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Chapter 6: 1/0 Features in Cyclone IV Devices 6-11
1/0 Standards

Figure 64 shows the single-ended I/O standards for OCT without calibration. The Rg
shown is the intrinsic transistor impedance.

Figure 6-4. Cyclone IV Devices Rs OCT Without Calibration

Cyclone IV Device Receiving
Driver Series Termination Device
Vecio
H Rs
Qo) >
._| Rs
GND

All1/0 banks and I/O pins support impedance matching and series termination.
Dedicated configuration pins and JTAG pins do not support impedance matching or
series termination.

Rs OCT is supported on any I/O bank. V¢cjo and Vygr must be compatible for all I/O
pins to enable Rg OCT in a given I/O bank. I/O standards that support different Rg
values can reside in the same I/O bank as long as their Vccip and Vggr do not conflict.

Impedance matching is implemented using the capabilities of the output driver and is
subject to a certain degree of variation, depending on the process, voltage, and
temperature.

“ e For more information about tolerance specification, refer to the Cyclone IV Device

Datasheet chapter.

1/0 Standards

Cyclone IV devices support multiple single-ended and differential I/O standards.
Cyclone IV devices support 3.3-, 3.0-, 2.5-, 1.8-, 1.5-, and 1.2-V 1/O standards.

Table 6-3 summarizes 1/O standards supported by Cyclone IV devices and which

1/0 pins support them.
Table 6-3. Cyclone IV Devices Supported I/0 Standards and Constraints (Part 1 of 3)
Vecio Level (in V) Column 1/0 Pins Row 1/0 Pins ("
Standard
1/0 Standard Type S User
upport In CLK, CLK, | Userl/0
put Output PLL_OUT /0 4
DQS Pins DQS Pins
3.3-V LVTTL, — i 3.3/3.0/2.5
3.3 LVCMOS (@ Single-ended | JESD8-B 3 3.3 v v v v v
3.0-V LVTTL, — i 3.3/3.0/2.5
3.0-V LVCMOS (@ Single-ended | JESD8-B 3 3.0 v v v v v
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1/0 Standards

Table 6-3. Cyclone IV Devices Supported I/0 Standards and Constraints (Part 2 of 3)

Volume 1

Vegio Level (in V) Column 1/0 Pins Row 1/0 Pins ("
Standard
1/0 Standard Type S User
upport CLK, CLK, | Userl/0
Input Output DOS PLL_OUT PI/lJ DOS Pins
ins
2.5-V LVTTL/ . 3.3/3.0/2.5
LVCMOS Single-ended | JESD8-5 3 2.5 v v v v v/
1.8-V LVTTL/ .
- - (3)
LVCMOS Single-ended | JESD8-7 1.8/1.5 1.8 v v v v v
1.5-V LVCMOS Single-ended | JESD8-11 1.8/156) 15 v v v v v
1.2-V LVCMOS ¥ Single-ended | JESD8-12A 1.2 1.2 v v v v v
SSTL-2 Class |, voltage- i
SSTL-2 Class Il referenced JESD8-9A 2.5 2.5 v v v v v
SSTL-18 Class |, voltage-
SSTL-18 Class Il referenced JESDBIS 18 18 v v v v v
HSTL-18 Class |, voltage- i
HSTL-18 Class Il referenced JESD8-6 18 18 v v v v v
HSTL-15 Class |, voltage- i
HSTL-15 Class Il referenced JESDE-6 15 15 v v v v v
HSTL-12 Class | voltage- JESDS-16A 1.2 12 | v v v ol v v
referenced
HSTL-12 Class Il (9 | VOltage- JESD8-16A 1.2 12 | v v v = =
referenced

PCI and PCI-X Single-ended — 3.0 3.0 v v v v v
Differential SSTL-2 | Differential — 2.5 — v — — —
Class | or Class Il ®) JESD8-9A 25 — v — — v _
Differential SSTL-18 | Differential — 1.8 — v — — —
Class | or Class Il ) JESDB15 18 — v — — v —

i i - i i — 18 | — v — | = —
Differential HSTL-18 D5|fferent|al JESDS-6
Class | or Class Il ) 138 — v — — v —
Differential HSTL-15 | Differential — 1.5 — v — — —
Class | or Class Il ®) JESD8-6 15 — v — — v _
Differential HSTL-12 | Differential — 1.2 — v — — —
Class | or Class Il ®) JESD8-16A 1.2 — v — _ v _
PPDS (@ Differential — — 25 — v v — v

. . ANSI/TIA/
(10)
LVDS Differential EIA-644 2.5 2.5 v v v v v
RSDS and . .
mini-LVDS (@ Differential — — 2.5 — v v — v
BLVDS @ Differential — 2.5 2.5 — — v — v
Cyclone IV Device Handbook, March 2016  Altera Corporation
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Termination Scheme for I/0 Standards

Voltage-Referenced 1/0 Standard Termination

Voltage-referenced I/0O standards require an input reference voltage (Vggp) and a
termination voltage (V). The reference voltage of the receiving device tracks the
termination voltage of the transmitting device, as shown in Figure 6-5 and Figure 6-6.

Figure 6-5. Cyclone IV Devices HSTL 1/0 Standard Termination

Termination HSTL Class | HSTL Class Il
vIT VTT VTT
50 Q 50Q 50Q
External % %
On-Board || — >0 N | gsoa
Termination VREF VREF
Transmitter Receiver Transmitter Receiver
Cyclone IV Device VTT Cyclone IV Device V1T V1T
Family Series OCT Family Sergi‘zes OoCT 500 500
. 5
OCT with DO 50 Q
a(;lc:.;vm:'out ~[>—-( 500 ) ~{ ) 50Q )
alibration VREF VREF
Transmitter Receiver Transmitter Receiver
Figure 6-6. Cyclone IV Devices SSTL 1/0 Standard Termination
Termination SSTL Class | SSTL Class Il
vIT vTT vTT
50 Q 50 Q 50 Q
External 25Q 250
On-Board v 500 )4 —>— 500 )
Termination VREF VREF
Transmitter Receiver Transmitter Receiver
Cyclone IV Device Cyclone IV Device
Family Series OCT VTT Family Series OCT VTT VTT
50 Q 25 Q
OCT with 50 Q% 50Q 50 Q
and without | _I™__g50) ] >
Calibration VREF VRer
Transmitter Receiver Transmitter Receiver
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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

$a31Aa( Al auojahg ui sainjeaq g/] :9 1aydeys

Device | 4CGX15 4CG6X22 4CGX30 4CGX50 4CGX75 4CGX110 4CGX150

<T <T <T <T <T <T <t <t <t <T <T <T <t <T <T <t
[ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [
I/0Bank | {2 & & & & & & & & & & & e & & e
1 & & < & < < < & < & < & @ < & @
(- o [ o [ -] -] N~ o N~ o N~ (=1 (-] N~ (-1
- - (2] - (3] < < -] < -] < -] -] < -] ]

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.

12-9
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Cyclone IV Devices Memory Interfaces Features

DDR Output Registers

A dedicated write DDIO block is implemented in the DDR output and output enable
paths.

Figure 7-8 shows how a Cyclone IV dedicated write DDIO block is implemented in
the I/O element (IOE) registers.

Figure 7-8. Cyclone IV Dedicated Write DDIO

DDR Output Enable Registers

Output Enable C—>
I0E
Register ——————————

Output Enable
Register A,

' datat :
3 data0 D,i

IOE
Register

Output Enable
Register B,

DDR Output Registers

datain_| C—>
I0E
Register
DQ or DQS
Output Register A
datain_h >~
IOE
Register
-90° Shifted Clock C—

Output Register B

The two DDR output registers are located in the I/O element (IOE) block. Two serial
data streams routed through datain 1 and datain h, are fed into two registers,
output register Aoand output register Bo, respectively, on the same clock edge.
The output from output register Aois captured on the falling edge of the clock, while
the output from output register Bo is captured on the rising edge of the clock. The
registered outputs are multiplexed by the common clock to drive the DDR output pin
at twice the data rate.

The DDR output enable path has a similar structure to the DDR output path in the
IOE block. The second output enable register provides the write preamble for the DQS
strobe in DDR external memory interfaces. This active-low output enable register
extends the high-impedance state of the pin by half a clock cycle to provide the
external memory’s DQS write preamble time specification.
“ e For more information about Cyclone IV IOE registers, refer to the Cyclone [V Device
I/O Features chapter.

Cyclone IV Device Handbook, March 2016  Altera Corporation
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Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices
Configuration

m “FPP Configuration” on page 8-40
m “JTAG Configuration” on page 845

m “Device Configuration Pins” on page 8-62

Configuration Features

Table 8-1 lists the configuration methods you can use in each configuration scheme.

Table 8-1. Configuration Features in Cyclone IV Devices

Configuration Scheme Configuration Method Decompression Remote System Upgrade (7
AS Serial Configuration Device v v
AP Supported Flash Memory @ — v
PS External Host with Flash Memory v v )
Download Cable v —
FPP External Host with Flash Memory — v )
. . External Host with Flash Memory — —
JTAG based configuration
Download Cable — —

Notes to Table 8-1:

Remote update mode is supported when you use the Remote System Upgrade feature. You can enable or disable remote update mode with an
option setting in the Quartus® Il software.

For more information about the supported device families for the Micron commodity parallel flash, refer to Table 8-10 on page 8-22.
Remote update mode is supported externally using the Parallel Flash Loader (PFL) with the Quartus Il software.

M

2
3)

Cyclone IV Device Handbook,

Volume 1

Configuration Data Decompression

Cyclone IV devices support configuration data decompression, which saves
configuration memory space and time. This feature allows you to store compressed
configuration data in configuration devices or other memory and send the
compressed bitstream to Cyclone IV devices. During configuration, Cyclone IV
devices decompress the bitstream in real time and program the SRAM cells.

Compression may reduce the configuration bitstream size by 35 to 55%.

When you enable compression, the Quartus II software generates configuration files
with compressed configuration data. This compressed file reduces the storage
requirements in the configuration device or flash memory and decreases the time
required to send the bitstream to the Cyclone IV device. The time required by a
Cyclone IV device to decompress a configuration file is less than the time required to
send the configuration data to the device. There are two methods for enabling
compression for the Cyclone IV device bitstreams in the Quartus II software:

m Before design compilation (through the Compiler Settings menu)
m After design compilation (through the Convert Programming Files dialog box)

To enable compression in the compiler settings of the project in the Quartus II
software, perform the following steps:

1. On the Assignments menu, click Device. The Settings dialog box appears.

2. Click Device and Pin Options. The Device and Pin Options dialog box appears.

May 2013 Altera Corporation
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Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices
Configuration

Configuration Process

=

This section describes Cyclone IV device configuration requirements and includes the
following topics:

m “Power Up” on page 8-6

B “Reset” on page 8-6

m “Configuration” on page 8-6

m “Configuration Error” on page 8-7
m “Initialization” on page 8-7

m “User Mode” on page 8-7

For more information about the Altera® FPGA configuration cycle state machine, refer
to the Configuring Altera FPGAs chapter in volume 1 of the Configuration Handbook.

Power Up

If the device is powered up from the power-down state, Voot Veca, and Vcro (for
the I/O banks in which the configuration and JTAG pins reside) must be powered up
to the appropriate level for the device to exit from POR.

Reset

After power up, Cyclone IV devices go through POR. POR delay depends on the MSEL
pin settings, which correspond to your configuration scheme. During POR, the device
resets, holds nSTATUS and CONF_DONE low, and tri-states all user I/O pins (for PS and
FPP configuration schemes only).

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

The user I/O pins and dual-purpose I/O pins have weak pull-up resistors, which are
always enabled (after POR) before and during configuration. When the device exits
POR, all user I/O pins continue to tri-state. While nCONFIG is low, the device is in
reset. When nCONFIG goes high, the device exits reset and releases the open-drain
nSTATUS pin, which is then pulled high by an external 10-kQ pull-up resistor. After
nSTATUS is released, the device is ready to receive configuration data and the
configuration stage starts.

For more information about the value of the weak pull-up resistors on the I/O pins
that are on before and during configuration, refer to the Cyclone IV Device Datasheet
chapter.

Configuration

Configuration data is latched into the Cyclone IV device at each DCLK cycle. However,
the width of the data bus and the configuration time taken for each scheme are
different. After the device receives all the configuration data, the device releases the
open-drain CONF_DONE pin, which is pulled high by an external 10-kQ pull-up resistor.
A low-to-high transition on the CONF_DONE pin indicates that the configuration is
complete and initialization of the device can begin.

Cyclone IV Device Handbook, May 2013  Altera Corporation
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Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices

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

e

There are no series resistors required in AP configuration mode for Cyclone IV E
devices when using the Micron flash at 2.5-, 3.0-, and 3.3-V 1/O standard. The output
buffer of the Micron P30 IBIS model does not overshoot above 4.1 V. Thus, series
resistors are not required for the 2.5-, 3.0-, and 3.3-V AP configuration option.
However, if there are any other devices sharing the same flash I/Os with CycloneIV E
devices, all shared pins are still subject to the 4.1-V limit and may require series
resistors.

Default read mode of the supported parallel flash memory and all writes to the
parallel flash memory are asynchronous. Both the parallel flash families support a
synchronous read mode, with data supplied on the positive edge of DCLK.

The serial clock (DCLK) generated by Cyclone IV E devices controls the entire
configuration cycle and provides timing for the parallel interface.

Multi-Device AP Configuration

You can configure multiple Cyclone IV E devices using a single parallel flash. You can
cascade multiple Cyclone IV E devices using the chip-enable (nCE) and
chip-enable-out (nCEO) pins. The first device in the chain must have its nCE pin
connected to GND. You must connect its nCEO pin to the nCE pin of the next device in
the chain. Use an external 10-kQ pull-up resistor to pull the nCEO signal high to its
Vccio level to help the internal weak pull-up resistor. When the first device captures
all its configuration data from the bitstream, it drives the nCEO pin low, enabling the
next device in the chain. You can leave the nCEO pin of the last device unconnected or
use it as a user I/O pin after configuration if the last device in the chain is a

Cyclone IV E device. The nCONFIG, nSTATUS, CONF_DONE, DCLK, DATA[15. .8], and
DATA[7..0] pins of each device in the chain are connected (Figure 8-8 on page 8-26
and Figure 8-9 on page 8-27).

The first Cyclone IV E device in the chain, as shown in Figure 8-8 on page 8-26 and
Figure 8-9 on page 8-27, is the configuration master device and controls the
configuration of the entire chain. You must connect its MSEL pins to select the AP
configuration scheme. The remaining Cyclone IV E devices are used as configuration
slaves. You must connect their MSEL pins to select the FPP configuration scheme. Any
other Altera device that supports FPP configuration can also be part of the chain as a
configuration slave.

The following are the configurations for the DATA[15..0] bus in a multi-device AP
configuration:

m Byte-wide multi-device AP configuration

m Word-wide multi-device AP configuration

May 2013 Altera Corporation Cyclone IV Device Handbook,

Volume 1
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Configuration

You can use a download cable to configure multiple Cyclone IV device configuration
pins. nCONFIG, nSTATUS, DCLK, DATA [0], and CONF_DONE are connected to every device in
the chain. All devices in the chain utilize and enter user mode at the same time
because all CONF_DONE pins are tied together.

In addition, the entire chain halts configuration if any device detects an error because
the nSTATUS pins are tied together. Figure 8-18 shows the PS configuration for
multiple Cyclone IV devices using a MasterBlaster, USB-Blaster, ByteBlaster II, or
ByteBlasterMV cable.

Figure 8-18. Multi-Device PS Configuration Using a Download Cable

Veea (1)
10 kQ Dovynload Cable
Veea (1) (2) 10-Pin Male Header
V, 1
Veea (1) 10 kQ% CCeA @ (Passive Serial Mode)
10(59% Cyclone IV Device 1 10 kQ pin 1
Veeio (4) CONF_DONE 4—p Veea (7)
nSTATUS [« |
%10 kQ DCLK | % g
— MSEL[] (6) GND
Veea (1) CE — g %’-—wo 3
10 kQé = @
GND
P> DATA[0] nCEO 47
P nCONFIG _I GND
Cyclone IV Device 2
CONF_DONE|<¢—p
nSTATUS |« >
= MSEL][ ] DCLK |«
(6)
»|nCE nCEO—N.C. (5)
P DATA[O]
P NnCONFIG

Notes to Figure 8-18:

M
@)

You must connect the pull-up resistor to the same supply voltage as the Veca supply.

The pull-up resistors on DATA [0] and DcLk are only required if the download cable is the only configuration scheme
used on your board. This ensures that DATA [0] and DCLK are not left floating after configuration. For example, if you
also use a configuration device, the pull-up resistors on DATA [0] and DCLK are not required.

Pin 6 of the header is a V\q reference voltage for the MasterBlaster output driver. Vo must match the V¢cy of the
device. For this value, refer to the MasterBlaster Serial/USB Communications Cable User Guide. When using the
ByteBlasterMV download cable, this pin is a no connect. When using USB-Blaster, ByteBlaster Il, and EthernetBlaster
cables, this pin is connected to nCE when it is used for AS programming. Otherwise, it is a no connect.

Connect the pull-up resistor to the Vg o Supply voltage of the /0 bank in which the nCE pin resides.
The ncEO pin of the last device in the chain is left unconnected or used as a user 1/0 pin.

The MSEL pin settings vary for different configuration voltage standards and POR time. To connect MSEL for PS
configuration schemes, 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 to Veca or GND.

Power up the V¢ of the ByteBlaster II, USB-Blaster, or ByteBlasterMV cable with a2.5 V supply from Vea. Third-party
programmers must switch to 2.5 V. Pin 4 of the header is a V¢ power supply for the MasterBlaster cable. The
MasterBlaster cable can receive power from either 5.0- or 3.3-V circuit boards, DC power supply, or 5.0 V from the
USB cable. For this value, refer to the MasterBlaster Serial/USB Communications Cable User Guide.

May 2013 Altera Corporation
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Configuration

When programming a JTAG device chain, one JTAG-compatible header is connected
to several devices. The number of devices in the JTAG chain is limited only by the
drive capability of the download cable. When four or more devices are connected in a
JTAG chain, Altera recommends buffering the TCX, TDI, and TMS pins with an on-board
buffer.

JTAG-chain device programming is ideal when the system contains multiple devices,
or when testing your system with JTAG BST circuitry. Figure 8-25 and Figure 8-26
show multi-device JTAG configuration.

For devices using 2.5-, 3.0-, and 3.3-V Vo supply, you must refer to Figure 8-25. All
I/0 inputs must maintain a maximum AC voltage of 4.1 V because JTAG pins do not
have the internal PCI clamping diodes to prevent voltage overshoot when using 2.5-,
3.0-, and 3.3- V Vo supply. You must power up the V¢ of the download cable with
a 2.5-V Vca supply. For device using Vecip of 1.2, 1.5V, and 1.8 V, refer to

Figure 8-26. You can power up the V¢ of the download cable with the supply from

Vccio

Figure 8-25. JTAG Configuration of Multiple Devices Using a Download Cable (2.5, 3.0, and 3.3-V V¢, Powering the

JTAG Pins)
Download Cable
10-Pin Male Header Veea Vecio(1) veeio(1) Veeio(1) Vecio(1)  Vegio(1) Veeio(1)
Pin 1 (6) 10 kQ Cyclone IV Device 10 kQ 10kQ Cyclone IV Device 10 kQ 10 kQ Cyclone IV Device 10 kQ
Voo (5) Vea nSTATUS nSTATUS nSTATUS
(2) —{ DATA[0] (2) — DATA[0] (2) —{ DATA[0]
(6) (2) — DCLK (2) — bCLK (2) — DCLK
=R=Y (2) — nCONFIG CONF_DONE (2) —{ nCONFIG CONF_DONE (2) — nCONFIG CONF_DONE
a | (2) == MSEL[ ] (2) == MSEL[] (2) =—{MSEL][ ]
o oo (2) —{ nCEO (2) —{ nCEO (2) —|{ nCEO
oo ‘?'3()) L{nCE®) L—{nCE() L—{NCE (4)
O Op
P~ TDI TDO[— eee —P|TDI TDO|— eee —Pp|TDI TDO— eee
TMS  TCK T™MS  TCK TMS  TCK
A A A A A A
LN ] LN ] LR N ]
. 3 LN ] LN ] LN ]
T LN ] LN ] LN ]

Notes to Figure 8-25:
Connect these pull-up resistors to the Vee o supply of the bank in which the pin resides.
Connect the nCONFIG and MSEL pins to support a non-JTAG configuration scheme. If you only use a JTAG configuration, connect the nCONFIG

M
@)

pin to logic-high and the MseL pins to GND. In addition, pull DcLk and DATA [0] to either high or low, whichever is convenient on your board.

Pin 6 of the header is a V|, reference voltage for the MasterBlaster output driver. Vo must match the Vg, of the device. For this value, refer to the

MasterBlaster Serial/USB Communications Cable User Guide. In the ByteBlasterMV cable, this pin is a no connect. In the USB-Blaster and
ByteBlaster Il cables, this pin is connected to nCE when it is used for AS programming, otherwise it is a no connect.

You must connect the ncE pin to GND or driven low for successful JTAG configuration.
Power up the Vg of the ByteBlaster Il, USB-Blaster, or ByteBlasterMV cable with a 2.5-V supply from V¢¢,a. Third-party programmers must switch

t0 2.5 V. Pin 4 of the header is a V¢ power supply for the MasterBlaster cable. The MasterBlaster cable can receive power from either 5.0- or 3.3-V
circuit boards, DC power supply, or 5.0 V from the USB cable. For this value, refer to the MasterBlaster Serial/USB Communications Cable User

Guide.

Resistor value can vary from 1 kQ to 10 kQ.
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fAil =R 1. Cyclone IV Transceivers Architecture

CYIV-52001-3.7

Cyclone® IV GX devices include up to eight full-duplex transceivers at serial data
rates between 600 Mbps and 3.125 Gbps in a low-cost FPGA. Table 1-1 lists the
supported Cyclone IV GX transceiver channel serial protocols.

Table 1-1. Serial Protocols Supported by the Cyclone IV GX Transceiver Channels

Protocol Data Rate (Gbps) F32:::I?asgn‘;:ller F48piz::;:;ger
PCI Express® (PCle®) () 2.5 v v
Gbps Ethernet (GbE) 1.25 v v
Common Public Radio Interface (CPRI) 0.6144, 1.2288, 2.4576, and 3.072 v @ v
0BSAI 0.768, 1.536, and 3.072 v @ v
XAUI 3.125 — v
o HD-SDI at 1.485 and 1.4835 v
Serial digital interface (SDI) v
3G-SDI at 2.97 and 2.967 —
Serial RapidlO® (SRI0) 1.25,2.5,and 3.125 — v
(Sgﬁr\%I\)Advanced Technology Attachment 15and 3.0 o v
V-by-one 3.125 — v
Display Port 1.62 and 2.7 — v

Notes to Table 1-1:

(1) Provides the physical interface for PCI Express (PIPE)-compliant interface that supports Gen1 x1, x2, and x4 initial lane width configurations.
When implementing x1 or x2 interface, remaining channels in the transceiver block are available to implement other protocols.

(2) Supports data rates up to 2.5 Gbps only.

You can implement these protocols through the ALTGX MegaWizard™ Plug-In
Manager, which also offers the highly flexible Basic functional mode to implement
proprietary serial protocols at the following serial data rates:

m 600 Mbps to 2.5 Gbps for devices in F324 and smaller packages
m 600 Mbps to 3.125 Gbps for devices in F484 and larger packages

For descriptions of the ports available when instantiating a transceiver using the
ALTGX megafunction, refer to “Transceiver Top-Level Port Lists” on page 1-85.
“ e For more information about Cyclone IV transceivers that run at >2.97 Gbps data rate,
refer to the Cyclone IV Device Family Pin Connection Guidelines.
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Transceiver Functional Modes

Figure 1-55 shows the transceiver channel datapath and clocking when configured in
GIGE mode.

Figure 1-55. Transceiver Channel Datapath and Clocking when Configured in GIGE Mode

FPGA Transmitter Channel PCS Transmitter Channel PMA
Fabric
5 Tx Phase :\ g
tx_datain Lp Comp 8B/10B Encoder - Serializer —P{/o\i §
FIFO
N
e wr clk rd_clk <
3 high-speed
S I I clock
al ! I
> low-speed clock
tx_clkout|
Receiver Channel PCS Receiver Channel PMA
cxiidataolit 8B/10B Deserial- §
Decoder izer (€| CDR |=&< E — S
]
<
gﬁ [ 7'y @ I CDR clock|
Q‘ l T
-«
rx_recovclkout €
Notes to Figure 1-55:
(1) Low-speed recovered clock.
(2) High-speed recovered clock.
(3) Optional rx_recoveclkout port from CDR low-speed recovered clock is available for applications such as Synchronous Ethernet.
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Loopback

Reverse Parallel Loopback

The reverse parallel loopback option is only available for PIPE mode. In this mode,
the received serial data passes through the receiver CDR, deserializer, word aligner,
and rate match FIFO before looping back to the transmitter serializer and transmitted
out through the TX buffer, as shown in Figure 1-70. The received data is also available
to the FPGA fabric. This loopback mode is compliant with version 2.00 of the PHY
Interface for the PCI Express Architecture specification.

To enable the reverse parallel loopback mode, assert the tx_detectrxloopback port in
PO power state.

Figure 1-70. PIPE Reverse Parallel Loopback Path (1)

FPGA Transceiver
Fabric Tx PMA
Tx PCS > Serializer 9]
PCle PIPE Reverse parallel
hard
P IF loopback path
Rx PCS Rx PMA
Rate
Word Deserial-
< E:' ® + 4®{ Match |« X < '«—| CDR
- F?Ff) Aligner izer c ¢

Note to Figure 1-70:

(1) Grayed-Out Blocks are Not Active in this mode.

Serial Loophack

The serial loopback option is available for all functional modes except PIPE mode. In
this mode, the data from the FPGA fabric passes through the transmitter channel and
looped back to the receiver channel, bypassing the receiver buffer, as shown in
Figure 1-71. The received data is available to the FPGA logic for verification. The
receiver input buffer is not active in this mode. With this option, you can check the
operation of all enabled PCS and PMA functional blocks in the transmitter and
receiver channels.

The transmitter channel sends the data to both the serial output port and the receiver
channel. The differential output voltage on the serial ports is based on the selected
Vop settings. The data is looped back to the receiver CDR and is retimed through
different clock domains. You must provide an alignment pattern for the word aligner
to enable the receiver channel to retrieve the byte boundary.
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Chapter 1: Cyclone IV Transceivers Architecture
Transceiver Top-Level Port Lists

Table 1-29. Multipurpose PLL, General Purpose PLL and Miscellaneous Ports in ALTGX Megafunction for
Cyclone IV GX (Part 2 of 2)

Input/ . _—
Block Port Name Output Clock Domain Description
Transceiver block power down.
m When asserted, all digital and analog circuitry in the PCS,
gxb_powerdown Input | Asynchronous signal HSSI, CDR, and PCle modules are powered down.
m Asserting the gxb_powerdown signal does not power
down the refc1k buffers.
Asynchronous signal.
. The minimum pulse Transmitter PCS reset.
tx_digitalreset Input S )
Reset & Power width is two parallel | w When asserted, the transmitter PCS blocks are reset.
Down clock cycles.
Asynchronous signal. | peceiver PMA reset.
rx_analogreset Input The minimum pulse ircuitrv i i
_ g p width is two parallel | ™ When asserted, analog circuitry in the receiver PMA block
clock cycles. Is reset.
Asynchronous signal.
- The minimum pulse | Receiver PCS reset.
rx_digitalreset Input S .
width is two parallel | w When asserted, the receiver PCS blocks are reset.
clock cycles.
Dynamic reconfiguration clock.
reconfig_clk Input | Clock signal m Also used for offset cancellation except in PIPE mode.
Reconfiauration m For the supported frequency range for this clock, refer to
g the Cyclone IV Device Data Sheet chapter.
reconfig_togxb Input | Asynchronous signal | From the dynamic reconfiguration controller.
reconfig_fromgxb Output | Asynchronous signal | To the dynamic reconfiguration controller.
o cal_blk_clk Input | Clock signal Clock for the transceiver calibration block.
Calibration Block - —
cal_blk_powerdown | Input | Asynchronous signal | Calibration block power down control.
BIST or PRBS test completion indicator.
m A high level during BIST test mode indicates the verifier
either receives complete pattern cycle or detects an error
rx_bistdone Output | Asynchronous signal and stallyslasserted until being reset using the
rx_digitalreset port.
m A high level during PRBS test mode indicates the verifier
receives complete pattern cycle and stays asserted until
Test Mode being reset using the rx_digitalreset port.
BIST or PRBS verifier error indicator
m In BIST test mode, the signal stays asserted upon detecting
an error until being reset using the rx_digitalreset
rx_bisterr Output | Asynchronous signal port.

m In PRBS test mode, the signal asserts for a minimum of 3
rx_clkout clock cycles upon detecting an error and
deasserts if the following PRBS sequence contains no error.
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Chapter 2: Cyclone IV Reset Control and Power Down 2-1
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, use the same reset
sequence shown in Figure 2-3 on page 2-7.

Receiver Only Channel—Receiver CDR in Automatic Lock Mode

This configuration contains only a receiver channel. If you create a Receiver Only
instance in the ALTGX MegaWizard Plug-In Manager with the receiver CDR in
automatic lock mode, use the reset sequence shown in Figure 2-6.

Figure 2-6. Sample Reset Sequence of Receiver Only Channel—Receiver CDR in Automatic Lock Mode

Reset Signals

rx_analogreset

rx_digitalreset

Output Status Signals

busy (2)

rx_freglocked

Notes to Figure 2-6:

|

Two parallel clock cycles

< »
< »

1

<& »
< >

Y7o Auto (1)

(1) For tirp_auo duration, refer to the Cyclone IV Device Datasheet chapter.

(2) Thebusy signal is asserted and deasserted only during initial power up when offset cancellation occurs. In subsequent reset sequences, the busy
signal is asserted and deasserted only if there is a read or write operation to the ALTGX_RECONFIG megafunction.

As shown in Figure 2-6, perform the following reset procedure for the receiver in
CDR automatic lock mode:

1. After power up, wait for the busy signal to be deasserted.

2. Keep the rx digitalreset and rx_analogreset signals asserted during this time
period.

3. After the busy signal is deasserted, wait for another two parallel clock cycles, then
deassert the rx_analogreset signal.

4. Wait for the rx_freglocked signal to go high.

5. When rx_freqlocked goes high (marker 3), from that point onwards, wait for
at least tyrp autor then de-assert the rx_digitalreset signal (marker 4). At this
point, the receiver is ready to receive data.
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Chapter 3: Cyclone IV Dynamic Reconfiguration
Dynamic Reconfiguration Modes

Option 2: Use the Respective Channel Transmitter Core Clocks

m Enable this option if you want the individual transmitter channel tx_clkout
signals to provide the write clock to their respective Transmit Phase Compensation
FIFOs.

m This option is typically enabled when each transceiver channel is reconfigured to a
different functional mode using channel reconfiguration.

Figure 3-12 shows how each transmitter channel’s tx_clkout signal provides a clock
to the Transmit Phase Compensation FIFOs of the respective transceiver channels.

Figure 3-12. Option 2 for Transmitter Core Clocking (Channel Reconfiguration Mode)

FPGA Fabric Transciever Block
tx_clkout[0] | TXO0
Ll
RX0
tx_clkout[1] » ™1
RX1

tx_clkout(2] > ™2 MPLL —<

RX2

tx_clkout[3] | TX3

RX3

— P Low-speed parallel clock
———— P High-speed serial clock generated by the MPLL

Receiver core clocking refers to the clock that is used to read the parallel data from the
Receiver Phase Compensation FIFO into the FPGA fabric. You can use one of the
following clocks to read from the Receive Phase Compensation FIFO:

B rx_coreclk—you can use a clock of the same frequency as rx_clkout from the
FPGA fabric to provide the read clock to the Receive Phase Compensation FIFO. If
you use rx_coreclk, it overrides the rx_clkout options in the ALTGX
MegaWizard Plug-In Manager.

B rx_clkout—the Quartus II software automatically routes rx_clkout to the FPGA
fabric and back into the Receive Phase Compensation FIFO.
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