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Cyclone IV Device Family Architecture

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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A |:| = o A 3. Memory Blocks in Cyclone IV Devices

CYIV-51003-1.1

Cyclone® IV devices feature embedded memory structures to address the on-chip
memory needs of Altera® Cyclone IV device designs. The embedded memory
structure consists of columns of MO9K memory blocks that you can configure to
provide various memory functions, such as RAM, shift registers, ROM, and FIFO
buffers.

This chapter contains the following sections:
m “Memory Modes” on page 3-7
m “Clocking Modes” on page 3-14

m “Design Considerations” on page 3-15

Overview

MOK blocks support the following features:
m 8,192 memory bits per block (9,216 bits per block including parity)
m Independent read-enable (rden) and write-enable (wren) signals for each port

m Packed mode in which the M9K memory block is split into two 4.5 K single-port
RAMs

m Variable port configurations

m Single-port and simple dual-port modes support for all port widths

m True dual-port (one read and one write, two reads, or two writes) operation
m Byte enables for data input masking during writes

m Two clock-enable control signals for each port (port A and port B)

m Initialization file to pre-load memory content in RAM and ROM modes
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PLL Cascading

Figure 5-21 shows an example of phase shift insertion using fine resolution through
VCO phase taps method. The eight phases from the VCO are shown and labeled for
reference. In this example, CLKO is based on 0° phase from the VCO and has the C
value for the counter set to one. The CLK1 signal is divided by four, two VCO clocks
for high time and two VCO clocks for low time. CLK1 is based on the 135° phase tap
from the VCO and has the C value for the counter set to one. The CLK1 signal is also
divided by four. In this case, the two clocks are offset by 3 ®g;,.. CLK2 is based on the
0° phase from the VCO but has the C value for the counter set to three. This creates a
delay of two @, (two complete VCO periods).

Figure 5-21. Delay Insertion Using VCO Phase Output and Counter Delay Time
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You can use the coarse and fine phase shifts to implement clock delays in
Cyclone IV devices.

Cyclone IV devices support dynamic phase shifting of VCO phase taps only. The
phase shift is configurable for any number of times. Each phase shift takes about one
scanclk cycle, allowing you to implement large phase shifts quickly.

PLL Cascading

Cyclone IV devices allow cascading between general purpose PLLs and multipurpose
PLLs in normal or direct mode through the GCLK network. If your design cascades
PLLs, the source (upstream) PLL must have a low-bandwidth setting, while the
destination (downstream) PLL must have a high-bandwidth setting.

I'=" PLL_6 and PLL7 have upstream cascading capability only.

I'=~ PLL cascading is not supported when used in transceiver applications.
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Document Revision History

Table 5-14 lists the revision history for this chapter.

Table 5-14. Document Revision History

Date Version Changes

m Updated “Manual Override” and “PLL Cascading” sections.
m Updated Figure 5-9.

m Updated the “Dynamic Phase Shifting” section.

m Updated Figure 5-26.

m Updated for the Quartus Il software version 10.1 release.
m Updated Figure 5-3 and Figure 5-10.

December 2010 2.2 = Updated “GCLK Network Clock Source Generation”, “PLLs in Cyclone IV Devices”,
and “Manual Override” sections.

October 2012 2.4

November 2011 2.3

m Minor text edits.

m Updated Figure 5-2, Figure 5-3, Figure 54, and Figure 5-10.
July 2010 2.1 m Updated Table 5-1, Table 5-2, and Table 5-5.

m Updated “Clock Feedback Modes” section.

m Added Cyclone IV E devices information for the Quartus Il software version 9.1 SP1
release.

m Updated “Clock Networks” section.

February 2010 20 m Updated Table 5-1 and Table 5-2.

m Added Table 5-3.

m Updated Figure 5-2, Figure 5-3, and Figure 5-9.
m Added Figure 54 and Figure 5-10.

November 2009 1.0 Initial release.
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Table 6-4. Number of VREF Pins Per 1/0 Bank for Cyclone IV E Devices (Part 2 of 2)
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Note to Table 6-4:
(1) UserI/0 pins are used as inputs or outputs; clock input pins are used as inputs only; clock output pins are used as output only.

Table 6-5. Number of VREF Pins Per 1/0 Bank for Cyclone IV GX Devices
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3 1 1 1 3 3 3 3 3

4 1 1 1 3 3 3 3 3

5 1 1 1 3 3 3 3 3

6 1 1 1 3 3 3 3 3

7 1 1 1 3 3 3 3 3

8 1 1 1 3 3 3 3 3

Notes to Table 6-5:

(1) UserI/0 pins are used as inputs or outputs; clock input pins are used as inputs only; clock output pins are used as output only.
(2) Bank 9 does not have vrEF pin. If input pins with VREF 1/0 standards are used in bank 9 during user mode, it shares the VREF pin in bank 8.

Each Cyclone IV I/0 bank has its own vCCIO pins. Each I/O bank can support only one Vo setting from among 1.2, 1.5, 1.8,
2.5,3.0, or 3.3 V. Any number of supported single-ended or differential standards can be simultaneously supported in a single
I/0 bank, as long as they use the same V(g levels for input and output pins.
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Chapter 6: 1/0 Features in Cyclone IV Devices
High-Speed 1/0 Standards Support

RSDS, Mini-LVDS, and PPDS 1/0 Standard Support in Cyclone IV Devices

The RSDS, mini-LVDS, and PPDS 1/0O standards are used in chip-to-chip applications
between the timing controller and the column drivers on the display panels such as
LCD monitor panels and LCD televisions. Cyclone IV devices meet the National
Semiconductor Corporation RSDS Interface Specification, Texas Instruments
mini-LVDS Interface Specification, and National Semiconductor Corporation PPDS
Interface Specification to support RSDS, mini-LVDS and PPDS output standards,
respectively.

For Cyclone IV devices RSDS, mini-LVDS, and PPDS output electrical specifications,
refer to the Cyclone IV Device Datasheet chapter.

For more information about the RSDS I/O standard, refer to the RSDS specification
from the National Semiconductor website (www.national.com).

Designing with RSDS, Mini-LVDS, and PPDS

Cyclone IV 1/0O banks support RSDS, mini-LVDS, and PPDS output standards. The
right I/O banks support true RSDS, mini-LVDS, and PPDS transmitters. On the top
and bottom I/O banks, RSDS, mini-LVDS, and PPDS transmitters are supported using
two single-ended output buffers with external resistors. The two single-ended output
buffers are programmed to have opposite polarity.

Figure 6-15 shows an RSDS, mini-LVDS, or PPDS interface with a true output buffer.

Figure 6-15. Cyclone IV Devices RSDS, Mini-LVDS, or PPDS Interface with True Output Buffer on
the Right 1/0 Banks

Cyclone 1V Device
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or PPDS Transmitter or PPDS Receiver

50 Q
‘IEC 100 @ ::]I>
50 Q

Figure 6-16 shows an RSDS, mini-LVDS, or PPDS interface with two single-ended
output buffers and external resistors.
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Figure 6-16. RSDS, Mini-LVDS, or PPDS Interface with External Resistor Network on the Top and
Bottom I/0 Banks ("
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Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices 8-63
Configuration

Table 8-19. Configuration Pin Summary for Cyclone IV E Devices (Part 2 of 3)

Bank Description Input/Output Dedicated Powered By Configuration Mode
’ baTafo] () @ | .Inpu.t . Veeio PS, FPP, AS
Bidirectional Veeio AP
Input Veeio FPP
1 DATA[1] (@ /aspo (1) Output — Vecio AS
Bidirectional Veeio AP
8 |para[7..2] @ : .Inpu.t _ Vecio FPP
Bidirectional Veeio AP
8 |DaTA[15..8] @ Bidirectional — Vecio AP
6 INIT DONE Output — Pull-up Optional, all modes
1 nSTATUS Bidirectional Yes Pull-up All modes
1 nCE Input Yes Vecio All modes
’ b (1) (2 Input Yes Veceio PS, FPP
Output — Veeio AS, AP
6 CONF_DONE Bidirectional Yes Pull-up All modes
1 TDI Input Yes Vecio JTAG
1 TMS Input Yes Vecio JTAG
1 TCK Input Yes Veeio JTAG
1 nCONFIG Input Yes Vecio All modes
6 | CLKUSR Input — Vecio Optional
6 |ncEO Output — Veeio Optional, all modes
6 | MSEL[) Input Yes Veeinr All modes
1 TDO Output Yes Veeio JTAG
7 | PaDD[14..0] Output — Veeio AP
8 | PADD[19..15] Output — Veeio AP
6 | PADD[23..20] Output — Veeio AP
1 | nRESET Output — Veeio AP
6 | navp Output — Vecio AP
6 |noE Output — Veeio AP
6 |nwE Output — Veeio AP
5 |DEV OE Input — Vecio Optional, AP

May 2013 Altera Corporation
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Chapter 9: SEU Mitigation in Cyclone IV Devices 9-3

Automated SEU Detection

In user mode, Cyclone IV devices support the CHANGE EDREG JTAG instruction, that
allows you to write to the 32-bit storage register. You can use Jam" STAPL files (.jam)
to automate the testing and verification process. You can only execute this instruction
when the device is in user mode, and it is a powerful design feature that enables you
to dynamically verify the CRC functionality in-system without having to reconfigure
the device. You can then use the CRC circuit to check for real errors induced by an

SEU.

Table 9-1 describes the CHANGE EDREG JTAG instructions.

Table 9-1. CHANGE_EDREG JTAG Instruction

JTAG Instruction

Instruction Code Description

CHANGE_EDREG

This instruction connects the 32-bit CRC storage register between TDI and TDO.
00 0001 0101 | Any precomputed CRC is loaded into the CRC storage register to test the operation
of the error detection CRC circuitry at the CRC_ERROR pin.

IS
S

>

After the test completes, Altera recommends that you power cycle the device.

Automated SEU Detection

Cyclone IV devices offer on-chip circuitry for automated checking of SEU detection.
Applications that require the device to operate error-free at high elevations or in close
proximity to earth’s north or south pole require periodic checks to ensure continued
data integrity. The error detection cyclic redundancy code feature controlled by the
Device and Pin Options dialog box in the Quartus II software uses a 32-bit CRC
circuit to ensure data reliability and is one of the best options for mitigating SEU.

You can implement the error detection CRC feature with existing circuitry in
Cyclone IV devices, eliminating the need for external logic. The CRC is computed by
the device during configuration and checked against an automatically computed CRC
during normal operation. The CRC_ERROR pin reports a soft error when configuration
CRAM data is corrupted. You must decide whether to reconfigure the FPGA by
strobing the nCONFIG pin low or ignore the error.

CRC_ERROR Pin

A specific CRC_ERROR error detection pin is required to monitor the results of the error
detection circuitry during user mode. Table 9-2 describes the CRC_ERROR pin.

Table 9-2. Cyclone IV Device CRC_ERROR Pin Description

CRC_ERROR Pin Type Description

Active high signal indicates that the error detection circuit has detected errors in the
configuration SRAM bits. This pin is optional and is used when the CRC error detection
circuit is enabled in the Quartus 1l software from the Error Detection CRC tab of the Device

I/0, Output (open-drain) | ang pin Options dialog box.

When using this pin, connect it to an external 10-k pull-up resistor to an acceptable
voltage that satisfies the input voltage of the receiving device.

“ e The CRC_ERROR pin information for Cyclone IV devices is reported in the Cyclone IV
Devices Pin-Outs on the Altera® website.
May 2013 Altera Corporation Cyclone IV Device Handbook,
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Error Detection Block

'~ WYSIWYG is an optimization technique that performs optimization on a VQM
(Verilog Quartus Mapping) netlist in the Quartus II software.

Error Detection Block
Table 9-3 lists the types of CRC detection to check the configuration bits.

Table 9-3. Types of CRC Detection to Check the Configuration Bits

First Type of CRC Detection Second Type of CRC Detection

m CRAM error checking ability (32-bit CRC) | m 16-bit CRC embedded in every configuration data frame.
during user mode, for use by the

m During configuration, after a frame of data is loaded into the device, the

CRC_ERROR pin. pre-computed CRC is shifted into the CRC circuitry.
= There is only one 32-bit CRC value. This | o gimyitaneously, the CRC value for the data frame shifted-in is calculated.
value covers all the CRAM data. If the pre-computed CRC and calculated CRC values do not match,

nSTATUS is set low.

m Every data frame has a 16-bit CRC. Therefore, there are many 16-bit CRC
values for the whole configuration bit stream.

m Every device has a different length of configuration data frame.

This section focuses on the first type—the 32-bit CRC when the device is in user
mode.

Error Detection Registers

There are two sets of 32-bit registers in the error detection circuitry that store the
computed CRC signature and pre-calculated CRC value. A non-zero value on the
signature register causes the CRC_ERROR pin to set high.

Figure 9-1 shows the block diagram of the error detection block and the two related
32-bit registers: the signature register and the storage register.

Figure 9-1. Error Detection Block Diagram
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1-22 Chapter 1: Cyclone IV Transceivers Architecture
Receiver Channel Datapath

synchronization state machine mode. In bit-slip mode, you can dynamically
enable the receiver bit reversal using the rx_revbitorderwa port. When enabled,
the 8-bit or 10-bit data D[7..0] or D[9..0] at the output of the word aligner is
rewired to D[0..7] or D[0..9] respectively. Figure 1-20 shows the receiver bit
reversal feature.

Figure 1-20. Receiver Bit Reversal (1)

Output of word aligner Output of word aligner
before RX bit reversal after RX bit reversal
B3] (10|
Bzl EXl
lom| ot
o] [0t

D[5] | rx_revbitordwa (1) = HIGH | D[4]

=2 s =
D[4] D[5]
D[3] D[6]
D[2] D[7]
D[1] D[8]
D[o] D[9]

Note to Figure 1-20:
(1) The rx_revbitordwa portis dynamic and is only available when the word aligner is configured in bit-slip mode.

"=~ When using the receiver bit reversal feature to receive MSB-to-LSB
transmission, reversal of the word alignment pattern is required.

m Receiver bit-slip indicator—provides the number of bits slipped in the word
aligner for synchronization with rx_bitslipboundaryselectout signal. For usage
details, refer to “Receive Bit-Slip Indication” on page 1-76.

Deskew FIFO

This module is only available when used for the XAUI protocol and is used to align all
four channels to meet the maximum skew requirement of 40 UI (12.8 ns) as seen at the
receiver of the four lanes. The deskew operation is compliant to the PCS deskew state
machine diagram specified in clause 48 of the IEEE P802.3ae specification.

The deskew circuitry consists of a 16-word deep deskew FIFO in each of the four
channels, and control logics in the central control unit of the transceiver block that
controls the deskew FIFO write and read operations in each channel.

For details about the deskew FIFO operations for channel deskewing, refer to “XAUI
Mode” on page 1-67.

Cyclone IV Device Handbook, February 2015  Altera Corporation
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Receiver Channel Datapath

The byte ordering block operates in either word-alignment-based byte ordering or
user-controlled byte ordering modes.

In word-alignment-based byte ordering mode, the byte ordering block starts looking
for the byte ordering pattern in the byte-deserialized data and restores the order if
necessary when it detects a rising edge on the rx_syncstatus signal. Whenever the
byte ordering pattern is found, the rx_byteorderalignstatus signal is asserted
regardless if the pad byte insertion is necessary. If the byte ordering block detects
another rising edge on the rx_syncstatus signal from the word aligner, it deasserts
the rx_byteorderalignstatus signal and repeats the byte ordering operation.

In user-controlled byte ordering mode, the byte ordering operation is user-triggered
using rx_enabyteord port. A rising edge on rx_enabyteord port triggers the byte
ordering block to start looking for the byte ordering pattern in the byte-deserialized
data and restores the order if necessary. When the byte ordering pattern is found, the
rx_byteorderalignstatus signal is asserted regardless if a pad byte insertion is
necessary.

RX Phase Compensation FIFO

=

The RX phase compensation FIFO compensates for the phase difference between the
parallel receiver clock and the FPGA fabric interface clock, when interfacing the
receiver channel to the FPGA fabric (directly or through the PIPE and PCle hard IP
blocks). The FIFO is four words deep, with latency between two to three parallel clock
cycles.

Figure 1-24 shows the RX phase compensation FIFO block diagram.

Figure 1-24. RX Phase Compensation FIF0 Block Diagram

—» _ _fifo_
RX Phase rx_phase_comp_fifo_error

—_—) Comp:;(s)ation > rx_clataout[x..0] (7)

wr_clk rd_clk

Note to Figure 1-24:
(1) Parameter x refers to the transceiver channel width, where 8, 10, 16, or 20 bits are supported.

The FIFO can operate in registered mode, contributing to only one parallel clock cycle
of latency in the Deterministic Latency functional mode. For more information, refer
to “Deterministic Latency Mode” on page 1-73. For more information about FIFO
clocking, refer to “FPGA Fabric-Transceiver Interface Clocking” on page 1-43.

Miscellaneous Receiver PCS Feature

The receiver PCS supports the following additional feature:

m  Output bit-flip—reverses the bit order at a byte level at the output of the receiver
phase compensation FIFO. For example, if the 16-bit parallel receiver data at the
output of the receiver phase compensation FIFO is '10111100 10101101
(16 hBCAD), enabling this option reverses the data on rx_dataout port to
'00111101 10110101' (16'h3DB5).
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Tahle 1-14. Transceiver Functional Modes for Protocol Implementation (Part 2 of 2)

Functional Mode Protocol

Key Feature

Deterministic

Proprietary, CPRI, TX PLL phase frequency detector (PFD) feedback,

“Deterministic Latency

Latency OBSAI registered mode FIFO, TX bit-slip control Mode” on page 1-73
. “SDI Mode” on
SDI SDI High-speed SERDES, CDR page 176

Basic Mode

The Cyclone IV GX transceiver channel datapath is highly flexible in Basic mode to
implement proprietary protocols. SATA, V-by-One, and Display Port protocol
implementations in Cyclone IV GX transceiver are supported with Basic mode.
Figure 1-44 shows the transceiver channel datapath supported in Basic mode.

Figure 1-44. Transceiver Channel Datapath in Basic Mode
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BIST

Figure 1-73 shows the datapath for BIST incremental data pattern test mode. The BIST
incremental data generator and verifier are located near the FPGA fabric in the PCS
block of the transceiver channel.

Figure 1-73. BIST Incremental Pattern Test Mode Datapath

FPGA Transceiver
Fabric
Transmitter Channel PCS Transmitter Channel PMA
BIST Incremental
Pattern Generator
Tx Phase
L’D—» Compensation > B.th.e > E88/1gB g Serializer————p>3—
FIFO erializer ncoaer
Receiver Channel PCS Parallel
BIST Incremental loopback
Pattern Verifier path
Ax Byte Byie || esros Word
T_Com;l):tla;(s)atlonq-Orderin - Deiszzrrlal-q- Decoder [ Aligner «Er_
The incremental pattern generator and verifier are 16-bits wide. The generated pattern
increments from 00 to FF and passes through the TX PCS blocks, parallel looped back
to RX PCS blocks, and checked by the verifier. The pattern is also available as serial
data at the tx_dataout port. The differential output voltage of the transmitted serial
data on the tx_dataout port is based on the selected Vg, settings. The incremental
data pattern is not available to the FPGA logic at the receiver for verification.
The following are the transceiver channel configuration settings in this mode:
m PCS-FPGA fabric channel width: 16-bit
m 8B/10B blocks: Enabled
m Byte serializer/deserializer: Enabled
m  Word aligner: Automatic synchronization state machine mode
m Byte ordering: Enabled
The rx_bisterr and rx_bistdone signals indicate the status of the verifier. The
rx bisterr signal is asserted and stays high when detecting an error in the data. The
rx_bistdone signal is asserted and stays high when the verifier either receives a full
cycle of incremental pattern or it detects an error in the receiver data. You can reset the
incremental pattern generator and verifier by asserting the tx_digitalreset and
rx_digitalreset ports, respectively.
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Table 1-26. Transmitter Ports in ALTGX Megafunction for Cyclone IV GX

Input/ . -

Block | Port Name Output Clock Domain Description
Synchronous to
tx_clkout (non- Parallel data input from the FPGA fabric to the transmitter.

tx_datain Input | bonded modes) or = Bus width depends on channel width multiplied by
coreclkout (bonded number of channels per instance.
modes)
FPGA fabric-transmitter interface clock in non-bonded
modes
tx_clkout Output | Clock signal = Each channel has a tx_clkout signal that can be
used to clock data (tx_datain) from the FPGA
fabric into the transmitter.
x_coreclk Input | Clock signal (F)Ip;’%onal write clock port for the TX phase compensation
Synchronous to
tx_phase_comp_fifo tx_clkout (non- TX phase compensation FIFO full or empty indicator.
orror - Output | bonded modes) or ] o o
_ coreclkout (bonded |™ A high level indicates FIFO is either full or empty.
modes)
Synchronous to 8B/10B encoder control or data identifier..This signal
tx_clkout (non- passes through the TX Phase Compensation FIFO.
tx_ctrlenable Input | bonded modes) or m A high level to encode data as a /Kx.y/ control code
coreclkout (bonded group.

TXPCS modes) = Alow level to encode data as a /Dx.y/ data code group.
Synchronous to 8B/10B encoder forcing disparity control. This signal
tx_clkout (non- passes through the TX Phase Compensation FIFO.

: bonded = A high level to force encoding to positive or negative
tx_forcedisp Input Lo : 3 .
modes) or disparity depending on the tx_dispwval signal level.
coreclkout m Alow level to allow default encoding according to the
(bonded modes) 8B/10B running disparity rules.
8B/10B encoder forcing disparity value. This signal
Synchronous to passes through the TX Phase Compensation FIFO.
tx_clkout (non- m A high level to force encoding with a negative disparity
bonded ; i
x_dispval Input cpde group when tx_forcedisp port is asserted
modes) or high.
coreclkout m Alow level to force encoding with a positive disparity
(bonded modes) code group when tx_forcedisp port is asserted
high.
Asynchronous signal. Transmitter polarity inversion control.
tx_invpolarity Input | Minimum pulse widthis | w A high level to invert the polarity of every bit of the 8-
two parallel clock cycles. or 10-bit input data to the serializer.
tx_bitslipboundarys ) Control the number of bits to slip before serializer.
— Input | Asynchronous signal. .
elect m Valid values from 0 to 9
tx_dataout Output | — Transmitter serial data output signal.
TXPMA | tx_forceelec . Force the tran§m|tter byffer to EIPE glectncal idle signal
Input | Asynchronous signal. levels. For equivalent signal defined in PIPE 2.00

idle

specification, refer to Table 1-15 on page 1-54.
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Chapter 2: Cyclone IV Reset Control and Power Down 2-7
Transceiver Reset Sequences

Transmitter Only Channel

This configuration contains only a transmitter channel. If you create a Transmitter
Only instance in the ALTGX MegaWizard Plug-In Manager in Basic x4 functional
mode, use the reset sequence shown in Figure 2-3.

Figure 2-3. Sample Reset Sequence for Bonded and Non-Bonded Configuration Transmitter Only Channels

Reset and Power-Down Signals

lus
>

1 i2

pll_areset J

tx_digitalreset J

Output Status Signals

pll_locked

As shown in Figure 2-3, perform the following reset procedure for the Transmitter
Only channel configuration:

1. After power up, assert pl1_areset for a minimum period of 1 ps (the time
between markers 1 and 2).

2. Keep the tx_digitalreset signal asserted during this time period. After you
de-assert the pl1_areset signal, the multipurpose PLL starts locking to the
transmitter input reference clock.

3. When the multipurpose PLL locks, as indicated by the p11_locked signal going
high (marker 3), de-assert the tx_digitalreset signal (marker 4). At this point, the
transmitter is ready for transmitting data.
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Dynamic Reconfiguration Modes

PMA Control Ports Used in a Read Transaction

B tx vodctrl out is 3 bits per channel

B tx preemp out is 5 bits per channel

B rx_egdcgain out is 2 bits per channel

B rx eqctrl out is 4 bits per channel

For example, assume the number of channels controlled by the dynamic

reconfiguration controller is two, tx_vodctrl_out is 6 bits wide.

Write Transaction

The value you set at the selected PMA control ports is written to all the transceiver
channels connected to the ALTGX_RECONFIG instance.

For example, assume you have enabled tx_vodctrl in the ALTGX_RECONFIG
MegaWizard Plug-In Manager to reconfigure the Vgp of the transceiver channels. To
complete a write transaction to reconfigure the Vg, perform the following steps:

1. Before you initiate a write transaction, set the selected PMA control ports to the
desired settings (for example, tx_vodctrl = 3'b001).

2. Setthe rx_tx duplex sel port to 2'b10 so that only the transmit PMA controls are
written to the transceiver channel.

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

4. Assert the write all signal for one reconfig clk clock cycle. This initiates the
write transaction.

5. The busy output status signal is asserted high to indicate that the dynamic
reconfiguration controller is busy writing the PMA control values. When the write
transaction has completed, the busy signal goes low.

Figure 3-6 shows the write transaction for Method 2.

Figure 3-6. Write Transaction Waveform—Use the same control signal for all the channels Option

|
reconfig_clk ’7
1
| | | | | | |
| | | | |
. | | | | |
write_all " " | | |
T T T T T
| | | | | | |
T | T T T T T
rx_tx_duplex_sel [1:0] (1) 2600 | >< I 2p10 | | | |
I l I I I I I
l l l ' ——X— l
busy | | | | |
| | | | |
T T T | 1
| | | | | | |
: l : : | : :
tx_vodetr [2:0] 3b111] >< | 3b001 | . . .
| | | | | | |
T | T T T T T
} } } } } } }
Note to Figure 3-6:
(1) Inthis waveform example, you want to write to only the transmitter portion of the channel.
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Dynamic Reconfiguration Modes

Table 3-5 describes the rx dataoutfull[31..0] FPGA fabric-Transceiver channel
interface signals.

Table 3-5. rx_dataoutfull[31..0] FPGA Fabric-Transceiver Channel Interface Signal Descriptions (Part 1 of 3)

FPGA Fabric-Transceiver Channel | Receive Signal Description (Based on Cyclone IV GX Supported FPGA
Interface Description Fabric-Transceiver Channel Interface Widths)

The following signals are used in 8-hit 8B/10B modes:

rx_dataoutfull [7:0]: 8-bit decoded data (rx_dataout)

rx_dataoutfull [8]: Control bit (rx_ctrldetect)
rx_dataoutfull[9]: Code violation status signal (rx_errdetect)

rx_dataoutfull[10]: rx_syncstatus

8-bit FPGA fabric-Transceiver rx_dataoutfull[11]: Disparity error status signal (rx_disperr)

Channel Interface rx_dataoutfull [12]: Pattern detect status signal (rx_patterndetect)

rx_dataoutfull [13]: Rate Match FIFO deletion status indicator
(rx_rmfifodatadeleted) in non-PCl Express (PIPE) functional modes.

rx_dataoutfull [14]: Rate Match FIFO insertion status indicator
(rx_rmfifodatainserted) in non-PCl Express (PIPE) functional modes.

rx_dataoutfull[14:13]: PCl Express (PIPE) functional mode (rx_pipestatus)
rx_dataoutfull [15]: 8B/10B running disparity indicator (rx_runningdisp)
rx_dataoutfull[9:0]: 10-bit un-encoded data (rx_dataout)

rx_dataoutfull[10]: rx syncstatus

rx_dataoutfull[11l

: 8B/10B disparity error indicator (rx_disperr)

]
rx_dataoutfull[12]:rx patterndetect

10-bit FPGA fabric-Transceiver
Channel Interface rx_dataoutfull [13]: Rate Match FIFO deletion status indicator
(rx_rmfifodatadeleted) in non-PCl Express (PIPE) functional modes

rx_dataoutfull [14]: Rate Match FIFO insertion status indicator
(rx_rmfifodatainserted) in non-PCl Express (PIPE) functional modes

rx_dataoutfull [15]: 8B/10B running disparity indicator (rx_runningdisp)
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Chapter 1: Cyclone IV Device Datasheet 1-1
Operating Conditions

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 Vego.
(3) R pu=(Vecio— Vi)/lIr_py
Minimum condition: =40°C; V1o = Vg + 5%, V) = Vg + 5% — 50 mV;
Typical condition: 25°C; Vi = Vee, V=0V,
Maximum condition: 100°C; Vg9 = Vg — 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;
Typical condition: 25°C; Vg0 = Vg, Vi = Voo — 5%;
Maximum condition: 100°C; Vg9 = 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
liopingC) DC current per I/0 pin 300 pA
liopingac) AC current per 1/0 pin 8mA (7
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.
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