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VITESSE

Introduction

Mask
Levels Process Technology

4 Layers of Standard
9 Aluminum Silicon .
Interconnect Process

GaAs Proprietary to
4 MESFET Vitesse

GaAs Multiple Wafer

Wafer Vendors

This 1996 Communications Product Data Book contains the latest information on the entire range of com-
munications products and services from Vitesse Semiconductor Corporation. We are pleased to present you with
this compilation of information in one convenient source. This book includes complete product data sheets and
product previews for Vitesse communication devices. Supplementary information regarding packaging and
applications is also included.

Vitesse Semiconductor Corporation is a proven leader in the design and manufacture of high performance,
mixed signal, digital LSI and VLSI GaAs ICs. The company, which was founded in 1984, has developed a rev-
olutionary process, allowing it to deliver affordable, very large scale (VLSI) gallium arsenide (GaAs) ICs.

The key to success for Vitesse has been the development of mixed signal devices and the unique H-GaAs
manufacturing technology. Rather than developing a process based on existing GaAs microwave transistor tech-
nology, Vitesse chose to develop an entirely new process based on proven silicon MOS manufacturing methods.
This strategy solved two major problems which had prevented GaAs ICs from receiving wide acceptance: low
complexity and high cost. The result is a high yielding, proprietary process which produces circuits with a
speed-power product unmatched by any other IC manufacturing technology.

The markets for Vitesse's products include applications such as computers, communications, automated test
equipment, instrumentation, and general military/aerospace. In order to compete in these matkets, Vitesse chose
to make its products look and feel exactly like silicon products, but with significant improvements in speed,
complexity, and reduced power dissipation. The combination of GaAs performance and silicon MOS manufac-
turing techniques is the key Vitesse advantage. The results are families of IC products that set new performance
standards at prices competitive with high performance silicon products.

Vitesse is committed to providing the highest performance integrated circuits in the world. The Vitesse
manufacturing process has been designed to realize this objective with a combination of process innovations
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and proven MOS manufacturing techniques. The distinguishing features of the Vitesse process are: 1) excellent
transistor electrical parameter control, 2) unprecedented manufacturing yields on VLSI complexity GaAs cir-
cuits, and 3) process simplicity and fast cycle time.

Vitesse has pioneered the now well-accepted concept of designing GaAs products that are compatible with
existing silicon technologies. Input/output levels and power supplies found in TTL, ECL and CMOS are stan-
dard in the entire family of Vitesse products.

Datacommunications

In 1992 Vitesse introduced the G-TAXI chipset, the first generation general purpose serial link for both
Fibre Channel and proprietary protocols at baud rates up to 1.25 Gb/s. This first generation chipset included a
32/40 bit TTL system interface bus, ANSI 8B/10B encoding and decoding, and completely integrated on-chip
PLL clock generation and clock and data recovery circuitry.

In 1993 the second generation Fibre Channel products were introduced. The +3.3 volt supply VSC7105 and
VSC7106 transmitter and receiver chipset and the VSC7107 CMOS encoder/decoder offered the functionality
of the G-TAXI chipset at one half the power.

In 1995 Vitesse minimizes power in Fibre Channel designs with the introduction of the VSC7125 Fibre
Channel Transceiver. Constructed using the H-GaAs IV process, this device is a single chip fully integrated
Fibre Channel transceiver designed for high volume applications. The VSC7125 is the product of extensive
experience in high speed PLL based clock generation, and clock and data recovery, coupled with the excep-
tional speed-power capabilities of the Vitesse H-GaAs IV process. In three generations, Vitesse has lowered the
power required for the transmitter and receiver functions from 6.5 W to 650 mW, and package requirements
from two ceramic packages to a single 10 mm PQFP.

Telecommunications

Vitesse's VS8000 family of telecommunications ICs address the needs of the newest generation of telecom-
munications systems incorporating data rates up to 10 Gb/s. These standard multiplexer/demultiplexer chipsets
are suitable for proprietary or Synchronous Optical Network (SONET) STS-3 through STS-192 applications
and are available in 4, 8 and 16 channel configurations. These products feature very low power dissipation and
ECL compatibility.

In addition to the VS8000 family of multiplexer/demultiplexer chipsets, Vitesse offers a family of cross-
point switches which are ideal for high speed telecommunications data distribution, computer network and mul-
tiprocessor switching, video switching, and test equipment. ’

ASICs

Summary information on Vitesse ASIC products is included herein as well. Detailed specifications on Vit-
esse's complete line of ASICs are available in a separate ASIC Product Data Book. Contact your local Vitesse
Sales office or Vitesse headquarters at (805) 388-3700 to obtain a copy of this data book.
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Document Designations

Product Preview
This is usually a one-page document describing a product to give customers a general idea of the product’s
functionality and use.

Target Specification

This document contains information about a proposed product during its design phase of development and
is subject to change without notice at any time. All features and specifications are design goals only. Please con-
tact Vitesse Semiconductor to obtain the latest product status and most recent version of this specification.

Advanced Product Information

This document contains information about a new product during its fabrication or early sampling phase of
development. The information in this document is based on design targets, simulation results or early prototype
test results. Characteristic data and other specifications are subject to change without notice.

Preliminary Data Sheet

This document contains information about a product during its preproduction phase of development. The
information in this document is based on test results and initial product characterization. Characteristic data and
other specifications are subject to change without notice

Data Sheet

This data sheet evolves from the Preliminary data sheet. It is a result of test information collected from fully
characterized devices. This is a document used for a product which is mature enough to be considered “In Pro-
duction”. All specs are mature and verified by testing on multiple Iots or product characterization.

Vitesse Semiconductor Corporation reserves the right to make changes in its products' specifications or
other information at any time without prior notice. Therefore the reader is cautioned to confirm that the
datasheet is current prior to placing any orders. The company assumes no responsibility for any circuitry
described other that circuitry entirely embodied in a Vitesse product.
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General Information

Vitesse U.S. Sales Offices

Corporate Headquarters
741 Calle Plano
Camarillo, CA 93012
TEL: (805) 388-7501
FAX: (805) 388-7565

National Sales Office
488 Schooley's Mt. Rd.
Hastings Commons, Bldg. 1B
Hackettstown, NJ 07840
TEL: (908) 979-0990
FAX: (908) 979-0992

Northwestern Sales Office
470 Mercury Drive
Sunnyvale, CA 94086
TEL: (408) 730-3657
FAX: (408) 245-9406

Corporate International Office
6994 El Camino Real , #205A
La Costa, CA 92009
TEL: (619) 431-0085
FAX: (619) 431-0714

North Central Sales Office
108 Rosedale Towers
1700 West Highway 36
St. Paul, MN 55113
TEL: (612) 639-1460
FAX: (612) 639-1469

Northeastern Sales Office
70 Walnut Street
Wellesley, MA 02181
TEL: (617) 239-8075
FAX: (617) 239-8069

South Central Sales Office
833 East Arapaho #112
Richardson, TX 75081
TEL: (214) 669-9797
FAX: (214) 669-2266

Southwestern Sales Office
10850 Wilshire Blvd., Ste. 820
Los Angeles, CA 90024
TEL: (310) 441-1864
FAX: (310) 441-1784

Vitesse European Sales Office

Strategy Center
10, rue des Gaudines
78105 Saint Germain en Laye, France
TEL: 011-33-1-3975-6310
FAX: 011-33-1-3975-2062
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U.S. Representative Offices

Advanced Technical Marketing, Inc.
4900 SW Griffith Drive, #155
Beaverton, OR 97005
TEL: (503) 643-8307
FAX: (503) 643-4364

8521 154th Avenue NE
Redmond, WA 98052
TEL: (206) 869-7636
FAX: (206) 869-9841

Assoc. Electronic Marketing, Inc.
11520 St. Charles Rock Rd. #131
Bridgeton, MO 63044
TEL: 314/298/9900
FAX: 314/298-8660

4001 Shady Oak Drive
Marion, IA 52302
TEL: 319/377-1129
FAX :319/377-1539

9716 Rosehill
Lenexa, KS 66215
TEL: 913/888-0022
FAX: 913/888-4848

Avtek, Associates
10632 Little Patuxent Pkwy #435
Columbia, MD 21044
TEL: (410) 740-5100
FAX: (410) 740-5103

Eagle Technical Sales
1801 G Hicks Road
Rolling Meadows, IL 60008
TEL: (847) 991-0700
FAX: (847) 991-0714

Fahrner-Miller Associates, Inc.
1885 De La Cruz Blvd., #200
Santa Clara, CA 95050
TEL: (408) 727-9800
FAX: (408) 496-6952

5110 Reservation Road
Placerville, CA 95667
TEL: (916) 677-5838
FAX: (916) 677-6226

Giesting & Associates
2854 Blue Rock Road
P.O. Box 39398
Cincinnati, Ohio 45239
TEL: (513) 385-1105
FAX: (513) 385-5069

34441 Eight Mile Rd Suite 1B
Livonia, MI 48152

TEL: (810) 478-8106

FAX: (810) 477-6908

339 Arrowhead Springs Lane
Versailles, KY 40383
TEL: (606) 873-2330
FAX: (606) 873-6233

370 Ridgepoint Drive
Carmel, IN 46032

TEL: (317) 844-5222
FAX: (317) 844-5861

471 Walnut Street

Pittsburgh, PA 15238
TEL: (412) 828 3553
FAX: (412) 828-6160
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Integrated Technology, Inc.
182 Main Street
Salem, NH 03079
TEL: (603) 898-6333
FAX: (603) 898-6895

Leading Concept Technologies
3700 Campus Drive, #104
Newport Beach, CA 92660
TEL: (714) 851-0654
FAX: (714) 851-1004

Parallax Sales, Inc.
734 Walt Whitman Road
Melville, NY 11747
TEL: (516) 351-1000
FAX: (516) 351-1606

SC Cubed
4300 North Miller Road, #103
Scottsdale, AZ 85251
TEL: (602) 946-6321
FAX: (602) 946-0028

6390 Greenwich Dr. #180
San Diego, CA 92122
TEL: (619) 546-3730
FAX: (619) 546-3731

S-J Associates, Inc
15 Coventry Lane
Naugatuck, CT 06770
TEL: (203) 723-4707
FAX: (203) 723-1629

Technology Representatives, Inc.
17311 Dallas Pkwy, Ste. 140
Dallas, TX 75248
TEL: (214) 713-9027
FAX: (214) 931-6159

Thorson Rocky Mountain, Inc.
7108 "D" South Alton Way,
Suite A
Englewood, CO 80112
TEL: (303) 773-6300
FAX: (303) 773-6302

5505 South 900 East,
Suite #140

Salt Lake City, UT 84117
TEL: (801) 264-9665
FAX: (801) 264-9881

Tronex Vision & Technology Solutions
PO Box 1225
1004 Howell Court
Duluth, GA 30136
TEL: (770) 476-5494
FAX: (770) 476-4423

5840 Faringdon Place
Raleigh, NC 27609

TEL: (919) 954-7000
FAX: (919) 790-8200

4039 Abingdon Road
Chatlotte, NC 28211

TEL: (704) 362-1066
FAX: (704) 362-1064

652 Johnston Street S.E.
Decatur, AL 35601
TEL: (205) 355-2120
FAX: (205) 355-7717
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International Representatives
and Distributors

AUSTRALIA & NEW ZEALAND

Logic 4 Australasia

50 King William Road
Goodwood S. Australia 5034
TEL: 011-61-8-373-2811
FAX: 011-61-8-373-2286

Unit 6, 23-25 Wadhurst Dug
Boronia, Vic. 3155, Australia
TEL: 011-61-3-887-3800
FAX: 011-61-3-887-3811

CANADA

J-Squared Technologies, Inc.

300 March Road #501

Kanata, Ontario K2K 2E2 (Ottawa)
TEL: 613/592-9540

FAX: 613/592-7051

3395 American Drive Bldg 306 #2
Mississauga, Ontario L4V 1T4
(Toronto)

TEL: 905/672-2030

FAX: 905/672-2047

100 Alexis Nihon, Ste.960

Ville St. Laurent, Quebec H4M 2P5
(Montreal)

TEL: 514/747-1211

FAX: 514/747-9824

FRANCE

MISIL Technologies
2 Rue De La Couture
B.P. Silic 301
Rungis Cedex, France 94588
TEL: 011-33 1 45 60 0021
FAX:01133145600186

GERMANY

Hy-Line GmbH
Inselkamnerstrasse 10
82008 Unterhaching, Germany
TEL: 011-49-89-614-50340
FAX: 011-49-89-614-50350

ISRAEL

AST (Advanced Semiconductor Technology)

47/7 Golomb Street
Herzlia, Israel 46305
TEL: 011-972-9-583355
FAX: 011-972-9-505525

JAPAN

H.Y. Associates Co., Ltd.
3-1-10, Sekimachikita, Nerima-Ku
Tokyo 177 Japan
TEL: 011-81-33-929-7111
FAX: 011-81-33-928-0301
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KOREA

Beaver International, inc.
3601 Deauville Court
Calabasas, CA 91302
TEL: (818) 591-0356
FAX: (818) 591-0753

SINGAPORE - HQ

Serial System (Singapore)
11Jalan Mesin #06-00
Standard Industrial Building
Singapore 1336
TEL: 011-65-2800-200
FAX: 011-65-286-1812/286-6723

SWEDEN

|E Komponenter AB
Box 113, S-161 11
Bromma, Sweden
TEL: 011-46-880-4685
FAX: 011-46-826-2286

TAIWAN

Tamarack Microelectronics
16 F1, No.1, Fu-Hsing N. Road
Taipei, Taiwan R.O.C.
TEL: 011-886-02-772-7400
FAX: 011-886-02-776-0545

UNITED KINGDOM

Broadband Technology 2000 Ltd.
Unit 2 Grafton Street
High Wycombe
Buckinghamshire HP123AJ, UK
TEL: 011-44-149-447-4800
FAX: 011-44-149-444-3100
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Product Summary

VSCT7105/7106

1.0625 Gbit/sec ANSI X3T11 compatible
Fibre Channel transmitter and receiver
chipset. Suitable for both copper and optical
link applications.

VSC7105

1.0625 Gbit/sec Fibre Channel Transmitter

Integrated PLL for Clock Multiplication

VSC7106

1.0625 Gbit/sec Fibre Channel Receiver

Integrated PLL-Based Clock Recovery Unit

Both

106MHz Reference Clock

Selectable 10-bit or 20-bit TTL Parallel Data Interface
Single 3.3V Supply

VSC7107

Fibre Channel ENDEC with FC-1 link
functions and FC-2 framing assistance
functions. Suitable for custom Fibre Channel
links to sustain up to 200 MByte/sec duplex
data communication.

8B/10B Encoding

32-Bit Synchronous FIFO Data Interface

CRC Calculation and Checking

Fibre Channel Ordered Sets Framing Assist with
CMND Bus

Automatic IDLE Generation

Link Error Reporting

VSC7115/7116

1.0625 Gbit/sec ANSIX3T11 compatible
Fibre Channel transmitter and receiver
chipset. GLM compatible interface.

VSC7115

1.0625 Gbit/sec Fibre Channel Transmitter
Integrated PLL for Clock Multiplication
VSC7116

1.0625 Gbit/sec Fibre Channel Receiver
Integrated PLL-Based Clock Recovery Unit
Both

53 MHz Reference Clock

20-bit TTL Compatible Parallel Data Interface
Single 3.3V Supply

VSC7120

1.0625 Gbit/sec Fibre Channel Repeater for
use in disk arrays and FC-AL Hubs.

Integrated PLL-Based Clock Recovery Unit
Embedded Port Bypass Circuit

Signal Detect Unit for Invalid 8B/10B Characters and
Oscillation Detection

VSCT7121

Quad Port Bypass Circuit cascaded for use in
Fibre Channel Arbitrated Loop disk arrays.

Up to 1.0625 Gbit/sec Operation
Four Port Bypass Circuits

Low Power Consumption

Low Jitter Accumulation
Cascadable for Larger Loops

VSCT7125

1.0625 Gbit/sec ANSI X3T11 10-Bit Fibre
Channel transceiver.

10-bit Study Group TTL Compatible Parallel Interface
Integrated Clock Multiplier and Clock Recovery Unit.
106 MHz Reference Clock and Transmit Byte Clock
Single 3.3V Supply

650 mW Power

VSC7126

1.0625 Gbit/sec ANSI 20-bit Fibre Channel
Transceiver.

GLM Compatible Single Chip Transceiver
53 MHz Reference Clock

Single 3.3V Supply

750 mW Power
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VSC7135

1.25 Gbit/sec Transceiver for Gigabit
Ethemet.

Single Chip Transceiver
125 MHz Reference Clock
Single 3.3V Supply

780 mW Power

VSC7181

1.0625 Gbit/sec ANSIX3T11 and FCSI
GLM compliant copper gigabaud link
module.

1.0625 Gbit/sec Copper GLM Daughtercard
ANSI Standard 9-pin D-Shell Serial Connector
20-bit TTL Compatible Parallel Interface
80-pin Samtec Parallel Connector

Single 5V Supply

VSC7181EV

1.0625 Gbit/sec Fibre Channel Copper
Gigaband Link Module Evaluation Kit.

Easy to Use Kit Containing:

Two (2) VSC7181 CuGLM

One (1) Sm Gore Fibre Channel Duplex Cable
Assembly with DB-9 Connector

One (1) Female Loopback Adaptor

One (1) Male Loopback Adaptor

VSCT7201A

1 GByte/Sec SCI Compliant Link Controller.

Conforms to IEEE SCI Standards: IEEE Standard
1596-1992

Sends and Receives SCI Data in 2ns for 1GByte/s
Data Rate

High Speed Link Interface Conforms to Low Voltage
Differential VO Standard (IEEE P1596.3)

64-bit Bi-Directional GTL System Interface
+3.3V and +2V Power Supplies Required

269 Tape Ball Grid Array Package (TBGA - 50
mil centers)

IEEE Std 1149.1 Test Access Port for Diagnostics

VSC7203

1 GByte/s SCI Compliant Switch Node
Bypass Circuit.

2-port Switch Capable of Passing SCI Packets
Multiplexers Allow Bypassing Around any Port for
Faulty Node Isolation

Sends and Receives SCI Symbols every 2ns for 1
GByte/s Data Rate per Port

+3.3V and +2V Power Supplies

301 BGA Package (50 mil spacing, 27mm/side)
IEEE Std 1149.1 Test Access Port for Diagnostic and
Boundary Scan

VSC7802
VSC7805
VSC7810

| Fibre Channel short-wave optical detectors

with integrated transimpedance amplifiers.

Three Products Supporting 266, 531, and 1063 Mbit/sec
Data Rates.

770 - 850nm Detectors

Integrated AGC

Page 2
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Fibre Channel Overview

FIBRE CHANNEL COMPUTE CLUSTER

Active Hub or Switch

Server e = ¥ yBoD

Workstation Clients

Fibre Channel is an emerging standard for high speed, serial data communication developed by the ANSI
X3T11 Technical Committee consisting of a wide breadth of the electronics industry including representatives
from optical components, electrical connectors, semiconductor components, disk drive, computer systems, and
network systems companies.

Fibre Channel’s heritage draws from the experience of the SCSI; ESCON, HIPPI, and FDDI standards
community as all were part of the original ANSI X3T9 Technical Committee. Fibre Channel provides a unifying
networked, high performance I/O channel by which SCSI, IP, ESCON, and other protocols may be mapped into
one interconnect to tie together supercomputers, mainframes, servers, workstations, and peripherals.

Fibre Channel is a layered transport protocol. It incorporates a physical layer transport definition (FC-0 and
FC-1) and a framing and flow control definition (FC-2) with a common services layer (FC-3) and an upper layer
for multi-protocol mapping onto Fibre Channel (FC-4). Refer to Fibre Channel Layers diagram.

Fibre Channel’s strengths are many. Two unique strengths that differentiates Fibre Channel from other
serial interconnects lies in its robust physical layer (FC-0 and FC-1) and it’s support of a low-cost, arbitrated
loop topology (FC-AL).

Fibre Channel’s robust physical layer is based on the use of serial, point to point connections and the use of
the 8B/10B encoding scheme developed and patented by IBM and licensed for use by Fibre Channel develop-
ers.

Serial, point to point links minimizes the transmission line problems and clock to data skew issues associ-
ated with data transfers over multi-drop busses at high data rates.

The 8B/10B encoding is a dc-balanced, run-length limited code which simplifies and cost-reduces Gbit/sec
serial links with only a 20% encoding overhead. The dc-balanced code provides greater noise margins on cop-
per links by minimizing the effects of baseline wander. The run-length limited code constrains the spectral con-
tent on the data link. This minimizes issues such as intersymbol interference and line coupling with capacitors
or transformers, thus simplifying line fault detection to a digital rather than an analog problem.
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FIBRE CHANNEL LAYERS

Fc4 ISCSII l P l [IPI3I IATMI IHIPPII

FC3 Common Services
FC2 [ Signalling Protocol 1
FC-AL [ Arbitrated Loop Protocol l
FGC-1 Transmission Protocol
STPICoax/I'wmax

SW, MM Fiber LW, SM Fiber

FIBRE CHANNEL ARBITRATED LOOP NETWORK
PHYSICAL LAYER BLOCK DIAGRAM

SERVER or WORKSTATION
DUALFC-AL LOOPS

FrCAcfivg i,

DIRECT ATTACH FC DISK DRIVES

SERVER or WORKSTATION _ VITESSE PROVIDES THE COMPLETE FIBRE CHANNEL TERMINATION

Because of these physical link attributes, Fibre Channel data transfer at 1 Gbit/sec is simpler, more reliable,
with a bit error rate less than 10'12, and lower in cost than other serial interconnects.

Fibre Channel’s Arbitrated Loop topology retains the cost-effectiveness and user-friendliness of a multi-
drop bus interconnect like ethernet and SCSI. Data rates of 1 Gbit/sec and above are permitted on copper cables
over moderate distances (50meters) and on optical cables over long distance (10km). Most importantly, FC-AL
does not require expensive switches and may use simple active hubs instead for reliable connectivity.

These attributes of Fibre Channel coupled with its reliable transport and flow control protocol (FC-2) and
its flexible upper-layer protocol mapping (FC-4) has prompted Fibre Channel’s adoption as a storage peripheral
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interconnect not only as a connection between RAID (Redundant Array of Independent Disks) and servers, but
also on individual disk drives with embedded RAID which increases performance and capacity of RAID and
JBOD (Just a Bunch Of Disks) systems. High performance peripherals interconnected to servers and clients
through 1 Gbit/sec Fibre Channel provide scalable, fault tolerant compute clusters and legacy LAN perfor-
mance is enhanced through the use of Fibre Channel’s Gbit/sec reliable transmission for a network backbone.
High speed, remote data acquisition for imaging is made possible with Fibre Channel as well.

Vitesse Semiconductor has developed the most complete physical layer product offering through a family
of industry compliant Fibre Channel transmitters and receivers along with Gbit/sec repeaters and bypass cir-
cuits. A physical layer block diagram, of an Arbitrated Loop cluster of Fibre Channel disk drives in a JBOD,
interconnected to workstations with an active hub, is shown on the previous page. Additionally, Vitesse is work-
ing with the ANSI technical committee to ensure reliability and interoperability of GBit/sec interconnects.

Vitesse also offers protocol products enabling the construction of custom Fibre Channel ports for such cus-
tom applications as data acquisition, RAID controllers, network backbones, and print server controllers. These
products are summarized in the Product Summary.

o
2
&
o
o
=
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Transmitter/Receiver Overview

Fibre Channel Generations
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s Ay
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Fmm———————
|
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!
|
f
!
|
!
|
!
|
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JBO00000000000000. S000DO0000000Q

p
VSC7115/16 %%?

20-Bit TTL Interface
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Serial /0 Mux

A200000000000000000000000000000

s

GLM Daughter Card
Uses VSC7115/16
Differential Transmission through DB-9

Fibre Channel transmitters and receivers implements the ANSI X3T11 Fibre Channel FC-0 layer minus the
media and the optical drivers. These circuits are also referred to as Serializers and Deserializers respectively or
SERDES collectively. SERDES more accurately describes the chip’s function as they perform the task of serial-
izing from and deserializing to parallel data for serial transmission.

Vitesse Semiconductor was the first to produce 1.0625 Gbit/sec transmitters and receivers predating indus-
try standardization and our products have evolved with the Fibre Channel industry. This is why Vitesse has sev-
eral similar products.

Two industry standardization efforts are significant. The first is the Gigabaud Link Module (GLM) profile
established by Hewlett Packard, IBM, and Sun Microsystems as one of the profiles produced by the Fibre Chan-
nel Systems Initiative. The GLM specification’s intent was to specify interchangeable daughtercard “modules”
which contain all the high frequency circuits and board layouts. This will simplify the FC port design to a
53MHz TTL design and permit user speed and media selectability while ensuring multiple sources. Thus the
GLM specification documents a 20-bit, 53MHz TTL timing interface as well as a physical definition. The GLM
timing interface is reflected in the Vitesse VSC7115/16 product and the physical and electrical profile is imple-
mented in the Vitesse VSC7181 product.

The second significant industry document is the 10-Bit Interface Specification which is a Technical Report
published by the ANSI X3T11 Technical Committee. The driving force behind this effort is to define a lower pin
count interface requested by the HDD (hard disk drive) industry due to the defacto standardization on dual-
ported Fibre Channel disk drives. Reducing the I/O to 10-bit from 20-bit reduces a dual ported disk controller’s
pin count by 40 signals. This interface is implemented in the Vitesse VSC7125 product. Facets of the 10-Bit
Interface Specification are taken from the VSC7105/06 product which predates both the GLM and 10-Bit Spec-
ification. diagram showing the Vitesse Transmitter and receiver product offering is shown above.
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VITESSE

Data Sheet 1.0625 Gbit/sec Transmitter/Receiver Chipset
for Fibre Channel or Proprietary Serial Links

Features -
* ANSI X3T11 Fibre Channel Compatible at * Single +3.3V Supply Operation :%
1.0625 Gbit/s * Dual Receiver Serial Inputs and Transmitter 8
+ On-chip Fully Monolithic Clock Recovery Outputs for Loopback and Multiple Link Applications =
and Clock Multiplication Circuits Require + Selectable 10 or 20 bit TTL Compatible
No External Components Parallel Interface
» On Chip Clock Multiplication Relieves Sys-  « High Sensitivity Differential Receiver Suitable for
tem of High Speed Clock Generation both Coaxial and Optical Link Applications
General Description

The VSC7105/VSC7106 chipset is compatible with the ANSI X3T11 Fibre Channel Standard. Fibre Chan-
nel is a high speed communication channel standardized by ANSI for mapping upper layer protocols (ULP)
such as SCSI, IP, and HIPPI. Fibre Channel can then provide a channel over which concurrent communication
of all ULP’s may exist on a single interconnect between workstations, mainframes, and supercomputers, and for
connection to mass storage devices and other petipherals. The Fibre Channel physical layer is also ideal for
building cost effective, very high speed point-to-point communications links.

This chipset implements the Fibre Channel electrical transceiver physical layer for 1.0625 Gb/s operation.
At 1.0625 Gb/s, Fibre Channel delivers 100 MByte/s of data bandwidth over a single cable. This bandwidth
equals or exceeds most bus bandwidths. This chipset performs the high speed serialization and de-serialization
function that makes bus-bandwidth, serial communication possible. This chipset can drive electrical cables
directly or interface with optical modules.

System Block Diagram
Controller
ransmit VITESSE] VITESSE|
FIFO's vsg{ws ' vsl(ggos
VITESSE 1.0625 Gb/s Serial Data

o Bus ‘];%(5)7]}:%7 Over Copper or Optical Cable

Bus Logic Receive viTESsE| viTesse]|
FIFO’s VS]C{';{IOG ,‘—-—-——-—-—_ vs'(ls;log
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1.0625 Gbit/sec Transmitter/Receiver Chipset Data Sheet
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VSC7105 Transmitter Functional Description

The VSC7105 is an ANSI X3T11 compatible Fibre Channel (FC) transmitter designed to work at the FC
baud rate of 1.0625 Gb/s. The VSC7105 performs the serialization of parallel data and simplifies system design
by performing clock multiplication from the parallel data clock. The VSC7105 has two modes of operation: 10-
bit and 20-bit. The functional block diagrams for the 20-bit and 10-bit modes are shown in Figure 1 and
Figure 2 respectively.

The VSC7105 accepts 8B/10B encoded TTL input data as one or two parallel 10 bit characters which are
clocked into the device at 1/10 or 1/20 of the baud rate. User data should be encoded for transmission using the
8B/10B block code described in the Fibre Channel specification or any other equivalent coding scheme with a
transition density of 40% or greater and a maximum run length of 6 consecutive 1’s or 0’s. The VSC7105 serial-
izes the input data and transmits it at a baud rate of 10 times the frequency of the REFCLK input. The device
includes a phase locked loop-based clock multiplier that generates the baud clock. This PLL is fully monolithic,
and requires no external components.

The parallel input port timing is derived from the REFCLK input. REFCLK is internally divided by two,
and driven off chip as complementary TTL outputs: TCLK and TCLKN. In 20-bit mode, the VSC7105 loads
parallel data on the falling edge of TCLK. TCLK thus provides a convenient means to clock the data source. For
10 bit mode, the VSC7105 loads paralle] data on the rising edge of REFCLK. The rising edge of REFCLK cor-
responds to the falling edges of both TCLK and TCLKN. The system designer may either use the rising edge of
REFCLK or the falling edges of TCLK and TCLKN to clock the data source. Only data on T10:19 are used in
10-bit mode. The width of the input data bus is controlled by the DWS (Data Width Select) input. A logic LOW
on this input places the VSC7105 in 20-bit mode and a logic HIGH places the VSC7105 in 10-bit mode.

Output Enable controls are provided for each of the serial output ports. OEO controls the primary outputs,
TX, while OET controls the secondary outputs, TLX. When an OE control is brought HIGH, the respective out-
put is forced to a logical HIGH state. For example, a logical HIGH on the TX differential outputs will cause TX-
to be LOW and TX+ to be HIGH. The secondary outputs can be used as a local loopback for system testing.

A three-level TEST signal is provided to facilitate functional testing and to select NRZ or NRZI data for-
mat. When TEST is left floating, REFCLK replaces the PLL-generated internal clock. For normal operation
using the PLL-generated bit clock in Fibre Channel compliant mode which uses NRZ formatting, the TEST pin
is tied to GND. For normal operation using NRZI formatting, the TEST pinis tied Vpp.
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Figure 1: VSC7105 Transmitter Functional Block Diagram (20-Bit Mode)
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Figure 2: VSC7105 Transmitter Functional Block Diagram (10-Bit Mode)
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1.0625 Gbit/sec Transmitter/Receiver Chipset Data Sheet
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Transmission Character Interface

In Fibre Channel, an encoded byte is 10 bits and is referred to as a transmission character. A Fibre Channel
word is 32 bits which is encoded into a transmission word of 40 bits. The 20 bit interface on the VSC7105 cor-
responds to a half transmission word. This document uses character and half-word to refer to transmission char-
acter and half transmission word respectively. Hence the VSC7105 has a selectable transmission character or
half transmission word Fibre Channel interface. The bit ordering and its relationship to Fibre Channel bit posi-
tion is shown in Figure 3 for the VSC7105. In 20-bit mode, TOO is transmitted first and in 10-bit mode, T10 is
transmitted first.

Figure 3: Transmission Order and Mapping to Fibre Channel Character

ParallelData |1 |1]1]t]t]t|t]1]1]1]o]o]o]ofofo]o]olo]o
Bits ols|7|6|s|a|3|2]1|o|lo|s|7]6|5|al3|2]1]0
;E;;?;B“ hlg|f|ilelalc|blalj|n|g|flilel|d]|c|v]|a
A
First Data Bit Transmitted T
20-Bit Mode

First Data Bit Transmitted
10-Bit Mode

Last Data Bit Transmitted

VSC7106 Receiver Functional Description

The VSC7106 is an ANSI compatible Fibre Channel (FC) receiver designed to work at the FC baud rate of
1.0625 Gb/s. The VSC7106 accepts differential high speed serial inputs, extracts the clock and retimes the data
from the serial bit stream. The serial bit stream should be 8B/10B encoded data produced by a FC compatible
transmitter, or any other source with a transition density of 40% or greater and a maximum run length of 6 con-
secutive 1’s or 0’s. The retimed serial bit stream is converted into either a 10 or 20-bit parallel output word. The
VSC7106 provides Fibre Channel SYNC character recognition and data word alignment. The VSC7106 has
internal PLL-based clock recovery circuitry which requires no external components.

Serial data is received on the RX, RLX pins as determined by LPEN. The PLL clock recovery circuit will
lock to the data stream if the clock to be recovered is within 1.0% of the expected data rate. The expected data
rate is 10 times the REFCLK frequency. For example if the REFCLK used is 106.25MHz, then the incoming
serial baud rate must be 1.0625 Gigabaud +1.0%.

The VSC7106 provides complementary TTL recovered clock, RCLK and RCLKN, which is at one twenti-
eth of the serial baud rate. This clock is generated by dividing down the high-speed clock which is phase locked
to the serial data. If serial input data is not present, or does not meet the required transition density or baud rate,
the RCLK frequency will be within +/-1.5% of half of the REFCLK.. The serial data is retimed by the internal
high-speed clock, and deserialized. Parallel data is loaded into the output register on the falling edge of RCLK
in 20-bit mode or on the falling edges of RCLK and RCLKN in 10 bit mode. The width of the output field can
be 10 or 20-bit, under the control of the DWS (Data Width Select) pin. A logic LOW on this input causes the
parallel data to be presented 20-bit wide. A logic HIGH causes a single 10-bit character to be presented on
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R10:19. R00:09 are held HIGH in this mode. The functional block diagrams for operation in 20-bit or 10-bit
modes are shown in Figure 4 and Figure 5 respectively.

Word synchronization is enabled in the VSC7106 by tying the SYNCEN pin to Vpp. When synchronization
is enabled, the VSC7106 constantly examines the serial data for the presence of the Fibre Channel “Sync” char-
acter. This pattern is “0011111010” and is referred to as a K28.5 character with negative beginning disparity.
The K28.5 character is not a normal data character, but a special character defined specifically for synchroniza-
tion by Fibre Channel. Improper alignment occurs when a K28.5 straddles a 10 bit boundary or when a K28.5 is
in the wrong 10-bit position of a half-word. When an improperly aligned sync character is encountered in 20-bit
mode, the internal divider which produces RCLK and RCLKN is stalled in such a manner that the sync charac-
ter is aligned in the R00:09 output field. This results in proper character and half-word alignment. In 10-bit
mode, proper alignment is established when the K28.5 does not straddle a 10-bit character boundary, and
appears in a character that is clocked out on the falling edge of RCLKN. Half-word synchronization is still rele-
vant in 10-bit mode.

When the parallel data alignment changes in response to a sync pattern, some data which would have been
presented on the parallel output port will be lost. The detection of the sync character is pipelined. Depending on
the required new output phase, the sync character itself may be destroyed by the synchronization operation.
Nonetheless, data following the sync character will be correctly aligned. Thus if downstream logic requires
detection of the sync character (for example, to accomplish ordered set alignment) then more than one sync
character must be transmitted in order to guarantee that one will be forwarded out of the VSC7106 incorrupt-
ible. Fibre Channel compliant systems requires the receipt of a minimum of three ordered sets for word syn-
chronization. Ordered sets are special Fibre Channel transmission words that have the K28.5 sync character as
the first character received. The first of these ordered sets will cause resynchronization in the VSC7106. The
subsequent two ordered sets will be correctly aligned when they are received. In systems where synchronization
is undesired, tying SYNCEN to GND will disable the sync function, and the data will be unframed.

On encountering a sync pattern, a pulse is generated on the SYNC output to inform the user that realign-
ment of the parallel data field may have occurred. The SYNC pulse is presented one cycle in advance of the
actual K28.5 character, and has a duration equal to the data. When operating the VSC7106 in 20-bit mode, the
SYNC pulse spans one period of RCLK. In 10-bit mode, the pulse is HIGH for half of an RCLK period. Func-
tional waveforms for synchronization in both modes are given in Figure 6 and Figure 7. Figure 6 shows the case
when a sync character is detected and no phase adjustment is necessary. It illustrates the position of the SYNC
pulse in relation to the sync character. Figure 7 shows the case where the K28.5 is detected, but out of alignment
and a change in RCLK and the output data is required. Note that the VSC7106 always stretches the RCLK so it
will never create a clock sliver on resynchronization.
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Figure 4: VSC7106 Receiver Functional Block Diagram (20-Bit Mode)
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Figure 5: VSC7106 Receiver Functional Block Diagram (10-Bit Mode)
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Figure 6: Sync Timing While In Sync
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Figure 7: Sync and RCLK Timing When Resynchronizing
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Figure 8: Transmitter Latency Waveform
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Table 1: Data Latency

'VSC7105 Parallel to Serial Latency (10-Bit Mode) 5 Bit Times
'VSC7105 Parallel to Serial Latency (20-Bit Mode) 5 Bit Times
'VSC7106 Serial to Parallel Latency (10-Bit Mode) 26 Bit Times
VSC7106 Serial to Parallel Latency (20-Bit Mode) 46 Bit Times
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Figure 9: VSC7105 Timing Waveforms
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Table 2: VSC7105 AC Characteristics

REFCLK rise to TCLK fall
To and TCLKN rise Lo 40 ms ) —
REFCLK rise to TCLK rise
T and TCLKN fall 101 40 | ns | —
T, Data setup w.rt. REFCLK 1.0 — ns —
T,y Data hold w.r.t. REFCLK 5.0 — ns —
T Data setup w.r.t. TCLK/ 50 _ s Derived from Data setup to REFCLK and
4 TCLKN ’ REFCLK to TCLK/TCLKN delay
Derived from Data hold from REFCLK and
Ts Data hold w.rt TCLK/TCLKN 1.0 — ns REFCLK to TCLK/TCLKN delay
. X 0.8V to 2.0V, tested on a sample basis
TerTop | TCLKisc and fall time — | 3% | ™ | RefertoTTL Risc/Fall Time vs. Loading
Tspr.Tspr Serial data rise and fall time — 300 ps 20% to 80%, tested on a sample basis
Tg TCLK to TCLKN skew — +-1 ns Tested on a sample basis
Tpc TCLK, TCLKN duty cycle 45 55 % —
Transmitter Output Jitter Allocation
Serial data output random RMS, tested on a sample basis (refer to
Ty RMS) | siiter RMS) — | 2 | P | Figure13)
T Serial data output _ 100 " Peak to peak, tested on a sample basis (refer
Dy deterministic jitter (p-p) PS 1 to Figure 13)
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Figure 10: VSC7106 AC Timing Waveforms
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Table 3: VSC7106 AC Characteristics

1—T1—D|

RCLK or RCLKN fall to Data
T, Valid 0.0 3.0 ns —
T, RCLK to RCLKN skew — 1.0 ns Tested on sample basis
TrerTrap RCLK rise and fall time _ 50 ns f:stivsveen 0.8 & 2.0V, tested on a sample
TprTpe | Data output rise and fall time — | 50 | =ns g:s‘i‘:“n 0.8 & 2.0V, tested on a sample
T Data acquisition lock time @ _ 24 8B/10B IDLE pattern sample basis
LOCK | 1.0625Gbls : M | (refer to Figure 12).
Input Jitter Input data eye opening bit As specified in Fibre Channel FC-PH
T<l:;lerance allocation at receiver input for 30% — fime standard eye diagram jitter mask
BER<1E-12 (refer to Figure 13).
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Figure 11: TTL Rise and Fall Time vs Output Loading
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(VSC7105 TCLK/TCLKN: VSC7106 RCLK/RCLKN and R00:19)

Table 4: Reference Clock Requirements (VSC7105/VSC7106)

FR REFCLK Frequency Range 98 113 Tested on a sample basis
FT REFCLK Frequency Tolerance -100 100 ppm Note 1
TDy.o Symmetry 40 60 % Duty cycle at 50% pt.
SRp,SRp REFCLK rise and fall slew rate. 500 — mV/ns | Note 2
— Random jitter — 5 ps peak to peak

Note 1) This value is based on typical system requirements (i.e.. Fibre Channel). The VSC7105 and VSC7106 can tolerate REF-

CLK mismatching of up to 0.5%.
2) This value assumes an AC-coupled REFCLK. Higher slew rates will minimize REFCLK's contribution fo jitter due to edge-

triggering ambiguity.
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Figure 12: Parametric Measurement information
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Figure 13: Transmitter Jitter Measurement Method
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NOTE: Random jitter (RJ) ts performed according to Fibre Channel 4.1 Annex A, Test Methods, Section
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: l‘IO_bltztib it fime Section A.4.3. Measure time
< hirme of all the 50% points of all
i4— 8 bit time ten transitions. DJ is the
&— 7 bit time range of the timing variation
—p <— 2 bit time from expected.
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Absolute Maximum Ratings

Power Supply Voltage, (Vpp) ...0.5V to +4V
PECL DC Input Voltage, (Vixp) -0.5V to Vpp +0.5V
TTL DC Input Voltage, (Vint) -0.5V to 5.5V
DC Voltage Applied to Outputs for High Output State, (Viy11) .-0.5V to Vpp + 0.5V
TTL Output Current (Ioyr), (DC, Output High) “ ... 50mA
PECL Output Current, (Igyr), (DC, Output High) -50mA
Case Temperature Under Bias, (T¢) . -55° to +125°C
Storage Temperature, (Tstg) -65°C to +150°C

Recommended Operating Conditions

Power Supply VOItage, (VD). e ererererererenminenieniiniiiiesiienseeisissesesssssesssesssessssssssssssssesesssssesssssnes +3.3V+5%
Operating Temperature Range, (T) @ .0°C to +90°C
Notes:

(1)  CAUTION: Stresses listed under “Absolute Maximum Ratings” may be applied to devices one at a'time without causing
permanent damage. Functionality at or above the values listed is not implied. Exposure to these values for extended periods
may affect device reliability.

(2)  Lower limit is ambient temperature and upper limit is case temperature.
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Table 5: VSC7105 DC Characteristics (Over recommended operating conditions).

 Description | Min
Output HIGH voltage (TTL) 24
Output LOW voltage (TTL) — — 0.5 \ IoL=+12mA
Input HIGH voltage (TTL) 2.0 — 5.5 \% Iy<6.6mA @ V=55V
Input LOW voltage (TTL) 0 — 0.8 v —
Input HIGH current (TTL) — — 50 BA Vin=24V
Input LOW current (TTL) -500 — -50 pBA | Vy=05V
Supply voltage 3.14 33 3.47 v 3.3V E+-5%
Ipp Supply current — — 350 mA | Outputs open Vppmax
C o Outputs open, @ Vpp max
Pp Power dissipation — 1.0 1.2 w Tease = 20°C to 90°C.
Single-ended Clock input swing Internally biased at Vppy/2. See
AViNcLkpe (REFCLK) 600 1300 mVpp Figure 14 for input structures.
Serial Output differential peak to _ _
AVour potk voltage swing (TX, T1X) | 12%° 2200 | mVpp | 50Q to Vpp-2.0V

Table 6: VSC7106 DC Characteristics (Over recommended operating conditions).

Output HIGH voltage (TTL) Iog=-1.2mA
VoL Output LOW voltage (TTL) — — 0.6 v Iop, =+1.2mA
Vi Input HIGH voltage (TTL) 20 | — | 55 il,frlﬂ 5;“;;'{," @
Vi Input LOW voltage (TTL) 0 — 0.8 —
Iy Input HIGH current (TTL) — — 50 HA | Vy=24V
Iy, Input LOW current (TTL) -500 — -50 pA | Vy=05V
Vop Supply voltage 3.14 33 3.47 v 3.3V +/-5%
Ippio Supply current - 10-Bit Mode — — | 520 | mA | Outputs open, @Vpp max
Ipp2o Supply current - 20-Bit Mode — | — ] 560 | mA | Tcase=20°Cto 90°C.
Ppio Power Dissipation - 10-bit mode — — 1.8 w Outputs Open, Vpp=VYppmax
Ppao Power Dissipation - 20-bit mode — — 1.9 w Outputs Open, Vpp=Vppmax
AViNcLkpe | Single-ended REFCLK input swing 600 — 1300 | mVpp | AC coupled
e R I
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Data Sheet

Figure 14: Input Structures

VDD 433V

5K

SK:
GND
VDD

x
s

GND

REFCLK Input
(7105 : REFCLK)
(7106 : REFCLK)

A

VDD 33v

33K

33K

33K %
NpoT O

33K

~ GND ov

High Speed Differential Input
(7106: RX/RLX)

B
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Figure 15: VSC7105/7106 Pin Diagrams

OET e 0% 4 40 38 36 34 VoD
OF0 12 VITESSE 32— T11
VDDP 1] T10
TLX- )4 30 To9
TLX+ = I Tos

VSS 6 28— VSSA
TX+ I — To7
T*- 8 26/—11 T06
VDDP 1] 1 Tos
TCLKN == 10 VSC7105QF 24— Tos4

TOLK 1] =T VDDA

12 14 16 18 20 22

EXEOEQOQ NSO
§ g § H @ SRPEERR2
o
Heat Spreader Up
Top View 44 PQFP
4
'é Q (5) ;‘ é 5 gake E
>SZonaoao>aoraococo>
1 44 42 40 38 36 34
VSS | © == VDD
REFCLK {2 VITESSE 32—m— R15
SYNCEN 1] R14
DWS 4 30 R13
VSSA 1] 1 R12
VDDA |6 28 11 VSST
LPEN 1 T R11
RX+ Cr— 8 26 1 R10
RX- I = Rog9
RLX+ {10 VSC7106QF 24— Ro8
RLX- ] == VDD
12 14 16 18

VDDT
ROO 11—
RoO1 c:uj
R02 ]
R03

VSST 1
RO4 —1—]
RO5 1}
RO6 oI
RO7 1]
VSS R

Note: The heat spreader is connected to V.
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Table 7: VSC7105 Pin Description

18-21,24-27 INPUT-TTL ) . . .
29-32.35-38 T00:19 Par.allcl data on this bus is clocked in on @e fallfng edge of TCLK in 29 bit mod.e, oron the
4043 falling edge of both TCLK and TCLKN in 10 bit mode. TO00 is transmitted first in 20 bit

mode and T10 first in 10 bit mode.

INPUT - Multi-Level Static Input

The level on this pin determines the serial encoding and the source of the bit clock to be
used. The table below lists the effects caused by driving TEST to various levels.

PLL 10X Multiplied Clock used as bit clock and NRZ

encoding used. [Fibre Channel Compatible]

Tristate Test Mode where REFCLK input is used as bit clock and
Open NRZ encoding used

PLL 10X Multiplied Clock used as bit clock and NRZI

Encoding used.

16 TEST GND

VDD

INPUT - Static: TTL

This pin selects the parallel data bus width. When LOW, a 20 bit parallel bus width is
selected and T00:19 are active. When HIGH, a 10 bit parallel data bus is selected, T10:19
are active and T00:09 are ignored.

INPUT -TTL

Outputs enable inputs. Select serial output state as shown in the Table below.

15 DWS

2,1 OF LOW

active
Low HIGH active HIGH/LOW
HIGH LOW HIGH/LOW active
HIGH HIGH HIGH/LOW HIGH/LOW

CLOCK INPUT - Single-Ended (Biased at VDD/2, refer to Figure 14-A)
13 REFCLK A free running reference clock for the PLL clock multiplier. The frequency of REFCLK is
0.1x the desired baud rate.
OUTPUTS - COMPLEMENTARY TTL

TCLK Half word rate clock true and complement (frequency = REFCLK/2). In the 10 bit parallel
TCLEN data bus mode a new data word is clocked into the transmitter on the falling edge of both
TCLK and TCLKN. In the 20 bit parallel data bus mode a new data word is clocked into the
transmitter only on the falling edge of TCLK.
54 TLX+, OUTPUTS - DIFFERENTIAL Serial Output (Centered at VDD - 1.32V)
’ TLX- These outputs are functionally equivalent to TX+ and TX-.

11, 10
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)
X+ OUTPUTS - DIFFERENTIAL Serial Output (Centered at VDD - 1.32V) )
78 TX- These outputs output the serial transmitted data and drive 75Q or 50Q2 termination to VDD- 8
2V. B
12 VSST TTL Ground
14 VDDT TTL Power Supply
3,9 VDDP Differential Output Power Supply
17, 33,39 VDD Digital Power Supply
6,22,34,44 VSS Digital and Differential Output Ground
23 VDDA Analog Power Supply
28 VSSA Analog Ground

Table 8: VSC7106 Pin Description

OUTPUTS - TTL

13-16,18-21, The width of the paralle]l data bus is selected by the state of the DWS pin. Parallel data on
24-217, R00:19 this bus is clocked out on the falling edge of RCLK in 20 bit mode and on the falling edges
29-32,35-38 of both RCLK and RCLKN in 10 bit mode. R0O is the first bit received in 20 bit mode and
R10 is the first bit received in 10 bit mode. In 10 bit mode, R00:09 are driven high.
INPUT -TTL
7 LPEN ‘When HIGH, LPEN selects the loopback differential serial inputs pins. When LOW, LPEN

selects RX+ and RX- (normal operation).

INPUT - Static: TTL

The level on this pin selects the parallel data bus width. When LOW, a 20 bit parallel bus
width is selected and R00:19 are active. When HIGH, a 10 bit parallel data bus is selected
(R10:19 are active) and R00:10 will go HIGH.

OUTPUTS - COMPLEMENTARY TTL

Recovered clock rate (frequency ~ REFCLK/2). The falling edge of RCLK outputs a new
word on the 20 bit data bus in the 20 bit mode. The falling edge of RCLK and RCLKN
outputs a new word on R10:19 in the 10 bit mode. After a sync word is detected the period
of the current RCLK and RCLKN is stretched to align with the half-word boundary.
INPUT - Single-Ended Clock (Biased at VDD/2, refer to Figure 14-A)

2 REFCLK | A free running reference clock for the PLL clock multiplier. The frequency of REFCLK is
within +1.00% of 0.1x the desired baud rate.

OUTPUT - TTL

42 SYNC Upon detection of a valid sync symbol this output goes high for a RCLK period in 20 bit
mode. In 10 bit mode, the SYNC output goes high for half an RCLK period.

RLX+, INPUT - DIFFERENTIAL Serial Input (Biased at VDD/2, refer to Figure 14-B)

RLX- The serial loopback data inputs. Functionally equivalent to RX+ and RX-.

INPUT - DIFFERENTIAL Serial Input (Biased at VDD/2, refer to Figure 14-B)

The received serial data inputs.

4 DWS

RCLK,
RCLKN

10, 11

8,9 RX+, RX-
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INPUT - STATIC: MULTI-LEVEL ,
‘When tied to VDD, enables synch detection. Detection of the sync pattern
3 SYNCEN (K28.5:0011111010, negative beginning running disparity) will establish the word boundary
. for the data to follow. When open (not connected) or tri-state, REFCLK replaces internal bit
clock to facilitate factory testing. In this mode of operation sync detection is always enabled.
‘When tied to GND, data is treated as unframed data.
12,34, 44 VDDT TTL Power Supply
17,28, 39 VSST TTL Ground
23,33 VDD Digital Power Supply
1,22 VSS Digital Ground
6 VDDA Analog Power Supply
5 VSSA Analog Ground
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Package Thermal Characteristics

The VSC7105 and VSC7106 are packaged into thermally enhanced plastic quad flatpacks. These packages
use industry standard EIAJ footprints, but have been enhanced to improve thermal dissipation through low ther-
mal resistance paths from the die to the exposed surface of the heat spreader and from the die to the leadframe
through the heat spreader overlap of the leadframe. The construction of the package is as shown in Figure 16.

Figure 16: Package Cross Section

Copper Heat Spreader

Wire Bond Die Plastic Molding Compound

Table 9: 44 and 52 PQFP Thermal Resistance

6ca-0 Thermal resistance from case to ambient, still air* 30 °CIW
6ca-100 Thermal resistance from case to ambient, 100 LFPM air* 24 °CIW
02200 Thermal resistance from case to ambient, 200 LFPM air* 21 °CIW
6a-300 Thermal resistance from case to ambient, 300 LFPM air* 19 °CIW
6ca-500 Thermal resistance from case to ambient, 500 LFPM air* 15 °CrwW

*Note: Includes conduction through the leads of the package for a non-thermally saturated board.

The VSC7105 and VSC7106 are designed to operate with at a case temperature up to 90°C. The user must
guarantee that the case temperature specification is not violated. Given the thermal resistance of the package in
still air, the user can operate the VSC7106 in still air if the ambient temperature does not exceed 36°C on a non-
thermally saturated board.

If the user’s environment exceeds 36°C, then the user must either provide adequate airflow, attach a heat
sink, or both. Below is an example to guide the user in determining these requirements with additional airflow
and with adding a heatsink.
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1Thermal Resistance with Heat Sink
The determination of appropriate heat sink to use is as shown below.

Figure 17: Package Thermal Considerations

where:
dsaA Thermal resistance from heatsink to ambient [airflow dependent]
dcs Thermal resistance from case to heatsink [User supplied, typically < 0.6° C/W]
Tamax) Maximum Air temperature [User supplied, 70° C for this example]
TeMax) Maximum Case temperature (90° C)
Tc-Ta
Povaxy Maximum Power Dissipation (1.9 W for VSC7106)
" X0 B, +8
AT
54 = 5 ~Oc¢s
If Ty = 70° C and Og is 0.6° C/W,
_ (90-70°C_ .
854 = g~ 06°C/W
85y = 10°C/W

Therefore, to maintain the proper case and junction temperature, a heat sink with a 6g, of 10° C/W or less
must be selected at the appropriate air flow.

NOTE: The heat spreader is tied to Vsg in both the VSC7105 and VSC7106.
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Package Information
44-Pin PQFP Package Drawings
| F
G
44 34
L e
1 ° P D 200 | +10/-.05
— T E 0.35 +.05
[ s = s
p— E— F | 1720 | %325
] L o o G 14.00 +.10
— = |l H H | 1720 +25
[ T
[ 1 \\_/ T I 14.00 +.10
— o J 088 | +.15/-10
(o s e 1
1 1 23 11 0.80 | +15/-.10
K 1.00 BASIC
TTAAAAnE o T woni
12 22 -
12°TYP
—|
\ D The heat spreader is tied to Vgg

o 4 L HHHHITHE A

12°TYP

g

0.30 RAD.TYP.

44 VY

°. 8% T L
0.17 MAX./f 7 o8 —'l i‘ 0102 MAX. LEAD
NOTES: 0257 E
Drawing not to scale. J
Heat spreader up.

All units in mm unless otherwise noted.

G52079-0 Rev. 2.7 ® VITESSE 1996 Communications Product Data Book Page 33



1.0625 Gbit/sec Transmitter/Receiver Chipset Data Sheet
for Fibre Channel or Proprietary Serial Links

Ordering Information

The part number for this product is formed by a combination of the device number, package type, and the oper-
ating temperature range.

VSC71XX QX

Device Type
VSC7105 - 1.0625 Gbits/sec Transmitter
VSC7106 - 1.0625 Gbits/sec Receiver

Package Type
QF: 44 Pin, Thermally Enhanced PQFP, 14mm Body

Notice :

Vitesse Semiconductor Corporation reserves the right to make changes in its products specifications or
other information at any time without prior notice. Therefore, the reader is cautioned to confirm that this
datasheet is current prior to placing any orders. The company assumes no responsibility for any circuitry
described other than circuitry entirely embodied in a Vitesse product.

Warning
Vitesse Semiconductor Corporation’s product are not intended for use in life support appliances, devices or
systems. Use of a Vitesse product in such applications without the written consent is prohibited.
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Fibre Channel or Proprietary Serial Links

Features
» Full ANSI X3T11 Fibre Channel * Simplex (100 MByte/s) or Duplex (200
(FC) Compatibility MByte/s) Mode Operation
* 8B/10B Encoding/Decoding * 6-bit CMND Port Supporting all FC-PH 4.2
* 32 or 16 bit Synchronous FIFO Ordered Sets
System Interface + FC Receiver Loss of Synchronization

+ 20-bit Bncoded Transmission Character Interface State Machine

+ CRC Calculation and Checking ¢ FC Link Control State Machine

« Parity Check and Generate » 184 PQFP Package
System Block Diagram

Controller
| EZ-Link :
| |
[ viTEsse | | VITESSE
Trepemit | vscrios ; ' vscrios
' VITESSE ' .
| vscrier | Over Coppar or Optial Cable
o Bus ' | ENDEC '
Bus Logic Receive ' wimesse| 1 VITESSE
FIFOs V57106 | <] v5C7105
| RX [} X
|
o :
General Description

The VSC7107 ENDEC is a high performance encoder/decoder designed for use in conjunction with the Vit-
esse VSC7105/7106 transmitter/receiver chips. The three chips can be combined with a controller and FIFO
buffer memory to build a complete serial link.

The VSC7107 is a full duplex design with an encoder section for transmission and a decoder section for
reception. The transmitter/encoder section accepts either a 2 or 4 byte user data word, encodes each byte into a
10 bit transmission character, and outputs transmission g:haracters to the VSC7105 transmitter. The receiver/
decoder section accepts transmission characters from the VSC7106 receiver, decodes them, and outputs a 2 or
4-byte user data word.

The VSC7107 has a system interface that emulates a synchronous FIFO for ease of use. FIFOs allow maxi-
mum sustained performance of 200 MB/s running a full duplex link. Their function is to handle the asynchro-
nous interface between the bus data rate and the different serial data rates, and handle phase and frequency
differences inherent in serial links.
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The VSC7107 includes the hardware necessary for packetized data protection. Framing functions are pro-
vided through the CMND bus via Fibre Channel compliant special code symbols (ordered sets) for Start of
Frame and End of Frame. CRC generation and data frame verification protect the Fibre Channel frame header
and data field when these framing functions are used.

The VSC7107 provides a command interface which allows the user to manage the serial link. Signals are
also provided to decode serial link error conditions and differentiate between data and commands. The
VSC7107 implements all of the Fibre Channel defined link management functions through the Loss of Synchro-
nization State Machine (LOS) and the Link Control State Machine (LCSM) as specified in FC-PH 4.2 clauses
11-16. The LOS manages receiver word synchronization. The LCSM recognizes and appropriately responds to
all the primitive sequences required for generic link management such as initialization, offline, and link failure.

Vitesse’s VSC7107 is a versatile part that allows the system designer to create proprietary or Fibre Channel
serial links by taking advantage of some, or all, of the Fiber Channel compliant features.

Functional Description
System Data Interface

The VSC7107 supports two types of words on the system interface: 32 bit or 16 bit user data words. The
system data bus emulates a synchronous FIFO interface (such as those available from Cypress and IDT) and
consists of two separate buses for inputs and outputs at a duplexed data rate of 200 MByte/s.

The VSC7107 is composed of two separately timed sections. The two sections may be operated together for
a duplex link or separately for a simplex link. The Encoder section of the design receives its timing from a clock
source that must be in phase with the clock source for the companion VSC7105 transmitter chip. The Decoder
section of the design is clocked by the recovered clock from its companion VSC7106 receiver chip. Static con-
figuration pins and link maintenance signals span the timing boundary between the two sections.

Encoder System Interface

The purpose of the Encoder is to encode user data into transmission characters which, when transmitted
serially, create a data stream that is rich in transitions and is DC balanced. A data stream rich in transitions
allows robust clock recovery, and a DC balanced data stream eliminates DC drift in serial transmission. By
encoding the clock into the serial data transmission, the VSC7107 eliminates the need to transmit a separate
clock signal. As specified by the Fibre Channel Standard, the VSC7107 implements the 8B/10B code, which
adds two bits of overhead to each byte. The VSC7107 transmits two transmission characters every EN_CLK
clock period (53.1 MHz for 1.0625 Gb/s).

The VSC7107 system interface allows users to burst data at the full rate reliably and simply. If no valid data
is available, the VSC7107 automatically generates an IDLE word. (Refer to the Fibre Channel Ordered Set
Table for IDLE word clarification). This condition is indicated to the VSC7107 either by the EFEF# input or the
HOLD# input. If a FIFO is used, the VSC7107 EFEF# input should be tied to the EMPTY flag output of the
FIFO to inform the VSC7107 that no data is present in the FIFO. The VSC7107 HOLD# input is provided to
restrain the VSC7107 from pulling data out of the FIFO until a complete frame or data packet is loaded into the
FIFO using the HOLD# input. This prevents the insertion of IDLEs into the middle of a frame. The EFREN#
signal is provided by the VSC7107 to disable the data source when the VSC7107 detects a link condition which
prohibits the successful transfer of data. EFREN# goes high (disabled) when the VSC7107 is being initialized
or has detected a link failure or link reset condition.
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There are two data sources in the Encoder section: EN_DATA and CMND. The EN_DATA port is a 32 bit
bus and CMND is a 6 bit command bus. In serial links it is useful to have a mechanism to differentiate data
transmission from special characters or command transmissions with special purposes. Two mechanisms are
provided to achieve this differentiation:

1. The CMND bus allows users to transmit Fibre Channel defined “ordered sets.” These ordered sets are used
by Fibre Channel links for link management. Refer to “CRC” on page 107 and Table 4, “Ordered Set List,”
on page 106 for further information.

2. AnEN_KCHAR pin is provided to specify whether byte O is a data character or a special character. This pin
is referred to as a control variable, and allows the user to issue special 8B/10B characters (K characters),
called Fibre Channel ordered sets, without using the CMND bus. All Fibre Channel special characters are
supported. The special character list is in Table 2. This pin can also be used to create custom commands for
proprietary links.

If the CMND port is used to transmit ordered sets, the CMND data takes precedence over DATA_IN. If a
valid CMND exists on the CMND port, the VSC7107 will transmit the data indicated by CMND regardless of
valid data on the EN_DATA inputs.

Internally, the VSC7107 has a 16 bit data path which is clocked at 53.125 MHz to achieve the 1.0625 Gb/s
serial data rate. However, as defined by the Fibre Channel Standard, the insertion of ordered sets and CRC must
occur on 32 bit word boundaries. Because of this, the VSC7107 and the system designer must have a mecha-
nism for keeping track of word boundaries operating at 26.5625 MHz. The encoder clock, EN_CLK, is the pri-
mary clock input for the encoder section. The EFCLK is the word clock used by the VSC7107. This clock is
generated internally and provided to the system designer. Regardless of whether the VSC7107 is configured in
16 or 32 bit mode, EFCLK is half the EN_CLK frequency. The ESYNC input is provided to synchronize the
logic to the proper clock boundary. EFCLK may be tied to ESYNC. Providing a clock signal which is half the
frequency of the EN_CLK will maintain word synchronization.

With very few exceptions, all inputs to the VSC7107 are registered to allow for the maximum available
setup time. Both the EN_DATA and CMND buses must meet the setup and hold time requirements of the
VSC7107 with regard to the EN_CLK. Refer to the ENCODER timing diagrams and AC Specifications for tim-
ing details. Two options are available for providing a clock source to EN_CLK. The TCLK output of the
VSC7105 may be used, or the user may provide a clock in phase with the VSC7105 REFCLK.

The VSC7107 can be configured to operate with a 16 bit or a 32 bit system interface. The user selects the
appropriate mode through the 32/164# select input. When the 32/16# signal is low the VSC7107 is configured to
operate in 16 bit mode. When this signal is high, the VSC7107 is configured to operate in 32 bit mode.

No internal buffering is resident on the VSC7107 to hold data or to manage metastable timing caused by a
data source with slightly different timing than the VSC7107. In order to manage these conditions, either FIFOs
must be used for the data source or it must be phase aligned to EN_CLK.

Parity protection is provided for the encoder data source. The user provides odd byte parity to the Encoder
through the EN_PAR(3:0) pins. The VSC7107 checks this parity and returns a HIGH on the PERR output if a
parity error is detected. The VSC7107 returns a LOW on PERR if parity is correct.
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Functional Block Diagram
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Byte Transmission Order

The Encoder block can accept 32 or 16 data bits at a time. EN_DATA (31:0) is four bytes organized sequen-
tially. EN_DATA (7:0) is byte 3, EN_DATA(15:8) is byte 2, EN_DATA (23:16) is byte 1, and EN_DATA
(31:24) is byte 0. The Fibre Channel Standard defines a 4 byte encoded transmission word (40 bits) and special
transmission words referred to as “ordered sets.” The Fibre Channel Standard also defines the transmission and
reception order for these data words and ordered sets. The VSC7107 conforms to this transmission order.

In 32 bit mode, bytes 0 and 1 are encoded and transmitted first. Byte O will be encoded and will appear in
T09:00 in the proper bit order. Bytel will appear in T19:10 in the proper bit order.

Bytes 2 and 3 are then processed together and transmitted out with byte 2 in T09:00 and byte 3 in T19:10.

In 16 bit mode, only bytes O and 1 are used as data sources. Any data in EN_DATA (15:0) is ignored. The
data is fed into the Encoder at the same rate at which it is processed and transmitted out. Byte O is transmitted
out in T09:00 and bytel is transmitted out in T19:10. Transmission byte order and bit order are shown in
Figure 1 and Figure 2.

Figure 1: Fibre Channel Byte Transmission Order

User Data Word Transmission Serial Data
Half Word
byte3 byte2 bytel byte0 VSC7107 byted K28.5 VSC7105
D21.5 D21.5 D21.4 K28.5 ENDEC byte2 D215 X _bytel  byteO
jhgf iedcba jhgf iedcba

T09:00 T09:00
% EN_DATA(31:0) X ——————

32 T19:10 "_>‘ T19:10

bytel D214
byte3 D215
byte3 byte2 bytel byte0 K285  byted VSC7106
D21.5 D215 D21.4 K28.5 D215 byte2 RX bytel

byteO
abedei fghj abedei fghj

R09:00 R09:00
47%—_' DEC_DATA (31:0) RX |[———————

R19:10 4———1119:10
D214 bytel .

D215  byte3

Fibre Channel Idle Word: K28.5 D21.4 D21.5 D21.5
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Figure 2: Half Word Transmission Order

First Half Word Second Half Word

' '
:HG FEDCBAMHGFEDC BA: Unencoded Data

1
I

| Tog-Too ! TI9-TI0 | EN_DATA Bits
y jhgf jedcba ) jhgf iedcba | Transmission Characters
1 ) !

A v
[IEEEICIEILIEIEIDICE

[7TelsT a3 211 0] —»
h
Last Half Word Bit Sent First Half Word Bit Sent
EN_DATA(29) - First Half Word sN_DATAiza) - First Half Word
EN_DATA(7) -Second Half Word EN_DATA(8) - Second Half Word

Decoder System Interface

The Decoder section of the VSC7107 decodes the transmission characters received from the VSC7106. The
Decoder requires a two transmission character input operating at 53.125MHz for 1.0625 Gb/s serial data. The
transmission characters must be clocked into the Decoder on the falling edge of the recovered clock (RBC-)
provided by the VSC7105. As with the Encoder, two 8B/10B decoders operate in parallel. The Decoder pro-
vides a selectable 32 or 16 bit interface to the system.

The Decoder performs the additional task of word alignment as defined by the Fibre Channel Standard. The
Loss of Synchronization state machine defined by the Fibre Channel Standard is incorporated into the VSC7107
Decoder (refer to “Loss of Synchronization State Machine” on page 16). When the state machine is enabled, the
Decoder recognizes a Fibre Channel IDLE word and aligns it referenced to the Fibre Channel defined byte
order. An IDLE word is a special ordered set specified by the Fibre Channel Standard to perform word align-
ment. The Decoder expects the VSC7106 Receiver to perform byte alignment. The Fibre Channel specification
expects only to recognize IDLE words with negative beginning disparity. The POSIDLE pin allows users to
configure the VSC7105 to recognize only the Fibre Channel defined IDLE or recognize IDLE’s with beginning
negative or positive disparity. Vitesse has defined a positive beginning disparity IDLE word as listed in the
Ordered Set Table. When POSIDLE is HIGH, both IDLEs are recognized. When POSIDLE is LOW, only the
negative beginning disparity IDLE is recognized.

The transmission characters are decoded and sent to the system in either 32 bit or 16 bit words, as specified
by the 32/16# pin. The DEC_DATA(31:0) bus sends data to the system. The Decoder outputs data in the same
byte location as it was input. In 32 bit mode, all data bytes are used. In 16 bit mode, only DEC_DATA(31:16)
has valid data.

The Decoder section has a synchronous FIFO system interface similar to that interface of the Encoder sec-
tion. As with the Encoder section, the Decoder section outputs data on the DEC_DATA(31:0) bus with the same
byte ordering. Both 32 bit and 16 bit words are supported. The DEC_CMND port informs the system if an
ordered set is detected by the Decoder. The DEC_CMND reports commands with values identical to the
EN_CMND commands described in Table 2.
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The Decoder section is clocked by the DEC_CLK. The phase and frequency of the clock at the receiving
end of a serial link is not related to the system clock of the receiver. Instead, the receive clock phase is a function
of the delay caused by the cable over which the serial data is transported. The receive clock frequency is a func-
tion of the clock on the transmitter side of the link. Therefore the VSC7107 DEC_CLK input must receive its
clock from the clock recovery circuit in the VSC7106 receiver chip. Because the VSC7107 can only operate
with a 20 bit transmission character input, the VSC7106 must be configured to operate in 20 bit mode. The
VSC7107 generates a DF_CLK to clock the receiver system FIFOs when the part is configured in 32 bit mode.
The DF_CLK outputs a signal that is half of DEC_CLK frequency. The VSC7106 recovered clock may be used
to clock both the Decoder section of the VSC7107 and the receive FIFOs when the system is used in 16 bit
mode.

All data, ordered sets, SOF, EOF, and primitive sequences are transmitted to the DEC_DATA(31:0) bus.
The DKCHAR pin is asserted HIGH if a special character appears in byte 0. Two Write Enables (DFWEND#
and DFWENDC#) are provided to differentiate between data words and ordered sets. This allows the user to
control what is written into the receive FIFOs. DFEWENDC# allows valid data and ordered sets to be written into
the receive FIFOs. DFWENDC is asserted HIGH (disable write) only when an IDLE is detected or when an
error or initialization condition is present. The DFWEND# signal allows only valid data to be written into the
receive FIFOs. DFWEND# is asserted HIGH when an error condition is present or when an ordered set is
present at the DEC_DATA bus.

The Fibre Channel IDLE word never enables either of the Write Enables. The user can therefore avoid fill-
ing system FIFOs with ordered sets such as IDLES. When POSIDLE is enabled, neither the Fibre Channel
IDLE or the Vitesse defined positive beginning disparity IDLE causes the write enables to be active. The pres-
ence of an IDLE causes the IDLE pin to be asserted HIGH. As defined by the Fibre Channel Standard, unknown
ordered sets can be treated as IDLEs. LOSCONF is used to determine how unknown ordered sets are treated.
‘When LOSCONEF is HIGH, the VSC7107 will define unknown ordered sets as IDLEs if LOSCONF is LOW,
unknown ordered sets will enable DFWENDCH# to be active. If the write enables are LOW, the VSC7107 is
allowed to write to the FIFOs.

Several signals are provided for detection of and response to transmission conditions. A DEC_CMND bus
is provided which detects the presence of an ordered set and notifies the user of the ordered set type. The ERR-
BUS(5:0) detects errors and informs the system of the error type. Table 1 defines the error conditions decoded
by the ERRBUS. The link control state machine has a 2 bit output which informs the user of the current link
state. Refer to “Link Control State Machine” on page 52 for further details.

Table 1: ERRBUS Description

0 4

1 Loss of Synchronization 5 Invalid CRC

2 Loss of Signal 6 Unrecognized Ordered Set
3 Primitive Sequence Protocol Error — —
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Fibre Channel Transmission Protocols

The VSC7107 implements the Fibre Channel defined transmission protocol or FC-1 layer. Included in the
Fibre Channel transmission protocol are 8B/10B encoding, CRC protection, the definition of ordered sets for
link management, and the use of state machines for word synchronization and for link management using
ordered sets.

8B/10B Encoding

The VSC7107 provides the Fibre Channel specified 8B/10B encoding and decoding with running disparity
which bounds the run length of the code and maintains DC balance. This improves the quality of the transmitted
data, which makes clock recovery possible at the receiver.

Fibre Channel nomenclature refers to encoded bytes as “transmission characters.” The Fibre Channel Stan-
dard specifies two kinds of bytes: data bytes and special bytes. Each valid transmission character is given a
name using the convention Zxx.x, where Z is the control variable of the unencoded byte. If the byte is a data
byte the control character is a “D”. If the byte is a special byte the control character is a “K.” The VSC7107 pro-
vides a single bit for the control variable to specify or notify whether the left most byte is a data character or a
special character. A “1” specifies a special character and a “0” specifies a data character.

The VSC7107 accepts the FC-1, unencoded bit notation as specified below, with H being the most signifi-
cant bitin a byte.

HGFEDCBA Z
The 8B/10B encoding acts on three and five sub-blocks respectively as grouped below:
HGF EDCBA

The valid data character name is an annotation of the control character (D or K), plus the decimal value of
the second sub-block (EDCBA), plus a decimal point (“.”), and the decimal value of the first sub-block (HGF).

Refer to the example below:
HGF EDCBA FC-1 Notation
101 11100 FC-1 Value
5 28 Decimal Value
K28.5 Character Name

The 8B/10B encoding adds two additional bits to the transmission character. Bit “i” is added to the five bit
sub-block and bit “j” is added to the three bit sub-block. The 8 bit, FC-1 notation expands to the 10 bit encoded
notation as shown below:

JHGF IEDCBA
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There are two encoded characters for each transmission character. One is for a negative beginning disparity
and one is for a positive beginning disparity. Positive disparity refers to more “ones” than “zeros” in the previ-
ously transmitted sub-block. Running disparity is calculated per sub-block rather than per character. The use of
two encoded transmission characters results in a DC balanced transmission, in which an equal number of zeros
and ones are transmitted. Some sub-blocks are disparity neutral, which means that the sub-block contains an
equal number of ones and zeros. Disparity neutral sub-blocks cause no changes in current running disparity. The
VSC7107 checks for the current disparity. If the proper disparity is not detected, the VSC7107 will transmit the
proper disparity.

Each transmission character has four representations - character name, unencoded binary representation
(FC-1 value), encoded negative running disparity representation, and encoded positive disparity representation.
Table 2 shows all the valid special character values defined by the Fibre Channel Standard. Table 3 shows the
valid transmission data characters.

The bits are transmitted serially with bit “A” first followed in order by bits “B,” “C,” “D,” “E,” “I,” “F,” “G,”
“H,” and “J."

Table 2: Valid Special Characters

et fghy:: | ab ghj |

031(1)(1)1 1 }g(l)(l)o Reserved* K28.6 081 1(1)1 1}38(1)0 Reserved*
K28.1 ol 1990 | Roservea K28.7 ey o000 Tost
K282 o N0 | Reservedar | K237 Hmo RN | Reservear
K283 oty N | Reservear K217 Ry O | Reservear
K28.4 ety N | Reservear | K297 o’ 0(1)‘1)‘1)‘1“ Reserved*
K28.5 ooy 1o Syne K30.7 e 100t | Reserveas

Note (1) *Reserved — Valid transmission characters which are not defined for use by the Fibre Channel standard.
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Table 3: Valid Data Characters
D0.0 000 00000 | 100111 0100 | 011000 1011 DO0.1 001 00000 | 100111 1001 | 011000 1001
D1.0 000 00001 | 011101 0100 { 100010 1011 D1.1 001 00001 | 011101 1001 | 100010 1001
D2.0 000 00010 | 101101 0100 | 010010 1011 D2.1 001 00010 | 101101 1001 | 010010 1001
D3.0 000 00011 | 110001 1011 | 110001 0100 D3.1 001 00011 | 110001 1001 | 110001 1001
D4.0 000 00100 | 110101 0100 | 001010 1011 D4.1 001 00100 | 110101 1001 | 001010 1001
D5.0 000 00101 | 101001 1011 | 101001 0100 Ds5.1 001 00101 101001 1001 | 101001 1001
D6.0 000 00110 | 011001 1011 | 011001 0100 D6.1 001 00110 | 011001 1001 | 011001 1001
D7.0 000 00111 | 111000 1011 | 000111 0100 D7.1 001 00111 | 111000 1001 | 000111 1001
D8.0 000 01000 | 111001 0100 | 000110 1011 Ds8.1 001 01000 | 111001 1001 | 000110 1001
D9.0 000 01001 | 100101 1011 | 100101 0100 D9.1 001 01001 | 100101 1001 | 100101 1001
D10.0 000 01010 | 010101 1011 | 010101 0100 D10.1 001 01010 | 010101 1001 | 010101 1001
D11.0 000 01011 | 110100 1011 | 110100 0100 Di1.1 001 01011 | 110100 1001 | 110100 1001
D12.0 000 01100 | 001101 1011 | 001101 0100 D12.1 001 01100 | 001101 1001 | 001101 1001
D13.0 000 01101 | 101100 1011 | 101100 0100 D131 001 01101 | 101100 1001 | 101100 1001
D14.0 000 01110 | 011100 1011 | 011100 0100 D14.1 001 01110 | 011100 1001 | 011100 1001
D15.0 000 01111 | 010111 0100 | 101000 1011 D15.1 001 01111 | 010111 1001 | 101000 1001
D16.0 000 10000 | 011011 0100 | 100100 1011 D16.1 001 10000 | 011011 1001 | 100100. 1001
D17.0 000 10001 100011 1011 | 100011 0100 D17.1 001 10001 | 100011 1001 | 100011 1001
D18.0 000 10010 | 010011 1011 | 010011 0100 Di18.1 001 10010 | 010011 1001 | 010011 1001
D19.0 000 10011 | 110010 1011 | 110010 0100 D19.1 001 10011 | 110010 1001 | 110010 1001
D20.0 000 10100 | 001011 1011 | 001011 0100 D20.1 001 10100 | 001011 1001 | 001011 1001
D21.0 000 10101 101010 1011 | 101010 0100 D21.1 001 10101 | 101010 1001 | 101010 1001
D22.0 000 10110 | 011010 1011 | 011010 0100 D22.1 001 10110 | 011010 1001 | 011010 1001
D23.0 | 000 10111 111010 0100 | 000101 1011 D23.1 001 10111 | 111010 1001 | 000101 1001
D24.0 000 11000 | 110011 0100 | 001100 1011 D24.1 001 11000 | 110011 1001 | 001100 1001
D25.0 000 11001 | 100110 1011 | 100110 0100 D25.1 001 11001 | 100110 1001 | 100110 1001
D26.0 000 11010 | 010110 1011 | 010110 0100 D26.1 001 11010 | 010110 1001 | 010110 1001
D27.0 000 11011 | 110110 0100 | 001001 1011 D27.1 001 11011 | 110110 1001 | 001001 1001
D28.0 000 11100 | 001110 1011 | 001110 0100 D28.1 001 11100 | 001110 1001 | 001110 1001
D29.0 000 11101 101110 0100 | 010001 1011 D29.1 001 11101 | 101110 1001 | 010001 1001
D30.0 000 11110 | 011110 0100 | 100001 1011 D30.1 001 11110 | 011110 1001 | 100001 1001
D31.0 000 11111 | 101011 0100 | 010100 1011 D31.1 001 11111 | 101011 1001 | 010100 1001
D0.2 010 00000 | 100111 0101 | 011000 0101 DO.3 011 00000 | 100111 0011 | 011000 1100
D12 010 00001 | 011101 0101 | 100010 0101 D13 011 00001 | 011101 0011 | 100010 1100
D22 010 00010 | 101101 0101 | 010010 0101 D2.3 011 00010 | 101101 0011 | 010010 1100
D32 010 00011 110001 0101 | 110001 0101 D33 011 00011 | 110001 1100 | 110001 0011
D4.2 010 00100 | 110101 0101 [ 001010 0101 D43 011 00100 | 110101 0011 | 001010 1100
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abedel feh]

dei

010 10110
010 10111
010 11000
010 11001
010 11010
010 11011
010 11100
010 11101
010 11110

100 00001
100 00010
100 00011
100 00100
100 00101
100 00110
100 00111
100 01000
100 01001
100 01010

011001 0101
111000 0101
111001 0101
100101 0101
010101 0101
110100 0101
001101 0101
101100 0101
011100 0101
010111 0101
011011 0101
100011 0101
010011 0101
110010 0101
001011 0101
101010 0101
011010 0101
111010 0101
110011 0101
100110 0101
010110 0101
110110 0101
001110 0101
101110 0101
011110 0101
101011 0101
100111 0010
011101 0010
101101 0010
110001 1101
110101 0010
101001 1101
011001 1101
111000 1101
111001 0010
100101 1101
010101 1101

0101
011001 0101
000111 0101
000110 0101
100101 0101
010101 0101
110100 0101
001101 0101
101100 0101
011100 0101
101000 0101
100100 0101
100011 0101
010011 0101
110010 0101
001011 0101
101010 0101
011010 0101
000101 0101
001100 0101
100110 0101
010110 0101
001001 0101
001110 0101
010001 0101
100001 0101
010100 0101
011000 1101
100010 1101
010010 1101
110001 0010
001010 1101
101001 0010
011001 0010
000111 0010
000110 1101
100101 0010
010101 0010

011
011
011
011
011
011
011
011
011
011
011
011
011
011
011
011
011
011
011
011
011
011
011
011
011
011
101
101
101
101
101
101
101
101
101
101
101

011

101001 1100

011001 1100
111000 1100
111001 0011
100101 1100
010101 1100
110100 1100
001101 1100
101100 1100
011100 1100
010111 0011
011011 0011
100011 1100
010011 1100
110010 1100
001011 1100
101010 1100
011010 1100
111010 0011
110011 0011
100110 1100
010110 1100
110110 0011
001110 1100
101110 0011
011110 0011
101011 0011
100111 1010
011101 1010
101101 1010
110001 1010
110101 1010
101001 1010
011001 1010
111000 1010
111001 1010
100101 1010
010101 1010

101001

011001
000111
000110
100101
010101
110100
001101
101100
011100
101000
100100
100011
010011
110010
001011
101010
011010
000101
001100
100110
010110
001001
001110
010001
100001
010100
011000
100010
010010
110001
001010
101001
011001
000111
000110
100101
010101

woore(g
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Dil4 100 01011 110100 1101 | 110100 0010 D115 101 01011 | 110100 1010 | 110100 1010
D12.4 100 01100 | 001101 1101 | 001101 0010 D12.5 101 01100 | 001101 1010 | 001101 1010
D134 100 01101 101100 1101 | 101100 0010 D135 101 01101 | 101100 1010 | 101100 1010
D144 100 01110 | 011100 1101 | 011100 0010 D14.5 101 01110 | 011100 1010 | 011100 1010
D154 100 01111 | 010111 0010 | 101000 1101 D155 101 01111 | 010111 1010 | 101000 1010
D16.4 100 10000 | 011011 0010 | 100100 1101 D165 101 10000 | 011011 1010 | 100100 1010
D174 100 10001 | 100011 1101 | 100011 0010 D175 101 10001 | 100011 1010 | 100011 1010
D18.4 100 10010 | 010011 1101 | 010011 0010 D185 101 10010 | 010011 1010 | 010011 1010
D19.4 100 10011 110010 1101 | 110010 0010 D195 101 10011 | 110010 1010 | 110010 1010
D204 100 10100 | 001011 1101 | 001011 0010 D20.5 101 10100 | 001011 1010 | 001011 1010
D21.4 100 10101 101010 1101 | 101010 0010 D215 101 10101 | 101010 1010 | 101010 1010
D22.4 100 10110 | 011010 1101 | 011010 0010 D225 101 10110 | 011010 1010 | 011010 1010
D23.4 100 10111 | 111010 0010 | 000101 1101 D23.5 101 10111 | 111010 1010 | 000101 1010
D24.4 100 11000 | 110011 0010 | 001100 1101 D245 101 11000 | 110011 1010 | 001100 1010
D254 100 11001 100110 1101 | 100110 0010 D255 101 11001 | 100110 1010 | 100110 1010
D26.4 100 11010 | 010110 1101 | 010110 0010 D26.5 101 11010 | 010110 1010 | 010110 1010
D274 100 11011 | 110110 0010 | 001001 1101 D275 101 11011 | 110110 1010 | 001001 1010
D28.4 100 11100 | 001110 1101 | 001110 0010 D28.5 101 11100 | 001110 1010 | 001110 1010
D294 100 11101 | 101110 0010 | 010001 1101 D295 101 11101 | 101110 1010 | 010001 1010
D30.4 100 11110 | 011116 0010 | 100001 1101 D30.5 101 11110 | 011110 1010 | 100001 1010
D314 100 11111 101011 0010 | 010100 1101 D315 101 11111 | 101011 1010 | 010100 1010
D0.6 110 00000 | 100111 0110 | 011000 0110 D07 111 00000 | 100111 0001 | 011000 1110
D16 110 00001 | 011101 0110 | 100010 0110 D17 111 00001 | 011101 0001 { 100010 1110
D26 110 00010 | 101101 0110 | 010010 0110 D27 111 00010 | 101101 0001 | 010010 1110
D3.6 110 00011 | 110001 0110 | 110001 0110 D3.7 .111 00011 | 110001 1110 | 110001 0001
D4.6 110 00100 | 110101 0110 | 001010 0110 D4.7 111 00100 | 110101 0001 | 001010 1110
D5.6 110 00101 101001 0110 | 101001 0110 D57 111 00101 | 101001 1110 | 101001 0001
D66 110 00110 | 011001 0110 | 011001 0110 D6.7 111 00110 | 011001 1110 | 011001 0001
D7.6 110 00111 111000 0110 | 000111 0110 D77 111 00111 | 111000 1110 | 000111 0001
D8.6 110 01000 | 111001 0110 | 000110 0110 D87 111 01000 | 111001 0001 | 000110 1110
D9.6 110 01001 100101 0110 | 100101 0110 D97 111 01001 | 100101 1110 | 100101 0001
D10.6 110 01010- | 010101 0110 | 010101 0110 D107 111 01010 | 010101 1110 | 010101 0001
D116 110 01011 110100 0110 | 110100 0110 D117 111 01011 | 110100 1110 | 110100 1000
D126 110 01100 | 001101 0110 | 001101 0110 D127 111 01100 | 001101 1110 | 001101 0001
D13.6 110 01101 101100 0110 | 101100 0110 D137 111 01101 | 101100 1110 | 101100 1000
D14.6 110 01110 | 011100 0110 | 011100 0110 D147 111 01110 | 011100 1110 | 011100 1000
D156 110 01111 | 010111 0110 | 101000 0110 D157 111 01111 | 010111 0001 | 101000 1110
D16.6 110 10000 | 011011 0110 | 100100 0110 | D167 111 10000 | 011011 0001 | 100100 1110
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€ i

110
110
110
110
110
110
110
110
110
110
110
110
110
110
110

10001
10010
10011
10100
10101
10110
10111
11000
11001
11010
11011
11100
11101
11110
11111

100011 0110
010011 0110
110010 0110
001011 0110
101010 0110
011010 0110
111010 0110
110011 0110
100110 0110
010110 0110
110110 0110
001110 0110
101110 0110
011110 0110
101011 0110

100011 0110

010011 0110
110010 0110
001011 0110
101010 0110
011010 0110
000101 0110
001100 0110
100110 0110
010110 0110
001001 0110
001110 0110
010001 0110
100001 0110
010100 0110

D187
D19.7
D207
D217
D227
D237
D247
D257
D267
D277
D287
D29.7
D30.7
D317

111
111
111
111
111
111
111
111
111
111
111
111
111
111

10111
11000
11001
11010
11011
11100
11101
11110
11111

100011 0111
010011 0111
110010 1110
001011 0111
101010 1110
011010 1110
111010 0001
110011 0001
100110 1110
010110 1110
110110 0001
001110 1110
101110 0001
011110 0001
101011 0001

100011 0001
010011 0001
110010 0001
001011 0001
101010 0001
011010 0001
000101 1110
001100 1110
100110 0001
010110 0001
001001 1110
001110 0001
010001 1110
100001 1110
010100 1110
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CRC

The Fibre Channel Standard defines the insertion of a 4-byte CRC which is used to protect the Fibre Chan-
nel frame header and data field. CRC calculation is not extended to the Start of Frame or End of Frame ordered
set. If SOF or EOF were corrupted in the serial data transmission, it would not be recognizable by the decoder
circuit. CRC must be inserted into the Fibre Channel frame before the End of Frame word. The 32 bit CRC
defined by Fibre Channel is the same CRC used by FDDI. The CRC uses the following 32 bit polynomial:

X2+ XB 4 XB 4 X2+ X104+ X124 XM 4 X0+ X4 X7+ X+ X+ X2+ X + 1

The VSC7107 implements the 32 bit CRC defined by the Fibre Channel Standard. Begin CRC Calculation,
End CRC Calculation, and Insert CRC are triggered by SOF and EOF commands. When CRC is enabled by
asserting the CRC_EN input HIGH and a SOF ordered set is issued, CRC calculation begins. When an EOF
ordered set is issued, the VSC7107 inserts CRC before sending the EOF ordered set. CRC calculation ignores
IDLES (and other ordered sets) inserted between SOF and EOF.

Fibre Channel Ordered Sets ‘

The VSC7107 recognizes all Fibre Channel specified ordered sets. An ordered set is a sequence of charac-
ters with a specific Fibre Channel link interpretation. Table 4 contains definitions for all ordered sets recognized
by the VSC7107. Each ordered set begins with byte 0 as a special K28.5 character.

The VSC7107 provides two Fibre Channel ordered sets. The user can build complete Fibre Channel packets
and can differentiate between ordered sets through the use of EN_KCHAR signal. If the user provides the 28.5
byte to byte 0 and asserts EN_KCHAR HIGH, the VSC7107 will interpret the 28.5 hex “BC” as a K28.5 rather
than a D28.5. The user can also use the VSC7107 CMND port to transmit Fibre Channel ordered sets.

Fibre Channel has defined ordered sets for use as frame delimiters. It also defines ordered sets such as prim-
itive signals and primitive sequences for use in link management. Primitive signals and primitive sequences are
not transmitted as part of a data frame. All Fibre Channel compliant frames have negative disparity. All primi-
tive signals and sequences are disparity neutral, and will therefore enter and exit with the same disparity. Conse-
quently, only the negative beginning disparity ordered sets are recognized.

The VSC7107 will transmit the IDLE primitive signal and all the primitive sequences when the appropriate
condition arises. If no valid data is available for transmission, the VSC7107 will transmit the IDLE primitive
signal. The decoder section of the VSC7107 will perform word synchronization based on the IDLE primitive
sequence. The VSC7107 will recognize and transmit a positive beginning disparity IDLE if the POSIDLE sig-
nal is asserted high.

The VSC7107 Link Control State Machine recognizes and responds appropriately to primitive sequences.
This is explained further in “Link Control State Machine” on page 52. These sequences and the IDLE sequence
are the only ordered sets the VSC7107 will respond to and transmit. Refer to the ANSI X3T11 document for
details on usage of other ordered sets.
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Table 4: Ordered Set List
vSc710 dered Set Z
[ CMND Transmission Wor RD. o
0xxxXXX Dnnn Dnn.n Dnnon Dnnn Neg Data 8
100000 K28.5D21.5D23.0 D23.0 Neg SOF Connect Class1 (SOFc1)
100001 K28.5D21.5D23.2D23.2 Neg SOF Initiate Class 1 (SOFil)
100010 K28.5D21.5D23.1 D23.1 Neg SOF Normal Class 1 (SOFn1)
100011 K28.5 D21.5D21.2 D21.2 Neg SOF Initiate Class 2 (SOFi2)
100100 K28.5D21.5D21.1 D21.1 Neg SOF Normal Class 2 (SOFn2)
100101 K28.5D21.5D22.2 D22.2 Neg SOF Initiate Class 3 (SOFi3)
100110 K28.5 D21.5 D22.1 D22.1 Neg SOF Normal Class 3 (SOFn3)
100111 K28.5D21.5D24.2 D24.2 Neg SOF Fabric (SOFf)
K28.5D21.4D21.3 D213 Neg .
101000 K28.5 D21.5D21.3 D213 Pos BOF Terminate (BOF t)
101001 K28.5D21.4D21.4D214 Neg EOF Disconnect-Terminate
K28.5D21.5D21.4 D214 Pos (BOF dt)
K28.5D21.4D21.7 D21.7 Neg
101010 K28.5 D21.5 D21.7 D21.7 Pos BOF Abort (BOF 3)
K28.5D21.4 D21.6 D21.6 Neg
101011 K285 D21.5D21.6 D21.6 Pos HOF Normal (HOF )
K28.5D10.4 D21.4 D214 Neg . . . .
101100 K285 D10.5 D21.4 D214 Pos EOF Disconnect-Terminate-Invalid (BOF dti)
K28.5D10.4 D21.6 D21.6 Neg . .
101101 K28.5 D10.5 D21.6 D21.6 Pos EOF Normal-Invalid (BOF ni)
Tdle (IDLE)
110000 gg: ggi "5‘ gg;g g;i ; 1;)1;5 *+POS IDLE is a non Fibre Channel compliant ordered
i ’ ’ ’ set. It is only available if POSIDLE is asserted.
110001 K28.5D21.4D10.2 D10.2 Neg Receiver Ready (R_RDY)
110010 -K28.7 K28.7 K28.7 K28.7 Neg Negative Beginning Disparity Test
110011 +K28.7 K28.7 K28.7 K28.7 Pos Positive Beginning Disparity Test
110100 K28.5D17.4 AL_PD AL _PS Neg Open Port Full-Duplex (OPN xy) *
110100 K28.5D17.4AL_PD AL _PD Neg Open Port Half-Duplex(OPN xx)
110101 K28.5D5.4D21.5D21.5 Neg Close Port (CLS)
110111 K28.5D20.4 AL_PA AL_PA Neg Arbitrate x (ARB x) *
111000 K28.5D21.1 D104 D21.2 Neg Offline (OLS)
111001 K28.5D21.2D31.5D5.2 Neg Not Operational (NOS)
111010 K28.5D9.2 D31.5D9.2 Neg Link Reset (LR)
111011 K28.5D21.2 D31.5D9.2 Neg Link Reset Response (LRR)
111100 Reserved
111101 Reserved
111110 Reserved for Test Mode
111111 K28.5 D21.0 D21.5 D21.5 Neg Loop Initialization (LIP) *
Note (1) * Fibre Channel ordered sets
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Loss of Synchronization State Machine

The Loss of Synchronization state machine is responsible for achieving word synchronization and for han-
dling loss of word synchronization in a controlled manner. There are three stable receiver states in the Loss of
Synchronization (LOS) state machine. They are:

* Loss of Synchronization
« Synchronization Acquired
* Reset

The state transition conditions are listed below:

Acquistion of Synchronization

Completion of Loss of Synchronization procedure
Detection of Loss of Signal condition

Reset condition imposed on receiver

Exit receiver reset condition

Pao0 TP

A receiver enters the Synchronization-Acquired state when it has detected three Ordered Sets containing
commas in their leftmost bit positions without an intervening Invalid Transmission Word as specified by
“Invalid Transmission Word rules” in Table 5.

The receiver state diagram is as shown in Figure 3.

Figure 3: Receiver States

be— Sync
I > Acquired
l

Loss of d
Sync . *
L

€ —o

RESET

Four conditions can cause a receiver in the SYNC ACQUIRED state to go into the LOSS OF SYNC state.
The four conditions are:

1. Complete Loss of Sync procedure
2. Power On

3. Exit from RESET state

4. Detection of Loss of Signal
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The RESET state is externally induced through the RESET signal. The RESET is a synchronous RESET
and the receiver will be in the RESET state as long as RESET is high. When RESET is low and after the next
word clock, the receiver will move to the LOSS OF SYNC state.

The loss of synchronization procedure defined by Fibre Channel controls the transition of the receiver state
into a LOSS OF SYNC state so that single bit errors cannot cause a LOSS OF SYNC condition. The following
transition states are defined in moving to a LOSS OF SYNC state. Refer to Figure 4 for further details.

>
-
&
o
=
=

State a: No-Invalid-Transmission-Word detection state.
State b: First-Invalid-Transmission-Word detection state
State c: Second-Invalid-Transmission-Word detection state
State d: Third-Invalid-Transmission-Word detection state
State e: Loss of Synchronization State

Upon detection of the fourth invalid transmission word, the receiver immediately enters the LOSS OF
SYNC state and will ignore all subsequent transmission words until the receiver regains synchronization. If a
valid transmission word is received prior to entry into the LOSS OF SYNC state, the state will backup one.
Refer to Figure 4 for further details.

Figure 4: Loss of Sync Procedure Transition States

g U S gy

Synchronization Acquired State

[}

! Invalid Wor :
| State State P State |
! alid Word <« ° |
‘A _______T"__—-. '
| T T T T I ! T ¢ :

1 !
State \ State | !
i e |&T| Td |

\ !
| Loss of Sync State [ !

Three violations constitute an invalid transmission word. These violations are listed in Table 5.

Table 5: Invalid Transmission Word

A code violation condition which is caused by the receipt of a transmission character not defined in Tables 22

and 23 of the FC-PH specification.
2 A valid special character is detected in the second, third, or fourth character locations.
3 A defined ordered set is received with the improper beginning disparity.
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When the receiver enters the LOSS OF SYNC state, the VSC7107 notifies the system through the ERR-
BUS(1). The VSC7107 also indicates to the receive FIFOs that no valid data words will be received by asserting
EFREN# and the DFWEND# and DFWENDC# high. Only the decoder FIFOs are write disabled. If data is
being sent, the encode FIFO signals are unaffected.

The LOS state machine is enabled and configured through the LOSCONTF signal. When LOSCONF is high,
all the Invalid Transmission Word rules applies. When LOSCONF is low, only a code violation will trigger an
invalid word recognition. Out of place special characters or invalid beginning disparity will not be considered
invalid transmission words. When POSIDLE is high, a special positive beginning disparity IDLE word (as
defined in Table 4) is recognized as a valid ordered set. This positive beginning disparity is not a Fibre Channel
compliant ordered set.

Link Control State Machine

The Link Control State Machine (LCSM) handles link procedures such as initialization, failure recovery,
and disconnection procedures. These are useful link management functions for any serial link. The VSC7107
implements these functions as specified by the Fibre Channel Standard.

Fibre Channel is defined to be a duplexed port. The state of a given portis a function of the state of the port
downstream to which it is attached. The Fibre Channel Standard defines special ordered sets (primitive
sequences) to communicate port state information. Primitive sequence protocols are also defined to control the
transition of a port through various port states. These protocols are initiated through time-outs, external control,
or entry into a port substate.

A Fibre Channel port will be in one of four states as listed below.

Active State

Link Recovery State
Link Failure State
Offline State

Ll e

The Active State is the state of an operational port. The Offline State is the state of a non-operational port.
The Link Recovery State and Link Failure State are non-operational states in which a port is either attempting to
recover back to an Active State or has detected an unrecoverable failed condition. The port state is indicated to
the system through the LCSM(1:0) outputs on the VSC7107.

Primitive Sequences

Each state utilizes Primitive Sequence ordered sets to indicate specific conditions of the port or conditions
encountered by the receiver logic of the port. A Primitive Sequence is transmitted continuously as long as the
condition persists. When a primitive sequence is received and recognized, either a corresponding Primitive
Sequence or IDLEs will be transmitted depending on the state of the port. Three instances of the Primitive
Sequence ordered set must be received and recognized without any intervening data before the Primitive
Sequence is recognized and acted upon.
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Fibre Channel specifies four primitive sequences for point to point link management. These ordered sets are
transmitted and received only outside a Fibre Channel frame. The LCSM transmits and recognizes these Primi-
tive Sequences according to clauses 16.4, 16.5, and 16.6 of the ANSI FC-PH specification.

)
S
g
]
=

Not Operational Sequence (NOS). This primitive sequence shall be transmitted to indicate that the Port
transmitting this sequence has detected a Link Failure condition or is Offline, waiting for OLS to be received.
There are three defined conditions which may cause a Link Failure condition. The three conditions are:

» The Port has been in a Loss of Synchronization state for more than a Receiver-Transmitter time-out
period defined to be 100 milliseconds.

» Loss of Signal is detected while not in the Offline State.
* Receiver-Transmitter time-out during Link Reset.

Offline Sequence (OLS). This primitive sequence is transmitted when a port is initiating the Link Initial-
ization Protocol, receiving and recognizing NOS, or entering the Offline state. A port transmits the OLS primi-
tive sequence for a minimum period of 5 milliseconds before further actions are taken. This minimum period is
based on a maximum link distance of 10km.

Link Reset (LR). This primitive sequence is transmitted by a port to initiate the Link Reset Protocol or to
recover from a Link time-out.

Link Reset Response (LRR). This primitive sequence is transmitted by a Port when it is receiving and rec-
ognizing the LR sequence.

Primitive Sequence Protocols

Transitioning between the four port states is accomplished through reception of a primitive sequence or
through execution of one of four protocols are defined by the Fibre Channel Standard and implemented within
the VSC7107. The four protocols are:

1. Link Initialization
2. On Line to Offline
3. Link Failure

4. Link Reset

Link Initialization Protocol

This protocol is required after power-on, after a hardware reset, or after an offline state. The VSC7107 pow-
ers up and executes the Link Initialization Protocol if the LCSM is enabled by setting LCEN HIGH. If LCSM is
disabled, the Encoder section will not transmit the OLS primitive sequence, but will transmit what it is
instructed based on the EN_DATA and EN_CMND bus. Link Initialization is also executed when either
RESET, OFFLINE, or LOSIG is de-asserted from a HIGH to a LOW.
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The Link Initialization Protocol causes the Port to enter the OLS Transmit State (OL1) and transmit OLS
for a minimum of 5 milliseconds. After 5 milliseconds, the port should respond depending on the primitive
sequence received.

Online to Offline Protocol

This protocol is executed to enter the offline state for power down or diagnostics. The VSC7107 executes
the online to offline protocol by asserting the OFFLINE pin HIGH. The following series of events shall define
the Online to Offline Protocol from the perspective of the Port which intends to go Offline:

1. The port enters the OLS Transmit State,

2. The Port transmits OLS for a minimum of 5 milliseconds,

3. After transmitting OLS for 5 milliseconds, the Port goes offline and diagnostics or power-down
may be performed.

Link Failure

This protocol is executed when a Port has detected either a Loss of Synchronization for a period greater
than the time-out period, has detected a time-out error during the Link Reset Protocol, or Loss of Signal was
asserted while not in the Offline State. Upon executing the Link Failure Protocol, the Port enters the NOS
Transmit State and transmit NOS while the link failure condition persists. While in the NOS Transmit State, the
Port shall respond to the Primitive Sequences received according to Table 6.

Link Reset

The Link Reset Protocol will be executed following a link timeout, or upon assertion of LRESET. Upon ini-
tiation of the Link Reset, the port will enter the LR Transmit state and transmit LR. The downstream port, if
functional, should respond with LR or LRR. If LR is received and recognized, the Port will enter LR Receive
State and Transmit LRR. Upon receipt of LRR from the downstream port, this port will transmit IDLEs. When
both ports are transmitting and recognizing IDLEs the link is reset and enters the Active State. If the appropriate
response is not received within the timeout period, the Port will enter the Link Failure state.

Link Control State Transitions

The state diagram in Figure 5 shows the conditions which cause a port to transition through its various
states. This state diagram only shows the state transitions caused by the reception and recognition of a primitive
sequence from a distant port and does not show the sub-states. Table 6 shows a complete list of port transition
conditions to all the substates. Refer to the ANSI X3T11 FC-PH specification for further information.
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Figure 5: Link Control State Transitions

LRR

Online-Offline Link
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Link Initialization Phase 1

LR or LRR
Received during OL3

OLS
Received

Received

LINK FAILURE
NOS Transmit (Lf1)
NOS Receive (LF2)

Table 6: Link Control States

T>>LR | LR2 IR2 - IR2 LR2 - LR2 IR2 [5)
L>> LR3
[Rm Note 1 LR3 LR3 y . . - LR3 LE2
L>>
DLES AC AC
L>> :
oLs oL2 oL2 oL2 oL2 oL2 oL2 oL2 - oL2
L>> LF1 LF1 LF1 LF1 LF1 LF LF1 LF1
NOS .
Loss of LE2 LE2 LE2 LE2 LE2 . oL3 OL3 -
Signal
Loss of
Sync > LR LR LR LR2 LR N/A oL3 oL3 -
Limit
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Event oL3
Timeout LF2 OL3
RT_T N/A LF2 LF2 LF2 Note 2 N/A Note 3 Note 5 N/A
Note 4
ov)
Link LR1
Reset LR1 - LR1 LR1 LR1 LR1 Note 3 LR1 LR1
LEGEND
L >> means receiving from the Link.
N/A means Not Applicable.

A ** entry means no change in state.

NOTES 1) A Primitive Sequence Protocol error is detected.

2) The timeout period starts timing when OLS is no longer recognized and none of the other events occur which cause a
transition out of the state.

3) All events are ignored until the Port determines it is time to leave the OLS transmission state.

4) The timeout period starts timing when the Port is aftempting to go online, transmits OLS, and none of the other events
occur which cause a transition out of the state.

5) The timeout period starts timing when NOS is no longer recognized and none of the other events occur which cause a
transition out of the state.

6) Depending on Laser safety requirements, the transmitter may enter a “pulse” transmission mode of operation when
Loss of Signal is detected.

The Link Control state machine is a Fibre Channel compliant state machine. For proprietary links, this state
machine may be disabled by asserting the LCEN signal LOW. Generally, LCSM forces the encoder section to
send primitive sequences and asserts REN high to disable reading from the FIFO when a link failure or reset is
present. When disabled, LCSM will be disconnected from the encoder section and the encoder will transmit
whatever is present on the encoder inputs irrespective of a link failure. Error reporting on the ERRBUS will not
be affected and the LCSM(1:0) output will continue to report LCSM states. For a proprietary link in which
LCSM is disabled, no primitive sequences except IDLEs will be transmitted except under user control. The
LCSM will still detect and report link failures due to loss of synchronization greater than the time-out period
and loss of signal when not in the offline state. The user will then need to respond appropriately to these condi-
tions.
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Encoder Section

EN_CLK

EFCLK

EN_KCHAR

AC Timing Specifications

Figure 6: AC Characteristic Waveforms
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T19:00
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Note 1

Use EFCLK to clock system FIFO’s or Data Source in 32 bit mode.
Use EN_CLK to clock system FiFO's or Data Source in 16 bit mode.
Numbers in parenthesis shows clock period for 1.0625 Gb/s operation.
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Preliminary Data Sheet

Encoder Section

Table 7: Encoder AC Timing Table

T, Minimum Clock Period 18.0 — ns -
Ty EN_CLK to EFCLK Delay — 11.0 ns 30 pF load
. 5.0 — 16 bit mode
T3 Data Setup Time 70 B ns 32 bit mode
X 1.0 — 16 bit mode
Ty Data Hold Time 1.0 _ ns 32 bit mode
Ts EN_PAR Setup Time 4.0 — ns —
Te EN_PAR Hold Time 1.0 — ns —
Ty EFEF# Setup Time 2.0 — ns —
Tg EFEF# Hold Time ' 4.0 — ns —
Ty HOLD# Setup Time : 3.0 — ns —
Tio HOLD# Hold Time 20 1 — ns —
Ty EN_CLK to EFREN# Delay — 11.0 ns 30 pF load
Typ EN_CLK to T19:00 Delay — 11.0 ns 20 pF load
T3 EN_CLK to PERR Delay — 14.0 ns 30 pF load
Ty EN_CLK Fall to ESYNC SetupTime 2.0 — ns 30 pF load
T;s EN_CLK Fall to ESYNC Hold Time 1.0 — —
Figure 7: Data Flow Waveforms
erck /[ \__/ \ [\
eN.DATA X | eoF X _ _me__ X miE_ X X X
Data is clocked into Encoder
To0:19 B X X X Y k CRC1 ) CRC2 |
HOLD# Data is clocked out 8 EN_CLK cycles later
HOLD# is asserted to prohibit reading from FIFO’s.

Two EF_CLK dlock cycles of IDLE'’s inserted to allow
input pipeline stages to flush data.

HOLDA timing and number of idles required
during a hold cycle is TBD.
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Decoder Section

Figure 8: Data Flow Waveforms
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Figure 9: Receiver Timing Waveforms
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Numbers in parenthesis shows clock period for 1.0625 Gb/s operation.
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Decoder Section

Figure 10: System Timing Waveforms (32 Bit Case)
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Numbers in parenthesis shows clock period for 1.0625 Gb/s operation.

Figure 11: System Timing Waveforms (16 Bit Case)
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Use of DEC_CLK for clocking system FIFO’s
Numbers in parenthesis shows clock period for 1.0625 Gh/s operation.

Figure 12:
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Decoder Section

Figure 13: AC Timing Characteristics Waveforms (32 Bit Case)
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Table 8: Decoder AC Timing Table

T, Minimum Clock Period 18.0 — ns —
T, Duty Cycle 45 55 % —
Ty R19:00 Data Setup Time 1.0 — ns —
Ty R19:00 Data Hold Time 5.0 — ns —
T, Data Valid Setup to DFCLK Rise 8.0 — ns 30 pF load
Ts Data Valid Hold from DFCLK Rise 3.0 — ns 30 pF load
Te Data Valid Setup to DEC_CLK (16 Bit) 4.0 — ns 30 pF load
T, Data Valid Hold from DEC_CLK (16 Bit) 2.0 — ns 30 pF load
Tg Control Signals Setup Time 2.0 — ns _
Ty Control Signals Hold Times 2.0 — ns —
Tyo DEC_CLK to Data Out Delay 2.0 14.0 ns 30pF load
Ty DEC_CLK to DFCLK Delay — 17.0 ns 30 pF load
Ty DEC_CLK to LCSM(1:0) — 14.0 ns 20pF load
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Electrical Specifications

Table 9: Absolute Maximum Ratings

Vee +5V Power Supply Voltage -0.5V to +5.5V

ViN TTL Input Voltage Applied -0.5V toVpp + 0.5V
Iout TTL Output Current TBD

Iout (DC, output High) TBD

Te Cast Temperature under Bias -55°Cto +125°C
Tste Storage Temperature TBD

Table 10: Recommended Operating Conditions

Vbp

Power Supply Voltage

+5.0V + 5%

T

Operating Temperature Range

0°C to +70°C®@

Table 11: DC Characteristics

Notes: (1) CAUTION: Stresses listed under “Absolute Maximum Ratings” may be applied to devices one at a time without causing
permanent damage. Functionality at or above the values listed is not implied. Exposure to these values for extended peri-
ods may affect device reliability.

(2) Ambient temperature.

VOH 24 _— -_ \ IOH =-4.0mA
‘ Iop, = +4.0mA
VoL Output LOW TTL Voltage — — 04 v (for EFCLK, EFREN#,
Ior, = +8.0mA)
Vi Input HIGH TTL Voltage 22 — — \ —
Vo Input LOW TTL Voltage — — 0.8 \ — »
Iy TTL Output HIGH Current -10 — +10 pA Vv =Vpp
TTL Output HIGH Current for /O with _
Tmp pull up or pull down macros +10 - +200 KA | Vin=Vpp
In, TTL Output LOW Current -10 — +10 HA VN =Vss
TTL Output LOW Current for /O with _
Tup pull up or pull down macros -200 - -10 HA ViN=Vss
Vop Supply Voltage 4.75 5.0 5.25 v —
Ipp Supply Current — 260 TBD mA Freq. = 53 MHz
Pp Power Dissipation —_ 1.3 TBD w —
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Figure 14: Pin Connection Diagram
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Pin Description Tables
Table 12: Encoder Signals

EN_DATA(31:0) IN 32 bit Encoder Data Input Bus.
“K” Character Input which specifies to the VSC7107 whether byte0 is a special
EN_KCHAR IN character or data character. “1” makes byte0 a special character and “0” makes byte0
a data character.

Parity Inputs

EN_PAR(0) - Odd Parity Input for Byte 3, EN_DATA(7:0)

EN_PAR(3:0) IN EN_PAR(1) - Odd Parity Input for Byte 2, EN_DATA(15:8)

EN_PAR(2) - Odd Parity Input for Byte 1, EN_DATA(23:16)

EN_PAR(3) - Odd Parity Input for Byte 0, EN_DATA(31:24)

EN_CMND(5:0) IN Six bit CMND bus for users to transmit Fibre Channel ordered sets.

Encoder FIFO Empty Flag Input. Informs VSC7107 that there are no valid data in

EFBE# N FIFO and the VSC7107 will issue IDLEs.
HOLD# IN Holds back the VSC7107 frorfx accepting data from the FIFO. The VSC7107 will
issue idles when the HOLD# is asserted low.
EFREN# our Encoder FIFO Read Enable signals the FIFO when VSC7107 is ready for data.
EN_CLK IN Encoder clock input. 53.125MHz for maximum data rate.
Encoder FIFO Clock. EN_CLK divided by 2 when configured in 32 bit mode and

EFCLK . ouT same as EN_CLK when configured in 16 bit mode.

Encoder Sync. When in 16 bit mode, it informs VSC7107 which half of the word is
ESYNC IN being transmitted. High specifies first half of word. In 32 bit mode, it forces the
internal state machine to the upper byte.

Parity error detection output. A HIGH indicates the parity circuithas detected a parity
error. In 16 bit mode, EN_PARO and EN_PAR1 are ignored.

Transmission Character output of the encoder section. The 20 bit, 2 encoded byte
output. '

EN_PERR ouT

T19:00 our

Table 13: Configuration Signals

CRCEN IN Enables CRC generation and checking when asserted high.
32/168 IN When high configures the VSC71 07 to have a 32 bit system interface and when low
configures VSC7107 have a 16 bit interface.
LCEN IN Link Control State Machine Enabled when high.
Configures LOSS OF SYNCHRONIZATION state machine’s invalid transmission
LOSCONF IN word recognition. When high, all the Fibre Channel invalid word rules for loss of

synchronization apply. When low only code violations are considered invalid words.

POSIDLE
DSYNC_EN

Enables generation and recognition of 32 bit positive idle when high.

Z| 2

Decoder Sync Enable. Enables word synchronization.
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Table 14: Decoder Signals

)
Name |  Type | g
Decoder parity output 8
DEC_PAR(0) - Odd Parity Output for Byte 3, EN_DATA(7:0) B
DEC_PAR(3:0) ouT DEC_PAR(1) - Odd Parity Output for Byte 2, EN_DATA(15:8)
DEC_PAR(2) - Odd Parity Output for Byte 1, EN_DATA(23:16)
DEC_PAR(3) - Odd Parity Output for Byte 0, EN_DATA(31:24)
DEC‘%I;TAO 1 our 32 bit Decoder Data Output bus.
DEC_KCHAR ouT Decoder K character. Informs system bus that byte0 is a “K” character.
DEC_CMND(5 OUT Decoder Command Bus. This informs the system if data is being received or ordered
:0) sets.
IDLE ouT Flag when high informs the system that the VSC7107 has detected an IDLE word.
' Error bus which further decodes error conditions for the system
ERRBUS(0): Link Failure
ERRBUS(1): Loss of Synchronization
ERRBUS(6:0) OUT ERRBUS(2): Loss of Signal

ERRBUS(3): Primitive Sequence Protocol Error

ERRBUS(4): Invalid Transmission Word

ERRBUS(5): Invalid CRC

ERRBUS(6): Unrecognized Ordered Set

Decoder FIFO Write Enable for Data and DEC_CMND bus combined FIFO. DFWEN#
DFWENDC# ouT is asserted when error condition exit in VSC7107 such as initialization, loss of
synchronization, etc.

Decoder FIFO Write Enable for Data FIFO only for systems with separate Data and

DFWEND# ouT Exception FIFOs. DFWEND# is asserted when error condition occurs and when
ordered set is detected.
DF_CLK our Decoder FIFO Clock.
R19:00 IN Transmission Character Input
LOSIG IN Loss of Signal Input
DEC_CLK IN Decoder Clock. Recovered clock from the VSC7106.

Link Control State Machine Output.
LCSM(00): Active State
LCSM(1:0) ouT LCSM(01): Link Recovery State
LCSM(10): Offline State
LCSM(11): Link Failure State

Resets flip flops in state machine when HIGH. When reasserted LOW and the LCSM is

RESET N enabled, the LCSM will execute Link Initialization Protocol.
LRESET IN Runs LCSM Link Failure Protocol when HIGH and runs the Link Reset Protocol when
it is reasserted LOW.
OFFLINE Forces the Link Control State Machine to run the Online-Offline Protocol when HIGH

and runs Link Initialization Protocol when reasserted LOW.
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184 PQFP Package Information
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Ordering Information
The order number for this product is formed by a combination of the device number, package type, and the

operating temperature range.

Device Type
VSC7107 - Encoder/Decoder

Temperature
C: Commercial(0° to +70° C)

Package Type
QK: 184 Pin PQFP

Note:
This preliminary data sheet does not provide all the information needed for a design. Please contact factory

for additional information

Notice

This document contains information on products that are in the preproduction phase of development. The
information contained in this document is based on test results and initial product characterization.
Characteristic data and other specifications are subject to change without notice. Therefore, the reader is

cautioned to confirm that this datasheet is current prior to placing orders.

Warning
Vitesse Semiconductor Corporation’s product are not intended for use in life support appliances, devices or
systems. Use of a Vitesse product in such applications without the written consent of the appropriate

Vitesse officer is prohibited.
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VITESSE

Data Sheet 1.0625 Gbit/sec Fibre Channel
Transmitter/Receiver Chipset

Features
+ ANSI X3T11 Fibre Channel Compatible * 20 Bit TTL Compatible Parallel Interface
at 1.0625 Gbps * Serial /O Function on VSC7115 Transmitter

for Class 1 Fibre Channel Switch

* Compliant With FCSI Gigabaud Link * High Sensitivity Differential Receiver

Module Specification Suitable For Both Coaxial And Optical
¢ On-chip Clock Multiplication Relieves Link Applications
System of High Speed Clock Generation « Single +3.3V Supply Operation
General Description

The VSC7115/VSCT7116 chipset is compatible with the ANSI X3T11 Fibre Channel Standard and the FCSI
Gigabaud Link Module specification (FCSI-301-Rev 1.0). It is ideal for building cost effective, very high speed
point-to-point communications links. The chipset is designed for 1.0625 Gb/s operation. The VSC7115 accepts
8B/10B encoded TTL input data. Two parallel 10B characters are clocked into the device at 1/20 of the desired
baud rate and are serialized for transmission. The VSC7116 accepts differential high speed serial inputs,
extracts the clock and retimes the data from the input serial bit stream. The VSC7116 then outputs 20 bit TTL
level parallel data.

Gigabaud Link Module Block Diagram

EN_CDET
EWRAP . -
PAR ID ¢—— |
SER_ID ¢———{ ID Generator  [¢
P e e mm ew e omm oew e (e em me o g
mo— 1t T .
oc!
I 2x VSC7115
. ! l[> 1 X
1 q Parallel to Serial : Mux—} »| Laser Modulator }M
T00:19 — arallel to Serial 1 ot Modul
so 1] 'l/r I
TSELEXT 1 I
L W N BN BN MEE BN e DR A e B . ‘
FAULT <
NI IR
1 VSC7116 I
<1
COMPET<—% Serial to Parallel [$ EM 1
R00:19 e and Byte Alignment[¢ 4 Pre-Amp ?41/
-RBC +—1} | » 1
e g = rl 1
LCKREF —»} Clock
$| Generator [ ]
oo oo o o o oo oo e om e oem oww ol
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VSC7115 Transmitter Functional Description

The VSC7115is an ANSI X3T11 (FC-PH) compatible Fibre Channel (FC) transmitter designed to work at
the FC baud rate of 1.0625 Gb/s. The VSC7115 accepts 8B/10B encoded TTL input data as two parallel 10-bit
characters clocked into the device at 1/20 of the desired baud rate. The VSC7115 has an on-chip PLL clock mul-
tiplier that uses the 53.125 MHz Transmit Byte Clock (TBC) to generate a 1.0625 GHz bit clock. This PLL
requires no external components. Two high speed outputs are provided to facilitate loopback testing and an
additional serial bypass path is provided as well. The serial bypass path is intended for use in Class I Fibre
Channel switches. See Figure #1 for a block diagram of the VSC7115.

Parallel data is latched into the transmitter on the rising edge of TBC. The internally generated 53.125 MHz
byte clock is the select line on a 20 to 10 bit mux which selects one of T00:09 or T10:19 to load into the 10 bit
serial shift register. The shift register is clocked out to the serial outputs by the bit clock which is 20x the TBC
input frequency with T0O clocked out first.

Output Enable controls are provided for each of the serial output ports. OEO controls the primary outputs,
TX+ and TX-, while OE1 controls the secondary outputs, TLX+ and TLX-. When an OE control is brought
HIGH, it enables the differential output to transmit serial data. When an OE control is brought LOW, the respec-
tive output is forced to a logical HIGH state. A logical HIGH on the differential outputs will cause TX- to be
LOW and TX+ to be HIGH. The secondary outputs can be used as a local loopback for system testing.

The VSC7115 controls the serial input (SI) and serial output (SO) functions defined in the Gigabaud Link
Module specification through the TSELEXT signal. When TSELEXT is HIGH, data from the differential serial
input, SI, is routed to the primary and loopback serial data outputs TX and TLX respectively and serialized 20-
bit parallel data is routed onto the serial output SO+/SO-. When TSELEXT is LOW, the serialized 20-bit data is
routed to the TX and TLX outputs and the differential SO output is set to a logical HIGH state. Shown in
Table 1 are how the VSC7115 outputs are effected by TSELEXT and OE.

A TEST input is provided which replaces the PLL generated bit clock by TBC to facilitate functional test-
ing when asserted HIGH. For normal operation, this input should be pulled LOW.

Table 15: Output Control

0 0 0 HIGH HIGH HIGH
0 0 1 HIGH HIGH T00:19
0 1 0 HIGH T00:19 HIGH
0 1 1 HIGH T00:19 T00:19
1 0 0 T00:19 HIGH HIGH
1 0 1 T00:19 HIGH SI

1 1 0 T00:19 SI HIGH
1 1 1 T00:19 SI SI
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Figure 15: VSC7115 Transmitter Block Diagram
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Transmission Character Interface

In Fibre Channel, an encoded byte is 10 bits and is referred to as a transmission character. A Fibre Channel
word is 32 bits which is encoded into a transmission word of 40 bits. The 20 bit interface on the VSC7115 cor-
responds to a half transmission word. The bit ordering and its relationship to Fibre Channel bit position is

shown in Figure for the VSC7115.
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Figure 16: Transmission Order and Mapping to Fibre Channel Character
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VSC7116 Receiver Functional Description

The VSC7116 is an ANSI compatible Fibre Channel (FC) receiver designed to work at the FC baud rate of
1.0625 Gb/s. This device is compliant with ANSI X3T11 Fibre Channel Physical Layer (FC-PH, Rev 4.4)
receiver specifications. The VSC7116 accepts differential high speed serial inputs, extracts the clock and
retimes the data from the input serial bit stream. The VSC7116 has internal PLL-based clock recovery circuitry
which requires no external components. The serial input stream is the result of the serialization of 8B/10B
encoded data by a FC compatible transmitter or any other source which produces a data stream with a transition
density of 40% or greater and has a maximum run length less than 6 bit times. The retimed serial bit stream is
converted into a 20 bit parallel output word. Figure 17 shows a block diagram of the VSC7116.

Serial data is received on the RX, RLX differential pairs. The PLL clock recovery circuit will lock to the
serial data stream if the clock to be recovered is within 1.0% of the internally generated bit rate clock. The
recovered byte clock, -RBC, is used to retime the input data stream. The 20 bit wide TTL data output (R00:19)
is staggered by 5 bit times to reduce noise caused by simultaneously switching outputs. Refer to Figure 18 for
the timing waveform. Staggering the 5 bit time reduces the output noise and meets the GLM receive data valid
times.

Word synchronization is enabled in the VSC7116 by tying the EN_CDET pin HIGH or to Vpp. When syn-
chronization is enabled, the VSC7116 constantly examines the serial data for the presence of the Fibre Channel
negative beginning disparity “Comma” pattern. This pattern is “0011111”. The comma pattern is not a normal
data character, but the first seven bits of special characters defined specifically for synchronization or testing by
Fibre Channel. Improper alignment is defined as any of the following conditions:

1) The comma sequence is not properly aligned within a the 10-bit transmission character

such that R00...R06 does not equal “0011111.” ‘

2) The comma sequence straddles the boundary between two 10 bit transmission characters.

When the parallel data alignment changes in response to a comma pattern, some data which would have
been presented on the parallel output port will be lost. The detection of the comma is pipelined. Depending on
the required new output phase, the sync character itself may be destroyed by the synchronization operation.
Nonetheless, data following the sync character will be correctly aligned. Thus if downstream logic requires
detection of the sync character (for example, to accomplish ordered set alignment) then more than one sync
character must be transmitted in order to guarantee that one will be forwarded out of the VSC7116 uncorrupted.
Fibre Channel compliant systems require the receipt of a minimum of three ordered sets called IDLE's for word
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synchronization. Ordered sets are special Fibre Channel transmission words (40-bits) that have the K28.5 sync
character as the first character received. The first of these ordered sets will cause resynchronization in the
VSC7116. The subsequent two ordered sets will be correctly aligned when they are received. In systems where
synchronization is undesired, a LOW on EN_CDET will disable the comma detect function, and the data will be
unframed.

On encountering a comma, a pulse is generated on the COM_DET output to signal that realignment of the
parallel data field may have occurred. The COM_DET pulse is presented simultaneously with the actual syn-
chronization bit sequence, (which may be corrupted as discussed above,) and has a duration equal to the data.
Functional waveforms for synchronization in both modes are given in Figure 18 and Figure 19. Figure 18 shows
the case when a comma is detected and no phase adjustment is necessary. It illustrates the position of the
COM_DET pulse in relation to the sync character. Figure 19 shows the case where the K28.5 is detected, but
out of alignment and a change in -RBC and the output data is required. Note that the VSC7116 always stretches
the -RBC so it will never create a clock sliver on resynchronization.

v
o
g
o
3

Figure 17: VSC7116 Receiver Block Diagram
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Figure 18: Data and COM_DET Timing While In Sync
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Figure 19: COM_DET and RCLK Timing When Resynchronization
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Figure 20: VSC7115 Timing Waveforms

TBC min clock pulsewidth HIGH Measured 2.0V to 2.0V
TBC min clock period LOW Measured 0.8V to 0.8V
Measured from TBC midpoint to a valid
T, Data setup w.r.t. TBCrising edge 2.0 — ns HIGH (2.0V) or valid LOW (0.8V)
level.
Measured from TBC midpoint to a valid
T, Data hold w.r.t. TBC rising edge 33 — ns | HIGH (2.0V) or valid LOW (0.8V)
level.
TrerTTeP | 1BC Rise and Fall Time 05 | 32 | ns |06Vwe22v
T T TXHTX-TLX+/TLX-/SO+/SO- 300 s 20% to 80%, tested on a sample basis
SDRSDF | Rise and Fall Time PS | 500 load to Vpp-2V
Treey TBC Jitter (Peak to Peak) TBD ps
FT TBC Frequency Tolerance +.01 %
Tpe TBC Duty Cycle 35 65 % Refer to GLM Duty Cycle Calculation
Transmitter Output Jitter Allocation
Tgy RMS) (Slg&asl )d““’" output random jitter — | 20 | ps | RMS, tested on a sample basis
Tpy (S;r;";\l data output deterministic jitter — 100 ps Peak to peak, tested on a sample basis
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Figure 21: Jitter Measurement Method

Random Jitter Measurement

BERT cLks2o|
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DATA =00000 00000 11111 11111 | 53.125MHz
RJ vscrs 1.0625 Gbit's
LI REFCLK TX+ Single-Ended Measurement
-K28.7 -K28.7 >
0011111000 0011111000 ——3{T00:19

Random jitter (RJ) measurements performed according to Fibre Channel 4.1 Annex A, Test
Methods, Section A.4.4. Measure standard deviation of all 50% crossing points. Peak to peak RY is +

Deterministic Jitter Measurement

TRIGGER

DATA

BERT DATA
Pattern | 53.125 MHz Trigger
PAT SYNC >
Generator Diaitizi
igitizing
CLK = 1.0625 GHz Scope
DATA = 00000 00000 1 1111 | 55 425MHz
vscrits 1.0625 Gbit's
Single-Ended Measurement

> REFCLK TX+
DJ +K28.5 T
oo11111o1o 1100000101 ———{T00:19

4—— 2 bit time

:4_ 20 bit time

<——<78 153 223 " surements performed according
i4— 17 bit time to Fibre Channel 4.1 Annex A,
;_‘M—b{tzﬂ’;;fe"me Test Methods, Section A.4.3.
&~ 9bittime Measure time of all the 50%
i iq— 8 bit time points of all ten transitions. DJ is
&— 7 bit time the range of the timing variation

Note:
Deterministic jitter (DJ) mea-

Jfrom expected.
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Figure 22: VSC7116 AC Timing Waveforms

| ~<#————————  18.58 ns min both th
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hald
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Table 17: VSC7116 AC Characteristics

Measured from -RBC midpoint to a
T, Data valid setup prior to -RBC fall 2.5 — ns valid HIGH (2.0V) or valid LOW
(0.8V).
Measured from -RBC midpoint to a
Ty Data valid hold after -RBC fall 6.0 — ns valid HIGH(2.0V) or valid LOW
(0.8V)
. . 0.8V to 2.0V, tested on a sample basis,
TrerTrer -RBC rise and fall time 0.7 24 ns 10pF load
. . 0.8V to 2.0V, tested on a sample basis,
Tpr,TpE Data output rise and fall time — 4.0 ns 10pF load
T Data acquisition lock time @ _ 24 8B/10B IDLE pattern, tested on a
Lock 1.0625Gbis : B | sample basis
Input Jitter Input data eye opening allocation at 30% bit As specified in Fibre Channel FC-PH
Tolerance receiver input for BER < 1E-12 ¢ - time | standard eye diagram jitter mask.
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Absolute Maximum Ratings (7

Power Supply Voltage, (Vpp).. . eeeerierermsrmiisiciiieennnsiniiesesesesenns 0.5V to +4V
PECL DC Input Voltage, (Vixp) -0.5V to Vpp +0.5V
TTL DC Input Voltage, (VinT) ...z0.5V t0 6.0V
DC Voltage Applied to Outputs for High Output State, (VintrL) -0.5V to Vpp + 0.5V
TTL Output Current (Igyy), (DC, Output High) ...50mA
PECL Output Current, (Ioyt), (DC, Output High)....... -50mA
Case Temperature Under Bias, (Tg) .c.cvvvevevccrirssvencrenreenns -55° to +125°C
Storage Temperature, (TG oo eeereerreniirerimiei st sss st sare s nes -65° to + 150°C
Maximum Input ESD 1500V
Recommended Operating Conditions®®

Power Supply Voltage, (Vpp) «+33V+5%
Operating Temperature Range, (T) ® ..... 0°C to +110°C

Notes:

1) CAUTION: Stresses listed under “Absolute Maximum Ratings” may be applied to devices one at a time without causing
permanent damage. Functionality at or above the values listed is not implied. Exposure to these values for extended

periods may affect device reliability.

2)  Vitesse guarantees the functional and parametric operation of the part under “Recommended Operating Conditions” except

where specifically noted in the AC and DC Parametric Tables.

3) Lower limit is ambient temperature and upper limit is case temperature.
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Table 18: VSC7115 DC Characteristics (Over recommended operating conditions).

_Parameters | Description | Min Unit | Conditions
V(L) Input HIGH voltage (TTL) 2.0 \ Ip<6.6mA@Vy=55V
ViLrTL) Input LOW voltage (TTL) 0 A% —

Iy Input HIGH current (TTL) — A ViN=24V
It Input LOW current (TTL) -500 HA ViN=05V
Vpp Supply voltage 3.14 33 3.47 A\ 5% of Vpp = 3.30V
Ipp Supply current — — 350 mA | Outputs open, Vpp = Vpp max
Pp Power dissipation — 1.0 12 A\ Outputs open, Vpp = Vpp max
San | e T | || w0 | e |
TX+HTX-TLX+TLX-/SO+/SO-
AVour Single-ended output differential 1200 — 2200 | mVpp | 50QtoVpp-2.0V
peak to peak voltage swing

Table 19: VSC7116 DC Characteristics (Over recommended operating conditions).

meters Descripti fi Unit | Conditions
VoH(TTL) Output HIGH voltage (TTL) 2.4 — — v Iog=-12mA
VOL(TIL) Output LOowW voltage (TTL) — —_ 0.6 \ IOL =+1.2mA
VL) Input HIGH voltage (I'TL) 2.0 — 55 \ Iy<6.6mA @ V=55V
Virny Input LOW voltage (TTL) 0 —_ 0.8 v —
Ig Input HIGH current (T'TL) — — 50 pA | V=24V
In, Input LOW current (TTL) -500 — -50 pBA | V=05V
Vpp Supply voltage 3.14 33 3.47 \ 45% of Vpp = 3.30v
Ipp Supply current — —_ 520 mA | Outputs open, Vpp = Vpp max
Pp Power dissipation —_ 1.6 1.8 W Outputs open, Vpp, = Vpp max
v Input Bias Voltage for HS Differential | 1.63 165 1.67 v Vpp = 3.30V, Measure open
B Inputs 0 ’ 0 input voltage
Serial data differential peak to peak AC coupled
AVINST | jpput (RX/RLX) swing 3001 = 3200 1 mV | mally biased at Vg2
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Figure 23: VSC7115 Pin Diagram
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Figure 24:VSC7116 Pin Diagram
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Table 20: VSC7115 Pin Description

18, 20,22, 24,
30, 32, 35, 37, INPUT - TTL
43, 49,19, 21, T00:19 Parallel data on the T00:19 bus is clocked in on the rising edge of TBC. Bit T00
23,29,31, 34, corresponding to 8b/10b bit a for the first character is transmitted first.
36, 42, 44, 50
INPUT - TTL
Transmit SELEct EXTernal control. When HIGH, data from the serial inputs SI+, SI- is
45 TSELEXT | multiplexed onto the primary outputs TX and TLX, and serialized data from T00:19 is gated
onto SO+, SO-. When LOW, SO+ is driven HIGH and SO- is driven LOW, and TX and TLX
transmit the serialized data.
INPUT - TTL
3 TEST When HIGH, this pin puts the transmitter in test mode for factory testing. In this mode, TBC
is used to serialize 20 bit input data, and the internal PLL/VCO are bypassed. In normal
mode this test pin is low.
OUTPUTS - Differential (PECL Levels Referenced to 3.3V)
1.9 S0+, SO- High speed serial outputs. When TSELEXT is high, these pins carry the serialized T00:19
’ ’ data. When TSELEXT is low, these pins are gated to a valid high logic level. AC coupling
recommended.
INPUTS - Differential (Biased at VDD/2)
14, 16 SI+, SI- High speed serial inputs. When TSELEXT is HIGH, this data is muxed onto the TX and TLX
outputs,
INPUT - TTL :
47 48 OEO, OBl Output Enable inputs. When OEQ is high, it enables the primary outputs TX+, TX-. In test
’ ’ mode, when OEQ is low it is mapped to a reset for internal registers. When OE1 is high it
enables the loopback outputs of TLX+, TLX-.
TRANSMIT BYTE CLOCK INPUT - TTL
46 TBC Reference Clock for the PLL clock multiplier, nominally at 53.125 MHz. Parallel data on
T00:19 is latched in on the rising edge of TBC. The rising edge is also used to phase lock the
internal VCO clock.
OUTPUTS - DIFFERENTIAL (Biased at VDD-1.32V)
13 TLX+, Transmitter loop back outputs, enabled when OEl! is high, otherwise driven to a valid high
’ TLX- logic level. Logic high is TLX+ = high and TLX- = low. AC coupled is required when tying
TX to TLX.
OUTPUTS - DIFFERENTIAL (Biased at VDD-1.32V)
Primary transmitter outputs. These outputs carry the serialized data in the normal mode of
1,5 TX+, TX- | operation. Enabled when OEQ is high. When OEQ is low, TX+ and TX- are disabled and
driven to a valid high logic level. Logic high is TX+ = high and TX- = low. When TSELEXT
is high, these outputs catry serial data from the SO+, SO- lines. AC coupling recommended.
17,28, 51 VDDD Digital Power Supply
4,12,13,15,25,
26, 27, 39, 40, VSSD Digital Ground
41,52
2,6,10 VDDP PECL Power Supply
38 VDDA Analog Power Supply
33 VSSA Analog Ground
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Table 21: VSC7116 Pin Description
15,25, 28,
30,35, 37, o OUTPUTS - TTL
41, 44, 48, RO is the first bit received on the serial data stream. The data bus R00:19 meets a setup and
50,16, 26, R00:19 hold time specification with respect to the falling edge of the recovered clock -RBC. To
29, 31, 36, minimize bounce due to SSO noise, bits R00:09 are clocked out 5 bit periods earlier than bits
38,42, 45, R10:19.
49, 51
. INPUT - TTL
18 REFCLK REFerence ClocK for the PLL clock multiplier, nominally at 53.125 MHz. The PLL will lock
| if the incoming serial baud rate is +1.0% of 20X the REFCLK. For GLM applications this
input will be tied to the system supplied TBC.
) INPUT - TTL
17 EWRAP | Loopback Enable, Electrical WRAP enable. When HIGH this pin selects the loopback serial
inputs RLX for serial to parallel conversion. When low, the RX inputs are selected.
OUTPUT - TTL
Recovered byte clock, nominally at 53 MHz, supplied to strobe the parallel output data. On
22 -RBC recognizing a +comma sync character in the serial data stream, -RBC is stretched, if necessary,
to re-sync, and outputs the sync character on bits R00:06. The recovered clock is always
extended, never truncated when resynchronization occurs
OUTPUT - TTL )
14 COMDET Upon detection of a positive comma (0011111) this output goes high for one -RBC period if
) EN_CDET is HIGH. This output meets the same setup and hold time specified for the R00:19
parallel data outputs with respect to the falling edge of -RBC.
121 (') RLX+, | INPUT - DIFFERENTIAL (Biased at VDD/2)
? RLX- Serial loopback data inputs. AC coupling recommended
34 RX+ RX INPUT - DIFFERENTIAL (Biased at VDD/2)
’ ) > 7 | Received serial data inputs, AC coupling recommended.
INPUT -TTL .
ENable Comma DETect. When pulled high, enables word synchronization. Word
2 EN_CDET | synchronization occurs when the VSC7116 detects a positive comma (0011111) in the serial
data stream. In systems where the word synchronization is undesired, a low on the EN_CDET
input disables the synchronization function and the data will be “un-framed”.
i INPUT - TTL :
5 TEST When high, this pin puts the 7116 in test mode. REFCLK replaces the internal bitclk for
| factory testing. Normally LOW.
11, 23,24, 39 VDDD Digital Power Supply
9,13,43 VSSD Digital Ground
19,21, 32,
34, 46, 47 . VDDT TTL Power Supply
1,20,27,33,
40,52 VSST TTL Ground
6,7 VDDA Analog Power Supply
8 VSSA Analog Ground
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Package Information -
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Ordering Information
The order number for this product is formed by a combination of the device number and package type.

VSC71XX QX

Device Type
VSC7115 - 1.0625 Gbits/sec Transmitter
VSC7116 - 1.0625 Gbits/sec Receiver

Package Type
QJ: 52 Pin Thermally Enhanced PQFP, 10mm Body

Notice

Vitesse Semiconductor Corporation reserves the right to make changes in its products specifications or other
information at any time without prior notice. Therefore, the reader is cautioned to confirm that this datasheet is
current prior to placing any orders. The company assumes no responsibility for any circuitry described other
than circuitry entirely embodied in a Vitesse product.

Warning ;
Vitesse Semiconductor Corporation’s product are not intended for use in life support appliances, devices or systems.
Use of a Vitesse product in such applications without the written consent is prohibited.
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VITESSE

Data Sheet - 1.0625 Gbit/sec Channel
Repeater/ Hub Circuit
Features
* ANSI X3T11 Fibre Channel Compatible * Port Bypass Circuit
* Monolithic Clock Recovery Unit * Suitable for Both Coaxial and Optical Link Applications
- Reﬁmes &‘ Buffers Received Data « Low Power Operation
- Jitter Peakmg < 0.5dBNo < 13W, Typlcal, for Hub Mode
- External Components - < 1.0W, Typical, for Repeater Mode
+ Digital Signal Detect Unit + 106.25 MHz Reference Clock

- Run Length Violation Detector
- K28.5 Detector
- Power-Down Feature « Single 3.3V Supply

* 52-Pin, 10x10mm Thermally Enhanced PQFP

General Description

The Fibre Channel Repeater / Hub Circuit is used in full-speed (1.0625 Gb/s) Disk Arrays, Hubs and
Switches. It contains a monolithic Clock Recovery Unit (CRU), a digital Signal Detect Unit (SDU) and a Port
Bypass Circuit (PBC). The CRU may be used alone to implement a general purpose Repeater needed for many
Disk Array and Switch applications where a retimed and buffered signal is required. The CRU, SDU and PBC
may also be used together to implement a single-chip Arbitrated Loop Hub Node. As a Hub node, the VSC7120
retimes/buffers incoming serial data, detects whether a valid signal is present and allows isolation of non-func-
tional nodes from the Loop.

VSC7120 Block Diagram
TX+ TX- RX+ AX-
TX_EN1 H
TX_EN2
PBC_ENI PORT BYPASS
Clock
REFCLK—106.25 MHz Recovery
Unit
Sl+o——
SJ- >—
F1_ENI Signal
F2_ENI Detect ——w—— FAILI
HFT- Unit ————— FAIL_LEDI
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Functional Description

The VSC7120 contains three functional blocks: a Clock Recovery Unit (CRU), a Signal Detect Unit (SDU),
and a Port Bypass Circuit (PBC). These circuits operate at the full 1.0625 Gb/s serial data rate and perform
functions useful in Disk Arrays, Switches or Fibre Channel Arbitrated Loop (FC-AL) Hubs as repeaters and
fault isolators.

The CRU is a low jitter-peaking PLL which recovers a 1.0625 GHz clock from the RX serial data input, re-
times the RX data then retransmits it through the embedded PBC to the SO outputs. The CRU retimes the
incoming data in order to attenuate jitter and increase the amplitude of the signal at the SO outputs. This pro-
vides downstream users of this data with a signal of known amplitude and jitter.

The SDU performs two digital checks for valid data transmission to indicate whether the external node is
functional. The first check, enabled by F1_ENI being LOW, monitors the RX inputs for Fibre Channel 8B/10B
run length violations. All valid 8B/10B codes have less than six consecutive identical bits so if incoming data
has six or more consecutive identical bits, an error will be indicated on the FAILI/FAIL_LEDI outputs. The sec-
ond method, enabled by F2_ENI, monitors the RX inputs for a bit pattern (‘1111010’) found in Fibre Channel
Ordered Sets which should be present at least once every 20 microseconds. The SDU provides the building
blocks needed by Hubs to implement an extremely reliable and repeatable mechanism for determining when to
isolate the external node from the Loop and when to reconnect it to the Loop.

The PBC is a 2:1 Multiplexer which passes recovered data from the CRU to the SO outputs (if PBC_ENI is
HIGH) or passes SI data to the SO outputs (if PBC_ENI is LOW). The SI inputs are always routed to the TX
outputs which are gated by the TX_EN1 and TX_EN2 inputs. If both TX_EN1 and TX_EN2 are LOW, then
TX+ will be HIGH and TX- will be LOW. Otherwise, the TX outputs will be enabled.

The VSC7120 has two modes of operation as follows:
Repeater Mode
Hub Mode

Repeater Mode

In Repeater Mode, the VSC7120 operates only to retime and buffer serial data from the RX inputs onto the
SO output in order to attenuate jitter and amplify the signal. This mode is useful to remove high frequency jitter
from the serial data and to amplify the signal to its full voltage swing. For FC-AL storage subsystems, the
VSC7120 Repeater is useful in insulating the disk drive array subsystem (i.e. JBOD - Just a Bunch Of Disks)
from the node connected to it as shown in Figure 1. A more detailed application example is shown in Figure 2.
Input data from the upstream node may be noisy and degraded due to long cabling but the VSC7120 Repeater
cleans the incoming Fibre Channel serial data prior to its use by the first disk drive. Similarly, accumulated
noise inside the array may be eliminated by using a VSC7120 between the array and the downstream FC-AL
device. In very large disk arrays, repeaters may be required periodically within the array to remove setial data
degradation as a result of data transported over connectors, board traces, and port bypass circuits.

The Clock Recovery Unit in the VSC7120 uses an automatic lock-to-ref technique that eliminates the need
for any external control logic to lock the CRU’s PLL to REFCLK when data is not present on the RX input.
When the RX inputs are removed, the PLL will drift away from the REFCLK frequency (i.e. 106.25 MHz +/-
100 ppm). Internal circuitry halts this drift when the PLL reaches approximately +/- 1.5% of the REFCLK fre-
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quency. When RX data is reapplied, the CRU is able to lock onto the new data very quickly since the PLL is
quite near the frequency of the data. This automatic Lock-to-Reference feature is extremely important in
repeater applications because an intelligent state machine or microcontroller is usually not present to control
this function.

Figure 25: FC-AL JBOD Application for Repeaters
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Single Loop Example

Figure 1 shows the VSC7120 being used in a repeater application. The PBC_ENI is set HIGH to pass the
re-timed RX data to the SO outputs. The TX outputs would normally be disabled (TX_EN1=TX_EN2=LOW)
to reduce power and noise. The SIinputs would be unused and should be terminated in order to eliminate oscil-
lations. The SDU circuit can be powered down by disconnecting its supply pins (VSS_SDU, VSST, and
VDDT) as shown in Figure 2.

Two styles of output buffers are provided on the VSC7120 to allow the user to optimize their system
design. The TX outputs are full powered buffers capable of driving long cables or other Fibre Channel devices.
The SO outputs are half-powered buffers which are not optimized for driving long cables but can drive Fibre
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Channel devices such as O/E Modules, board traces and disk drives. In most repeater applications, SO would be
adequate. However, in applications where the VSC7120 would drive long cables, the SO outputs should be con-
nected to the SI inputs where the data will be routed to the TX outputs. This allows the user to optimize the
design to reduce power and maximize signal quality.

Figure 26: VSC7120 in Repeater Mode

Driving Another Device
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Hub Mode

The VSC7120 can act as a single-chip Hub node as shown in Figure 3. In this figure, only three Fibre Chan-
nel Arbitrated Loop nodes are shown, with each connected to external devices using point-to-point links. This
implements a “Virtual Loop” using a “Physical Star” configuration. The functions of a Hub node are:

- Send data from the previous Hub node, N-1, to the external device, N (SI to TX)

- Retime / Rebuffer incoming data from the external device (RX & CRU)

- Monitor incoming data for valid Fibre Channel signals (SDU)

- Pass recovered external data to next Hub node, N+1, if valid (CRU to SO)

- Pass data from previous Hub node, N-1, to next Hub node, N+1, if external data is invalid (SI to SO)

Figure 27: FC-AL Hub Application

| Hub Controller I

Device N-1 Device N Device N+1
RX TX RX TX RX TX
r— - — - F— -4 - —— —— 4 — - — - — — — A
| |
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| CRU|| SDU CRU|| SDU CRU|| SDU |
| |
! i\ | PBC _ly_o\ s | PBC LW s | PBC _{yﬂ\ |
[T
| !
| |
| |

The VSC7120 implements most of the Hub node function but requires an external Hub Controller to use the
SDU’s outputs to control the PBC. The SDU and PBC provide the building blocks needed to isolate non-func-
tioning external devices from the “Loop” but most customers wish to implement their own algorithms for deter-
mining when to isolate a device and when to reconnect a device. An FC-AL Hub should react only to
catastrophic events such as open lines or shorts but should not respond to bit errors which are handled through
standardized Fibre Channel protocols. This “Hub Controller” may be a microcontroller, FPGA or even a simple
PLD-based state machine.

A more detailed view of the VSC7120 in Hub Mode is shown in Figure 4. In order to pass SI input data to
TX, TX_ENT1 is tied HIGH and TX_EN2 is left open. The CRU continuously locks onto RX data, retimes it and
passes the recovered data to the PBC. The SDU monitors the incoming RX data under control of F1_ENI,
F2_ENI and HFT (more about these signals later). The FAIL_ILEDI is intended to drive an Activity LED. The
FAILI output is used by the Hub Controller to configure the PBC with the PBC_ENI input. If FAILI is negated,
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the state of PBC_ENI.

From External Device

then the Hub would normally pass recovered RX data to the next Hub Node via the SO outputs. If FAILI is
asserted, then the previous Hub Node’s data on SI would normally be passed to the next Hub Node via the SO
outputs. The Hub Controller should implement some sort of algorithm to qualify or filter FAILI before changing

Figure 28: Fibre Channel Hub Port
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Signal Detect Unit Behavior

The Signal Detect Unit indicates to the Hub Controller whether the RX input has valid Fibre Channel data.
Two digital mechanisms exist to detect valid data. The first, called F1, is enabled when F1_ENI is LOW. This
monitors incoming RX data for more than six consecutive ones or zeros. Valid 8B/10B data will have no more
than five consecutive ones or zeros. If more than six consecutive ones or zeros are encountered, then the SDU
will assert the fail outputs (FAILI and FAIL_LEDI). The second method, called F2, is enabled when F2_ENI is
LOW. Valid Fibre Channel data contains K28.5 characters at least every 20 microseconds. The F2 function
within the SDU looks for a 7-bit pattern found in the K28.5 (‘11111010°) and asserts the fail outputs if this pat-
tern is not encountered within the 20 microsecond period.

A Fibre Channel active Hub should react only to catastrophic failure events, such as open lines, since the
Fibre Channel protocol handles frame level error conditions. For this reason, the VSC7120’s SDU fail outputs
are designed to be asynchronously polled and processed by the Hub Controller to develop a high-level, intelli-
gent Link Status in order to control the PBC. This allows the Hub controller, which could be a microprocessor,
FPGA or even a PLD, to process all the nodes in the Hub with a common clock and simple control logic. The
designer can “program” the sensitivity of the Hub Nodes to various error conditions and error rates.

The HFT, High Frequency Timer, input to the SDU controls the F1 and F2 Registers (see the Block Dia-
gram in Figure 6). HFT is debounced internally with a clock that is one eighth of the REFCLK frequency. The
HFT input is considered asynchronous to the VSC7120 since the user cannot access this internal clock but HFT
does have a minimum pulse width (250 nsec). The F1_ENI and F2_ENI gate the F1 and F2 register outputs to
FAILI and FAIL_LEDL

When HFT goes low, the F1 and F2 registers are reset. The F1 detector output goes HIGH when a run
length violation occurs. The F2 detector output goes LOW (indicating failure) until the K28.5 7-bit pattern is
encountered within the prescribed period. F1 and F2 fault detection have different reaction times with F1 react-
ing quickly (<0.5 microseconds) and F2 reacting slowly (20 microseconds). Moreover, F1 and F2 operate in an
opposing manner. The rising edge of HFT is commonly used to sample the fail outputs in the Hub Controller.
The user must sample at the lowest rate if both are simultaneously enabled or the user may alternately poll F1
and F2 to benefit from both fast reaction time and protection from oscillating signal failures. The VSC7120
allows flexibility for the system designer to tailor fault detection for their particular system environment, failure
mechanisms, and reaction requirements.

Figure 29: REFCLK Timing Waveforms
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Figure 30: Block Diagram: Signal Detect Unit
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Figure 31: VSC7120 HFT Timing Waveforms

r- Reset F1 & F2 Registers on falling edge of HFT
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If only F1 is enabled, High and Low times should be greater than 0.5 usec.
If F2 is enabled, High and Low times should be greater than 20 usec.
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AC Characteristics
HFT High and Low Time 250 — ns
L
TrTL REFCLK High and Low Time 2.5 — ns
Tr.Tr REFCLK Rise and Fall Time — 35 ns
Range over which both RX and
FR REFCLK Frequency Range 100 110 MHz Refloating be centered
Difference between REFCLK and
FT REFCLK Frequency Tolerance — 100 PPM RX data frequency.
DC REFCLK Duty Cycle 40/60 — %
SO Jitter Allocation
RJ SO Random Jitter (RMS) — 20 ps RMS, tested on a sample basis
DI SO Deterministic Jitter (p-p) — | 10 | ps 1;:;‘; to peak, tested on a sample
JT Jitter Transfer from RX to SO — 05 dB

DC Characteristics (Over recommended operating conditions).

Vou Output HIGH voltage (TTL) 2.4 v Iog=-12mA
VoL Output LOW voltage (TTL) —_ — 0.5 v Iop=+12mA
Vi Input HIGH voltage (TTL) 2.0 — — v
i Input LOW voltage (TTL) — — 0.8 A\
Iy Input HIGH current (TTL) — — 50 HA ViN=24V
I, Input LOW current (TTL) -500 | — -50 HA VN =05V
Vpp Supply voltage 3.14 — 3.47 v Vpp =3.30V+5%
IpD(HUb) Supply Current (SDU Enabled) — 340 450 mA Outputs open, Vpp = Vpp max
Ipprer) Supply Current (SDU not powered) 260 350 mA Outputs open, Vpp = Vpp max
Pp@us) Power dissipation (SDU Enabled) — 1.35 | 1.56 w Outputs open, Vpp = Vpp max
Pprer) Power dissipation (SDU not powered) 0.96 | 1.22 w Outputs open, Vpp=Vpp max
SO Output differential peak-to-peak
AVoyT(so) voltage swing 1000 | — | 2200 | mVpp | 50QtoVpp—-2.0V
AVourax) g:g':tlgiil;femual peaktopesk | 4500 2200 | mVpp | 50Qt0Vpp-20V
. . . Vpp = 3.30V, direct coupled,
Receiver differential peak-to-peak DD - .
AViN Input Sensitivity RX and SI 300 — | 2600 | mVp-p f)l;gie ended drive, other input
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Absolute Maximum Ratings (") |
Power Supply Voltage, (Vpp) -0.5V to +4V

PECL DC Input Voltage, (Vnp) ‘ -0.5V to Vpp +0.5V
TTL DC Input Voltage, (Vix) ’ 0.5V to Vpp + 2.5V
TTL Output Voltage, (Vourr) -0.5V to Vpp + 0.5V
TTL Output Current (Ioyr), (OV < Vour < VD). ewerrinsiisniens +-50mA
PECL Output Current, (Ioyr), (OV < Vour < Vpp) ceeveveeree ...-50mA
Case Temperature Under Bias, (T¢).. . -55° to +125°C
Storage Temperature, (TTG) .. oevereresmreniseiieriisiseseiessessesesenes -65° to + 150°C
Maximum Input ESD (Human Body Model).........c..ccoceuuunen 1500V

Recommended Operating Conditions

Power Supply Voltage, (Vpp) +33V + 5%
Operating Temperature Range, (T) 0°C Ambient to +110°C Case Temperature

Notes: CAUTION: Stresses listed under “Absolute Maximum Ratings” may be applied to devices one at a time without causing
permanent damage. Functionality at or above the values listed is not implied. Exposure to these values for extended peri-
ods may affect device reliability.
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Figure 32: VSC7120 Pin Identification
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Table 22: VSC7120 Pin Description

4, SI+ INPUT - Differential
5 SI- Serial Input to TX and to the Port Bypass Circuit.
38, RX+ INPUT - Differential
37 RX- Serial Input to the Clock Recovery Unit.
34, SO+ OUTPUT - Half Power Differential (AC coupling recommended)
32 SO- Port Bypass Circuit output. This re-timed RX data if PBC_BENI is HIGH or SI if PBC_ENI is LOW.
28, TX+ OUTPUT - Full Power Differential (AC coupling recommended)
30 TX- Buffered SI if TX_EN1 or TX_BN2 is HIGH. If both are LOW then TX+ is HIGH, TX- is LOW.
REF INPUT - TTL
42 LK Reference Clock for the PLL nominally at 106.25 MHz. Rising edge active.
10 Fi_EN] | DNPUT-TIL
= Enables the F1 Detector when LOW. F1 checks RX for Run Length violations.
1 E2_ENI INPUT - TTL
= Enables the F2 Detector when LOW. F2 checks RX for the presence of K28.5 Characters.
INPUT - TTL
30 PBC_ENI Controls the Port Bypass Circuit. Steers SI to SO when LOW or Recovered RX to SO when HIGH.
INPUT -TTL
15 HFT High Frequency Timer which resets the fault detection circuits to a known state. The falling edge of

HFT resets the F1 and F2 RS Registers. The FAILI and FAIL_LEDI signals must be strobed prior to
resetting the fault detection registers.

OUTPUT - TTL
47, FAILI When LOW, these signals indicate that the F1 or F2 Fault Detectors have detected invalid Fibre
45 FAIL_LEDI | Channel data at the RX inputs. Outputs from the F1 and F2 Fault Detectors are gated by F1_BNI and
F2_BNI respectively. Two identical outputs provided for fanout purposes.
23 TX_BN1, | DNPUT-TIL
9 4’ TX- ENZY Disables TX outputs when both TX_EN1 and TX_EN?2 are LOW. TX_ENT1 has a 20K pull-up resistor
= and TX_BN2 has a 20K pull-down resistor.
8,9,12, TEST INPUT - TTL
16,19, 21 Factory TEST Function when HIGH. Normal operating mode when LOW.
INPUT - TTL
2 TESTI Factory Test Function when LOW. Normal operating mode when HIGH.
1,13,17,26,27,31
, AAN Ground
35,43,52
39,49 VSSA Analog Ground for the CRU
6,48 VSS_SDU | Ground for SDU. Leave open during SDU power-down mode.
2,3,7,14,18,25,2
s VDD +3.3V Power Supply
33,36,44
41,51 VDDA Analog +3.3V Power Supply for the CRU
46 VDD_SDU | 3.3V Power Supply for SDU. Leave open during SDU power-down mode
20,40 N/C User No Connect pin. Do not connect these pins.
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Package Thermal Characteristics

The VSC7120 is packaged into a thermally-enhanced plastic quad flatpack. This package adheres to the
industry-standard EIAJ footprint for a 10x10mm body but has been enhanced to improve thermal dissipation
with the inclusion of an exposed Copper Heat Spreader. The package construction is as shown in Figure 9.

Figure 33: Package Cross Section

Copper Heat Spreader

Insulator Lead

Wire Bond

Die Plastic Molding Compound

The thermal resistance for the VSC7120 package is improved through low thermal resistance paths from the
die to the exposed surface of the heat spreader and from the die to the leadframe through the heat spreader over-
lap of the leadframe.

Table 23: 52 PQFP Thermal Resistance

ejc Thermal resistance from junction to case 2.5 °CIW

ca Thermal resistance from case to ambient in still air including conduction through 370 oW
the leads for a non-thermally saturated board.

6ca-100 Thermal resistance from case to ambient in 100 LPFM air 31.0 °CIW

eca-ZOO Thermal resistance from case to ambient in 200 LPEM air 28.0 °CIW

6ca-400 Thermal resistance from case to ambient in 400 LPFM air 24.0 °CIW

6ca-600 Thermal resistance from case to ambient in 600 LPEM air 22.0 °C/wW

The VSC7120 is designed to operate at a maximum case temperature of up to 110 °C. The user must guarantee
that the maximum case temperature specification is not violated. Given the thermal resistance of the package in still
air, the user can operate the VSC7120 in still air if the ambient temperature does not exceed 60.0 °C in Hub Mode
(60.0 °C =110 °C - 0.39 A * 3.47 V) or 73 °C in Repeater Mode (73.0 °C = 110 °C - 0.29 A *3.47 V).

If operation above these ambient temperatures is required, then an appropriate heatsink must be used with
the part or adequate airflow must be provided.

wooeleq
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Package Information
52 PQFP Package Drawing
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Ordering Information

The order number for this product is formed by a combination of the device number and package type as shown
below:

VSC7120 J

Device Type
VSC7120 - 1.0625 Gbits/sec Repeater

Package Type
QJ: 52 Pin Thermally Enhanced PQFF, 10mm Body

Notice

Vitesse Semiconductor Corporation reserves the right to make changes in its products specifications or
other information at any time without prior notice. Therefore, the reader is cautioned to confirm that this
datasheet is current prior to placing any orders. The company assumes no responsibility for any circuitry
described other than circuitry entirely embodied in a Vitesse product.

Warning

Vitesse Semiconductor Corporation’s product are not intended for use in life support appliances, devices or
systems. Use of a Vitesse product in such applications without the written consent of the appropriate Vitesse
officer is prohibited.
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Features
» Supports ANSI X3T11 1.0625 Gbit/sec * TTL Bypass Select
FC-AL Disk Attach for Resiliency « High Speed, PECL V/O’s Referenced to Vpp.
« Fully Differential for Minimum » 0.5W Typical Power Dissipation
Jitter Accumulation. * 3.3V Power Supply
* Quad PBC’s in Single Package * 44-Pin, 10mm PQFP
General Description

The VSC7121 is a Quad Port Bypass Circuit (PBC). Four Fibre Channel PBC’s are cascaded into a single
part to minimize part count, cost, high frequency routing, and jitter accumulation. Port Bypass Circuits are used
to provide resiliency in Fibre Channel Arbitrated Loop (FC-AL) architectures. PBC’s are used within FC-AL
disk arrays to allow for resiliency and hot swapping of FC-AL drives.

A Port Bypass Circuit is a 2:1 Multiplexer with two modes of operation: NORMAL and BYPASS. In NOR-
MAL mode, the disk drive is connected to the loop. Data goes from the 7121’s L_SOn pin to the Disk Drive RX
input and data from the disk drive TX output goes to the 7121’s L_SIn pin. Refer to Figure 35 for disk drive
application. In BYPASS mode, the disk drive is either absent or non-functional and data bypasses to the next
available disk drive. Normal mode is enabled with a HIGH on the SEL pin and BYPASS mode is enabled by a
LOW on the SEL pin. Direct Attach Fibre Channel Disk Drives have an “LRC Interlock” signal defined to con-
trol the SEL function.

Using a VSC7121 in a single loop of a disk array is illustrated in Figure 35: “Disk Array Application”. FC-
AL drives are all expected to be dual loop. The VSC7121 is cascaded in a manner such that all the 7121’s inter-
nal PBC’s are used in the same loop. For dual loop implementations, two or more VSC7121’s should be used.
Allocating each VSC7121 to only one of two loops preserves redundancy, prevents a single point of failure and
lends itself to on-line maintainability.

7121 Block Diagram

5= oo
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The VSC7121 can be cascaded through the IN and OUT pins for arrays of disk drives greater than 4. For
disk arrays with a noninteger multiple of 4 disk drives, the unused PBC’s can be hardwired to bypass with a
external pulldown resistor. .

Table 24 is a truth table detailing the data flow through the VSC7121. Figure 1 shows a timing diagram of
the data relationship in the VSC7121. There are no critical timing (setup, hold, or delay) parameters for the
VSC7121 as this part routes the serial data encoded with the baud clock that is extracted by a Fibre Channel
receiver. The primary AC parameter of importance is the jitter or data eye degradation inserted by the port
bypass circuit. The design of the VSC7121 minimizes jitter accummulation by using fully differential circuits.
This provides for symmetric rise and fall delays as well as noise rejection.

Table 24: Truth Table
L L L L IN IN IN IN IN
L L L H N IN N IN IN
L L H L s si3 IN IN IN
L H L L Nv) S2 SI2 IN IN
H L L L sI sn SI1 sn IN
H H H H Sl s3 Nvj s IN
Figure 34: Timing Waveforms

IN+/-

LSH +/- /

LSI2+/-

LSI3+/- \

LSI4+/-

OUT+/-
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LSO2+/-

LSO3+/-

LSO4+/-
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Figure 35: Disk Array Application
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Table 25: AC Characteristics (Over recommended operating conditions).

T Flow-Through Propagation Delay 10 ns Delay with all circuits bypassed. 75
1 Rising Bdge to Rising Edge ’ Ohm Load
T Flow through Propagation Delay 70 ns Delay with all circuits bypassed. 75
2 Falling Edge to Falling Edge : Ohm load.
Tspr, Tspr | Serial datarise and fall time - 300 ps. 20% to 80%, tested on a sample basis
RMS Output jitter accumulated with
. . Valid 8B/10B code from IN to OUT -
Titer Data Jitter A ulation TBD PS | anpBC stages bypassed. Tested on
sample basis.

Table 26: DC Characteristics (Over recommended operating conditions).

VL) Input HIGH voltage (SEL - TTL) 2.0 — 55 A Ig< 6.6mA @Vg=55V
VLTI Input LOW voltage (SEL - TTL) 0 — 0.8 v —
I]H('ITL) Input HIGH current (SEL- TTL) — —_ 50 HA Vin=24V
Inermy Input LOW current (SEL - TTL) -500 — -50 HA Vin=05V
Vop Supply voltage 3.10 — 3.50 v Vpp =3.30V £ 5%
Ipp Supply current — — 170 mA Outputs open, Vpp = Vpp max
Pp Power Dissipation 0.6 w Outputs open, Vpp = Vpp max
Receiver differential peak-to-peak AC Coupled.
AVINOP | Input Sensitivity, IN+- & L_Sknt- | > 2600 | mVPP | b cmally biased at Vpp/2
L_SOn+/- output differential -
AVOUTE.S0) | 4ponk vouatge wing Pek- | 1000 | — | 2200 | mVpp | 50Qt0Vpp-20V
OUT+/- output differential -to- - G-
AVouToUT) peak volta];tfuswing peak 1200 2200 | mVp-p | 50QtoVpp~2.0V
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Absolute Maximum Ratings (")

TTL Power Supply VoItage, (VD) «ocveeriiimiiiiiiiicisrsienessiisisssssssessssssssssensasssssesssssnns 0.5V to +4V
PECL DC Input VOItage, (VINp) - eveeeerererimmincniisiniienssissssssmsessssstssssssssssssesssssesssssssons -0.5V to Vpp +0.5V
TTL DC Input Voltage, (VinT) e -0.5V to 5.5V
DC Voltage Applied to Outputs for High Output State, (Vg L) «eeeeerereeeremvnseinresennneneennnne -0.5V to Vpp + 0.5V
TTL Output Current (Ioyt), (DC, Output High) . 50mA
PECL Output Current, (Igyt), (DC, Output High) . ....-50mA
Case Temperature Under Bias, (T¢) ..c.cocevvnvnniiinneiinninninne -55° to +125°C
Storage Temperature, (Tpg). . -eceeererererersreesesresenerersesesenses -65° to + 150°C
Maximum Input ESD 1500V

Recommended Operating Conditions(?

Power Supply Voltage, (Vpp) +3.1V to 3.5V
Ambient Operating Temperature Range, (T) ...cccocevereerrrercncncnecnenrineneserieencsesnssiesssssssesssessssssses 0°C to +70°C
Notes:

1)  CAUTION: Stresses listed under “Absolute Maximum Ratings” may be applied to devices one at a time without causing per-
manent damage. Functionality at or above the values listed is not implied. Exposure to these values for extended periods may
affect device reliability.

2)  Vitesse guarantees the functional and parametric operation of the part under “Recommended Operating Conditions: except
where specifically noted in the AC and DC Parametric Tables
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Input Structures

Two input structures exists in this part; TTL and High Speed, Differential Inputs. The TTL Inputs will inter-
face with any TTL or 3.3V or 5V CMOS outputs. The High Speed, Differential Inputs are intended to be AC
Coupled per the FC-PH specification. Being AC Coupled, the High Speed, Differential Input buffers are biased
at Vpp/2. Refer to Figure 36 for High Speed, Differential Input structure.

Figure 36: High Speed, Differential Inputs (L_SIn/IN)

VDD 33v

33K
INPUT+ Yena
33K
33K >
INPUT- [+
33K
—GND ov

Because the VSC7121 output buffers are PECL outputs referenced to Vpp, the High Speed Differential out-
puts may not be direct coupled to the high speed differential inputs. One example of how to differentially cas-
cade the two VSC7121 is shown in Figure 37.

Figure 37: Cascading Two VSC7121

VSC7121 VSC7121
OUT+ .H— IN+
OUT- — I~N-
§ 01

75 Ohm Board/Termination Example
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Figure 38: Pin Diagram
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Table 27: Pin Description

INPUT - Differential (Biased at VDD/2). Differential inputs from the downstream PBC

9,10 IN-, IN+
port.

3,4 L_SIi- L_SIi+ PH:EI;T - Differential (Biased at VDD/2). Serial input from the local transmitter on PBC
40,41 L_SD-,L_SI2+ PII:PI;I;T - Differential (Biased at VDD/2). Serial input from the local transmitter on PBC
34,35 L_SI3-, L_SI3+ pH:])Pr;[;T - Differential (Biased at VDD/2). Serial input from the local transmitter on PBC
27,28 L_SI-, L_SI4+ PII:]):ZI‘J‘T - Differential (Biased at VDD/2). Serial input from the local transmitter on PBC

INPUT - TTL. A HIGH selects the “BYPASS” mode causing the output of the previous
15-18 SEL1, SEL2, | port topropagate tonext port or OUT. When LOW, this signal selects “NORMAL” mode

SEL3, SEL4 which routes the previous port to the local output, L_SOn, and routes the local input,
L_SIn, to the next port or OUT .

6.7 L_so1-, OUTPUT - Differential (Biased at VDD-1.32V).
’ L_SO1+ Serial output driving the local receiver corresponding to PBC port 1.
03 44 L_S02-, OUTPUT - Differential (Biased at VDD-1.32V)
’ L_S02+ Serial output driving the local receiver corresponding to PBC port 2.
37 38 L_S03-, OUTPUT - Differential (Biased at VDD-1.32V)
’ L_SO3+ Serial output driving the local receiver corresponding to PBC port 3.
30,31 L_SO4-, OUTPUT - Differential (Biased at VDD-1.32V)
? L_SO4+ Serial output driving the local receiver corresponding to PBC port 4.
25,24 OUT-, OUT+ I())OII'JLTPUT - Differential (Biased at VDD - 1.32V) Serial output driving the upstream PBC
2 14'330_21 ’ VDD Digital Logic Power Supply. 3.3V Supply for digital logic.
5,26,29 36, . .
1 VDDP High-Speed Output Power Supply. 3.3V Supply for PECL drivers.
1,8,11-13, Ground. Ground pins are physically attached to the die mounting surface, and are an
19,22-23, 33, AN important part of the thermal path. For best thermal performance, all ground pins should
39 be connected to a ground plane, using multiple vias if possible.
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Package Thermal Characteristics

The VSC7121 is packaged into a standard plastic quad flatpack with an embedded, but unexposed thermal
slug. This package adheres to industry standard EIAJ footprints for a 10x10mm body, 44 lead PQFP. The pack-
age construction is as shown in Figure 6. The 44 PQFP with embedded slug has the thermal properties shown in
Table 5. This package allows the VSC7121 to operate with ambient temperatures up to 70°C in still air.

Figure 39: Package Cross Reference

Wire Bond Die Plastic Molding Compound

Lead

Table 28: 44 PQFP Thermal Resistance

000 Thermal resistance from case to ambient, still air 50 °CIW
64100 Thermal resistance from case to ambient, 100 LFPM air 43 °CIW
6:4-200 Thermal resistance from case to ambient, 200 LFPM air 39 °CIW
6a-400 Thermal resistance from case to ambient, 400 LFPM air 36 °CwW
02-600 Thermal resistance from case to ambient, 600 LFPM air 34 °CIW
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Package Information
44-Pin PQFP 10 x 10 mm
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G
44 34
AAAAAHAAAAE e
1 TT ° El:: 33 -
| — D 2.00 +0.10
[ s I E 0.35 +.05
e = F 13.20 +25
| — — I
p— g | G 10.00 +10
] QR v ¢ e H 13.20 +.25
- — )
=] — I 10.00 +10
1] 1 J 0.88 +15/7-.10
1 I 23 K 0.80 BASIC

12°TYP

0.20 RAD.TYP.

—\ -

G4t Ly

) I o g0 T
0.17 MAX: 3 o-e —’I l‘* 0.102 MAX. LEAD
NOTES: 0.95 1

COPLANARITY
Drawing not to scale.
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All units in mm unless otherwise noted.
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Ordering Information
The order number for this product is formed by a combination of the device number and package type.

VSC71XX QM

Device Type
VSC7121 - 1.0625 Gbits/sec Port Bypass Circuit

Package Type
QM: 44 Pin PQFF, 10x10mm Body

Notice
other information at any time without prior notice. Therefore, the reader is cautioned to confirm that
described other than circuitry entirely embodied in a Vitesse product.

Warning

systems. Use of a Vitesse product in such applications without the written consent is prohibited.

Vitesse Semiconductor Corporation reserves the right to make changes in its products specifications or

datasheet is current prior to placing any orders. The company assumes no responsibility for any circuitry

Vitesse Semiconductor Corporation’s product are not intended for use in life support appliances, devices or

this
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Data Sheet 1.0625 Gbits/sec Fibre
Channel Transceiver
Features
)
» ANSI X3T11 Fibre Channel Compatible « 106.25 MHz TTL Reference Clock ?»—;
1.0625 Gbps Full-duplex Transceiver + Low Power Operation - 650 mW 8
« 10 Bit TTL Interface for Transmit and  Suitable for Both Coaxial and Optical 3
Receive Data Link Applications

» Monolithic Clock Synthesis and Clock * 64 Pin, 10 mm or 14 mm PQFP
Recovery - No External Components * Single +3.3V Power Supply

General Description

The VSC7125 is a full-speed Fibre Channel Transceiver optimized for Disk Drive and other space con-
strained applications. It accepts 10-bit 8B/10B encoded transmit data, latches it on the rising edge of REFCLK
and serializes it onto the TX PECL differential outputs at a baud rate which is ten times the REFCLK frequency.
The VSC7125 also samples serial receive data on the RX PECL differential inputs, recovers the clock and data,
deserializes it onto the 10-bit receive data bus, outputs two recovered clocks at one twentieth of the incoming
baud rate and detect Fibre Channel “Comma” characters. The VSC7125 contains on-chip PLL circuitry for syn-
thesis of the baud-rate transmit clock, and extraction of the clock from the received serial stream. These circuits
are fully monolithic and require no external components.

Block Diagram
EWRAP [
RO:9 Y Serlal to [T lQDI <t.§:|j RX+
Parallel Data Clock 21 RX-
4—1—5 Recovery )
+10
RCLK O e
4 +20
RCLKN <
Comma
Resync Frame Detect

Logic
COM_DET (F—
EN_CDET D_—J
10
. ‘ Parallel TX+
T0:9 Dﬁ——’fh to Serial Serial Data ﬁ ig TX-

Synthesized
Clock

PLL Clock
REFCLK [ Multiply
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Functional Description

Clock Synthesizer

The VSC7125 clock synthesizer multiplies the reference frequency provided on the REFCLK pin by 10 to
achieve a baud rate clock at nominally 1.0625 GHz. The clock synthesizer contains a fully monolithic PLL
which does not require any external components.

Serializer

The VSC7125 accepts TTL input data as a parallel 10 bit character on the T0O:9 bus which is latched into the
input latch on the rising edge of REFCLK. This data will be serialized and transmitted on the TX PECL differ-
ential outputs at a baud rate of ten times the frequency of the REFCLK input, with bit TO transmitted first. User
data should be encoded for transmission using the 8B/10B block code described in the Fibre Channel specifica-
tion, or an equivalent, edge rich, DC-balanced code.

Transmission Character Interface
In Fibre Channel, an encoded byte is 10 bits and is referred to as a transmission character. The 10 bit inter-
face on the VSC7125 corresponds to a transmission character. This mapping is illustrated below.

Figure 40: Transmission Order and Mapping to Fibre Channel Character

Paralle] Data Bits TO | T8 (T7 | T6 { T5| T4 | T3 | T2 | T1| TO
8B/10B Bit Position | j h |g [f |i e |d [c |b |a

Comma Character X X |X |1 1 1 1 1 0 0

Last Data Bit Transmitted First Data Bit Transmitted

Clock Recovery

The VSC7125 accepts differential high speed serial inputs on the RX+/RX- pins, extracts the clock and
retimes the data. The serial bit stream should be encoded to provide DC balance and limited run length by a
Fibre Channel compatible 8B/10B transmitter or equivalent. The VSC7125 clock recovery circuitry is com-
pletely monolithic and requires no external components. For proper operation, the baud rate of the data stream
to be recovered should be within 0.01% of ten times the REFCLK frequency. For example if the REFCLK used
is 106.25MHz, then the incoming serial baud rate must be 1.0625 gigabaud +0.01%.

Deserializer ,

The retimed serial bit stream is converted into a 10-bit parallel output character. The VSC7125 provides
complementary TTL recovered clocks, RCLK and RCLKN, which are at one twentieth of the serial baud rate.
This architecture is designed to simplify demultiplexing of the 10-bit data characters into a 20-bit halfword in
the downstream controller chip. The clocks are generated by dividing down the high-speed clock which is phase
locked to the serial data. The serial data is retimed by the internal high-speed clock, and deserialized. The
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resulting parallel data will be captured by the adjoining protocol logic on the rising edges of RCLK and
RCLKN. In order to maximize the setup and hold times available at this interface, the parallel data is loaded
into the output register at a point nominally midway between the transition edges of RCLK and RCLKN.

If serial input data is not present, or does not meet the required baud rate, the VSC7125 will continue to
produce a recovered clock so that downstream logic may continue to function. The RCLK and RCLKN output
frequency under these circumstances may differ from their expected frequency by no more than +1%.

)
S
=
S
o
=
=

Word Alignment

The VSC7125 provides 7-bit Fibre Channel comma character recognition and data word alignment. Word
synchronization is enabled by asserting EN_CDET HIGH. When synchronization is enabled, the VSC7125 con-
stantly examines the serial data for the presence of the Fibre Channel “comma” character. This pattern is
“0011111XXX”, where the leading zero corresponds to the first bit received. The comma sequence is not con-
tained in any normal 8B/10B coded data character or pair of adjacent characters. It occurs only within special
characters, known as K28.1, K28.5 and K28.7, which is defined specifically for synchronization in Fibre Chan-
nel systems. Improper alignment of the comma character is defined as any of the following conditions:

1) The comma is not aligned within the 10-bit transmission character such that T0...T6 = “0011111”

2) The comma straddles the boundary between two 10-bit transmission characters.

3) The comma is properly aligned but occurs in the received character presented during the rising edge of

RCLK rather than RCLKN. :

When EN_CDET is HIGH and an improperly aligned comma is encountered, the internal data is shifted in
such a manner that the comma character is aligned properly in R0:9. This results in proper character and half-
word alignment. When the parallel data alignment changes in response to an improperly aligned comma pattern,
some data which would have been presented on the parallel output port may be lost. However, the synchroniza-
tion character and subsequent data will be output correctly and properly aligned. When EN_CDET is LOW, the
current alignment of the serial data is maintained indefinitely, regardless of data pattern.

On encountering a comma character, COM_DET is driven HIGH to inform the user that realignment of the
parallel data field may have occurred. The COM_DET pulse is presented simultaneously with the comma char-
acter and has a duration equal to the data, or half of an RCLK period. The COM_DET signal is timed such that
it can be captured by the adjoining protocol logic on the rising edge of RCLKN. Functional waveforms for syn-
chronization are given in Figure 2 and Figure 3. Figure 2 shows the case when a comma character is detected
and no phase adjustment is necessary. It illustrates the position of the COM_DET pulse in relation to the comma
character on R0:9. Figure 3 shows the case where the K28.5 is detected, but it is out of phase and a change in
the output data alignment is required. Note that up to three characters prior to the comma character may be cor-
rupted by the realignment process.
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Figure 41: Detection of a Properly Alignhed Comma Character

SV W A VY
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Figure 42: Detection and Resynchronization of an Improperly Aligned Comma

Receiving Two Consecutive K28.5+TChar Transmission Words
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Figure 43: Transmit Timing Waveforms

REFCLK

T e T2

T0:9 _ _ ‘
10 Bit Data Data Valid ><><>K Data Valid X><>< Data Valid ><><><

Table 29: Transmit AC Characteristics

N . . Measured between the valid
T Zg‘z ife‘l‘{‘g;éﬁ? the rising 1.0 — | ns | datalevel of TO9 to the 1.4V
& point of REFCLK
T T0:9 hold time after the L5 _ ns
2 rising edge of REFCLK ‘ '
. . 20% to 80%, 75 Ohm load to
Tspr: Tspr | TX+/TX- rise and fall time — 300 ps. Vss, Tested on a sample basis
Latency from rising edge of .
TLAT REFCLK to TO appearingon | 11bc - Ins ns. I;Sc _ I?I;tnzk;z]c(son d
TX+/TX- -
Transmitter Output Jitter Allocation
T Serial data output random _ 20 RMS, tested on a sample basis
1 jitter (RMS) PS: | (tefer to Figure 8)
T. Serial data output _ 100 s Peak to peak, tested on a sample
Dy deterministic jitter (p-p) P | basis (refer to Figure 8)
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Table 30: Receive AC Characteristics

Data or COM_DET Valid
Ty prior to RCLK/RCLKN 4.0 - ns, | Measured between the
rise 1.4V point of RCLK or
-~ RCLKN and a valid level
Data or COM_DET Valid of R0:9. All outputs
T, after RCLK or RCLKN 3.0 —_ ns. driving 10pF load.
rise
Deviation of RCLK
rising edge to RCLKN . . .
rising edge delay from Nominal delay is 10 bit
Ts nominal. -500 500 ps. times. Tested on sample
5 basis
d
delay= % +T,
Deviation of RCLK,
RCLKN frequency from
nominal. B Whether or not locked to
Ty femron 1.0 1.0 % | cerial data
Trerx= —5— T,
T R0:9, COM_DET, RCLK, Between Vjjgyax) and
® TF X X — 24 ns. .
RCLKN rise and fall time Vihtmin) into 10 pf. load.
h(min)
bc = Bit clock
Ryge Latency from RX toR0:9 | 15bc+2ns | 34bc+2ns ns = Nano second
T Data acquisition lock time 04 s 8B/10B IDLE pattern.
Lock @ 1.0625Gb/s - ’ M Testedona sample basis
Receive Data Jitter Power :
. \ dBc, RMS for 102 Bit
Reci{wt/;Data 2X BitTime — 40 ps. Error Ratio Tested on a
1ter j PhaseNoise sample basis
100KHz
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Figure 44: Receive Timing Waveforms
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Figure 45: REFCLK Timing Waveforms

Ty

Table 31: Reference Clock Requirements

Range over which both transmit and
receive reference clocks on any link
FR Frequency Range 100 110 MHz may be centered
Maximum frequency offset between
transmit and receive reference clocks
FO Frequency Offset -200 200 | ppm. on one link
DC REFCLK duty cycle 30 70 % Measured at 1.5V
Trer:Trep | REFCLK rise and fall time — 1.0 ns. | Between Vimax) and Vinyin)
REFCLK lJitter Power
REFCLK SMHz 2 dbc, RMS for FC compliant output
Jitter J PhaseNoise - PS | data jitter
100Hz
REFCLK Jitter Power "
REFCLK | s ~ | w wht s gt extemal pa. Tested
Jitter I PhaseNoise ps: gt . path.
e on a sample basis
Z
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Figure 46: Parametric Measurement Information

Serial Input Rise and Fall Time TTL Input and Output Rise and Fall Time
\ / 0% N7 4 Vib@in)
] =
Tl‘ T[ Tl- Tf

Receiver Input Eye Diagram Jitter Tolerance Mask

Bit Time |
Amplitude <:>
Eye Width %

Parametric Test Load Circuit

Serial Output Load TTL A.C. Output Load

Zy=75Q I
75Q 10pF

Vpp = 2.0V I
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Figure 47: Transmitter Jitter Measurement Method
BERT
DATA| _

Pattern 106.25MHz Trigger
Generator v

1.0625 GHz Clock Digitizing

> Scope

[ 1 \ vscr12s
Kae T Kt P REFCLK D ™ 0625 cbs
_______________ :; lro:0 Single-Ended Measurement

Random jitter (RJ) measurements performed according to Fibre Channel 4.3 Annex A, Test Methods, Section A.4.4. Measure
standard deviation of all 50% crossing points. Peak to peak R is + 7 sigma of distribution.

Deterministic jitter (DJ) measurements performed according to Fibre Channel 4.3 Annex A, Test Methods, Section A.4.3.
Measure time of all the 50% points of all ten transitions. DJ is the range of the timing variations.
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Absolute Maximum Ratings (")
Power Supply Voltage, (Vpp)

-0.5V to +4V

DC Input Voltage (PECL inputs)....

-0.5V to VDD +0.5V

DC Input Voltage (TTL inputs) ........cccoevvuenne

........ -0.5V to 5.5V

DC Output Voltage (TTL Outputs)

Output Current (TTL Outputs)....

-0.5V to VDD +0.5V
+/-50mA

Output Current (PECL Outputs)

+/-50mA

Case Temperature Under Bias

-55° to +125°C

-65°C to +150°C

Storage Temperature..... .
Maximum Input ESD (Human Body Model)..

1500V

Recommended Operating Conditions

+3.3V+5%

Power Supply Voltage, (Vpp)
Operating Temperature Range

Notes:

0°C Ambient to +100°C Case Temperature

(1) CAUTION: Stresses listed under “Absolute Maximum Ratings” may be applied to devices one at a time without causing per-
manent damage. Functionality at or above the values listed is not implied. Exposure to these values for extended periods may

affect device reliability.
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DC Characteristics (over recommended operating conditions).

o
Parameters | Description:..o Lo Mim: | Ty S
VOH 2.4 —_ — v IOH =-1.0mA @]
VoL Output LOW voltage (TTL) — — 0.5 v IoL=+1.0mA =
TX Output differential peak-
AVOUT75 to-pe ak voltage SWing 1200 — 2200 mVp~p 75Q to VDD -20V
TX Output differential peak-
AVouTso to-peak voltage swing — 2200 mVpp | 50QtoVpp-2.0V
Receiver differential peak-to- .
AViy peak Input Sensitivity RX 300 — 2600 | mVp-p | Internally biased to Vdd/2
Vi Input HIGH voltage (TTL) 2.0 — 5.5 v
%3 Input LOW voltage (TTL) 0 — 08 v —
Iy Input HIGH current (TTL) — 50 500 pA Vin =24V
Iy, Input LOW current (TTL) — — -500 pA VN =0.5V
Vop Supply voltage 3.14 — 3.47 v 3.3Vt5%
N Outputs open,
Pp Power dissipation — 625 900 mW Vpp = Vpp max
Outputs open,
I Supply Current — 190 260 mA
DD PPy VDD = VDD max
Figure 48: Input Structures
Voo 433V
INPUT [] i é
wpuT [ f g All Resistors
* § 33K
GND
High Speed Differential Input
A B
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Figure 49: Pin Diagram

(Top View)

Table 32: Pin Description

—1— COMDET
I Vesr

45— RO

—mr— Ri1
- R2
== Vppr

24 6.9 INPUTS - TTL
'1 1’_1 3 ’ TO:9 10-bit transmit character. Parallel data on this bus is clocked in on the rising edge of
REFCLK. The data bit corresponding to TO is transmitted first.
INPUT - TTL
22 REFCLK This rising edge of this clock latches T0:9 into the input register. It also provides the
reference clock, at one tenth the baud rate to the PLL.
OUTPUTS - Differential PECL (AC Coupling recommended)
62, 61 TX+, TX- These pins output the serialized transmit data when EWRAP is LOW. When EWRAP
is HIGH, TX+ is HIGH and TX- is LOW.
45.43. 41 OUTPUTS - TTL
38- 363 4' RO:9 10-bit received character. Parallel data on this bus is clocked out on the rising edges
’ of RCLK and RCLKN. RO is the first bit received on RX+/RX-.
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INPUT - TTL
19 EWRAP LOW for Normal Operation. When HIGH, an internal loopback path from the
transmitter to the receiver is enabled and the TX outputs are held HIGH.
INPUTS - Differential PECL (AC Coupling recommended)
54,52 RX+, RX- The serial receive data inputs selected when EWRAP is LOW. Internally biased tot
VDD7/2, with 3.3KQ resistors from each input pin to VDD and GND.
RCLK OUTPUT - Complementary TTL
31,30 RCLKI;I Recovered clocks derived from one twentieth of the RX+/- data stream. Each rising
transition of RCLK or RCLKN corresponds to a new word on R0:9.
INPUT - TTL
24 EN_CDET | Enables COMDET and word resynchronization when HIGH. When LOW, keeps
current word alignment and disables COMDET.
OUTPUT - TTL
4 COMDET This output goes HIGH for half of an RCLK period to indicate that R0:9 contains a
Comma Character (‘0011111XXX’). COMDET will go HIGH only during a cycle
when RCLKN is rising. COMDET is enabled by EN_CDET being HIGH.
18,20,23 %i; INPUT
o TEST3 These signals are used for factory test. For normal operation, tie to VDD.
OUTPUT
2 TEST4 This signal is used for factory test. For normal operation, leave open.
57 VDDANA Analog Power Supply
58 VSSANA Analog Ground
5,10, 28, L. .
50,55, 59 VDDD Digital Logic Power Supply
1,14,15,
21,25, 51, VSSD Digital Logic Ground
56
29,37, 42 VDDT TTL Output Power Supply
32,33,46 VSST TTL Output Ground
53, 60, 63 VDDP PECL 1/O Power Supply
zg:;g N/C No Connection. These pins are not internally connected.
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Thermal Considerations

The VSCT7125 is packaged in either a 10 mm PQFP or a 14 mm PQFP with internal heat spreaders. These
packages use industry-standard EIAJ footprints, but have been enhanced to improve thermal dissipation. The
construction of the packages is as shown in Figure 11. i

Figure 50: Package Cross Section

Plastic Molding Compound Copper Heat Spreader

Lead Bond Wire Die

Table 33: Thermal Resistance

6ic Thermal resistance from junction to case 10.5 10 °CIW

Oca Therma! resistance from case to ambient in still air including 53 3 ocw |
conduction through the leads.

62100 Thermal resistance from case to ambient with 100 LFM airflow 44 28 °CIW

6ca-200 Thermal resistance from case to ambient with200 LFM airflow 39 25 °CIW

6ca-400 Thermal resistance from case to ambient with 400 LEM airflow 34 | 22 °CrwW

Oca-600 Thermal resistance from case to ambient with 600 LFM airflow 31 20 °CIW

The VSC7125 is designed to operate with a junction temperature up to 110°C. The user must guarantee that
the temperature specification is not violated. With the Thermal Resistances shown above, the 10x10mm PQFP
can operate in still air ambient temperatures of 53°C [53°C=110°C-0.9W*(10.5°C/W+53°C/W)] while the
14x14 PQFP can operate in still air ambient temperatures of 73°C [73°C=110°C-0.9W*(10°C/W+32°C/W)]. If
the ambient air temperature exceeds these limits then some form of cooling through a heatsink or an increase in
airflow must be provided. '
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Package Information
64-pin POQFP Package Drawing
| F >
‘ A Item 10 14 Tol.
mm mm
]
, ° 48 A 245 | 245 MAX
o - -
 ——
= == D 200 | 2.00 +0.10
== — E 030 | 035 +05
 — - —r—
[ - I F 13.20 17.20 +.25
 —— - — H
[ — G 10.00 14.00 +.10
o — —Ir—
== = H 1320 | 17.20 +.25
1 | v I 10.00 14.00 +.10
| o | - —
16 1] - - J1 TBD TBD TBD
® 7 088 | 080 +15
dionoanttonooang ' K[ 050 [ om | wasc
17 32 ’
10°TYP
—| [-—
)
A Lo
_V_J e J—“-U—-/ L———
e AR
10°TYP K

‘\ STANDOFF
0.25 MAX.
) Vi
3=
0.17 MAX tL 0°-8° ——I }—— [ 0.102 MAX. LEAD
. - COPLANARITY
0.25 E
NOTES: J
Drawing not to scale.
All units in mm unless otherwise noted.
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Ordering Information

The part number for this product is formed by a combination of the device number and the package style:
VSC7125xx

Device Type:
VSC7125: 1.0625 Gbps Transceiver

Package Style (64-pin)
QN: 14x14mm PQFP
QU: 10x10mm PQFP

Notice

Vitesse Semiconductor Corporation reserves the right to make changes in its products specifications or
other information at any time without prior notice. Therefore, the reader is cautioned to confirm that this
datasheet is current prior to placing any orders. The company assumes no responsibility for any circuitry
described other than circuitry entirely embodied in a Vitesse product.

Warning
Vitesse Semiconductor Corporation’s product are not intended for use in life support appliances, devices or
systems. Use of a Vitesse product in such applications without the written consent is prohibited.
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Features

+ ANSIX3T11 Fibre Channel Compatible 1.0625 * 53.125 MHz TTL Reference Clock E
Gbps Full-duplex Transceiver + Automatic Lock-to-Reference Function 2
* GLM Compatible (FCSI-301-Rev 1.0) * Suitable for Both Coaxial and Optical g

« 20 Bit TTL Interface for Transmit and Link Applications
Receive Data * Low Power Operation - 750 mW

« Monolithic Clock Synthesis and Clock Recovery - * 80 Pin, 14x14 mm PQFP Package
No External Components « Single +3.3V Power Supply

General Description

The VSC7126 is a full-speed Fibre Channel Transceiver optimized for Host Adapter and other space-con-
strained applications. It accepts two 10-bit 8B/10B encoded transmit characters, latches them on the rising edge
of TBC and serializes the data onto the TX+/- PECL differential outputs at a baud rate which is twenty times the
TBC frequency. It also samples serial receive data on the RX+/- PECL differential inputs, recovers the clock
and data, deserializes it onto two 10-bit receive characters, outputs a recovered clocs at one twentieth of the
incoming baud rate and detects Fibre Channel “Comma” characters. The VSC7126 contains on-chip PLL cir-
cuitry for synthesis of the baud-rate transmit clock, and extraction of the clock from the received serial stream.
These circuits are fully monolithic and require no external components.

VSC7126 Block Diagram
EWRAP
R0:19 <O Dje Serfal to| ST oy r_‘IQD RX+
Parallel Data Clock 21 RX-
Recovery :
Recovered
RBC(0) Clock
RBC(1) <
Comma
L_UNUSE CFH—— ffﬂ;!e
oBle 1.0625 GHz

COM_DET <}— :I
EN_CDET

20
. Parallel TX+
o Dﬂ_’ﬂ' to Serial ‘Serial Data b ﬁ TX-
Synthesized
Clock

53.125 MHz

PLL Clock
TBC [O- Multiply (x20)

TXEN# [
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Features
* Gigabit Ethernet Transceiver @ 1.25 Gb/s » Low Power Operation - 700 mW
¢ 10 Bit TTL Interface for Transmit and « Suitable for Both Coaxial or Optical Link
Receive Data Applications.
* Monolithic Clock Synthesis and Clock ¢ 64 Pin, 14 mm Standard PQFP

Recovery - No External Components
* 125 MHz TTL Reference Clock

 Single +3.3V Supply

General Description

The VSC7135 is a 1.25 Gb/s Ethernet Transceiver optimized for Gigabit Ethernet or 1000Base-T applica-
tions. It accepts 10-bit 8B/10B encoded transmit data, latches it on the rising edge of REFCLK and serializes it
onto the TX PECL differential outputs at a baud rate which is ten times the REFCLK frequency. The VSC7135
also samples serial receive data on the RX PECL differential inputs, recovers the clock and data, deserializes it
onto the 10-bi receive data bus, outputs two recovered clocks at one twentieth of the incoming baud rate and
detect “Comma” characters. The VSC7135 contains on-chip PLL circuitry for synthesis of the baud-rate trans-
mit clock, and extraction of the clock from the received serial stream. These circuits are fully monolithic and
require no external components. This productis directly derived from the VSC7125 1.0625 Gb/s Fibre Channel
Transceiver aimed at full-speed Fibre Channel Disk Drives, Host Adaptors and RAID systems.

Figure 1: Block Diagram

EWRAP [
RO9 e Sertal to [ T 7 [on) RX+
Parallel Data Clock RX-
A Recovery
RCLK B
4 +20
RCLKN T
L Comma
Resync | FTame [+ pogoc
Logic
COM_DET (13—
EN_CDET D——"
10 TX+
. Parallel
T0:9 D‘—’ﬁ‘msﬂm Serial Data P TX-
Synthesized
Clock
PLL Clock
REFCLK [ Multiply
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Functional Description

Clock Synthesizer

The VSC7135 clock synthesizer multiplies the reference frequency provided on the REFCLK pin by 10 to
achieve a baud rate clock at nominally 1.25 GHz. The clock synthesizer contains a fully monolithic PLL which
does not require any external components.

Serializer

The VSC7135 accepts TTL input data as a parallel 10 bit character on the T0:9 bus which is latched into the
input latch on the rising edge of REFCLK. This data will be serialized and transmitted on the TX PECL differ-
ential outputs at a baud rate of ten times the frequency of the REFCLK input, with bit TO transmitted first. User
data should be encoded for transmission using the 8B/10B block code described in the Fibre Channel specifica-
tion, or an equivalent, edge rich, DC-balanced code.

Transmission Character Interface
An encoded byte is 10 bits and is referred to as a transmission character. The 10 bit interface on the
'VSC7135 corresponds to a transmission character. This mapping is illustrated in Figure 2.

Figure 2: Transmission Order and Mapping of an 8B/10B Character

Parallel Data Bits TO T8 | T7|{T6 | TS| T4 | T3 | T2 | T1| TO
8B/10B Bit Position | j h |g |f |i |e |d [c [b |a
Comma Character X 1 X (X |1 ]1 1 1 1 ]0 1|0

Last Data Bit Transmitted First Data Bit Transmitted

Clock Recovery

The VSC7135 accepts differential high speed serial inputs on the RX+/RX- pins, extracts the clock and
retimes the data. The serial bit stream should be encoded so as to provide DC balance and limited run length by
an 8B/10B transmitter or equivalent. The VSC7135 clock recovery circuitry is completely monolithic and
requires no external components. For proper operation, the baud rate of the data stream to be recovered should
be within 0.01% of ten times the REFCLK frequency. For example if the REFCLK used is 125MHz, then the
incoming serial baud rate must be 1.25 gigabaud +0.01%. ’

Deserializer

The retimed serial bit stream is converted into a 10-bit parallel output character. The VSC7135 provides
complementary TTL recovered clocks, RCLK and RCLKN, which are at one twentieth of the serial baud rate.
This architecture is designed to simplify demultiplexing of the 10-bit data characters into a 20-bit halfword in
the downstream controller chip. The clocks are generated by dividing down the high-speed clock which is
phase locked to the serial data. The serial data is retimed by the internal high-speed clock, and deserialized.
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The resulting parallel data will be captured by the adjoining protocol logic on the rising edges of RCLK and
RCLKN. In order to maximize the setup and hold times available at this interface, the parallel data is loaded
into the output register at a point nominally midway between the transition edges of RCLK and RCLKN.

If serial input data is not present, or does not meet the required baud rate, the VSC7135 will continue to
produce a recovered clock so that downstream logic may continue to function. The RCLK and RCLKN output
frequency under these circumstances may differ from their expected frequency by no more than +1%.

woorje(]

Word Alignment

The VSC7135 provides 7-bit comma character recognition and data word alignment. Word synchroniza-
tion is enabled by asserting EN_CDET HIGH. When synchronization is enabled, the VSC7135 constantly
examines the serial data for the presence of the “Comma” character. This pattern is “0011111XXX"”, where the
leading zero corresponds to the first bit received. The comma sequence is not contained in any normal 8B/10B
coded data character or pair of adjacent characters. It occurs only within a special characters, known as K28.1,
K28.5 and K28.7, which is defined specifically for synchronization purposes. Improper alignment of the
comma character is defined as any of the following conditions:

1) The comma is not aligned within a the 10-bit transmission character such that T0...T6 = “0011111”

2) The comma straddles the boundary between two 10-bit transmission characters.

3) The comma is propetrly aligned but occurs in the received character presented during the rising edge of

RCLK rather than RCLKN.

When EN_CDET is HIGH and an impropetly aligned comma is encountered, the internal data is shifted in
such a manner that the comma character is aligned properly in R0:9. This results in proper character and half-
word alignment. When the parallel data alignment changes in response to a improperly alligned comma pat-
tern, some data which would have been presented on the parallel output port may be lost. However, the syn-
cronization character and subsequent data will be output correctly and properly aligned. When EN_CDET is
LOW, the current alignment of the serial data is maintained indefinitiely, regardless of data pattern.

On encountering a comma character, COM_DET is driven HIGH to inform the user that realignment of the
parallel data field may have occurred. The COM_DET pulse is presented simultaneously with the comma char-
acter and has a duration equal to the data, or half of an RCLK petiod. The COM_DET signal is timed such that
it can be captured by the adjoining protocol logic on the rising edge of RCLKN. Functional waveforms for syn-
chronization are given in Figure 3 and Figure 4. Figure 3 shows the case when a comma character is detected
and no phase adjustment is necessary. It illustrates the position of the COM_DET pulse in relation to the
comma character on R0:9. Figure 4 shows the case where the K28.5 is detected, but it is out of phase and a
change in the output data alignment is required. Note that up to three characters prior to the comma character
may be corrupted by the realignment process.
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Figure 3: Detection of a Properly Aligned Comma Character

Rk [\ f \_/__\ [\
Rakn\ [ /ll \ / \__/ \_/—
COM_DET /_1,_\

RO:9 :X X X K:s.s X TCharX TCharX TCharX X X

TChar: 10 bit Transmission Character

Figure 4: Detection and Resynchronizatoin of an Improperly Aligned Comma

Receiving Two Consecutive K28.5+TChar Transmission Words

ek [\ A AR A
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RO:9 X X X XKZ:S XTChar XTChar XTCharXK:B?X TCharX
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Figure 5: Transmit Timing Waveforms

REFCLK

woorie(

T »le T2

0 gg:lgjata Data Valid >§><>< Data Valid W Data Valid ><><><

Table 1: Transmit AC Characteristics

. - Measured between thevalid
T :‘f"z i;‘;%;‘é“&" the rising 1.0 — | ns | datalevel of TO:9 to the 1.4V
g point of REFCLK
T T0:9 hold time after the L5 _
2 rising edge of REFCLK ‘ s
. . 20% to 80%, 75 Ohm load to
Tspr,Tspr | TX+/TX- rise and fall time — 300 ps. Vss, Tested on a sample basis
Latentcy from rising edge of s
Tiar | REFCLK to TO appearingon | 11be- lns ns. g;’:g;‘n‘il‘;ce‘c‘son .
TX+HTX- -
Transmitter Output Jitter Allocation
T. Serial data output random _ 20 RMS, tested on a sample basis
o jitter (RMS) ps. (refer to Figure 9)
T Serial data output _ 100 Peak to peak, tested on a sample
DI deterministic jitter (p-p) PS | basis (refer to Figure 9)
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Figure 6: Receive Timing Waveforms

le T, R
——— T3
RCLK pd N .
RCLKN / N /
¢— T; —ple—T2—p)
RO9 >< Data Valid ><> Data Vdlid >< Data Valid ><><

Table 2: Receive AC Characteristics

Data or COM_DET Valid

T; prior to RCLK/RCLKN 3.0 _ ns. | Measured between the

rise 1.4V point of RCLK or

Data or COM_DET Valid RCLKN and a valid level

— of R0O:9. All outputs

T, fst:r RCLK or RCLKN 2.0 —_ ns. driving 10pF load.

Deviation of RCLK

rising edge to RCLKN ) ) )

rising edge delay from Nominal delay is 10 bit
T3 nominal. -500 500 ps. | times. Tested on sample

f basis
_ J baud
delay= 10 +T,
Deviation of RCLK,
RCLKN frequency from
i ‘Whether or not locked to
T, nominal. -1.0 10 % :
_ frercix serial data

Trex= =5 —*T4

R0:9, COM_DET, RCLK, Between Vijgpqx) and

Tr, Tr RCLKN rise and fall time - 24 ™| Viggmin), into 10 pf. load.
Ryt | Latency from RX to R0:9 | 15bc +2ns 34bc + 2ns :Sc f I]?I:n(:)lzzlc(on d

T Data acquisition lock time _ 24 8B/10B IDLE pattern.
LOCK @ 1.25 Gb/s ’ Hs | Testedona sample basis

Receive Data Jitter Power
. 1 dBc, RMS for 1012 Bit
Rec?\t/;Data 2XxBitTime — 40 ps. Error Ratio Testedona

Iner PhaseNoise sample basis

100KHz

Page 136 ® VITESSE Semiconductor Corporation G52146-0 Rev. 1.2



Preliminary Data Sheet 1.25 Gbits/sec
Gigabit Ethernet Transceiver

Figure 7: REFCLK Timing Waveforms

TL TH

REFCLK
—_ - — -V

Table 3: Reference Clock Requirements

Range over which both transmit and
receive reference clocks on any link
FR Frequency Range 118 127 MHz may be centered
Maximum frequency offset between
transmit and receive reference clocks
FO Frequency Offset -200 200 | ppm. on one link
DC REFCLK duty cycle 30 70 % | Measured at 1.5V
TRCR1TRCF REFCLK rise and fall time — 1.0 ns, Between Vﬂ(max) and Vih(min)
REFCLK Jitter Power
REFCLK SMHz _ 2 dbc, RMS for FC compliant output
Jitter J' PhaseNoise ps. data jitter
100Hz
REFCLK Jitter Power "
o | | o B
Jitter f PhaseNoise - ps. ! o ength.ex nalpata. 1es
Lo on a sample basis
z
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Figure 8: Parametric Measurement Information

Serial Input Rise and Fall Time TTL Input and Output Rise and Fall Time
\ / o \_/ r Vigain
_ — -
T; Te T Ty

Receiver Input Eye Diagram Jitter Tolerance Mask

Bit Time |
Ampiltude O
Eye Width%

Parametric Test Load Circuit

Serial Output Load TTL A.C. Output Load

Zo= 750 I
75Q 10pF

Vipma0v 1
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DJ

Figure 9: Transmitter Jitter Measurement Method

-K28.5 +K28.5
0011111010 1100000101

Uit

Random jitter (RJ) measurements performed according to Fibre Channel 4.3 Annex A, Test Methods, Section A.4.4. Measure

BERT DATA
Pattern ] 125MHz Trigger
Generator "% >
125 GHz Clock R Digitizing
» Scope
____________ A
I 1 X VSC7135
-K28.7 -K28.7 b Ll REFoLKTX*
1.25 Gbis
0011111000 0011111000 To:0 - Single-Ended Measurement
————————————— | >
|

standard deviation of all 50% crossing points. Peak to peak RJ is + 7 sigma of distribution.

Deterministic jitter (DJ) measurements performed according to Fibre Channel 4.3 Annex A, Test Methods, Section A.4.3.

Measure time of all the 50% points of all ten transitions. DJ is the range of the timing variations.
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Absolute Maximum Ratings ()

Power Supply Voltage, (Vpp) -0.5V to +4V
DC Input Voltage (PECL inputs) -0.5V to Vpp +0.5V
DC Input Voltage (TTL inputs) -0.5Vto 5.5V
DC Output Voltage (TTL Outputs) -0.5V to Vpp + 0.5V
Output Current (TTL Outputs) +/-50mA
Output Current (PECL Outputs) +/-50mA
Case Temperature Under Bias -55° to +125°C
Storage Temperature -65°C to +150°C
Maximum Input ESD (Human Body Model) 1500V
Recommended Operating Conditions

Power Supply Voltage, (Vpp) +3.3V+5%
Operating Temperature Range ...........covveeivviniinviiniiinenne 0°C Ambient to +95°C Case Temperature

Notes:

(1) CAUTION: Stresses listed under “Absolute Maximum Ratings” may be applied to devices one at a time without causing per-
manent damage. Functionality at or above the values listed is not implied. Exposure to these values for extended periods may

affect device reliability.
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DC Characteristics (over recommended operating conditions).

Vou Output HIGH voltage (TTL) 24 — — v Iog=-1.0mA
VoL Output LOW voltage (TTL) — — 0.5 A% IoL=+1.0mA
TX Output differential peak-
AVOUT7 5 to-p eak vol tage swing 1200 —_— 2200 mVp—p 75Qto VDD 20V
TX Output differential peak-
AVouTso to-peak voltage swing 1200 | — | 2200 | mVpp | 50QtoVpp-2.0V
Receiver differential peak-to- .
AViN peak Input Sensitivity RX 400 — 3200 | mVp-p | Internally biased to Vdd/2
Vi Input HIGH voltage (TTL) 2.0 — 55 v
A% Input LOW voltage (TTL) 0 - 0.8 v —
Iy Input HIGH current (TTL) —_ 50 500 A V=24V
Iy, Input LOW current (TTL) — — -500 pA V=05V
Vop Supply voltage 3.14 —_ 347 v 3.3Vt5%
R Outputs open,
Pp Power dissipation 700 1000 mW Vpp = Vpp max
Outputs open,
Inp Supply Current —_ 210 290 mA Vpp = Vpp max
Figure 10: Input Structures
Vpp +33V Vop +33V
INPUT []
INPUT [] L é >
wpot - T § All Resistors
* § 3.3K
GND
Hi ed Differential Input
REFCLK and TTL Inputs gh Spe (RX+/RX-) P
A B
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Figure 11: Pin Diagram

1
63 61 59 57 55 53 51 49
Vssp 1 © I N/IC
To o 47p—1r— COMDET
T o8 . Vsst
T2 o 45[ RO
Vppp =I5 R1
T3 o ) 43 R2
== = Voor
Ts ] Co
T6 ]
Vppp | =]
T7
T8 o
T I
Vggp =]
Vgsp I
]

(Top View)

Table 4: Pin Description

24 69 | INPUTS - TTL
11’_1; ’ T0:9 10-bit transmit character. Parallel data on this bus is clocked in on the rising edge of
REFCLK. The data bit corresponding to TO is transmitted first.
INPUT - TTL
22 REFCLK This rising edge of this clock latches T0:9 into the input register. It also provides the

reference clock, at one tenth the baud rat,e to the PLL.

: " | OUTPUTS - Differential PECL (AC Coupling recommended)
62, 61 TX+, TX- These pins output the serialized transmit data when EWRAP is LOW. When
EWRAP is HIGH, TX+ is HIGH and TX- is LOW.

OUTPUTS - TTL
RO:9 ‘10-bit received character. Parallel data on this bus is clocked out on the rising edges
of RCLK and RCLKN. RO is the first bit received on RX+/RX-.

45-43, 41-
38,36-34
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o
INPUT - TTL =
19 EWRAP LOW for Normal Operation. When HIGH, an internal loopback path from the ’:(%
transmitter to the receiver is enabled and the TX outputs are held HIGH. g
INPUTS - Differential PECL (AC Coupling recommended)
54,52 RX+,RX- | The serial receive data inputs selected when EWRAP is LOW. Internally biased tot
VDD/2, with 3.3KQ resistors from each input pin to VDD and GND.
RCLK OUTPUT - Complementary TTL
31,30 RCLKI:I Recovered clocks derived from one twentieth of the RX+/- data stream. Each rising
transition of RCLK or RCLKN corresponds to a new word on R0:9.
INPUT - TTL
24 EN_CDET | Enables COMDET and word resynchronization when HIGH. When LOW, keeps
current word alignment and disables COMDET.
OUTPUT - TTL
4 COMDET This output goes HIGH for half of an RCLK period to indicate that R0:9 contains a
Comma Character (‘0011111XXX’). COMDET will go HIGH only during a cycle
when RCLKN is rising. COMDET is enabled by EN_CDET being HIGH.
18,20,23 TTS:?% INPUT
o TEST3 These signals are used for factory test. For normal operation, tie to VDD.
OUTPUT
2 TEST.A This signal is used for factory test. For normal operation, leave open.
57 VDDANA Analog Power Supply
58 VSSANA Analog Ground
5,10, 28, .. .
50, 55, 59 VDDD Digital Logic Power Supply
1,14, 15,
21,25,51, VSSD Digital Logic Ground
56
29,37,42 VDDT TTL Output Power Supply
32,33,46 VSST TTL Output Ground
53, 60, 63 VDDP PECL I/O Power Supply
16,17,27, . . .
48.49 64 N/C No Connection. These pins are not internally connected.
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Thermal Considerations

The VSC7135 is packaged in a 14 mm conventional PQFP with an internal heat spreader. This package use
an industry-standard EIAJ footprint, but have been enhanced to improve thermal dissipation. The construction
of the packages are as shown in Figure 12.

Figure 12: Package Cross Section - 14 mm package

Plastic Molding Compound Copper Heat Spreader

Lead Bond Wire Die
Table 5: Thermal Resistance

ej Thermal resistance from junction to case 17 °CcIwW

eca Them resistance from case to ambient in still air including 40 oW
conduction through the leads.

eca_loo Thermal resistance from case to ambient with 100 LEM airflow 34 °CIW

eca_zoo Thermal resistance from case to ambient with200 LEM airflow .31 °CIW

Gca_400 Thermal resistance from case to ambient with 400 LFM airflow 27 °CIW

eca-600 Thermal resistance from case to ambient with 600 LFM airflow 24.5 °cw

The VSC7135 is designed to operate with a junction temperature up to 110°C. The user must guarantee
that the temperature specification is not violated. With the Thermal Resistances shown above, the 14x14 PQFP
can operate in still air ambient temperatures of 59°C [59°C=110°C-0.9W*(17°C/W+40°C/W) ]. If the ambient
air temperature exceeds these limits then some form of cooling through a heatsink or an increase in airflow must
be provided.
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Package Information: 64-pin PQFP

[ F >
W G
- 7y Item 14 Tol
mm
A A 2.45 MAX
D 2.00 +0.10
E 0.35 +.05
1y | | F 17.20 +.25
[ -
| FI3 | 1 H G 14.00 +.10
[ =]
] T
o == H | 1720 +.25
| =] I 14.00 +.10
[ )
] =] n TBD TBD
16 I
33 4 J 0.80 +.15
WGRRRR x| om | wase
I A
32

17
10°TYP

STANDOFF
l—0.25 MAX.
" [ - ot
017 MAX. | MR o SRR
0.25 | E
J

NOTES:

Drawing not to scale.

All units in mm unless otherwise noted.
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Ordering Information

The part number for this product is formed by a combination of the device number and the package style:
VSC7135xx

Device Type:
VSC7135: 1.25 Gbps Transceier

Package Style (64-pin)
QN: 14x14mm PQFP

Revision History
Rev. 1.1: Changed Frequency Range to 118-127 MHz

Notice

This document contains information on products that are in the preproduction phase of development. The
information contained in this document is based on test results and initial product characterization.
Characteristic data and other specifications are subject to change without notice. Therefore, the reader is
cautioned to confirm that this datasheet is current prior to placing orders.

Warning
Vitesse Semiconductor Corporation’s product are not intended for use in life support appliances, devices or systems.
Use of a Vitesse product in such applications without the written consent is prohibited.
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Features
* Integrated Daughter Card Implementing * System Serial I/O Supported g
1.0625 Gb/s Physical Layer for Transmission + 80 Pin Samtec Connector for 20-bit TTL g
Over Copper Cable System Interface g
* ANSIX3T11 Compliant + DB9 Connector for Differential Serial Trans-
* Interchangeable with Boards Designed Using mission over 150 Ohm, Duplex Cable.
FCSI Gigabaud Link Module Specification « Parallel and Serial ID Supported
* Duplex (TX and RX) Connection * 5V Power Supply
Copper GLM Module

General Description

The VSC7181 is a daughter card “module” fitting the form factor and functionality of the Fibre Channel
Systems Initiative’s (FCSI) Gigabaud Link Module (GLM) specification operating at full serial data rate of
1.0625 Gb/s over a balanced, twinaxial cable. This product is an extension of the FCSI-301-Rev 1.0 Gigabaud
Link Module Specification in that the GLM Rev 1.0 specification only addresses a fiber optic media and this
product implements operation over a copper media. Because of this, this product is often generically referred to
as a “copper GLM” and abbreviated as CaGLM.

The VSC7181 implements the entire Fibre Channel FC-0 and part of the FC-1 protocol layers for a duplex
data link. It accepts a 20-bit parallel data interface; serializes it; and differentially transmits the serialized data
over duplex, copper cable on the transmitter side. The VSC7181 receives the serialized data, deserializes it,
recovers a clock, and provides 20-bit data and clock back to the system. Please refer to Figure 1 for a functional
block diagram.
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The VSC7181 uses an 80 pin Samtec connector (MOLC-120-01-F-Q) consisting of 4 rows of 20 pins on a
0.050” x 0.050” grid for the parallel data interface. The VSC7181 uses a DB-9 connector for the serial data
interface. Signal placement conforms to the GLM specification on the 80 pin side and to the ANSI X3T11 FC-
PH document for the DB-9 side. Refer to the mechanical and electrical sections for detailed information.

Figure 1: Functional Block Diagram

EN_CDET
EWRAP
PAR_ID 4— &
ID Generator
SER_ID — —
LCK_REF# f
TBC Transmit
Clock
20X
SI '|
v
. -~ —»  1X
T00:19 ’ Parallel to Serial !
S O —
TSELEXT
Data
L_UNUSE « Detect
A
d d
COMDET 4 Serial to Parallel | <
" and Byte Alignment < MUX
RO019 . |\4_____ RX
RBC <«
L—P Receive |
Clock
Generator
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Functional Description

The functional block diagram for VSC7181 is shown in Figure 1. The VSC7181 is a full duplex link. The
VSC7181 contains all the high frequency circuits to serialize and transmit and to receive and deserialize data at
a 1.0625 Gigabaud rate. The system provides 20-bit data (T19:00) and a 53.125 MHz clock (TBC) for transmis-
sion to the VSC7181 and the VSC7181 will provide received 20-bit data and a recovered 53.125MHz clock
back to the system. The VSC7181 contains PLL circuits for multiplying the 53.125MHz clock to clock out data
at the serial baud rate with low jitter and PLL circuits to reliably receive the serial data and return a half-word
clock. The system timing characteristics are described in the Electrical Interface section.

All of the system interface signals (left side signals) are industry standard TTL levels except for the SI and
SO signals which are AC-coupled, differential PECL levels. The Gb/s serial transmit and receive signals are
AC-coupled, differential levels. The serializer/deserializer chips used in the VSC7181 are Vitesse’s VSC7115
and VSC7116 chips respectively.

The VSC7181 accepts 20-bit, 8B/10B or similarly encoded data. The 20-bit interface is two encoded bytes
of 10-bits each. For Fibre Channel applications, the bits must correspond to the Fibre Channel bit mapping
shown in Figure 2. Fibre Channel maps 32-bit words to a serial transmission and uses a special control charac-
ter, K28.5, for synchronization and for recognition of special transmission words for link management. As the
VSC7181 uses a 20-bit or half-word interface, the position of the K28.5 character in the half-word is important.
The position of the K28.5 character must be in pins T09:00 as prescribed in Figure 2.

)
&
g
o
=

Figure 2: Fibre Channel Bit Mapping

S Fibre Ct | Word -
Byte 0 Byte 1 Byte 2 Byte 3
31] 30] 29[ 28[ 27 26] 25] 24] 23] 22[ 21] 20 19] 18] 17[ 16] 15] 14] 13] 12]11]10] 9] 8| 7] 6] 5] 4] 3[ 2] 1] 0

[ [

fHG F EDC B A:H G F EDC B A FC-1Unencoded Bit Notation

:(1 o 1)1 11 0 oy 0o0)(1 01 0 1): Example Data

, 5 Kas8. : 4 D21. | FC-1 Transmission Character Name

: T09 - TOO : T19-T10 : VSC7181 Transmit Data Signal Names

I jhgf iedcba ,  jhgf iedcba I 8BMOB Encoded Bit Notation
0101+117100+ 0010-0107101+  Example Encoded Data + Disparity Calculation

v
[s[Te[7[1e[15[ 13 13[12]11]10] S| 8] 7] 6] 5] 4] 3] 2] 1] 0] Bit Transmission Order

0o o110 010101017011 11100

1

Last Bit Sent First Bit Sent
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The 20-bit parallel data is serialized and transmitted differentially through the TX+/TX- signals in the bit
order shown in Figure 2: “Fibre Channel Bit Mapping” and the incoming serial data is received differentially on
the RX+/RX- signal. On the receive end, the VSC7181 will recognize the “comma” character for bit synchroni-
zation. The comma character is bits “abcdeif” of the Fibre Channel sync character (K28.5). In a Fibre Channel
compliant system, the K28.5 is always expected to have a negative beginning disparity as all Fibre Channel
ordered sets end in negative disparity. Hence bits “abcdeif” with negative beginning disparity is “0011111” and
the VSC7181 will byte align based on the reception of “0011111” in the bit location corresponding to R00:06.
The first time the VSC7181 receives and recognizes a comma, it will align, but the data is not guaranteed to be
uncorrupted. Fibre Channel and the VSC7181 expects to receive three commas appropriately placed before
guaranteeing good data. Appropriately placed means no more than one comma per half word. Fibre Channel
defines transmitting one comma per each 40-bit, ordered set.

Upon the detection of a comma, the VSC7181 will assert the COM DET signal HIGH and if data was mis-
aligned, the VSC7181 will stretch the recovered clock (-RBC). By stretching the recovered clock, the VSC7181
does not burden the system with a temporarily higher than expected baud rate clock frequency. Additionally, the
VSC7181 will not exceed 1.5% of the expected baud frequency even if no data exists on the RX inputs or if a
high frequency noise greater than the 20X the REFCLK frequency is present on the RX inputs. If no data is
present on the RX inputs, the VSC7181 will issue a indicate link failure by asserting the L_UNUSE signal
HIGH. Upon re-connection of good serial data onto the RX inputs, the VSC7181 will lock to the serial data
stream within 2500 bit cycles without requiring any additional time to lock to the reference clock. The lock to
reference timing is not necessary for synchronizing the PLL on the VSC7181.

The VSC7181 supports the parallel ID and strobed ID defined in the FCSI GLM specification. The
PAR_ID(1:0) is set to a 11B value with pullup resistors to VCC. This signifies 1 Gbit/sec operation. A shift reg-
ister is used to implement the strobed ID. Serial ID data is loaded into the shift register when EN_CDET is
clocked while LCK_REF is asserted LOW. Once loaded LCK_REF is asserted HIGH and EN_CDET is used to
strobe the contents of the ID register out. The values assigned to each bits are as shown in Figure 3.

Figure 3: Strobed ID Definition

EN_CDET | A: LOW 50 meters maximum
LoK REF# LC’ADV B: LOW Unit = Meters
- Voo —d ser C:LOW No OFC
—1 A D: HIGH 1 Gbit/sec
—— B .
— [C) Q — STROB_ID E: HIGH 1 Gbit/sec
E F: HIGH 20-bit data
F .
WA G:LOW Copper
H H: HIGH GLM Compliant

== 74HCT166 H: First data bit transmitted
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Several signals impact the routing of data from the parallel inputs or serial inputs to the primary serial out-
put (TX) and the loopback test mode. These signals are EWRAP, TSELEXT, and LRCPBE#. EWRAP is used to
select normal operation mode (LOW) from loopback mode (HIGH). TSELEXT is used to control the routing of
the system serial I/O (SI) to the primary output (TX) (LOW) or to the system serial output (SO) (HIGH).
LRCPBE# is used in conjunction with an FC-AL Hub, so that the host can cause the remote hub to bypass this
port and the host can still monitor the previous port through the RX input for PBE or PBD ordered sets. The
behavior of these signals are shown in Table 1.

Table 1: Signal Routing Control Behavior

00
Low Low Static T(00:19) RX Normal Host Mode
Low High Static T(00:19) X Loopback Mode
High Low T(00:19) SI RX
High High T(00:19) Static SI
X Low SI Static RX FC-AL Monitoring

Physical Description

The VSC7181 is completely form compatible with the FCSI GLM document for the system side and is
form compatible with the bracket opening without shorting bar on the external faceplate with a few exceptions.
An 1/O card can be designed to be interchangeable with fiber optic GLMs by making the faceplate opening
0.5mm wider than specified in the GLM document. The overall mechanical outline and connectors of the
'VSC7181 is shown in Figure 5. The bracket opening details are shown in Figure 4.

The VSC7181 serial connector is a custom version of a 9 pin shielded D connector for edge mounting on
the daughter card. This connector is the female connector with pin assignments compatible with the X3T11 STP
connector described in section 7.3.3 of FC-PH Rev 4.3 and shown in Figure 4. The DB-9 connector is a widely
used connector. To minimize user confusion, the male DB-9 connector on the VSC7181 has all non-functional
holes plugged. The cable assemblies will then be only populated with the four signals required by FC-PH.

Figure 4: Bracket Opening

RX+ RX-  TX- TX+

12.25 + 0.1

I‘——ZQ.S +0.1 —4

Jackscrew Holes
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Figure 5: Mechanical Drawing
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The VSC7181 will support a variety of bracket types (microchannel, ISA, etc.) by accommodating a range
of DB-9 protrusions. At a minimum the DB-9 must protrude 2.0mm distance from the faceplate and at a maxi-
mum the DB-9 can protrude 6.0mm distance from the bracket faceplate. The DB-9 block design was engineered
for galvanic compatibility with common faceplate materials and provides electrical contact to the chassis on the
top and bottom to suppress EMI emissions.

The alignment pegs for the VSC7181 that mounts the VSC7181 to the PC board will support back to back
mounting of the VSC7181’s on a board. The pegs are staggered such that they will not prohibit back to back
usage.

The VSC7181 uses a small profile, 80 pin shrouded connector from Samtec. General details on the Samtec
connector used for the parallel interface is shown in Figure 6. The VSC7181 uses the male, through-hole mount
connector with locking clips. The VSC7181 uses P/N MOLC-120-01-PQ-LC. The user must procure a female
connector to mate with the VSC7181. Samtec offers various options for the connector. Detail information on the
connector should be procured directly from Samtec at 1-800-SAMTEC-9.
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Figure 6: Parallel Interface Connector General Mechanical
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The system connector pin outis shown in Table 2. The VSC7181 uses a pinout that is a superset of the one
described in the FCSI GLM specification. The VSC7181 adds support for an arbitrated loop hub by using a
GLM reserved input pin for a LRCPBE signal. The signal differences are noted in bold, italic font in Table 2.
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Table 2: Connector Pin Definition

A01 SO+ BO1 SO- Co1 GND Do1 SI+
A02 GND B02 GND Co2 GND D02 SI-
A03 +5V BO3 T10 Co3 TOO Do3 +5V
A04 | T12 Bo4 T11 Co4 T02 D04 TO1
A05 T14 BOS T13 Co5 TO4 DO05 TO3
A06 T16 B06 T15 C06 - TO6 Do6 TOS
A07 T18 BO7 T17 Cco7 TO8 Do7 T07
A08 GND BO8 T19 Co8 TO9 D08 GND
A09 STROB_ID B09 GND C09 GND D09 +5V
A10 +5V B10 L-UNUSE C10 FAULT D10 TBC
All PAR_ID1 B11 RSV C11 TX_SI Di1 PAR_IDO
Al12 RBCO B12 EWRAP C12 COM_DET D12 +5V
Al13 +5V B13 GND C13 LRCPBE D13 N/C
Al4 GND B14 - R10 C14 ROO D14 GND
Al5 R12 B15 R11 C15 RO2 D15 RO1
Alée R14 B16 R13 C16 RO4 D16 RO3
Al17 R16 B17 R15 C17 RO6 D17 RO5
Al18 R18 B18 R17 C18 RO8 D18 RO7
Al19 +5V B19 R19 C19 RO9 D19 +5V
A20 EN_CDET B20 GND C20 GND D20 LCKREF#
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Electrical Interface

The AC timing and signal DC characteristics are shown in this section. The system must provide data and
TBC meeting the setup and hold time shown in the Transmit Timing figures and tables. The VSC7181 will pro-
vide RBC meeting the data valid window shown in the Receive Timing figures and tables.
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Figure 7: Transmit Timing Waveforms
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Table 3: Transmit Timing
 Parameter. Descriptio

T, Data setup w.r.t. TBC rising edge 2.0 — ns or valid LOW (0.8V) level to TBC
midpoint.
.. Measured from TBC midpoint to a valid
Ts Data hold w.r.t. TBCrising edge 33 1 = | ™ | HIGH @2.0V) or valid LOW (0.8V) level.

Table 4: TBC Timing Characteristics

P tia
To TBC min clock pulsewidth HIGH 6.0 — ns Measured 2.0V to 2.0V
T, TBC min clock period LOW 6.0 — ns Measured 0.8V to 0.8V
TrerTrer | TRC Rise and Fall Time 1.0 32 ns | 0.8Vt02.0V
TBC Frequency of the two oscillators in a
FT TBC Frequency Tolerance 4200 | ppm link must meet this tolerance.

Tpe TBC Duty Cycle 35 65 % Refer to GLM Duty Cycle Calculation
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Figure 8: Receive Timing Waveforms

18.58 ns min both threshold:
(while in frequency lock)

| TruiGH

RO0:19

Table 5: Receive Timing

. . Measured from -RBC midpoint to a valid
T Data valid setup prior to -RBC fall | 2.50 — ns HIGH (2.0V) or valid LOW (0.8V).
. Measured from -RBC midpoint to a valid
T, Data valid hold after -RBC fall 6.0 — ns HIGH(2.0V) or valid LOW (0.8V)
T -RBC Period when in frequency 18.83 ns
P lock
Tootp -RBC Period when out of lock 18.40 ns
-RBC Duty Cycle when in
Troc | frequency lock 40 60 %
. Measured from Valid HIGH to Valid
TruIGH -RBC Min Clock Pulse HIGH 7.0 ns HIGH (2.0V)
. Measured from Valid LOW to Valid
TrLow -RBC Min Clock Pulse LOW 6.7 ns LOW (0.8V)
. . 0.6V to 2.2V, tested on a sample basis,
TrerTrer | -RBCrise and fall time 1.0 | 32 " | onkload P
. . 0.6V to 2.2V, tested on a sample basis,
Tpr.TpE Data output rise and fall time — 4.0 ns 10pF load
Data acquisition lock time @ .
Trock 1.0625Gb/s — 2.4 us 8B/10B IDLE pattern sample basis
Input Jitter | Input data eye opening allocation 30% _ bit As specified in Fibre Channel FC-PH
Tolerance atreceiver input for BER < 1E-12 time | standard eye diagram jitter mask.
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TTL OUTPUTS
Host Card Model

—|: 60 - 90 Ohm

150 - 190 ps/in
— <4in

4pF +20%

Note: All output timing measurements
made with 10pF load.

Table 6: DC Characteristics (Over recommended operating conditions).

Figure 9: Interface Equivalent Circuit for TTL I/O’s

TTLINPUTS
VSCT7181 Model

75 Ohm : [

150 - 190 psfin '_T_‘
<2in —

VIH-TTL TTL Valid Input HIGH voltage v Ig<66mA@V=55V
Vi TTL Valid Input LOW voltage v —
VOH-'ITL TTL Oﬂ‘pﬂt HIGH Voltagc A\ IOH = 0.5mA
VoL-11L TTL Output LOW Voltage —_ —_ 0.6 \4 Ior,=-1.0mA
iy Input HIGH current (TTL) — —_— 50 HA ViN=24V
I]L-TIL Iﬂpllt LOW current (T TL) -500 —_ -50 HA VIN =05V
Ip Power Supply Current — 0.80 0.95 A Outputs open, Ve = Voo max
Pp Power Dissipation — 4.5 52 w Outputs open, Ve = Ve max
Serial data differential peak-to- AC Coupled
AViy peak input swing SI+/- & RX+/- 3001 — | 3200 ) mVPP | piermally biased at Vip/2
TX+/- differential peak-to-peak )
AVourtx output voltage swing 1200 — 3200 | mVpp | 75QtoVpp—-2.0V
SO+/- differential peak-to-peak
AVouTtso output voltage swing 1200 — 3200 mVp-p | 50QtoVpp-2.0V

Note:1 Applies to R00:19 only.
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Absolute Maximum Ratings ()

Power Supply Voltage, (+5V) -0.5V to +7.0V
DC Input Voltage, (VinT) -0.5V to 5.5V
DC Voltage Applied to Outputs for High Output State, (V) -0.5V to Vpp + 0.5V
TTL Output Current (Igyr), (DC, Output High) 50mA
PECL Output Current, (Ioyr), (DC, Output High) -50mA
Case Temperature Under Bias, (T¢) -55° to +125°C
Storage Temperature, (Tgtg) -65° to + 150°C
Maximum Input ESD 1500V

Recommended Operating Conditions®

Power Supply Voltage, (Vpp)...... 5V+/-10%
Ambient Operating Temperature Range, (T) (3) 0°C to +110°C
Notes:

1)  CAUTION: Stresses listed under “Absolute Maximum Ratings” may be applied to devices one at a time without causing per-
manent damage. Functionality at or above the values listed is not implied. Exposure to these values for extended periods may
affect device reliability.

2)  Vitesse guarantees the functional and parametric operation of the part under “Recommended Operating Conditions: except
where specifically noted in the AC and DC Parametric Tables

3)  Lower limit is ambient temperature. Upper limit is case temperature on the VSC7115 and/or VSC7116.
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Table 7: Input Pin Description

 Description.

C04, D05,
C05, D06,
C06, D07,
C07, C08,
BO03, B04,
A04, BOS,
A05, BO6,
A06, BO7,
A07,B08

T00:19

Parallel data on the T00:19 bus is clocked in on the rising edge of TBC. Bit T00
corresponding to 8b/10b bit a. TOO is the first character transmitted. The bit ordering with
respect to 8B/10B code is shown below.

T00:09 - First Data Byte 00)01[02]03]|04]|05]|06|07)08](09
8B/10B code character bit a|lblec|d]e|lifffg|h}ij
T10:19 - Second Data Byte 10|11 ]|12(13(14}15]|16]17|18]19
8B/10B code character bit alb|le|d]|eli|f|lg|n]|i

D10

TBC

INPUT - TTL

Transmit Byte Clock. This is the 53.125 MHz reference clock provided by the system. The
rising edge of TBC is used to clock in the 20-bit parallel data and provides a reference
clock for clock recovery on the receive side.

B12

EWRAP

INPUT - TTL

Enable Wrap/Enable Strobe ID. Applying a HIGH level to this pin will route serial data
output to the deserializer port of the VSC7181 by enabling the TLX outputs of the
VSC7115 and enabling the RLX inputs of the VSC7116. This connection is internal to the
daughter card. When a LOW level is applied, wrap mode is off, and the serial data is sent
out the TX pins and received by the RX pins.

C11

TSELEXT

INPUT - TTL

Transmit SI. This signal determines the source of the TX data and the routing of the SI
data. When LOW, TX will output the serialized data from T00:19 and SO will be static.
‘When HIGH will output the 1.0625 Gbit/s serial data on the SIpins. and SO will output the
serialized data on T00:19.

C13

LRCPBE#

INPUT - TTL

Loop Redundancy Circuit Port Bypass Enable. This will disable the TX outputs to a static
level when LOW. A 1K pullup is applied to this signal so that if a user does not drive this
signal, the TX outputs are enabled.

D20

LCK_REF#

INPUT - TTL
Lock to Reference. The receiver in the CaGLM does not require time spent in locking to
reference. LCK_REF is used only to load data into the STRO_ID shift register.

A20

EN_CDET

INPUT - TTL

ENable Comma DETect. This signal provides control over the byte alignment function of
the VSC7181. When LOW, the comma detect and resynchronization circuit is disabled.
‘When HIGH, the VSC7181 will synchronize based on the detection of a comma character.
‘When the link is not operational, EN_CDET is also used to clock data out of the
STROB_ID shift register.

DB9 -5
DB9 -9

RX+
RX-

INPUT - High Speed, Differential, AC-coupled
Receives the 1.0625 Gbit/.s encoded, serial data from the twinax cable. This input is active
based on the state of the EWRAP signal.

DO1, D02

SI+
SI-

INPUT - AC Coupled, High Speed, Differential

Receives the 1.0625 Gbit/s serial data from the system. SIinput is transmitted out to SO or
TX or deserialized and output on the R00:19 signals based on the state of TX_SIand
EWRAP signals.
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Table 8: Output Pin Description

OUTPUT - TTL
Parallel receive data on the R00:19 bus for the encode logic in the host system. R00:09 and
C14, D15, R10:19 data outputs are staggered by 4.7ns (5 bit times) to minimize TTL switching noise
C15, D16, on the daughter card. When synchronized, the bit ordering with respect to 8B/10B code is
C16, D17, shown below.
C17, D18,
g } i g} ? R00:19 RO00:09 - First Data Byte 00|01 (02]03}|04]|05|06]|07]08]|09
A15: 3161 8B/10B code character bit a|lblc|d|le|i|f|g]|n]j
Al16, B17, R10:19 - Second Data Byte 1011 12|13} 14|15{16| 17| 18|19
Al7, B18, 8B/10B code character bit a|lblec|d]e|ifjf|lg]h]|ij
A18,B19
OUTPUT - TTL
Recovered Byte Clock. This is the 53.125 MHz recovered byte clock provided by the
AL2 RBCO 'VSC7181. The data valid window is referenced to the falling edge of RBCO. When
resyncing, RBC will be stretched only so no clock slivering will occur. When no data is
present at the input or when high frequency noise is present on the input, RBC will remain
within 1.5% of the expected baud rate.
OUTPUT - TTL
c12 COM DET If EN_CDET is HIGH, this signal will be asserted HIGH when a positive comma
- (0011111) is detected. The K28.5 or other special character containing a comma will
appear at R00:09 on the same cycle as EN_CDET is driven HIGH.
OUTPUT - TTL
B10 L_UNUSE | This signal indicates to the host system, that no incoming serial data is detected when
HIGH.
. Static - Pullup
D11, A1l PAR_ID[0:1] | Parallel ID. Pullup resistors are tied to these pins to indicate to the host system that a
1.0625 Gbit/s GLM is attached.
OUTPUT - TTL
A09 STROB_ID | STROBEID. This is the output for the 8-bit serial ID register on the VSC7181. Data is
strobed out using EN_CDET as the shift register clock.
OUTPUT - Resistor Pulldown
C10 FAULT Not used in the VSC7181. A 1K pulldown is attached to this pin, so it is always LOW. This
signal is intended for laser safety which is irrelevant for a VSC7181.
OUTPUT - High Speed, Differential - 75 Ohm
DB9-1 TX+ Differential serial outputs driving the twinax cable with serialized T00:19 data or SI data.
DB9-6 TX- These are outputs are at 75 chm impedance to ground and 150 ohm differential impedance.
‘When in a static state, TX+is LOW and TX- is HIGH corresponding to a logic LOW level.
OUTPUT - High Speed, Differential - 50 Ohm
A01 SO+ Differential serial outputs to the host system. TX_SI determines whether serialized T00:19 data is
BO1 SO- routed to SO or SO is held to a static level. When held to a static level, SO will output a logical LOW
which is SO+ LOW and SO- is HIGH.
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Ordering Information
VSC71XX -YY

Device Type I—— Device Option

VSC7181 - 1.0625 Gbit/sec CUGLM 5 - 5V Supply

wooeie(]

Notice

This document contains information about a product during its preproduction phase of development. The information
contained in this document is based on test results and initial product characterization. Characteristic data and other
specifications are subject to change without notice. Therefore the reader is cautioned to confirm that this datasheet is

current prior to placing orders.

Warning
Vitesse Semiconductor Corporation’s product are not intended for use in life support appliances, devices or systems.

Use of a Vitesse product in such applications without the written consent is prohibited.
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Product Preview

1.0625 Gbit/sec Fibre Channel
CuGLM Evaluation Kit

Contents
* Two (2) VSC7181 CuGLM

* One (1) 5Sm Gore Fibre Channel Duplex Cable
Assembly with DB-9 Connector

+ Optional 24m Cable Available
* One (1) Female Loopback Adaptor
* One (1) Male Loopback Adaptor

e Fibre Channel: Connection to the Future
Book by FCA

» Vitesse and Gore Fibre Channel
Products Documentation

General Description

CuGLM Evaluation Kit

Benefits
» FCSI GLM Interchangeability with Optics
* ANSI Compliance

* Robust and Integral EMI Connection
to the Chassis

* Embedded Equalization in Cable Assembly
* Low Cost

» Compatible with Lower-cost, Non-GLM,
DB-9 Implementations

» Compatible with Resilient FC-AL Logical
Loop - Physical Star Implementation

This kit contains a complete ANSI FC-PH compliant link solution for transporting data at 1.0625 Gbit/sec
rate over an electrical media and is made available through the cooperative efforts of Vitesse Semiconductor and
W.L. Gore and Associates, Inc. This solution is based on the DB-9 connector transported over an wide-band-
width, full -duplex cable assembly in the configuration defined in the ANSI FC-PH 4.3 section 7.3.3. document.
Additionally, this solution is an extension of and is compatible with the Fibre Channel System Initiative’s
(FCSI) Gigabaud Link Module (GLM) specification for optical daughter cards.
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1.0625 Gbit/sec Fibre Channel Product Preview
CuGLM Evaluation Kit

This kit consists of two copper-based GLM daughter cards hereafter referred to as CuGLM and a 5 meter
length of the Gore duplex cable assembly along with both female and male loopback plugs for testing. Addi-
tionally, documentation is included to provide information on how to use Vitesse and Gore solutions for low-
cost, high reliability, copper-based interconnection for Fibre Channel’s storage and clustered computing work
group applications as well as general Fibre Channel information. )

The basis of this solution is applying the robust characteristics of differential transmission to the already
robust 8B/10B encoding adopted by Fibre Channel to enable 30 - 50m transmission over copper cabling to pro-
vide lower than 10"12 bit error rate without EMI problems for 1.0625 gigabaud data transmission. Differential
data transmission has several advantages. The added cost for transformer coupling is not required. Differential
signaling provides for greater noise immunity with a smaller connector and cable diameter by taking advantage
of the inherent mutual coupling. Differential transmission provides a return current through the signal conduc-
tor, so very little current is sent over the shield easing the problems of EMI grounding.

The DB-9 connector solution was selected due to its low-cost, but good 360° shielding characteristics. The
ubiquitous DB-9 connector is seldom seen as a high frequency connector, but given differential transmission
and the DB-9’s 360° shielding, it actually performs extremely well while providing the additional benefits of fit-
ting a slightly larger faceplate opening used by optical GLM’s and of being a low-cost and mature connector
infrastructure. .

By merging the requirements of both the ANSI standards body and the industry FCSI group, this intercon-
nect solution provides the most versatile and complete solution for gigabaud data transport over a copper media.

Order Information

VSC7181EV - X

Product NamejI T— Option
'5: 5V Supply

VSC7181EV-LC

Product Nam:I _[ Option
LC: 24m Cable
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Preliminary Data Sheet 1 GByte/Sec SCI
Compliant Link Controller

Features
* Conforms to IEEE SCI Standards: IEEE * 64-Bit Bi-Directional GTL System Interface 9
Standard 1596-1992 )
¢ +3.3V and +2V Power Supplies Required 8
» Sends and Receives SCI Data in 2ns for =i
1GByte/s Data Rate * 4 Entry Send Queue, 8 Entry Receive Queue Buffers
« 18 Signal Parallel Link Interface * 269 Tape Ball Grid Array Package

(TBGA - 50 mil centers)
» High Speed Link Interface Conforms to Low Volt-

age Differential I/O Standard (IEEE P1596.3) « IEEE Std 1149.1 Test Access Port for Diagnostics

1.0 Introduction

The Scalable Coherent Interface (SCI) provides services similar to those commonly offered in a computer bus
architecture. In a multiprocessor environment, however, the scalability of a traditional bus is limited by physics; spe-
cifically, problems associated with tapped transmission lines, reflections and capacitive loading. To overcome these
problems SCI uses a collection of fast point-to-point unidirectional links instead of a physical bus.

A packet transfer protocol is used by SCI to implement various transactions on the high speed links. This
arrangement scales very well from a small number of nodes to a large number of nodes. And SCI has specified proto-
col and link management to guarantee deadlock free transmission ensuring forward progress on all nodes.

The VSC7201A SCI DataPump implements the link physical transport layer of SCI including guaranteed deliv-
ery and forward progress protocol.

VSC7201A - Block Diagram

72 Node Interface Bus (NIBus)

I
|
I
Response Request :
|
I

Receive Receive Send Send
Queue Queue Queue Queue

Elastic . Bypass
SCIIn Buffer Stip | o

18

SCI Out
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2.0 Terms and Conventions

For reference consult the following documents;

1) IEEE Std 1149.1-1990 IEEE Standard Test Access
Port And Boundary-Scan Architecture.

2) IEEE Std 1212-1991 IEEE Standard Control and
Status Register Architecture for Microcomputer
Buses.

3) IEEE Std 1596-1992 IEEE Standard for Scalable
Coherent Interface (SCI).

2.1 Bit and Byte Ordering

The addressable unit in SCI is the byte. SCI packets are constructed from 2-byte (doublet) symbols.

Bit zero is always the most significant bit of a symbol, byte zero is always the most significant byte of a
symbol, and the most significant doublet of the address always comes first. Bytes within a packet progress from
byte[0] to byte[N] with increasing time. This is big-endian packet notation.

Registers on the DataPump are defined as 4 bytes (quadlet) in size. Data transfers on the NIbus between the
DataPump and node interface logic are 8 bytes (octlet) in size. For address invariance, the mapping of bytes
within a packet to bytes within a quadlet or octlet is always the same, with byte[0] being the most significant.
On the NIBus this means that DATA[0] maps to bit[0] of byte[0] and DATA[63] maps to bit[7] of byte[7].
Within a register, byte[0] is the most significant and byte[3] is the least significant. This big-endian notation
implies that smaller address values are more significant than larger ones.

For the defined packets and registers, the sizes of all fields within the data unit (e.g. doublet, quadlet, octlet)
are specified; the bit position of each field is implied by the size of the fields to its right or left with the leftmost
bit position being 0, or most significant. This labelling convention is more compact than bit-position labels, and
avoids the question of whether O should be used to label the most or least-significant bit.

2.2 Numerical Values

Decimal, hexadecimal, and binary numbers are used within this specification. Decimal numbers are repre-
sented in their standard O, 1, 2, ... format. Hexadecimal numbers are represented by a string of one or more
hexadecimal (0-9, A-F) digits followed by the subscript 16. Binary numbers are represented by a string of one
or more binary (0,1) digits followed by the subscript 2. The character x or X is sometimes used as a character in
hexadecimal and binary formats and represents the “don’t care” value. Each x or X is one digit in size.
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3.0 Quick Signal Pin Reference

3.1 Node Interface Bus (NIBus) Signals

)
&
g
o
3

PDATA[0:63 () GTL 64 Data for packet transfer.

' Byte parity on PDATA. Good parity is odd. PPARITYO corresponds
PPARITY[0:7] I0 GTL 8 to PDATA [0:7]
NDPSEL In GTL 1 DataPump chip select.
PCMNDJ[0:2] In GTL 3 DataPump access command for queue and register reads and writes.
NNIACK In GTL 1 From no.de interface logic indicating successful access command
completion.

Transfer flow control from node interface logic. Assert equals ready

NNIRDY In GIL 1 to transfer. De-assert for wait.

NDPACK Out GTL 1 From DataPump indicating successful access command completion.
PRCVREQ Out GTL 1 Indicates Receive Request Queue has data.

PRCVRSP Out GTL 1 Indicates Receive Response Queue has data.

PSNDREQ Out GTL 1 Indicates Send Request Queue has space.

PSNDRSP Out GTL 1 Indicates Send Response Queue has space.

NINTRNI Out GTL 1 gro;es 'intcrface logic interrupt for asynchronous link events and
NERRNI Out GTL 1 Asserted low when a node interface bus error occurs.
PCLKSTB Out GTL 1 Indicates clockStrobe packet was output on the SCI link.
NRESET In GTL 1 Resets DataPump and SCI link.

NSYNCRQ In GTL 1 Request to send Sync packet.

NSCRUB In GTL 1 Selects DataPump as SCI link scrubber.

PPC[0,1] Out GTL 2 Performance counters outputs.

CLKNI In TTL 1 Input Clock for NIBus.

CLKHI, NCLKHI In Diff. GTL 2 Differential SCI clock input for multiplication to 500Mhz.

Divider value for CLKHI to produce internal SCI clock. See SCI

pC Y[0:1] In GTL 2 clock divide table in Section 5.1.17.

‘Works in conjunction with PCKHMPY[0:1] to determine internal
PCLK250 In TIL 1 .| clock rate. See SCI clock divide table in Section 5.1.17.
VGREF In ANALOG 1 GTL external reference input
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3.2 SCI Link Interface Signals

PSCISI, NSCISI In LVDS 2 SCI differential input strobe.
PSCIFIL,NSCIFI In LVDS 2 SCI differential input flag.
PSCIDI[0:15], . o
NSCIDI[0:15] In LVDS 32 SCI differential input data.
PSCISO, NSCISO Out LVDS 2 SCI differential output strobe.
PSCIFO, NSCIFO Out LVDS 2 SCI differential output flag.
PSCIDO[0:15], . .

NSCIDO[0:15] Out LVDS 32 SCI differential output data.

3.3 Test Access Port and Internal Scan Test Signals

In TTL 1 JTAG Test Access Port (TAP) Test Data In.
PTMS In TTL 1 TAP Test Mode Select
PTCK In TTL 1 TAP Test Clock.
PTDO Out TTL 1 TAP Test Data Out.
NTRST In TTL 1 TAP Test Reset.

CLKHI bypass select mux. When asserted CLKHI input will bypass

PCKHSEL | TIL U | hoPLL o drive tho intornal SCI elock directly. i P
PTSTMD In TTL 1 Not used. Always assert low.
PSTEP In TTL 1 Not used. Always assert low.
PSTOP In GTL 1 Not used. Always assert low.
puastpon | w | T | 2| DA e de PR
PDIV10OUT Out TTL 1 Internal 1GHz PLL clock divided by 10 test output.
IPNC In TTL 1 Factory test scan input. Tie to VCC.
OPNC Out TTL 1 Factory test scan output. Do not connect.
TE In TTL 1 Factory test enable. Tie to VCC.

Total Signal Pins = 181
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4.0 SCI Overview

The objective of the Scalable Coherent Interface (SCI) standard is to provide a high performance intercon-
nect system between processors and processor elements for tightly coupled, cache coherent data communica-
tion.

SCI utilizes point-to-point links and passes data packets to avoid the problems of bus design such as shared
resource bandwidth bottlenecks and design of multi-drop, high speed backplane transmission lines.

The DataPump chip provides high speed SCI links, sends and receives packets, and manages the data trans-
fer on the SCI physical layer.

v,
&
=2
=
)
Q
=i

4.1 SCI Node Model

A complete SCI node consists of high speed SCI input and output links, queues for receiving and sending
packets, a bypass FIFO for storage when the node is sending a packet, and upper level protocol management for
transaction handling. Figure 4.1 shows a block diagram of an SCI node.

Figure 4.1 : SCI Node Mode

To System
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Registers

TNIBus
DataPump Chip

Node Bus Interface

Support
Registers

Stripper

Link IN Link OUT
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The SCI function is broken into two distinct blocks. The physical link interface and queues for packets are
handled on the DataPump chip, also known as a link controller. The higher level protocol such as packet han-
dling, cache coherence, CSR (control and status register) register support, and interface to the system is handled
in node-specific interface logic.

Therefore, the DataPump chip takes care of getting data packets on and off the high speed SCI link and
transferring those packets to and from the node interface logic.

4.2 DataPump Block Description

The basic block diagram of the DataPump is shown in Figure 4.1. Data is received at the stripper block on
the link inputs.

The start of a data packet contains header information. The first 16-bit symbol in the header is the nodeld
address of the target node to receive the packet. The stripper block checks this targetld to see if the packet is for
this node. If so, the packet is stripped off the ringlet. If there is receive queue space available, the packet will be
stored for later unloading by the node controller. If there is no queue space available the received packet will be
discarded and a message will be sent to the sender to retry the packet again later.

The receive queue block is split into storage for two types of packets, requests and responses. There is room
for up to four packets of each type. Within receive request or response queues, slots are assigned on a first-in/
first-out basis.

If the packet is not intended for this node it is sent through the bypass FIFO. The bypass FIFO is required to
store a packet as it is received if the DataPump is sending data at the same time. The send queue can only begin
to transmit a packet if the bypass FIFO is empty. It is only allowed to transmit one packet at a time before it
must again check the bypass FIFO. Therefore, the storage size of the bypass FIFO must be large enough to
buffer the largest packet size which can be sent.

The send queue is also split into two types, requests and responses, of which there are two queue slots for
each type. The queue slots are loaded from the node interface logic and the slot loading order and transmission
order is based on packet age.

The DataPump also contains bus interface logic for communication with the node interface logic and on-
board registers for node control and status register (CSR) support. However, on-chip registers are only provided
to control the operation of the DataPump - full CSR support according to IEEE Std 1212-1991 must be provided
by the node interface logic.

4.3 Physical Layer Connection
The SCI physical layer connection consists of 18 differential input and output signals. The inputs consist of
16 data signals (PSCIDI[0:15]), a flag bit (PSCIFI) used to delimit packets, and a strobe signal (PSCISI) for
latching incoming data. The outputs consist of 16 data (PSCIDO[0:15]), a flag (PSCIFO), and strobe (PSCISO).
Each 16-bit data quantity transferred is called a symbol and is clocked on each rising and falling edge of the
strobe signal. The 16 data plus flag signals transition in phase every 2ns (250 MHz) giving an effective data
transfer rate of 1Gbyte/sec. Figure 4.2 illustrates these signals using single-ended notation.

Page 170 ®VITESSE Semiconductor Corporation G52141-0 Rev. 1.0



Preliminary Data Sheet 1 GByte/Sec SCI
Compliant Link Controller

Figure 4.2 : SCI Link Signals
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The received strobe PSCISI is used for latching data and flag, but is not used for generating the output
strobe PSCISO. The DataPump chip generates its own internal clock for clocking data through the high speed
data path and driving out PSCIDO[0:15], PSCISO, and PSCIFO.

The internally generated clock is not guaranteed to be in phase with nor at precisely the same frequency as
the incoming PSCISI. Therefore, all SCI link input signals are received on chip through the elastic buffer which
re-times the signals to the internal high speed clock and inserts or deletes symbols with a logic state machine to
account for small frequency differences between incoming symbols and the internal clock. The clocking bound-
aries and elastic buffer data re-timing function are shown in Figure 4.3.

Symbols called idle symbols are transmitted between data packets or if no packets are being sent. The elas-
tic buffer will only delete idle symbols, not symbols within a packet. Every packet must be followed by at least
one idle symbol. This guarantees that there will always be enough idle symbols received which can be deleted
in order to make up for the worst case clock frequency difference.

Figure 4.3 : Elastic Buffer Data Re-timing
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4.4 Packet Formats

SCI defines two groups of packet types; those packets involved in the logical protocol (send and echo pack-
ets), and other special link related packets.
The VSC7201A does not support any of the special init packets except for the SYNC packet.

4.4.1 Basic Send and Echo Packets

The packets involved in the logical protocol consist of four types; request-send, request-echo, response-
send, and response-echo.

Logical protocol transactions are initiated with a requester and completed by a responder. Each transaction
consists of two sub-actions; a request sub-action wherein command and possibly data are passed to the
responder and a response sub-action where completion status and possibly data are returned to the requester.

Each sub-action involves two packet transfers. One is a send packet initiated at the output link of a producer
node and the second is an echo packet returned by the consumer node and received on the input link of the pro-
ducer node. .

Hence, normal SCI transactions are usually four-way transactions initiated with a send-request packet from
a requester. The target of the request (the responder) sends an acknowledgment of receipt of the request packet
by returning a request-echo packet. When the responder is ready with the requested data, it sends a response-
send packet and the original requester acknowledges with a response-echo packet.

All packets are an integer multiple of four symbols in length. The DataPump supports all SCI packet types
except 256-byte block sizes. Therefore, the largest packet size is 96-bytes, or 48 16-bit symbols.

The DataPump also uses full 16-bit nodelds for targetld and sourceld decoding.

Figure 4.4 : Request Send Packet Format

targetld (SFFFO;¢)

command

sourcelD

control
addressOffset[00.15]
addressOffset[16.31]
addressOffset[32.47]
ext (0 or 16 bytes)

data
(0, 16, 32, 48 or 64 bytes)

cyclic-redundancy code (CRC)
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The basic request-send packet construction is shown in Figure 4.4. Bach block in Figure 4.4 comprises a
16-bit symbol value. The targetld is the 16-bit nodeld of the target node. Node ID values above FFFO,¢ are spe-
cial reserved values.

The command and control fields contain command and flow-control information. Some of the bits used for
flow-control are modified by the DataPump chip. See sections 4.6 and 4.7. The sourceld is the 16-bit node ID of
the sending node. The 48-bit address offset is interpreted by the responder.

A packet may also contain a 16-byte extended header. The presence of extended header is indicated by a bit
(com.eh) in the command field.

The CRC (cyclic redundancy code) symbol at the end of the packet allows for error checking the entire data
packet upon reception.

When transmitting a packet from the send queue, the DataPump forms the CRC and appends it to the end of
the packet. When receiving a packet into the receive queue, the DataPump forms the CRC as the packet is being
received and checks the generated value against this transmitted value to ensure data correctness.

Figure 4.5 : Request-Echo and Response-Echo Packet Format

targetld (<FFF04¢)

command

sourceld

cyclic-redundancy code (CRC)

The node interface logic external to the DataPump does not need to check or generate the CRC.

Echo packets are 4 symbols long containing the source and target IDs exchanged, a command symbol
which is a modified version of the send command, and the CRC.

The DataPump automatically generates all required echo packets as a result of received packets. The node
interface logic external to the DataPump cannot generate or receive echo packets.

The basic echo packet is shown in Figure 4.5.
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Figure 4.6 : Response-Send Packet Format

targetld (<FFF04¢)

command

sourceld

control

status
forwld
backId

ext (0 or 16 bytes)

data
(0, 16, 32, 48 or 64 bytes)

cyclic-redundancy code (CRC)

The basic response packet is shown in Figure 4.6. The response packet is similar to request packet except a
status symbol and two nodeld pointers called forwld and backId are returned. These are used in the cache coher-
ency scheme.

The DataPump does not, however, handle any upper level cache coherency protocol management. Response
packets are simply queued with a length of packet indicator.

The DataPump also manages data flow control information contained w1th1n packets and idle symbols.
‘When no packet is being received, 16-bit idle symbols are received. The DataPump stores and transmits these
idles, while checking and managing flow control information contained in the idle symbol. For more detailed
information about packet types and fields within packets, consult the IEEE Std 1596-1992.
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4.4.2 Command and Control Symbols
mat for these fields is defined in Figure 4.7. These fields are explained briefly in Table 4.1
Figure 4.7 : .Command and Control Symbols

send packet format:

l tgt Lcom src | contl I crc l

Yooy

send command symbol (com):

Imprl spr |phase| old | ech | eh I cmd I

2 2 2 1 1 1 7
send control symbol (cont):
I trc | todExp I todMant l tpr | tranld I
1 S 2 2 6
echo packet format:

|tgt Icoml src lcrc |

echo command symbol (com):
Impt l spr |phase Lold I ech | bsy| res |l.tanIdI
2 2 2 1 1 1 1 6

The DataPump uses certain bits in the command and control fields for transaction and flow control. The for-
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Table 4.1: Command and Control Bit Fields

com.mpr Maximum ringlet priority field. Passed but not used by DataPump.

com.spr Send priority. Passed but not used by DataPump.

com.phase Used by queue control on DataPump. See 4.7 Queue Allocation.

com.old Packet aging used by scrubber DataPump to remove old packets.

com.cch Indicates echo pa}cket; com.ech=0 for send, com.ech=1 for echo. Set by DataPump
during transmission.

com.ch Indicates use of extended header. If set to 1 a 16-byte extended header is present.

com.cmd Specifies transaction command.

com.bsy Used m echo packet to indicate no queue space available on target node. See 4.7 Queue
Allocation,

com.res In echo packet indicates request or response echo; com.res=0 for request, com.res=1
for response.

com.tranld Transaction Id set by requester in send-request packet. This tranId value is used in all

conttranld subaction packets related to the request.

cont.trc Trace bit. Passed but not used by DataPump.

cont.todExp Time-of-death; exponent. Passed by but not used by DataPump.

conttodMant Time-of-death; exponent. Passed by but not used by DataPump.

cont.tpr Transmit priority, set by node interface. Passed but not used by DataPump.

4.4.3 Idle Symbols

Idle symbols fill the spaces between packets. They contain bits associated with ringlet flow control which
the DataPump uses to manage the SCI link. Figure 4.8 shows the bit fields and Table 4.2 defines these fields.
The least significant byte is the complement of the most significant byte and is used for a simple parity check.

Figure 4.8 : Idle Symbol Fields

Idle Symbol:

error checking bits

[ 8 control bits

| ~(8 control bits) l

/

\

Iiptlaclcclhgllgloldlltl

2 1 1

1 1 1 1
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Table 4.2: Idle Symbol Field Descriptions

>,
o
ey
i Iy
idle.ipr Idle-priority used for ringlet priority; not used. Set to low. 8
idle.ac Allocation count, toggles when all nodes are enabled to transmit. B
idle.cc Circulation count, indicates when idle has circulated around ringlet.
idle.hg High go bit; not used. Set to low.
idle.lg Low go bit; see Section 4.6 Bandwidth Allocation.
idle.old Packet aging bit - used by scrubber to remove old packets from ringlet
idle.lt Low type priority class bit; not used. Set to low.

4.4.4 SYNC Packet and its Flag Encoding

The sync packet is used during initialization for synchronizing the link and can also be sent during normal
operation by asserting the NSYNCRQ pin. Although the VSC7201A doesn’t have autodeskewing on its input
pins, future versions may use the received SYNC packet for deskewing SCI inputs. The format for the SYNC
packet is shown in Figure 4.9. No other SCI defined special packets (e.g. ABORT, RESET, etc.) are supported or
needed by the VSC7201A. For further information on reset and initialization and the use of the SYNC packet,
see sections 4.10 DataPump Reset.

Figure 4.9 : SYNC Packet Format
Symbol Flag
0 1111111111111111 1
1 0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000°

o © o o o o o

2
3
4
5
6
7

SYNC Packet

4.4.5 Packet and Idle Alignment to SCI Strobe
For performance reasons the DataPump aligns all packet transmisions to start with the first symbol driven

when PSCISO (strobe out) is high. The DataPump also expects to receive packets aligned so that the first sym-
bol is received when PSCISI (strobe in) is high.

Therefore, the minimum number of idle symbols between packets will be 2 and idle deletion and insertion
will be done on idle pairs. Idle pairs are also aligned with strobe high followed by strobe low.
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4.5 Transaction Commands

The command in an SCI send packet identifies one of four main types of transactions. Those are response-
expected request, move request, event request, and response. The DataPump only decodes the transaction com-
mand to determine if it is greater or less than 124 indicating a response versus request packet, or if it is an
event00 (clockStrobe) command. '

Data payload size within a send packet is only checked for the SCI legal multiple of 8 symbols and for
excessive length. When the end of a send packet is received it is checked for length equal to a multiple of 8 sym-
bols and if not is rounded out to 8 symbols, then processed normally.

A send packet not targeted for this VSC7201A is not stripped and is only checked for size less than or equal
to 48 symbols. Packets of this length will be bypassed without error as long as they are a multiple of 8 symbols.

* Packets which are stripped by the DataPump are checked for length less than or equal to the maximum
queue buffer size of 48 symbols. As long as stripped packets are of this size and are a multiple of 8 symbols they
will be queued normally. ‘

The transaction types uniquely treated by the DataPump are summarized in Table 4.3. Packet sizes for these
commands are only checked as outlined above. For example, a nread256 command implies a data payload of
256-bytes but is not checked for that payload size by the DataPump and could in fact be only 64-bytes.

Table 4.3: DataPump Receive Packet Handling

response-expected requost strip if targeted node and DataPump only checks command value is less than 124
P F q generate echo; else bypass and not event00
r o strip if targeted node and DataPump only checks that command value is greater
F generate echo; else bypass than or equal to 124
directed move strip if targeted node and Command value not distinguished from response-
(dmovexx) generate echo; else bypass expected request
broadcast move not supported Command value not distinguished from response-
(rmovexx, Smovexx) expected request
clockStrobe strip and toss if targeted node; See Section 4.5.1 Event00 (clockStrobe) Transaction
(event00, time-of-day clock) else bypass
event16, event64 not supported Command value not distinguished from event00
. ) . stripped echo packet information is used to determine

echo packet :’lnp if targeted noder clse send packet status; see send packet handling in 4.7

ypass Queue Allocation

4.5.1 Event00 (clockStrobe) Transaction

The event00 transaction is supported by the DataPump as the (time-of-day) clockStrobe signal. If targeted
to a DataPump, the Event00 packet is accepted immediately and no echo is generated. If received and not tar-
geted to the DataPump, it bypasses the packet.

The DataPump which transmits an event00 targeted to itself from its send queue is called the clockStrobe
master. Datapumps which bypass the event00 are clockStrobe slaves. When the eventO0 packet is transmitted
from the send queue it is immediately removed from the queue. When the event00 packet completes its trip
around the ringlet and returns to the clockStrobe master, it is stripped and discarded.
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When an event00 packet is transmitted on the DataPump’s outputs, the clockStrobe pin PCLKSTB is
asserted to the node interface logic. PCLKSTB is deasserted when the event00 is received and stripped. The
node interface logic can use this signal to enable a timer to measure time around the ringlet.

When an event00 packet is bypassed through a DataPump the PCLKSTB signal is asserted for a duration of
approximately 48ns, then deasserted. The through time taken to bypass the packet is also measured by counting
SCI clock cycles in the DP_CLKTHRU register described in Section 4.8. Other event packets are treated like
event00 packets.

woorje(]

4.6 Bandwidth Allocation and the Low-go Bit

Since SCI nodes are connected in ringlets, multiple transactions may be transmitted concurrently. Since
there is no arbitration for access to the ringlet, certain bandwidth allocation protocols have been defined to guar-
antee bandwidth to all nodes.

Bandwidth allocation is managed by two mechanisms. These are; 1) transmission flow control through the
use of a token, or “go” bit, in idle symbols which determine when a node is allowed to transmit, and 2) priority
schemes using command.mpr, command.spr, control.tpr, and idle.ipr fields which allow unfair nodes to deter-
mine the priority for transmission of unsent packets.

The DataPump uses the idle.lg “low-go” bit for flow control but does not support any priority allocation
mechanisms. Since idles are always received in aligned pairs (see Section 4.4.5) the idle.lg bits in idle pairs are
essentially or’ed together.

A DataPump can only transmit a packet from its send queue when its bypass FIFO is empty and it can post-
pend the transmission packet to an idle pair with the low-go bit set. If no idles with low-go set are passed
through to the transmitter then the DataPump is disabled from sending packets from the send queue.

The low-go bit in outgoing idles is blocked (set to zero) whenever the DataPump’s bypass FIFO is not
empty. This prevents a downstream DataPump from transmitting and will eventually free up ringlet bandwidth
so the blocked DataPump can empty its bypass FIFO.

While the DataPump is blocking low-go, any idle received with low-go set will set the saved value of low-
go which will be transmitted in the first pair of idle symbols after the DataPump is no longer blocked (i.e.
bypass FIFO is emptied).

Finally, if a node is not blocked and an idle pair with low-go set is transmitted, the idle pair immediately
following will also have their low-gos set. These low-go extensions will prevent a complete loss of low-go bits
in a ringlet.

If all low-go bits in all idles are cleared (thus no one is allowed to transmit), the scrubber will detect this and
set an error condition.

4.6.1 Allocation Count and Circulation Count

Two flag bits in the idle symbols, idle.ac and idle.cc, keep track of when all producers have had the oppor-
tunity to transmit and when an idle symbol has circulated completely around the ringlet. These bits are con-
trolled by the scrubber.

Circulation count is passed by non-scrubber nodes and toggled by the scrubber. When a non-scrubber node
is transmitting idles, the value of idle.cc on output is set to the most recently received idle.cc value. In a scrub-
ber node, output idle.cc is the complement of the most recently received idle.cc value. Thus, idle.cc acts as a
token which takes roughly the latency of the ringlet to circulate.
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The allocation count bit, idle.ac, is similar to idle.cc except it is a token which indicates when all nodes
have had an opportunity to transmit. When the idle.ac bit toggles, a time interval has elapsed in which all nodes
have had the opportunity to transmit.

The idle.ac bit is passed by a node when its output is not blocked. When its output is blocked (i.e. transmit-
ting from its send queue or emptying bypass FIFO), it must output the idle.ac value saved from the last idle
received before transmission began. Therefore, idle.ac cannot change at the output of a blocked node. It can
only change after the node has recovered and is enabled for transmission. A non-scrubber node will pass the
value of idle.ac which was last received. The scrubber will output the complement of this value. The allocation
count and circulation count flags are used to detect error conditions or set time-outs as described in following
sections.

4.7 Queue Allocation

Bandwidth allocation protocols guarantee that all nodes get bandwidth to transmit packets. However, if the
queues on a consumer node become filled, then new send packets for this node are echoed with a “busy” status
and must be re-sent until queue space is available and they are accepted. Queue allocation protocol includes a
simple reservation scheme insuring all producer’s packets eventually get accepted by consumers.

This reservation mechanism is described in the SCI standard. There are four queue allocation states which
the ringlet may be in at any time. These are SERVE_NA, SERVE_A, SERVE_NB, and SERVE_B. Also, send
packets and busy echo packets contain a phase field which has values NOTRY, DOTRY, RETRY_A, and
RETRY_B.

The DataPump implements this A/B aging protocol. In states SERVE_NA or SERVE_NB, basically all
packets are accepted if queue space is available. If any packets are busied, the queue will transition to
SERVE_A or SERVE_B.

In SERVE_A and SERVE_B states, the DataPump will only accept packets with phase RETRY_A or
RETRY_B respectively. Exiting either SERVE_A or SERVE_B is handled by maintaining counters for phase A
and B which accumulate the number of busied packets for retry and decrementing the counter every time a
packet is accepted (the count is incremented every time a packet sent with DOTRY phase is returned busied of
type A or B). When the count is back to zero, the queue transitions back to SERVE_NA or SERVE_NB.

The busied counter is 4-bits. If the number of busied packets is less than 15 then the DataPump will exit
SERVE_A or SERVE_B when all busied packets have been accepted.

If the number of busied packets equals or exceeds 15, exiting SERVE_A or SERVE_B will be accom-
plished by a time-out on the allocation count counter. The allocation counter increments each time all nodes on
the ringlet have had the opportunity to transmit. If no more RETRY_A or RETRY_B packets have been
received within 4 allocation intervals, the queue times out and transitions to SERVE_NA or SERVE_NB.

A time-out on the allocation counter when the busied packet counter did not overflow is a ringlet state error
and is described in the error handling Section 4.9.

Separate state machines for request and response queues process packet reservations separately to avoid
deadlock situations.

For more detailed déscripﬁons of the A/B reservation scheme or the com.phase, com.bsy, or idle.ac fields
refer to the SCI standard, Section 3.7.

Queue selection protocol specifies that for a node with multiple request or response send queue entries only
one packet at a time may be sent with DOTRY phase for each queue type, request or response. Also, the pro-
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ducer should alternate transmission order between request and response so that both queues are serviced
equally. For more information on queue selection, see Section 5.3 Send Queue SCI Transmission Order.

4.8 Control and Status Support Registers

SCI follows the CSR (Control and Status Register) architecture as defined in IEEE Std 1212-1991. An SCI
node must have the defined registers and behavior as outlined in the standards.

The DataPump does not contain any CSRs but has configuration and status registers modeled after the CSR
standard to provide the functionality required to implement full CSR compliance on the node interface logic.

CSR registers are software visible to both the processor elements connected to a node and to remote nodes
through the SCI links. CSRs are address mapped into memory address space as defined by the 64-bit fixed
address model, which allocates the most significant 256Mbyte space to registers.

Remote access through SCI is provided by read and write request transactions to that address space. The
DataPump does not, however, decode requests to CSR address space. It simply queues request packets and
sends them up to the node interface logic. The node interface logic is responsible for servicing the CSR requests
(both local and remote).

The node interface logic must use the support registers on the DataPump to set state and values in the node
CSRs. For example, the DP_STATE register indicates the operational state of the DataPump. If the DataPump
has been reset from the SCI link, it will enter the “initializing” state reflected by the DP_STATE resetlinc bit.
The logical SCI node’s STATE CSR is then the combination of the DataPump state and the rest of the node
interface logic state.

The CSR support registers can also be accessed through the Test Access Port scan port. See 9.0 Test Access
Port for details.

These registers are initialized by toggling the NRESET pin. A complete description of chip reset is given in
Section 4.10 DataPump Reset. A summary of the CSR support registers on the DataPump is given in Table 4.6.

Table 4.6: DataPump CSR Support Registers

_ Descripti
The DP_STATE register contains the current status of the

DP_STATE 00046 DataPump. It also contains the chip revision number.
Contains nodeld value and distanceld value from reset
DP_NODEID 008 initialization.
Contains the time interval between arrival and departure of
DP_CLKTHRU 07044 the clockStrobe transaction.
Measured in 4ns increments.
DP_ERRLOG 184,¢ Contains error codes and diagnostic information.

300;4,304y¢, Provide read access to the send queue tranld and targetid

DP_SENDQ_TAG[3:0] 308,6,30C¢4 values for each packet in the queue.

PPCO output pin selection/configuration and mask/compare
values for performance counters.

DP_PC_CONFIG1 3286 PPC1 output pin selection/configuration.

DP_PC_CONFIGO 3204
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These registers are detailed in the following sections. Tables for each register indicate the register function-
ality and use the following code for access restrictions; RO - read only; RW - read or write value to 1 or 0; RC -
read or clear value on write. The clear function is NOT a bitwise clear. Just writing the CSR register with any
data value will clear the register if itis RC.

4.8.1 DP_STATE (Offset 000,5)

Table 4.7: DP_STATE Reglster

rev_num[0:3] 0:3 RO Hardwired chip revision number; 0001 for this chip.
reserved 4.7 - (Test usage only: timeadj[7:4])
stayran 8 RW Stay in running state if a fatal link error occurs when set.
reserved 9:11 - (Test usage only: timead;j[2:0])
insync[0:1] 12:13 RO ng;n; I:I)lfT t?me number of valid sync pakets received during initialization
not used 15:14 -
gotodead 16 RW When asserted forces DataPump to DEAD state.
not used 17 -
nup 18 RO ‘When true indicates SCI input strobe is running.
runlinc 19 RO ‘When asserted indicates DataPump is in the RUN state.
initlinc 20 RO ‘When asserted indicates DataPump is in the INIT state.
sngerr 21 RW Capture first fatal error only (single error; see Section 4.9.)
not used 22 -
sigrst 23 RW Used during initialization.
deadlinc 24 RO ‘When asserted indicates DataPump is in the DEAD state.
resetlinc 25 RO ‘When asserted indicates DataPump is in the RESET state.
inscrub 26 RO Indicates this DataPump is the scrubber when asserted.
notused 27:30 -
dreq 31 RW 2i];sealllal;t‘requests. DataPump will not accept packets from the NIBus
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4.8.2 DP_NODEID (Offset 008,4)

Table 4.8: DP_NODEID Register

Node ID value for this DataPump. Should be set before normal

nodeid[0:15] 0:15 RW operation.

not used 16:25 -

Count of SCI clock cycles elapsed while an event00 packet was
clkthru[0:5] 26:31 RO bypassed through a clockStrobe slave DataPump (see Section
5.1.11 on the PCLKSTB signal)

4.8.3 DP_CLKTHRU (Offset 070,5)

Table 4.9: DP_CLKTHRU Register

nodeid[0:15] 0:15 RO Node ID value for this DataPump, read-only.
not used 16:25 -
Count of SCI clock cycles elapsed while an event00 packet was bypassed
clkthru[0:5] 26:31 RO through a clockStrobe slave DataPump (see Section 5.1.11 on the
PCLKSTB signal)
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4.8.4 DP_ERRLOG (Offset 184,5)
NOTE: A CSR register write to this address clears all register bits.

Table 4.10: DP_ERRLOG Register

Send queue slot “freeze” bits. A set bit indicates an error occurred on the
packet in that send queue slot and it was “frozen”. Slot is freed when bit
is cleared. Tag information for each slot is contained in the
DP_SENDQ_TAG registers. The correspondence is as follows;

sqfrz0 -> DP_SENDQ_TAGO ‘

sqfrz1 -> DP_SENDQ_TAG1

sqfrz2 -> DP_SENDQ_TAG2

sqfrz3 -> DP_SENDQ_TAG3

NIBus transfer errors - (see Table 4.18)

bit 7 (sendQfull) - load attempted to full send Q

bit 8 (dupTranId) - send req packet had a duplicate tranId
bit 9 (sizeErr) - send packet size error

tcode[0:7] 7:14 RC bit 10 (NIregPar) - NIBus parity error on register read/write
bit 11 (NIsendqPar) - NIBus parity error on send Q load

bit 12 - not used

bit 13 (revQempty) - read attempted from empty receive Q
bit 14 (regAddrErr) - register access to bad address

sqfrz[0:3] 3:6 RC

notruup 15 RC Lost input SCI strobe signal.
figerr 16 RC Received packet had a flag error
not used 17 -
SCI input linc stripper exrors -

bit 18 (badIdle) - idle symbol had a parity error

bit 19 (badThruCrc) - bad CRC in bypassed packet

bit 20 (badStrpCrc) - bad CRC in stripped packet

bit 21 (strpTooLong) - stripped packet greater than 48 symbols
bit 22 (tossCIkStb) - received extra clockStrobe packet

bit 23 (reqAcTmo) - request Q reservation early ac timeout

bit 24 (rspAcTmo) - response Q reservation early ac timeout
Fatal linc errors - (except for tooLong which is NOT fatal)

bit 25 (noInSync) - elastic buffer lost synchronization

bit 26 (tooLong) - bypassed packet greater than 48 symbols

bit 27 (scrbLgTmr) - scrubber detected no low-go bits in ringlet
bit 28 (reqRsvE1r) - bad retry phase on request Q

bit 29 (rspRsvErr) - bad retry phase on response Q

bit 30 (acFail) - ac toggled more than once while output blocked
bit 31 (echoUnkn) - stripped echo doesn’t match any in send Q

strperr{0:6] 18:24 RC

fatalerr[0:6] 25:31 RC
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4.8.5 DP_SENDQ_TAG[0:3]

O
Table 4.11: DP_SENDQ_TAG3 Register Offset 300, (Request Queue Slot 0) =

&
Q

not used 0 - B

reserved 1:4 RO (Test usage only: rqvld_s[3:0])

reserved 5 RO (Test usage only: sqvld_s0)

echoNo 6 RO target node for packet doesn’t reply, packet scrubbed

sndQpar 7 RO parity error occurred on packet transmission from send Q

sndQto 8 RO cc timeout on packet, no echo received in 4 cc times

validbit 9 RO valid bit for send Q slot 3

not used 10:25 -

tranid[0:5] 26:31 RO transaction ID in send Q slot 3 (request slot 0)

Table 4.12: DP_SENDQ_TAG2 Register Offset 3045 (Request Queue Siot 1)

not used 0 -
reserved 1:4 RO (Test usage only: rqvld_s[7:4])
reserved 5 RO (Test usage only: sqvid_s1)
echoNo 6 RO target node for packet doesn’t reply, packet scrubbed
sndQpar 7 RO parity error occurred on packet transmission from send Q
sndQto 8 RO cc timeout on packet, no echo received in 4 cc times
validbit 9 RO valid bit for send Q slot 2
not used 10:25 -

tranid[0:5] 26:31 RO transaction ID in send Q slot 2 (request slot 1)
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Table 4.13: DP_SENDQ_TAG1 Register Offset 3085 (Response Queue Siot 0)

not used 0:5 -
reserved 1:4 RO (Test usage only: rqvld_sf[3:0])
reserved 5 RO (Test usage only: sqvld_s2)
echoNo 6 RO target node for packet doesn’t reply, packet scrubbed
sndQpar 7 RO parity error occurred on packet transmission from send Q
sndQto 8 RO cc timeout on packet, no echo received in 4 cc times
validbit 9 RO valid bit for send Q slot 1
not used 10:25 _—
tranid[0:5] 26:31 RO transaction ID in send Q slot 1 (response slot 0)

Table 4.14: DP_SENDQ_TAGO Register Offset 30C,¢ (Responée Queue Slot 1)

not used 0:5 -
reserved 1:4 RO (Test usage only: rqvld_f[7:4])
reserved 5 RO (Test usage only: sqvld_s3)
echoNo 6 RO target node for packet doesn’t reply, packet scrubbed
sndQpar 7 RO parity error occurred on packet transmission from send Q
sndQto 8 RO cc timeout on packet, no echo received in 4 cc times
validbit 9 RO valid bit for send Q slot 0
notused 10:25 -

tranid[0:5] 26:31 RO transaction ID in send Q slot 0 (response slot 1)
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4.8.6 DP_PC_CONFIGO (offset 320,5)
The detailed function of these register bits is described in Section 8.0 Performance Counters.

Table 4.15: DP_PC_CONFIGO Register

Selector for the PPCO output pin. Assert only one at a time;

bit 0 (pktS1otORs) - PPCO toggles when a packet is transmitted from the -
send-response Q slot 0 and the packet matches the command mask/
compare value. )

bit 1 (pktSlotORq) -PPCO toggles when a packet is transmitted from the
pcOmask[0:4] 0:4 RW send-request Q slot 0 and the packet matches the comand mask/compare
value.

bit 2 (pktRcv) - PPCO toggles when a packet is received and targeted to
this node.

bit 3 (pktByp) - PPCO toggles when a packet is bypassed.

bit 4 (pktSent) - PPCO toggles when a packet is sent.

Used to qualify the PPC1 output pin RcvPkt when a received packet is
rcvVidMask 5 RW actually stripped and the packet is entered into the receive Q (as opposed
to tossed for Q reservations or other reasons).

Masks the command symbol bits 4,5,7,8,9 from the extended comparison
for PPC1 matching. These bits correspond to the command phase, ech,
bsy, and res bits as follows;

bit 6 (extMask0) - com.phase0

bit 7 (extMask1) - com.phasel

bit 8 (extMask2) - com.ech

bit 9 (extMask3) - com.bsy (for echo packets)

bit 10 (extMask4) - com.res (for echo packets)

extCmp[0:4] 11:15 RW Compare values for command symbol bits 4,5,7,8,9 as described above.
Command sense bit which, when asserted, inverts the cmd field match

extMask[0:4] 6:10 RW

cmdSns 16 RW signal to allow qualifying PPC1 counters on mis-match instead of match.
Masks the command symbol bits 9:15 from the command comparison for
cmdMask[0:6] 17:23 RW PPC1 matching. These bits correspond to the com.cmd field of send
packets (not echos).
cmdCmp[0:6] 24:30 RW Comparison value for the com.cmd bits.
When asserted forces the PPCO pktRcv signal to be qualified with the ext
refMask 31 mask/compare value. If the ext mask/compare is set to match echos, then

refMask is used to cause pktRcv to count only echo packets or only send
packets.
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4.8.7 DP_PC_CONFIG1 (Offset 328,5)

DP_PC_CONFIG1 is the selector for driving the PPC1 pin. The following table lists the function of the
PPC1 pin when that bit of DP_PC_CONFIG1 is asserted. Only one bit of this register should be set at a time.
Setting more than one bit will produce undefined results. See Section 8.0 Performance Counters for a more

complete description of these bits.

Table 4.16: DP_PC_CONFIG1 Register

not used 0:18 -
PPCI asserted while the receive-response reservation state machine state
rsRsvPhs 19 RW phase matches ext bits 0:1 (extMask[0:4] set to 11000 and extCmp[0:1]
set to the desired phase)
PPC1 asserted while the receive-request reservation state machine state
rqRsvPhs 20 RW phase matches ext bits 0:1
£sSIot0Tm 21 RW !’PCI asserted while a packet matching the cmd mask/compare is entered
in send-response quene slot 0.
PPC1 asserted while a packet matching the cmd mask/compare is entered
19S1ot0Tm 22 RW in send-request queue slot 0.
outputCe 23 RW PPCI1 toggles each time the idle.cc bit changes at the SCI output link.
outputAc 24 RW flzfl toggles each time the idle.ac bit changes at the SCI output
PPCI1 toggles at a rate proportional to the number of q entries in the
RspDepth 25 RW receive-response queue (see Section 8 Performance Counters)
PPCI toggles at a rate proportional to the number of q entries in the
rReqDepth 26 RW receive-request queue (see Section 8 Performance Counters)
i PPC1 toggles at arate proportional to the number of q entries in the send-
sRspDepth 2 RW response queue (see Section 8 Performance Counters)
PPCI1 toggles at arate proportional to the number of q entries in the send-
sReqDepth 28 RW response queue (see Section 8 Performance Counters)
PPCI1 toggles each time a packet matching both ext and cmd mask/
RevPkt 2 RW compare values is received and targeted to this node.
PPCI toggles each time a packet matching both ext and cmmd mask/
BypPkt 30 RW compare values is bypassed through this node.
‘ PPC1 toggles each time a packet matching both ext and cmd mask/
Sndet 31 RW compare values is transmitted by this node.
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4.9 Error Handling

The DataPump checks and maintains an error log which records various error types. Brrors fall into two cat-
egories; 1) SCI link related errors logged in the DP_ERRILOG fields notruup, figerr, and strperr[0:6]; and 2)
NIBus (node interface bus) transfer errors. SCI link related errors are logged in the DP_ERRLOG fields notr-
uup, figerr, strperr[0:6], and fatalerr{0:6]. NIBus errors are logged in the DP_ERRLOG.tcode[0:7] field. Multi-
ple errors can occur and will all be logged unless the DP_STATE.sngerr bit is set.

)
oo
g
)
3

4.9.1 SCI Link Related Errors
Errors in the SCI link occur due to protocol or ringlet state errors. Some of these are fatal and cause the link

to enter the “dead” state. Fatal errors are listed in Table 4.17. Going to “dead” on fatal errors can be prevented
by setting the DP_STATE.stayrun bit. Others are not fatal and will be logged while the SCI link remains in the
“running” state.

Any SCI link error will assert the node interface logic interrupt pin NINTRNI. It remains asserted until the
DP_ERRLOG register is cleared by a CSR write.

Table 4.17: Fatal SCI Link Errors

notruup 15 Lost input SCI strobe signal.
echoUnkn 31 Received echo with no corresponding send packet in send queue.

acFail 30 Allocation count bit flipped more than once while node was blocking.
rspRsvErr 29 Retry packet received with wrong reservation phase for response queue.
reqRsvEmr 28 Retry packet received with wrong reservation phase for request queue.
scrbLgTmr 27 No idle.1g bits set in ringlet detected by the scrubber.
nolnSync 25 Lost input sync (elastic buffer).

Non-fatal SCI link related errors include errors detected at the input link and send queue related errors.
Non-fatal input link errors are listed in Table 4.18. Multiple errors can occur and will be logged unless the
DP_STATE.sngerr bit is set.
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Table 4.18: Non-fatal Input Link Errors

figerr 16 Received packet was not properly framed.
tooLo 2% Bypassed packet greater than 48 symbols. Packet is truncated to 48 and
ne correctly framed. Outgoing CRC is stomped.
badldle 18 Received idle with bad parity. Replaced with last good idle symbol.
badThruCrc 19 Bypassed packet had bad CRC. Outgoing CRC is stomped.
j Stripped packet for receive queue had bad CRC. Packet tossed and echo
badStrpCre 20 CRC stomped.
' - Stripped packet for receive queue greater than 48 symbols. Was tossed and
stpTooL.ong A echo CRC stomped.
tossClkStb 22 Received clockStrobe while still bypassing a clockStrobe. Packet tossed.
Allocation counter timed out (acTmr=4) onresponse Q reservation before all
rspAcTmo 2 outstanding reservations completed.
Allocation counter timed out (acTmr=4) on request Q reservation before all
regAcTmo 24 outstanding reservations completed.

The send queue releated errors are of three types listed in Table 4.19. These errors are non-fatal and are
indicated by bits in the appropriate DP_SENDQ_TAG registers listed in 4.8.5. Also given in the tag register is
the valid bit for the slot indicating whether the packet is actually valid, plus the packet’s tranld value allowing
identification of the packet with the error.

~ If a send queue related error occurs on a packet in a queue slot, the packet will be held (“frozen”) in the slot
so that its DP_SENDQ_TAG register can be examined. This “freeze” indication is provided in the
DP_ERRLOG.sqfrz[0:3] field. These send queue errors also assert the NINTRNI pin.

Table 4.19: Send Q Tag Error Flags

Send queue packet time out. Occurs when packet has waited 4 cc counts
sndQto 8 L i X
without receiving a matching echo.
sndOpar 7 Send queue parity error. Upon transmission from send queue if a parity error
Qp is detected on the packet data.
Echo NONE status returned. If packet receives echo with NONE status
echoNo 6

indicating targetld addressed no node.

These errors are or’ed together to assert the NERRNI signal pin. This pin will remain asserted until all
DP_ERRLOG tcode bits are cleared by a register write.
Transfer errors are summarized in Table 4.20.
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Table 4.20: NI Transfer Errors

sendQfull 7
dupTranld 8 Send req packet has duplicate tranld to packet already in the req queue.
. Node interface transfer length not multiple of 8 symbols or greater than max
sizeBrr 9
48 symbols.
NlregPar 10 Parity error detected on register write transfer to DataPump.
NlsendqPar 11 Parity error detected on send queue transfer to DataPump.
rcvQempty 13 Tried to transfer from empty receive queue.
rogAddrExr 14 Reglst’er offset address. supplied from node interface on register read or write
doesn’t match any register.
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4.10 DataPump Reset and Initialization

SCI auto-initialization as described in the IEEE SCI specification is not supported on this DataPump ch1p
Instead, a greatly simplified initialization scheme has been implemented which requires some software intelligence to
start the linc. The DataPump sequences through four valid chip states described below:

RESETLINC - A hard reset of all registers in the DataPump is performed (NRESET asserted).

DEADLINC - Internal chip clocks are running and the DataPump is waiting for the upstream strobe to start. In
this state, the state-machines in the linc portion of the chip is frozen. Valid idles are sent from the linc.

INITLINC - In this state, the upstream strobe has been received, and we are waiting for upstream synchroniza-
tion. The bypass FIFO has now been re-synchronized but is locked so that no bypass traffic is let through. The output
unit sends valid sync and idle packets to the downstream linc. Also, valid and freeze bits are cleared to free up used
queue slots (i.e. for a warm restart).

RUNLINC - DataPump initialization sequence complete, ready for normal chip operation. The initialization flow
Diagram for the VSC7201A is shown in fig. 4.10. The “~” used in the figure indicates the false value of the signal.
The “&” means the logical AND and the “+” means the logical OR of the listed signals. The only signals required to
cycle through initialization are the NRESET pin and the DP_STATE register bits sigrst and gotodead. However, the
following sequence is recommended for reliable synchronization.

Figure 4.10 : Initialization Flow Diagram
NRESET

-

RESETLIN‘#Z

~NRESET
~sigrst + gotodead

Y

—»| DEADLIN

sigrst &
~gg<§todead

y

&% INTLING

A

sigrst & ~gotodead

~sigrst &
~g§t1;>dead

Y

RUNLINC

~sigrst & ~gotodead

(Fatal Errors) + gotodead
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1. The NRESET pin should be asserted for at least 8 NICLK cycles then deasserted. The DataPump then pro-
ceeds to DEADLINC.

2. The DP_STATE.ruup bit is monitored which, when set, indicates that upstream clock is running. When
ruup is detected, DP_STATE .sigrst is set. The DataPump state then advances from DEADLINC to
INITLINC. Note that DP_STATE.gotodead was cleared by NRESET and should not be set or else the Data-
Pump will remain in DEADLINC.

3. In the INITLINC state, software should monitor the DP_STATE.insync value which indicates that the
upstream block is running and has detected a certain number of sync packets. Once DP_STATE.insync
reaches value “11” (itis a 2 bit field and indicates three sync packets received), then DP_STATE.sigrst is
de-asserted and the DataPump enters the RUNLINC state.

Setting of the NodeID values and scrubber selection should also be done during initialization. The
DP_NODEID value can be set anytime after RESETLINC but MUST be done for all DataPumps in the ringlet
before any packets are loaded into any send queues for transmission.

The ringlet should also have one and ONLY one scrubber selected (by asserting the NSCRUB pin) before
entering the RUNLINC state.

The DP_STATE register contains many useful signals related to chip state, initialization, and error control
(stayrun and gotodead). See 4.8.1 for a description of this register.
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5.0 Node Interface Bus (NIBus)

The DataPump communicates with the node controller via a bidirectional GTL interface called the NIBus.
The DataPump informs the node controller when receive queues contain data or when send queues have avail-
able slots for transmission. The node controller can initiate various commands with the DataPump to read and
write packets across this interface.

Signal names are prepended with an N or P indicating negative true or positive true signals.

5.1 Interface Protocol and Signal Description

The NIBus is a synchronous 64-bit data bus plus 8 bits of byte parity plus control signals. All signals are
sampled or driven on the rising edge of CLKNI.

The bus master is assumed to be the node interface logic. The DataPump chip is a slave on this bus con-
trolled by asserting chip select, NDPSEL, and a 3-bit command on the PCMND pins.

PCMND selected transfers of data can be from 2 to 12 sequential 64-bit data transfers for SCI packets and
register reads and writes.

5.1.1 PDATA[0:63], PPARITY[0:7]

PDATA is bidirectional data bus for use in transferring data to and from the DataPump. PPARITY indicates
byte parity on PDATA. Good parity is odd (all ones give parity of one).

PDATA and PPARITY are floated at the end of the transfer or one cycle after NDPSEL goes false and
remain floated until NDPSEL is asserted.

PDATA[0:63] are also floated by the DataPump starting one cycle after PCMND is sampled, when it
responds to a transfer command from the node interface to the DataPump (sendReq, sendResp, and regWrite).
PDATA[32:63] are floated similarly when the DataPump responds to a regRead transfer.

5.1.2 NDPSEL- Datapump Chip Select

The NDPSEL input is used to chip select the DataPump and allow it to execute transfers and drive the data
and control signals. The cycle in which NDPSEL is asserted, the DataPump will sample its PCMND inputs and
begin executing commands.

If NDPSEL goes false during any clock cycle of a DataPump command, the DataPump will abort the com-
mand cleanly without an error condition. This is an acceptable protocol for aborting DataPump command
sequences.

One cycle after NDPSEL goes false, all outputs will be floated except PRCVREQ, PRCVRSP, PSNDREQ,
PSNDRSP, PCLKSTB, NERRNI, and NINTRNI.

5.1.3 PCMNDJ0:2] - Transfer Command

The PCMND inputs select the DataPump transfer command as listed in Table 5.1. The PCMND value is
sampled in the cycle NDPSEL is asserted.

If NDPSEL remains asserted after a transfer has completed, the DataPump will wait until NDPSEL is tog-
gled before sampling a new PCMND. Therefore, NDPSEL acts as a strobe for latching a new PCMND value
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Table 5.1: .PCMND Commands

»,
eV
—
]
S

1cvReq 000 Transfer from the receive-request queue (5-15 cycles). 5

rcvResp 001 Transfer from the receive-response queue (5-15 cycles).

regRead 010 Read contents of target register (4 cycles).

reserved 011 Reserved for future use.

sendReq 100 Transfer to the send-request queue (5-15 cycles).

sendResp 101 Transfer to the send-response queue (5-15 cycles).

regWrite 110 .| Write contents of target CSR (4 clock cycles, 64 bits max.).

8 8
reserved 111 Reserved for future use.

5.1.4 NNIACK - Node Interface Acknowledge

NNIACK is an input used to indicate valid end of transfer on send, receive, and register transfers.

Transfers from the node interface to the DataPump are acknowledged valid by asserting NNIACK simulta-
neously with the last data transfer cycle.

The packet size is determined by the DataPump based on receiving NNIACK with last data. The NNIRDY
flow control can be used to delay NNIACK from the end of data if necessary.

Aborting a transfer from the node interface to the DataPump should be done with NDPSEL, not NNIACK.

Transfers from the DataPump to the node interface are acknowledged received as valid by asserting NNI-
ACK one cycle after the last data transfer. If this acknowledge is provided, the DataPump will remove the
packet from its queue after receiving NNIACK.

NNIACK false one cycle after the last data transfer indicates invalid transfer and abort without etror condi-
tion. In this case, the DataPump will not remove the transferred packet from the receive queue.

5.1.5 NDPACK - DataPump Acknowledge

NDPACK is an output used to indicate valid end of transfer by the DataPump on send, receive, and register
transfers.

Transfers from the DataPump to the Node Interface are acknowledged valid by asserting NDPACK in the
same cycle as the last data transfer.

NDPACK false in this case indicates an error condition and the transfer should be disregarded. If the packet
had a parity error, it will be discarded after the last cycle of the transfer (based on packet size). If NDPSEL was
deasserted aborting the transfer before the end, the packet will not be removed from the queue regardless of par-
ity error.

Data transfer length must be determined by the node interface by saving the “size” value from the header
field in the packet and counting cycles. See Section 5.3.1 Condensed Request/Response Packets for more on the
“size” value. ’

Transfers to the DataPump from the node interface are acknowledged valid by asserting NDPACK two
cycles after the last data transfer cycle. The extra cycle is necessary for parity checking.

NDPACK false in this case indicates an error condition and that the transferred packet cannot be accepted
and was not queued. See Section 4.9 for interface error conditions.
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NDPACK is floated at the end of the transfer or starting one cycle after NDPSEL goes false and remains
floated until NDPSEL is asserted.

5.1.6 NNIRDY - Node Interface Flow Control

NNIRDY is an input to the DataPump. Flow control is provided through NNIRDY.

NNIRDY applies to data transfers and NNIACK acknowledge of transfers in either direction. A false
NNIRDY will cause the DataPump to hold its state in the next cycle. It will continue to hold until NNIRDY
goes true.

The DataPump also qualifies PCMND sampling with NNIRDY.

5.1.7 PRCVREQ, PRCVRSP - Rev Queue Flags

These receive queue flags are outputs from the DataPump indicating the presence of a received packet from
the SCI link. These queue flags will not be asserted until the entire packet has been received and the CRC has
checked without error.

The flags go false (queue empty) two cycles after receiving a receive queue transfer command if the packet
being transferred is the last in the queue.

If the transfer doesn’t complete (aborted or error detected) and the packet is not freed from the receive
queue, the queue flag will be asserted again at the end of the transfer.

These receive flags are always driven and do not float when the DataPump is deselected.

5.1.8 PSNDREQ, PSNDRSP - Send Queue Flags

The send queue flags are outputs from the DataPump indicating at least one available queue slot in each
queue type (request or response) when asserted true.

They will go false (indicating queue full) two cycles after receiving a send queue transfer command and if
the queue will fill up as a result of the transfer. If the transfer doesn’t complete and the packet isn’t queued, the
queue flag will go true again at the end of the transfer.

They will go true indicating that a queue slot has freed up only after receiving a normal echo packet from
the target SCI node of the send packet which was freed from the queue.

The send queue flags are always driven and do not float when the DataPump is deselected.

5.1.9 NINTRNI - Interrupt Node Interface :

NINTRNI is an output of the DataPump and is asserted whenever an error occurs synchronous to the SCI
link. These errors are logged in the DP_ERRLOG register not including the tcode error field. NINTRNI remains
asserted until the DP_ERRLOG is cleared.

NINTRNI is always driven and is not floated when the DataPump is deselected.

5.1.10 NERRNI - NIBus Error Flag

NERRNI is an output of the DataPump which is asserted whenever an NIBus transfer error occurs. These
errors are listed in Section 4.9.

NERRNI remains asserted until the DP_ERRLOG tcode field is cleared.

5.1.11 PCLKSTB - Clock Strobe
PCLKSTB is an output of the DataPump and is asserted in response to an event0OO packet and whether the
DataPump is the clockStrobe master or slave.
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The DataPump is the clockStrobe master when the eventOO packet is loaded into its send request queue for
transmission. This packet should be targeted to the clock strobe master’s DataPump targetld address so the
event0O makes a complete trip around the ringlet and is stripped and tossed by the clockStrobe master.

Other DataPumps in the ringlet which pass the event00 through are clockStrobe slaves.

The clockStrobe master will assert PCLKSTB when the event00 is transmitted on its output link and will
deassert PCLKSTB when the packetis stripped at its input link.

The clockStrobe slave will assert PCLKSTB for 13 CLKNI cycles when it receives and bypasses the
eventO0 packet. The slave will also start the DP_CLKTHRU register to count 4ns SCI clock cycles when the
event00 is received and will stop the counter when the event00 is transmitted on its output link.

PCLKSTB is always driven and is not floated when the DataPump is deselected.

5.1.12 NRESET

NRESET is an input to the DataPump. Reset initialization of the DataPump occurs when the NRESET pin
is driven from low to high. This rising edge transition must be synchronous to the NIBus clock, CLKNI. NRE-
SET must be asserted for at least 8 CLKNI cycles.

For a description of reset initialization see sections 4.10 DataPump Reset and 5.7 NIBus Reset and State
Sync to the SCI Link.

5.1.13 NSYNCRQ - Send Sync Packet Request

The NSYNCRQ pin is used to cause the DataPump to transmit a SYNC packet on its output. A SYNC
packet will be scheduled for transmission if a one to zero transition is registered on the NSYNCRQ pin. Addi-
tional SYNC packets will only be scheduled after the first is transmitted and if, after that transmission, another
one to zero transition is registered on the NSYNCRQ pin.

Therefore, NSYNCRQ is intended to be asserted on the order of milliseconds in periodicity. Since the Data-
Pump does not implement any pin-to-pin deskewing, no SYNC packets are required periodically and no NSYN-
CRQ assertions are required.

5.1.14 NSCRUB - Scrubber Selection

The NSCRUB pin is used to select the DataPump as the scrubber in an SCI ringlet. For a description of
scrubber selection and initialization see Section 4.10.

For information on scrubber operation see the SCI standard Section 3.9.2 Scrubber maintenance.

5.1.15 PPCJ0,1] - Performance Counters

The PPC output pins provide performance counter signals for monitoring internal events in the DataPump.
See Section 8.0 Performance Counters for details.

These outputs are synchronous to the internal 250 MHz SCI clock (however, maximum toggle frequency is
66MHz). They are not synchronized in the DataPump to the NIBus clock, CLKNI.

5.1.16 CLKNI - Node Interface Clock
CLKNI is the interface clock supplied by the node interface logic. All NIBus signals are synchronous with
this clock.
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5.1.17 CLKHI, PCKHSEL, PCLK250, PCKHMPY[o0:1], SCI Link Clock and Control

CLKHI (and NCLKHI) is the master differential clock input for generating the internal 250Mhz SCI clock.
It is not required to be phase or frequency related to the node interface clock, CLKNI

The DataPump has an onboard PLL for frequency multiplication to generate 250MHz. The CLKHI refer—
ence frequency for the PLL is 100MHz.

The internal SCI clock is intended to be 250MHz but can be programmed to different values using the
PCKHSEL, PCLK250, and PCKHMPY/[0:1] inputs for debug and diagnostic purposes. The values higher than
250MHz are not supported.

PCKHSEL is a PLL bypass control input. When asserted the PLL is bypassed and the internal SCI clock is
connected directly to the CLKHI input. Any frequency up to 250MHz can be provided in bypass mode.

PCLK250 and PCKHMPY|0:1] provide divisions from the PLL generated S00MHz value. The divide
options and available internal SCI clock rates are given in Table 5.2. The values higher than 250MHz are docu-
mented for completeness but'are not supported.

Table 5.2: SCI Clock Values
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5.2 Transfer Packet Formats

The packet formats for transfers between the DataPump and node interface differ slightly from the sequen-
tial SCI packet format mainly for ease of data alignment to the 64-bit interface. These formats define the
sequence of transfer data pertaining to a particular PCMND request from the node interface logic.

)
&
g
o
=

5.2.1 Condensed Request/Response Packets

There are four condensed transfer packet formats corresponding to the PCMND[0:2] transfer command
requests- rcvReq, rcvResp, sendReq, sendResp. These condensed packet formats are shown in figures 5.2 - 5.5.

Send Queue transfer packets are always transferred from the node interface logic to the DataPump sequen-
tially from header (octlet 0, figs. 5.2, 5.4) to last octlet. Receive-request queue packet transfers from the Data-
Pump to the node interface logic are also always sequential from header to tail.

The header information has been condensed to the lower 48-bits of the PDATA bus so that if the node inter-
face logic is split into separate controller and datapath elements the controller need only connect to those 48-
bits.

In both send packets, only the targetld of the destination node is required since the sourceld is provided by
the DataPump and cannot be changed.

In the receive packets, the targetld is provided in the most significant 16-bits as a matter of completeness,
but this value will always be the nodeld of the DataPump.

The control symbol contains the fields tranld, tpr, trc, todExp, and todMant. Only the tranld value is really
required and used by the DataPump. The trace bit, trc, tpr, time of death count, todBxp and todMant, are pro-
vided for completeness and are passed but not used by the DataPump.

Finally, the packet size, “size”, in pairs of octlets (16-bytes) is given in the header of the receive packets to
allow the node interface to determine packet length for the transfer.

This size value is not required on the send side since the DataPump computes packet length based on when
the node interface finishes the send queue transfer with NNIACK asserted.

5.2.2 Register Read and Write Formats

Registers on the DataPump are accessed using register read and write CMND transfer commands.

On regRead commands, the most-significant 32-bits of the data bus, PDATA[0:31], are driven by the Data-
Pump with the contents of the register specified by the 12-bit register address offset supplied on PDATA[36:47].
In this case, the DataPump floats its PDATA[32:63] pins to allow the node interface logic to drive register
address offset on PDATA[36:47]. Of course PDATA[32:35], PDATA[48:63], and PPARITY[6:7] must be driven
to ones by the node interface logic to give correct parity.

On regWrite commands, PDATA[0:31] specify the write data and PDATA[36:47] specify the register
address offset. Again PDATA[32:35], PDATA[48:63], and PPARITY[6:7] must be driven to ones by the node
interface logic to give correct parity.

The effects of the write vary depending on the register. See Section 4.8 Control and Status Support Regis-
ters.

The data transfer formats for register commands are summarized in Figure 5.6.
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Figure 5.2 : Send-Request Condensed Transfer Packet Format

pi
o
16 8 1 7 16 16 g
FFEE, 4 FF¢ ehl cmd targetld cont:ol 0
> 5] FFFFg addressOffset[00:15] addressOffset[16:31] addressOffset[32:47] 1
§ % extended_hdr_byte0,1 | extended_hdr_byte2,3 | extended_hdr_byted,5 extended_hdr_byte6,7 | 2
I|o extended_hdr_byte8,9 | extended_hdr_byte10,11| extended_hdr_byte12,13] extended_hdr_bytel4,1§ 3
— data_byte0,1 data_byte2,3 data_byted,5 data_byte6,7 4
data_byte8,9 data_byte10,11 data_byte12,13 data_bytel4,15 5
w data_byte16,17 data_byte18,19 .| data_byte20,21 data_byte22,23 6
% % data_byte24,25 data_byte26,27 data_byte28,29 data_byte30,31 7
alo data_byte32,33 data_byte34,35 data_byte36,37 data_byte38,39 8
data_byte40,41 data_byte42,43 data_byted4,45 data_byte46,47 9
data_byte48,49 data_byte50,51 data_byte52,53 data_byte54,55 10
data_byte56,57 data_byte58,59 data_byte60,61 data_byte62,63 1

ﬁ 1516 3132 4748 63

PDATA[0:63]
Field Descriptions:

targetld - target node ID;

eh - extended header flag from control symbol;
cmd - command field from control symbol;

control - control symbol, tranld (required), tpr, trc, todExp, todMant (all optional);
addressOffset[00:47] - 48-bit address;

extended_hdr - either 0 or 16 bytes depending on value of eh flag bit
data_byte0-63 - data packet either 0, 16, 32, 48, or 64 bytes

Fields set to ones (e.g. FFFF,¢) are specified to give known parity. These fields are
reserved.
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Figure 5.3 : Receive Request Condensed Transfer Packet Format

pi
k)
16 4 1 3 1 7 16 16 g
- targetld F16| 1 Isife' eh/l cmd sourceld control 0
5 12 FFFF¢ addressOffset[00:15] addressOffset[16:31] addressOffset[32:47] | 1
'8 g extended_hdr_byte0,1 | extended_hdr_byte2,3 extended_hdr_byte4,5 extended_hdr_byte6,7 | 2
:% 8 extended_hdr_byte8,9 | extended_hdr_bytel0,11| extended_hdr_byte12,13} extended_hdr_byte14,1§ 3
— [ data_byte0,1 data_byte2,3 data_byted,s data_byte6,7 4
data_byte8,9 data_byte10,11 data_byte12,13 data_byte14,15 5
% data_byte16,17 data_byte18,19 data_byte20,21 data_byte22,23 6
% = data_byte24,25 data_byte26,27 data_byte28,29 data_byte30,31 7
O|O[™ data_byte32,33 data_byte34,35 data_byte36,37 data_byte38,39 3
data_byte40,41 data_byted2,43 data_byted4 45 data_byte46,47 9
data_byte48,49 data_byte50,51 data_byte52,53 data_byte54,55 10
data_byte56,57 data_byte58,59 data_byte60,61 data_byte62,63 11
ﬁ 1516 3132 4748 63
PDATA[0:63]
Field Descriptions:

targetld - target node ID, i.e. this node;

size - size of complete packet in pairs of octlets, from 1 to 6;

eh - extended header flag from control symbol;

cmd - command field from control symbol;

sourceld - node ID of producer of this packet;

control - control symbol, tranld (required), tpr, trc, todExp, todMant (all optional);
addressOffset[00:47] - 48-bit address;

extended_hdr - either 0 or 16 bytes depending on value of eh flag bit
data_byte0-63 - data packet either 0, 16, 32, 48, or 64 bytes

Fields set to ones (e.g. FFFF;¢) are specified to give known parity. These fields are
reserved.
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Figure 5.4 : Send-Response Condensed Transfer Packet Format

16 8 1 7 16 16
FFFF;¢ FFys I eh | cmd targetld control
FFFF,¢ status forwld backld
extended_hdr_byte0,1 | extended_hdr_byte2,3 extended_hdr_byte4,5 extended_hdr_byte6,7
extended_hdr_byte8,9 | extended_hdr_bytel0,11| extended_hdr_byte12,13] extended_hdr_byte14,15
data_byte0,1 data_byte2,3 data_byted,5 data_byte6,7
data_byte8,9 data_byte10,11 data_bytel12,13 data_byte14,15
data_byte16,17 data_byte18,19 data,_byte20,21 data_byte22,23
data_byte24,25 data_byte26,27 data_byte28,29 data_byte30,31
data_byte32,33 data_byte34,35 data_byte36,37 data_byte38,39
data_byted0,41 data,_byted2,43 data,_bytedd,45 data_byted6,47
data_byte48,49 data_byte50,51 data_byte52,53 data_byte54,55
data_byte56,57 data_byte58,59 data_byte60,61 data_byte62,63
1516 3132 4748 63
PDATA[0:63]
Field Descriptions:

targetId - target node ID;

eh - extended header flag from control symbol;

cmd - command field from control symbol;

control - control symbol, tranld (required), tpr, trc, todExp, todMant (all optional);
status - response packet status;
forwld, backId - for cache coherency control; transmitted but not used by DataPump

extended_hdr - either 0 or 16 bytes depending on value of eh flag bit

data_byte0-63 - data packet either 0, 16, 32, 48, or 64 bytes

Fields set to ones (e.g. FFFF;¢) are specified to give known parity. These fields are

reserved.
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Figure 5.5 : Receive-Response Condensed Transfer Packet Format

o

o

-

o
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Q

#* 3
5
16 4 1 31 7 16 16 o
"’ targetld F15| 1 lsizal ehI cmd sourceld control 0
3|2 FFFFi4 status forwld backld 1

T|O
g % extended_hdr_byte0,1 | extended_hdr_byte2,3 extended_hdr_byte4,5 extended_hdr_byte6,7 | 2
I o extended_hdr_byte8,9 | extended_hdr_byte10,11| extended_hdr_byte12,13 extended_hdr_byte14,1§ 3
I data_byte0,1 data_byte2,3 data_byted,5 data_byte6,7 4
data_byte8,9 data_byte10,11 data_byte12,13 data_byte14,15 5
o 2| data bytel6,17 data_byte18,19 data_byte20,21 data_byte22,23 6
g; g data_byte24,25 data_byte26,27 data,_Dyte28,29 data_byte30,31 7
data_byte32,33 data_byte34,35 data_byte36,37 data_byte38,39 8
data_byte40,41 data_byte42,43 data_byted4,45 data_byte46,47 9
data_byte48,49 data_byte50,51 data_byte52,53 data_byte54,55 10
data_byte56,57 data_byte58,59 data_byte60,61 data_byte62,63 11
0 1516 3132 4748 63
PDATA[0:63]
Field Descriptions:

targetld - target node ID, i.e. this node;

size - size of complete packet in pairs of octlets, from 1 to 6;

eh - extended header flag from control symbol;

cmd - command field from control symbol;

sourceld - node ID of producer of this packet;

control - control symbol, tranld (required), tpr, trc, todExp, todMant (all optional);
status - response packet status;

forwld, backld - for cache coherency control; transmitted but not used by DataPump

extended_hdr - either O or 16 bytes depending on value of eh flag bit
data_byte0-63 - data packet either 0, 16, or 64 bytes

Fields set to ones (e.g. FFFFy¢) are specified to give known parity. These fields are
reserved.
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Figure 5.6 : CSR Transfer Formats

Register Address Transfer Format:

32 4 12 16
I read data | 1111 lcsr_reg_offset[ﬁ:ll] | FFFF, ¢ I
0 3132 4748 63
PDATA[0:63]

Register Read/Write Transfer Format:

32 4 12 16
I write data I 1111 l csr_reg_offset[0:11] I FFFF4 I
3132 4748 63
PDATA[0:63]

csr_reg_offset[0:11]:

meaning: Register offset address driven from the node interface logic on both regis-
ter reads and writes.

read data:
meaning: Register read data driven by DataPump.
write data:
meaning: Register write data driven by node interface logic.
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5.2.3 32-Byte Line Packet Support

SCI provides the capability for sending a 32-byte payload in a 64-byte packet. This does not mean that the
64-byte packet contains a first 32-bytes which is meaningful and another 32-bytes of padding out to 64-bytes.

The payload of a 64-byte command can in fact be any multiple of 16-bytes and still be SCI compliant. The
DataPump supports these payload sizes.

To send 32-byte packets (can be any of the coherent or non-coherent commands) the node interface logic
simply loads the packet into the send queue and indicates the end of the data transfer with the NNIACK signal.
The DataPump will check for legal payload size (0, 16, 32, 48, or 64 bytes) and send the packet normally.

To receive 32-byte packets, the node interface logic unloads the receive queue and determines data length
by looking at the “size” field in the first 64-bit transfer.

If 32-byte lines are used, one of the addressOffset bits should be allocated to select one of two 32-byte lines
within a 64-byte data size.

o
S
=
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5.3 Send Queue SCI Transmission Order

Once either of the send queues has been loaded with a packet, the DataPump is responsible for getting the
packet sent out on the SCI link. Each request and response queue has up to two packet entries, which may be
unsent. The queues may also contain packets which have been sent but have not been received as acknowledged
by an echo with DONE or NONE (i.e. non-busy) returned phase.

To determine the order of transmission of the queue entries, the DataPump keeps three state bits and an age
bit for each request and response queue entry. Table 5.3 summarizes these bits.

The highest transmission priority for unsent packets is the one with tryReserve set. The selection of request
or response queues is done in alternating order so that both queues are serviced equally. The next priority of
ordering for transmission is based on packetAge. For more information on send packet transmissions and flow
control see 4.6 Bandwidth Allocation and 4.7 Queue Allocation.

Table 5.3: Send Queue State Tags

read After a packet is entered into the send queune by the node interface logic, it is ready for
Y transmission with phase NOTRY.
One packet from each queue is allowed to be transmitted with DOTRY phase in order to
tryReserve reserve receive queue space. If no packet has tryReserve set, the oldest packet based on
Y packetAge will get tryReserve set. TryReserve remains set on a packet until the packet is
removed from the queue.
acketAge Each packet entry will have an age which gets updated whenever packets are removed from
P g the queue or when new packets are loaded by the node interface logic.
check This flag indicates packet has been sent and is waiting for echo.
froezo This flag indicates the packet has experienced either a parity error on transmission, has timed
out waiting for echo, or received echo with NONE status. See 4.9.
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5.4 Receive Queue Transfer Order

Data transfers from the DataPump receive queues to the node controller can start if one of the queue flags is
true PRCVREQ, PRCVRSP), after the node controller has selected the DataPump for receive packet transfer.

If more than one packet is in the queues, the order which the DataPump will unload them in is in the order
they were received on the SCI link for that packet type, request or response.

Since the order packets are received from SCI nodes cannot be guaranteed, the node interface logic must
check the tranld of the packet to determine which outstanding request it is for.

5.5 NIBus State Machine

The basic flow diagram for the NIBus is shown in Figure 5.7. This is an approximation to the actual logic
and should be used for general understanding only. Refer to the bus cycles in figures 5.8 to 5.25 for actual signal
transitions.

The DataPump starts in the IDLE state and waits for NDPSEL falling edge and NNIRDY true. Once this is
true, the PCMND value is sampled and the DataPump enters the CMD state.

In the CMD state, data is either read out of or written into registers or queues up to but not including the last
data transfer. While in the CMD state, NNIRDY is sampled every cycle and if asserted false, the state will freeze
the next cycle.

Also, if NDPSEL is de-asserted, the DataPump goes back to IDLE and aborts the transfer without error. No
packets are affected and no configuration registers are written.

The parity check state, CHK, is entered on receiving NNIACK for node interface to DataPump transfers or
when driving the last data on receive queue transfers or on reading configuration registers on regRead transfers.

The ACK state is always entered after CHK if NNIRDY is true. In ACK the DataPump will drive NDPACK
on node interface to DataPump transfers and check NNIACK on DataPump to node interface transfers.Finally,
ACK goes to IDLE if NNIRDY was true.
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Figure 5.7 : Basic NIBus Flow Diagram
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5.6 Bus Cycles and Use of Signals

Send queue transfers from the node interface to the DataPump are shown in figures 5.8 through 5.17. While
these examples show accesses to the send request queue, the transfers are identical for the send response queue.

Also, bus cycles with wait states using NNIRDY and aborts using NDPSEL are shown. These examples are
applicable to receive queue and register transfers also.

Receive queue transfers are shown in figures 5.18 through 5.21. Register reads and writes are shown in fig-
ures 5.22 through 5.25.

These are not the complete set of bus cycle possibilities but indicate the operation of all the signals for all
the various operations.

Send Queue Transfers and Use of NDPSEL

Figures 5.8 and 5.9 illustrate basic send queue transfer bus cycles plus the use of NDPSEL to initiate trans-
fer commands.

Figure 5.8 specifically shows a send request queue packet transfer to the DataPump. Firstly, the queue flag
PSNDREQ goes true indicating a slot has opened up in the send request queue for a new packet.

The node interface logic can then initiate a sendReq packet transfer to that queue. It does so in cycle T2 by
driving NDPSEL from high to low while supplying the command code for sendReq, 100,, on the PCMND pins.
The DataPump transitions from the IDLE state to the CMD state.

The transfer commences (CMD state) as long as NDPSEL remains low up until NNIACK is asserted indi-
cating end of data. This is done in cycle T7. The DataPump then completes checking the packet (CHK state) for
correct size and length and correct parity.
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These checks are completed and NDPACK is asserted (ACK state) in cycle T8 indicating successful trans-
fer and the packet is validated in the send queue.

NDPSEL is allowed to transition from low to high in the acknowledge cycle, ACK. If it remains low, as
shown in Figure 5.9 in cycle T9, the DataPump remains in the IDLE state and will not accept new commands.

NDPSEL must be driven high for a cycle then low again simultaneously with a new command, as shown in
Figure 5.8 cycle T10 or Figure 5.9 cycle T11, to start a new transfer.

5.6.1 Using NNIRDY to Add Wait Cycles

NNIRDY false freezes the state of the DataPump. This is illustrated in figures 5.10 through 5.13.

While these diagrams are shown for sendReq transfers, the same behavior relative to NNIRDY occurs for
all transfers.

Figures 5.10 and 5.11 show wait cycles in the CMD state. Figure 5.12 shows a wait cycle in the CHK state.
Figure 5.13 show a wait cycle in the ACK state.

5.6.2 Using NDPESL to Abort Transfers

Figures 5.14, 5.15, 5.16, and 5.20 illustrate using NDPSEL to abort a transfer command before it is fin-
ished.

Aborting a send queue transfer in the CMD or CHK states will cause the DataPump not to enter the packet
into the send queue and sends it into the IDLE state.

Aborting a register write in the CMD or CHK states will cause the DataPump not to write the selected reg-
ister and sends it into the IDLE state.

Aborting a register read in the CMD or CHK states causes the DataPump to go into IDLE and not drive out
the read data. ‘

Figure 5.14 show aborting a send queue transfer during the CMD state. The cycle in which NDPSEL goes
high, T7, the DataPump goes to the IDLE state.

Figure 5.15 shows aborting during the CHK state. NDPSEL goes high in T8 and the DataPump goes to the IDLE state.

Aborting a send queue transfer, a register write, or aregister read during the ACK state has the effect of sending the DataPump
into the IDLE state regardless of the value of NNIRDY. This is shown in Figure 5.16.

‘Whenever NDPSEL goes high on send queue transfers or register reads or writes, NNIRDY and NNIACK are not sampled
and are don’t cares.

Aborting a receive queue transfer in the CMD, CHK, or ACK states causes the DataPump not to remove the packet being
transferred from the receive queue and to enter the IDLE state. The abort from the ACK state is shown in Figure 5.20.

In the case of receive quene transfers, NNIRDY and NNIACK must be true in the ACK cycle in order to remove the packet
just transferred from the receive quene upon entering the IDLE state. This is shown in Figure 5.18, cycle T8. NDPSEL may be
‘going high at this time, as shown.

5.6.3 Transfer Errors Indicated by NDPACK

Errors in the transfer detected by the DataPump will be indicated by not asserting NDPACK when itis sup-
posed to be asserted. This is shown in Figure 17 for send queue transfers, Figure 21 for receive queue transfers,
Figure 23 for register writes, and Figure 25 for register reads.

In each of these cases, NDPACK has a particular cycle in which it should be asserted and which the node
interface logic can determine before hand.

In the case of send queue transfers, NDPACK should occur in the ACK cycle as shown in cycle T8 of Figure
5.17. This location may move out depending on wait cycles inserted by NNIRDY false.
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In the case of the receive queue transfers, NDPACK should be asserted with the last data tr