 0 Fast 3.3,3.0,25
P 1 1 1 0 Fast 18,15
1 0 0 0 Standard 3.3,3.0,25
0 0 0 0 Standard 18,15
0 0 1 1 Fast 3.3,3.0,25
0 1 0 0 Fast 18,15
FPP
0 0 0 1 Standard 3.3,3.0,25
0 0 1 0 Standard 18,15

Cyclone IV Device Handbook,
Volume 1

May 2013 Altera Corporation
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Configuration

This four-pin interface connects to Cyclone IV device pins, as shown in Figure 8-2.

Figure 8-2. Single-Device AS Configuration
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Notes to Figure 8-2:

(1) Connect the pull-up resistors to the Vqeg supply of the bank in which the pin resides.

2) Cyclone IV devices use the AsDo-t0-AsDI path to control the configuration device.

3) Thenceo pin is left unconnected or used as a user I/0 pin when it does not feed the nCE pin of another device.
)

The MSEL pin settings vary for different configuration voltage standards and POR time. To connect the MSEL pins,
refer to Table 8-3 on page 8-8, Table 8—4 on page 8-8, and Table 8-5 on page 8-9. Connect the MSEL pins directly
t0 Vgea Or GND.

(5) Connect the series resistor at the near end of the serial configuration device.

(6) These pins are dual-purpose I/0 pins. The ncso pin functions as FLASH_nCE pin in AP mode. The AsDo pin functions
as the DATA [1] pin in AP and FPP modes.

(7) Only Cyclone IV GX devices have an option to select cLkusRr (40 MHz maximum) as the external clock source for
DCLK.

—~ o~ —

To tri-state the configuration bus for AS configuration schemes, you must tie nCE high
and nCONFIG low.

The 25-Q resistor at the near end of the serial configuration device for DATA[0] works
to minimize the driver impedance mismatch with the board trace and reduce the
overshoot seen at the Cyclone IV device DATA[0] input pin.

In the single-device AS configuration, the maximum board loading and board trace
length between the supported serial configuration device and the Cyclone IV device
must follow the recommendations in Table 8-7 on page 8-18.

The DCLK generated by the Cyclone IV device controls the entire configuration cycle
and provides timing for the serial interface. Cyclone IV devices use an internal
oscillator or an external clock source to generate the DCLK. For Cyclone IV E devices,
you can use a 40-MHz internal oscillator to generate the DCLK and for Cyclone IV GX
devices you can use a slow clock (20 MHz maximum) or a fast clock

(40 MHz maximum) from the internal oscillator or an external clock from CLKUSR to
generate the DCLK. There are some variations in the internal oscillator frequency
because of the process, voltage, and temperature (PVT) conditions in Cyclone IV

May 2013 Altera Corporation Cyclone IV Device Handbook,

Volume 1
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Transceiver Clocking Architecture

Input Reference Clocking

When used for transceiver, the left PLLs synthesize the input reference clock to
generate the required clocks for the transceiver channels. Figure 1-25 and Figure 1-26
show the sources of input reference clocks for PLLs used in the transceiver operation.

L=~ Clock output from PLLs in the FPGA core cannot feed into PLLs used by the
transceiver as input reference clock.

Figure 1-25. PLL Input Reference Clocks in Transceiver Operation for F324 and Smaller
Packages (1), @

REFCLK1
MPLL_2
Transceiver
Block
GXBLO
MPLL_1
REFCLKO

Notes to Figure 1-25:

(1) The REFCLKO and REFCLK1 pins are dual-purpose CLK, REFCLK, Or DIFFCLK pins that reside in banks 3A and 8A
respectively.

(2) Using any clock input pins other than the designated REFCLK pins as shown here to drive the MPLLs may have
reduced jitter performance.

February 2015 Altera Corporation Cyclone IV Device Handbook,
Volume 2
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Table 1-27. Receiver Ports in ALTGX Megafunction for Cyclone IV GX (Part 1 of 3)

deleted

coreclkout (bonded modes)

Input/ . _—
Block Port Name Output Clock Domain Description
Synchronous to tx clkout (non-
bonded modes with rate match
FIFO), rx_clkout (non-bonded Word alignment synchronization status indicator. This
rx_syncstatus Output | modes without rate match FIFQ), | signal passes through the RX Phase Compensation FIFO.
coreclkout (honded modes), or | w Not available in bit-slip mode
rx_coreclk (when using the
optional rx_coreclk input)
Synchronous to tx clkout (non-
bonded modes with rate match
i patternde FIFO), rx_clkout (non-bonded Indicates when the word alignment logic detects the
tegtp Output | modes without rate match FIFO), alignment pattern in the current word boundary. This
coreclkout (bonded modes), or | signal passes through the RX Phase Compensation FIFQ.
rx_coreclk (when using the
optional rx_coreclk input)
Bit-slip control for the word aligner configured in bit-slip
Asynchronous signal. Minimum mode.
rx_bitslip Input | pulse width is two m At every rising edge, word aligner slips one bit into
parallel clock cycles. the received data stream, effectively shifting the word
boundary by one bit.
Asynchronous signal. Driven for a S
RX PCS minimum of two recovered clock | Run-length violation indicator.
x iy Output cycles in configurations without = A high pulse indicates that the number of consecutive
- byte serializer and a minimum of 1s or Os in the received data stream exceeds the
three recovered clock cycles in programmed run length violation threshold.
configurations with byte serializer.
Asynchronous signal. Minimum Generic receiver polarity inversion control.
rx_invpolarity Input | pulse width is two parallel clock = A high level to invert the polarity of every bit of the 8-
cycles. or 10-bit data to the word aligner.
rx_enapattern . Controls the word aligner operation configured in
: Input | Asynchronous signal. .
align manual alignment mode.
Rate match FIFO insertion status indicator.

; Synchronous to tx_clkout m A high level indicates the rate match pattern byte is
rx_rmfifodata , : ,
inserted Output | (non-bonded modes) or inserted to compensate for the ppm difference in the

coreclkout (bonded modes) reference clock frequencies between the upstream
transmitter and the local receiver.
Rate match FIFO deletion status indicator.

- Synchronous to tx_clkout = A high level indicates the rate match pattern byte is

rx_rmfifodata ) 4
Output | (non-bonded modes) or deleted to compensate for the ppm difference in the

reference clock frequencies between the upstream
transmitter and the local receiver.

February 2015 Altera Corporation
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Table 1-27. Receiver Ports in ALTGX Megafunction for Cyclone IV GX (Part 2 of 3)

coreclkout (bonded modes)

Input/ . _—
Block Port Name Output Clock Domain Description
Rate match FIFO full status indicator.

Synchronous to tx_c1kout m A high level indicates the rate match FIFO is full.
rx_rmfifofull Output | (non-bonded modes) or m Driven for a minimum of two serial clock cycles in

coreclkout (bonded modes) configurations without a byte serializer and a

minimum of three recovered clock cycles in
configurations with a byte serializer.
Rate match FIFO empty status indicator.

Synchronous to £x_c1kout m A high level indicates the rate match FIFO is empty.
rx_rmfifoempty Output | (non-bonded modes) or m Driven for a minimum of two serial clock cycles in

coreclkout (bonded modes) configurations without a byte serializer and a

minimum of three recovered clock cycles in
configurations with a byte serializer.
8B/10B decoder control or data identifier.

Synchronous to tx_clkout m A high level indicates received code group is a /Kx.y/
rx_ctrldetect Output | (non-bonded modes) or control code group.

coreclkout (bonded modes) | . A jow level indicates received code group is a /Dx.y/

data code group.
8B/10B code group violation or disparity error indicator.
m A high level indicates that a code group violation or
disparity error was detected on the associated
received code group.

Synchronous to £x_clkout = Use with the rx_disperr signal to differentiate
rx_errdetect Output | (non-bonded modes) or between a code group violation or a disparity error as

coreclkout (bonded modes) follows: [rx_errdetectirx disperr]

RX PCS = 2'b00—no error
m 2'b10—code group violation
m 2'b11—disparity error or both

Synchronous to tx_clkout 8B/10B disparity error indicator.
rx_disperr Output | (non-bonded modes) or = A high level indicates that a disparity error was

coreclkout (bonded modes) detected on the associated received code group.

8B/10B current running disparity indicator.

Synchronous to tx_clkout m A high level indicates a positive current running
rx_runningdisp Output | (non-bonded modes) or disparity at the end of the decoded byte

coreclkout (bonded modes) | 4 A jow level indicates a negative current running

disparity at the end of the decoded byte
Enable byte ordering control
rx_enabyteord Input | Asynchronous signal = A low-to-high transition triggers the byte ordering
block to restart byte ordering operation.
Byte ordering status indicator.

Synchronous to tx_clkout m A high level indicates that the byte ordering block has
rx_byteorder ; !
alignstatus Output | (non-bonded modes) or detected the programmed byte ordering pattern in the

coreclkout (bonded modes) least significant byte of the received data from the

byte deserializer.

Synchronous to tx_clkout Parallel data output from the receiver to the FPGA fabric.
rx_dataout Output | (non-bonded modes) or = Bus width depends on channel width multiplied by

number of channels per instance.
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Table 1-27. Receiver Ports in ALTGX Megafunction for Cyclone IV GX (Part 3 of 3)

Block

Port Name

Input/
Output

Clock Domain

Description

RX PCS

rx_coreclk

Output

Clock signal

Optional read clock port for the RX phase compensation
FIFO.

rx_phase_comp_fifo

_error

Output

Synchronous to tx_clkout
(non-bonded modes) or
coreclkout (bonded modes)

RX phase compensation FIFO full or empty indicator.
m A high level indicates FIFQ is either full or empty.

rx_bitslipboundarys
electout

Output

Asynchronous signal.

Indicate the number of bits slipped in the word aligner
configured in manual alignment mode.

m Values range from 0 to 9.

RX PMA

rx_datain

Input

N/A

Receiver serial data input port.

rx_freglocked

Output

Asynchronous signal

Receiver CDR lock state indicator
m A high level indicates the CDR is in LTD state.
m Alow level indicates the CDR is in LTR state.

rx_locktodata

Input

Asynchronous signal

Receiver CDR LTD state control signal
m A high level forces the CDR to LTD state

m When deasserted, the receiver CDR lock state
depends on the rx_locktorefclk signal level.

rx_locktorefclk

Input

Asynchronous signal

Receiver CDR LTR state control signal.

m The rx locktorefclkand rx_ locktodata
signals control whether the receiver CDR states as
follows:

[rx_locktodatairx locktorefclk]

m 2'b00—receiver CDR is in automatic lock mode

m 2b'01—receiver CDR is in manual lock mode (LTR
state)

m 2b'1x—receiver CDR is in manual lock mode (LTD
state)

rx_signaldetect

Output

Asynchronous signal

Signal threshold detect indicator.

m Available in Basic mode when 8B/10B
encoder/decoder is used, and in PIPE mode.

m A high level indicates that the signal present at the
receiver input buffer is above the programmed signal
detection threshold value.

rx_recovclkout

Output

Clock signal

CDR low-speed recovered clock

m Only available in the GIGE mode for applications such
as Synchronous Ethernet.

February 2015 Altera Corporation
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Chapter 3: Cyclone IV Dynamic Reconfiguration
Dynamic Reconfiguration Modes

Read Transaction

If you want to read the existing values from a specific channel connected to the
ALTGX_RECONFIG instance, observe the corresponding byte positions of the PMA
control output port after the read transaction is completed.

For example, if the number of channels controlled by the ALTGX_RECONFIG is two,
the tx_vodctrl_out is 6 bits wide. The tx_vodctrl_out [2:0] signal corresponds to
channel 1 and the tx_vodctrl_out [5:3] signal corresponds to channel 2.

To complete a read transaction to the Vo, values of the second channel, perform the
following steps:

1.

Before you initiate a read transaction, set the rx_tx duplex sel port to 2'b10 so
that only the transmit PMA controls are read from the transceiver channel.

Ensure that the busy signal is low before you start a read transaction.

Assert the read signal for one reconfig clk clock cycle. This initiates the read
transaction.

The busy output status signal is asserted high to indicate that the dynamic
reconfiguration controller is busy reading the PMA control settings.

When the read transaction has completed, the busy signal goes low. The
data_valid signal is asserted, indicating that the data available at the read control
signal is valid.

To read the current Vg values in channel 2, observe the values in
tx vodctrl out[5:3].

In the waveform example shown in Figure 3-7, the transmit Vp settings written in
channels 1 and 2 prior to the read transaction are 3'b001 and 3'b010, respectively.

Figure 3-7. Read Transaction Waveform—~Use the same control signal for all the channels Option Enabled

rx_tx_duplex_sel [1:0] (1)

tx_vodctrl_out [2:0]

Note to Figure 3-7:
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(1) In this waveform example, you want to read from only the transmitter portion of all the channels.

L&

Simultaneous write and read transactions are not allowed.
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1-2 Chapter 1: Cyclone IV Device Datasheet
Operating Conditions

['=~ 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 -05 3.75 v
Transceiver physical medium attachment (PMA) ~
Veecaoxs | 4ng auxiliary power supply 0.5 3.75 v
Voo gxs | Transceiver PMA and auxiliary power supply -0.5 1.8 vV
\ 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.
Cyclone IV Device Handbook, December 2016  Altera Corporation
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Chapter 1: Cyclone IV Device Datasheet
Switching Characteristics

For more information about the supported maximum clock rate, device and pin

planning, IP implementation, and device termination, refer to Section 1II: System

Performance Specifications of the External Memory Interfaces Handbook.

High-Speed 1/0 Specifications

Table 1-31 through Table 1-36 list the high-speed I/0O timing for Cyclone IV devices.
For definitions of high-speed timing specifications, refer to “Glossary” on page 1-37.

Table 1-31. RSDS Transmitter Timing Specifications for Cyclone IV Devices (7 (2: (4) (Part 1 of 2)

Actual achievable frequency depends on design- and system-specific factors. Perform
HSPICE/IBIS simulations based on your specific design and system setup to
determine the maximum achievable frequency in your system.

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
x10 51| — 1|18 | 5 | — | 1555 | 5 — | 1555 | &5 | — | 1855 | 5 | — |1325| MHz
x8 51| — 1180 )| 5 | — | 1555 | 5 — [ 1855 5 | — | 1585 | 5 | — | 1325 | MHz
ijISCLK x7 51| — 1180 )| 5 | — | 1555 | 5 — | 1555 | 5 | — | 1855 | 5 | — |1325| MHz
(input clock
frequency) x4 51| — 1180 )| 5 | — | 1555 | 5 — | 1855 | &5 | — | 1855 | 5 | — |1325| MHz
x2 5 | — |18 | 5 | — | 1555 | 5 — | 1555 | 5 | — | 1855 | 5 | — |1325| MHz
x1 5] —1]30| 5 | — | 311 5 — | 311 5 | — | 311 5 | — | 265 | MHz
x10 100 | — | 360 {100 | — | 311 [100| — | 311 |[100| — | 311 [100| — | 265 | Mbps
x8 80 | — [ 360 | 80 | — | 311 80 | — | 311 80 | — | 311 80 | — | 265 | Mbps
Device x7 70| — (36070 | — | 311 | 70| — | 311 [ 70 | — | 311 | 70 | — | 265 |Mbps
operation in
Mbps x4 40 | — [ 360 | 40 | — | 311 40 | — | 311 40 | — | 311 40 | — | 265 | Mbps
x2 20 | — | 360 | 20 | — | 311 20 | — | 311 20 | — | 3N 20 | — | 265 | Mbps
x1 10 | — |360| 10 | — | 311 10 | — | 311 10 | — | 311 10 | — | 265 | Mbps
touty — 45 | — | 55 | 45 | — 55 45 | — 55 45 | — 55 45 | — | 55 %
Transmitter
channel-to-
channel skew — — | — |20 — | — | 200 | — | — 200 | — | — | 200 | — | — | 200 ps
(TCCS)
Output jitter . . | | . .
(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
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