IP CORE MANUAL

NAVIGATER

FPGA Design Kit

CDCM7005 Clock Interface IP

px_cdc_clk_intrfc

FPENT Ei

Pentek, Inc.
One Park Way
Upper Saddle River, NJ 07458
(201) 818-5900
http://www.pentek.com/

Copyright © 2016
Manual Part Number: 807.48323 Rev: 1.0 - December 09, 2016



CDCM7005 Clock Interface IP

Manual Revision History
Date Version Comments
12/09/16 1.0 Initial Release

Legal Notices

The information disclosed to you hereunder (the “Materials™) is provided solely for the selection and use of Pentek products. To the
maximum extent permitted by applicable law: (1) Materials are made available “AS IS and with all faults, Pentek hereby DISCLAIMS
ALL WARRANTIES AND CONDITIONS, EXPRESS, IMPLIED, OR STATUTORY, INCLUDING BUT NOT LIMITED TO
WARRANTIES OF MERCHANTABILITY, NON-INFRINGEMENT, OR FITNESS FOR ANY PARTICULAR PURPOSE; and (2)
Pentek shall not be liable (whether in contract or tort, including negligence, or under any other theory of liability) for any loss or
damage of any kind or nature related to, arising under, or in conjunction with, the Materials (including your use of Materials), including
for any direct, indirect, special, incidental, or consequential loss or damage (including loss of data, profits, goodwill, or any type of loss
or damage suffered as a result of any action brought by a third party) even if such damage and loss was reasonably foreseeable or
Pentek had been advised of the possibility of the same. Pentek assumes no obligation to correct any error contained in the Materials or
to notify you of updates to the Materials or to product specifications. You may not reproduce, modify, distribute, or publicly display the
materials without prior written consent. Certain products are subject to the terms and conditions of Pentek’s limited warranty, please
refer to Pentek’s Ordering and Warranty information which can be viewed at http://www.pentek.com/contact/customerinfo.cfm; IP
cores may be subject to warranty and support terms contained in a license issued to you by Pentek. Pentek products are not designed or
intended to be fail-safe or for use in any application requiring fail-safe performance; you assume sole risk and liability for the use of
Pentek products in such critical applications.

Copyright

Copyright © 2016, Pentek, Inc. All Rights Reserved. Contents of this publication may not be reproduced in any form without written
permission.

Trademarks

Pentek, Jade, and Navigator are trademarks or registered trademarks of Pentek, Inc.
ARM and AMBA are registered trademarks of ARM Limited. PCI, PCI Express, PCle, and PCI-SIG are trademarks or registered

trademarks of PCI-SIG. Texas Instruments is a trademark of Texas Instruments, Incorporated. Xilinx, Kintex UltraScale, Vivado, and
Platform Cable USB are registered trademarks of Xilinx Inc., of San Jose, CA.

Printed in the United States of America.



CDCM7005 Clock Interface IP Page 3

Table of Contents

1.1
1.2
1.3
1.4

1.5
1.6

2.1
2.2

23

24
2.5

3.1

3.2

Page
IP Facts
DS CTIPEION. 1..etieiieeeiieeieeetee et e et e e teeetteebeeesbeessbeessseeasseeasseeessaeassaeassaeassaeassesessseassseenssaesssaenssaesssesssseenns 5
FOatUTES ... ettt e et e e e e e et b e e e bb e e e e tbe e e e bt e e e nbee e e nnbaeeenbaeeenraaeennrees 5
Table 1-1: IP Facts Table 5
Chapter 1: Overview
FUNCtioNal DESCIIPHION ..ceuvieiieiieiieie ettt sttt ettt ettt et e ste e bt ebeeate et e eateenteeatesaeesseesaeesseesseenseesseens 7
Figure 1-1: CDCM7005 Clock Interface Core Block Diagram . . . . 7
A PPIICALIONS ....veeeiieeiie ettt tee et e ettt e et e e ssbeeeebeeesbeeesseeesbaeessaeessaeesbaeassaeasseasseesseessaeansaeesseeanreaans 9
SYSLEM REQUITEIMEILS ......eevvieiieiieieeieeiestesteseesteeteebeesesesesssessaesseesseesseessaessaesseessessseensesssesssesssesssensses 9
Licensing and Ordering INformation .............ccciicveiienieniieiieie et ere et saesaesaesraeseaeseseseseseesreens 9
Contacting TeChNICAl SUPPOIT ......eevuiiiieiieeiiecit ettt ettt e s e s beeebeeebeeesbeessbeeesseeessaeesseeenens 9
DOCUMEIIEALION. ...ttt ettt b e e et et e s bt bt e et e sbeesteneeebeeb e e st et enbe e bt eneeaenaes 9
Chapter 2: General Product Specifications
STANAATAS ..ttt et h e bt et et e e bt e bt et e ea bt et e et e et e e tesateeatesheeeheeeatesaeenaeen 11
PITOTIIANCE ...ttt et ettt et a et e b e e bt e st et e nbeebeenee e e nbe e 11
2.2.1 MaXimum FIEQUENCIES ......ccvvvviiieiiieiieiieieeieereereeveeteseaeseresebessaessaessaesraesseesseesseesseessesnns 11
ReESOUICE ULIIZALION ..c..eeieieiieeieeee ettt sttt b et e st e bt e bt e be et e et e eateeateeneas 11
Table 2-1: Resource Usage and Availability........cccecueeernnneene. cerennnennessanes 11
Limitations and Unsupported FEAtUIES...........cccuieriiiiiiieeiieieeie ettt sre e e e e seseeeneees 11
GENETIC PATAIMETETS. ... .cetiitieiiete ettt ettt et ettt b et et et e et e e abeeateeaeeeateeateeateeaeas 12
Table 2-2: Generic Parameters . . 12
Chapter 3: Port Descriptions

AXIA-Lite COre INTETTACES ... cetieuiiiiiiitie ittt ettt et e b e ettt ettt e 13
3.1.1 Control/Status Register (CSR) INterface ..........ccceccerviirierieniinieierieeteeee e 13
Table 3-1: Control/Status Register (CSR) Interface Port Descriptions ........c.cccceeereueeee 13

T/ SIZNALS ..ttt ettt e et e e et e e et e e e b e e et bt e e b e e e bt e e bee e baeebeeebaeerbaeetbeesbaennbaeenreeenteas 16
Table 3-2: 1/0 Signals . 16

Rev.: 1.0



Page 4

Table of Contents

CDCM7005 Clock Interface IP

4.1

4.2

43

4.4

4.5

4.6

5.1
52
53
54
5.5
5.6
5.7

6.2
6.3
6.4
6.5

6.6

Rev.: 1.0

Page
Chapter 4: Register Space
Table 4-1: Register Space Memory Map 17
CONLTOL REGISTET ....uieiieiieieeieet ettt ettt ettt et e bt et e e bt e be et estesatesaseenteeatesseesatesneesseanseessaens 18
Figure 4-1: Control Register .18
Table 4-2: Control Register (Base Address + 0x00) . . . 18
CLOCK Statls REGISTET ...cuiiuieiieiieieeie ettt ettt ettt et e ettt et et e e ateenteesteeatesseesatesneesseanseesseens 19
Figure 4-2: Clock Status Register... .19
Table 4-3: Clock Status Register (Base Address + 0x04) 19
Frequency Counter REGISTET. ........ciiuiiiiieiieieeie ettt ettt ettt ettt et eateenteeaeesateeneesnees 21
Figure 4-3: Frequency Counter Register . 21
Table 4-4: Frequency Counter Register (Base Address + 0x08) ...... 21
Interrupt ENable REGISTET .....cccieriieiieiieiecie ettt sttt ettt et te et ese e esbeesseesbeenseenaessnesssennsennsen 22
Figure 4-4: Interrupt Enable Register .........ccceeeveeurerenrene . w22
Table 4-5: Interrupt Enable Register (Base Address + 0x0C) ......... 22
INtErTUPE StATUS REZISIET....cviiiiieiieiieiieieete ettt ettt et et e e et e b e e b e esbeenseesaessnesssesnsennnes 24
Figure 4-5: Interrupt Status Register 24
Table 4-6: Interrupt Status Register (Base Address + 0x10) 24
INtErTUPt F1ag REGISTET ..ovviiviiiiieiieiieiieie ettt ettt sttt et e st e e e enseesbeenseessesssesssenssennses 26
Figure 4-6: Interrupt Flag Register. .26
Table 4-7: Interrupt Flag Register (Base Address + 0x14) 26
Chapter 5: Designing with the Core
General Desig@n GUIAEIINES .........cecviiriieeiieiieieiiesteeeieerie et et teese e st essessesssesssesssessaesssesssesseesseessaens 29
CLOCKINE .....vteevieeiieteeteete ettt et e et e et e s taestee st e e s taesteesseesseesseasseesseasseesseasseasseasseasseassenssesssesssesssesssassenssenns 29
RESELS .ottt ettt e h e e bt e b e s bt e e sab e sa bt e e e ab e e b sabeeenbeeenbaeenbaean 29
LS 0 080 £ SRR 29
INEEITACE OPETALION.......iiiieiiiiieieeieeieete et te st e st e s e e e esee st esbeesbeesseesseassaessaesseasseassesssesssesssenssensses 30
Programming S@QUEIICE .......ccc.eeiiiiiiieeiiecie ettt et e stteesve e teesveeeebeessseessseesssaesssaessseessseessseessseesssees 30
TIMING DIAGIAINS ...vvevvveiiieriieiieiieiteie et et et et e tteteesseeseesseesseesseesseesseassessseasseassesssesseesssesssesssesseessaens 30
Chapter 6: Design Flow Steps

Figure 6-1: CDCM7005 Clock Interface Core in Pentek IP Catalog....... .31
Figure 6-2: CDCM7005 Clock Interface Core IP Symbol 32
USET PATAIMETETS ...ccuveiuiiiiiiiieiieieeteet ettt ettt et et b et e bt e e s e st emeesaeesaeesatesaeennees 32
GENETATING OULPUL....ecuvieeiiieiiieeiieeteeeteete et e st e e seteeseteeeaeessseeessaeasseeassseesseessseensseesseesssaessseesnseesssenans 32
CONSLIAINING the COTE ..eiuviiiiiieiie ettt ettt e et e et e et e e e taeesteeeteeessseessseesseessaesssaesssesssseessseeans 33
STMIUIATION ...ttt e h et e e bt s bt e st et e s bt ebtem e e b e e bt e st et e be e bt eneentenees 33
Figure 6-3: CDCM7005 Clock Interface Core Test Bench Simulation Qutput.........cceceeeeuercenerens 34
Synthesis and IMPIEMENtAtION .........cccuiiiiiieeiiieciie ettt sre e ebee e beeebeeesbeeesseeensaeessseenses 34



CDCM7005 Clock Interface IP

IP Facts

Page 5

Description

Pentek’s Navigator™ CDCM7005 Clock Interface
Core serves as an interface to the Texas Instru-
ments™ CDCM7005 Clock Generator and gener-
ates a Sample Clock signal from the differential
clock output of the CDCM7005 Clock Generator.

This core complies with the ARM® AMBA® AXI4
Specification. This user manual defines the hard-
ware interface, software interface, and parameter-
ization options for the CDCM7005 Clock Interface
Core.

Features

* Generates a Sample clock output from an input
differential clock from the CDCM7005 Clock
Generator

* Register access through AXI4-Lite interface

* Replaces the Sample clock output with an
incoming AXI system clock when the
CDCM7005 clock is unavailable

* Includes a FIFO to indicate the clock cycle count
of the incoming differential clock signal from the
CDCM7005 Clock Generator

Rev. 1.0

Table 1-1: IP Facts Table

Core Specifics

Supported Design Kintex® Ultrascale

Family?

Supported User AXI4-Lite

Interfaces

Resources See Table 2-1

Provided with the Core

Design Files VHDL

Example Design Not Provided

Test Bench VHDL

Constraints File Not Provided®

Simulation Model VHDL

Supported S/W HAL Software Support

Driver

Tested Design Flows

Design Entry Vivado® Design Suite
2016.3 or later

Simulation Vivado VSim

Synthesis Vivado Synthesis

Support

Provided by Pentek fpgasupport@pentek.com

a.For a complete list of supported devices, see the
Vivado Design Suite Release Notes.

b.Clock constraints can be applied at the top-level
module of the user design.



http://www.xilinx.com/support/documentation/sw_manuals/xilinx2015_2/ug973-vivado-release-notes-install-license.pdf
http://www.xilinx.com/support/documentation/sw_manuals/xilinx2015_2/ug973-vivado-release-notes-install-license.pdf
http://www.ti.com/
http://www.ti.com/
http://www.ti.com/product/CDCM7005?keyMatch=cdcm7005&tisearch=Search-EN-Products
http://www.pentek.com/
http://www.arm.com/
http://www.arm.com/products/system-ip/amba-specifications.php
mailto:fpgasupport@pentek.com
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Chapter 1: Overview

1.1

Functional Description

The CDCM7005 Clock Interface Core provides a transaction interface between the Texas Instru-
ments CDCM7005 Clock Generator and other modules in user designs that run in the Sample
clock domain. This core has an AXI4-Lite Slave Interface and is connected to the Register
Space as shown in Figure 1-1.

The core accepts an input differential clock signal from the CDCM7005 clock generator, which
is used to generate the sample clock output. The Register Space is connected to a state
machine through counters. The state machine controls the sample clock output of the core. The
FIFO is used to indicate the clock cycle count of the sample clock when there is a valid input
differential clock from the CDCM7005 clock generator, which can be used to determine its fre-
quency.

On reset, the CDCM7005 Interface Core generates a sample clock output equivalent to half of
the AXI bus clock frequency (s_axi_csr_aclk), which is then switched to the input differential
clock signal frequency after it is detected by the core.

Figure 1-1 is a top-level block diagram of the CDCM7005 Clock Interface Core. The modules in
the block diagram are explained in other sections of this manual.

Figure 1-1: CDCM7005 Clock Interface Core Block Diagram

h ol FIFO
AXl4-Lite |
AXW-Lite Interface | i
Interface €77 i R;g;s::t:r <«—p| Counters | > Sample Clock
w Ll
Output
CDC State
Input Status N Machine .
Signals > LED Drive
Output
Differential Clock
= -
(from CDCM7005)

Rev. 1.0

U AXI4-Lite Interface: This module implements a 32-bit AXI4-Lite slave interface to access
the register space. For more details about the AXI4-Lite Interface, refer to Section 3.1 AXI4-
Lite Core Interfaces.
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CDCM7005 Clock Interface IP

Functional Description (continued)

O Register Space: This module contains the control and status registers, including Interrupt
Enable, Interrupt Flag, and Interrupt Status registers. Registers are accessed through the AXI4-
Lite interface.

U Counters: This module includes the timeout counters and frequency counters for the
CDCM7005 Clock Interface Core. This core has two 8-bit timeout counters which count the
AXI clock cycles and CDCM7005 clock cycles. This core also has a 31-bit AXI clock
frequency counter, and a 32-bit sample clock frequency counter which starts after a valid clock
input is detected from the CDCM7005 clock generator.

U CDC State Machine: This state machine is used to control the Sample clock output of the
core. The state machine determines if a valid clock is available at the differential clock input of
the core coming from the CDCM7005 clock generator. When there is no valid clock at the
input, the sample clock output of the core is half the frequency of the AXI clock
(s_axi_csr_aclk), referred to as the keepalive clock. When a valid input clock is available, it
generates the sample clock from the input differential clock. This state machine has eight
states which are explained as follows:

* Reset State: When the incoming reset signal (s_axi_aresetn) is Low, the state machine is
held in the Reset state, where all the signals are set to 0 and the sample clock output is
equivalent to the keepalive clock frequency.

e Start Timeout Counter State: When the reset signal (s_axi_csr_ asresetn) is set to High,
the state machine moves from the Reset state to the Start Timeout counter state, where the
AXI clock timeout counter starts incrementing based on the s_axi_csr_aclk and the
CDCM7005 clock timeout counter increments based on the incoming differential clock
signal from the CDCM?7005 clock generator.

* Keepalive State: The state machine moves to the Keepalive state after the Start Timeout
Counter state. In this state, the sample clock output is the keepalive clock. A valid
differential clock input is detected when the CDCM7005 clock timeout counter reaches its
maximum value. When a valid differential clock is detected, the state machine moves to
the Good Clock state. When a differential clock is not available, the state machine moves
to the next wait state after the AXI clock cycle timeout counter reaches its maximum
value.

¢ Timeout State Waitl, Wait2, Wait 3: These are the three wait states for the state machine
after the Keepalive state when a valid clock is not present at the differential clock input.
After these wait states the state machine moves back to the Start Timeout Counter state. At
Timeout State Wait 3 the AXI clock timeout counter is reset to the default value of ‘0°.

* Good Clock State: When a valid clock is detected at the differential clock input from the
CDCM7005, the state machine moves from the Keepalive state to the Good Clock state
and remains in this state as long as the input differential clock is present. In this state, the
core generates a sample clock output from the incoming differential clock signal. When
the input differential clock is not available, the state machine moves back to the Start
Timeout Counter state.
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Functional Description (continued)

U FIFO: This is a clock domain crossing FIFO, which is used to return the value of the sample
clock frequency counter to the Status Register in the register space. This FIFO receives the
sample clock frequency counter value in the sample clock domain and delivers the value to the
register space in the AXI clock (s_axi_csr_aclk) domain.

Applications

This core can be used for interfacing any Kintex Ultrascale FPGA to the CDCM7005 Clock
Generator across an AXI4-Lite Interface. The CDCM7005 Clock Interface Core is used to gen-
erate sample clocks on Pentek product families such as the Jade XMC modules.

System Requirements

For a list of system requirements, see the Vivado Design Suite Release Notes.

Licensing and Ordering Information

This core is included with all Pentek Navigator FPGA Design Kits for Pentek Jade series board
products. Contact Pentek for Licensing and Ordering Information (www.pentek.com).

Contacting Technical Support

Technical Support for Pentek’s Navigator FPGA Design Kits is available via e-mail (fpgasup-
port@pentek.com) or by phone (201-818-5900 ext. 238, 9 am to 5 pm EST).

Documentation

This user manual is the main document for this IP core. The following documents provide sup-
plemental material:

1) Vivado Design Suite User Guide: Designing with IP

2) Vivado Design Suite User Guide: Programming and Debugging

3) ARM AMBA AXI4 Protocol Version 2.0 Specification
http://www.arm.com/products/system-ip/amba-specifications.php

4) Texas Instruments CDCM7005 Clock Generator Datasheet


http://www.xilinx.com/support/documentation/sw_manuals/xilinx2015_2/ug973-vivado-release-notes-install-license.pdf
https://www.micron.com/products/datasheets/53df5c09-117e-441f-bd36-23926fb823f6
http://www.pentek.com/
http://www.arm.com/products/system-ip/amba-specifications.php
http://www.ti.com/lit/ds/symlink/cdcm7005.pdf
http://www.xilinx.com/support/documentation/sw_manuals/xilinx2015_2/ug896-vivado-ip.pdf
http://www.xilinx.com/support/documentation/sw_manuals/xilinx2015_2/ug908-vivado-programming-debugging.pdf
http://www.ti.com/lit/ds/symlink/cdcm7005.pdf
http://www.ti.com/lit/ds/scas685l/scas685l.pdf
http://www.xilinx.com/support/documentation/sw_manuals/xilinx2015_2/ug908-vivado-programming-debugging.pdf
http://www.xilinx.com/support/documentation/sw_manuals/xilinx2015_2/ug896-vivado-ip.pdf
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Chapter 2: General Product Specifications

2.1

2.2

2.3

24

Rev. 1.0

Standards

The CDCM7005 Clock Interface Core has a bus interface that complies with the ARM AMBA
AXI4-Lite Protocol Specification.

Performance

The performance of the CDCM7005 Clock Interface Core is limited only by the FPGA logic
speed. The values presented in this section should be used as an estimation guideline. Actual
performance can vary.

2.21 Maximum Frequencies
The CDCM7005 Clock Interface Core is designed to meet a target frequency of 250

MHz on a Kintex Ultrascale -2 speed grade FPGA. 250 MHz is typically the PCI
Express® (PCIe®) AXI Bus clock frequency.

Resource Utilization

The resource utilization of the CDCM7005 Clock Interface Core is shown in Table 2-1.
Resources have been estimated for the Kintex Ultrascale XCKUO060 -2 speed grade device. These
values were generated using the Vivado Design Suite.

Table 2-1: Resource Usage and Availability
Resource # Used
LUTs 199
Flip-Flops 477
Memory LUT 24

NOTE: Actual utilization may vary based on the user design in which the CDCM7005 Clock
Interface Core is incorporated.

Limitations and Unsupported Features

This section is not applicable to this IP core.


http://www.arm.com/products/system-ip/amba-specifications.php
http://www.arm.com/products/system-ip/amba-specifications.php
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2.5 Generic Parameters

The generic parameters of the CDCM7005 Clock Interface Core are described in Table 2-2.
These parameters can be set as required by the user while customizing the core.

Table 2-2: Generic Parameters

Port/Signal Name Type Description

differential_term String Differential Termination: Differential termination for the
differential clock inputs.

TERM_NONE = No differential termination for the inputs
TERM_100 =100 Q differential termination

ibuf_low_pwr Boolean | Input Buffer Low Power: Sets the input buffer performance.
True = Input buffer implemented in low power mode;
False = Input buffer implemented in high performance mode

initial_led_mode Integer Initial LED Source Select at Reset: Selects the source of the
LED at reset. This parameter indicates the status of the following:
0 = CDC Clock is good

1 = CDC Clock is good and CDC VCXO input is valid

2 = CDC Clock is good, CDCM7005 VCXO input is valid,
CDCM7005 Reference clock input is valid, and CDC is phase-
locked to the Reference clock.

Rev. 1.0
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Chapter 3: Port Descriptions

This chapter provides port descriptions for the following interface type, and 1/O signals:

e AXI4-Lite Core Interfaces

» /O Signals

3.1 AXI4-Lite Core Interfaces

The CDCM7005 Clock Interface Core uses the Control/Status Register (CSR) interface to con-
trol, and receive status from, the user design.

3.1.1

Control/Status Register (CSR) Interface

The CSR interface is an AXI4-Lite Slave Interface that can be used to access the con-
trol and status registers in the CDCM7005 Clock Interface Core. Table 3-1 defines the
ports in the CSR interface. See Chapter 4 for a Control/Status Register memory map
and bit definitions. See the AMBA AXI4-Lite Specification for details on the operation
of the AXI4-Lite interfaces.

Table 3-1: Control/Status Register (CSR) Interface Port Descriptions

Port

Direction

Width

Description

s_axi_aclk

Input

1

Clock

s_axi_aresetn

Input

Reset: Active low. This value will reset all control registers to their
initial states.

s_axi_awaddr

Input

Write Address: Address used for write operations. It must be valid
when s_axi_csr_awvalid is asserted and must be held until
s_axi_csr_awready is asserted by the CDCM7005 Clock Interface
Core.

s_axi_awprot

Input

Protection: The CDCM7005 Clock Interface Core ignores these bits.

s_axi_awvalid

Input

Write Address Valid: This input must be asserted to indicate that a
valid write address is available on s_axi_csr_awaddr. The
CDCM7005 Clock Interface Core asserts s_axi_csr_awready when it
is ready to accept the address. The s_axi_csr_awvalid must remain
asserted until the rising clock edge after the assertion of
s_axi_csr_awready.

s_axi_awready

Output

Write Address Ready: This output is asserted by the CDCM7005
Clock Interface Core when it is ready to accept the write address.The
address is latched when s_axi_csr_awvalid and s_axi_csr_ awready
are High on the same cycle.

Rev. 1.0
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Table 3-1: Control/Status Register (CSR) Interface Port Descriptions (Continued)

Port Direction | Width Description

Write Data: This data will be written to the address specified by
s_axi_csr_awaddr when s_axi_csr_wvalid and s_axi_csr_ wready
are both asserted. The value must be valid when s_axi_csr_wvalid is
asserted and held until s_axi_csr_wready is also asserted.

s_axi_wdata Input 32

Write Strobes: This signal, when asserted, indicates the number of
bytes of valid data on the s_axi_csr_wdata signal. Each of these bits,
s_axi_wstrb Input 4 when asserted, indicates that the corresponding byte on
s_axi_csr_wdata contains valid data. Bit 0 corresponds to the least
significant byte, and bit 3 to the most significant byte.

Write Valid: This signal must be asserted to indicate that the write data
is valid for a write operation. The value on s_axi_csr_ wdata is written

s_axi_wvalid Input 1 into the register at address s_axi_csr_awaddr when
s_axi_csr_wready and s_axi_csr_wvalid are High on the same
cycle.

Write Ready: This signal is asserted by the CDCM7005 Clock
Interface Core when it is ready to accept data. The value on
s_axi_csr_wdata is written into the register at address
s_axi_csr_awaddr when s_axi_csr_wready and s_axi_csr_wvalid
are High on the same cycle, assuming that the address has already or
simultaneously been submitted.

s_axi_wready Output 1

Write Response: The CDCM7005 Clock Interface Core indicates the
success or failure of a write transaction through this signal, which is
valid when s_axi_csr_bvalid is asserted;

00 = Success of normal access

s_axi_bresp Output 2 01 = Success of exclusive access

10 = Slave error

11 = Decode error

Note: For more details about this signal refer to the AMBA AXI
Specification.

Write Response Valid: This signal is asserted by the core when the
s_axi_bvalid Output 1 write operation is complete and the Write Response is valid. It is held
until s_axi_csr_bready is asserted by the user logic.

Write Response Ready: This signal must be asserted by the user

s_axi_bready Input 1 logic when it is ready to accept the Write Response.

Read Address: Address used for read operations. It must be valid
when s_axi_csr_arvalid is asserted and must be held until
s_axi_csr_arready is asserted by the CDCM7005 Clock Interface
Core.

s_axi_araddr Input 5

Protection: These bits are ignored by the CDCM7005 Clock Interface

s_axi_arprot Input 3 Core

Read Address Valid: This input must be asserted to indicate that a
valid read address is available on s_axi_csr_araddr. The CDCM7005
Clock Interface Core asserts s_axi_csr_arready when it ready to
accept the Read Address. The s_axi_csr_arvalid must be remain
asserted until the rising clock edge after the assertion of
s_axi_csr_arready.

s_axi_arvalid Input 1

Rev. 1.0
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Table 3-1: Control/Status Register (CSR) Interface Port Descriptions (Continued)

Port Direction | Width Description

Read Address Ready: This output is asserted by the CDCM7005
Clock Interface Core when it is ready to accept the read address. The
address is latched when s_axi_csr_arvalid and s_axi_csr_ arready
are High on the same cycle.

s_axi_arready Output 1

Read Data: This value is the data read from the address specified by
s_axi_rdata Output 32 s_axi_csr_araddr when s_axi_csr_arvalid and s_axi_csr_arready
are high on the same cycle.

Read Response: The CDCM7005 Clock Interface Core indicates the
success or failure of a read transaction through this signal, which is
valid when s_axi_csr_rvalid is asserted;

00 = Success of normal access

s_axi_rresp Output 2 01 = Success of exclusive access

10 = Slave error

11 = Decode error

Note: For more details about this signal refer to the AMBA AXI
Specification.

s_axi_csr_rready Input 1 Read Data Ready: This signal is asserted by the user logic when it is
ready to accept the Read Data.

s_axi_csr_rvalid Read Data Valid: This signal is asserted by the core when the read is
Output 1 complete and the read data is available on s_axi_csr_ rdata. It is held
until s_axi_csr_rready is asserted by the user logic.

irq Output 1 Interrupt: This is an active High, edge-type interrupt output.

Rev. 1.0
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3.2 I/0 Signals

The I/O port/signal descriptions of the top-level module of the CDCM7005 Clock Interface
Core are described in Table 3-2.

Table 3-2: 1/O Signals

Port/Signal Name Type Direction Description

Status Input Signals

cdc_stat_vcxo std_logic | Input CDCM7005 VXCO Input Status: Indicates the status of
the VCXO Input to the CDCM7005 Clock Generator.

0 = VCXO Input not valid

1 =VCXO Input Valid

cdc_stat_ref CDCMT7005 Reference Clock Status: Indicates the
status of the Reference clock to the CDCM7005 Clock
Generator.

0 = Reference Clock input not valid

1 = Reference Clock input valid

cdc_stat_lock CDCM7005 Phase Lock Status: Indicates the status of
CDCM7005 Phase-Lock Loop.

0 = CDCM7005 output not locked to the Reference clock
1 = CDCM7005 output locked to the Reference clock

Clock Input from CDCM7005

clk_in_p std_logic | Input Differential Clock Output of CDCM7005 Clock Generator
clk_in_n
Clock Output
sample_clk std_logic | Output Sample Clock Output
LED Drives
led_n std_logic | Output LED Output: This LED drive signal indicates the status

of the LED sources selected using the generic
parameter initial_led_mode. Active Low.

clk_good Clock Good: When High, this output indicates that there
is a valid differential clock input to the core from the
CDCM7005 clock generator.

Reference Clock

refclk std_logic | Input Reference Clock: 200 MHz

Rev. 1.0
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This chapter provides the memory map and register descriptions for the register space of the
CDCM7005 Clock Interface Core. The memory map is provided in Table 4-1.

Table 4-1: Register Space Memory Map

Register Name Address Access Description
(Base Address +)

Control Register 0x00 R/W Control register to control the Clock disable
signal and the LED mode.

Clock Status Register 0x04 R Status register to indicate the clock status
in the CDCM7005 Clock Interface Core.

Frequency Counter 0x08 Status Register to indicate the frequency of

Register the output sample clock.

Interrupt Enable Register 0x0C R/W Interrupt enable register

Interrupt Status Register 0x10 R Interrupt source status bits

Interrupt Flag Register 0x14 R/CIr Interrupt flag bits

Rev. 1.0
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4.1 Control Register
This register is used to control the clock disable and LED mode signals of the core. The Control
Register is illustrated in Figure 4-1 and described in Table 4-2.
Figure 4-1: Control Register
LED Mode Clock Disable
31 6]5:4|3 1]0
Reserved Reslerved
Table 4-2: Control Register (Base Address + 0x00)
Bits | FieldName | Derault | Access Description
Value Type

31:6 | Reserved N/A N/A Reserved

5:4 led_mode - R/W CDCM7005 LED mode Select: These bits are copies of
the LED mode selection input bits of the CDCM7005
Clock Interface Core. The output LED drive indicates the
status of the following based on these bits:
00 = CDC clock is good
01 = CDC clock is good and CDC VCXO input is valid
10,11 = CDC clock is good, CDC VCXO input is valid,
CDC reference clock input is valid, and CDC is phase-
locked to the reference clock

3:1 Reserved N/A N/A Reserved

0 clock_disable 0 R/W Clock Disable: This signal is used to disable the CDC
clock input from generating a sample clock output.
0 = Clock enabled
1 = Clock disabled

Rev. 1.0
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4.2 Clock Status Register

This register indicates the status of the state machine, select signals of the Global clock buffer,
CDCM7005 VCXO Input Status, CDCM7005 Reference Clock Status, CDCM7005 Phase Lock
Status, and the status of the clock input to the core from the CDCM7005 clock generator. This reg-
ister is illustrated in Figure 4-2 and described in Table 4-3.

NOTE: The bits [3:1] contain values from the Input Status signals of the core. Their default
values are thereby equivalent to the incoming signals values.

Figure 4-2: Clock Status Register

CDC
State Phase CDC
Machine Select Lock VCXO
Sltate Bit1 Status Status
31 11]10 8|7 e6]|5]4]3]|2]|1]0
Reserved Reserved Select CDC CDC
Bit 0 Reference Clock OK
Clock
Status
Table 4-3: Clock Status Register (Base Address + 0x04)
Bits Field Name Default | Access Description
Value Type
31:11 | Reserved N/A N/A Reserved
10:8 sm_state 0x00 R State Machine State: These bits indicate the current state

of the CDC state machine. For a detailed explanation of
the state machine and its states refer to Section 1.1

000 - Reset State

001 - Start Timeout Counter state
010 - Keepalive State

011 - Timeout State

100 - Timeout State Wait1

101 - Timeout State Wait2

110 - Timeout State Wait3

111 - Good Clock State

Rev. 1.0
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Table 4-3: Clock Status Register (Base Address + 0x04) (Continued)

Bits

Field Name

Default
Value

Access
Type

Description

7:6

Reserved

N/A

N/A

Reserved

s1

0

R

Select Bit 1 of the Global Clock Buffer: This is the select
bit of the global clock buffer (Xilinx Primitive) at the input
[1. For this core the 11 input is the clock from the
CDCM7005 after passing through the differential clock
buffer.

0 = Disabled
1 = Enabled

sO

Select Bit 0 of the Global Clock Buffer: This is the select
bit of the global clock buffer at the input 10. For this core
the 10 input is the keepalive clock generated from the input
AXI clock (s_axi_csr_aclk).

0 = Disabled
1 = Enabled

cdc_stat_lock

CDCM7005 Phase Lock Status: Indicates the status of
the phase-lock loop of the CDCM7005 clock generator.

0 = CDCM7005 output not locked to the reference clock
1 = CDCM7005 output locked to the reference clock

cdc_stat_ref

CDCM7005 Reference Clock Status: Indicates the status
of the reference clock to the CDCM7005 Clock Generator.

0 = Reference clock input not valid
1 = Reference clock input valid

cdc_stat_vcxo

CDCM7005 VXCO Input Status: Indicates the status of the
VCXO input to the CDCM7005 Clock Generator.

0 = VCXO input not valid
1 =VCXO input valid

clk_ok

CDCM7005 Clock OK: This bit indicates status of the
differential clock input from the CDCM7005 Clock
Generator.

0 = Differential clock input not valid
1 = Differential clock input valid

Rev. 1.0
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4.3

Frequency Counter Register

This register indicates the clock cycle count of the sample clock signal, for a time period which
is equivalent to the time taken by the 32-bit reference clock frequency counter to count from its
initial value of 0x00000000 to the maximum value of Ox3FFFFFFF before being reset. The sam-
ple clock frequency counter is initiated after the differential clock input to the core is detected
and the sample clock output is generated at the clock frequency of the CDCM7005 clock gener-
ator output clock. This value is used to determine the sample clock frequency.

The sample clock frequency can be calculated by taking the ratio of the frequency counter value to
the reference clock cycle count (Ox3FFFFFFF) and multiplying the result with the reference clock
frequency, which is 200 MHz. For example, if the sample clock is 200 MHz, then the frequency
counter register will indicate a value of 0x3FFFFFFF. This register is illustrated in Figure 4-3 and
described in Table 4-4.

Figure 4-3: Frequency Counter Register

31 0

l

Frequency Counter Value

Table 4-4: Frequency Counter Register (Base Address + 0x08)

Bits

Field Default Access

Name Value Type Description

31:0

freq_cnt | 0x00000000 | R Frequency Counter Value: This is the clock cycle count
of the sample clock output of the core.

Rev. 1.0
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Interrupt Enable Register

The bits in the interrupt enable register are used to enable (or disable) the generation of interrupts
based on the condition of certain circuit elements, known as interrupt sources. When a bit in this
register associated with a given interrupt source is High, an interrupt will be generated by the ris-
ing edge of that source’s Interrupt Status Register bit (See Section 4.5). This register is illustrated
in Figure 4-4 and described in Table 4-5.

Figure 4-4: Interrupt Enable Register

CDC
Lock  Clock
Lost Not OK

|

a1 41312|1]0
Reserved C[IC Clock OK
Locked

Table 4-5: Interrupt Enable Register (Base Address + 0x0C)

Bits | Field Name | Default | Access Description
Value Type

31:4 | Reserved N/A N/A Reserved

3 cdc_lock_lost 0 R/W CDCM7005 Lock Lost: This bit enables/ disables the
CDCM7005 lock lost interrupt source. The CDC lock lost
interrupt source indicates that the CDCM7005 output lock
to the reference clock is lost.
0 = Disable interrupt
1 = Enable interrupt

2 cdc_locked 0 R/W CDCM7005 Locked: This bit enables/ disables the
CDCM7005 lock interrupt source. The CDC lock lost
interrupt source indicates that the CDCM7005 output is
locked to the reference clock.
0 = Disable interrupt
1 = Enable interrupt
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Table 4-5: Interrupt Enable Register (Base Address + 0x0C) (Continued)

Bits | Field Name | Derault | Access Description
Value Type

1 clk_not_ok 0 R/W Clock Not OK: This bit enables/ disables the clock not OK
interrupt source. The clock not OK interrupt source
indicates that a valid clock is not present at the differential
clock input from the CDCM7005 clock generator.
0 = Disable interrupt
1 = Enable interrupt

0 clk_ok 0 R/W Clock OK: This bit enables/ disables the clock OK

interrupt source. The clock OK interrupt source indicates
that a valid clock is present at the differential clock input
from the CDCM7005 clock generator.

0 = Disable interrupt

1 = Enable interrupt

Rev. 1.0
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4.5 Interrupt Status Register
The Interrupt Status Register has read-only access associated with each interrupt condition. A
status bit changes to ‘1’ when the source interrupt occurs. When a status bit in this register
changes to ‘1,” the corresponding flag bit in the Interrupt Flag Register is set to ‘1°. A status bit
in this register clears to ‘0 when that interrupt condition clears, whereas the associated flag bit
in the Interrupt Flag Register remains at logic ‘1’ until it is explicitly cleared by the user.
Some of the interrupt sources are transient and so may not appear in the Interrupt Status Register
at the time it is read. In such cases use the Interrupt Flag Register to see the interrupt conditions
that have occurred. The Interrupt Status Register’s bits are shown in Figure 4-4 and described in
Table 4-6.
Figure 4-5: Interrupt Status Register
cDC
Lock Clock
Lost Not OK
31 413|211]0
Reserved cDC Clock OK
Locked
Table 4-6: Interrupt Status Register (Base Address + 0x10)
Bits Field Name Default | Access Description
Value Type
31:4 | Reserved N/A N/A Reserved
3 cdc_lock_lost 0 R CDCM7005 Lock Lost: This bit indicates the status of the
CDCM7005 lock lost interrupt source. The CDC lock lost
interrupt source indicates that the CDCM7005 output lock
to the reference clock is lost.
0 = No interrupt
1 = Interrupt condition asserted
2 cdc_locked 0 R CDCM7005 Locked: This bit indicates the status of the
CDCM7005 lock interrupt source. The CDC lock lost
interrupt source indicates that the CDCM7005 output is
locked to the reference clock.
0 = No interrupt
1 = Interrupt condition asserted

Rev. 1.0
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Table 4-6: Interrupt Status Register (Base Address + 0x10) (Continued)

Bits | Field Name | Default | Access Description
Value Type

1 clk_not_ok 0 R Clock Not OK: This bit indicates the status of the clock
not OK interrupt source. The clock not OK interrupt source
indicates that a valid clock is not present at the differential
clock input from the CDCM7005 clock generator.

0 = No interrupt

1 = Interrupt condition asserted

0 clk_ok 0 R Clock OK: This bit indicates the status of the clock OK
interrupt source. The clock OK interrupt source indicates
that a valid clock is present at the differential clock input
from the CDCM7005 clock generator.

0 = No interrupt

1 = Interrupt condition asserted

Rev. 1.0
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4.6

Interrupt Flag Register
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The Interrupt Flag Register has read/clear access associated with each interrupt condition. When
reset, this register has all bits set to ‘0’ (cleared). Each flag bit in this register latches an interrupt
occurrence. A ‘1’ in any flag bit in this register indicates that an interrupt has occurred.

Note that when any status bit in the Interrupt Status Register, changes to ‘1,’ the corresponding
flag bit in this register will also be set to ‘1°. However, when a status bit in the Interrupt Status
Register clears from ‘1’ to ‘0°, the corresponding latched flag bit in this register does not clear,
but remains at ‘1°. To clear the flag bits, write ‘1’s to the desired bits. The flags are not affected
by the enable register. The Interrupt Flag Register’s bits are shown in Figure 4-6 and described
in Table 4-7.

Figure 4-6: Interrupt Flag Register

CDC
Lock Clock
Lost Not OK

31

4131 2]1]0

Reserved

l

CcDC Clock OK
Locked

Table 4-7: Interrupt Flag Register (Base Address + 0x14)

Bits

Field Name

Default
Value

Access
Type

Description

31:4

Reserved

N/A

N/A

Reserved

cdc_lock_lost 0

R/ClIr

CDCM7005 Lock Lost: This bit indicates the CDCM7005
lock lost interrupt flag. The CDC lock lost interrupt source
indicates that the CDCM7005 output lock to the reference
clock is lost.

Read:

0 = No interrupt

1 = Interrupt latched

Clear: 1 = Clear latch

Rev. 1.0
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Table 4-7: Interrupt Flag Register (Base Address + 0x14) (Continued)

Bits | Field Name | Default | Access Description
Value Type

2 cdc_locked 0 R/Clr CDCM7005 Locked: This bit indicates the CDCM7005
lock interrupt flag. The CDC lock lost interrupt source
indicates that the CDCM7005 output is locked to the
reference clock.

Read:

0 = No interrupt

1 = Interrupt latched

Clear: 1 = Clear latch

1 clk_not_ok 0 R/CIr Clock Not OK: This bit indicates the clock not OK
interrupt flag. The clock not OK interrupt source indicates
that a valid clock is not present at the differential clock
input from the CDCM7005 clock generator.

Read:

0 = No interrupt

1 = Interrupt latched

Clear: 1 = Clear latch

0 clk_ok 0 R/CIr Clock OK: This bit indicates the clock OK interrupt flag.
The clock OK interrupt source indicates that a valid clock
is present at the differential clock input from the
CDCM7005 clock generator.

Read:

0 = No interrupt

1 = Interrupt latched

Clear: 1 = Clear latch

Rev. 1.0
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Chapter 5: Designing with the Core

5.1

5.2

5.3

5.4

Rev. 1.0

This chapter includes guidelines and additional information to facilitate designing with the
CDCM?7005 Clock Interface Core.

General Design Guidelines

The CDCM7005 Clock Interface Core is used as an interface to the Texas Instruments
CDCM?7005 Clock Generator, to control the generation of the sample clock output. This core
delivers a sample clock equivalent to the keepalive clock (Frequency = AXI clock Frequency/2)
at reset and also when the CDCM7005 differential clock input is not available to this IP core.
When a differential clock input is available to the core, it generates a sample clock output equiv-
alent to the differential clock frequency.

The CDCM7005 Clock Interface Core also includes a FIFO which indicates the number of clock
cycles of the sample clock when the input differential clock is available. The FIFO indicates the
sample clock count between every reset of the reference clock frequency counter. The sample
count value of the FIFO is stored in the Frequency Counter register.

Clocking

Main Clock: s_axi_csr_aclk

This clock is used to clock all the ports on the core, including the control/status register (CSR)
interface.

Resets

Control/Status Reset: s_axi_csr_aresetn

This is an active low synchronous reset associated with the s_axi_csr_aclk. When asserted, all
state machines in the core are reset, all FIFOs are flushed, and all the control registers are
cleared back to their initial default states.

Interrupts

This core has an edge-type (rising edge-triggered) interrupt output. It is synchronous with
s_axi_csr_aclk. On the rising edge of any interrupt signal, a one-clock-cycle-wide pulse is out-
put from the core on its irq output. Each interrupt event is stored in two registers, accessible on
the s_axi_csr bus.
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5.6

5.7

Rev. 1.0

CDCM7005 Clock Interface IP

Interrupts (continued)

The Interrupt Status Register always reflects the current state of the interrupt condition, which
may have changed since the generation of the interrupt. The Interrupt Flag Register latches the
occurrence of each interrupt, in a bit that retains its state until explicitly cleared. Interrupt flags
can be cleared by writing a ‘1’ to the associated bit’s location. All interrupt sources that are
enabled (via the Interrupt Enable Register) are “OR ed” onto the irq output.

NOTE: All interrupt sources are latched in the interrupt flag register, even when an interrupt
source is not enabled to create an interrupt.

Z
)
—
=

Because this core uses edge-triggered interrupts, the fact that an interrupt condition
may remain active after servicing will not cause the generation of a new interrupt. A
new interrupt will only be generated by another rising edge on an interrupt source.

Interface Operation

CSR Interface: This is the Control/Status Register Interface. It is associated with the
s_axi_csr_aclk. It is a standard AXI4-Lite type interface. See Chapter 4 for the control register
memory map and more details on the registers that can be accessed through this interface.

Programming Sequence

This section briefly describes the programming sequence for the CDCM7005 Clock Interface
Core.

1) Ensure that the Interrupt Flag Register is cleared.
2) Enable your selected interrupt bits in the Interrupt Enable Register.

3) Observe the output, check the Interrupt Flag Register, and process and clear all interrupts.
Timing Diagrams

The timing diagram for the CDCM7005 Clock Interface Core is obtained by running the test
bench for the core, with simulation performed in the Vivado VSim environment. For more
details about the test bench, refer to Section 6.5.
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Chapter 6: Design Flow Steps

6.1

Pentek IP Catalog

This chapter describes customization and generation of the Pentek CDCM7005 Clock Interface
Core. It also includes simulation, synthesis, and implementation steps that are specific to this IP
core. This core can be generated from the Vivado IP Catalog when the Pentek IP Repository has
been installed. It will appear in the IP Catalog list as px_cdc_clk_intrfc_v1_0 as shown in Fig-
ure 6-1.

Figure 6-1: CDCM7005 Clock Interface Core in Pentek IP Catalog

IP Catalog T T -
fc»res Interfaces | Search:

*| Name ~1l AXI4 Status License

E : -4F px_axispdti_8mux_v1_0 AXI4, AXI4-Stream Production Incduded ~
iy ~{F px_axispdti_gatesub_v1_0 AXI4, AXI4-Stream Production Induded

12 :

s ‘ ~4F px_axisrq2ddrctir_v1_0 AXI4 AXI4-Stream Production Induded

& ~4F px_brd_info_regs_v1_0 Producton Induded

consthex32v1 0 Producton Induded
fx : ~4F px_dac5688_intrfc_v1_0 AXI4, AXI4-Stream Production Included
R ~4F px_dec8fir_48_v1_0 AXI4-Stream Production  Induded .,
pml < T >
' Details
Name: px_cdc_dlk_intrfc_v1_0 &

Version: 1.0 (Rev. 27)
Interfaces: AXI4
Description: T.I. CDCM7005 Clock Input Interface

Status: Production
License: Included

Change Log: View Change Log
Vendor: Pentek, Inc.
| <

Rev. 1.0
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6.1 Pentek IP Catalog (continued)

When you select the px_cdc_clk_intrfe_v1_0 core, a screen appears that shows the core’s sym-
bol and the core’s parameters (see Figure 6-2). The core’s symbol is the box on the left side.

Figure 6-2: CDCM7005 Clock Interface Core IP Symbol

iF Customize IP
px_cdc_clk_intrfc_v1_0 (1.0) '

I Documentation |5 IP Location (3 Switch to Defaults

[] Show disabled ports Component Name px_cdc_dk_intrfc_ol

Use Internal 100 Ohm Differential Termination

@ TERM 100 () TERM NONE

[] use Input Buffer Low Power Mode

ldus_axi_csr Initial LED Mode at Reset 0 v

||| <= diff _clk_in

=s_axi_csr_aclk irq - LED Mode:

Qs_axi_csr_aresetn sample_clk =

=cdc_stat_wvcxo led_n = 0 = Clock Good

=jcdc_stat_ref clk_good = 1 = Clock Good & VCXO OK

==cdc_stat_lock

=frefclk 2 = Clock Good & VCXO OK & Ref OK & CDC Lock

Concel

6.2 User Parameters

The user parameters of this IP core are desribed in Section 2.5 of this user manual.

6.3 Generating Output

For more details about generating and using IP in the Vivado Design Suite, refer to the Vivado
Design Suite User Guide - Designing with IP.

Rev. 1.0
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6.4

6.5
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Constraining the Core

This section contains information about constraining the core in Vivado Design Suite environ-
ment.

Required Constraints

The XDC constraints for this core are not included in the Package IP. Clock constraints can be
applied at the top level of the user design which includes this IP core.

Device, Package, and Speed Grade Selections
This IP works for the Kintex Ultrascale FPGAs.
Clock Frequencies

The clock frequency (s_axi_csr_aclk) for this IP core is 250 MHz.
Clock Management

This section is not applicable for this IP core.
Clock Placement

This section is not applicable for this IP core.
Banking and Placement

This section is not applicable for this IP core.
Transceiver Placement

This section is not applicable for this IP core.
I/0 Standard and Placement

This section is not applicable for this IP core.
Simulation

The CDCM7005 Clock Generator Interface IP includes a test bench which simulates generation
of the output waveforms using the Vivado VSim environment.

The test bench is designed to run at 250 MHz input AXI clock frequency and a differential clock
frequency of 333 MHz. The test bench output, shown in Figure 6-3, displays the change of state
machine states from the reset state to the good clock state. A detailed explanation of the state
machine’s operation is presented in Section 1.1.
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6.5 Simulation (continued)

The test bench runs for 1500 ns before disconnecting the CDCM7005 clock, to demonstrate the
generation of an interrupt and the change of state of the CDC state machine from the good clock
state to the keepalive state. Thus, we see the generation of two interrupts based on the Clock OK
signal when all the interrupt sources are enabled.

The programming procedure is the same as described in Section 5.6. When run, the simulation
produces the results shown in Figure 6-3.

Figure 6-3: CDCM7005 Clock Interface Core Test Bench Simulation Output

NAARAARAAAARRARRARALD
-
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6.6 Synthesis and Implementation

For details about synthesis and implementation see the Vivado Design Suite User Guide -
Designing with IP.

Rev. 1.0
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