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A |:| =N 1. Cyclone IV FPGA Device Family
® Overview

CYIV-51001-2.0

Altera’s new Cyclone® IV FPGA device family extends the Cyclone FPGA series
leadership in providing the market’s lowest-cost, lowest-power FPGAs, now with a
transceiver variant. Cyclone IV devices are targeted to high-volume, cost-sensitive
applications, enabling system designers to meet increasing bandwidth requirements
while lowering costs.

Built on an optimized low-power process, the Cyclone IV device family offers the
following two variants:

m Cyclone IV E—lowest power, high functionality with the lowest cost
m Cyclone IV GX—lowest power and lowest cost FPGAs with 3.125 Gbps

transceivers

I'=" Cyclone IV E devices are offered in core voltage of 1.0 Vand 1.2 V.

“ =@ For more information, refer to the Power Requirements for Cyclone IV Devices

chapter.

Providing power and cost savings without sacrificing performance, along with a
low-cost integrated transceiver option, Cyclone IV devices are ideal for low-cost,
small-form-factor applications in the wireless, wireline, broadcast, industrial,
consumer, and communications industries.

Cyclone IV Device Family Features

The Cyclone IV device family offers the following features:
m Low-cost, low-power FPGA fabric:
m 6K to 150K logic elements
m  Up to 6.3 Mb of embedded memory
m  Up to 360 18 x 18 multipliers for DSP processing intensive applications
m  Protocol bridging applications for under 1.5 W total power
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Reference and Ordering Information

Reference and Ordering Information
Figure 1-2 shows the ordering codes for Cyclone IV GX devices.

Figure 1-2. Packaging Ordering Information for the Cyclone IV GX Device

15 : 14,400 logic elements
22 : 21,280 logic elements
30 : 29,440 logic elements
50 : 49,888 logic elements
75 1 73,920 logic elements
110: 109,424 logic elements
150: 149,760 logic elements

epic faxfaocFliofe]7]N]

F : FineLine BGA (FBGA)
N : Quad Flat Pack No Lead (QFN)

C : Commercial temperature (T, = 0° C to 85° C)
| Industrial temperature (T = -40° C to 100° C)

Indiicates specific device
options or shipment method

EP4C: Cyclone IV

N : Lead-free packaging

GX: 3-Gbps transceivers FBGA Package Type ES: Engineering sample
14 : 169 pins
B : 2 19 : 324 pins
c ) 4 23 : 484 pins 6 (fastest)
D : 8 27 : 672 pins 7
' 31: 896 pins 8

Figure 1-3 shows the ordering codes for Cyclone IV E devices.

Figure 1-3. Packaging Ordering Information for the Cyclone IV E Device

. FineLine BGA (FBGA)
: Enhanced Thin Quad Flat Pack (EQFP)

. Ultra FineLine BGA (UBGA) . R .
: Micro FineLine BGA (MBGA) C : Commercial temperature (T, =0° C to 85° C)

| ¢ Industrial temperature (T, = -40° C to 100° C)
Extended industrial temperature (T = -40° C to 125° C)
A : Automotive temperature (T, = -40° C to 125° C)

ZcCcmm

E : Enhanced logic/memory

epic | Efao]rlofclefn

Indicates specific device
options or shipment method

EPAC: Cyclone IV

N : Lead-free packaging

6 : 6,272 logic elements FBGA Package Type ES: Engineering sample
10 : 10,320 logic elements 17 . 256 pins L+ Low-voltage device
15 : 15,408 logic elements 19 324 pins
22 : 22,320 logic elements 23 : 484 pins
30 : 28,848 logic elements 29 : 780 pins 6 (fastest)
40 : 39,600 logic elements EQFP Package Type 7
55 : 55,856 logic elements 22 : 144 pins 8
75 : 75,408 logic elements UBGA Package Type 9
115: 114,480 logic elements 14 : 256 pins
19 : 484 pins
MBGA Package Type
8 : 164 pins
9 : 256 pins

Cyclone IV Device Handbook,
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Table 5-2. GCLK Network Connections for EP4CGX30, EP4CGX50, EPACGX75, EPACGX110, and EP4CGX150 Devices ("> ) (Part 4 of 4)

GCLK Network Clock GCLK Networks
Sources 0/1]2]3 5 10 11|12 (13|14 15|16 |17 |18 |19 20|21 |22 |23 |24 | 25|26 |27 |28 | 29
DPCLK17 — | —|—|— — —|— el el el el el el e e B R e e e e e e e e e
Notes to Tahle 5-2:
(1) EP4CGX30 information in this table refers to only EP4CGX30 device in F484 package.
(2) PLL_1,PLL 2, PLL 3,and PLL 4 are general purpose PLLs while PLL_5, PLL 6, PLL_7, and PLL_8 are multipurpose PLLs.
(3) pLL_7and pLL_8 are not available in EP4CXGX30, EP4CGX50, EP4CGX75, EP4CGX110, and EP4CGX150 devices in F484 package.
Table 5-3. GCLK Network Connections for Cyclone IV E Devices () (Part 1 of 3)
GCLK Network Clock GCLK Networks
Sources 1 3 6|7 |8|9|10/11(12[13|14|15|16 17|18 |19
CLK1 v — — === === === = ]|—|—|—|—
CLK2/DIFFCLK 1p v v — === == === |—|—|—|—|—|—
CLK3/DIFFCLK 1n — v — === === —|—|—]|—|—|—|—
CLK4/DIFFCLK 2p — — Vii—|vVI—|vV|=|— === |—|—|—|—|—
CLK5/DIFFCLK 2n — — — | V|V === |—|—|—|—|—|—|—|—
CLK6/DIFFCLK 3p — — — | V| = |V V| === —|—|—|—|—|—|—
CLK7/DIFFCLK 3n — — Vii—|— vV |— === |—|—|—|—|—
CLK8/DIFFCLK 5n (2 — — — == == |V |—= |V |—= |V === |—|—
CLK9/DIFFCLK 5p (@ — — — === == ||V | === ]|—|—|—|—
(EZL)KlO/DIFFCLK_éln . . S N U DU B D DO 172 N D D
CLK11/DIFFCLK_4p . . N D D DU D D B N N e
2)
(?2L)K12/DIFFCLK_71'1 . . SN (N D DS (S B DU DU D DR D2 v
CLK13/DIFFCLK_7p . . SR (NN S S (U B B (S DU DA B 2 L
2)
(?2L)K14/DIFFCLK_61'1 . . I D N R O R D D B vl

SHI0MIBN %2019

$aa1naQ Al 3uojahg ur ST1d pue SHIOM)aN %20]9 :G Jaydey
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Chapter 6: 1/0 Features in Cyclone IV Devices 6-15

Termination Scheme for 1/0 Standards

Differential I/0 Standard Termination

Differential I/O standards typically require a termination resistor between the two
signals at the receiver. The termination resistor must match the differential load

impedance of the bus (refer to Figure 6-7 and Figure 6-8).

Cyclone IV devices support differential SSTL-2 and SSTL-18, differential HSTL-18,
HSTL-15, and HSTL-12, PPDS, LVDS, RSDS, mini-LVDS, and differential LVPECL.

Figure 6-7. Cyclone IV Devices Differential HSTL I/0 Standard Class | and Class Il Interface and Termination

Termination Differential HSTL Class | Differential HSTL Class Il
VIT  VIT VIT VIT VITVTT
50 Q % 50 szg 50 Q 50Q 500 50 Q
{ >t - =)
External
On-Board
Termination >’J r{s0e } >0 1500 |}
Transmitter Receiver Transmitter Receiver
V1T VIT VIT VIT VIT V1T
Cyclone IV Device Cyclone IV Device
Family Series OCT 50 Q 50 Q Family Series OCT 500Q=50Q 50Q=50Q
50 Q 25Q
%4 50 Q *D 50Q
ocTt H> ’\j>
1>t 1> [wa )
Transmitter Receiver Transmitter Receiver

Figure 6-8. Cyclone IV Devices Differential SSTL 1/0 Standard Class I and Class Il Interface and Termination ("

Termination Differential SSTL Class | Differential SSTL Class Il
VIT VIT VTT VIT VTITVTT
50 Q < 50 O 50 Q 50Q 50Q 50 Q
25Q
25Q =3 <D Wy 50Q )
External D
On-Board 250 25Q
Termination «Do——wv—{ 500 >0 W [ s0a )
Transmitter Receiver Transmitter Receiver
VTIT VTT VIT VIT VIT VIT
Cyclone IV Device Cyclone IV Device
Family Series OCT 50Q 50 Q Family Series OCT 50Q=50Q 50Q=>50Q
50 Q 25Q
oct | >——=a) 7]2{> > {w00)
o+ ma )4 {>o a0
Transmitter Receiver Transmitter Receiver

Note to Figure 6-8:

(1) Only Differential SSTL-2 I/0 standard supports Class Il output.

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

During device configuration, Cyclone IV E devices read configuration data using the
parallel interface and configure their SRAM cells. This scheme is referred to as the AP
configuration scheme because the device controls the configuration interface. This
scheme contrasts with the FPP configuration scheme, where an external host controls
the interface.

AP Configuration Supported Flash Memories

The AP configuration controller in Cyclone IV E devices is designed to interface with
two industry-standard flash families—the Micron P30 Parallel NOR flash family and
the Micron P33 Parallel NOR flash family. Unlike serial configuration devices, both of
the flash families supported in AP configuration scheme are designed to interface
with microprocessors. By configuring from an industry standard microprocessor flash
which allows access to the flash after entering user mode, the AP configuration
scheme allows you to combine configuration data and user data (microprocessor boot
code) on the same flash memory.

The Micron P30 flash family and the P33 flash family support a continuous
synchronous burst read mode at 40 MHz DCLK frequency for reading data from the
flash. Additionally, the Micron P30 and P33 flash families have identical pin-out and
adopt similar protocols for data access.

Cyclone IV E devices use a 40-MHz oscillator for the AP configuration scheme. The
oscillator is the same oscillator used in the Cyclone IV E AS configuration scheme.

Table 8-10 lists the supported families of the commodity parallel flash for the AP
configuration scheme.

Table 8-10. Supported Commodity Flash for AP Configuration Scheme for Cyclone IV E
Devices (7

Flash Memory Density Micron P30 Flash Family @ Micron P33 Flash Family @
64 Mbit v v
128 Mbit v v
256 Mbit v v

Notes to Table 8-10:

(1) The AP configuration scheme only supports flash memory speed grades of 40 MHz and above.
(2) 3.3-,3.0-,2.5-, and 1.8-V I/0 options are supported for the Micron P30 flash family.

(3) 3.3-,3.0- and 2.5-V 1/0 options are supported for the Micron P33 flash family.

Configuring Cyclone IV E devices from the Micron P30 and P33 family 512-Mbit flash
memory is possible, but you must properly drive the extra address and FLASH nCE
pins as required by these flash memories.

To check for supported speed grades and package options, refer to the respective flash
datasheets.

The AP configuration scheme in Cyclone IV E devices supports flash speed grades of
40 MHz and above. However, AP configuration for all these speed grades must be
capped at 40 MHz. The advantage of faster speed grades is realized when your design
in the Cyclone IV E devices accesses flash memory in user mode.

Cyclone IV Device Handbook, May 2013  Altera Corporation
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Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices 8-35
Configuration

After the first device completes configuration in a multi-device configuration chain,
its nCEO pin drives low to activate the nCE pin of the second device, which prompts the
second device to begin configuration. The second device in the chain begins
configuration in one clock cycle. Therefore, the transfer of data destinations is
transparent to the external host device. nCONFIG, nSTATUS, DCLK, DATA[0], and
CONF_DONE configuration pins are connected to every device in the chain. To ensure
signal integrity and prevent clock skew problems, configuration signals may require
buffering. Ensure that DCLK and DATA lines are buffered. All devices initialize and enter
user mode at the same time because all CONF_DONE pins are tied together.

If any device detects an error, configuration stops for the entire chain and you must
reconfigure the entire chain because all nSTATUS and CONF_DONE pins are tied together.
For example, if the first device flags an error on nSTATUS, it resets the chain by pulling
its nSTATUS pin low. This behavior is similar to a single device detecting an error.

You can have multiple devices that contain the same configuration data in your
system. To support this configuration scheme, all device nCE inputs are tied to GND,
while the nCEO pins are left floating. nCONFIG, nSTATUS, DCLK, DATA [0], and CONF_DONE
configuration pins are connected to every device in the chain. To ensure signal
integrity and prevent clock skew problems, configuration signals may require
buffering. Ensure that the DCLK and DATA lines are buffered. Devices must be of the
same density and package. All devices start and complete configuration at the same
time.

Figure 8-15 shows a multi-device PS configuration when both Cyclone IV devices are
receiving the same configuration data.

Figure 8-15. Multi-Device PS Configuration When Both Devices Receive the Same Data

Memory
Veeio (1) Veeio (1) Cyclone IV Master Device Cyclone IV Slave Device

10 kQ= 10 k %
Q% & MSEL[ |—E- MSEL[ ]

CONF_DONE CONF_DONE
nSTATUS nSTATUS
nCE nCEO—N.C. (2) nCE nCEO— N.C. (2)

ADDR  DATA[0]

(©)

AA
\A 4

<]-| \A 4

External Host
(MAX Il Device or GND
Microprocessor)

T

[}
P
@)

DATA[0] (4)
nCONFIG
DCLK (4)

e
e

(7

DATA[0] (4)
nCONFIG
DCLK (4)

Yvy

1" \ 4

Buffers (4)

Notes to Figure 8-15:

(1) You must connect the pull-up resistor to a supply that provides an acceptable input signal for all devices in the chain.
Ve must be high enough to meet the V|, specification of the 1/0 on the device and the external host.

(2) Thenceo pins of both devices are left unconnected or used as user 1/0 pins when configuring the same configuration
data into multiple devices.

(3) 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
to Vgea or GND.

(4) AIl'l/Q inputs must maintain a maximum AC voltage of 4.1 V. DATA [0] and DCLK must fit the maximum overshoot
outlined in Equation 8-1 on page 8-5.

May 2013 Altera Corporation Cyclone IV Device Handbook,
Volume 1
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Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices
Configuration

Use the ACTIVE_DISENGAGE instruction with the CONFIG_ IO instruction to interrupt
configuration. Table 8-16 lists the sequence of instructions to use for various
CONFIG_IO usage scenarios.

Table 8-16. JTAG CONFIG_IO (without JTAG_PROGRAM) Instruction Flows (7

Configuration Scheme and CGurrent State of the Cyclone IV Device
JTAG Instruction (Intet:::rtit:gu(:s:;flivgll?:rl:ti on) User Mode Power Up
PS FPP AS AP PS | FPP | AS AP PS | FPP | AS AP

ACTIVE DISENGAGE 0 0 0 0 0 0 0 0 — — — —
CONFIG IO R R R R R R R NA NA NA NA
JTAG Boundary Scan
Instructions (no 0 0 0 0 0 0 0 0 — — — —
JTAG_PROGRAV)
ACTIVE ENGAGE R@ |R® R@OIR@| — | — | — | —
PULSE_NCONFIG A A AG | AG | A A 0 - = = | —
Pulse nCONFIG pin AG | AG 0 — — — —
JTAG TAP Reset R R R R R R R R — — — —
Notes to Tahle 8-16:
(1) You must execute “R” indicates that the instruction before the next instruction, “0” indicates the optional instruction, “A” indicates

that the instruction must be executed, and “NA” indicates that the instruction is not allowed in this mode.
(2) Required if you use ACTIVE DISENGAGE.
(3) Neither of the instruction is required if you use ACTIVE ENGAGE.

—
b

Cyclone IV Device Handbook,

Volume 1

The CONFIG_I0 instruction does not hold nSTATUS low until reconfiguration. You must
disengage the AS or AP configuration controller by issuing the ACTIVE DISENGAGE and
ACTIVE ENGAGE instructions when active configuration is interrupted. You must issue
the ACTIVE DISENGAGE instruction alone or prior to the CONFIG IO instruction if the
JTAG_PROGRAM instruction is to be issued later (Table 8-17). This puts the active
configuration controllers into the idle state. The active configuration controller is re-
engaged after user mode is reached through JTAG programming (Table 8-17).

While executing the CONFIG_IO instruction, all user I/Os are tri-stated.

If reconfiguration after interruption is performed using configuration modes (rather
than using JTAG_PROGRAM), it is not necessary to issue the ACTIVE_DISENGAGE
instruction prior to CONFIG_IO. You can start reconfiguration by either pulling nCONFIG
low for at least 500 ns or issuing the PULSE_NCONFIG instruction. If the

ACTIVE DISENGAGE instruction was issued and the JTAG PROGRAM instruction fails to
enter user mode, you must issue the ACTIVE_ENGAGE instruction to reactivate the active
configuration controller. Issuing the ACTIVE ENGAGE instruction also triggers
reconfiguration in configuration modes; therefore, it is not necessary to pull nCONFIG
low or issue the PULSE NCONFIG instruction.

May 2013 Altera Corporation



Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices 8-69

Remote System Upgrade

Remote System Upgrade

I

Cyclone IV devices support remote system upgrade in AS and AP configuration
schemes. You can also implement remote system upgrade with advanced Cyclone IV
features such as real-time decompression of configuration data in the AS
configuration scheme.

Remote system upgrade is not supported in a multi-device configuration chain for
any configuration scheme.

Functional Description

The dedicated remote system upgrade circuitry in Cyclone IV devices manages
remote configuration and provides error detection, recovery, and status information.
A Nios®II processor or a user logic implemented in the Cyclone IV device logic array
provides access to the remote configuration data source and an interface to the
configuration memory.

Configuration memory refers to serial configuration devices (EPCS) or supported
parallel flash memory, depending on the configuration scheme that is used.

The remote system upgrade process of the Cyclone IV device consists of the following
steps:

1. A Nios II processor (or user logic) implemented in the Cyclone IV device logic
array receives new configuration data from a remote location. The connection to
the remote source is a communication protocol, such as the transmission control
protocol/Internet protocol (TCP/IP), peripheral component interconnect (PCI),
user datagram protocol (UDP), universal asynchronous receiver/transmitter
(UART), or a proprietary interface.

2. The Nios II processor (or user logic) writes this new configuration data into a
configuration memory.

3. The Nios II processor (or user logic) starts a reconfiguration cycle with the new or
updated configuration data.

4. The dedicated remote system upgrade circuitry detects and recovers from any
error that might occur during or after the reconfiguration cycle and provides error
status information to the user design.

Figure 8-30 shows the steps required for performing remote configuration updates
(the numbers in Figure 8-30 coincide with steps 1-3).

Figure 8-30. Functional Diagram of Cyclone IV Device Remote System Upgrade

&5 2
Development @ - Cyglg\r;iielv w| Configuration
Location w Control Modul | Memory
l ' ule
Device Configuration
3
May 2013 Altera Corporation Cyclone IV Device Handbook,
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Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices
Remote System Upgrade

Figure 8-34 shows the control register bit positions. Table 8-23 defines the control
register bit contents. The numbers in Figure 8-34 show the bit position of a setting in a
register. For example, bit number 35 is the enable bit for the watchdog timer.

Figure 8-34. Remote System Upgrade Control Register

38 37 36 35 34 33 12 11 0

Rsv2 | Cd_early |Osc_int |Wd_en| Rsvl |Ru_address[21..0]| Wd_timer[11..0]

Table 8-23. Remote System Upgrade Control Register Contents

Control Register Bit Value Definition

Wd_timer[11..0]

User watchdog time-out value (most significant 12 bits of
12'h000000000000 29-hit count value:
{wd_timer[11..0],17'b1000})

Ru_address([21..0]

Configuration address (most significant 22 bits of 24-hit
22'00000000000000000000000 | boot address value:
boot address[23:0] = {Ru_address[21..0],2'b0})

Rsvl 1'b0 Reserved bit

Wd_en 1'b1 User watchdog timer enable bit

Osc_int (7 1'b1 Internal oscillator as startup state machine clock enable bit
cd_early (7 1'b1 Early coNF_DONE check

Rsv2 1'b1 Reserved bit

Note to Table 8-23:
(1) Option bit for the application configuration.

I s

When enabled, the early CONF_DONE check (Cd_early) option bit ensures that there is a
valid configuration at the boot address specified by the factory configuration and that
it is of the proper size. If an invalid configuration is detected or the CONF_DONE pin is
asserted too early, the device resets and then reconfigures the factory configuration
image. The internal oscillator (as the startup state machine clock [0sc_int] option bit)
ensures a functional startup clock to eliminate the hanging of startup. When all option
bits are turned on, they provide complete coverage for the programming and startup
portions of the application configuration. Altera recommends turning on both the
Cd_early and Osc_int option bits.

The cd_early and Osc_int option bits for the application configuration must be
turned on by the factory configuration.

Remote System Upgrade Status Register

The remote system upgrade status register specifies the reconfiguration trigger
condition. The various trigger and error conditions include:

m Cyclical redundancy check (CRC) error during application configuration
B nSTATUS assertion by an external device due to an error

m Cyclone IV device logic array triggers a reconfiguration cycle, possibly after
downloading a new application configuration image

Cyclone IV Device Handbook, May 2013  Altera Corporation
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Chapter 10: JTAG Boundary-Scan Testing for Cyclone IV Devices

BST Operation Control

Table 10-1. Boundary-Scan Register Length for Cyclone IV Devices (Part 2 of 2)

Device Boundary-Scan Register Length
EP4CGX75 1006
EP4CGX110 1495
EP4CGX150 1495

Note to Table 10-1:

(1) For the F484 package of the EP4CGX30 device, the boundary-scan register length is 1006.

Table 10-2 lists the IDCODE information for Cyclone IV devices.

Table 10-2. IDCODE Information for 32-Bit Cyclone IV Devices

IDCODE (32 Bits) ("
Device Version Part Number Manufacturer ldentity LSB
(4 Bits) (16 Bits) (11 Bits) (1 Bit) @
EP4CE6 0000 0010 0000 1111 0001 000 0110 1110 1
EP4CE10 0000 0010 0000 1111 0001 000 0110 1110 1
EP4CE15 0000 0010 0000 1111 0010 000 0110 1110 1
EP4CE22 0000 0010 0000 1111 0011 000 0110 1110 1
EP4CE30 0000 0010 0000 1111 0100 000 0110 1110 1
EP4CE40 0000 0010 0000 1111 0100 000 0110 1110 1
EP4CE55 0000 0010 0000 1111 0101 000 0110 1110 1
EP4CE75 0000 0010 0000 1111 0110 000 0110 1110 1
EP4CE115 0000 0010 0000 1111 0111 000 0110 1110 1
EP4CGX15 0000 0010 1000 0000 0001 000 0110 1110 1
EP4CGX22 0000 0010 1000 0001 0010 000 0110 1110 1
EP4CGX30 3 0000 0010 1000 0000 0010 000 0110 1110 1
EP4CGX30 4 0000 0010 1000 0010 0011 000 0110 1110 1
EP4CGX50 0000 0010 1000 0001 0011 000 0110 1110 1
EP4CGX75 0000 0010 1000 0000 0011 000 0110 1110 1
EP4CGX110 0000 0010 1000 0001 0100 000 0110 1110 1
EP4CGX150 0000 0010 1000 0000 0100 000 0110 1110 1

Notes to Table 10-2:

(1) The MSB is on the left.
2

4

(2) The 1DCODE LSB is always 1.
(3) The 1DCoDE is applicable for all packages except for the F484 package.
(4) The 1DCODE is applicable for the F484 package only.

IEEE Std.1149.6 mandates the addition of two new instructions: EXTEST PULSE and
EXTEST TRAIN. These two instructions enable edge-detecting behavior on the signal
path containing the AC pins.
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Transceiver Functional Modes

1-53

Configuring the hard IP module requires using the PCI Express Compiler. When
configuring the transceiver for PCle implementation with hard IP module, the byte
serializer and deserializer are not enabled, providing an 8-bit transceiver-PIPE-hard
IP data interface width running at 250 MHz clock frequency.

<o For more information about PCle implementation with hard IP module, refer to the
PCI Express Compiler User Guide.

Figure 1-49 shows the transceiver configuration in PIPE mode.

Figure 1-49. Transceiver Configuration in PIPE Mode

Word Aligner (Pattern Length)

8B/10B Encoder/Decoder

| Rate Match FIFO

' Byte SERDES

! Data Rate (Gbps)

Byte Ordering

+ FPGA Fabric-to-Transceiver
' Interface Width

© FPGA Fabric-to-Transceiver
i Interface Frequency (MHz)

Automatic Synchronization
State Machine (10-Bit)

'~ When configuring the transceiver into PIPE mode using ALTGX megafunction for
PCle implementation, the PHY-MAC, data link and transaction layers must be
implemented in user logics. The PCle hard IP block is bypassed in this configuration.

February 2015 Altera Corporation
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Transceiver Functional Modes

Figure 1-59 shows an example of rate match FIFO insertion in the case where one
symbol must be inserted. Because the rate match FIFO can only insert /12/ ordered
sets, it inserts one /12/ ordered set (two symbols inserted).

Figure 1-59. Example of Rate Match FIFO Insertion in GIGE Mode

First /12/ Second /12/
Ordered Set Ordered Set

f_/H K—M
datain >< Dx.y ><K28.5><D16.2><K28.5><D16.2><

rx_rmfifodatainserted

The rate match FIFO does not insert or delete code groups automatically to overcome
FIFO empty or full conditions. In this case, the rate match FIFO asserts the
rx_rmfifofull and rx_rmfifoempty flags for at least two recovered clock cycles to
indicate rate match FIFO full and empty conditions, respectively. You must then assert
the rx_digitalreset signal to reset the receiver PCS blocks.

Serial Rapidl0 Mode

Serial RapidIO mode provides the non-bonded (x1) transceiver channel datapath
configuration for SRIO protocol implementation. The Cyclone IV GX transceiver
provides the PMA and the following PCS functions:

m 8B/10B encoding and decoding

m lane synchronization state machine

Cyclone IV GX transceivers do not have built-in support for some PCS functions such
as pseudo-random idle sequence generation and lane alignment in x4 bonded
channel configuration. If required, you must implement these functions in a user
logics or external circuits.

The RapidIO Trade Association defines a high-performance, packet-switched
interconnect standard to pass data and control information between microprocessors,
digital signals, communications, network processes, system memories, and peripheral
devices. The SRIO physical layer specification defines serial protocol running at

1.25 Gbps, 2.5 Gbps, and 3.125 Gbps in either single-lane (x1) or bonded four-lane (x4)
at each line rate. Cyclone IV GX transceivers support single-lane (x1) configuration at
all three line rates. Four x1 channels configured in Serial RapidIO mode can be
instantiated to achieve one non-bonded x4 SRIO link. When implementing four x1
SRIO channels, the receivers do not have lane alignment or deskew capability.

Cyclone IV Device Handbook, February 2015 Altera Corporation
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Dynamic Reconfiguration Controller Architecture
Figure 3-1 shows a conceptual view of the dynamic reconfiguration controller
architecture. For a detailed description of the inputs and outputs of the
ALTGX_RECONFIG instance, refer to “Error Indication During Dynamic
Reconfiguration” on page 3-36.
Figure 3-1. Dynamic Reconfiguration Controller
ALTGX_RECONFIG MegaWizard Plug-In Manager ALTGX MegaWizard

ALTGX_RECONFIG Instance
(Dynamic Reconfiguration Controller)

reconfig_fromgxbl[n..0]

Plug-In Manager

ALTGX Instances

reconfig_clk
read
- /Analog controls
write_all | » reconfig logic 1

reconfig_togxb[3..0]

PMA control ports (1)

i Parallel
reset_reconfig_address Channel » addr e [bus
reconfig_data[15..0 reconfig ress . S
.97 ! ] logic Translation Serial |error
reconfig_reset i Converter
logical_channel_address[n..0] Offset
rx_tx_duplex_sel[1..0] Cancellation ||
control logic reconfig_address_out[5..0]
o=

reconfig_mode_sel[2..0]

Note to Figure 3-1:
(1) The PMA control ports consist of the Vqp, pre-emphasis, DC gain, and manual equalization controls.

|data valid

reconfig_address_en
channel_reconfig_done

—
)
&

&~ Only PMA reconfiguration mode supports manual equalization controls.

"= You can use one ALTGX_RECONFIG instance to control multiple transceiver blocks.
However, you cannot use multiple ALTGX_RECONFIG instances to control one

transceiver block.

November 2011  Altera Corporation
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Dynamic Reconfiguration Controller Port List

The Offset cancellation for Receiver channels option is automatically enabled in
both the ALTGX and ALTGX_RECONFIG MegaWizard Plug-In Managers for
Receiver and Transmitter and Receiver only configurations. It is not available for
Transmitter only configurations. For Receiver and Transmitter and Receiver only
configurations, you must connect the necessary interface signals between the
ALTGX_RECONFIG and ALTGX (with receiver channels) instances.

Offset cancellation is automatically executed once every time the device is powered
on. The control logic for offset cancellation is integrated into the dynamic
reconfiguration controller. You must connect the ALTGX_RECONFIG instance to the
ALTGX instances (with receiver channels) in your design. You must connect the
reconfig fromgxb, reconfig togxb, and necessary clock signals to both the
ALTGX_RECONFIG and ALTGX (with receiver channels) instances.

When the device powers up, the dynamic reconfiguration controller initiates offset
cancellation on the receiver channel by disconnecting the receiver input pins from the
receiver data path. Subsequently, the offset cancellation process goes through
different states and culminates in the offset cancellation of the receiver buffer.

Offset cancellation process only occurs one time after power up and does not occur
when subsequent reconfig_reset is asserted. If you assert reconfig reset after the
offset cancellation process is completed, the offset cancellation process will not run
again.

If you assert reconfig reset upon power up; offset cancellation will not begin until
reconfig reset is deasserted. If you assert reconfig reset after power up but before
offset cancellation process is completed; offset cancellation will not complete and
restart only when reconfig_reset is deasserted.

Figure 3-2 shows the connection for offset cancellation mode.

Figure 3-2. ALTGX and ALTGX_RECONFIG Connection for the Offset Cancellation Process

. ALTGX
reconfig_clk ALTGX_RECONFIG reconfig_fromgxbln..0]
offset cancellation reconfig_togxb[3..0] _ | | TX PCS TXPMA
circuit o
busy }
RX PCS RX PMA
+CDR (1)

Note to Figure 3-2:

(1) This block is active during the offset cancellation process.

[=~ The dynamic reconfiguration controller sends and receives data to the transceiver
channel through the reconfig togxb and reconfig fromgxb signals.
(= The gxb_powerdown signal must not be asserted during the offset cancellation
sequence.
November 2011  Altera Corporation Cyclone IV Device Handbook,
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Figure 3-5 shows the read transaction waveform for Method 1.

Figure 3-5. Read Transaction Waveform—Use ‘logical_channel_address port’ Option

reconfig_clk

read

2

\

rx_tx_duplex_sel [1:0] (1)

2'b00

2'b10

logical_channel_address [1:0] (2)

2'b00

2'b01

busy

\

data_valid

\

\

\

tx_vodctrl_out [2:0]

3'b111

3

b.

Notes to Figure 3-5:

_><________

(1) In this waveform example, you want to read from only the transmitter portion of the channel.

(2) In this waveform example, the number of channels connected to the dynamic reconfiguration controller is four. Therefore, the

logical channel address portis 2 bits wide.

|
|
|
|
|
T
|
T
|
|
|
T
|
T
|
|
|
T
|
T
|
|
|
I
|
|
|
|
|
T
|
T
|
T

]
]
XX >< 3001
]
]

= Simultaneous write and read transactions are not allowed.

Method 2: Writing the Same Control Signals to Control All the Transceiver

Channels

This method does not require the logical channel address port. The PMA controls
of all the transceiver channels connected to the ALTGX_RECONFIG instance are

reconfigured.

The Use the same control signal for all the channels option is available on the
Analog controls tab of the ALTGX_RECONFIG MegaWizard Plug-In Manager. If you
enable this option, the width of the PMA control ports are fixed as follows:

PMA Control Ports Used in a Write Transaction

B tx vodctrl is fixed to 3 bits

B tx preemp is fixed to 5 bits

B rx egdcgainis fixed to 2 bits

Cyclone IV Device Handbook,
Volume 2

rx_eqctrl is fixed to 4 bits
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Dynamic Reconfiguration Modes

The following are the channel reconfiguration mode options:

Channel interface reconfiguration

Data rate division at receiver channel

Channel Interface Reconfiguration Mode

Enable this option if the reconfiguration of the transceiver channel involves the
following changes:

The reconfigured channel has a changed FPGA fabric-Transceiver channel
interface data width

The reconfigured channel has changed input control signals and output status
signals

The reconfigured channel has enabled and disabled the static PCS blocks of the
transceiver channel

The following are the new input signals available when you enable this option:

Cyclone IV Device Handbook,
Volume 2

tx_datainfull—the width of this input signal depends on the number of channels
you set up in the ALTGX MegaWizard Plug-In Manager. It is 22 bits wide per
channel. This signal is available only for Transmitter only and Receiver and
Transmitter configurations. This port replaces the existing tx_datain port.

rx_dataoutfull—the width of this output signal depends on the number of
channels you set up in the ALTGX MegaWizard Plug-In Manager. It is 32 bits wide
per channel. This signal is available only for Receiver only and Receiver and
Transmitter configurations. This port replaces the existing rx_dataout port.

The Quartus II software has legality checks for the connectivity of tx _datainfull
and rx_datacutfull and the various control and status signals you enable in the
Clocking/Interface screen. For example, the Quartus II software allows you to
select and connect the pipestatus and powerdn signals. It assumes that you are
planning to switch to and from PCI Express (PIPE) functional mode.

November 2011  Altera Corporation
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Operating Conditions

Table 1-7. Bus Hold Parameter for Cyclone IV Devices (Part 2 of 2) ()

Vee (V)
Parameter Condition 1.2 1.5 1.8 2.5 3.0 3.3 Unit
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
ngﬂ{‘o'dt”p — 03 | 09 0375|1125 068|107 |07 |17 |08 | 2 |08 | 2 | v

Note to Table 1-7:

M

OCT Specifications

Table 1-8 lists the variation of OCT without calibration across process, temperature,

and voltage (PVT).

Bus hold trip points are based on the calculated input voltages from the JEDEC standard.

Table 1-8. Series OCT Without Calibration Specifications for Cyclone IV Devices

Resistance Tolerance
Description Veeio (V) Industrial, Extended Unit
Commercial Maximum industrial, and
Automotive Maximum
3.0 +30 +40 %

. . 2.5 +30 +40 %
Serles QCT without 18 240 50 %
calibration

1.5 +50 +50 %
1.2 +50 +50 %

OCT calibration is automatically performed at device power-up for OCT-enabled

1/0s.

Table 1-9 lists the OCT calibration accuracy at device power-up.

Table 1-9. Series OCT with Calibration at Device Power-Up Specifications for Cyclone IV

Devices (7
Calibration Accuracy
Description Veeio (V) Industrial, Extended Unit
Commercial Maximum industrial, and
Automotive Maximum
3.0 +10 +10 %
Series OCT with 25 £10 10 %
calibration at device 1.8 +10 +10 %
power-up 15 +10 +10 %
1.2 +10 +10 %

Note to Table 1-9:

(1) This specification is not applicable to EP4CGX15, EP4CGX22, and EP4CGX30 devices.
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= TFormore information about receiver input and transmitter output waveforms, and for

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

Table 1-18. Differential SSTL I/0 Standard Specifications for Cyclone IV Devices (7/

Veu:
Veeio (V) Vswinge) (V) Vx(ag) (V) s“i"'ﬂm) Voxacg) (V)
1/0 Standard
Min | Typ | Max | Min | Max Min Typ Max | Min | Max Min Typ| Max
SSTL-2 _ _ | Vecio/2 Voo | Veewo2- | __ | Veewo/2
Class |, I 2.375| 2.5 | 2.625 | 0.36 | Vo | Vecio/2—0.2 £ 009 0.7 . 0,125 + 0195
SSTL-18 Veeio/2 - | Vo2 Veor | Veao2- | | Vecio/2
Class .l | -7 | 18| 190 1025 Voo | ~g'y75 20175 | 99 | 7 025 +0.125
Note to Table 1-18:
(1) Differential SSTL requires a Vggr input.
Table 1-19. Differential HSTL I/0 Standard Specifications for Cyclone IV Devices (")
Veeio (V) VmF(nc) V) VX(Ac) (v) VcM(nc) V) VmF(Ac) V)
I/0 Standard Mi
Min | Typ | Max | Min | Max Min Typ Max Min Typ Max n Max
HSTL18 | 47y |18 (189 | 02| — | 08 |—| 095 | 085 |—| 095 |04| —
Class I, Il
HSTL-15
Class |, Il 1425|115 (1575] 02 | — 0.71 — 0.79 0.71 — 0.79 04| —
HSTL-12 0.52 x 0.48 x 0.52 x 0.48x
114 |12 ] 1.26 [0.16 |V 0.48xV — — 0.3
Class I, II celo celo Vecio Veeio Veeio Vecio
Note to Table 1-19:
(1) Differential HSTL requires a Vger input.
Table 1-20. Differential I/0 Standard Specifications for Cyclone IV Devices (" (Part 1 of 2)
Veeo (V) Vip (mV) Viem (V) @ Vgp (mV) @ Vos (V) @
1/0 Standard
Min Typ | Max | Min | Max | Min Condition Max | Min | Typ | Max | Min | Typ | Max
0.05 | Dyax < 500 Mbps | 1.80
LVPECL
. 500 MbpSS DMAX . . _ _ _ —
((Ij)ow I/0s) 2375 | 25 | 2625|100 0.55 < 700 Mbps 1.80
1.05 | Dyax> 700 Mbps | 1.55
0.05 | Dyax < 500 Mbps | 1.80
LVPECL
(Column | 2375 | 25 | 2625|100 | — | 0.55 iogo“é't,’\jl’si[)m“ 180 | — | — | —| — | — | =
1/0s) () = P
1.05 DMAX > 700 |V|bpS 1.55
0.05 | Dyax < 500 Mbps | 1.80
LVDS (Row . 500 Mbps < Dyax .
110s) 2375 | 25 | 2625 | 100 0.55 < 700 Mbps 1.80 | 247 600 | 1.125 | 1.25 | 1.375
1.05 | Dyax > 700 Mbps | 1.55
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