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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
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Chapter 5: Clock Networks and PLLs in Cyclone IV Devices

Cyclone IV PLL Hardware Overview

Cyclone IV PLL Hardware Overview

Table 5-6. Cyclone IV E PLL Features (Part 2 of 2)

Hardware Features

Availability

Loss of lock detection

v

Notes to Table 5-6:

(1) C counters range from 1 through 512 if the output clock uses a 50% duty cycle. For any output clocks using a

non-50% duty cycle, the post-scale counters range from 1 through 256.

(2) Only applicable if the input clock jitter is in the input jitter tolerance specifications.

(3) The smallest phase shift is determined by the VCO period divided by eight. For degree increments, Cyclone IV E
devices can shift all output frequencies in increments of at least 45°. Smaller degree increments are possible
depending on the frequency and divide parameters.

This section gives a hardware overview of the Cyclone IV PLL.

Figure 5-9 shows a simplified block diagram of the major components of the PLL of

Cyclone IV GX devices.

Figure 5-9. Cyclone IV GX PLL Block Diagram (")

Clock inputs

4

2)

from pins

GCLK (4) D—L

To RX CDR clocks

(MPLLs only)

FREF for ppm detect
(MPLLs, GPLL1, and GPLL2 only)

inclk0 .

Clock | —«— clkswitch
[Switchover] — cikbado
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Block | cikbadi
—— > activeclock
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Notes to Figure 5-9:

no compensation;
ZDB mode

H-—= GCLKs (5)

= External clock output
PLL
output TX serial clock (MPLL
mux = serial clock ( S,
GPLL1, and GPLL2 only) (6)

TX load enable (MPLLs,
GPLL1, and GPLL2 only) (7)

H=

TX parallel clock (MPLLs ,
GPLL1, and GPLL2only) (8)

source-synchronous;
normal mode

<1 GCLK networks

(1) Each clock source can come from any of the four clock pins located on the same side of the device as the PLL.

(2) There are additional 4 pairs of dedicated differential clock inputs in EP4CGX50, EP4CGX75, EP4CGX110, and EP4CGX150 devices that can only
drive general purpose PLLs and multipurpose PLLs on the left side of the device. CLK[19..16] can access PLL_2, PLL_6, PLL_7, and PLL 8
while CLK[23..20] can access PLL 1, PLL 5, PLL_6, and PLL_7. For the location of these clock input pins, refer to Figure 5-3 on page 5-13.

(3) This is the VCO post-scale counter K.

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

(5) For the general purpose PLL and multipurpose PLL counter outputs connectivity to the GCLKSs, refer to Table 5-1 on page 5-2 and Table 5-2 on

page 5-4.

(6) Only the Cl output counter can drive the TX serial clock.
(7) Only the C2 output counter can drive the TX load enable.
(8) Only the C3 output counter can drive the TX parallel clock.

Cyclone IV Device Handbook,

Volume 1

October 2012  Altera Corporation



Chapter 5: Clock Networks and PLLs in Cyclone IV Devices 5-25
Clock Feedback Modes

Figure 5-14 shows a waveform example of the phase relationship of the PLL clocks in
this mode.

Figure 5-14. Phase Relationship Between PLL Clocks in Normal Mode

Phase Aligned

PLL Reference
Clock at the Input pin

PLL Clock at the
Register Clock Port

External PLL Clock J
Outputs (1)

Note to Figure 5-14:
(1) The external clock output can lead or lag the PLL internal clock signals.

Zero Delay Buffer Mode

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

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

Figure 5-15. Phase Relationship Between PLL Clocks in ZDB Mode

Phase Aligned

PLL Reference Clock
at the Input Pin

PLL Clock
at the Register Clock Port

External PLL Clock Output
at the Output Pin
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Chapter 5: Clock Networks and PLLs in Cyclone IV Devices
PLL Reconfiguration

Figure 5-23 shows a functional simulation of the PLL reconfiguration feature.

Figure 5-23. PLL Reconfiguration Scan Chain
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DO_old o oo Dn_old Dh

L
pl

5

When reconfiguring the counter clock frequency, the corresponding counter phase
shift settings cannot be reconfigured using the same interface. You can reconfigure
phase shifts in real time using the dynamic phase shift reconfiguration interface. If
you reconfigure the counter frequency, but wish to keep the same non-zero phase shift
setting (for example, 90°) on the clock output, you must reconfigure the phase shift
after reconfiguring the counter clock frequency.

Post-Scale Counters (CO to C4)

You can configure multiply or divide values and duty cycle of post-scale counters in
real time. Each counter has an 8-bit high time setting and an 8-bit low time setting.
The duty cycle is the ratio of output high or low time to the total cycle time, that is the
sum of the two. Additionally, these counters have two control bits, rbypass, for
bypassing the counter, and rselodd, to select the output clock duty cycle.

When the rbypass bit is set to 1, it bypasses the counter, resulting in a divide by one.
When this bit is set to 0, the PLL computes the effective division of the VCO output
frequency based on the high and low time counters. For example, if the post-scale
divide factor is 10, the high and low count values are set to 5 and 5, to achieve a
50-50% duty cycle. The PLL implements this duty cycle by transitioning the output
clock from high-to-low on the rising edge of the VCO output clock. However, a 4 and
6 setting for the high and low count values, respectively, would produce an output
clock with a 40-60% duty cycle.

The rselodd bit indicates an odd divide factor for the VCO output frequency with a
50% duty cycle. For example, if the post-scale divide factor is three, the high and low
time count values are 2 and 1, respectively, to achieve this division. This implies a
67%-33% duty cycle. If you need a 50%-50% duty cycle, you must set the rselodd
control bit to 1 to achieve this duty cycle despite an odd division factor. The PLL
implements this duty cycle by transitioning the output clock from high-to-low on a
falling edge of the VCO output clock. When you set rselodd = 1, subtract 0.5 cycles
from the high time and add 0.5 cycles to the low time.

For example:

m  High time count = 2 cycles
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PLL Reconfiguration

5-39

Table 5-10. Loop Filter Control of High Frequency Capacitor

LFC[1] LFC[0] Setting (Decimal)
0 0 0
0 1 1
1 1 3

Bypassing a PLL Counter

Bypassing a PLL counter results in a divide (N, C0 to C4 counters) factor of one.

Table 5-11 lists the settings for bypassing the counters in PLLs of Cyclone IV devices.

Table 5-11. PLL Counter Settings

PLL Scan Chain Bits [0..8] Settings
Description
LSB MSB
X X X X 1 (W | PLL counter bypassed
X X X X 0 (W | PLL counter not bypassed

Note to Table 5-11:
(1) Bypass bit.

To bypass any of the PLL counters, set the bypass bit to 1. The values on the other bits
are then ignored.

Dynamic Phase Shifting

The dynamic phase shifting feature allows the output phase of individual PLL
outputs to be dynamically adjusted relative to each other and the reference clock
without sending serial data through the scan chain of the corresponding PLL. This
feature simplifies the interface and allows you to quickly adjust tco delays by
changing output clock phase shift in real time. This is achieved by incrementing or
decrementing the VCO phase-tap selection to a given C counter or to the M counter.
The phase is shifted by 1/8 the VCO frequency at a time. The output clocks are active
during this phase reconfiguration process.

Table 5-12 lists the control signals that are used for dynamic phase shifting.

Table 5-12. Dynamic Phase Shifting Control Signals (Part 1 of 2)

Description Source Destination

phasecounterselect [2..0]

Counter Select. Three bits decoded to select

either the M or one of the G counters for Loaic arrav or 1/0 PLL

phase adjustment. One address map to 09 y reconfiguration
o . ) pins T

select all C counters. This signal is registered circuit

in the PLL on the rising edge of scanclk.

Selects dynamic phase shift direction; 1= UP, Logic array o 1/0 PLL

phaseupdown 0 = DOWN. Signal is registered in the PLLon | _. reconfiguration
Iy pins S
the rising edge of scanclk. circuit
Logic array or I/0 PLL
phasestep Logic high enables dynamic phase shifting. pings y reconfiguration
circuit
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Chapter 6: 1/0 Features in Cyclone IV Devices 6-9

OCT Support

s

The Rg shown in Figure 6-2 is the intrinsic impedance of the transistors that make up
the I/O buffer.

Figure 6-2. Cyclone IV Devices Rs OCT with Calibration

Cyclone IV Device Family Receiving
Driver Series Termination Device

Veeio

Rs

j (T} >

GND

OCT with calibration is achieved using the OCT calibration block circuitry. There is
one OCT calibration block in each of I/O banks 2, 4, 5, and 7 for Cyclone IV E devices
and I/O banks 4, 5, and 7 for Cyclone IV GX devices. Each calibration block supports
each side of the I/O banks. Because there are two I/O banks sharing the same
calibration block, both banks must have the same Vg if both banks enable OCT
calibration. If two related banks have different Vcjo, only the bank in which the
calibration block resides can enable OCT calibration.

Figure 6-10 on page 6-18 shows the top-level view of the OCT calibration blocks
placement.

Each calibration block comes with a pair of RUP and RDN pins. When used for
calibration, the RUP pin is connected to Vo through an external 25-Q +1% or

50-Q +1% resistor for an Rg OCT value of 25 Q or 50 Q, respectively. The RDN pin is
connected to GND through an external 25-Q +1% or 50-Q +1% resistor for an Rg OCT
value of 25 Q or 50 Q, respectively. The external resistors are compared with the
internal resistance using comparators. The resultant outputs of the comparators are
used by the OCT calibration block to dynamically adjust buffer impedance.

During calibration, the resistance of the RUP and RDN pins varies.

March 2016  Altera Corporation Cyclone IV Device Handbook,
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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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Chapter 7: External Memory Interfaces in Cyclone IV Devices 7-15
Cyclone IV Devices Memory Interfaces Features

Figure 7-9 illustrates how the second output enable register extends the DQS
high-impedance state by half a clock cycle during a write operation.

Figure 7-9. Extending the OE Disable by Half a Clock Cycle for a Write Transaction ("

| | I | I | |
System clock i /—\ m m/‘
t

(outclock for DQS)

OE for DQS ! ! e Delay—
E i v | | | |
(from logic array) | 909 by Half —
T T | | | | | |
: + aClock : : : :
| | | Ovde ) | | |
DQs . . : Preamble / 1 \ Postamble
| | | ) | | | |
Write Clock i ' i | '
|

(outclock for DQ, / : ' ' ' j
-90°phase shifted |
from System Clock)

datain_h
(from logic array)

datain_|
(from logic array)

OE for DQ
(from logic array)

DQ dp D§1 D2 o3

Note to Figure 7-9:

(1) The waveform reflects the software simulation result. The oz signal is an active low on the device. However, the
Quartus Il software implements the signal as an active high and automatically adds an inverter before the Aqg register
D input.

OCT with Galibration

Cyclone IV devices support calibrated on-chip series termination (Rg OCT) in both
vertical and horizontal I/ O banks. To use the calibrated OCT, you must use the RUP
and RDN pins for each Rg OCT control block (one for each side). You can use each
OCT calibration block to calibrate one type of termination with the same Vo for
that given side.
“ e Formore information about the Cyclone IV devices OCT calibration block, refer to the
Cyclone IV Device I/O Features chapter.

PLL

When interfacing with external memory, the PLL is used to generate the memory
system clock, the write clock, the capture clock and the logic-core clock. The system
clock generates the DQS write signals, commands, and addresses. The write-clock is
shifted by -90° from the system clock and generates the DQ signals during writes. You
can use the PLL reconfiguration feature to calibrate the read-capture phase shift to
balance the setup and hold margins.

I'=" ThePLL is instantiated in the ALTMEMPHY megafunction. All outputs of the PLL are
used when the ALTMEMPHY megafunction is instantiated to interface with external
memories. PLL reconfiguration is used in the ALTMEMPHY megafunction to
calibrate and track the read-capture phase to maintain the optimum margin.

“ e For more information about usage of PLL outputs by the ALTMEMPHY
megafunction, refer to the External Memory Interface Handbook.

March 2016  Altera Corporation Cyclone IV Device Handbook,
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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
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Device Configuration
3
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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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Chapter 1: Cyclone IV Transceivers Architecture
Transmitter Channel Datapath

For example, when operating an EP4CGX150 transmitter channel at 3.125 Gbps
without byte serializer, the FPGA fabric frequency is 312.5 MHz (3.125 Gbps/10). This
implementation violates the frequency limit and is not supported. Channel operation
at 3.125 Gbps is supported when byte serializer is used, where the FPGA fabric
frequency is 156.25 MHz (3.125 Gbps/20).

The byte serializer forwards the least significant byte first, followed by the most
significant byte.

8B/10B Encoder

=

The optional 8B/10B encoder generates 10-bit code groups with proper disparity from
the 8-bit data and 1-bit control identifier as shown in Figure 1-5.

The encoder is compliant with Clause 36 of the IEEE 802.3 Specification.

Figure 1-5. 8B/10B Encoder Block Diagram
—

tx_ctrlenable )

10
ix_forcedisp 8B/10B Encoder +>
—P

tx_dispval

The 1-bit control identifier (tx_ctrlenable) port controls the 8-bit translation to either
a 10-bit data word (Dx.y) or a 10-bit control word (Kx.y). Figure 1-6 shows the 8B/10B
encoding operation with the tx_ctrlenable port, where the second 8'hBC data is
encoded as a control word when tx_ctrlenable port is asserted, while the rest of the
data is encoded as a data word.

Figure 1-6. Control and Data Word Encoding with the 8B/10B Encoder

clock

tx_datain[7..0] >< 83 >< 78 >< BC >< BC >< OF >< 00 >< BF >< 3C ><
tx_ctrlenable
code group >< D3.4 ><D24.3><D28.5><K28.5><D15.0>< D0.0 ><D31.5><D28.1 ><

The IEEE 802.3 8B/10B encoder specification identifies only a set of 8-bit characters
for which the tx ctrlenable port should be asserted. If you assert tx_ctrlenable
port for any other set of characters, the 8B/10B encoder might encode the output 10-
bit code as an invalid code (it does not map to a valid Dx.y or Kx.y code), or an
unintended valid Dx.y code, depending on the value entered. It is possible for a
downstream 8B/10B decoder to decode an invalid control word into a valid Dx.y code
without asserting any code error flags. Altera recommends not to assert
tx_ctrlenable port for unsupported 8-bit characters.

Cyclone IV Device Handbook, February 2015 Altera Corporation

Volume 2


http://standards.ieee.org

Chapter 1: Cyclone IV Transceivers Architecture 1-37
Transceiver Clocking Architecture

Bonded Channel Configuration

In bonded channel configuration, the low-speed clock for the bonded channels share a
common bonded clock path that reduces clock skew between the bonded channels.
The phase compensation FIFOs in bonded channels share a set of pointers and control
logic that results in equal FIFO latency between the bonded channels. These features
collectively result in lower channel-to-channel skew when implementing
multi-channel serial interface in bonded channel configuration.

In a transceiver block, the high-speed clock for each bonded channels is distributed
independently from one of the two multipurpose PLLs directly adjacent to the block.
The low-speed clock for bonded channels is distributed from a common bonded clock
path that selects from one of the two multipurpose PLLs directly adjacent to the block.
Transceiver channels for devices in F484 and larger packages support additional
clocking flexibility for x2 bonded channels. In these packages, the x2 bonded channels
support high-speed and low-speed bonded clock distribution from PLLs beyond the
two multipurpose PLLs directly adjacent to the block. Table 1-10 lists the high- and
low-speed clock sources for the bonded channels.

Table 1-10. High- and Low-Speed Clock Sources for Bonded Channels in Bonded Channel
Configuration

; High- and Low-Speed Clocks Source
Package Tra;ls::dver Bonded Channels
Option 1 Option 2
F324 and smaller GXBLO x2 n channels 0, 1 MPLL 1 MPLL 2
x4 in all channels - -
. MPLL 5/
2 in channels 0, 1 - MPLL
GXBLO x2In channels 0, GPLL 1 _6
x4 in all channels MPLL 5 MPLL 6
F484 and larger = ; =
. MPLL 7
x2 in channels 0, 1 - MPLL 8
GXBL1 (1) MPLL 6 —
x4 in all channels MPLL 7 MPLL 8
Note to Table 1-10:
(1) &xBL1 is not available for transceivers in F484 package.

'~ When implementing x2 bonded channel configuration in a transceiver block,
remaining channels 2 and 3 are available to implement other non-bonded channel
configuration.
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Chapter 1: Cyclone IV Transceivers Architecture

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
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'~ 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.
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Figure 1-61 shows the transceiver configuration in Serial RapidIO mode.

Figure 1-61. Transceiver Gonfiguration in Serial Rapidl0 Mode
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Lane Synchronization

In Serial RapidIlO mode, the word aligner is compliant to the SRIO Specification 1.3
and is configured in automatic synchronization state machine mode with the
parameter settings as listed in Table 1-20.

Table 1-20. Synchronization State Machine Parameters ()

Parameter Value
Number of valid synchronization (/K28.5/) code groups received to achieve 197
synchronization
Number of erroneous code groups received to lose synchronization 3
Number of continuous good code groups received to reduce the error count by 055
one
Note to Table 1-20:
(1) The word aligner supports 10-bit pattern lengths in SRIO mode.
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Transceiver Top-Level Port Lists

Transceiver Top-Level Port Lists

Table 1-26 through Table 1-29 provide descriptions of the ports available when
instantiating a transceiver using the ALTGX megafunction. The ALTGX megafunction
requires a relatively small number of signals. There are also a large number of
optional signals that facilitate debugging by providing information about the state of
the transceiver.
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Chapter 3: Cyclone IV Dynamic Reconfiguration
Dynamic Reconfiguration Modes

Read Transaction

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

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

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

1.

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

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

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

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

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

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

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

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

rx_tx_duplex_sel [1:0] (1)

tx_vodctrl_out [2:0]

Note to Figure 3-7:

read

busy

data_valid

reconfig_clk r

\
A}

A}
\

2'b10

2'b00 ><

|
T
| 6111111
|
T

|
|
|
|
|
t
| |
L] T
| |
| |
| |
t t
| |
| |
| |
| |

T
>< BHXXXXXX >< 6'5010001
|

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

L&

Simultaneous write and read transactions are not allowed.
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Section |. Device Datasheet
fAN ISR

This section provides the Cyclone® IV device datasheet. It includes the following
chapter:

m Chapter 1, Cyclone IV Device Datasheet

Revision History

Refer to each chapter for its own specific revision history. For information about when
each chapter was updated, refer to the Chapter Revision Dates section, which appears
in the complete handbook.
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Switching Characteristics
Table 1-23 lists the Cyclone IV GX transceiver block AC specifications.
Table 1-23. Transceiver Block AC Specification for Cyclone IV GX Devices (7 (2
Symhol/ Coniti C6 C7,17 c8 Unit
Description onditions - . ) ni
Min |{Typ| Max | Min | Typ | Max | Min | Typ | Max
PCle Transmit Jitter Generation °
Total itter at 2.5 Gbps Compliance pattern — | —102 | — | — |02 | — | — | 025 | Ul
(Gen1)
PCle Receiver Jitter Tolerance ?
Total jtter at 2.5 Gbps Compliance pattern >0.6 >0.6 >0.6 ul
(Gen1)
GIGE Transmit Jitter Generation #
Deterministic jitter
Pattern = CRPAT —|—1014| —| — | 014 | — | —|014 | Ul
(peak-to-peak)
Total jitter (peak-to-peak) | Pattern = CRPAT — | —10279 | — | — (0279 | — | — |0.279 | UI
GIGE Receiver Jitter Tolerance
Deterministic jitter Pattern = CJPAT > 0.4 504 > 0.4 ul
tolerance (peak-to-peak)
Combined deterministic
and random jitter Pattern = CJPAT > 0.66 > 0.66 > 0.66 ul
tolerance (peak-to-peak)

Notes to Table 1-23:

(1) Dedicated refclk pins were used to drive the input reference clocks.

(2)
3)
(4)

The jitter numbers specified are valid for the stated conditions only.
The jitter numbers for PIPE are compliant to the PCle Base Specification 2.0.
The jitter numbers for GIGE are compliant to the IEEE802.3-2002 Specification.

Core Performance Specifications

The following sections describe the clock tree specifications, PLLs, embedded
multiplier, memory block, and configuration specifications for Cyclone IV Devices.

Clock Tree Specifications
Table 1-24 lists the clock tree specifications for Cyclone IV devices.

Table 1-24. Clock Tree Performance for Cyclone IV Devices (Part 1 of 2)

Performance
Device Unit
C6 c7 c8 csL coL ™ 17 18L (" A7
EP4ACE6 500 437.5 402 362 265 437.5 362 402 MHz
EP4CE10 500 437.5 402 362 265 437.5 362 402 MHz
EP4CE15 500 437.5 402 362 265 4375 362 402 MHz
EP4CE22 500 437.5 402 362 265 437.5 362 402 MHz
EP4CE30 500 437.5 402 362 265 4375 362 402 MHz
EP4CE40 500 437.5 402 362 265 437.5 362 402 MHz
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