





INTRODUCTION

Micro Linear Corporation was founded in 1983 as an analog ASIC
manufacturer and has since developed a portfolio of standard products
represented by this databook. Micro Linear owns and occupies 100,000 square
feet of combined manufacturing and office space at its headquarters in San
Jose, California. These facilities house marketing, sales, and administration, as
well as an advanced high-speed analog test floor, design engineering and CAD
facilities. The Company recently opened a design center in Cambridge,
England to focus on selected radio frequency products.

Micro Linear designs, develops and markets high-performance analog and
mixed-signal standard integrated circuits for a broad range of applications
within the communications, computer and industrial markets. The Company’s
products provide highly integrated system-level solutions for a variety of
applications. Micro Linear is committed to supplying state-of-the-art analog and
mixed-signal system-level integrated circuits with the highest quality standards
and the best service possible to our customers.

This catalog contains information on more than 240 products, with focus on
the following application segments:
Local Area Networks
Telecommunications
Mass Storage
Bus Products
Video Products
Data Acquisition
Switch Moade Power Supplies
Fluorescent Lamp Ballasts
Motor Controls
Battery Management

For the most current version of a particular datasheet, please refer to our
website at www.microlinear.com. Product datasheets and applications
information are available as downloadable pdf files. New products are added
to the website as they are announced, and can be found in the “What's New”
section of the site.
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LIFE SUPPORT POLICY

MICRO LINEAR’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT
THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF MICRO LINEAR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems which, (a) are 2. A critical component is any component of a life support device or
intended for surgical implant into the body, or (b) support or sustain life, system whose failure to perform can be reasonably expected to cause the
and whose failure to perform, when properly used in accordance with failure of the life support device or system, or to affect its safety or
instructions for use provided in the labeling, can be reasonably expected effectiveness.

to result in a significant injury to the user.

Micro Linear reserves the right to make changes to any product herein to improve reliability, function or design. Micro Linear does not assume any
liability arising out of the application or use of any product described herein, neither does it convey any license under its patent right nor the rights of
others. The circuits contained in this data sheet are offered as possible applications only. Micro Linear makes no warranties or representations as to
whether the illustrated circuits infringe any intellectual property rights of others, and will accept no responsibility or liability for use of any application
herein. The customer is urged to consult with appropriate legal counsel before deciding on a particular application.
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ML2020 Telephone Line Equalizer . 3-25
ML2021 Telephone Line Equalizer . 3-37
ML2031 Tone Detector .. 3-49
ML2032 Tone Detector 3-49
ML2035 Serial Input Programmable Sine Wave Generator ... 3-57
ML2036 Serial Input Programmable Sine Wave Generator with Digital Gain Control............ 3-65
ML2037 500kHz, Serial Input, Programmable Sine Wave Generator with Digital Gain Control .. 3-75
ML2038 500kHz, Parallel Input, Programmable Sine Wave Generator with Digital Gain Control .. 3-83
ML2039 500kHz, Serial Input Programmable Sine Wave Generator.. 3-91
ML2110 Universal Dual Filter 3-99
ML2111 Universal Dual High Frequency Filter ... 3-121
ML2221 Serial Peripheral Interface (SPI) 12-Bit Plus Sign A/D Converter with S/H ... 7-3
ML2223 Asynchronous Serial Interface 12-Bit Plus Sign A/D Converter with S/H . 7-19
ML2252 WP Compatible 8-Bit A/D Converters with 2- or 8-Channel Multiplexer 7-27
ML2258 WP Compatible 8-Bit A/D Converter with 8-Channel Multiplexer 7-39
ML2259 WP Compatible 8-Bit A/D Converters with 2- or 8-Channel Multiplexer .. 7-27
ML2261 P Compatible High-Speed 8-Bit A/D Converter with T/H (S/H) ... 7-49
ML2264 4-Channel High-Speed 8-Bit A/D Converter with T/H (S/H) ... 7-65
ML2271 uP Compatible High-Speed 10-Bit A/D Converter with S/H . 7-81
ML2280 Serial I/O 8-Bit A/D Converters.. 7-93
ML2281 Serial /O 8-Bit A/D Converters with Multiplexer Options. 7-113
ML2282 Serial /O 8-Bit A/D Converters with Multiplexer Options 7-113
ML2283 Serial I/O 8-Bit A/D Converters 7-93
ML2284 Serial /O 8-Bit A/D Converters with Multiplexer Options. 7-113
ML2288 Serial I/O 8-Bit A/D Converters with Multiplexer Options 7-113
ML2330 Selectable Dual 3V/3.3V/5V 8-Bit DACs 7-137
ML2340 Single Supply, Programmable 8-Bit D/A Converters 7-143
ML2341 Single Supply Programmable 8-Bit D/A Converters. 7-155
ML2350 Single Supply, Programmable 8-Bit D/A Converters 7-143
ML2351 Single Supply Programmable 8-Bit D/A Converters..... .. 7-155
ML2375 DSP Analog I/O Peripheral e 7-167
ML2377 DSP Analog I/O Peripheral 7-167
ML2652 10Base-T Physical Interface Chip . 2-5
ML2653 10Base-T Physical Interface Chip 2-5
ML2656 TOBASE-T Multi-port Repeater (6) . . 225
ML4406 Disc Voice Coil Servo Driver..... . 45
ML4407 Disc Voice Coil Servo Driver........ 4-5
ML4408 Low Voltage Drop Voice Coil Servo Driver .. 4-11
ML4410 Sensorless Spindle Motor Controller 4-19
ML4411 Sensorless Spindle Motor Controller . 4-31
ML4411A Sensorless Spindle Motor Controller 4-31
ML4412 Enhanced Sensorless BLDC Motor Controller ... 4-45
ML4418 Voice Coil Driver 4-59
ML4420 Enhanced Sensorless BLDC Motor Controller ... 4-67
ML4421 Variable Speed AC Induction Motor Controller ... 10-3
ML4423 3-Phase and Single/2-Phase Variable Speed AC Induction Motor Controller ... 10-13
ML4425 Sensorless BLDC PWM MOtOr CONIONIET .........c.ccuuiruririiiiiieieiciee et ettt st senesesete e sessseseensesens 10-23
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ML4426
ML4428
ML4431
ML4451
ML4452
ML4506
ML4508
ML4510
ML4532
ML4533
ML4534
ML4535
ML4536
ML4568
ML4621
ML4622
ML4624
ML4632
ML4642
ML4644
ML4652
ML4658
ML4662
ML4663
ML4664
ML4665
ML4667
ML4668
ML4669
ML4670
ML4751
ML4761
ML4771
ML4775
ML4790
ML4800
ML4801
ML4802
ML4809
ML4810
ML4811
ML4812
ML4813
ML4815
ML4816
ML4817
ML4818
ML4819
ML4821
ML4822
ML4823
ML4824
ML4825
ML4826
ML4828
ML4830
ML4831
ML4832

PAGE
Sensorless BLDC PWM Motor Controller 10-23
Sensorless Smart-Start™ BLDC PWM Motor Controller 10-39
Servo Demodulator 4-81
2-Channel Preamplifier for Tape Drives 4-89
MR Head Preamplifier for Tape Drives 2-CH Read and 1-CH Write with Readback ... 4-97

5V Disk Voice Coil Servo Driver
Low Voltage Drop Voice Coil Servo Driver ..
5V Sensorless Spindle Motor Controller ...
Servo Burst Area Detector ......

Servo Burst Area Detector ..........cceeeueeennes
Area Detector Based Embedded Servo Demodulator .
Area Detection Based Hybrid Servo Demodulator
Servo Burst Area Detector
Disk Pulse Detector + Embedded Servo Demodulator ..
Data Quantizer
Fiber Optic Data Quantizer ....
Fiber Optic Data Quantizer.
Fiber Optic LED Driver.
AUI Multiplexer ...........
4 Port AUI Multiplexer
10BASE-T Transceiver
10BASE-T Transceiver ..
TOBASE-FL Transceiver
Single Chip 10BASE-FL Transceiver
TOBASE-FL to TOBASE-T Converter .
Low Cost Single Chip 10BASE-FL Transceiver ..
Low Power T0BASE-FL Transceiver
Low Power Single Chip 10BASE-FL Transceiver ..
TOBASE-FL to TOBASE-T Converter
Multi-Standard Serial Transceiver ...
Adjustable Output Low Current Boost Regulator .
Adjustable Output Low Voltage Boost Regulator .
High Current Boost Regulator

Adjustable Output Low Voltage Boost Regulator with Shutdown 11-31
Adjustable Output Low Ripple Boost Regulator 11-39
Low Start-up Current PFC/PWM Controller Combo 8-3
Variable Feedforward PFC/PWM Controller Combo 8-5
PFC/PWM Controller Combo with Green Mode .. 8-7

High Frequency PWM Controller ................. .. 89

High Frequency Power Supply Controller . 8-21
High Frequency Power Supply Controller . . 821
Power Factor Controller ...........cccccevecnennennns . 829
Flyback Power Factor Controller ..................... .. 8-43
Zero Voltage Switching Resonant Controller ... 8-57
High Frequency Multi-Mode Resonant Controller 8-71
Single Ended High Frequency PWM Controller ... 8-85
Phase Modulation/Soft Switching Controller .... 8-93
Power Factor and PWM Controller "Combo" 8-105
Power Factor CONTOMET .........c.c.cuiiuiiiiiciitciiiie ettt e st eae 8-121
ZVS Average Current PFC Controller ..........ooevveeveveieieveenieneiesieeeseenens . 8131
High Frequency Power Supply Controller ....... . 8141
Power Factor Correction and PWM Controller Combo . 8-149
High Frequency Power Supply Controller 8-163
PFC and Dual Output PWM Controller Combo 8-171
BiCMOS Phase Modulation/Soft Switching Controller .. .. 8187
Electronic Ballast Controller ............ ettt e ea e et e e b et e et eabentesaenaeae et et e b et e st eatenseteeseennereens 9-3
Electronic Ballast CONIOIIEN .......ccoiiuiiiiiirietietcieie ettt et st s et saessaenasanenns 9-17
Electronic Ballast Controller 9-31
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PAGE
ML4833 Electronic Ballast Controller 9-45
ML4841 Variable Feedforward PFC/PWM Controller Combo 8-195
ML4850 Low Current Single Cell Boost Regulator with Detect . 11-49
ML4851 Low Current, Voltage Boost Regulator 11-57
ML4861 Low Voltage Boost Regulator... 11-67
ML4862 Battery Power Control IC 11-77
ML4863 High Efficiency Flyback Controller 11-89
ML4864 LCD Backlight Lamp Driver with Contrast 11-97
ML4865 High Voltage High Current BOOst REGUIALON .........cciiiiiriniiiiiiiniertieteeceeeie e ene 11-105
ML4866 3.3V Output DC-DC Step-DOWN CONVEIET .........oiiiiiiiiiiieiiieiteeeetete e et e et et esteeteab et eaeeesnannnesseeesaneaas 11-111
ML4868 High Frequency, Low Voltage Boost Regulator .. 11-119
ML4871 High Current Boost Regulator 11-127
ML4872 High Current Boost Regulator with Shutdown 11-135
ML4873 Battery Power Control IC 11-143
ML4874 LCD Backlight Lamp Driver 11-153
ML4875 Low Voltage Boost Regulator with Shutdown .... 11-161
ML4876 LCD Backlight Lamp Driver with Contrast .. 11-171
ML4877 LCD Backlight Lamp Driver..... 11-179
ML4878 ML4878 LCD Backlight Lamp Driver. 11-187
ML4880 Portable PC/MCIA Power Controller 11-197
ML4890 High Efficiency, Low Ripple Boost Regulator . 11-211
ML4894 Synchronous Buck Controller 11-223
ML4895 Synchronous Buck Controller 11-233
ML4896 Dual Output Synchronous Buck Controller ... 11-243
ML4900 High Current Synchronous Buck Controller 11-255
ML4901 High Current Synchronous Buck Controller ... 11-263
ML4902 High Current Synchronous Buck Controller.........ccccceueiieueeenns 11-271
ML4950 Adjustable Output, Low Current Single Cell Boost Regulator with Detect... 11-281
ML4951 Adjustable Output, Low Current Low Voltage Boost Regulator with Detect 11-291
ML4961 Adjustable Output, Low Voltage Boost Regulator with Detect .......... 11-301
ML511 4, 6, 7, or 8-Channel Ferrite Read/Write Circuits 4-175
ML511R 4, 6, 7, or 8-Channel Ferrite Read/Write Circuits .. 4-175
ML541 Read Data Processor 4-183
ML6012 3.5" R/W MOD Read Channel Front-end Processor 4-193
ML6013 3.5" R’W MOD Read Channel Back-end Processor 4-207
ML6024 16 Mbps Filter/Equalizer for Tape Drives ....... 4-223
ML6025 24 Mbps Read Channel Filter/Equalizer ... 4-233
ML6026 36 Mbps Read Channel Filter/Equalizer... 4-243
ML6035 5V Spindle Motor Controller and Driver .. 4-253
ML6042 Tape Drive Data Channel Processor ..... 4-265
ML6310 3V/5V Read Channel Front-end Processor .. 4-283
ML6311 3V/5V Read Channel Back-end Processor 4-299
ML6320 3V/5V 4-Channel Thin-Film Read/Write Circuit ... 4-315
ML6401 8-Bit 20 MSPS A/D Converter ........ccccoovvereerervennnns 6-3
ML6420 Triple/Dual Phase-Equalized, Low-Pass Video Filter ... 6-11
ML6421 Triple Phase and Sinx/x Equalized, Low-Pass Video Filter.. 6-31
ML6422 Triple/Dual Phase-Equalized, Low-Pass Video Filter 6-11
ML6423 Dual Phase and Sinx/x Equalized, S-Video Low-Pass Video Filter 6-43
ML6424 CCIR601 Video Lowpass Filter with Optional Sinx/x Correction .... 6-53
ML6425 CCIR601 Video Lowpass Filter with Optional Sinx/x Correction 6-53
ML6430 Genlocking Sync Generator with Digital Audio Clock for NTSC, PAL & VGA 6-65
ML6500 Programmable Adaptive Clock Manager (PACManT™) 5-3
ML6508 Programmable Adaptive Clock Manager (PACMan™) 5-19
ML6509 Active SCSI Terminator........c.cceiuciiiniiiiiciiceeeee e 5-35
ML6510 Series Programmable Adaptive Clock Manager (PACMan™) ... 5-43
ML6518 18 Line Hot-Insertable Active SCSI Terminator .... 5-61
ML65244 High Speed Dual Quad Buffer/Line Drivers 5-69
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PAGE
ML65245 High Speed Octal Buffer Transceivers .. 5-81
ML6550 Bus Termination Regulator 5-109
ML65541 High Speed Octal Buffer/Line Drivers 5-97
ML6599 Hot-Insertable Active SCSI Terminator 5-117
ML65L244 High Speed Dual Quad Buffer/Line Drivers 5-69
ML65L245 High Speed Octal Buffer Transceivers 5-81
ML65L541 High Speed Octal Buffer/Line Drivers ... 5-97
ML65T244 3.3V High Speed Dual Quad Buffer/Line Drivers 5-75
ML65T245 3.3V High Speed Octal Buffer Transceivers 5-91
ML65T541 3.3V High Speed Octal Buffer/Line Drivers ... 5-103
ML6622 High-Speed Data Quantizer ........ 2-183
ML6633 High Speed Fiber Optic LED Driver 2-189
ML6671 TP-PMD Transceiver 2-193
ML6672 ATM UTP Transceiver ... 2-201
ML6673 Fast Ethernet/FDDI TP-PMD Transceiver 2-209
ML6674 ATM 155Mbps UTP Transceiver 2-217
ML6680 Token Ring Copper-to-Fiber Converter 2-225
ML6682 Token Ring Physical Interface 2-237
ML6686 Intelligent Token Ring Physical Interface .. 2-251
ML6691 100BASE-T Mli-to-PMD Transceiver 2-269
ML6692 100BASE-TX Physical Layer with Ml 2-279
ML6694 T00BASE-TX Physical Layer with 5-Bit Interface . 2-299
ML6698 100BASE-TX Physical Layer with 5-Bit Interface 2-311
ML8464C PUISE DELECLON ....venireeeirirenirieterete ettt et e es e see s e st sse e ebessesaanne 4-321
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- - - General
“"L Micro Linear Ordering Information

Part Number and Package Type Explanation

PART NUMBER
X
- hal

Package Type

|

1

|

I

]
_.____| >

Temperature Range

C =0°C to +70°C

E =-20°C to +70°C

| = —40°C to +85°C
M = -55°C to +125°C

Number or letter indicates electrical grade of part (optional)

Three to seven digit generic or product part number

Micro Linear Prefix (for second source device is the same as original source)

Number or letter indicates electrical grade of part (optional) —

PACKAGE TYPE
Letter Suffix Description

Flat Pack

Quad Flat Pack (QFP)

1mm Thin Quad Flat Pack (TQFP)

Quarter Size Small Outline Package (QSOP)
Plastic DIP

Plastic Leaded Chip Carrier (PLCC)

Shrink Small Outline Package (SSOP)

Small Outline (SOIC)

Thin Shrink Small Outline Package (TSSOP)

4w 0T ARIO™
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M’OL Micro Linear Cross Reference Guide

Alternate Source Part Number

Analog Devices National Semiconductor
Analog Devices Micro Linear National Semiconductor Micro Linear
Part Number Direct Replacement Part Number Direct Replacement
AD7820KN ML2261CCP ADCO0834BCN ML2284BCP
AD7820KP ML2261CCQ ADCO0834CCN ML2284CCP
AD7820LN ML2261BCP ADCO0838BCN ML2288BCP
AD7820LP ML2261BCQ ADCO0838BCV ML2288BCQ
AD7824KN ML2264CCP ADCO0838CCN ML2288CCP
AD7824LN ML2264BCP ADC0838CCV ML2288CCQ
ADCO08061BCN ML2261BCP
ADC08061BCV ML2261BCQ
Linear Technology ADCO08061BCWM ML2261BCS
Linear Technology Micro Linear ADC08061CCN ML2261CCP
Part Number Direct Replacement ADCO08061CCV ML2261CCQ
ADC08061CCWM ML2261CCS
LTC1060ACN ML2110BCP ADC08064CCN ML2264CCP
LTCT060CN ML2110CCP ADC08064CCWM ML2264CCS
ADC1061CIN ML2271CCP3
- - ADC1061CIWM ML2271CCS3
National Semiconductor DP84688TP-2 ML4568-2CQ
National Semiconductor Micro Linear LMF100CCN ML2111CCP
Part Number Direct Replacement LMF100CCWM ML2111CCS
ADC0808CCV ML2258BIQ MF10ACN ML2110BCP
ADCO809CCN ML2258CIP MF10CCWM ML2110CCS
ADC0809CCV ML2258CIQ MF10CCN ML2110CCP
ADCO0820BCN ML2261BCP
ADC0820BCV ML2261BCQ -
ADC0820CCN ML2261CCP Silicon Systems, Inc.
ADC0820CCV ML2261CCQ Silicon Systems, Inc. Micro Linear
ADCO0831BCN ML2281BCP Part Number Direct Replacement
ADC0831CCN ML2281CCP SS132P541-CH ML541CQ
ADC0832BCN ML2282BCP SSI 32P541-P ML541CP
ADCO832CCN ML2282CCP SSI 32P541A-CH ML4042CQ
ADCO833BCN ML22838CP SSI 32P541A-P ML4042CP
ADCOB33CCN ML2283CCP SSI 32P541B-CH ML4042CQ
SSI 32P541B-P ML4042CP
SSI 32R4610A ML6320CS-5
SSI'32R2020R ML6320CS-5
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Cross Reference Guide

Silicon Systems, Inc. Texas Instruments
Silicon Systems, Inc. Micro Linear Texas Instruments Micro Linear
Part Number Direct Replacement Part Number Direct Replacement
SSI 32R2024R ML6320CS-5 ADC0834BCN ML2284BCP
SSI 32R2030A ML6320CS-5 ADC0838ACN ML2288CCP
SSI 32R2201R ML6320CS-5 ADC0838CCN ML2288BCP
SSI 32R2300R ML6320CS-5
SSI 32R2310R ML6320CS-5 .
SSI 32R2300R ML6320CR-3 Unitrode
SSI 32R2310R ML6320CR-3 Unitrode Micro Linear
SSI 32R511R-4S ML511R-4CS Part Number Direct Replacement
SSI 32R511R-6H ML5T1R-6CQ
SSI 32R511R-6P ML511R-6CP UC2823N ML4823IP
SSI 32R511R-65 ML511R-6CS UC2823Q ML48231Q
SSI 32R511R-8H ML511R-8CQ UC2825N ML48251P
SSI 32R511R-8P ML511R-8CP uC2825Q ML48251Q
SSI 32R511-4S ML511-4CS UC3823N ML4823IP
SSI 32R511-6H ML511-6CQ uC3823Q ML4823CQ
SSI 32R511-6P ML511-6CP UC3825N ML4825IP
SSI 32R511-65 ML511-6CS uC3825Q ML4825CQ
SS1 32R511-8H ML511-8CQ
SSI 32R511-8P ML511-8CP vTe
VTC Micro Linear
Texas Instruments Part Number Direct Replacement
Texas Instruments Micro Linear VM3204 ML6320CR-3
Part Number Direct Replacement VM320H4 ML6320CR-3
ADCO0808N ML2258BIP Vid320L4 ML6320CRS
ADCO0809N ML2258CIP
TLC0820ACN ML2261CCP
TLCO820ACFN ML2261CCQ
TLC0820BCN ML2261BCP
TLC0820BCFN ML2261BCQ
ADCO0831ACP ML2281CCP
ADC0831BCP ML2281BCP
ADCO0832ACP ML2282CCP
ADC0832BCP ML2282BCP
ADCO0834ACN ML2284CCP
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Networking Products

Section 2
SEIECON GUIAE  ..ceiniiiiieetee ettt ettt et ettt eaeeae s e ene st et et eneeaas 2-1
ML2652/53 10Base-T Physical Interface Chip 2-5
ML2656 T10BASE-T Multi-port Repeater (6) ... .. 2-25
ML4621 Data QUANLIZET ......oiviiiiiiiiicicctee et 2-29
ML4622/24 Fiber Optic Data QUANLIZET .......cceveueururireeiereerieeeeeiee e 2-35
ML4632 Fiber Optic LED DIV ....cevveuieieneeiieecieietee ettt 2-43
ML4642 AUL MUIIPIEXET ...ttt et eveeae e enean 2-49
ML4644 4 Port AUI Multiplexer ... .. 2-63
ML4652/58 TOBASE-T TranSCEIVET ......ceocuiereeinieierieiteeeeeeteeeeteeeeeeeeeseeeeaeseeseeennaeeenes 2-75
ML4662 TOBASE-FL TranSCeIVET ......cccuiiiiiiiciiniiiitieesee ettt e v e e 2-91
ML4663 Single Chip TOBASE-FL TranSCeIVEr ........c.cvevveveeveriereeeeeieeeeeeeeeeieeeevenens 2-103
ML4664/69 TOBASE-FL to TOBASE-T CONVEIEr.....c..tvieerieeieeecieeeeeeeeeieeeeeee e 2-117
ML4665 Low Cost Single Chip TOBASE-FL Transceiver.........ccocouvvvveeveeeeceeneennne. 2-131
ML4667 Low Power TOBASE-FL TranSCeIVer -......ccecueieuieeeeeeeeeeeeeeeeeeeeeeeeeeeee 2-145
ML4668 Low Power Single Chip TOBASE-FL TransCeiver.............cceceeveeererereerennnns 2-157
ML4670 Multi-Standard Serial TransCeIVEr .........cooceuevieeereieriieeeceeeeeeeeeeveree e 2-171
ML6622 High-Speed Data Quantizer ............... .. 2-183
ML6633 High Speed Fiber Optic LED DFIVET .....ccoccveirieeereiereicieieeeeeeseeeeeerennens 2-189
ML6671 TP-PMD TransCeIVET .......ccceiviiiiuiiiiiieiiiieeeieeneteeeiteeeeaeeesteeesereassasessnnes 2-193
ML6672 ATM UTP TranSCeIVET .......c.oiiiiiiiiiiiiieiitcteet ettt 2-201
ML6673 Fast Ethernet/FDDI TP-PMD TransCeIVEr .........cvveverereerereerereresrenreeerenens 2-209
ML6674 ATM 155Mbps UTP Transceiver
ML6680 Token Ring Copper-to-Fiber Converter
ML6682 Token Ring Physical INterface.........cocoevverueverenirereieceseeeeeeeseee e
ML6686 Intelligent Token Ring Physical Interface .........cccccoeveeueeueieeeeeieieierenns 2-251
ML6691 TOOBASE-T MllI-to-PMD Transceiver ... 2-269
ML6692 TO0BASE-TX Physical Layer with Ml ......cccoveeeieerireeieieceeeeeeeeere e 2-279
ML6694 TOOBASE-TX Physical Layer with 5-Bit Interface............cccccoeveveveneennee.. 2-299
ML6698 T00BASE-TX Physical Layer with 5-Bit Interface ...........cccoevveeveeeevecnenenee. 2-311
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Networkihg Products

Selection Guide

Ethernet, 10 Mbps

Part Number Description LED Outputs Autopolartity Package Types
ML2652 10BASE-T Physical Layer 6 Yes 44-Pin PLCC
with AUI Port
ML2653 TOBASE-t Physicai Layer 2 Yes 28-Pin PLCC
44-Pin TQFP
ML2653EVAL Evaluation Kit for ML2653
ML4642 AUl Multiplexer (2-port) 6 N/A 28-Pin SSOP
28-Pin PLCC
ML4644 AUl Multiplexer (4-port) 10 N/A 68-Pin PLCC
ML4652 T10BASE-T MAU 6 No 24-Pin Skinny DIP
28-Pin PLCC
ML4658 TOBASE-T MAU 6 Yes 24-Pin Skinny DIP
28-Pin PLCC
ML4662 TOBASE-FL MAU 5 N/A 28-Pin PLCC
(without Quantizer)
ML4662EVAL Evaluation Kit for ML4662
ML4663 Single-chip TOBASE-FL MAU 5 N/A 28-Pin PLCC
ML4663EVAL Evaluation Kit for ML4663
ML4664 10BASE-FL to TOBASE-T 5 Yes 28-Pin PLCC
Converter
ML4664EVAL Evaluation Kit for ML4664
Al AGGRS Cinala_chin TNRACFE_FI AAL| 1 N/A 20-Pin PICC
ML4665 Single-chip 10BASE-FL MAU 1 N/A 20-f LCC
ML4667 TOBASE-FL MAU 5 N/A 28-Pin PLCC
(without Quantizer)
ML4668 Single-chip TOBASE-FL MAU 5 N/A 28-Pin PLCC
ML4668EVAL Evaluation Kit for ML4668
ML4669 TOBASE-FL to TOBASE-T 5 Yes 28-Pin PLCC

Converter

@Micro Linear
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Fast Ethernet, T00BASE-TX

Part Number Description Interface Equalizer Baseline Wander Package Types
ML6671 TP-PMD Transceiver P-ECL Yes No 32-Pin PLCC
32-Pin TQFP
ML667T1EVAL Evaluation Kit for ML6671
ML6673 TP-PMD Transceiver P-ECL Yes 32-Pin PLCC
32-Pin TQFP
ML6673EVAL Evaluation Kit for ML6673
ML6691 PCS: 4B/5B, Scrambler Ml No No 44-Pin PLCC
ML6691EVAL Evaluation Kit for ML6691
ML6692 Single-chip TO0BASE-TX PHY Mil Yes Yes 52-Pin PLCC
64-Pin TQFP
ML6692EVAL Evaluation Kit for ML6692
ML6694 TODBASE-TX PHY 5-bit Yes Yes 44-Pin PLCC
w/ 5-bit interface 44-Pin TQFP
ML6694EVAL Evaluation Kit for ML6694
ML6698 100BASE-TX PHY 5-bit Yes Yes 44-Pin PLCC
w/ 5-bit interface 44-Pin TQFP
ML6698EVAL Evaluation Kit for ML6698
ATM
Part Number Description Interface Equalizer Baseline Wander Package Types
ML6672 ATM UTP Transceiver P-ECL Yes No 32-Pin PLCC
32-Pin TQFP
ML6672EVAL Evaluation Kit for ML6672
ML6674 ATM UTP Transceiver P-ECL Yes Yes 32-Pin PLCC
32-Pin TQFP
ML6674EVAL Evaluation Kit for ML6674
Token Ring Physical Interface
Part Number Application Data Rates Cable Type Processor Interface Package Type
ML6680 Token Ring Copper-to-Fiber 4Mbps/16Mbps UTP/STP N/A 32-Pin PLCC
Converter
ML6682 Token Ring Physical Layer 4Mbps/16Mbps UTP/STP No 44-Pin TQFP
44-Pin PLCC
ML6686 Intelligent Token Ring 4Mbps/16Mbps UTP/STP Yes 32-Pin PLCC
Physical Layer
2-2 L Micro Linear



Fiber Optic Components

Part Number Description Bandwidth 1/0 Types Package Types
ML4621 Quantizer (post-amp) 50MHz TTL, ECL 24-Pin Skinny DIP
28-Pin PLCC
ML4622 Quantizer (post-amp) 40MHz TTL, ECL 16-Pin Skinny DIP
16-Pin Narrow PLCC
ML4624 Quantizer (post-amp) 40MHz TTL, ECL 24-Pin Skinny DIP
28-Pin PLCC
ML4632 LED Driver 20MHz TTL, ECL 14-Pin DIP
16-Pin SOIC
ML6622 Quantizer (post-amp) 200MHz ECL 16-Pin Narrow SOIC
ML6633 LED Driver 200MHz ECL 8-Pin SOIC
ML6633/ Evaluation Kit for -
ML6622EVAL ML6633 and ML6622

Networking Interface Products

Part Number Description Protocols Data Rate Package Type
ML4670 Multiple Protocol Physical RS-449, RS-232 10Mbps 84-Pin PLCC
Interface V.35, X.21

8L Micro Linear 2-3
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ML2652/ML2653

10Base-T Physical Interface Chip .

GENERAL DESCRIPTION

The ML2652, 10BASE-T Physical Interface Chip, is a
complete physical interface for twisted pair and AUI
Ethernet applications. It combines a TOBASE-T MAU,
Manchester Encoder/Decoder, and Twisted Pair Interface
filters in one monolithic IC. A complete DTE interface for
twisted pair Ethernet can be implemented by combining
the ML2652, an Ethernet controller, and transformers.

The ML2652 can automatically select between an AUI
and twisted pair interface based on Link Pulses. Six LED
outputs provide complete status at the physical link. Link
and Test can be enabled or disabled through the LED
outputs.

The unique transmitter design uses a waveform generator
and low pass filter to meet the TOBASE-T transmitter
requirements without the need for an external filter. The
differential current driven output reduces common mode
which in turn results in very low EMI and RFI noise.

The ML2652 and ML2653 (28 pin version) are implemented
in a low power double polysilicon CMOS technology. The
ML2653 does not include the AUI interface.

F

EATURES

Complete physical interface solution
“nforms to IEEE 802.3i-1990 (10Base-T)
On-chip transmit and receive filters
Automatic AUI/Twisted Pair selection (ML2652 only)
Power down mode
Pins selectable controller interface-(CSO ~ CS2)
Intel 82586, 82596
NSC DP8390
Seeq 8003, 8005
AMD 7950

Automatic polarity correction
Pin selectable receive squelch levels

Status pins for: link detect, receive &
transmit activity, collision, jabber, AUl selection

Single supply 5V £5%

ML2652 BLOCK DIAGRAM

r——=—=—-— - —_——— s |
: csolc51|cszl D[ Vcc |Vec| GND| lGN JABDIS |

TxC JABBER LINK RTX !
r_‘]<_ DETECT PULSE
TXE DATA |MANCHESTER H
ENCODER T
TxD XMT CURRENT L
WAVEFORM |_|DRIVEN XMT
| ENABLE GEN & LPF OUTPUT Tx=
: DRIVER H
coL CONTROLLER | COLLISION OLLISION |
INTERFACE | DETECT Rx+
RECEIVE
PBK
[j,l___> DATA | MANCHESTER b S |
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PIN CONNECTIONS

ML2653
28-Pin PLCC (Q28)

ML2652
44-Pin PLCC (Q44)
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ML2653 BLOCK DIAGRAM

| JABBER LINK RTX
T*C DETECT PULSE
DATA |MANCHESTER 0
TxE ENCODER T
XMT CURRENT X+
<D WAVEFORM |_IDRIVEN XMT]| -
ENABLE GEN & LPF OUTPUT =
1 DRIVER
] I
L coL CONTROLLER | COLLISION OLLISION |
INTERFACE DETECT | | Rx+
LPBK RECEIVE
[} DATA |MANCHESTER LPF Rx—
! DECODER RECEIVER || |
! RxC ENABLE RSL
=
RxE
RxD
|
|
L]

LEDS
!
: RPOL|_ XMT/RCV i3 ]

PIN DESCRIPTION

NAME FUNCTION NAME FUNCTION

Vce Positive supply. +5V DI- AUI negative receive data input from optional

GND  Ground. 0 volts. All inputs and outputs referenced external transceiver.
to this point. Cl+ AUI positive collision input from optional

CLK Clock input. There must be either a 20 MHz external transceiver.
crystal or a 20 MHz clock between this pin Cl- AUI negative collision input from optional
and GND. external transceiver.

Tx+ Transmit positive twisted pair output. This output RTX Transmit current set. An external resistor between
is a current source that drives the twisted pair this pin and GND programs the absolute value of
cable through a pulse transformer. output current on Tx+.

Tx— Transmit negative twisted pair output. This output TxC Transmit clock output. Digital output which
is a current source that drives the twisted pair clocks the transmit data (TxD) into the device
cable through a pulse transformer. from the controller.

Rx+ Receive positive twisted pair input. This input TxD  Transmit data input. Digital input which contains
receives data from the twisted pair cable through transmit data from the controller.

a pulse transfo! . . . L
pulse transtormer TxE Transmit enable input. Digital input from the
Rx— Receive negative twisted pair input. This input controller that indicates when the transmit data
receives data from the twisted pair cable through (TxD) is valid.
a pulse transformer. - ..
pu COL  Collision output Digital output to the controller

DO+  AUI positive transmit output. AUI transmit data which indicates when a collision condition is
output to optional external transceiver. present.
DO-  AUI negative transmit output. AUI transmit data RxC  Receive clock output. Digital output which clocks
output to optional external transceiver. receive data (RxD) from the device into the
controller.

DI+ AUI positive receive data input from optional
external transceiver.

8L Micro Linear 2-7
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PIN DESCRIPTION (Continued)

NAME FUNCTION

NAME FUNCTION

RxD  Receive data output. Digital output which
contains receive data sent to the controller.

RxE Receive data valid. Digital output to the controller
that indicates when the receive data (RxD) is
valid.

LPBK  Local loopback. Digital input from the controller
which forces the device to loopback transmit data
without sending it on the media.

FD Full Duplex Enable. When enabled the 1T0BASE-T
MAU loopback and collision detect are disabled.
LPBK must be disabled when using this function.

CSo Controller selection input. Digital input which
selects one of four standard controller timing
interfaces. This pin has an internal pulldown
resistor to GND.

Cs1 Controller select input. Digital input which selects
one of four standard controller timing interfaces.
This pin has an internal pulldown resistor to
GND.

CS2 Controller select input. Digital input which selects
one of four standard controller timing interfaces.
This pin has an internal pulldown resistor to
GND.

RSL Receive squelch level select input. Pin has
internal pullup resistor to VCC.
RSL = High Receive squelch level = 10Base-T
RSL = Low Receive squelch level = extended

CLS  Collision status output. Digital output which
indicates that collision condition has been
detected. Pin is an open drain output with resistor
pullup and is capable of driving an LED.

TP Link test pass output/input. This pin consists of an

open drain output transistor with a resistor pullup
that serves both as a link test pass output and a
link test disable input. When used as an output,
this pin is capable of driving an LED.

LTP = High, link test failed

LTP = Low, link test pass

LTP = GND, link test disabled

AUI/TP AUl/twisted pair interface select input.
AUI/TP = High, AUI selected
AUI/TP = Low, TP selected

RPOL This pin must be grounded at all times.

JAB Jabber detect output. Digital output which
indicates that the jabber condition has been
detected. Pin is an open drain output with resister
pullup and is capable of driving a LED.

JAB = High, normal
JAB = Low, jabber detected

AUISEL AUI/TP port output status
AUISEL = High, TP port selected
AUISEL = Low, AUI port selected

JABDIS Jabber disable input
JABDIS = High, jabber disabled
JABDIS = Low, normal operation

distance

XMT  Transmit status output. Digital output which NC No connect. Leave this pin open circuit.

indicates data transmission on Tx+ and Tx-.

Pin is open drain output with resistor pullup and

is capable of driving an LED. XMT pin and RCV

pin are the same pin for the ML2653.
RCV  Receive status output. Digital output which

indicates unsquelched data reception on Rx+

and Rx—. Pin is an open drain output with resistor

pullup and is capable of driving an LED.
ABSOLUTE MAXIMUM RATINGS
Absolute maximum ratings are limits beyond which the Power dissipation ...........ccceeeeeiuiieieeceeiieeieeenne 0.75 Watt
life of the integrated circuit may be impaired. All voltages Storage temperature range........................ -65°C to 150°C
unless otherwise specified are measured with respect to Junction Temperature ..........cccocccuveeeeueeeceeeeeeeeeeeenen. 150°C
GND. (Note 1) Lead temperature (soldering, 10 $€C) ...c.covvveeuvennnne 260°C

Ve SUPPlY VOItABE ... +6.5V
All inputs and outputs .... -0.3Vto Ve + 0.3V
Input current per pin ........ccoceeiiiiinininnieeeee +25 mA

Thermal Resistance (8ja)
32-Lead PLCC ..ot
44-Lead PLCC ..
44-Lead TQFP oo
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ML2652/ML2653

ELECTRICAL CHARACTERISTICS
Unless otherwise specified Tp = 0°C to 70°C, Vcc = 5V +5%. Note 2 & 3.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
VIL Digital input low voltage All except CLK .8 \Y
CLK 1.5 \Y
VIH Digital input high voltage All except CLK 2.0 \Y,
CLK 3.5 \%
L Digital input low current VIN=GND TxD, TxE, AUI/TP -5 HA
VIN=GND LPBK, CS2-0, LBDIS,JABDIS -5 HA
VIN=CND RSL -10 =25 -50 HA
VIN=GND LTP, RPOL, -15 -250 -500 HA
VIN=GND CLK -300 HA
IH Digital input high current VIN=VCC TxD, TxE, AUI/TP 1 pA
VIN=VCC LPBK, CS2-0, LBDIS, JABDIS 10 25 50 A
VIN=VCC RSL 1 HA
VIN=VCC TP, RPOL 1 pA
VIN=VCC CLK 250 HA
CIN Digital input capacitance All except CLK 5 pF
CLK 10 pF
VOL Digital output low voltage 10L=-2mA TxC, COL,
RxC, RxD, RxE 4 \%
10L=-10mA XMT, RCTV,
CLS, LTP, RPOL, JAB 6 \Y
VOH Digital output high voltage IOH=2mA TxC, COL,
RxC, RxD, RxE 4.0 \Y
IOL=10uA XMT, RCV, CLS,
LTP, RPOL, JAB 2.4 \%
ICC VCC supply current TX transmission 140 mA
No transmission 105 mA
Powerdown mode 2 mA
TOV Txt differential
output voltage RTX = 10K 2.2 2.5 2.8 Vp
THD Txt harmonic distortion TxD=all ones =27 dB
TCM Txt common mode
output voltage + 50 mVp
TCMR Tx+ common mode rejection | VCM=15vp, 10.1 MHz sine + 100 mVp
TOVI Txz differential output
voltage during idle + 50 mVp
TOIA Tx+ output current accuracy RTX=10K 50 mA
TRO Tx* output resistance 1 Mohm
TCO Tx+ output capacitance 10 pF
RRI Receive input resistance 2.5K 10K ohms
RCI Receive input capacitance 10 pF
RSON Receive squelch on level RSL=1 275 520 mVp
RSL=0 150 325 mVp
8L Micro Linear 2-9




ML2652/ML2653

ELECTRICAL CHARACTERISTICS (Continued)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
RSOF Receive squelch off level RSL=1 150 325 mVp
RSL=0 100 225 mVp
DOV DO+ differential
output voltage + 550 +1170 mV
DOVI DOz differential
output voltage during idle + 40 mV
DOUS DOxdifferential output
voltage return to 0 undershoot -100 mV
DOCMA | DO+ common mode AC
output voltage + 40 mV
DOCMA | DO+ common mode DC
output voltage VCC *.5 \
DIRI DI/Cl input resistance 2.5K 10K ohms
DICI DI/Cl input capacitance 10 pF
DIBV DI/Cl input bias voltage DI/CI floating VCC *.5 Vv
DISON | DI/CI squelch on level -175 -325 mVp
t1 TxC on time 45 55 ns
t2 TxC off time 45 55 ns
t3 TxC period 100 ns
t4 TxE setup time 25 ns
t5 TxE hold time 0 ns
t6 TxD setup time 25 ns
t7 TxD hold time 0 ns
t8 Transmit propagation delay Txt 60 200 ns
DO+ 200 ns
t9 Start of Idle Txt
Pulse Width DO+ 200 350 ns
t10 SOI pulse width to within Txt 4500 ns
40mV of final value DO+ 8000 ns
t11 Transmit output jitter Txt +8.0 ns
DO+ +.5 ns
t12 Transmit output
rise and fall time Txt , 10-90% 5 ns
t13 TxE to XMT assert 250 ms
t14 XMT blinker pulse period 95 115 ms
-
2-10 hg
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ML2652/ML2653

ELECTRICAL CHARACTERISTICS (Continued)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
t15 XMT duty cycle 45 55 %
t20 Start of receive packet Rx+ 600 ns

to RxE assert DIt 200 ns
t21 Start of receive packet Rx+ 1600 ns
to RxC active Dl+ 1300 ns
t22 RxC on time 45 900 ns
t23 RxC off time 45 55 ns
t24 RxD valid before RxC 45 ns
t25 RxD valid after RxC 35 ns
126 RXE assert to RCV assert 250 ms
t27 RCV blinker pulse period 95 115 ms
28 RCV duty cycle 45 55 %
t29 Receive input jitter Preamble +12 ns
Data +18 ns
t30 Receive propagation delay Txt 160 ns
DI+ 160 ns
31 RxC to RxE assert 30 60 ns
t32 RxC to RxE deassert 20 45 ns
t33 RxE deassert to RxC switchover 100 200 ns
t34 Minimum SOI pulse width Txt 180 ns
required for receive detection |DIt 180 ns
t40 Jabber activation delay- 20 150 ms
TxE assert to Txt disable
t41 Tx+ disable to JAB assert 200 ms
t42 Jabber reset time — TxE 250 750 ms
deassert to JAB deassert
t43 Tx+ disable to COL assert 50 ns
t44 Txz+ disable to CLS assert 50 ns
t45 JAB deassert to COL deassert 50 ns
t46 JAB deassert to CLS deassert 50 ns
t51 Transmit link pulse period 8 24 ms
t52 Minimum link pulse period 2 7 ms
required for receive detection
t52 Maximum link pulse period 25 150 ms
required for receive detection
t53 Receive link pulse no detect 50 150 ms
to LTP deassert

I§L Micro Linear 2-11
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ELECTRICAL CHARACTERISTICS (Continued)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

t54 Receive link pulse detect to 2 Link Pulse
LTP assert

t55 AUI/TP to AUISEL delay 200 ns

t60 TxE deassert to COL assert 9 1.0 1.1 us

t61 COL pulse Width 9 1.0 1.1 us

t70 Start of RCV packet during Rx+ 500 ns
transmission to COL assert

t71 Start of RCV packet during Rx+ 500 ns
transmission to CLS assert

t72 End of RCV packet during Rx+ 300 ns
transmission to COL deassert

t73 CLS blinker pulse period 95 115 ms

t74 CLS duty cycle 45 55 %

t75 Transmission start during Txt 300 ns
reception to COL assert

t76 Transmission start during Tx+ 250 ms
reception to CLS assert

t77 Clt period 80 120 ns

t78 Clt duty cycle 40 60 %

t79 First valid negative Cl+ 100 ns
data transition to COL assert

t80 First valid negative Cl+ 100 ns
data transition to CLS assert

t81 Last Clt positive data 160 250 ns
transition to COL deassert

t82 External clock input jitter 50 ps

Note 1:  Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with
respect to ground.
Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions.

Note 3: Low Duty cycle pulse testing is performed at Tx.

2-12
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TIMING DIAGRAMS
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Figure 1. Transmit System Timing
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Figure 2. Receive Timing
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TIMING DIAGRAMS
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Figure 4. Receive Timing - Start of Frame
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TIMING DIAGRAMS
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Figure 6. Jabber Timing (ML2652 only.)
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TIMING DIAGRAMS
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TIMING DIAGRAMS
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TIMING DIAGRAMS
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APPLICATION CIRCUIT — ML2652
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Figure 12
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ML2652/ML2653

FUNCTIONAL DESCRIPTION

GENERAL

The ML2652 and ML2653 are composed of a transmitter The receive section consists of the manchester decoder,
section, receive section and some miscellaneous collision detect, AUI, receive LPF, receive comparators,
functions. receive squelch, automatic polarity correct, start of idle

(SOI) detect, and link pulse detect. The purpose of the
receive section is to take data from either the twisted pair
cable or AUI, decode it, then send the data to the
controller via the controller interface. In addition, the
receive section detects and automatically corrects for
reverse polarity, detects link pulses, detects start of idle
pulses, and implements an intelligent receive squelch
algorithm. The receive section can successfully lock onto
an incoming data that contains £18ns of jitter in less than
1.6us.

The transmit section consists of the manchester encoder,
AU, jabber detect, link pulse generator, start of idle (SOI)
pulse generator, waveform generator, and line driver. The
purpose of the transmit section is to take data from the
controller, encode it, and transmit it over either the AUl or
twisted pair interface. In addition, the transmit section
generates link pulses, start of idie pulses, and checks for
jabber condition. The transmitter keeps the data jitter to a
maximum of £8.0ns, and the maximum delay through the
transmission section is less than 2 bits, or 200ns.

APPLICATION CIRCUIT — ML2653

+5V I 0.1uF
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INTEL 82596 5.1K
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e
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Figure 13
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ML2652/ML2653

The miscellaneous functions are the controller interface,
single pin crystal oscillator, AUI, loopback modes, test
mode, and powerdown mode. The ML2653 has no AUI
interface output.

The following text describes each of these blocks and
functions in more detail. Refer to the block diagram.

TRANSMISSION

The transmit data (NRZ) is first clocked into the device
through the controller interface. The device can be
digitally programmed to accommodate any one of four
standard Ethernet controllers as described in Controller
section.

Then the NRZ data is encoded by the manchester encoder
as shown in transmit timing diagram in Figure 1.

The manchester encoded data then goes to either the AUI
or twisted pair interface. The selection of the appropriate
interface is automatic. If the AUI is selected, the
manchester encoded data is transmitted out differentially
on the DO+ and DO- pins, and the twisted pair line
driver is disabled. If the twisted pair interface is selected,
the manchester encoded data is transmitted out
differentially on Tx+ and Tx- pins, and the transmit AUI is
disabled.

Refer to the AUI section for details on how the AUI and
automatic interface selection is accomplished.

Assuming that the twisted pair interface is selected, the
Manchester encoded data then goes to the transmit
waveform generator. The transmit waveform generator
takes the digital Manchester encoded data and generates a
waveform. When this waveform is passed through the
cable model in the TOBASE-T standard (figure 14-7 IEEE
Std 802.3i-1990) it meets the voltage template (figure 14—
9 IEEE Std 802.3i-1990).

The transmit waveform generator is composed of a 16 x 4
bit ROM, 4 bit DAC, 3rd order LPF, and clock generator.
The DAC is used to synthesize a stair-step representation
of a signal that will meet the required output template.
The ROM stores the digital representation of the output
signal and provides a digital input to the DAC. The ROM
is addressed by a 16 phase clock generator that is locked
to the transmit clock TxC. The high frequency content
present in the output of the DAC is removed by a 3rd
order continuous LPF which smooths the output.

The transmit line driver takes the output of the waveform
generator and converts this voltage to a differential output
current on Tx+ and Tx— pins. When one transmit output
(either Tx+ or Tx-) is sinking current, the other output is
high impedance, and vice versa. In this way, a differential
output voltage is developed by sinking this output current
through two external 200 ohm terminating resistor and a
2:1 transformer as shown in Figure 12.

Setting the external terminating resistors to 200 ohms as
shown in Figure 12 will implement a 100 ohm terminating
impedance when looking back through the transformer. If
other terminating impedances are required (such as 150
ohm), the terminating resistor values can be adjusted
accordingly as long as the output current stays within the
minimum and maximum limits (30-70mA).

The absolute value of the output current, and
subsequently the output voltage level, is set by an external
resistor between RTX and GND. If RTX = 10k ohms and
Tx+ is terminated as shown in Figure 12, the output level
is 2.5V which meets 802.3i-1990 differential output
voltage requirements. If a different output current/voltage
level is desired, the level can be changed by changing the
value of RTX according to the following formula:

RTX = K*Vb/lout
= 125*4v/50mA
RTX = 10kQ

When data is being transmitted (and there is no collision
or link pulse fail condition), the transmit data is looped
back to the receive path, and the Manchester decoder will
lock onto the transmit data stream.

After data transmission is completed, the transmitter sends
a start of idle (SOI) pulse to signal the end of a packet.
During the idle period, Tx+ and Tx— are held low.
Occasionally, link pulses are transmitted during the idle
period.

The XMT pin is an output that indicates transmit activity.
The pin consists of an open drain output with an internal
pull-up resistor and can drive an LED from VCC or
another digital input. In order to make an LED visible,
XMT has an internal blinker circuit that generates a 100ms
blink (50ms high, 50ms low) that is triggered when a
trans-mission starts. At the completion of the 100ms blink
period, if a transmission is in progress, another 100ms
blink is generated.

RECEPTION

The twisted pair receive data is typically transformer
coupled and terminated with an external resistor as shown
in Figure 12.

The output of the transformer is then applied to the device
input pins Rx+ and Rx—. The input is differential, and the
common mode input voltage is biased to VCC/2 by two
internal 10K bias resistors from Rx+, Rx—to VCC/2.

The Rx+ and Rx- inputs then go to the receive filter. The
receive filter is a continuous 3rd order LPF and has the
following characteristics:

1. 3 dB cut-off frequency 15 MHz
2. Insertion Loss (5-10 MHz) <1.0dB
3. 30 MHz attenuation 17.5 dB min.

The output of the filter goes to the receive comparators.
There are two receive comparators inside the chip,
threshold and zero crossing. The threshold comparator
determines if the receive data is valid by checking the
input signal level against a predetermined positive and
negative squelch level. Once the threshold comparator
determines that valid data is being received, the zero
crossing comparator senses zero crossings to determine
data transitions. Both comparators are fast enough to
respond to 12ns pulse widths with minimum squelch
overdrive.

2-20
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The receive squelch circuit determines when data on
incoming Rx+, Rx- is valid. The receive squelch is
considered “on” when the data is deemed to be invalid,
and the receive squelch is considered “off” when data is
determined to be valid.

The input signal must meet the following criteria in order
to turn receive squelch off and be recognized as valid
data:

1. The input signal must exceed the receive squelch
on level. When this occurs, a 400ns squelch interval
timer is started.

2. During the 400ns squelch interval, the input
signal must go from one squelch threshold to the
opposite polarity squelch threshold in less than
127ns.

3. During the 400ns squelch interval, the input
signal has to make less than 9 squelch threshold to
opposite polarity squelch threshold crossings.

When the receive squelch is turned off, the receive
squelch off level is reduced to 2/3 of receive squelch on
level.

The receive squelch will be turned back on if either the
incoming data peaks go below the receive squelch off
level for 400ns or the start of idle (SOI) pulse is detected.

The receive squelch on level can be digitally programmed
for one of two possible levels by using the RSL pin. When
RSL = 1, the squelch on level complies with the IEEE
802.3i-1990 specification. When RSL = 0, the receive
squelch on level is lowered in order to accommodate
greater receive attenuation and consequently longer
twisted pair cable lengths. The receive squelch on level
can be programmed as follows:

Receive Squelch On Level

RSL Application Min  Typ Max
1 10BASE-T 300 585mV
0 Long Distance 200 390mV

The RCV pin is an output that indicates receive activity.
The pin consists of an open drain output with an internal
pull-up resistor and can drive an LED from VCC or
another digital input. In order to make an LED visible,
RCV has an internal blinker circuit that generates a 100ms
blink (50ms high, 50ms low) that is triggered when
reception starts. At the completion of the 100ms blink
period, if reception is in progress, another 100ms blink is
generated.

The manchester decoder receives data from either the
twisted pair interface (as described above) or the AUI
(described in AUI section).

The manchester decoder is responsible for recovering
clock and data from the incoming receive bit stream.
Clock and data recovery is accomplished by a digital PLL
which can lock on the incoming bit stream in less than
1.6ps.

The clock (RxC) and NRZ data (RxD) are then output to
the external world via the controller interface.

SOl

A start of idle (SOI) pulse is sent at the end of transmission in
order to signal to all receivers that transmission has ended
and the idle period begins. Thus, the transmit section has an
SOI generator and the receive section has an SOI detector.

The transmit SOI pulse generator inserts an SOI pulse at the
end of each transmission. The SOI pulse is typically a 250ns
positive pulse inserted after the last positive data transition.
Depending on the data pattern, the positive data transition
could occur either in the middle or at the end of the last bit
cell. So the actual width of the transmitted SOI pulse can
vary from 250-300ns, typically.

The receive SOI detector senses the SOI pulse using the zero
crossing comparator. When the SO! pulse is detected, the
receiver signals to the controller that receive data is no
longer valid and turns the receive squelch on.

LINK PULSE

During the idle period, link pulses are sent by the transmitter
and detected by the receiver so that the integrity of the
twisted pair link can be continuously monitored. Thus, the
transmit section has a link pulse generator, and the receiver
has a link pulse detector.

The transmit link pulse generator transmits a 100ns wide
positive pulse (Tx+ high, Tx—low) every 16 8ms.

IEEE 802.3i-1990 Section 14 requires the link pulse to be
shaped to meet a template when passed or not passed
through the twisted pair line model. The transmit waveform
generator takes the link pulse and generates the waveform
on TX+ when passed or not passed through the twisted pair
line model.

The receiver monitors the receive input to determine if the
link pulses are present. When the device is in the link pulse
pass state, normal packet transmission and reception can
occur. All link pulses less than 2-7ms apart are ignored
while in the link pass state. If no link pulses or receive
packets are detected for a period of 50-150ms, the device
goes into the link pulse fail state.

When the device is in the link pulse fail state, reception is
inhibited and the transmitter is placed in the idle state (no
data transmission but link pulses are still transmitted). In
order for the device to exit the link pulse fail state, one
complete packet or 4 consecutive link pulses must be
detected, and transmit and receive must be idle.
Consecutive link pulses are defined as pulses that occur
within 25-150ms of each other. If the link pulses occur
2-7ms apart in the link fail state, the device ignores the link
pulses and resets the number of consecutive link pulses to
zero. After the link pulse fail state is exited, transmission and
reception can be resumed.

Link pulse status is indicated by the LTP pin. LTP is a dual
function input/output pin that acts both as an active low link
test pass output and a link test disable input. The pin
consists of an open drain output with an internal pull-up
resistor. If the pin is tied to GND, the pin acts as an input
and the link test function is disabled. If the pin is not tied to
GND, the pin acts as an active low link test pass output and
can drive an LED from VCC or another digital output. Thus,
the LED is lit when the link test is passing.
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JABBER

The transmit section contains a jabber detect circuit.
Jabber is a fault condition characterized by a babbling
transmitter. The ML2652 and ML2653 detect jabber when
a transmission packet exceeds 20-150ms in length. If
jabber detect occurs, the transmit output is disabled, the
collision signal COL is sent over the controller interface,
and the JAB pin is pulled low. The device remains in the
jabber detect state until there is at least 250-750ms of
continuous non-transmission. Note that link pulses
continue to be transmitted even when the device is in the
jabber condition.

The jabber detection circuitry can be disabled (only on the
ML2652) with the JABDIS pin for testing and diagnostic
purposes. Disabling jabber means that a jabber condition
is never recognized, even when it occurs. JABDIS is an
active high jabber disable input and has an internal pull-
down resistor to GND.

COLLISION

Collision occurs whenever the DTE card is transmitting
and receiving data simultaneously. However, the collision
circuit on the ML2652 operates differently depending on
whether twisted pair interface or AUl is being used.

When the twisted pair interface is used, collision occurs
whenever the device is transmitting and receiving data
simultaneously, that is when both RxE and TxE are active.
The collision state is indicated by COL and CLS pins. COL
is used to signal collision to the controller. CLS is an active
low open drain output. CLS is activated during Jabber, but
not during SQE test while COL is activated during both.

When the AUI is used (ML2652 only), collision is no
longer detected from simultaneous transmission and
reception, but the collision state is determined when a
collision signal is present on the AUI collision inputs, Cl+
and Cl-. A 10 MHz square wave has to be applied to this
input in order for the device to signal the collision state on
COL and CLS.

The CLS pin is an output that indicates collision activity.
The pin consists of an open drain output with an internal
pull-up resistor and can drive an LED fromVCCor
another digital input. In order to make an LED visible, CLS
has an internal blinker circuit that generates a 100ms blink
(50ms high, 50ms low) that is triggered when a collision
starts. At the completion of the 100ms blink period, if
collision is in progress, another 100ms blink is generated.

SQE TEST

When the twisted pair interface is used, the device tests
the collision circuitry at the end of each transmission by
sending a Tus collision pulse over the COL pin. This is
known as SQE (signal quality error) test and is shown in
the transmit timing diagram in Figure 1. The SQE test is
disabled if the device is in jabber detect state or link pulse
fail condition.

When AUl is used (ML2652), the SQE test pulse is
generated by an external MAU and the external MAU
sends the SQE test pulse to the ML2652 via the collision
inputs , Cl+ and Cl-. The ML2652 then relays the collision
signal to the controller via the COL and CLS output pins.

RECEIVE POLARITY DETECT AND AUTO CORRECTION

The ML2652 and ML2653 contain an auto-polarity circuit
that detects the polarity of the receive twisted pair leads,
Rx+ and RX-and internally reverses the leads if their
polarity is incorrect.

When the device is powered up, it is assumed that the
polarity is correct and no polarity correction occurs. Then
receive polarity is continuously monitored by checking
the polarity of the SOI and link pulses since they are
always positive pulses. If either 2 consecutive SOl or 4
consecutive link pulses have incorrect RX+ polarity, then
the auto-polarity circuit internally reverses the Rx+ and
Rx- connections.

AUI (APPLIES ONLY TO ML2652)

The ML2652 can be used with an external MAU via the
Attachment Unit Interface (AUI). When the AUI is used,
the internal MAU functions and twisted pair interface are
disabled, and the device only uses the manchester
encoder and decoder functions, as shown in the block
diagram. The AUI consists of three differential signal pairs:
DI, DO, and Cl. The function of each pair is described
below.

The DO+ and DO- are differential outputs to the external
MAU which contain the transmit data output from the
Manchester encoder. The DO+ and DO- output drivers
are capable of driving 50 meters of 78 ohm cable with
less than 5ns rise and fall time and less than +0.5ns of
jitter. In addition, at the end of transmission, the AUI
output driver inserts a 200ns minimum pulse and meets
the turnoff and idle characteristics specified in IEEE 802.3—
1988. An external 78 ohm resistor across DO+ and DO-
is required as shown in Figure 12 to develop the proper
output levels from the internal current sources. The DO+
and DO- outputs can be coupled to an external MAU
with either capacitors or a transformer. The ML2652 meets
all AUI transmitter specifications outlined in IEEE 802.3—
1988 Section 7.

DI+ and DI- are inputs from the external MAU which
contain the receive data that goes to the manchester
decoder.

The DI+ and DI~ inputs contain an AUI DI squelch circuit
which determines when incoming data on DI+ and DI~ is
valid. The DI squelch is considered “on” when the data is
deemed to be invalid, and the DI squelch is considered
“off” when data is determined to be valid.

The input signal on DI+ and DI- must meet the following
criteria in order to turn receive squelch off and be
recognized as valid data:

1. The input signal must exceed the negative AUl DI
squelch on level.

2. The input signal must exceed the negative AUI DI
squelch on level for more than 20ns.

When the DI squelch is turned off, the DI squelch off level
is reduced to 2/3 of the DI squelch on level.

The DI squelch circuit will be turned back on if the idle
period is detected by no DI squelch level transitions for
more than 180ns.
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An external 78 ohm termination resistor is needed across
DI+ and DI~ as shown in Figure 12. The DI+ and DI~
inputs can be coupled from an external MAU into the
ML2652 with either capacitors or a transformer. The
ML2652 meets all AUI receiver specifications outlined in
IEEE 802.3-1988 Section 7.

Cl+ and Cl- are inputs from the external MAU which
contain the 10 MHz + 15% collision signal as defined in
IEEE 802.3-1988 Section 7. The Cl+ and Cl- inputs
contain the same squelch circuit used on the DI inputs
described in previous paragraphs in this section.

An external 78 ohm termination resistor is needed across
Cl+ and Cl- as shown in Figure 12. The Cl+ and Cl-
inputs can be coupled from an external MAU into the
ML2652 with either capacitors (shown in Figure 12) or a
transformer. The ML2652 meets all AUI receiver
specifications outlined in IEEE 802.3-1988 Section 7.

The ML2652 contains an AUI/TP select input pin which
controls whether the AUI or twisted pair interface is to be
used for data transmission and reception. When AU/
Twisted Pair Switching = High, the AUl is used for data
transmission and reception. When AUI/Twisted Pair
Switching = Low, the twisted pair interface is used for data
transmission and reception.

The AUISEL pin is a digital status output that indicates
which interface has been selected for data transfer, either
twisted pair or AUI. The pin consists of an open drain
output with an internal pull-up resistor and can drive an
LED from VCC or another digital input. AUISEL = High
indicates that the twisted pair interface has been selected.
AUISEL = Low indicates that the AUI interface has been
selected.

The ML2652 has the capability to automatically select
between the twisted pair interface and AUL. This
automatic interface selection is accomplished by tying the
LTP output pin to the AUI/TP input pin. When these two
pins are connected together, if valid link pulses are
detected, it is assumed that the twisted pair interface is
being used. This causes LTP output to go low, thus forcing
AUI/TP low, and thus enabling the twisted pair interface. If
no valid link pulses are detected, it is assumed that the
twisted pair interface is not being used, thus causing LTP
to go high, thus forcing AUI/TP high, thus enabling the
AUl interface. If valid link pulses reappear, the device will
automatically disable the AUl and enable the twisted pair
interface. The algorithm for determining valid link pulses
is described in the Link Pulse section.

LOOPBACK

LPBK provides a loopback through the manchester
encoder/decoder, but not through the on-chip T0BASE-T
MAU. No data will go out on either the AUI port or the
twisted pair port in this mode. This same function is found
on many discrete manchester encoder/decoders.

IEEE 802.3 MAUs normally loop the transmit data (DO+)
when transmitting with no collisions. When using an
external transceiver through the ML2652's AUI port, the
controller can first check the local loopback by setting
LPBK. If it passes this test it can then check the AUI cable
and external MAU by doing the normal MAU loopback.

FULL DUPLEX OPERATION

The ML2652 and ML2653 are capable of operating in the
full duplex mode which transmits and receives data
simultaneously. In the full duplex mode the collision
circuitry is disabled just as it is in the loopback mode. To
achieve full duplex operation the full duplex pin FD is
enabled and the loopback pin LPBK must be disabled.
Both of these conditions must be present to operate in the
full duplex mode.

CONTROLLER INTERFACE

The ML2652 and ML2653 has a flexible and
programmable digital interface which enables it to directly
interface to Ethernet controllers manufactured by Intel,
AMD, National and Seeq.

The controller interface consists of seven pins. TxC, TxD,
and TxE are the transmit clock output, transmit data input,
and transmit data enable input, respectively. RxC, RxD,
and RxE are the receive clock output, receive data output,
and receive data enable output, respectively. COL is the
collision detect output.

All the standard Ethernet controllers use a similar
controller interface but differ in the polarity of COL, LPBK,
TxE and RxE, and in what edge of TxC and RxC that
clocks in the data. They also differ on whether the RxC
clock needs to be continuous or not during idle, and on
the polarity of RxD during idle. In order to accommodate
the different controller interface definitions, the controller
select pins, CS2-0, modify these signals according to
Table 1.

gL Micro Linear
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POWERDOWN

The device can be placed in the power down mode with
the controller select pins C52-0 as described in Table 1.

When in powerdown mode, the current consumption is

reduced to less than 100pA and all device functions are

disabled.

CRYSTAL OSCILLATOR

The ML2652 requires an accurate 20 MHz reference for
internal clock generation. This can be achieved by
connecting an external crystal or an external clock
between the CLK and GND pins.

If an external clock is used, it must have a frequency of
20 MHz £0.01% and have high and low levels of 3.5 and
1.5 volts.

Table 1. Controller Select Pin Definitions

If a crystal is used, the crystal should be placed physically
as close as possible to the CLK and GND pins, especially
CLK. No other external capacitors or components are
required. The crystal should have the following
characteristics:

1. Parallel resonant type
2. Frequency: 20 MHz
3. Tolerance: £0.005% @ 25°C

4. Less than 0.005% frequency drift across
temperature.

5. Maximum equiv. series resistance:
15 ohms @ 1-200uW
30 ohms @ 0.01-1puW

6. Typical load capacitance: 20pF

7. Maximum case capacitance: 5pF

CS2-0 TxC TxE RxC RxE COL | LPBK Rl:(’é lell) Controller

000 r h r h h h m | NSC DP8390
001 f | f | | | n hi Intel 82586/96
010 r h r h h h n hi AMD AM7990
011 f h r h h I c lo Seeq 8003/5
100 — — — — — — — — —

101 — — —_ —_— — — — —

110 — — — — — — — — —

P11 — —_ f— —_ — — — — PDN mode

r = rising edge clocks data
f = falling edge clocks data

h = active high
| = active low

¢ = RxC required continuously
n = RxC only during RxD transmission

m = RxC only during RxD transmission + 5 extra RxC cycles

ORDERING INFORMATION

PART NUMBER

TEMPERATURE RANGE

PACKAGE

ML2652CQ 0°Cto 70°C 44-Pin PLCC (Q44)
ML2653CQ 0°Cto 70°C 28-Pin PLCC (Q28)
ML2653CH 0°C to 70°C 44-Pin TQFP (H44-10)
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ML2656

T10BASE-T Multi-port Repeater (6)

GENERAL DESCRIPTION

The ML2656 is an integration of six (6) TOBASE-T

transceivers, designed for repeater applications.

ML2656 contains a TTL-compatible microprocessor

interface for status and control.

The ML2656 is well suited for custom applications in

which a higher-level IC contains the following fi
clock recovery; collision detect; jabber detectio
test; and Manchester encoding/decoding.

FEATURES

The

m Compliant to IEEE 802.3i T0BASE-T standard
B Integrates six (6) 1T0BASE-T transceivers

m Bi-directional microprocessor interface for status

and control

unctions:

n; SQE m Selectable link integrity test
® Output current drivers with low common mode output

m Selectable automatic polarity correction

m Staggered (or delayed) transmitter for
optimal performance

® Selectable input clock frequency (10 or 20MHz)
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PIN CONFIGURATION

ML2656
84-Pin PLCC (Q84)
= a 2 ° = 2 o 8
8 e 2 2 =229 = g & é 5 2
$£5338583=z25233EELEEES
nizioiolaloialnislalnlziciziizizizizIziz
4
RD_ACTHO [12] [74] TPOH1
LI_FAILHO [13] (73] TPOL1
THo [14] [72] VccAl
TENLO [15] [71] TPIH1
RH1 [i6] [70] TPIL1
RD_ACTH1 [17] [69] TPIH2
LI_FAILH1 [18] [68] TPIL2
TH1 [19] [67] GNDA1
TENL1 [20] [66] TPOH2
CLK [21] [65] TPOL2
RH2 [22] [64] GNDD4
RD_ACTH2 [23] [63] TPOH3
LI_FAILH2 [23} [62] TPOL3
TH2 [25] 61] GNDA2
TENL2 [26] 60] TPIH3
RH3 [27] [59] TPIL3
RD_ACTH3 [28] 58] TPIH4
LI_FAILH3 [29] [57] TPiL4
TH3 [30] [56] VccA2
TENL3 [31] [55] TPOH4
GNDD2 [32] [5a] TPOL4
(] ] ] ] o7 o] [ oo ]l o] ] ] fn o o o] o] ] [ s
SEEEE;?EEE;%EEQQ?E%EB
YEQETETOETESTEIEELERS
g s g s =
DIN! DECCDIDTINN!
RN LIV IND 1V
PIN # NAME FUNCTION
1,2,3 AO0-2 Address bits 0 to 2, inputs, positive polarity. These pins address the internal
registers. AO is the LSB.
4,5,6,7,8 D04 Data bits O to 4, bi-directional, positive polarity. DO is the LSB.
9 GNDD1 Digital ground supply for receive and transmit circuit (except line driver) of port
0 to 2, uP interface circuit and control registers, and output buffers for RHO-2.
10, 16, 22, RHO-5 Receive data, output, positive polarity. This output goes high when no data is
27,34, 39 present at the input twisted pair TPIHO-5 and TPILO-5.
1 VeeD1 Digital power supply for receive and transmit circuit (except line driver) of port
0 to 2, uP interface circuit and control registers, and output buffers for RHO-2.
12,17, 23, RD_ACTHO-5 Receive data activity, output, active high. This output goes high when data is
28, 35, 40 present at the input twisted pair TPIHO-5 and TPILO-5.
13, 18, 24, LI_FAILHO-5 Link Integrity Failure, output, active high. If link integrity for respective port is
29, 36, 41 disabled, this signal will be low. This output is capable of driving an LED (sinks
10mA at Vo = 0.4V).
14,19, 25,30, THO-5 Transmit data, input (CMOS), positive polarity, synchronous to
37,42 the CLK input.
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PIN DESCRIPTION (CONTINUED)

PIN # NAME FUNCTION
15, 20, 26, TENLO-5 Transmit Enable, input (CMOS), active low, synchronous to the CLK input.
31, 38,43
21 CLK TOMHz or 20MHz clock, input (TTL). Bit #4 of register 7 sets the input clock
frequency. THO-5 and TENLO-5 are synchronized to this signal’s rising edge. For
10MHz input clock, an internal doubler will be used to generate 20MHz clock.
The internal state machines are derived from the 20MHz clock.
32 GNDD?2 Digital ground supply for receive and transmit circuit (except line driver) of port
3 to 5, and output buffers for RH3-5.
33 VeeD2 Digital power supply for receive and transmit circuit (except line driver) of port
3 to 5, and output buffers for RH3-5.
44 VccA3 Analog power supply for bias circuit.
45 VREF Input, 2% Voltage Reference, 1.25V. This voltage reference sets the values of
parameters listed in table 1.
Vier (1.25V, Tol = +2%, | REXT (5K, Tol = +1%,
Range = +10%) Range = +10%)
Power Dissipation, Pror Proportional Inverse Proportional
Output Current, lypo Proportional Inverse Proportional
Analog Timer (ns) Proportional
Squelch Threshold Proportional
TTL Threshold (1.4V) Proportional
Table 1. Parameters dependence on Vgge and REXT
46 REXT An external 5k resistor between this pin and GND sets the values of parameters
listed in table 1.
47 GNDA3 Analog ground supply.
48, 49, 57, TPIHO-5 & Twisted Pair input, TPIH is positive polarity, TPIL is negative polarity.
58, 59, 60, TPILO-5
68,79, 70,
71,79, 80
50 TRI_STATEL Input (TTL), active low. It will cause all digital output signals such as RHO-5,
RD_ACTHO-5, LI_FAILHO-5, D0-4 to enter a high-impedance state. This is to
provide isolation during ATE testing. All output current drivers (TPOHO-5 and
TPOLO-5) are also tristated, sinking OmA.
51,52, 54, TPOHO-5 & Twisted Pair Output, TPOH is positive polarity, TPOL is negative polarity. This is
55, 62, 63, TPOLO-5 a balanced current drive, with standard 10BaseT 50ns pre-emphasis (30%
65, 66, 73, down). To limit the number of ports switching at the same time (to ease cross
74,76,77 talk, decoupling, and drive requirements), each output port is staggered from all
other output ports (5ns apart, minimum). These outputs remain active during
loopback.
53 GNDD5 Ground supply for current output driver of port 4 & 5.
56 VccA2 Analog power supply for receive and transmit circuit (except line driver) of port
3to5.
61 GNDA2 Analog ground supply.
64 GNDD4 Ground supply for current output driver of port 2 & 3.
67 GNDAT1 Analog ground supply for receive and transmit circuit (except line driver) of port

Oto 2.
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PIN DESCRIPTION (CONTINUED)

PIN # NAME FUNCTION

72 VccAl Analog power supply for receive and transmit circuit (except line driver) of port
0to 2.

75 GNDD3 Ground supply for current output driver of port 0 & 1.

78 RESETL Input (TTL), active low. It will reset the registers and state machines. The end of
assertion of this signal (its rising edge) will be internally synchronized to the CLK
input; thus, the signal may be asynchronously asserted and deasserted.

82 CSL Chip Select, input, active low. A high level will tristate the data bus D0—4.

83 RDL Read, input, active low. A low on this pin while CSL is low initiates a read (read
function will dominate if write becomes active at the same time). The data on
DO0-4 remains valid until after the rising edge of RDL.

84 WRL Write, input, active low. A low on this pin while CSL is low initiates a write.
Data D04 are latched on the rising edge of WRL.

Notes:  All power and ground supplies are internally separated except GNDA3 and GNDA4 are shorted through metal ring. All ground supplies are tied to low impedance

ORDERING INFORMATION

substrate.

PART NUMBER

TEMPERATURE RANGE PACKAGE

ML2656CQ

0°C to +70°C 84-PIN PLCC (Q84)
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ML4621
Data Quantizer

@ Micro Linear

GENERAL DESCRIPTION FEATURES

The ML4621 Data Quantizers is a low noise, wideband, m 50MHz minimum bandwidth for data rates

bipolar monolithic ICs designed specifically for signal of up to 100MBd

recovery applications in fiberoptic receiver systems. It m Can be powered by either +5V providing TTL level
contains a two stage wideband limiting amplifier which outputs or -5.2V providing ECL levels

is capable of accepting an input signal as low as 2mV
with a 55dB dynamic range. This high level of
sensitivity is achieved by using a DC restoration
feedback loop which nulls any offset voltage produced

m Low noise design:
25uV RMS over 50MHz noise ‘bandwidth
m Adjustable Link Monitor function

in the limiting amplifier. ® Wide 55dB input dynamic range
) . o ® 10ns minimum input.ptlse
The output stage is a high speed comparator circuit m Available in a 24-pin‘Skinny DIP and 28-pin PLCC

with both TTL and ECL outputs. An enable pin is
included for added control.

The Minimum Signal Discriminator circuit provides a APPL'CAT'ONS

Link Monitor function with a user selectable reference

voltage. This circuit monitors the peaks of the input = IEEE 802:3 FOIRL Receiver

signal and provides a logic level output indicating = |EEE 802.5 4 and 16 Mbps Fiber Optic Token Ring
when the input falls below an acceptable level. This _m {EEE 802.4 Fiber Optic Token Bus

output can be used to disable the Quantizer and/or . .m Fiber Optic Data Communications and

drive an LED, providing a visible link status. o Telecommunications Receivers

BLOCK DIAGRAM

CF1 CF2 Vout+ Vour. CMP+ CMP- ECL+ ECL-

VINT L Ly \Lé_‘ R
W, P ECL TTL |
Vin- —— y } CMP. CcMP L our
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A
VWA
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p
Ve oo FILTER L v
- GND
— Vcc TTL
VREF REF — GND TTL
ViHADJ THRESH MinIMOM ECL LINK MON
DISCRIMINATOR TiL LINK MON

INom  Iser  CpEAK
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PIN CONNECTIONS

ML4621
24-Pin Skinny DIP

ECL LINK MON [] 1 24[] Vee
TTL LINK MON [] 2 23 Inom
CMP ENABLE [|3 22[] tser
vint [4 21 g CPEAK
vin- []5 207 Vrer
voc [J6 19 [] ViHAD)
cr2 []7 18 [] GND
cr1 []s 77 [] m our
vour- []9 16 [] Vec TIL
vour+ []10 5[] GNDTIL
cmp+ [ u[]eas
cmp- | 1 [] EcL-
TOP VIEW

ML4621
28-Pin PCC

TTL LINK MON

ECL LINK MON
CMP ENABLE / INOM
v

Nc\ cc § Iser

o o s o O s ¥ o |

7 4 3 2 1 28 27 2
vin- 15 25[] NC
vint [ 6 24[] cpeax
ne 7 237 veer
voc [ 8 22[] vmAD)
ik 2] eND

cr [Jo 0[] m our
vour- [ 1 ®[] vee™

2 13 ¥ 15 16 17 18
| — — — -

| - - -
fcwurf NC f ECL+1
Vourt CMP- ECL- GND TTL

TOP VIEW
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PIN DESCRIPTION

NAME FUNCTION NAME FUNCTION
ECL LINK MON  ECL Link Monitor output. Signal is Vbc An external capacitor on this pin
low when the Vint, ViN- inputs integrates an error signal which
exceed the minimum threshold, nulls the offset of the input
which is set by a voltage on the amplifier. If the DC feedback loop
V1HAD) pin. Signal is high when is not being used, this pin should
the input signal level is below the be connected to VRgr.
threshold. CF2 A capacitor from this pin to
TTL LINK MON  TTL Link Monitor_output. Same ground controls the maximum
logic function as ECL LINK MON. bandwidth of the amplifier to
Capable of driving a 10mA LED accommodate lower operating
indicator. This pin normally tied to frequencies.
CMP ENABLE. CF1 The capacitor on this pin should
CMP ENABLE A low voltage at this TTL input match the one on CF2.
pin enables both the ECL and the Vour- The negative output of the
TTL outputs. A high TTL voltage ampliﬁegr, which iFs) normally tied to
disables the comparator output CMP-.
with ECL+ high, ECL- low, and TTL .
OUT high. Vout+ The Ipfpsmveh .Oll’l]tput of thﬁ o
Ve This input pin should be amplifer, which s normally ted to
capacitively coupled to the input . . .
source or to ground. (The input CMP+ This comparator input pin is an
resistance is approximately 8kQ.) open base configuration which
- . relies on the DC bias of the
Vint This input pin should be amplifier output to establish the
capacitively coupled to the input proper DC operating voltage. This
source or to ground. (The input voltage should be reestablished if
resistance is approximately 8k, filtering is implemented between
CMP- This comparator input pin is an Voutt+ and CMP+.
open base configuration which ; _
relies on the DC bias of the GND Z?ggg‘(eozue?gz;f %r:ntzctg:gun%zv
amplifier output to establish the for TTL operation.’
proper DC operating voltage. This . . .
voltage should be reestablished if VTHAD) This input pin sets the minimum
filtering is implemented between amplitude of the input signal
Vour- and CMP-. required to cau?e the link
ECL- The ECL comparator negative monitors to go ow.‘
output. VREF /(\; I\ZJSV reference with respect to
ECL+ The ECL comparator positive o s
output. Cpeak A capa()jcn(;or frorp thltsh pIC. ti
GND TTL The negative supply for the TTL ﬂg:ir:or rit;:)r(r;::: Sﬁm:_ n
comparator stage. If the TTL . . .
output is not necessary, connect Iser Current into an mterngl dipde
GND TTL and Ve TTL to Vee. connegted between this pin and
. GND is turned around and pulled
Vce TTL The positive supply for the TTL from Cpga. This pin is normally
comparator stage. If the TTL connected to Inom-
output is not necessary, connect
GND TTL and Ve TTL to Vee. InOM Ser:s a current o(fj applrox. 125uA
TTL OUT TTL data output. (Totem pole type v en connected 1o lsgr.
output stage.) Vce Positive supply. Connect to

ground for ECL operation, or to
5V for TTL operation.

8L Micro Linear
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ABSOLUTE MAXIMUM RATINGS

Vee-GND Lo -0.3 to 470
......... -0.3 to +70
... =03 to Ve 403
... —65°C to +150°C
................. +260°C

Inputs/Output GND ..............
Storage Temperature Range
Lead Temperature (Soldering 10 sec.)

Absolute maximum ratings are those values beyond which the
device could be permanently damaged. Absolute maximum ratings
are stress ratings only and functional device operation is not

implied.

ML4621 ELECTRICAL CHARACTERISTICS

Over recommended operating conditions of Ty = 0°C to 70°C, V¢ = 5V £ 5%, GND = 0V unless otherwise noted.

SYMBOL PARAMETER MIN TYP MAX UNITS CONDITIONS
lccr Vcc Supply Current 65 100 mA  [Vcee TTL = GND TTL = V¢
lce2 Ve Supply Current 70 110 mA  |Vee TTL = Ve
(TTL Out Enabled) GND TTL = GND

Wger Vger Output Current -5.0 0.5 mA

VRer Reference Voltage 2.40 2.55 2.65 \

Ay Amplifier Gain A1 A2 75 VIV |V|N = 5mV

ViN Input Signal Range 2 1400 mVp_p

ViyAD) External Voltage at VyyAD) 1 25 \

Range to set Vry

Vos Input Offset 3 mV | Vpc = Vgee (DC loop inactive)

En Input Referred Noise 25 uV | 50MHz BW

BW 3dB Bandwidth 50 65 MHz

ViN PW Min Input Pulsewidth 10 ns

RiN Input Resistance 8 kQ |ViNt, VIN-

tpp AMP | Amplifier Propagation Delay 4 8 ns |From Vi\t, ViN- to Vourt, Vour-
Vin = 10mVp_p

tpp ECL ECL Comparator Propagation Delay 4 8 ns |From CMP+, CMP- to ECL+, ECL-
Vin = 10mVp_p

tpp TTL TTL Comparator Propagation Delay 4 8 ns From ECL+, ECL- to TTL OUT
Vin = 10mVp_p

Ry;,.AD) Input Resistance of VyAD) 6.8 kQ

Wour Output Current of Voyr+ and Voyr- 3 mA

lemp Leakage Current of CMP+ and CMP- 25 HA

VCMcpmp | Common Mode Range of GND + 2.0 Vee - 10 \

CMP+ and CMP-

ECL Voy | Output High Voltage at ECL+, ECL- 3.90 430 V | With 200Q load tied to Vcc - 2V
Tp = 25°C

ECL Vo Output Low Voltage at ECL+, ECL- 3n 3.38 \% With 200Q load tied to Ve - 2V
Ta = 25°C

Ay ECL ECL CMP Gain 100 \7A%

TTL Vou 24 V. [Vee TTL = 5V, Ioy = -50uA

TTL Vor 0.4 V  |Vce TTL = 5V, I, = 2mA

TTL Viy 20 v

TTL Vy, 0.8 v

TTL Iy -50 50 A Vi = 24V

TTL Iy, -16 0 mA |V = 0.4V

Inom 125 A |Inom = lser
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FUNCTIONAL DESCRIPTION

AMPLIFIER

The Quantizer has a two stage limiting amplifier with
an input common mode range of (GND + 1.8V) to Vourt — —| — T —|— T — e

(Vce - 1.5V). Maximum sensitivity is achieved through -f
the use of a DC restoration feedback loop and AC
coupling the input. When AC coupled, the input DC l

bias voltage is set by an on-chip network at about 1.9V.
These coupling capacitors, in conjunction with the Vour— —|= A= - T 7~
input impedance of the amplifier, establish a high pass
filter with a 3dB corner frequency, f, at

]
" 277 8000 C

Since the amplifier has a differential input, two
capacitors of equal value are required. If the signal

f ) Figure 2.

value of this capacitor should be at least 100 times
smaller than the input coupling capacitors.

driving the input is single ended, one of the coupling On the ML4621, the output of the amplifier is isolated
capacitors can be tied to V¢ as shown in figure 1. The from the comparator and made available to the user.
high corner frequency can also be adjusted by This allows the user to add circuitry between the
attaching capacitors to CF1 and CF2. The equation for amplifier and the comparator for wave shaping and
adjusting this corner is other signal conditioning as desired.
fy = —— ()  COMPARATOR
2m 425 C .
Two types of comparators are employed in the output

Although the input is AC coupled, the offset voltage section of these Quantizers. The high speed ECL
within the amplifier will be present at the amplifier’s comparator is used to provide the ECL level outputs
output. This is represented by Vg in figure 2. In order and in turn drives the TTL comparator. The enable pin,
to reduce this error a DC feedback loop is CMP ENABLE, is provided to control the ECL
incorporated. This negative feedback lcop nulls the comparator. When CMP ENABLE is low the comparators
offset voltage, forcing Vog to be zero. An external function normally. When it’s high, it forces ECL+ high,
capacitor at Vpc is used to store the offset voltage. ECL- low, and TTL OUT high. The CMP ENABLE pin
Although the value of this capacitor is non-critical, the can be controlled with TTL level signals when the
pole it creates can effect the stability of the feedback Quantizer is powered by 5V and ground.

loop. To avoid stability problems using the ML4621, the

l 18pF | ] 18pF
= Tol 55 il +1 +5V
- 2 +
58| 3|3 35| €|
01uF P
§“ B it | L ~
ol I ECL L TTL OUT
| ViN- Al A2 CMP. y 3 >
AT 3 a7
' >
0auF L CMP ENABLE
<
22 Y
= AP || FITER Vee

= GND
0001F oo

Azt REF GND TIL

MINIMUM ECLLNKMON L
THRESH SIGNAL ECL LINK MON
VIHAD) _m_ DISCRIMINATOR TTL LINK MON
gl | 3
zl 2 &

jt 01uF

Figure 1. The ML4621 Configured for 20MHz Bandwidth with TTL Output
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LINK MONITOK

This function is implemented by the Minimum Signal
Discriminator and the Threshold Generator circuits. The
purpose of this function is to monitor the input signal
and provide a status signal indicating when the input
falls below a preset voltage level. This is done by peak
detecting the output of the amplifier section and
comparing this level with the voltage at VyAD).

The equation which determines the droop rate of the
peak detector is

v _ liser

dt C

In this equation C is the peak capacitor at Cpgak. On
the ML4621 the droop rate of the peak detector can be
adjusted two ways:

(3)

1) By adjusting the value of the peak capacitor at Cpga.

2) By adjusting the charge current into the peak
capacitor at Isgt.

The charge current, lisgT, can be controlled externally
by connecting a resistor, Rex, between Iisg and Ve,
liser will then be

Vce - 07

hser = =>— ———— “@

Rext + 1700
For convenience, an on-chip current source of 125uA is
available by connecting Inom to Isgr-

The Threshold Generator level shifts the reference
voltage at VryAD) through a circuit which has a
temperature coefficient matching that of the limiting
amplifier. The relationship between VryAD) and Vg
(the minimum peak voltage at the input which will
trigger the Link Monitor) is:

V1HAD) = 600Vyy + 0.7 (5)

The on-chip reference voltage, Vgg, can be tied
directly to VyAD) to set the threshold level. This will
set the minimum input signal on the ML4621 at about
3mV (peak).

A lower threshold level can be set by dividing down
VRer with a resistor string, as in figure 3.

v I
REF : REF

THRESH
GEN

Figure 3.
Since the ML4621 has a relatively low input impedance
of 6.8K and is offset by one diode drop, the equation
which accounts for the load and offset is:
R2(6800Vger + 0.7Rq)

VpAD) = ——REF 7 2RV @)
THAD) = 00R, + Ry) + RiR;

THRESHOLD ADJUSTMENT EXAMPLE

If you are using the ML4621 and you want the Link
Monitor to trigger when the received optical power
goes below 1uW (-30dBm), you first need to calculate
the resultant voltage at V)\+ and VN~ If you are using
the Hewlett-Packard HFBR-24X6 Fiberoptic Receiver with
a responsitivity of 8mV/uW, the peak-to-peak voltage
would be:

1UW x 8mV/uW = 8mVp_p )

So the Link Monitor should trigger at some point
slightly lower than 4mV peak, say 3mV. Setting V14 in
equation 5 to 3mV and solving for VyyAD) yields:

V1HAD) = 600(.003) + 0.7 = 2.5V

This is a convenient value since the reference voltage
supplied by the Quantizer, Vgg, is 2.5V.

The Link Monitor has about 0.4mV (peak) hysteresis
built-in. More hysteresis can be induced by connecting
a resistor between TTL LINK MON and VyyAD) creating
a positive feedback loop.

Refer to Micro Linear’s Application Note 6 for more
detail.

ORDERING INFORMATION

TEMPERATURE
PART NUMBER RANGE PACKAGE
ML4621CP 0°C to +70°C Molded DIP (P24N)
ML4621CQ 0°C to +70°C MOLDED PCC (Q28)
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ML4622, ML4624

Fiber Optic Data Quantizer

GENERAL DESCRIPTION

The ML4622 and ML4624 data quantizers are low noise,
wideband, bipolar monolithic ICs designed specifically for
signal recovery applications in fiberoptic receiver systems.
They contain a wideband limiting amplifier which is
capable of accepting an input signal as low as 2mVp_p
with a 55dB dynamic range. This high level of sensitivity
is achieved by using a DC restoration feedback loop
which nulls any offset voltage produced in the limiting
amplifier.

The output stage is a high speed comparator circuit with
both TTL and ECL outputs. An enable pin is included for
added control.

The Link Detect circuit provides a Link Monitor function
with a user selectable reference voltage. This circuit
monitors the peaks of the input signal and provides a
logic level output indicating when the input falls below
an acceptable level. This output can be used to disable
the quantizer and/or drive an LED, providing a visible link
status.

FEATURES

m Data rates up to 40MHz or 80MBd

m Can be powered by either +5V providing TTL or raised
ECL level outputs or 5.2V providing ECL levels

m Low noise design: 251V RMS over bandwidth

m Adjustable Link Monitor function with hystersis

m Wide 55dB input dynamic range

m Low power design

®m ML4624 is pin compatible with the ML4621

APPLICATIONS

m [EEE 802.3 10BASE-FL Receiver

m |EEE 802.5 fiber optic token ring, 4 and 16mbps

m Fiber Optic Data Communications and
Telecommunications Receivers

ML4622/ML4624 BLOCK DIAGRAM

Vin-

A
INE:} " AMP>

LINK DETECT

CMP ENABLE

Vee TTL*
Vce
GND
GND TTL

TTL LINK MON

$> >cj mou
a
0
|
d
0
:

*ML4624 ONLY
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PIN CONNECTIONS

ML4622

16-Pin DIP or
SOIC (Narrow)

TTLLINKMON []1 [] CMP ENABLE
GND []2 ] VinAD)
vin- 3 ] Veer
vint (4 [1 Crimer
voc [ ] vee
crz2 [6 [] TTLOUT
cr [7 ] ECL+

GNDTTL []8 ] ECL-
TOP VIEW

-

N

24-Pin Narrow DIP

1 vee

1 NC

1 NC

[ Crimer
:l VReF

(] ViHAD)
1 GND

Il 1L out
[T Vce TTL
[l GND TTL
[ ECL+

1 ECL-

CMP ENABLE  TTL LINK MON

NC
s I s N e s Y v Y e O o |

vin- [
vin+ [
NC []7
voc [18
cr2 []9
cr1 1o
NC [

12

/4 3 2 1
5
6

1 NC

11 Crimer

(] Vrer

(1 VIHAD)
Il GND

[1 TTLOUT

19[] Ve TTL

| N S N [ N Ry S [y Ny
NC NC NC NC 1 ECL+ f
GND TTL
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PIN DESCRIPTION

NAME FUNCTION NAME FUNCTION

TTL LINK MON  TTL Link Monitor output. Signal is Vee TTL The positive supply for the TTL
low when the V|n+, Vin- inputs comparator stage. If the TTL output is
exceed the minimum threshold, not necessary, connect Vcc TTL to
which is set by a voltage on the Vce. (ML4624 only)
VTHAD) pin. Signal is high when the
input signal level is below the TTLOuT TTL data output.
threshold. Capable of driving a 10mA Vpe An external capacitor on this pin
LED indicator. This pin can be tied to integrates an error signal which nulls
CMP ENABLE. the offset of the input amplifier. If the

CMP ENABLE A low voitage at this TTL input pin %C fe.edbhacllljogp Is not belc?g u\s/ed,

enables both the ECL and the TTL this pin should be connected to VRer-
outputs. A high TTL voltage disables CF2 A capacitor from this pin to CF1
the comparator output with ECL+ controls the maximum bandwidth of
high, ECL~ low, and TTL OUT high. the amplifier.

ViN- This input pin should be capacitively CF1 Connect to CF2 through a capacitor.
coupled to the input source or to .
filtered ground. (The input resistance GND Negative supply. Connect to -5.2V
is approximately 1.6kQ.) for ECL operation, or to g_round for

TTL or raised ECL operation.

ViN+ This input pin should be capacitively L . . .
coupled to the input source or to ViHAD) This input pin sets the link monitor
filtered ground. (The input resistance threshold.
is approximately 1.6kQ.) VREr A 2.5V reference with respect to

ECL- The ECL comparator negative output. GND.

Has internal pull down resistor. . CTIMER A capacitor from this pin to Vcc
External pull downs are not required determines the Link Monitor
unless driving a large capacitive response time.
load.

= Vce Positive supply. Connect to ground

ECL+ The ECL comparator positive output. for negative ECL operation, or to 5V
Has internal pull down resistor. for TTL or raised ECL operation.
External pull downs are not required
unless driving a large capacitive
load.

GND TTL The negative supply for the TTL

comparator stage. If the TTL output is
not necessary, connect GND TTL
to Vce.

8L Micro Linear
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ML4622, ML4624
ABSOLUTE MAXIMUM RATINGS

Vee=GND ... -03to+7.0
Vec TTIL=GNDTTL ... .o -03t0+7.0
Inputs/Outputs GND . .................. -0.3to Ve +0.3
Storage Temperature Range .............. -65°C to +150°C

Lead Temperature (Soldering 10sec.).............. +260°C

ML4622, ML4624 ELECTRICAL CHARACTERISTICS (Note 2 and 3)

Over recommended operating conditions of Ta = 0°C to 70°C for commercial temperature range, Tp = —40°C to +85°C for
industrial temperature range, Vcc = 5V £ 10%, GND = 0V unless otherwise noted (Note 1).

SYMBOL PARAMETER MIN TYP MAX UNITS CONDITIONS
Icct Vcc Supply Current 35 45 mA GND TTL = V¢
(TTL Output Disabled)
lccz Vcc Supply Current 55 70 mA GND TTL = GND
(TTL Output Enabled)

VRer Reference Voltage 2.40 2.50 2.60 \Y

lvrer VRer Output Source Current 5 mA

Av Amplifier Gain 100 \a%

VIN Input Signal Range 2 1600 mVp_p

V1HADJ External Voltage at VT4AD) 0.5 2.6 \%

Range to set Vi

Vos Input Offset 3 mV Vpc = Vger (DC loop inactive)

En Input Referred Noise 25 uv 50MHz BW

BW 3dB Bandwidth 45 MHz

RiN Input Resistance 1 1.6 2.5 kQ Vin+, VIN-

I\ THAD) Input Bias Current of Vy4AD) -200 10 +200 HA

tpDTTL Propagation Delay 15 ns From Vin+, Vin—to TTL Out
ViN = 10mVp_p

tPDECL Propagation Delay 11 ns From V|n+, V)n—to ECL+, ECL-
ViN = 10mVp_p

TTL Vou 2.4 \Y Ve TTL =5V, Ion = =50pA

TTL Voo 0.55 Y% Vee TTL = 5V, Iop = 2mA

TTL Vil 2.0 \

TTL VL 0.8 \

TTL iy -50 50 HA Viy = 2.4V

TTL Iy -16 0 mA Viy = 0.4V

2-38 8L Micro Linear



ML4622, ML4624
ML4622, ML4624 ELECTRICAL CHARACTERISTICS (Continued)

Over recommended operating conditions of T = 0°C to 70°C for commercial temperature range, T4 = —40°C to +85°C for
industrial temperature range, Vcc = 5V £ 10%, GND = 0V unless otherwise noted.

SYMBOL PARAMETER MIN TYP MAX UNITS CONDITIONS
V1H Input Threshold Voltage
ML4622 4 5 6 mVp_p VT1HADJ = VRer (note 4)
ML4624 5 6 7 mVp_p V1HADJ = Vger (note 4)
Hystersis 20 %o
Vem Common mode voltage 1.65 \%
on VIN+, VIN-
ECLvon Output High Voltage at Vce - 1.06 Vee - 0.7 With 200Q load tied to
ECL+, ECL— Vec-0.6| (note 5) Ve -2V
ECLvou Output Low Voltage at Vce-1.89 Vee-1.62 With 2009 load tied to
ECL+, ECL- Vce-1.56| (note 5) Vee -2V
Note 1:

Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with
respect to ground.

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions.

Note 3: Low Duty Cycle pulse testing is performed at Tx.

Note 4: DC Tested — Threshold for switching TTL LINK MON from High (off) to Low {on).

Note 5: Industrial temperature range specification..
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ML4622, ML4624

FUNCTIONAL DESCRIPTION

AMPLIFIER

The ML4622, ML4624 have an adjustable Bandwidth
limiting amplifier. Maximum sensitivity is achieved
through the use of a DC restoration feedback loop and
AC coupling the input. When AC coupled, the input DC
bias voltage is set by an on-chip network at about 1.7V.
These coupling capacitors, in conjunction with the input
impedance of the amplifier, establish a high pass filter
with a 3dB corner frequency, f|, at

1

fi = ———
L= 2x1600C m

Since the amplifier has a differential input, two capacitors
of equal value are required. If the signal driving the input
is single ended, one of the coupling capacitors can be tied
to Vcc as shown in figure 1.

CF1 and CF2 create a low pass filter with the corner
frequency determined by the following equation

1

Vour+ — — 4+ — - — — - —FF -4+ - - —-—-Tr

Vour- __"__’_"——__"'_""‘_‘l‘

Figure 2.

The above equation applies when a single capacitor is
tied between CF1 and CF2. When using two capacitors of
equal value (Cap1 from CF1 to V¢, Cap2 from CF2 to
Vcc) the value derived for C should be doubled.

Although the input is AC coupled, the offset voltage
within the amplifier will be present at the amplifier’s
output. This is represented by Vs in figure 2. In order to
reduce this error a DC feedback loop is incorporated. This
negative feedback loop nulls the offset voltage, forcing

fim o — ; .
"~ 27800(C+4pF) 2 Vs to be zero. Although the capacitor on Vpc is non-
5pF
+VRF ECL+ ECL-
CF1 CF2
L_% BIAS
0.1
T S0 2
~VRF 3 < <
b3 S
Vin-
X 0.01| 1
] ! ECL TTL
& 0.01) [VIN+ AMmP cMmp cMmP — TILour
FIBER OPTIC CABLE 20.01) |
HFBR |1
?8 'II“I 2416 Ja :: 1 P |
3 > ~ _ P —
— = —0K 'I CMP ENABLE
8 W -‘-
3 7
0.
{iVoc
b
o
~VRF
o]
YrHAD) = THRESH I—- LINK DETECT TTL LINK MON
1V'Ff' 1(_21!:0 Vce CriMER GND
o——o —=0.05
[X] y
4.7pH
+5V 0—4¢ 2 2 L 4 O +V
Loy R L+ L o1 R
4.7 1— 4.7 -l— Vs
12
4.7pH *ML4624 ONLY

Note: If TTL OUT is used, tie GND TTL to unfiltered ground and remove L1. If TTL OUT and ECL outputs are both used, add 3K pulldown resistors at

ECL outputs.

Figure 1. The ML4622, ML4624 Configured for 20MHz Bandwidth
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ML4622, ML4624

critical, the pole it creates can effect the stability of the
feedback loop. To avoid stability problems, the value of
this capacitor should be at least 10 times larger than the
input coupling capacitors.

COMPARATOR

Two types of comparators are employed in the output
section of these Quantizers. The high speed ECL
comparator is used to provide the ECL level outputs and in
turn drives the TTL comparator. The enable pin, CMP
ENABLE, is provided to control the ECL comparator. When
CMP ENARBLE is low the comparators function normally.
When it's high, it forces ECL+ high, ECL- low, and TTL
OUT high. The CMP ENABLE pin can be controlled with
TTL level signals when the Quantizer is powered by 5V
and ground.

LINK DETECT CIRCUIT

The Link Detect circuit monitors the input signal and
provides a status signal indicating when the input falls
below a preset voltage level. When the input falls below
the preset voltage level, the TTL Link Mon output changes
from active (low) to inactive (high). This signal can be fed
to the ML4662 10BASE-FL transceiver or a similar type of
function to indicate a Low Light Condition. This output
can also be used to disable the output data by tying it to
the CMP Enable input.

In many fiber optic systems, including Ethernet and Token
Ring, a bit error rate is given at a minimum power level.
For example, in a 10Base-FL receiver there must be less
than 1 x 10-9 bit errors at a receive power level of
-32.5dBm average. Designers of these systems must
insure that the bit error rate is lower than the specification
at the given minimum power level. One procedure to
determine the sensitivity of a receiver is to start at the
lowest optical power level and gradually increase the
optical power until the BER is met. In this case the Link
Detect circuit must not disable the receiver (i.e. CMP
ENABLE should be tied to Ground). Once the sensitivity of
the receiver is determined, the Link Detector circuit can
be set just above the power level that meets the BER
specification. This way the receiver will shut off before the
BER is exceeded.

The ML4622 and ML4624 quantizers have greater Link
Detect sensitivity, noise immunity, and accuracy than their
predecessor the ML4621.

The threshold generator shifts the reference voltage at
VrHAD) through a circuit which has a temperature
coefficient matching that of the limiting amplifier. The
relationship between the Vy4AD]J and the Vyy (the peak to
peak input threshold) is:

VuAD) = 417 Vip (ML4624) 3)
VTHAD) = 500 V1 (ML4622)

In most cases, including 10Base-FL, 10Base-FB and
Token-Ring, VT4ADJ can be tied directly to Vgge. However
if greater sensitivity is required the circuit in figure 3 can
be used to adjust the VrAD]J voltage. Even if Vggr is tied
to Vy4AD), it is a good idea to layout a board with these
two resistors available. This will allow potential future
adjustments without board revisions.

The response time of the Link Detect circuit is set

by the Cyimer pin. Starting from the link off state (i.e.,
TTL LINK MON s high), the link can be switched on

if the input exceeds the set threshold for a time given by:

C x 0.7V
T= =TIMER X U.7V
700uA )

To switch the link from on to off, the above time will be
doubled.

VREF
REF
>
R
1 _vmao) THRESH
q GEN
R2 3:
L ~VrP)
= Elceinn 2
rlsulc De
BURST MODE

In some fiber optic links, the idle signal is DC, or of a
frequency that is substantially different from the data. For
these links, a faster response time of the DC loop and the
Link Monitor is required.

The ML4622 and ML4624 has been designed to
accommodate these two requirements. The input coupling
capacitors can be relatively small and still maintain
stability. With smaller input coupling capacitors and Vpc
capacitor a faster DC loop response time can be achieved.
The Link Monitor is also enhanced to have a faster
response time.

8L Micro Linear
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ORDERING INFORMATION

TEMPERATURE
PART NUMBER RANGE PACKAGE
ML4622CP 0°C to 70°C Molded DIP.(P16)
ML4622CS 0°C to 70°C Molded SOIC (S16N)
ML46221S —40°C to 85°C Molded SOIC (S16N)
ML4624CP 0°C to 70°C Molded DIP (P24N)
ML4624CQ 0°C to 70°C Molded PCC (Q28)
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ML4632

Fiber Optic LED Driver

GENERAL DESCRIPTION

The ML4632 is a fiber optic LED driver suited for network
applications up to 20Mbps. The part is capable of driving
up to 100mA of current through a Fiber Optic LED from
an ECL or TTL level input signal. Its efficient output stage
provides a high current that can be programmed for
accurate absolute output level as well as automatic
temperature compensation. The combination of automatic
temperature compensation and a highly accurate current
driven design insures precise launch power.

The LED driver’s output stage provides fast, well matched
rise and fall times through a unique class B output stage
that burns supply current only when the LED is on. A
positive temperature coefficient of up to 3300ppm/°C can
be programmed into the output current to compensate for
the negative temperature coefficient of the LED optical
output power. An optional peaking circuit may also be
employed.

The ECL and TTL inputs are ANDed so one can be used
for data and the other for an enable input. An ECL
compatible BIAS voltage is also provided for single ended
ECL applications.

FEATURES

Current Driven Output for accurate Launch Power
Programmable output current from 20mA to 100mA
Programmable temperature coefficient, 0 to 3300ppm/°C
High Efficiency Output Stage

Programmable LED pre-bias current

Low EMI/RFI Noise

ECL or TTL inputs

Optional Peaking circuit

APPLICATIONS

= IEEE 802.3, T0OBASE-F

m EEE 802.5 Fiber Optic Token Ring
m |EEE 802.4 Fiber Optic Token Bus
]

Fiber Optic Data Communications and
Telecommunications

BLOCK DIAGRAM

PEAK

RPK

LED

RTSET
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PIN CONFIGURATION

ML4632
14-Pin PDIP (P14)

ML4632
16-Pin Wide SOIC (S16W)

ECIN []1 14[] ecip ecN [T o[ 1] ear
VBIAS [T | 2 s[T]m
vBlAs [2 Bm o [T 14 [T prat
LD [3 12[] PTAT GND [T 4 13 ] DRV
GND []4 11[] prv RTSET [ | s 12 [ ] VREF
RPK [ |6 11 [ 1] lorf
RTSET [ 5 10[] VREF peak [T 7 10 [T vee
ReK [ 6 91 1o NC [T 9 {TINC
PEAK [|7 8[] vee TOP VIEW
TOP VIEW
PIN DESCRIPTION

NAME FUNCTION NAME FUNCTION

ECLN Negative ECL data input. Tie to VBIAS for Vce Positive power supply. +5 volts.
single ended ECL operation or when ECLP is | C . p this pin to Ve t
used as an enable. Tie to ground during TTL OFF Connect a resistor from this pin to Vcc to K
only operation. increase the off current to the LED, i.e. 4.3KQ

for TmA. With this pin open, the default Iogf

VBIAS BIAS voltage for single ended ECL operation. current is between 0.5-1.0mA.

LED Fiber optic LED drive pin. Connect the LED VREF A constant 1.2V reference output used to set
between this pin and Vcc. up DRV.

GND Negative power supply. The pin should be DRV A DC input that sets the positive swing on
tied to the grounded side of RTSET to improve RTSET and the high level output current to
output accuracy and avoid a ground loop. the LED.

RTSET Output current programming pin. Connect a PTAT Proportional to Absolute Temperature. A 1.0V
resistor of value Vpry/I gp from this pin to reference at 25°C that moves proportional to
ground to set the high LED output current. absolute temperature, also used to set up

RPK Peaking circuit bias pin. Connect a resistor of DRYV. (See figure 1)
value Vpry/lpeak from this pin to ground TTL TTL data input. Can also be used as an enable
when using the peaking circuit. Leave open during ECL operation. TTL = High (enabled),
circuited when peaking is not used. TTL = Low (disabled).

PEAK Peaking circuit output pin. When using ECLP Positive ECL data input controls signal to the
peaking, connect this pin to V¢ through a LED. Tie to VBIAS during TTL only operation
resistor of value RRPK. Then connect a or use as an enable.
capacitor from this pin to the LED cathode.

When peaking is not used, open circuit RPK.
- - -
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ABSOLUTE MAXIMUM RATINGS

Absolute maximum ratings are those values beyond which PEAK DC Output CUFTeNt .......c.ceeeeuerecmererecenenens 120mA
the device could be permanently damaged. Absolute Storage Temperature........... -65°C to +150°C
maximum ratings are stress ratings only and functional Lead Temperature (Soldering 10 S€C.) ....ccoverueuennne 260°C
device operation is not implied.

Vee ..=0.3Vto 6V

Input Pin Voltages .........cccccoeevevuecunncn. -0.3V to V¢ +0.3V

LED Output CUITeNt .........ceeervieeeereerieceeineeneenne 120mA

ELECTRICAL CHARACTERISTICS

Over the recommended operating conditions of T = 0°C to 70°C, V¢ = 5V 5%, unless otherwise specified. (Note 1)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Icc Supply Current LED off 25 35 mA
VREF | VREF Voltage No Load 1.14 1.20 1.26 \
Vprar | PTAT Voltage No Load, Ta = 25°C 0.9 1.0 1.1 \%
Ta = 85°C 1.08 1.2 1.32 \%
Vos Driver Offset VDRV = 1.2V, RTSET = 20Q 50 mV
LED Current Accuracy VDRV = VREF, RTSET = 20Q
ILeoH High lorr = open 54 60 66 mA
ILepL Low 0.5 0.7 1.0 mA
tR Rise Time VDRV = VREF, RTSET = 20Q 4.5 ns
tr Fall Time VDRV = VREF, RTSET = 20Q 4.5 ns
Propagation Delay VDRV = VREF, RTSET = 20Q
tpLH Low to High TTL and ECL 10.0 ns
tPHL High to Low 10.0 ns
trwD Pulse Width Distortion VDRV = VREF, RTSET = 20Q 1.0 2.0 ns
Vpk Peaking Voltage Rrpk = 209, Cpk = 100pF, Rpgak = 20Q 1.08 1.2 1.32 \%
Vpktr | Peaking Rise Time Rrpk = 209, Cpx = 100pF, Rpgak = 20Q 4.5 ns
VPpKTF Peaking Fall Time Rrpk = 20Q, Cpk = 100pF, Rpgak = 20Q2 4.5 ns
lecL ECL Input Current 20 HA
I TTL Input Current 100 HA
Vpo Dropout Voltage between
pin 5 and 3 1.5 \Y
loFr Additional LED Off Current Vce = 5V, Riogs = 4.3KQ 0.8 1.0 1.2 mA
VBIAS |ECL BIAS Voltage Vee =5V, Ta =25°C 3.8 \Y

Note 1: Limits are guaranteed by 100% testing, sampling or correlation with worst-case test conditions.
Note 2: Low Duty cycle pulse testing is performed at Ta.
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FUNCTIONAL DESCRIPTION

The ML4632 accepts ECL and TTL input signals and
generates a high speed, high accuracy output current
which is independent of supply voltage variations. The
output current is programmable from 20mA to 100mA.
A temperature coefficient can be programmed into the
output current and a peaking circuit can be added with
a few external components.

The input of the LED driver accepts both ECL and TTL
signals. The ECL input stage is a standard NPN differential
pair with a common mode range of between 3V and 4.5V
with a +5V supply. A bias voltage VBIAS is available for
biasing either ECL input for single-ended operation. The
TTL input has a standard switching range of between 0.8V
and 2.0V. These inputs are ANDed so that the extra input
can be used as an enable.

Output current to the LED is set by connecting the

appropriate resistance from RTSET to ground. With the
VREF and DRYV pins tied together, the high level output
voltage at RTSET will be 1.2V. The current through the
LED. The output current with RTSET set to 20Q will be

ILep (HIGH) = 1.2V/Ryser = 1.2V/20Q = 60mA.

The low level output current is set internally by a resistor
at approximately 0.7mA. This current prebiases the LED
and results in faster optical rise times. The value of this
current can be increased by connecting a resistor from the
lorr pin to Vcc. The additional current will be equal to
(Vcc- 0~7V)/RIOFF-

The voltage input at the DRV pin appears across the
RTSET pin when the LED is turned on. The current in
RTSET is directed through the LED. Therefore the voltage
set at DRV along with the RTSET resistor sets current
through the LED.

A temperature coefficient of between Oppm/°C and
3300ppm/°C can be programmed into the high level
output current to compensate for the drop in LED optical
output power at high temperatures. This is accomplished
by driving the DRV pin from a resistor divider between the
VREF and PTAT pins.

When DRV is tied directly to PTAT, the peak voltage at
RTSET will be 1.0V at 25°C and have a 3300ppm/°C
temperature coefficient. At 85°C, PTAT is 1.2V and equal
to VREF. An arbitrary temperature coefficient less than
3300 ppm/°C can be set by using a resistor divider
between PTAT and VREF to set the voltage at DRV, as
shown in figure 1.

TO
DRIVER

Figure 1. Current for Programming
Output Temperature Coefficient

In this configuration the temperature coefficient is

R1
R1+R2

1v+o.2v( R2 )

TC gp = 3300ppm/°C) ,and

[ _ R1+R2
LED (HIGH) — RTSET

The output current will be a linear function of temperature.
A plot of I gp versus temperature for several values of the
programming resistance, R1 and R2, in figure 2.

A
R1 =10
60 —O
R2 = 3R1
ss1 Ri=R2
H R1 = 3R2
=]
=
S0 AR2=0
NOTE: Ry + Rz > 10kQ
45 t t +—+ +—>
0 25 50 75 85

TCO)

Figure 2. Ijgp vs T, Rysgr = 20Q
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The ML4632 output stage conducts full load current only
when the LED is on, and even then power dissipation in
the part is low because most of the +5V supply voltage is
dropped across the LED and external resistor Rysgr. Even
with a low power design, the LED driver junction
temperature will rise above ambient due to quiescent
power dissipation and won't exactly match the LED
junction temperature since it is also self-heating.
Therefore, the effectiveness of a temperature compensated
design will be related to component power dissipations,
thermal conductance of the PC board and packaging, and
the proximity of the LED driver to the LED.

The ML4632 also provides for peaking of the LED output
current. Peaking is used to counteract the effects of the
LED junction capacitance. By creating a controlled
overshoot and undershoot in the output current waveform,
charge is transferred to and from the LED capacitance on
the rising and falling edges of the output, speeding up rise
and fall times.

To provide peaking current, a second output stage is
biased up with a resistor from RPK to ground and another
from PEAK to Vcc. When these bias resistors are set equal
to each other, a pulse will be generated across the Rpgag
resistor with a magnitude equal to the voltage on the DVR
pin. A coupling capacitor transfers the rising and falling
edges of the output current waveform.

A typical application is shown in figure 3. When the
resistors Rrpk and Rpgak are both set to 20Q, a pulse will
be generated at the PEAK pin of magnitude 1.2V and
equivalent resistance 20Q (assuming Vpry = 1.2V).

CPEAK /
11 oD
1l © H

O
RTSET

S RPEAK
2 200

100pF

RPK RTSET
20Q 20Q

Figure 3. Application of the Peaking Circuit

The peaking current is coupled through the 100pF
capacitor, Cpgak, Which will transfer 120pC of charge to
and from the LED on each cycle of output current. The
peaking circuit shown provides approximately a 70%
overshoot current into a 0Q LED impedance. Peaking
currents will be slightly lower for real LED's.

LN
VBIAS

LED

L |
RTSET

RPK
1 PEAK

>
\f 100pF 3 200

0.1uF
T

Note:  The LED, PEAK and Vcc traces should be very short and shielded with a

GND plane to reduce ringing and overshoot at the LED.

lout = 60mA
IoFF = 0.7mA
ECLP
TILf—OTILIN
PTAT |—
DRV :}
VREF
lore [—
Yee ']L: 4.7uF
—O0 +5V

TTL Driven Implementation
(No Temp. Comp)
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ORDERING INFORMATION

PART NUMBER TEMPERATURE RANGE PACKAGE
ML4632CP 0°C to 70°C 14-Pin PDIP (P14)
ML4632CS 0°C to 70°C 16-Pin Wide SOIC (S16W)
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ML4642

AUI Multiplexer

GENERAL DESCRIPTION

The ML4642 AUI Multiplexer contains all the necessary
drivers/receivers and control logic to implement a 2 port
MAU when used in conjuction with a transceiver chip
which has a standard 802.3 AU! interface. In addition, the
ML4642 is capable of operating in stand-alone mode
where it interconnects two DTEs in the absence of a
network MAU. Several ML4642s can be cascaded
together to implement a 4 or 8 port MAU or stand-alone
device.

Logic within the ML4642 detects collisions resulting from
multiple DTEs transmitting simultaneously. In addition,
collision signals received from a transceiver attached at
the MAU port are propagated to both of the DTE ports.
Jabbering DTEs are prevented from loading down the
network by internal jabber timers which disable babbling
ports.

FEATURES

®m |EEE 802.3 compliant AUI interfaces assure

compatibility with any AUI ready devices.
m No crystal or clock input.

On-chip Jabber logic, Collision Detection, and SQE
test with enable/disable option.

Selectable Loopback, Jabber, and SQE Test allows
cascading of multiple chips to increase DTE port
fan-out.

Six network status LED outputs.

BLOCK DIAGRAM

+5V
61.9K
e Qe O W— .
! RRSET Vee Vee 1
1
H CONTROL 1
H LOGIC H
TXINP H
1
[N IABBER :
L rRxoUTIP MAU i
AUl o TXOUTP
RXOUTIN | INTERFACE <y
[Fcooune | 1 IXOUTN
DI MUX AUl
1 RXINN
TXIN2P — INTERFACE  [—unn ]
TXIN2N CDINP
. | cimux ]
RXOUT2P MAU [ CDINN
AUl 1
RXOUTZN | |NTERFACE pp— H
[jcpourze SQE SO !
CpeRourzy, H
i i
' LED DRIVERS 1
]
! 1
! 1
] u— —
1 GND TXLEDZ |

JAB1/JDIS 1A32|£ CDLEDé}RXLED/LFBK/S_—Eé TXLED1 |TXLED2
___________ ‘rl_}-_ PP s S __‘é}____ ——————3
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PIN CONNECTIONS

ML4642

28-Pin SSOP (R28)

RXLED/LPBK/SQE [ | 1 28 [ ] RXOUT1P
RXINP [T ]2 27 [T ] RXOUTIN
RXINN [T |3 26 [ ] ] RXOUT2N

jAB1/IDIS [T | 4 25 [ | RXOUT2P
RRSET [ ] |5 24| ] ] GND
Vee (1|6 23T ] CDOUTIN
T™XOUTP [ |7 22T ] coouttp
TXOUIN [T |8 21 ] JAB2
TXCEDT [ |9 20T ] CDINP
TXLEDZ [_]_|10 19T ] CDINN
T™INZP [T |1 18 | | CDLED
TXIN2N [T 12 17T ] coout2p
TN [T 13 16| ] CDOUT2N
TXININ [ |14 15 Vee
TOP VIEW
ML4642

28-Pin PLCC (Q28)

I
Ig
2
%] IE e Z Z
I8 S EE 8
< % $ 12 2 2 2
l; Z 218 9 ¢ ©
< X X Ix x X x
- e e e 3 3 -3
N N s O s OO s N e O |
74 3 2 1 28 27 26
RRSET []5 25[] RxOUT2P
Vee (6 24[] GND
TXOUTP []7 23[] CDOUTIN
TXOUTN []8 TOP VIEW 22[] coout1P
TXLED1 ]9 21[] JAB2
TXLED2 []10 20[] cDINP
TXIN2P 11 19[] CDINN
12_13 14 15 16 17 18
N N I I
z =z Yz o
2zz>:55|[3
EFRE 2 9o
a a
o ©
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PIN DESCRIPTION

PIN NO. NAME FUNCTION DESCRIPTION

1 RXLED/LPBK/SQE I/O Active low receive LED driver for MAU port. If tied to ground, this pin
enables internal loopback of the active TXIN pair to the RXOUT pairs
and enables SQE test. If tied to 0.6 volts internal loopback is enable but
SQE test is disabled. SQE and loopback are disabled when this pin is
pulled high.

RXINP Input Receive signal pair for MAU port.
RXINN Onput Receive signal pair for MAU port.

4 JAB1/IDIS /10 Active low jabber LED driver for DTE port 1. If tied to ground, the jabber
function is disabled at TXIN1 and TXIN2.

5 RRSET Input Bias setting external resistor, 61.9KQ.

6 Vee Power +5 volt power supply

7 TXOUTP Output Transmit signal pair for MAU port.

8 TXOUTN Output Transmit signal pair for MAU port. -

9 TXLEDT Output Open collector, active low transmit LED driver for DTE AUI port 1. 2

10 TXLED2 Output Open collector, active low transmit LED driver for DTE AUI port 2.

11 TXIN2P Input Transmit signal pair for DTE port 2.

12 TXIN2N Input Transmit signal pair for DTE port 2.

13 TXIN1P Input Transmit signal pair for DTE port 1.

14 TXINTN Input Transmit signal pair for DTE port 1.

15 Vee Power +5 volt power supply

16 CDOUT2N Output Collision signal pair for DTE port 2.

17 CDOUT2P Output Collision signal pair for DTE port 2.

18 CDLED Output Open collector, active low collision LED driver.

19 CDINN Input Collision signal pair for MAU port.

20 CDINP Input Collision signal pair for MAU port.

21 JAB2 Output Open collector, active low jabber LED driver for DTE port 2.

22 CDOUT1P Output Collision signal pair for DTE port 1.

23 CDOUTIN Output Collision signal pair for DTE port 1.

24 GND Ground GND.

25 RXOUT2P Output Receive signal pair for DTE port 2.

26 RXOUT2N Output Receive signal pair for DTE port 2.

27 RXOUTIN Output Receive signal pair for DTE port 1.

28 RXOUT1P Qutput Receive signal pair for DTE port 1.
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ABSOLUTE MAXIMUM RATINGS

Absolute maximum ratings are limits beyond which the
life of the integrated circuit may be impaired. All voltages
unless otherwise specified are measured with respect to
ground.

Power Supply Voltage Range Vcc .. GND -0.3V to 6.0V
Input Current RRSET, JAB1/JABD, JAB2, CDLED,
RxLED/LPBK/SQE, TxLEDT, TXLEDZ ... ....... 60mA
Junction Temperature . . . ........... .. .. ... .. 150°C
Storage Temperature. .. .............

Lead Temperature (Soldering 10 seconds). . . . .. .. 260°C
Thermal Resistance (6)a)
SSOP ot 109°C/W
PLCC .o 68°C/W
OPERATING CONDITIONS
Supply Voltage Vee) oo voveeeiii i 5V+10%
LEDonCurrent . ... ... ... ... i 10mA
RRSET . ... . 61.9kQ + 1%

ELECTRICAL CHARACTERISTICS

Unless otherwise specified Ta = 0°C to 70°C, Vcc = 5V £ 10%. (Notes 1, 2)

PARAMETER CONDITIONS MIN TYP. MAX UNITS
Power Supply Current lcc Vee =5V, (Note 3) 60 120 mA
LED Drivers: Vo, R =510Q for CDLED, TXLEDT1,2, JAB2 0.8 \%
R(=270Q for JAB1/JDIS,
RxLED/LPBK/SQE 1.2 2.5 3.5 \Y
Transmit Squelch Voltage Level -300 -250 -200 mV
(Tx+, Tx-)
Differential Output Voltage +550 +1200 mV
Common Mode Output Voltage 4.0 Y
Differential Output Voltage Imbalance 2 +40 mV
RxLED/LPBK/SQE SQE Enabled/Loopback Enabled 0.3 \%
SQE Disabled/Loopback Enabled 0.4 0.6 0.8 \%
Note 1: Limits are guaranteed by 100% testing, sampling or correlation with worst case test conditions.
Note 2: Low Duty cycle pulse testing is performed at Ta.
Note 3: This does not include the current from the AUI pull down resistors or the LED output pins.
2-52 oL Mi i
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AC ELECTRICAL CHARACTERISTICS

SYMBOLS l PARAMETER MIN TYP. MAX UNITS
TRANSMIT
tTXNPW Transmit Turn-On Pulse Width 20 ns
tTXFPW Transmit Turn-Off Pulse Width 180 ns
txopy Transmitter Turn-On Delay 30 ns
trxLp Transmit Loopback Startup Delay 40 ns
trxspy Transmit Steady State Prop. Delay 15 ns
trx) Transmitter Jitter 1 ns
RECEIVE
tRXODY Receive Turn-On Delay 20 ns
tRXSDY Receive Steady State Prop. Delay 15 ns
tRx) Receiver Jitter 1 ns
tAR Differential Output Rise Time 3 ns
20% to 80% (Rx+/-, COL+/-)
tAF Differential Output Fall Time 3 ns
20% to 80% (Rx+/~, COL+/-)
COLLISION
tcpsQE Collision Present to SQE Assert (o] 200 ns
tSQEXR Time for SQE to Deactivate after a collision 100 900 ns
teLr Collision Frequency 8.5 10 11.5 MHz
tcLpoC Collision Pulse Duty Cycle 40 50 60 %
tsQEDY SQE Test Delay (Tx Inactive to SQE) 0.6 1.1 1.6 us
tsQETD SQE Test Duration 0.5 1.0 1.5 us
tsQEB SQE Blank Period 4 7 psec

JABBER, LINK TEST AND LED TIMING

tAD Jabber Activation Delay 7 13.5 20 ms
YRT Jabber Reset Unjab Time 250 450 750 ms
tsQE Delay from Outputs Disabled to 100 ns

Collision Oscillator On

teoT CDLED, RXLED, TXLEDT, TXLEDZ On Time 20 50 300 ms
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TIMING DIAGRAMS

TXINP
TXINN

™XouTP
TXOUTN

RXOUT1, 2, P
RXOUT1,2,N

Figure 1. Transmit and Loopback Timing

RXINP
RXINN

RXOUT1, 2, P
RXOUTY, 2, N

Figure 2. Receive Timing

2-54 lﬁ$Micro Linear



ML4642

TIMING DIAGRAMS (Continued)

TXIN2P

TXIN2N X X VALID X DATA4X X

TXINTP

TXININ __—< X VALID fDATA X X

X

le— tCPSQE
CDOUT1, 2, P

cso X X
CDOUTY, 2,N N\

X

te——— trx2, TX1
TXOUTP
TXIN2 x TXIN2 TXIN2 TXIN1 X TXIN1 x TXIN1
TXOUTN

TXIN1P

TXININ X X o X oam X X

X

X

TXIN2P

X VALID X DATA X X

X

X

TXIN2N

CDOUT1, 2, P

tcpsQE -|/
X X X
CDOUTT1, 2,N

X

Figure 3. Collision Timing

TXINTP -\

TXINTN

TXIN2P
TXIN2N 3 VALID X DATA X )( >/
L——KQEXR—»‘
CDOUT1, 2, P

Cso

N

CDOUT1, 2, N

TXOUTP
> >< XIN2 TXINZ )
TXOUTN TXIN1 TXIN2 X IN2 T X )

Figure 4. Collision Timing
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TIMING DIAGRAMS (Continued)

TXIN2P ——\
TXIN2N

TXIN1P

N\
Tx1N1ND( VALID X DATA X X )
L——!sqm——l

cso

CDOUT1, 2, P
CDOUT1, 2,N

TXOUTP
TXIN1 X X X XI X x )——-——
TXOUTN X1 IN1 TXIN1 TXIN1 TXIN1

L
tcur

CDOUTY, 2,P /
cpouT1, 2,N < D S

Figure 5. Collision Timing

TXIN1P
“"'< x VALID DATA \,
TXININ
- tsQETD
< tsQepy>
< tsQes >
cpouTip {
“\ Ccso —
CDOUTIN
15Qe8 — __(internal signal)
CDoOuT2P
CDOUT2N
Figure 6. SQE Timing
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TIMING DIAGRAMS (Continued)

TXINTP
———D< VALID X DATA
TXININ
tAD i YRT
TXOUTP
| VALID |
TXOUTN DATA
{ - 1SQE
cpouttp
cso
CDOUTIN N
Figure 7. Jabber Timing
TXOUT1P
TXOUTIN
tLept i
TXLED1 I

RXINP V0999999V
QBB %
KRRy

RXINN  GRKRRYT R

tLeDT

RXLED I

Figure 8. LED Timing

Ny - -
hgL Micro Linear 2-57



ML4642

FUNCTIONAL DESCRIPTION

Figure 9 is a block diagram of a Two Port Multiplexer
using the ML4642 chip. All AUl interfaces are shown AC
coupled as they would be in an AUI multiplexer which
does not include the MAU circuitry on the same board.

TRANSMISSION

The transmit function consists of detecting data on either
of the TXIN differential receivers (TXINT or TXIN2) and
transmitting this data out the TXOUT differential driver at
the MAU port as well as both RXOUT1 and RXOUT2
drivers of the DTE ports. (Note: the looping back of data
received at a TXIN pair to the RXOUT pairs is discussed in
the Loopback section.)

Before data will be transmitted to the TXOUT and RXOUT
pins from the TXIN pins it must meet the unsquelch
requirements of the TXIN receiver circuitry. The squelch
circuitry prevents any noise on the TXIN wires from being

misinterpreted as data and transmitted to the TXOUT and
RXOUT pins. The squelch circuit rejects signals with pulse
widths less than typically 20ns and voltage levels more
positive than —250mV. Once the TXIN receiver is
unsquelched it remains so until reception of the input idle
signal, which is detected when the TXIN signal is more
positive than —170mV for longer than 180ns.

RECEPTION

The receive function consists of detecting data at the RXIN
differential receiver of the MAU port transmitting this data
to both DTE port RXOUT pairs.

Before data will be transmitted to the RXOUT pins of the
DTE ports it must meet the unsquelch requirements for the
RXIN receiver circuitry. The squelch circuitry at the RXIN
differential receiver input performs the same function as
that of the TXIN squelch circuitry using the same noise
rejection criteria.

_ M
360Q RXLED/LPBK/SQE 1 2700

Vee

Vee

+5V
0.1 0.01
GND ‘T{
!“+5V

RRSET
ML4642 61.9K

TXOUTP % C\
TXOUTN "
<>
360Q < 360Q
RXINP ; E
RXINN | > TO MAU
<>
390 < 390
CDINP } C
CDINN

JABI/IABD —AM——(———
id

270Q
JAB2 AV
510Q

CDLED
510Q

TXLED1

TXIEDZ [—AM——f———

- 3] § TXINIP
I TXININ
<>
39Q :; 39Q
3 é RXOUT1P
TODTE 1 < ” RXOUTIN
s
360Q 360Q
3 é CDOUTIP
" CDOUTIN
L
360Q 360Q
- % %
" zg TXINZP
II TXIN2N
>
39Q % ? 390
3"§ v RXOUT2P
TO DTE 2 < C RXOUT2N
360Q % ?3600
3";{ CDOUT2P
C CDOUT2N
q 360Q % ?

Switch Option

1. Receive LED with Internal/External MAU
2. No MAU/No SQE
3. No MAU with SQE

Figure 9. Two Port AUI Multiplexer
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COLLISION

There are two conditions that constitute a collision from
the point of view of the ML4642:

a) If data is received at the TXIN inputs of both DTE ports
simultaneously a local collision occurs within the
ML4642.

b) If the CDIN input is active at any time other than the
inter-packet gap window allowed for the SQE Test
function described below.

In either of the above circumstances it is necessary for the
ML4642 to drive the CDOUT pairs on both DTE ports
with the collision signal. The collision signal consists of a
10 MHz +/- 15% square wave matching the AUI
specifications and capable of driving a 78Q load. The
collision signal shall turn on within 2 bit times of the
origination of the collision condition and shall turn off
within 2-5 bit times after the collision condition subsides.

During a collision condition there are two sources for data
to be transmitted to TXOUT, TXINT and TXIN2. The
highest priority source for data to be transmitted to
TXOUT is the TXINT receiver.

For example if TXIN2 begins transmission then TXIN1
turns on, the collision oscillator will turn on and TXOUT
will switch from TXIN2 to TXINT. If the collision ends by
TXINT turning off first, TXOUT will switch from TXIN1 to
TXIN2, and 2-5 bit times later the collision oscillator will
turn off.

The MAU port’s CDIN receiver contains squelch circuitry
to prevent noise from causing the erroneous detection of a
collision signal. A signal on the CDIN pair will not be
considered active until it exceeds the same squelch
requirements as those of the TXIN receivers.

LOOPBACK

The loopback function allows the ML4642 to emulate a
coaxial transceiver by propagating the TXIN data back out
the RXOUT pair of the same DTE port that is sourcing the
data as well as the RXOUT pair of the idle DTE port. This
allows the Ethernet controller sending the data to monitor
its transmit packets and detect network faults.

The loopback function is enabled at both DTE ports when
the RXLED pin is tied to ground, or 0.6 volts.

SQE TEST FUNCTION

The Signal Quality Error (SQE) Test function allows the
DTE to determine whether or not the collision detection
circuitry is functional. After each transmission, during the
inter-packet gap time, the collision signal will be activated
on the CDOUT pair of the same port as the TXIN pair
which received the packet, for typically 1 us. The SQE
function will not be activated on DTE ports of the ML4642
which are in the Jabber state. The SQE function is enabled
on both DTE ports when the RXLED/LPBK/SQE pin is
grounded.

JABBER

The jabber function prevents a babbling transmitter from
loading down the network. Within the ML4642 is a jabber
timer on each TXIN receiver. Each timer starts at the
beginning of a received packet and resets at the end of
each packet. If a packet lasts longer than 7 to 20ms the
jabber logic disables its corresponding TXIN receiver (thus
preventing its data from being retransmitted) and
generates a collision signal on the babbling port’s CODOUT
pair. When the TXIN pair finally goes idle, a second timer
measures 0.5 seconds of idle on TXIN prior to re-enabling
the receiver and turning off the collision signal. If the
TXIN pair becomes active again before the 0.5 seconds
has expired, the timer is reset and measures another 0.5
seconds of idle time.

The jabber function can be disabled on both ports by
tying the JAB1/JABD pin to ground.

LED DRIVERS

The ML4642 has six LED driver pins. Each DTE port has a
transmit LED and a jabber LED and the MAU port has a
receive LED. Additionally, there is a collision LED which
indicates the presence of a collision condition. All LED
drivers are active low 10mA current sources.

The TXLED, RXLED, and CDLED outputs have 50ms pulse
stretchers on them to enable the LEDs to be visible. The
JLED outputs do not have pulse stretchers on them
because their conditions occur long enough for the LEDs
to be visible.

Two of the ML4642 LED outputs serve as configuration
pins as well. RXUED/LPBK/SQE and JAB1/JDIS may be tied
through a resistor to V¢, tied through a resistor and a LED
to V¢ or grounded. Additionally RXLED/LPBK/SQE may
be tied to a specific voltage. When these pins are
grounded or tied to a 0.6 Volts they become configuration
inputs. Otherwise when tied high they become status
outputs.

CASCADING THE ML4642 FOR 4 AND 8 PORT
DESIGNS

The configurability of such functions as loopback, jabber,
and SQE allows ease of cascading multiple ML4642 chips
for larger fan-out designs. Figure 10 shows a four port AUI
Multiplexer design. For a type O configuration both jabber
and transmit LEDs are available on a per port basis for
status. The RXLED/LPBK/SQYE pins are tied through a
resistor to 5 volts, and CDLED is wire OR’ED with the
other chip for one collision detect status LED per system.
There is also only one receive LED status output which is
displayed in a type 2 configuration. This particular pin in
a type 2 configuration offers three options. In option 1,
when tied to +5 volts through a resistor and an LED, an
internal or external MAU will be connected. For stand-
alone operation without an internal or external MAU a
loopback is required. Option 2 allows loopback with no
SQE test while option 3 provides loopback with an SQE
test.
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Figure 10. Four Port AUI Multiplexer
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An eight port design is accomplished in the same way as SQE TEST WHEN CASCADING
shown in the block diagram in Figure 11. In an eight port . - .
design Type 0 and Typegz configugration remain thi saFr,ne AS mentioned before, after eggh tra.nsmlss[on durmg the

as in a four port design. Type 1 however only differs from interpacket gap time the collision signal will be activated

. TPBK/SOE ] on the CDOUT pair of the same port as the TXIN pair
IZ)T; ZTEgl;y;nsgquerL)ggzléls’z” (S)?tﬁ éhc;?f?(;sr:ri Esgtor o +5 which received the packet. When cascading ML4642s to

- S implement 4 or 8 port designs, the path is remembered
configurations. and followed to acheive this function. The paths that did
not carry the transmit data blocks CDOUT for 4-7 psec
after transmission to guarantee that only the port that
transmitted will see SQE test.

TABLE 1. LED Configurations for 2, 4, and 8 Port Designs

JAB1/JABD RXLED/LPBK/SQE JAB2 CDLED TXLED1 TXLED2
Two Port AUI Mux LED GND, 0.6V, LED LED LED LED LED
Type O LED 270Q to +5V LED WIRE'ORED LED LED
Type 1 GND 270Q to +5V NC NC NC NC
Type 2 GND GND, 0.6V, LED NC NC NC NC
TYPEO ' TYPE 1 ' TYPE 2
1 1
1 1
I 1
I I
DTEPORT 1 e ] |
ML4642 |
DU LU R — l |
i
! ML4642 o
DTE PORT 3 sememmed '
ML4642 '
DTEPORT 4 e X
I
| ! MLA4642 [ MAU PORT
i p—
DTEPORT 5 seememmmmmeed |
ML4642
DTEPORT 6 e I
X ML4642 [rmemed
DTE PORT 7 s
ML4642
DTE PORT 8 X
I
1
I
1

Figure 11. Eight Port AUI Multiplexer
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ORDERING INFORMATION

PART NUMBER TEMPERATURE RANGE PACKAGE
ML4642CR 0°Cto 70°C 28-Pin SSOP (R28)
ML4642CQ 0°C to 70°C 28-Pin PLCC (Q28)
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ML4644

4 Port AUI Multiplexer

SENERAL DESCRIPTION

"he ML4644 AUI Multiplexer contains all the necessary
Irivers/receivers and control logic to implement a 4 port
AU when used in conjuction with a transceiver chip
wvhich has a standard 802.3 AUI interface. Several
ViL4644s can be cascaded together to implement an 8 or

FEATURES

® |EEE 802.3 compliant AUI interfaces assure
compatibility with any AUI ready devices.

B On-chip Jabber logic, Collision Detection,
and SQE test with enable/disable option.

12 port MAU or standalone device.

m Selectable SQE Test
-ogic within the ML4644 detects collisions resulting from

multiple DTEs transmitting simultaneously. In addition, m Selectable loopback
collision signals received from a transceiver attached at
the MAU port are propagated to all of the DTE ports. ® Ten network status LED outputs.

Jabbering DTEs are prevented from loading down the
network by an internal jabber timer which disables
babbling ports.

BLOCK DIAGRAM

e B} -~ - b~
FKILLATORl l BIASINGJ

CDOUT4N

Cam LTETELECE TS
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PIN CONNECTIONS

Zs %%
a = = [ -
MHTI L
yere 8888z ulRiys
[o1[e] (71 (6] [s1[e] [31 [2] [7] [ed] [67 [ee] es] fea] [63] [62] [61]
TxIN2N (i 60) CDINN
TxIN3P [73] 59] CDOUT4N
THN3N 73 58] CDOUT4P
7] NC
TXOUTN [ig] 56 TxINTP
TXOUTP [ 55] TXININ
RESERVED [ig] 54] CDOUTIN
RRSET [i7} 53] cDOUT1P
ML4644 5] ono
51] Txt
RxOUTTP (3] 50] Tx2
RXOUTIN [3i] 3] Tx3
48] Tx4
RxOUT2P [33} 47] TxIN4P
RXOUT2N [33} 36] TxINAN
45] jAB1
[43] SQENa
(2] l2e] {as] |30 [31] [32] {33] (34 [os] {3e] [a7] fae] faof fao T fa2] a3]
VU s Zi|Iglo & ZU & ZUuUn Uiy
zZzzz|zlgcrzEgTz|ez|2zz2
HUH TR
& 2 & X
PIN DESCRIPTION
PIN # NAME FUNC. DESCRIPTION PIN # NAME FUNC. DESCRIPTION
1 CDOUT2P  Output Collision signal pair for 13 NC No connection.
DTE port 2. 14 TxOUTN  Output Transmit signal pair for
2 CDOUT2ZN  Output Collision signal pair for MAU port.
DTE port 2. 15 TxOUTP  Output Transmit signal pair for
3 COLL Output Open collector LED MAU port.
driver for collision. 16 Reserved This pin should be tied
4 CDOUT3P  Output Collision signal pair for to VCC.
DTE port 3. 17 RRSET Input Bias setting external
5 CDOUT3N  Output Collision signal pair for resistor, 61.9kQ,
DTE port 3. connected to VCC
NC No connection. 18 NC No connection.
TxIN2P Input Transmit signal pair for 19 JAB2 Output Open collector jabber
DTE port 2. LED driver for Jabber of
NC No connection. DTE port 2.
. 20 RxOUT1P Output Receive signal pair for
NC No connection. DTE port 1.
10 TXINZN Input 'll')r%agsn;:'tt Szlgnal pair for 21 RxOUTIN Output Receive signal pair for
port . DTE port 1.
n TxIN3P Input '[f)r_?gsm:’tts;gnal pair for 22 REC Output Open collector LED
port 3. driver for receive.
12 TxIN3N Input Transmit signal pair for Grounding this pin
DTE port 3. enables loopback.
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PIN DESCRIPTION (Continued)

PIN # NAME FUNC. DESCRIPTION PIN # NAME FUNC. DESCRIPTION
23 RxOUT2P  Output Receive signal pair for 48 T4 Output Open collector transmit
DTE port 2. LED driver for Jabber of
24 RxOUT2N Output Receive signal pair for . DTE port 4.
DTE port 2. 49 Tx3 Output Open collector transmit
LED driver for Jabber of
25 VCC Power +5V power supply. DTE port 3.
26 vee Power +5V power supply. 50 Tx2 Output Open collector transmit
27 NC No connection. LED driver for jabber of
28 NC No connection. _ DTE port 2.
1 Tx1 Output i
29 RxINP Input Receive signal pair for > X upu &;Berércisg:e g(r);at;)abr;srn:)lft
MAU port. DTE port 1.
30 RxINN Input Receive signal pair for N
MAU port. 52 GND Ground Grm‘Jr?d. —
31 SQEN2 Input Active low. This pin is >3 CDOUTIP Output gglél:;gl: s;:gna pairior
used to enable the SQE :
function of DTE port 2. 54 CDOUTIN  Output Collision signal pair for
. D DTE port 1.
32 SQEN3 Input Active low. This pin is
used to enable the SQE 55 TxINTN Input Transmit signal pair for
function of DTE port 3. DTE port 1.
33 RxOUT3P Output Receive signal pair for 56 TxINTP Input Transmit signal pair for
DTE port 3. DTE port 1.
34 RxOUT3N Output Receive signal pair for 57 NC No connection.
DTE port 3. 58 CDOUT4P  Output Collision signal pair for
35 NC No connection. DTE port 4.
36 RxOUT4P  Output Receive signal pair for 59 CDOUT4N  Output Collision signal pair for
DTE port 4. DTE port 4.
37 RxOUT4N Output Receive signal pair for 60 CDINN Input Collision signal pair for
DTE port 4. MAU port.
38 NC No connection. 61 X3 Output ECL output driven by
rrvetal Can Ariva Y1
39 JAB3 Output Open collector jabber Attt
LED driver for Jabber of ;aﬁ:tg‘&g other
DTE port 3. NC o
40 NC No connection. 62 No"connectlonl.
N 63 CDINP Input Collisi i ir fe
41 JAB4 Output Open collector jabber e M?\Llflsgr: Bna patrior
LED driver for Jabber of :
DTE port 4. 64 SQEN1 Input Active low. This pin is
. used to enable the SQE
42 NC No connection. function of DTE port 1.
43 NC No connection. 65 NC No connection.
44 SQEN4 Input Active low. This pin is 66 X1 In : :
put 10MHz Crystal input pin.
;"Sed to en?gl$ghe S%E This pin can also be used
unction o port 4. as a 10MHz clock input
45 JAB1 Output Open collector jabber pin, or can connect to X3
LED driver for Jabber of of another that is driven
DTE port 1. by a crystal or 10MHz
clock.
46 TxIN4N Input Transmit signal pair for
DTE port 4. 67 X2 Input 10 MHz Crystal input pin.
47  TxIN4P  Input Transmit signal pair for 68  NC No connection.

DTE port 4.

8L Micro Linear

2-65




ML4644

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS

Absolute maximum ratings are limits beyond which the Supply Voltage (Vce) - oo vvvvveiiannnntn 5V 10%
life of the integrated circuit may be impaired. All voltages RRSET ..o 61.9kQ + 1%
unless otherwise specified are measured with respect to

ground.

Power Supply Voltage Range Ve .. GND -0.3 to +6.0V

Input Current RRSET, All LED DriverPins. ... .... 60mA

Junction Temperature . . .. ... ... ... .. ..., 150°C

Storage Temperature. . .. ............ -65°C to 150°C

Lead Temperature (Soldering 10 seconds). . . .. ... 260°C

Thermal Resistance (Bja). .. ................ 44°C/W

ELECTRICAL CHARACTERISTICS

Unless otherwise specified Ta = 0°C to 70°C, V¢ = 5V £ 10%. (Notes 1, 2)

PARAMETER CONDITIONS MIN TYP. MAX UNITS
Power Supply Current Icc (Note 3) Vce =5V 50 150 190 mA
LED Drivers: VoL R =510 (Note 4) 0.8 \%
Transmit Squelch Voltage Level (Tx+, Tx-) -300 -250 -200 mV
Differential Output Voltage +550 +1200 mVv
Common Mode Output Voltage 4.0 \%
Differential Output Voltage Imbalance 2 +40 mV
Loopback Enable REC tied low 0.3 \

Note 1: Limits are guaranteed by 100% testing , sampling, or correlation with worst-case test conditions.
Note 2: Low Duty cycle pulse testing is performed at T.
Note 3: This does not include the current from the AUI pull down resistors or the LED output pins.
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AC ELECTRICAL CHARACTERISTICS

SYMBOLS | PARAMETER | mn [ tve. | max | uwits
TRANSMIT
txopy Transmitter Turn-On Delay 100 200 ns
tTXSDY Transmit Steady State Prop. Delay 15 ns
trxePW Transmit Turn-Off Pulse Width 180 ns
trxsol Transmit Turn-Off Start of Idle 200 250 ns
RECEIVE
tRXODY Receive Turn-On Delay 100 200 ns
tRXSDY Receive Steady State Prop. Delay 15 ns
tRXEPW Receive Turn-Off Pulse Width 180 ns
tRXSOI Receive Turn-Off Start of Idle 200 250 ns
taR Differential Output Rise Time 3 ns
20% to 80% (Rxt, COLt, TxOUT%)
tAF Differential Output Fall Time 3 ns
20% to 80% (Rx+, COLt, TxOUT%)
COLLISION
tepsQEe Collision Present to SQE Assert 0 200 ns
tSQEXR Time for SQE to Deactivate After a Collision 0 500 ns
Feie Collision Frequency XTAL Controlled 8.5 10 11.5 MHz
Collision Pulse Duty Cycle XTAL Controlled 40 50 60 %
Fiam JAM Frequency at TxOUT+ XTAL Controlled 5 MHz
tsQeDY SQE Test Delay (Tx Inactive to SQE) 0.6 1.1 1.6 us
tSQETD SQE Test Duration | 0.5 1.0 1.5 us

JABBER, LINK TEST AND LED TIMING

taD Jabber Activation Delay 7 13.5 20 ms
tsQE Delay from Outputs Disabled to Collision Oscillator On 100 ns
tLepT REC, TOLL, TxT, Tx2, T3, Tx4 On Time 0.3 1.0 3.0 ms
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TIMING DIAGRAMS
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TIMING DIAGRAMS (Continued)
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Figure 9. LED Timing

2-70 8L Micro Linear



ML4644

FUNCTIONAL DESCRIPTION

Figure 1 is a block diagram of a Four Port Multiplexer
using the ML4644. All AUI interfaces are transformer
coupled as required in an AUl connection.

RECEPTION

The receive function consists of detecting data on receive
differential data input pair of the MAU port (RxIN) and
transmitting this data out of the RxOUT ports of all the DTE
port. This data will only be passed onto the DTE port if it
meets the unsquelch criteria of the AUI receiver circuit. This
provision prevents any noise on the AUI cable from being
misinterpreted as data and transmitted to the RxQUT pins.

The receiver squelch circuit rejects signal typically with
pulse width less than 20ns or a voltage level more positive
than —250mV. Once the receiver is unsquelched, it
remains so until reception of the idle signal which is more
positive than —170mV for longer than 180ns.

TRANSMISSION

The transmit function consists of detecting data on any of
the four differential data input pairs (TxIN1, TxIN2, TxIN3,
and TxIN4) and transmitting this data out of the TXOUT
pair of the MAU port.

Only data that meets the unsquelch criteria of the AUI
receiver circuit will be passed onto the TxOUT port.

LOOPBACK

If the ML4644 is connected to a MAU, or connected to
other 4642/44s that are connected to a MAU, the MAU
should be used to provide loopback. The loopback function
of the MAU will loop data back to the RxIN port which will
pass is to all FxOUTs and the REC pin will go low. In some
configurations, there will be no MAU, and a ML4644 will
be the last chip in the Tx path. In this case, the RxIN port _
will never be active, since it is not connected, and the REC
pin has no function. The REC pin may be grounded and this
will put the ML4644 in loopback mode, and data on the
TxIN pair will be looped back to all RxOUT ports.

COLLISION

There are two possible collision scenarios.

1. Collision from the network connected to the MAU.

2. Collision between two or more DTEs attached to the
multiplexer.

In the case of a network collision, the MAU will send a
collision presence signal to the multiplexer. The ML4644
will propagate this signal to the CDOUT pins of each of the
DTE ports. The collision signal is a 10MHz £0.01% signal.

When a collision event occurs between two or more DTE
ports, the ML4644 will send the collision presence signal to
each of the DTEs via the collision ports. At the same time a
5MHz JAM signal is sent to the network.

SQE TEST FUNCTION

The Signal Quality Error (SQE) test function allows the
DTE to determine whether or not the collision port is
functional. After each transmission, during the interpacket
gap time, the collision signal will be activated on the
CDOUT port of the same DTE port data has been
transmitted, for typically 1ps. The SQE function is not
activated at the DTE ports that are in jabber state. The SQE
function of each port can be disabled by tying the SQEN
pin high.

JABBER FUNCTION

The jabber function prevents a malfunction transmitter
from continuous transmission and thus loaded down the
network. Within the ML4644, there is a jabber timer. The
timer starts at the beginning of a received packet and
resets at the end of each packet. If the packet lasts longer
than 7 to 20ms the jabber circuit will disable the
offending TxIN receiver (the transmission of excessively
long packet is thus terminated) and generates a collision
signal to the collision port of the offending DTE port. The
DTE port will exit the jabber state when the transmission
goes idle.

LED DRIVERS

The ML4644 has ten LED drivers. Each DTE port has a
transmit LED and a jabber LED and the MAU port has a
receive LED. Additionally there is a collision LED which
indicates the presence of a collision condition. All LED
drivers are active low open collector driver.

All LED drivers except the jabber have pulse 1ms pulse
stretchers. The pulse stretchers provide adequate on time
for the LED to be visible.

CASCADING THE ML4644 FOR EIGHT PORT
MULTIPLEXER APPLICATION

An 8 port multiplexer can be realized by using two
ML4644s and one ML4642. In this configuration (see fig.
2), the SQE function of the ML4642 should be disabled to
prevent false collision signalling. The SQE function in this
configuration is performed by each DTE port of the
ML4644 independently. Only one crystal is required,
since X3 of the ML4644 with the crystal can drive X1 of
the other chip.

ML4642

—
ML4644 —I_

| MLacas

Figure 2. Block Diagram of an Eight port Multiplexer.

8L Micro Linear

2-71




ML4644

3 { TxIN1P
TxININ

= RxOUT1P

3 { RxOUTIN

3 {' cpDouT1P
CDOUTIN

3 { TxIN2P
TxIN2N

3 g RxOUT2P
RxOUT2N

:} g CDOUT2P
e CDOUT2N

3 F’ TxIN3P

TxIN3N

T

A
\A4

3 g RxOUT3P
¢ RxOUT3N
3 g CDOUT3P
CDOUT3N

3 g TxIN4P

% TxINAN

=
3 g = RXOUT4P
. RxOUT4N

3 g CDOUT4P
CDOUT4AN

.||-A/M

ML4644

Vec

Vee

RTSET

TxOUTP

TxOUTN

RxINP

RxINN

CDINP

CDINN

SQEN1

SQEN2

SQEN3

SQEN4
RESERVED
X1

X2

X3

JAB1
JAB2
JAB3
JAB4
Tx1
T2

™

|||—-I|L
)

360Q 360Q

1WA

Figure 1. Four Port AUI Multiplexer.
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ORDERING INFORMATION

PART NUMBER TEMPERATURE RANGE PACKAGE

ML4644CQ 0°C to 70°C 68-Pin PLCC (Q68)
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ML4652, ML4658
T10BASE-T Transceiver

- - -
ugl Micro Linear

GENERAL DESCRIPTION FEATURES

The ML4652/ML4658 10BASE-T Transceivers are single m Complete implementatiqn of IEEE 802.3 10BASE-T
chip cable line driver/receivers that provides all of the Medium Attachment Unit (MAU)

functionality required to implement both an internal and B Incorporates an AU interface for use in an external
external IEEE 802.3 10BASE-T MAU. These parts offer a MAU or internal MAU

standard IEEE 802.3 AU interface that allows them to
directly connect to industry standard manchester
encoder/decoder chips or an AUI cable.

Single +5 volt supply £10%
No crystal or clock input
These parts require a minimal number of external Current Driven Output for low RFI noise and low jitter

components, and are compliant to the IEEE 802.3 Capable of driving 100Q unshielded twisted pair cable
10BASE-T standard. The differential current driven or 150Q shielded twisted pair cable

transmitter offers superior performance because of its
highly symetrical switching. This results in low RFI noise

Polarity detect status pin capable of driving an LED

and low jitter. B Automatic Polarity Correction on the ML4658

The Transceiver easily interfaces to 100Q unshielded m On-chip Jabber logic, Link Test, and SQE test with
twisted pair cable, 150Q shielded twisted pair cable, or a enable/disable option

range of other characteristic impedances by simply ® ML4652 and ML4658 provide six network status LED
changing one external resistor. Jabber, Link Test, and SQE ouput pins

Test are fully integrated onto the chip with enable/disable

. - . . ) ) B ML4652 and ML4658 are available in a 24-pin skinny
options. A polarity detection status pin, which can drive DIP or 28-pin PLCC

an LED, is provided for receive data, and the ML4658
offers automatic polarity correction.

The ML4652 and ML4658 are available in 24 pin skinny
DIP as well as a 28 pin PLCC.

BLOCK DIAGRAM

+5V

SQEN/LTD/JABD RTSET %

LINK PULSE
Tx+ AUI
Tx- ’ RECEIVER
L PRE-EQUALIZED TxTP+
TRANSMIT DRIVER TXTP-

TRANSMIT I — |
SQUELCH ) 1 _TxCAPO
JABBER T TxCAP1
SQE
RECEIVE
SQUELCH
CoL+ AUI 1T0MHz GATED TINE RxTP+
coL- DRIVER OSCILLATOR RECEIVER RXTP-
v Y
LINK TEST
Rx+ AUI LOOPBACK
= -
e AR X RECEIVE LOGIC A:’Jg?:'d{l\TTYIC | aias
[} [ LED DRIVERS CORRECTION
1 1 1
oo Vee %RRSET CiSN | RCV | ITF
(+5V) +5V
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PIN CONFIGURATION

ML4652/ML4658
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a8
—\ — =
< +
JAB Z L+
CISN[]1 24[] jAB g 2 Sl‘é o 2 £
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PIN DESCRIPTION (DIP)

PIN# NAME FUNCTION
1 CLSN Indicates that a collision is taking place. Active low LED driver, open collector. Event is extended
100ms for visibility.
2 COL+ Gated 10MHz signal used to indicate a collision, SQE test, or jabber. Balanced differential
3 COlL- line driver outputs that meet AU interface specifications. AC or DC coupled.
SQEN/LTD/ SQE Test Enable, Link Test Disabled, Jabber Disabled. This input uses four voltage levels to
JABD configure the chip as shown in Table 1.
Table 1. SQEN/LTD/JABD Pin Configuration
Pin SQE Test Link Test Jabber
0V (GND) Disabled Enabled Enabled
1.2V Disabled Disabled Disabled
BIAS Enabled Disabled Enabled
5V (Vco) Enabled Enabled Enabled
When link test is disabled, no link pulses are transmitted, and the transmitter and receiver will not be
disabled as a result of a loss of receive link pulses. When Jabber is disabled the transmitter can transmit
continuously without interruption, and the collision oscillator will not be activated.
5 Rx+ Manchester encoded receive data output to the local device. Balanced differential line driver outputs
6  Rx— that meet AU interface specifications. AC or DC coupled.
7 Vcc +5 Volt power input.
8 Tx+ Balanced differential line receiver inputs that meet AU interface specifications. These inputs may be
9 Tx- AC or DC coupled. When AC coupled, the BIAS pin is used to set the common mode voltage. Signals
meeting the transmitter squelch input requirements are pre-equalized and output on TxTP+ and TxTP-.
10 RTSET When using 100Q unshielded twisted pair, a 220Q resistor is tied between this pin and Vcc. When
using 1509 shielded twisted pair, a 330Q resistor is tied between this pin and Vcc.
11 RRSET A 1% 61.9KQ resistor tied from this pin to V¢ is used for internal biasing.
2-76 18L Micro Linear



ML4652, ML4658

PIN DESCRIPTION (DIP) (Continued)

PIN# NAME FUNCTION

12 POLRD Receive Polarity status. Active low LED Driver, open collector output. Indicates the polarity of the
receive twisted pair regardless of auto polarity correction. When this pin is high, the receive polarity is
correct, and when this pin is low the receive polarity is reversed.

13 XMT Indicates that transmission is taking place on the TxTP+, TXTP- pair. Active low LED driver, open
collector. It is extended 100m:s for visibility.

14 RCV Indicates that the transceiver has unsquelched and is receiving data from the twisted pair. Active low
LED driver, open collector. It is extended 100ms for visibility.

15 TxTP- Pre-equalized differential balanced current driven output. These ouputs are connected to a balanced

16 TxTP+ transmit output filter which drives the twisted pair cable through pulse transformers. The output current

is set with an external resistor connected to RTSET allowing the chip to drive 100Q unshielded twisted
pair, 1509 shielded twisted pair cables or a range of other characteristic impedances.

17 GND Ground reference.

18 TxCAP1 An external capacitor of 330pF is tied between these two pins to set the pulse width for the pre-

19 TxCAPO equalization on the transmitter. If these two pins are shorted together, no pre-equalization occurs.

20 LTF Link Test Fail. Active high. Normally this pin is low, indicating that the link is operational. If the link

goes down resulting from the absence of link pulses or frames being received, the chip will go into the
Link Test Fail state and bring LTF high. In the Link Test Fail state, both the transmitter and receiver are
disabled, however link pulses are still sent. A station that only has access to the AUI can detect a Link
Test Fail by the absence of loopback. This pin is low when the Link Test is disabled. Open collector

LED output.
21 RxTP- Twisted Pair receive data input. When this signal exceeds the receive squelch requirements the receive
22 RxTP+ data is buffered and sent to the Rx+ outputs.
23 BIAS Bias voltage, output. Used to bias the receive twisted pair inputs as well as the Txt inputs when they
are AC coupled.

24

E

Open collector TTL output capable of driving an LED. When in the Jabber state, this pin will be low
and the transmitter will be disabled. In the Jabber “OK” state this pin will be high.
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS
(Note 1) (Note 2)
Power Supply Voltage Range Supply VoItage (V) «oveeeeeeeeeeneeieseeneeseeeenaeeene 5V £10%

VO corvvevimerseinereseisseiseine oo -0.3to 6V LED 0N CUITeNt ..cvviiiiieeiicciaee et iceeeeenee 10mA
Input Voltage Range . 61.9KQ £1%

Digital Inputs (SQEN, LTD) ...=0.3 to Ve .220Q 1%

Tx+, Tx—, RXTP+, RXTP— ..o, —03t0Vee TXCAP.ictet e 330pF
Input Current

RRSET, RTSET, JAB, CLSN, XMT, RCV, LTF .......... 60mA
Output Current

TXTP+, TXTP~ .ot 80mA
Storage Temperature —65°C to +150°C
Lead Temperature (Soldering 10 sec.) ......c.cccoeuunu.. 260°C
ELECTRICAL CHARACTERISTICS
Unless otherwise specified, Ta = 0°C to 70°C (Note 3), VCC = 5V £10%

PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Current lcc (Note 4) Vce =5V 140 mA
LED Drivers: Vo R = 510Q (Note 5) 0.8 \Y
Transmit Peak Output Current RTSET = 220Q 42 mA
(Note 6)
Transmit Squelch Voltage Level
(Tx+, Tx-) -170 mV
Differential Input Voltage
(RxTP+, RxTP-) +0.300 +3.1 Vv
Receiver Input Resistance 10 KQ
SQEN/LTD/JABD Input Resistance 12 KQ
Receive Squelch Voltage Level
(RXTP+, RXTP-) 300 450 585 mV-p
Differential Output Voltage
(Rxt, COLt) +550 +1200 mV
Common Mode Output Voltage
(Rxt, COLt) 4.0 \Y
Differential Output Voltage Imbalance
(Rxt, COL+) 2 +40 mV
BIAS Voltage 3.2 \Y%
SQEN/LTD/JABD SQE TEST disabled 0.3 \%
R All disabled 1.1 1.4
Link Test Disabled BIAS - 0.15 BIAS + 0.15
All Enabled Vcc—-0.05V

Note 1:  Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with
respect to ground.

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions.

Note 3: Low Duty cycle pulse testing is performed at T.

Note 4: This does not include the current from the AUI pull down resistors, the transmit pins TxTP+ and TxTP- or the LED output pins.

Note 5: LED drivers can sink up to 20mA, but VOL will be higher.

Note 6: This current will result in a 2.5V peak output voltage on unshielded twisted pair cable when connected through an external filter and transformer as shown in Figure 12.
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ELECTRICAL CHARACTERISTICS (Continued)
AC ELECTRICAL CHARACTERISTICS

SYMBOL I PARAMETER l MIN [ TYP | MAX l UNITS
Transmit
trxNPW Transmit Turn-On Pulse Width 20 ns
trXFPW Transmit Turn-Off Pulse Width 180 ns
trxLp Transmit Loopback Startup Delay 200 ns
trxoDy Tranmitter Turn-On Delay 200 ns
tTxspy Transmit Steady State Prop. Delay 15 100 ns
trx) Transmitter Jitter +2 +3.5 ns
Receive
tRXODY Receive Turn-On Delay if Transmit is Idle 420 500 ns
tRXTDY Receive Turn-On Delay if Tranmit is Active 650 800 ns
tRXFX Last Bit Received to Start Slow Decay Output 230 800 ns
tRXSDY Receive Steady State Prop. Delay 15 100 ns
trx) Receiver Jitter +0.7 £1.5 ns
tAR Differential Output Rise Time 20% to 80% (Rxt, COLt) 3 ns
tAF Differential Output Fall Time 20% to 80% (Rxt, COL+) 3 ns
Collision
tePsQE Collision Present to SQE Assert 0 900 ns
trXRX Time for Loopback to swtich from Tx to RxTP
during a collision 0 900 ns
tSQEXR Time for SQE to deactivate given that RXTP goes idle and
TxTP continues 0 900 ns
tSQEXT Time for SQE to deactivate given that TXTP goes idle
and RxTP continues 0 900 ns
teLe Collision Frequency 8.5 10 11.5 MHz
teLppe Collision Pulse Duty Cycle 40 50 60 %
tsQEDY SQE Test Delay (Tx Inactive to SQE) 0.6 1.1 1.6 us
tSQETD SQE Test Duration 0.5 1.0 1.5 us
Jabber, Link Test and LED Timing
taD Jabber Activation Delay 20 70 150 ms
tRT Jabber Reset Unjab Time 250 450 750 ms
tSQE Delay from Outputs Disabled to Collision Oscillator On 100 ns
tor Link Loss Time 50 95 150 ms
(TN Link Test Pulse Receive Minimum Time 2 4.2 7 ms
tLTX Link Test Pulse Receive Maximum Time 25 70 150 ms
trep Link Test Pulse Repetition Rate 8 16 24 ms
tirpw Link Test Pulse Width 85 100 200 ns
tLeDT XMT, RCV, CLSN On Time 30 100 300 ms
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TIMING DIAGRAMS

Figure 1. Transmit and Loopback Timing
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Figure 2. Receive Timing

2-80 ﬁMicro Linear



ML4652, ML4658

TIMING DIAGRAMS (Continued)
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TIMING DIAGRAMS (Continued)
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TIMING DIAGRAMS (Continued)
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SYSTEM DESCRIPTION

Figure 10 shows a typical block diagram of an external
T10BASE-T transceiver interface. On one side of the

transceiver is the AU interface and the other is the twisted

pair. The AU interface is AC coupled when used in an
external transceiver or can be AC or DC coupled when
used in an internal transceiver. The AU interface for an

external transceiver includes isolation transformers, some

biasing resistors, and a voltage converter for power.

The twisted pair side of the transceiver requires external
transmit and receive filters, isolation transformers, and
terminating resistors. These components can be obtained
in a single hybrid package from suppliers listed in figure
12. The transmitter sends pre-equalized data through the
transmit filters onto the twisted pair. The pre-equalized

data uses a standard two step output waveform that lowers

the amplitude of the 5MHz component so that at the
receiving end both the 5MHz and 10MHz components
have the same amplitude. The external transmit filter
smooths the edges of the signal before passing it onto the
twisted pair.

The receive pair side of the transceiver accepts the data
after it passes through the isolation transformer and the
receive low pass filter. Since this is an AC coupled input,
the Bias pin is used to set the proper common mode
voltage for the receive inputs. A pair of 50Q resistors
correctly terminate the receive pair and provide a
common mode for the Bias voltage connection point.

AU INTERFACE

The AU interface consists of 3 pair of signals, DO, Cl and
DI as shown in Figure 10. The DO pair contains transmit
data from the DTE which is received by the transceiver
and sent out onto the twisted pair. The DI pair contains
valid data that has been either received from the twisted
pair or looped back from the DO and output through the
DI pair to the DTE. The ClI pair indicates whether a
transmit based collision has occurred. It is an output that
oscillates at 10MHz. Cl pair is also used for Jabber and
SQE Test.

The transceiver may be AC or DC coupled depending on
the application. For the AC coupled interface, the DO
input must be DC biased (shifted up in voltage) for the
proper common mode input voltage. The BIAS pin serves
this purpose. When DC coupled, the manchester encoder/
decoder transmit output pair provides this common mode
voltage and the Bias pin is not connected.

The two 39Q 1% resistors tied to the Tx+ and Tx— pins
serve two purposes. They provide a point to connect the
common mode bias voltage, and they provide the proper
matching termination for the AUI cable. The Cl and DI
pair, which are output drivers from the transceiver to the
AUI cable, require 360Q pull down resistors when
terminated with a 78Q load. However on a DTE card, Cl
and DI do not need 78Q terminating resistors. This also
means that the pull down resistors on Cl and DI can be
1KQ or greater depending upon the particular manchester
encoder/decoder chip used.

+5V
A
Veco
TxIN+
§ g Do
v TxIN- TxTP+ —>
390 3; 3; 390 ___; || FILTER
TxTP-
coL+
; > coL- RxTP+
360Q < 360Q <
S s —
BIAS || FILTER
RxOUT+ :: 50Q i —>
<
| D1 RxTP-
¢ RXOUT-
<
3003 3600 ‘j‘f

Figure 10. System Block Diagram
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The AUI drivers are capable of driving the full 50 meters
of cable length and have a rise and fall time of typically
3ns. The rise and fall times match to within 1ns. In the
idle state, the outputs go to the same voltage to prevent
DC standing current in the isolation transformers.

TRANSMISSION

The transmit function consists of detecting the presence
of data from the AUI DO input (Tx+, Tx-) and driving
that data onto the transmit twisted pair (TxTP+, TxTP-).
A positive signal on the Tx+ lead relative to the Tx- lead
of the DO circuit will result in a positive signal on the
TxTP+ lead of the chip with respect to the TxTP- lead.

Before data will be transmitted onto the twisted pair from
the AU interface, it must exceed the squelch requirements
for the DO pair. The Tx squelch circuit serves the function
of preventing any noise from being transmitted onto the
twisted pair. This circuit rejects signals with pulse widths
less than typically 20ns and voltage levels more positive
than —175mV. Once the Tx squelch circuit has unsquelched,
it looks for the start of idle signal to turn on the squelch
circuit again. The transmitter turns on the squelch again
when it receives an input signal at Txt that is more
positive than =175mV for more than approximately 180ns.

At the start of a packet transmission, no more than 2 bits
are received from the DO circuit and not transmitted onto
the twisted pair. The difference between start-up delays
(bit loss plus steady-state propagation delay) for any two
packets that are separated by 9.6ps or less will not exceed
200ns.

The output stage of the transmitter is a current mode
switch which develops the output voltage by driving
current through the terminating resistor and the output
filter. The transmitter employs a center tap 2:1 transformer
where the center tap is tied to V¢ (+5V). While one pin
of the transmit pair (TxTP+, TxTP-) is pulled low, the other
pin floats. The output pins to the twisted pair wires, TXTP+
and TxTP-, can drive a 100, 150Q load, or a variety of
impedances that are characteristic of the twisted pair wire.
RTSET selects the current into the TxTP+, TxTP- pins. This
current along with the characteristic impedance of the
cable determines the output voltage.

Once the characteristic impedance of the twisted pair is
determined, one must select the appropriate RTSET
resistor as well as match the terminating impedances of
the transmit and receive filter. The RTSET resistor can be
selected as follows:

RTSET = R /100) x 220Q

where R is the characteristic impedance of the twisted
pair cable.

BINARY

o
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-
-
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TxTP-

-
-
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Figure 11. Transmit Pre-Equalization Waveform
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The transmitter incorporates a pre-equalization circuit for
driving the twisted pair line. Pre-equalization
compensates for the amplitude and phase distortion
introduced by the twisted pair cable. The twisted pair line
will attenuate the T0MHz signal more than the 5MHz
signal. Therefore pre-equalization insures that both the 5
and 10MHz components will be roughly the same
amplitude at the far end receiver.

The pre-equalization circuit reduces the current output
when a 5MHz bit is being transmitted. After 50ns of a
5MHz bit, the current level is reduced to approximately
2/3 of its peak for the remaining 50ns. Figure 11 illustrates
the pre-equalization.

An on-chip one-shot determines the pulse width of the
pre-equalized transmit signal. This requires an external
capacitor connected to pins TXCAPO and TxCAP1. The
proper value for this one-shot is 330pF. Pre-equalization
can be disabled by shorting TXCAPO and TxCAP1
together.

The transmitter enters the idle state when it detects start of
idle on Tx+ and Tx- input pins. The transmitter maintains
a minimum differential output voltage of at least 450mV
for 250ns after the last low to high transition. The driver
differential output voltage will then be within 50mV of OV
within 45 bit times.

RECEPTION

The twisted pair receive data is transformer coupled and
low pass filtered before it is fed into the input pins RxTP+.
The input is differential with the common mode voltage
set by the chip’s Bias pin. At the start of packet reception
from the twisted pair link, no more than 5 bits are received
from the twisted pair cable and not transmitted onto the DI
circuit. The first bit sent on the DI circuit may contain phase
violations or invalid data, but all subsequent bits are valid.

The receive squelch will reject the following signals on
the RxTP+ and RxTP- inputs:

1. All signals that produce a peak magnitude less than
300mV.

2. All continuous sinusoidal signals of amplitude less than
6.2Vp_p and frequency less than 2MHz.

3. All single sinusoidal cycles of amplitude less than
6.2Vp_p and either polarity, where the frequency is
between 2MHz and 15MHz. For a period of 4 BT
before and after this single cycle, the signal will
conform to (1) above.

4. All sinusoidal cycles gated by a 100ns pulse gate of
amplitude less than 6.2Vp_p and either polarity, where
the sinusoidal frequency is between 2MHz and
30MHz. The off time of the pulse gate on the sinusoidal
signal shall be at least 400ns.

The first three receive squelch criteria are required to
conform to the 10BASE-T standard. The fourth receive
squelch criteria exceeds the 10BASE-T requirements and
enhances the performance of the receiver. The fourth
squelch criteria prevents a false unsquelch caused by
cross talk or noise typically found coupling from the
phone lines onto the receive twisted pair.

When the receive squelch is on during idle, the input
voltage must exceed approximately £450mV peak several
times before unsquelch occurs. If the transmitter is
inactive, the receiver has up to 5 bit times to unsquelch
and output the receive data on the Rx+, Rx- pair. If the
transmitter is active, the receive squelch extends the time
it takes to determine whether to unsquelch. If the receiver
unsquelches while the transmitter is active, a collision will
result. Therefore the receive squelch uses the additional
time to insure that a collision will not be reported as a
result of a false receive squelch.

After the receiver is unsquelched, the detection threshold
is lowered to 275mV. Upon passing the receive squelch
requirements the receive data propagates into the
multiplexer and eventually passes to the Rx+ and Rx—
outputs of the AU interface. The addition of jitter through
the receive section is no more than +£1.5ns.

While in the unsquelch state, the receive squelch circuit
looks for the start of idle signal at the end of the packet.
When start of idle is detected, receive squelch is turned
on again. The proper start of idle occurs when the input
signal remains above 300mV for 160ns. Nevertheless, if
no transitions occur for 160ns, receive squelch is still
turned on.

COLLISION

Whenever the receiver and the transmitter are active at
the same time the chip will activate the collision output.
The collision output is a differential square wave matching
the AUI specifications and capable of driving a 78Q load.
The frequency of the square wave is 10MHz +15% with a
60/40 to 40/60 duty cycle. The collision oscillation turns
on no more than 9 bit times after the collision condition
begins, and turns off no more than 9 bit times after the
collision condition is removed. The collision oscillator
also is activated during SQE Test and Jabber.

LOOPBACK

The loopback function emulates a coax Ethernet
transceiver where the transmit data sent by the DTE is
looped back over the AUI receive pair. Many LAN
controllers report the status of the carrier sense for each
packet transmitted. The software can use this loopback
information to determine whether a MAU is connected to
the DTE by checking the status of carrier sense after each
packet transmission.
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When data is received by the chip while transmitting, a
collision condition exits. This will cause the collision
oscillator to turn on within 9 bit times. The data on the DI
AUI pair (Rx+, Rx-) changes from Tx+, Tx~ to RxTP+,
RXTP-, when entering the collision state. During a
collision, if the receive data (RxTP+, RxTP-) drops out
before the transmit data (Tx+, Tx=), Rx+, Rx— will switch
back to Tx+, Tx-.

SQE TEST FUNCTION (SIGNAL QUALITY ERROR)

The SQE test function allows the DTE to determine
whether the collision detect circuitry is functional. After
each transmission, during the inter-packet gap time, the
collision oscillator will be activated for typically 1us. The
SQE test will not be activated if the chip is in the link fail
state, or the Jabber state.

For SQE to operate, the SQEN pin must be tied to V¢ or
BIAS. The SQE test can be disabled by tying the SQEN pin
to 1.2V or ground. This allows the chip to be interfaced to
a repeater.

JABBER FUNCTION

The Jabber function prevents a babbling transmitter from
bringing down the network. Within the transceiver is a
Jabber timer that starts at the beginning of each
transmission and resets at the end of each transmission. If
the transmission lasts longer than 20ms the jabber logic
disables the transmitter, and turns on the collision
oscillator COL+, COL-. When Tx+ and Tx- finally go idle,
a second timer measures 0.5 seconds of idle on Tx+ and
Tx— before re-enabling the transmitter and turning off the
collision oscillator. If transmission starts up again before
0.5 seconds has expired, the timer is reset and measures
another 0.5 seconds of idle time.

Even though the transmitter is disabled during jabber, Link
Pulses are still transmitted if the, Link Test is enabled.

Jabber can be disabled by placing 1.2V on the SQEN/LTD/
JABD pin. This is useful for measuring jitter performance
on the transmitter.

LINK TEST FUNCTION

Transmission — Whenever data is not being delivered to
the twisted pair link, the idle signal is applied. The idle
signal is a sequence of Link Pulses separated by a 16ms
period of silence. The idle signal starts with a period of
silence after a packet transmission ends. The link test
pulse is a single high pulse with the same amplitude
requirements as the data signal.

Reception — The transceiver monitors the receive twisted
pair input for packet and link pulse activity. If neither a
packet nor a link test pulse is received for 50 to 150ms,
the transceiver enters the Link Test Fail state and inhibits
transmission and reception. Link pulses received with the
wrong polarity will be ignored and cause the chip to go
into link test fail.

A DTE can determine that the transceiver is in Link Test
Fail one of two ways: it can monitor the LTF pin if the
transceiver is internal, or it can monitor loopback. If the
MAU is on-board the LTF pin can be sampled to
determine that the transceiver is in the link fail state. If the
MAU is external the DTE can monitor carrier sense during
transmission. A loss of carrier sense is an indication of
Link Test Fail State, since in Link Test Fail, loopback is
disabled. Note that jabber also disables loopback but with
Jabber the collision signal will be on.

When a packet, or two consecutive link test pulses is
received from the twisted pair input, the transceiver will
exit the Link Test Fail state upon transmit and receive data
being idle, and re-enable transmission and reception.

Link test pulses that do not occur within at most 25 to
150ms of each other are not considered consecutive.

In addition, detected pulses that occur within a time
between 2 to 7ms of a previous pulse will be considered
as noise by the link test circuitry.

POLARLITY CIRCUITRY

The ML4652 offers polarity detection, while the ML4658
offers automatic polarity correction. The ML4652 and
ML4658 are pin for pin compatible. The POLRD pin is
used to report the status of the receive pair polarity. This
pin reflects the true status of the receive polarity regardless
of whether the part has autopolarity correction or not.

Polarity Detection — ML4652 — The internal circuitry
uses the start of idle signal to determine the receive
polarity. With the correct receive polarity, the Start of Idle
signal (the end of the frame) will remain above 300mV for
more than 160ns. If the polarity is reversed, the Start of
Idle signal will end with a negative voltage.

The POLRD status pin is updated only when two
consecutive frames are received with the same Start of
Idle polarity. In the case where the part is powered up
with the receive polarity reversed and no frames are
received, the part will go into link test fail without
reflecting a reverse polarity condition. Without
autopolarity correction, the part will remain in link test fail
unless a frame is received or the correct polarity link
pulses are received.

g
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Automatic Polarity Correction — ML4658 — In the link
OK state, receive polarity is updated when two
consecutive frames are received with the same Start of
Idle polarity. In the Link Test Fail state the part will use
either the Start of Idle signal or link pulses to correct the
receive polarity.

In the case where the part is powered up with the receive
polarity reversed and no frames are received, the part will
go into Link Test Fail. After two link pulses are received
with the same polarity, the part will exit Link Test Fail and
correct the receive polarity. The POLRD pin will continue
to reflect the true polarity of the receive pair.

LED DRIVERS

The ML4652, ML4658 have six LED drivers for transmit,
receive, collision, Link Test Fail, reverse polarity, and
jabber. The LEDs are normally off except for LTF which is
normally on and active high. The LEDs are tied to their
respective pins through a 510Q resistor to 5 Volts.

The XMT, RCV and CLSN pins have pulse stretchers on
them which enables the LEDs to be visible. When
transmission or reception occurs, the LED XMT, RCV or
CLSN status pins will activate low for 100ms. If another
transmit, receive or collision condition occurs during the
first 100ms, the LED timer will reset and begin timing
again for 100ms. The LEDs will remain on for consecutive
frames. The JAB, POLRD, and LTF LEDs do not have pulse
stretchers on them since their conditions occur long
enough for the eye to see.
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APPLICATION: EXTERNAL MAU
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* Single Chip Solutions are Available from Magnetic Suppliers.

Magnetics and Filter Suppliers:
Pulse Engineering, Inc. (San Diego)
Valor Electronics, Inc. (San Diego)
Fil-Mag (San Diego)

Figure 12. External MAU
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APPLICATION: INTERNAL MAU
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Figure 13. Internal MAU
ORDERING INFORMATION
ORDERING NUMBER PACKAGE PIN COUNT AUTO-POLARITY
ML4652CP Narrow DIP (P24N) 24 pins No
ML4658CP Narrow DIP (P24N) 24 pins Yes
ML4652CQ PCC (Q28) 28 pins No
ML4658CQ PCC (Q28) 28 pins Yes
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ML4662
10BASE-FL Transceiver
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ugL Micro Linear

GENERAL DESCRIPTION FEATURES
The ML4662 10Base-FL transceiver combined with the m Combined with the ML4622 or ML4624, offers a
ML4622 or ML4624 fiber optic quantizers provides all of complete implementation of an 10Base-FL Medium
the functionality required to implement both an internal Attachment Unit (MAU)
and external IEEE 802.3 10Base-FL MAU. The ML4662 m Incorporates an AU interface for use in an external
offers a standard 1EEE 802.3 AU interface that allows it to ; )

; - MAU or an internal MAU
be directly connected to industry standard manchester . N
encoder/decoder chips or and AUI cable. ® Single +5 volt supply +10%

No crystal or clock requ

m On-chip Jabber,
disable option

The ML4662 provides a highly integrated solution that
requires a minimal number of external components, and is
compliant to the IEEE 802.3 10Base-FL standard. The
transmitter offers a current driven output that directly L
drives a fiber optic LED transmitter. Jabber, a TMHz idle

signal, and SQE Test are fully integrated onto the chip.

die, and SQE Test with enable/

$'LED outputs

The receiver accepts and ECL level input coming from the
ML4622 or ML4624 fiber optic quantizers. The TMHz idle
signal is removed and the AUI output is activated when
the receive squelch criteria is exceeded. A Link Monltor
function is also provided for low light detection.

BLOCK DIAGRAM
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PIN CONNECTION

ML4662
28-Pin PLCC (Q28)
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PIN DESCRIPTION

PIN NAME FUNCTION PIN NAME FUNCTION
1 CLSN Indicates that a collision is taking 19  NC/PEAK Normally this pin can be left
place. Active low LED driver, open floating. (tying it to GND or V¢ is
collector. Event is extended with OK too.) Some fiber optic LEDs may
internal timer for visibility. need an additional peaking circuit
to speed-up the rise and fall times.
2 COL+ Gated 10MHz oscillation used to For this case, tie pin 19 (NC/PEAK)
3 COL- indicate a collision, SQE test, or to pin 18 (TxOUT). When using the
: jabber. Balanced differential line HP HFBR 1414, let pin 19 float.
driver outputs that meet AUI Using the peaking circuit may
specifications. deteriorate optical overshoot and
undershoot.
4 SQEN/JABD SQE Test Enable, Jabber Disable. -
When tied low, SQE test is disabled, 20 GND Ground reference.
when tied high SQE test is enabled.
When tied to BIAS both SQE test and 21 GND Ground reference.
Jabber are disabled.
22 LMONp Link Monitor Input from the
5 GND Ground reference ML4622 or ML4624. This input
must be low (active) for the receiver
6 Rx+ Manchester encoded receive data to unsquelch.
7 Rx~ output to the local device. Balanced
differential line driver outputs that 23 LBDIS Loopback Disable. When this pin is
meet AUI specifications. tied to V¢, the AUI transmit pair
data is not looped back to the AUI
8 Vce +5 volt power input. receive pair, and collision is
9 Vce disabled. When this pin is tied to
GND (normal operation), the AUI
10 Tx+ Balanced differential line receiver transmit pair data is looped back to
1 Tx— inputs that meet AUI specifications. the AUI receiver pair.
These inputs may be transformer, AC
or DC coupled. When transformer or 24 LMON Link Monitor LED status output.
AC coupled, the BIAS pin is used to This pin is pulled low when
set the common mode voltage LMON)y is low and there are
transitions on RxINz% indicating and
12 RTSET Sets the current driven output of the idle signal or active data. If either
transmitter. LMON) goes high or transitions
cease on RxIN+, LMON will go
13 RRSET A 1% 61.9kQ resistor tied from this high, Active low LED driver, open
pin to Vcc sets the biasing currents collector.
for internal nodes.
25 RxIN- Fiber optic receive pair. This ECL
14 NC No Connection 26 RXIN+ level signal is received from the
ML6422 or ML4624 fiber optic
15 XMT Indicates that transmission is taking quantizer. When this signal exceeds
place. Active low LED driver, open the receive squelch requirements,
collector. Event is extended with and the LMON|y input is low, the
internal timer for visibility. receive data is buffered and sent to
- the AUI receive outputs.
16 RCV Indicates that the transceiver is
receiving a frame from the optical 27 BIAS BIAS output voltage for the AUI
input. Active low LED driver, open Tx+, Tx- inputs when they are AC
collector. Event is extended with coupled.
internal timer for visibility. o
28 JAB Jabber network status LED. When in
17 VeeTx +5 volt supply for LED driver. the Jabber state, this pin will be low
and the transmitter will be disabled.
18 TxOUT Fiber optic LED driver output. In the Jabber “OK” state this pin will

be high. Open collector TTL output.
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ABSOLUTE MAXIMUM RATINGS

Absolute maximum ratings are those values beyond which
the device could be permanently damaged. Absolute
maximum ratings are stress ratings only and functional

device operation is not implied.

Power Supply Voltage Range

VCC ......

Input Voltage Range

Junction Temperature
Storage Temperature Range
Lead Temperature (Soldering) ..

Thermal Resistance (8j4)

OPERATING CONDITIONS

GND -0.3 to 6V

150°C

Digital Inputs (SQEN, LMONy, LBDIS) Supply Voltage (VEe) «eveeeeeeeeeernveeeieieeeeeneecceneaes 5V£5%
.............................................. GND -0.3 to Ve + 0.3V LED on Current ....... ceeeeie TOMA
Tx+, Tx=, RxIN+, RXIN= ....... GND 0.3 to V¢ + 0.3V RRSET oo 61.9kQ 1%
Input Current RTSET ettt 162Q+ 1%
RRSET, RTSET, JAB, CLSN, XMT, RCV, LMON...... 60mA
Output Current
TXOUT ittt 70mA
ELECTRICAL CHARACTERISTICS
Unless otherwise specified, T = Operating Temperature Range, Vcc = 5V = 10% (Note 1)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Icc Power Supply Current Vce =5V, RTSET = 162Q 200 mA
While Transmitting (Note 2)
VoL LED Drivers loL = 10mA (Note 3) 0.8 \%
lout Transmit Peak Output Current RTSET = 162Q, 47 52 60 mA
Vee = VecTx = 5V #5% (Note 4)
Vsq Transmit Squelch Voltage Level -300 -250 -200 mV
(Tx+, Tx=)
VINCM Common mode Input Voltage 2 Vce-0.5 \%
(Tx+, RxIN%)
Vbo Differential Output Voltage +550 +1200 mV
(Rx£, COL%)
Vem Common Mode 4.0 \%
Output Voltage (Rx+, COL+)
Vpoo Differential Output +40 mV
Voltage Imbalance (Rxt, COL%)
VBgiAs BIAS Voltage 3.2 \Y
Vsqe SQE/JABD SQE Test Disable 0.3 \Y
Both Disabled 1.5 Vee -2 \Y
Both Enabled Vce - 0.5 \%
ViBTH LBDIS Threshold Disabled Vee-0.10 \
Enabled 1 \
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AC ELECTRICAL CHARACTERISTICS

SYMBOL | PARAMETER | MmN [ e | max [ units
TRANSMIT
FrxioF Transmit Idle Frequency 0.85 1.25 MHz
Prxpc Transmit Idle Duty Cycle 45 55 %
trxnpw | Transmit Turn-On Pulse Width 20 ns
trxopy | Transmit Turn-On Delay 200 ns
trxLp Transmit loopback Start up Delay 500 ns
trxsol Transmit Start of Idle 400 2100 ns
tTXsDY Transmit Steady State Propagation Delay 15 50 ns
trx) Transmit Jitter into 31Q Load +1.5 ns
trxepw | Transmit Turn-off Pulse Width 180 ns
RECEIVE
FRXSET Receive Squelch Frequency Threshold 2.51 45 MHz
trxopy | Receive Turn-On Delay 270 ns
tRXFX Last Bit Received to Slow Decay Output 230 300 ns
tRXSDY Receive Steady State Propagation Delay 15 50 ns
trx) Receive itter +1.5 ns
tAR Differential Output Rise Time 20% to 80% (Rxt, COL%) 4 ns
tAF Differential Output Fall Time 20% to 80% (Rxt, COLt) 4 ns
COLLISION
tcpsQEe Collision Present to SQE Assert 0 350 ns
tsQEXR Time for SQE to Deactivate After Collision 0 700 ns
Fer Collision Frequency 8.5 11.5 MHz
Pcipoc | Collision Pulse Duty Cycle 40 50 60 %
tsQepy | SQE Test Delay (Tx Inactive to SQE) 0.6 1.6 us
tSQETD SQE Test Duration 0.5 1.0 1.5 us
JABBER AND LED TIMING
YAD Jabber Activation Delay 20 70 150 ms
tRT Jabber Reset Unjab Time 250 450 750 ms
tSQE Delay from Outputs Disabled to Collision Oscillator On 100 ns
tLep RCV, CISN, XMT On Time 8 16 32 ms
tLLpPH Low Light Present to LMON High 3 5 10 us
tel Low Light Present to LMON Low 250 750 ms

Note 1: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions.
Note 2: This does not include the current from the AUI pull-down resistors, or LED status outputs.
Note 3: LED drivers can sink up to 20mA, but Vg will be higher.

Note 4: Does not include prebias current for fiber optic LED which would typically be 3mA.
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Figure 1. ML4662 Schematic Diagram
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SYSTEM DESCRIPTION

Figure 1 shows a schematic diagram of the ML4662 in an
internal or external 10Base-FL MAU. On one side of the
transceiver is the AU interface and on the other is the fiber
optic interface. The AU interface is AC coupled when
used in an external transceiver or can be AC or DC
coupled when used in an internal transceiver. The AU
interface for an external transceiver includes isolation
transformers, some biasing resistors, and a voltage
regulator for power.

The fiber optic side of the transceiver requires an external
fiber optic transmitter, fiber optic receiver, and the
ML4622 or ML4624 fiber optic quantizers. The transmitter
uses a current driven output that directly drives the fiber
optic transmitter. The receive side of the transceiver
accepts the data after passing through the fiber optic
receiver and the ML4622/ML4624 fiber optic quantizer.

AU INTERFACE

The AUI interface consists of 3 pairs of signals: DO, Cl,
and DI (Figure 1). The DO pair contains transmit data
from the DTE which is received by the transceiver and
sent out onto the fiber optic cable. The DI pair contains
valid data that has been either received from the fiber
optic cable or looped back from the DO, and output
through the DI pair to the DTE. The CI pair indicates
whether a collision has occurred. It is an output that
oscillates at T0MHz if a collision Jabber or SQE Test has
taken place, otherwise it remains idle.

When the transceiver is external, these three pairs are AC
coupled through isolation transformers, while an internal
transceiver may be AC or DC coupled. For the AC
coupled interface, DO (which is an input) must be DC
biased (shifted up in voltage) for the proper common
mode input voltage. The BIAS pin serves this purpose.
When DC coupled, the transmit pair coming from the
serial interface provides this common mode voltage, and
the BIAS pin is not connected.

The two 39Q 1% resistors tied to the Tx+ and Tx- pins
provide a point to connect the common mode bias voltage
as discussed above, and they provide the proper matching
termination for the AUI cable. The Cl and DI pair, which
are output from the transceiver to the AUI cable, require
360Q pull down resistors when terminated with a 78Q
load. However on a DTE card, Cl and DI do not need 78Q
terminating resistors. This also means that the pull down
resistors on Cl and DI can be 1kQ or greater depending
upon the particular Manchester encoder/decoder chip
used. Using higher value pull down resistors as in a DTE
card will save power.

The AUI drivers are capable of driving the full 50 meters
of cable length and have a rise and fall time of typically
4ns. In the idle state, the outputs go to the same voltage to
prevent DC standing current in the isolation transformers.

TRANSMISSION

The transmit function consists of detecting the presence of
data from the AUI DO input (Tx+, Tx-) and driving that data
onto the fiber optic LED transmitter. A positive signal on the
Tx+ lead relative to the Tx— lead of the DO circuit will result
in no current, hence the fiber optic LED is in a low light
condition. When Tx+ is more negative than Tx—, the ML4662
will sink current into the chip and the LED will light up.

Before data will be transmitted onto the fiber optic cable
from the AUI interface, it must exceed the squelch
requirements for the DO pair. The Tx squelch circuit serves
the function of preventing any noise from being transmitted
onto the fiber. This circuit rejects signals with pulse widths
less than typically 20ns (negative going), or with levels less
than —250mV. Once Tx squelch circuit has unsquelched, it
looks for the start of idle signal to turn on the squelch circuit
again. The transmitter turns on the squelch again when it
receives an input signal at TxIN+ that is more positive than
—-250mV for more than approximately 180ns.

At the start of a packet transmission, no more than 2 bits are
received from the DO circuit, and are not transmitted onto
the fiber optic cable. The difference between start-up delays
(bit loss plus steady-state propagation delay) for any two
packets that are separated by 9.6ps or less will not exceed
200ns.

FIBER OPTIC LED DRIVER

The output stage of the transmitter is a current mode
switch which develops the output light by sinking current
through the LED into the TxOUT pin. Once the current
requirement for the LED is determined, the RTSET resistor
is selected. The following equation is used to select the
correct RTSET resistor:

RTSET= (M]1 620 ™

\ lout

The transmitter enters the idle state when it detects start of
idle on Tx+ and Tx— input pins. After detection, the
transmitter switches to a 1MHz output idle signal.

The output current is switched through the TXOUT pin
during the on cycle and through the VccTx pin during the
off cycle (Figure 2). Since the sum of the current in these
two pins is constant, VccTx should be connected as close
as possible to the V¢ connection for the LED (Figure 2).

VT TXOUT

IOUT

Figure 2. Fiber Optic LED Driver Structure.
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Vv, C
10 RTSET = 560Q
51Q 51Q loyr = 15.9mA
’L ECL
1
VcTx TxXOUT

Figure 3. Converting Optical LED Driver Output to
Differential ECL.

If not driving an optical LED directly, a differential output
can be generated by tying resistors from VccTx and TxOUT
to Ve as shown in Figure 3. The minimum voltage on
these two pins should not be less than V¢ - 2V.

RECEPTION

The input to the transceiver comes from the ECL outputs
of the ML4622 or ML4624. At this point it is a clean
digital ECL signal. At the start of packet reception no more
than 2.5 bits are received from the fiber cable and not
transmitted onto the DI circuit. The receive squelch will
reject frequencies lower than 2.51MHz and will also
reject any receive input if the LMON)y pin is high.

While in the unsquelch state, the receive squelch circuit
looks for the start of idle signal at the end of the packet.
Start of idle occurs when the input signal remains idle for
more than 160ns. When start of idle is detected, the
receive squelch circuit returns to the squelch state and the
start of idle signal is output on the DI circuit (Rx+, Rx-).

COLLISION

Whenever the receiver and the transmitter are active at
the same time the chip will activate the collision output,
except when loopback is disabled (LBDIS = V). The
collision output is a differential square wave matching the
AUI specifications and capable of driving a 78Q load. The
frequency of the square wave is T0MHz * 15% with a 60/
40 to 40/60 duty cycle. The collision oscillator also is
activated during SQE Test and Jabber.

LOOPBACK

The loopback function emulates a 10Base-T transceiver
whereby the transmit data sent by the DTE is looped back
over the AUI receive pair. Some LAN controllers use this
loopback information to determine whether a MAU is
connected by monitoring the carrier sense while
transmitting. The software can use this loopback
information to determine whether a MAU is connected to
the DTE by checking the status of carrier sense after each
packet transmission.

When data is received by the chip while transmitting, a
collision condition exits. This will cause the collision

oscillator to turn on and the data on the DI pair will
follow RxIN+. After a collision is detected, the collision
oscillator will remain on until either DO or RxIN go idle.

Loopback can be disabled by strapping LBDIS to Vcc. In
this mode the chip operates as a full duplex transmitter
and receiver, and collision detection is disabled. A
loopback through the transceiver can be accomplished by
tying the fiber transmitter to the receiver.

SQE TEST FUNCTION (SIGNAL QUALITY ERROR)

The SQE test function allows the DTE to determine
whether the collision detect circuitry is functional. After
each transmission, during the inter-packet gap time, the
collision oscillator will be activated for (typically) 1us. The
SQE test will not be activated if the chip is in the low light
state, or the jabber on state.

For SQE to operate, the SQEN pin must be tied to Vc.
This allows the MAU to be interfaced to a DTE. The SQE
test can be disabled by tying the SQEN pin to ground, for
a repeater interface.

JABBER FUNCTION REQUIREMENTS

The Jabber function prevents a babbling transmitter from
bringing down the network. Within the transceiver is a
Jabber timer that starts at the beginning of each
transmission and resets at the end of each transmission. If
the transmission last longer than 20ms the jabber logic
disables the transmitter, and turns on the collision signal
COL+, COL-. When Tx+ and Tx- finally go idle, a second
timer measures 0.5 seconds of idle time before the
transmitter is enabled and collision is turned off. Even
though the transmitter is disabled during jabber, the TMHz
idle signal is still transmitted.

LED DRIVERS

The ML4662 has five LED drivers. The LED driver pins are
active low, and the LEDs are normally off. The LEDs are
tied to their respective pins through a 500Q resistor to 5
Volts.

The XMT, RCV and CLSN pins have pulse stretchers on
them which enables the LEDs to be visible. When
transmission or reception occurs, the LED XMT, RCV or
CLSN status pins will activate low for several
milliseconds. If another transmit, receive or collision
conditions occurs before the timer expires, the LED timer
will reset and restart the timing. Therefore rapid events
will leave the LEDs continuously on. The JAB and LMON
LEDs do not have pulse stretchers on them since their
conditions occur long enough for the eye to see.

LOW LIGHT CONDITION

The LMON LED output is used to indicate a low light
condition. LMON is activated low when both LMONp is
low and there are transitions on RxIN+ less than 3us apart.
If either one of these conditions do not exist, LMON will
go high.
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TIMING DIAGRAMS
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Figure 4. Transmit and Loopback Timing
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Figure 5. Receive Timing
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Figure 7. Collision Timing
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TIMING DIAGRAMS
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TIMING DIAGRAMS
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ORDERING INFORMATION

PART NUMBER TEMPERATURE PACKAGE

ML4662CQ 0°C to 70°C 28-Pin PLCC (Q28)
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ML4663

Single Chip T0BASE-FL Transceiver

GENERAL DESCRIPTION

The ML4663 single-chip TOBASE-FL transceiver integrates
both a ML4662 10BASE-FL transceiver with a ML4622
fiber optic data quantizer to implement a highly integrated
solution for T0BASE-FL transceivers. The ML4663 offers a
standard IEEE 802.3 AU interface that allows it to be
directly connected to industry standard manchester
encoder/decoder chips or an AUl connector.

The ML4663 provides a highly integrated solution that
requires a minimal number of external components, and is
compliant to the IEEE 802.3 10BASE-FL standard. The
transmitter offers a current drive output that directly drives
a fiber optic LED transmitter. The receiver offers a highly
stable fiber optic data quantizer capable of accepting
input signals as low as 2mVp_p with a 55dB dynamic
range.

The transmitter automatically inserts 1MHz signal during
idle time and removes this signal on reception. Low Light
is continuously monitored for both activity as well as
power level. Five LED status indicators monitor error
conditions as well as transmissions, receptions and
collisions.

FEATURES

m Single chip solution for TOBASE-FL internal or external
Medium Attachment Units (MAUs)

m Incorporates an AU interface

m Highly stable data quantizer with 55dB input
dynamic range

m [nput sensitivity as low as 2mVgg.

m Current driven fiber optic ver for accurate

launch power
m Single +5 volt supp.

m No crystal or cli quired

tus.LED outputs
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PIN CONNECTION

ML4663
28-Pin PLCC (Q28)
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PIN DESCRIPTION

PIN  NAME  FUNCTION PIN  NAME FUNCTION
1 CLSN Indicates that a collision is taking 15 XMT Indicates that transmission is taking
place. Active low LED driver, open place. Active low LED driver, open
collector. Event is extended with collector. Event is extended with
internal timer for visibility. internal timer for visibility.
2 COL+ Gated 10MHz oscillation used to 16 RCV Indicates that the transceiver is
3 COL- indicate a collision, SQE test, or receiving a frame from the optical
jabber. Balanced differential line input. Active low LED driver, open
driver outputs that meet AUI collector. Event is extended with
specifications. internal timer for visibility.
4 CrimeR A capacitor from this pin to V¢ 17 VecTx +5 volt supply for fiber optic LED
determines the Link Monitor driver.
response time. 18 TxOUT Fiber optic LED driver output.
5 SQEN/JABD SQE Test Enable, Jabber Disable.
When tied low, SQE test is disabled, - GND Ground Reference.
when tied high SQE test is enabled. 20 GND Ground Reference.
When tied to 2.0V both SQE test and | . his pi
Jabber are disabled. 21 Vbc An externa capacntqr ont is pin
integrates an error signal which
6 Rx+ Manchester encoded receive data nulls the offset of the input
7 Rx— output to the local device. Balanced amplifier. If the DC feedback loop is
differential line driver outputs that not being used, this pin should be
meet AUI specifications. connected to Vggr.
8 LBDIS Loopback Disable. When this pin is 22 VRer A 2.5V reference with respect to
tied to V¢, the AUI transmit pair GND.
data is not looped back to the AUI o . . .
receive pair, and collision is disabled. 23 VTHAD) Thh‘s L”F;(‘;t pin sets the link monitor
When this pin is tied to GND threshold.
(normal operation) or left floating, the 24 AGND Analog Filtered Ground.
AUI transmit pair data is looped back L .
to the AUI receiver pair, except 25 ViN- This input pin should be
during collision. capacitively coupled to the input
. source or to filtered AVcc. (The
9 Vce +5 volt power input. input resistance is approximately
10 Tx+ Balanced differential line receiver 1.3kQ) )
11 Tx— inputs that meet AU specifications. 26 Vin+ This input pin should be
These inputs may be transformer or capacitively coupled to the input
capacitively coupled. The Tx input source or to filtered AVcc. (The
pins are internally DC biased for AC input resistance is approximately
coupling. 1.3kQ.)
12 RTSET Sets the current driven output of the 27 AVcc Analog Filtered +5 volts.
transmitter. -
28 JAB Jabber network status LED. When in
13 RRSET A 1% 61.9kQ resistor tied from this the Jabber state, this pin will be low
pin to Vc sets the biasing currents and the transmitter will be disabled.
for internal nodes. In the Jabber “OK” state this pin will
14 TMON Link Monitor “Low Light” LED status be high. Active low LED, open

output. This pin is pulled low when
the voltage on the V|n+, Vin- inputs
exceed the minimum threshold set by
the Vrapy pin, and there are
transitions on V|n+, V|n— indicating
an idle signal or active data. If either
the voltage on the Vin+, V|n- inputs
fall below the minimum threshold or
transitions cease on Vin+, ViN—,
LMON will go high. Active low LED
driver, open collector.

collector.
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ABSOLUTE MAXIMUM RATINGS

Absolute maximum ratings are limits beyond which the Junction TeMPErature ........c.cecceceeeeveerenneeieeenuenuens 150°C
life of the integrated circuit may be impaired. All voltages Storage Temperature Range .... -65°C to 150°C
unless otherwise specified are measured with respect to Lead Temperature (Soldering) ...........cc.cocoeururunnnne 260°C
ground. Thermal Resistance (8)a) .....c.covueveueirieirieiinininnes 68°C/W
Power Supply Voltage Range
R cND-03t06v  OPERATING CONDITIONS
Input Voltage Range
Digital Inputs Supply Voltage (V) «veveeveeenreceeencicineiccecnieenees 5V+5%
SQEN, LBDIS .... .... GND -0.3 to V¢ +0.3V LED 0N CUITENE ..eeiniiieiieeiiteeeceeteeeceiee e 10mA
Tx+, TX=, VIN*, VIN= cceeeevneenns GND -0.3 to V¢ +0.3V RRSET ..coiivenane 61.9kQ + 1%
Input Current RTSET oot 115Q+ 1%
RRSET, RTSET, JAB, CLSN, XMT, RCV, LMON ...... 60mA
Output Current
TXOUT ettt 70mA
ELECTRICAL CHARACTERISTICS
Unless otherwise specified, Ta = Operations Temperature Range, Vcc = VecTx = 5V + 5% (Note 1)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Icc Power Supply Current Icc: Vce =5V, RTSET = 115Q 220 mA
While Transmitting (Note 2)
VoL LED Drivers: Vo loL = 10mA (Note 3) 0.8 \%
lout Transmit Peak Output Current RTSET = 115Q (Note 4) 44 52 57 mA
Vsq Transmit Squelch Voltage Level -300 -250 -200 mV
(Tx+, Tx=)
Vpo Differential Output Voltage +550 +1200 mV
(Rxt, COL%)
Vem Common Mode Output Voltage 4.0 Y
(Rxt, COL%)
Vboo Differential Output Voltage +40 mV
Imbalance (Rxt, COL%)
Vsqe | SQE/ABD SQE Test Disable 0.3 Y%
Both Disabled 1.5 Vee -2 \Y
Both Enabled Vce-0.5 \
VIBTH LBDIS Threshold Disabled Vce-0.1 \Y
Enabled 1 \
Vixem | Common Mode Voltage 3.5 Vv
(Tx+, Tx-)
VINCM Common Mode Voltage 1.65 \
(Vin+, ViN-)
VRer Reference Voltage 2.30 2.45 2.60 \Y%
IREF VRger Output Source Current 5 mA
Ay Amplifier Gain 100 VIV
VisR Input Signal Range 2 1600 mVp_p
2-106 gL Mi i
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ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Ta = Operations Temperature Range, Vcc = VecTx = 5V £ 5% (Note 1)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

ViHaDy | External Voltage at Vryap) 0.5 2.7 \%
to Set Vry

Vore Input Offset Vpc = Vger (DC loop inactive) 3 mvV
VN Input Referred Noise 50MHz BW 25 uv
RiNn Input Resistance Vint+, ViIN- 0.8 1.3 2.0 kQ
ITH Input Bias Current of Vrap) ~200 10 +200 A
V1H Input Threshold Voltage VTHAD) = VRer (Note 5) 5 6 7 mVp_p
H Hysteresis 20 %

AC ELECTRICAL CHARACTERISTICS

symBoL | PARAMETER [ mn | v | max | units
Transmit

FrxiDr Transmit Idle Frequency 0.85 1.25 MHz
Prxpc Transmit Idle Duty Cycle 45 55 %
tyxnpw | Transmit Turn-On Pulse Width 20 ns
trxopy | Transmit Turn-On Delay 200 ns
trxLp Transmit Loopback Start-up Delay 500 ns
trxrpw | Transmit Turn-Off Pulse Width 180 ns
trxsol Transmit Turn-Off Start of Idle 400 2100 ns
tTXsDy Transmit Steady State Propagation Delay 15 50 ns
trx) Transmit Jitter into 31Q Load +1.5 ns
Receive
FRXSFT Receive Squelch Frequency Threshold 2.51 4.5 MHz
trxopy | Receive Turn-On Delay 285 ns
tRXFX Last Bit Received to Slow Decay Output 230 300 ns
tRXSDY Receive Steady State Propagation Delay 15 50 ns
trRx) Receive Jitter +1.5 ns
tAR Differential Output Rise Time 20% to 80% (Rxt, COL%) 4 ns
taF Differential Output Fall Time 20% to 80% (Rxt, COLt) 4 ns
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AC ELECTRICAL CHARACTERISTICS

SYMBOL [ PARAMETER I MIN [ TYP l MAX I UNITS
Collision
tcPSQE Collision Present to SQE Assert 0 350 ns
tSQEXR Time for SQE to Deactivate After Collision 0 700 ns
Feur Collision Frequency 8.5 11.5 MHz
PcLpoc Collision Pulse Duty Cycle 40 50 60 %
tsQEDY SQE Test Delay (Tx Inactive to SQE) 0.6 1.6 us
tsQETD SQE Test Duration 0.5 1.0 1.5 us
Jabber and LED Timing
tAD Jabber Activation Delay 20 70 150 ms
tRT Jabber Reset Unjab Time 250 450 750 ms
tsQE Delay from Outputs Disabled to Collision Oscillator On 100 ns
tLep RCV, CLSN, XMT On Time 8 16 32 ms
tLLPH Low Light Present to LMON High 3 5 10 us
tLLcL Low Light Present to LMON Low 250 750 ms

Note 1: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions.
Note 2: This does not include the current from the AUI pull-down resistors, or LED status outputs.

Note 3: LED drivers can sink up to 20mA, but Vo will be higher.

Note 4: Does not include pre-bias current for fiber optic LED which would typically be 3mA.

Note 5: Threshold for switching from Link Fail to Link Pass (Low Light).
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Figure 1. ML4663 Schematic Diagram

2-109

8L Micro Linear




ML4663

SYSTEM DESCRIPTION

Figure 1 shows a schematic diagram of the ML4663 in an
internal or external 10BASE-FL MAU. On one side of the
transceiver is the AU interface and the other is the fiber
optic interface. The AU interface is AC coupled when
used in an external transceiver or an internal transceiver.
The AU interface for an external transceiver includes
isolation transformers, some biasing resistors, and a
voltage regulator for power.

The fiber optic side of the transceiver requires an external
fiber optic transmitter and fiber optic receiver. The
transmitter uses a current driven output that directly drives
the fiber optic transmitter. The receive side of the
transceiver accepts the data after passing through a fiber
optic receiver, which consists of a module containing a
pin diode and a transimpedance amplifier.

AU INTERFACE

The AU interface consists of 3 pairs of signals: DO, Cl and
Di (Figure 1). The DO pair contains transmit data from the
DTE which is received by the transceiver and sent out
onto the fiber optic cable. The DI pair contains valid data
that has been either received from the fiber optic cable or
looped back from the DO, and output through the DI pair
to the DTE. The Cl pair indicates whether a collision has
occurred. It is an output that oscillates at 10MHz if a
collision, Jabber or SQE Test has taken place, otherwise it
remains idle.

When the transceiver is external, these three pairs are AC
coupled through isolation transformers, while an internal
transceiver may be capacitively coupled. Tx+, Tx- is
internally DC biased (shifted up in voltage) for the proper
common mode input voltage.

The two 39Q 1% resistors (or one 78Q 1% resistor) tied to
the Tx+ and Tx~ pins will provide the proper termination.
The Cl and DI pair, which are output from the transceiver
to the AUI cable, require 3602 pull down resistors when
terminated with a 78Q load. However on a DTE card, CI
and DI do not need 78Q terminating resistors. This also
means that the pull down resistors on Cl and DI can be
1kQ or greater depending upon the particular Manchester
encoder/decoder chip used. Using higher value pull down
resistors as in a DTE card will save power. Refer to
Application Note 13 for a more detailed explanation of
the AUI pull-down resistors.

The AUI drivers are capable of driving the full 50 meters
of cable length and have a rise and fall time of typically
4ns. In the idle state, the outputs go to the same voltage to
prevent DC standing current in the isolation transformers.

TRANSMISSION

The transmit function consists of detecting the presence of
data from the AUI DO input (Tx+, Tx-) and driving that
data onto the fiber optic LED transmitter. A positive signal
on the Tx+ lead relative to the Tx- lead of the DO circuit
will result in no current, hence the fiber optic LED is in a
low light condition. When Tx+ is more negative than Tx—,
the ML4663 will sink current into the chip and the fiber
optic LED will light up.

Before data will be transmitted onto the fiber optic cable
from the AUI interface, it must exceed the squelch
requirements for the DO pair. The Tx squelch circuit
serves the function of preventing any noise from being
transmitted onto the fiber. This circuit rejects signals with
pulse widths less than typically 20ns (negative going), or
with levels less than =250mV. Once Tx squelch circuit has
unsquelched, it looks for the start of idle signal to turn on
the squelch circuit again. The transmitter turns on the
squelch again when it receives an input signal at Tx+,
Tx— that is more positive than —250mV for more than
approximately 180ns.

At the start of a packet transmission, no more than 2 bits
are received from the DO circuit, and are not transmitted
onto the fiber optic cable. The difference between start-up
delays (bit loss plus steady-state propagation delay) for
any two packets that are separated by 9.6us or less will
not exceed 200ns.

FIBER OPTIC LED DRIVER

The output stage of the transmitter is a current mode
switch which develops the output light by sinking current
through the LED into the TxOUT pin. Once the current
requirement for the LED is determined, the RTSET resistor
is selected. The following equation is used to select the
correct RTSET resistor:

RTSET= [-5-2—%]1 150
lout

The transmitter enters the idle state when it detects start of
idle on Tx+ and Tx— input pins. After detection, the
transmitter switches to a TMHz output idle signal.

The output current is switched through the TxOUT pin
during the on cycle and the V¢ Tx pin during the off cycle
as shown in figure 2. Since the sum of the current in these
two pins is constant, VccTx should be connected as ciose
as possible to the V¢ connection for the LED.

If not driving an optical LED directly, a differential output
can be generated by tying resistors from V¢cTx and
TxOUT to V¢ as shown in figure 3. The minimum
voltage on these two pins should not be less than

Vce - 2V.

Ve Tx TxOUT

IOUT

Figure 2. Fiber Optic LED Driver Structure.

2-110 u"

#L Micro Linear



ML4663

\/ C
@ RTSET = 5600
51Q 510 lour = 15.9mA
rl-l ECL
1
VeTx TxOUT

Figure 3. Converting Optical LED Driver Output to
Differential ECL.

RECEPTION

The input to the transceiver comes from a fiber optic
receiver (Figure 1). At the start of packet reception no
more than 2.7 bits are received from the fiber cable, and
are not transmitted onto the DI circuit. The receive
squelch will reject frequencies lower than 2.5TMHz.

While in the unsquelch state, the receive squelch circuit
looks for the start of idle signal at the end of the packet.
Start of idle occurs when the input signal remains idle for
more than 160ns. When start of idle is detected, the

receive sauelch circuit returns to the sauelch state and the
reCeive squeicn circuit returns to tne squeidn staté anG tng

start of idle signal is output on the DI circuit (Rx+, Rx-).

COLLISION

Whenever the receiver and the transmitter are active at
the same time the chip will activate the collision output,
except when loopback is disabled (LBDIS = V). The
collision output is a differential square wave matching the
AUI specifications and capable of driving a 78Q load. The
frequency of the square wave is TOMHz + 15% with a 60/
40 to 40/60 duty cycle. The collision oscillator also is
activated during SQE Test and Jabber.

LOOPBACK

The loopback function emulates a 10BASE-T transceiver
whereby the transmit data sent by the DTE is looped back
over the AUI receive pair. Some LAN controllers use this
loopback information to determine whether a MAU is
connected by monitoring the carrier sense while
transmitting. The software can use this loopback
information to determine whether a MAU is connected to
the DTE by checking the status of carrier sense after each
packet transmission.

When data is received by the chip while transmitting, a
collision condition exits. This will cause the collision
oscillator to turn on and the data on the DI pair will
follow ViN+, VN~ After a collision is detected, the
collision oscillator will remain on until either DO or
Vin+, ViN- go idle.

Loopback can be disabled by strapping LBDIS to V.

In this mode the chip operates as a full duplex transmitter
and receiver, and collision detection is disabled. A
loopback through the transceiver can be accomplished by
tying the fiber transmitter to the receiver.

SQE TEST FUNCTION (SIGNAL QUALITY ERROR)

The SQE test function allows the DTE to determine
whether the collision detect circuitry is functional. After
each transmission, during the inter packet gap time, the
collision oscillator will be activated for typically Tus. The
SQE test will not be activated if the chip is in the low light
state, or the jabber on state.

For SQE to operate, the SQEN pin must be tied to Vcc.
This allows the MAU to be interfaced to a DTE. The SQE
test can be disabled by tying the SQEN pin to ground, for
a repeater interface.

JABBER FUNCTION REQUIREMENTS

The Jabber function prevents a babbling transmitter from
bringing down the network. Within the transceiver is a
Jabber timer that starts at the beginning of each
transmission and resets at the end of each transmission. If
the transmission last longer than 20ms the Jabber logic
disables the transmitter and turns on the collision signal
COL+, COL-. When Tx+ and Tx- finally go idle, a second
timer measures 0.5 seconds of idle time before the
transmitter is enabled and collision is turned off. Even
though the transmitter is disabled during Jabber, the 1MHz
idle signal is still transmitted.

LED DRIVERS

The ML4663 has five LED drivers. The LED driver pins are
active low, and the LEDs are normally off (except for
LMON). The LEDs are tied to their respective pins through
a 5009 resistor to 5V.

The XMT, RCV and CLSN pins have pulse stretchers on
them which enables the LEDs to be visible. When
transmission or reception occurs, the LED XMT, RCV or
CLSN status pins will activate low for several
milliseconds. If another transmit, receive or collision
conditions occurs before the timer expires, the LED timer
will reset and restart the timing. Therefore rapid events
will leave the LEDs continuously on. The JAB and LMON
LEDs do not have pulse stretchers on them since their
conditions occur long enough for the eye to see.

LOW LIGHT CONDITION

The LMON LED output is used to indicate a low light
condition. LMON is activated low when both the receive
power exceeds the Link Monitor threshold and there are
transitions on Viy+, Vin- less than 3ps apart. If either one
of these conditions do not exist, LMON will go high.

INPUT AMPLIFIER

The Vin+, Vin— input signal is fed into a limiting amplifier
with a gain of about 100 and input resistance of 1.3kQ.
Maximum sensitivity is achieved through the use of a DC
restoration feedback loop and AC coupling the input.
When AC coupled, the input DC bias voltage is set by an
on-chip network at about 1.7V. These coupling capacitors,
in conjunction with the input impedance of the amplifier,
establish a high pass filter with 3dB corner frequency, f|,
at

1

f= ————
L~ 2r1300C M

g

gL Micro Linear

2-111




ML4663

Since the amplifier has a differential input, two capacitors
of equal value are required. If the signal driving the input
is single ended, one of the coupling capacitors can be tied
to AVcc (Figure 1).

The internal amplifier has a lowpass filter built-in to band
limit the input signal which in turn will improve the signal
to noise ratio.

Although the input is AC coupled, the offset voltage within
the amplifier will be present at the amplifier’s output. This
is represented by Vg in Figure 4. In order to reduce this
error a DC feedback loop is incorporated. This negative
feedback loop nulls the offset voltage, forcing Vg to be
zero. Although the capacitor on Vpc is non-critical, the
pole it creates can effect the stability of the feedback loop.
To avoid stability problems, the value of this capacitor
should be at least 10 times larger than the input coupling
capacitors.

Vourt - —-}b b b ——-—}

VOS

(2T R R R S I — ;
Figure 4.

The comparator is a high-speed, differential zero crossing
detector that slices and accurately digitizes the receive
signal. The output of the comparator is fed in parallel into
both the receive squelch circuit and the loopback MUX.

LINK DETECT CIRCUIT AND LOW LIGHT

The link detect circuit monitors the input signal and
determines when the input falls below a preset voltage
level. When the input falls below a preset voltage, the
ML4663 goes into the Low Light state. In the Low Light
state the transmitter is disabled, but continues sending the
1MHz idle signal, the loopback is disabled, the receiver is
disabled, and the LMON LED pin goes to high shutting off
the LMON LED. To return to the Link Pass state, the
optical receiver power must be 20% higher than the shut-
off state. This built-in hysteresis adds stability to the Link
Monitor circuit. Once the receiver power threshold is
exceeded, the ML4663 waits 250ms to 750ms, then
checks to see that Tx+. Tx— is idle and no data is being
received before re-enabling the transmitter, receiver,
loopback circuit, and lighting up the LMON LED.

The Vrpapy pin is used to adjust the sensitivity of the
receiver. The ML4663 is capable of exceeding the
10BASE-FL specifications for sensitivity. The sensitivity is
dependent on the layout of the PC board. A good low
noise layout will exceed the T0BASE-FL specifications,
while a poor layout will fail to meet the sensitivity and
BER spec.

The threshold generator shifts the reference voltage at
VTHAD through a circuit which has a temperature
coefficient matching that of the limiting amplifier. The
relationship between the Vap) and the Vyy (the peak to
peak input threshold) is:

V1HAD) = 408VTH vl

In a TOBASE-FL receiver there must be less than 1 x 10-10
bit errors at a receive power level of -32.5dBm average.
One procedure to determine the sensitivity of a receiver is
to start at the lowest optical power level and gradually
increase the optical power until the BER is met. In this
case the Link Detect circuit must not disable the receiver
(i-e. VTHaDy should be tied to Ground). Once the
sensitivity of the receiver is determined, Vyyapj can be set
just above the power level that meets the BER
specification. This way the receiver will shut-off before the
BER is exceeded.

For TOBASE-FL Vrpapy can be tied directly to Vrer.
However if greater sensitivity is required the circuit in
figure 5 can be used to adjust the Vyap) voltage. Even if
Ve is tied to Vrapy, it is a good idea to layout a board
with these two resistors available. This will allow potential
future adjustments without board revisions.

The response time of the Link Detect circuit is set by the
CTimeR Pin. Starting from the link off state the link can be
switched on if the input exceeds the set threshold for a
time given by:

= CTIMER x 0.7V
700pA

T (3)

To switch the link from on to off, the above time will be
doubled. A value of 0.05uF will meet to T0BASE-FL
specifications.

e
S il
GEN

R1

R2

Figure 5.
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TIMING DIAGRAMS
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Figure 6. Transmit and Loopback Timing
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Figure 7. Receive Timing
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TIMING DIAGRAMS
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Figure 9. Collision Timing
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Figure 10. Collision Timing
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Figure 11. Collision Timing
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TIMING DIAGRAMS
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Figure 12. Collision Timing
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Figure 14. Jabber Timing
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TIMING DIAGRAMS
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Figure 16. LED Timing
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Figure 17. LED Timing

PART NUMBER

TEMPERATURE

PACKAGE

ML4663CQ

0°C to 70°C

28-Pin PLCC (Q28)
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ML4664/ML4669

T0BASE-FL to 1T0BASE-T Converter

GENERAL DESCRIPTION

The fully pin-compatible ML4664/ML4669 pair provide
zonversion from T0BASE-T copper media to 10BASE-FL
‘iber media in a single chip. They are compliant with
“thernet IEEE 802.3 T0BASE-T and T0BASE-FL standards.

Their T0BASE-FL transmitter offers a current drive output
hat directly drives a fiber optic LED transmitter. Their
‘eceiver offers a highly stable fiber optic data quantizer
-apable of accepting input signals as low as 2mVp_p with
1 55dB dynamic range.

The TOBASE-T portion of the pair contains current driven
ransmitter outputs that offer superior performance
secause their switching is highly symmetric, resulting in
owered RFI noise and jitter. By changing one external
‘esistor the pair easily interfaces to 100Q unshielded
wisted pair, 1509 shielded twisted pair, or a range of
sther characteristic impedances.

The ML4664 does not pass along disconnect information,
wvhile the ML4669 does. A loss of light at the optical
nputs does not stop link pulses from being sent at the
wisted pair transmitter in the ML4664, but in the ML4669
he link pulses stop. Also, a loss of link at the twisted pair
nputs will not stop the optical transmitter from sending
dle in the ML4664, but the ML4669 stops sending idle.

FEATURES

m Single-chip 10BASE-T/10BASE-FL converter

Full duplex operation
Five network status LED outputs

TOBASE-FL FEATURES:

Highly stable data quantizer with 55dB input
dynamic range

Input sensitivity as low as 2mVp_p

Up to 100mA maximum current driven fiber optic LED
output for accurate launch power

Single +5 volt supply
No crystal or clock required

TOBASE-T FEATURES:

Current driven output for low RFI noise and low jitter

Capable of driving 100Q unshielded twisted pair cable
or 150Q shielded twisted pair cable

Polarity detect status pin capable of driving an LED
Automatic polarity correction
On-chip link test with enable/disable option

3LOCK DIAGRAM
LTF TPLED  POLDIS RRSET RTSETOP
------------ I 1 N
1
IDLE i
LINK PULSE GENERATOR :
CHECK | ]
T i
1
TPIN RX SQUELCH [ ] ——[:]—> OPOUT
™ op
| LR —['E}—» OPVCC
T
POLARITY !
CORRECT H
i
I 1
THRESHOLD i
LINK PULSE GENERATOR 1
GENERATOR |
RX SQUELCH 1 i
[ | T T !
— 1
TPOUT <] J—— ™ QUANTIZER OPIN
i ™ T2
] 1
I e R S . sl
RTSETTP  TxCAPO TxCAP1 LMON OPLED vVDC CTIMER
(LOW LIGHT)
- -
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PIN CONNECTION

ML4664/ML4669
28-Pin PLCC (Q28)

z 0O e
2 g £S5z
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= = o U O < ©
5 s T e N s I s S s T o |
4 3 2 1 28 27 2
TPINN 5 25[] OPINN
vee [16 24[ ] AGND
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GND []9 21[] vpc
TPOUTN []10 20[] GND
TPOUTP 11 19[] opout
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e E g = 0
o
TOP VIEW
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’IN DESCRIPTION

FUNCTION

PIN NAME

FUNCTION

PIN NAME
1 Crimer
2 LTF
3 TPLED
4 TPINP
5 TPINN

A capacitor from this pin to V¢
determines the Link Monitor response
time.

Link Test Fail. Active high. Normally
this pin is low, indicating that the link
is operational. If the link goes down
resulting from the absence of link
pulses or frames being received, the
chip will go into the Link Test Fail state
and bring LTF high.

When the ML4664 is in the link test
fail state, the optical and twisted pair
transmitters are disabled from sending
data. However, the optical transmitter
does send an idle signal, and link
pulses are sent at the twisted pair
transmitter. See Table 1.

When the ML4669 is in link test fail
state, the optical and twisted pair
transmitters are disabled from sending
data. Also, the optical transmitter will
not send an idle signal. However, link
pulses may be sent at the twisted pair
transmitter, depending on the optical
inputs. See Table 1.

This pin may be grounded to disable
Link Test. In this mode no link pulses
are sent and the link will not fail if no
link pulses are received. If this pin is
not used as an LED driver, and is not
grounded, a 2k 5% resistor should be
connected between this pin and V¢c.

Indicates that reception is taking place
on the TPINP, TPINN pair. Active low
LED driver, open collector. It is
extended 16ms for visibility.
Optionally, this pin may be grounded
to disable the optical output. If this pin
is not used as an LED driver and is not
grounded, a 2k, 5% resistor should be
connected between this pin and Vcc.

Twisted Pair receive data input. When
this signal exceeds the receive squelch
requirements the receive data is
buffered and sent to the Rxt outputs.

6, 14 Vcc

7 TxCAPO
8 TxCAP1

9,20 GND

10 TPOUTN
11 TPOUTP

12 POLDIS

13 RTSETTP

15 RRSET

16 RTSETOP

+5 Volt power input.

An external capacitor of 620pF is tied
between these two pins to set the
pulse width for the pre-equalization
on the twisted pair transmitter. If these
two pins are shorted together, no pre-
equalization occurs. If the ML4664/
ML4669 is driving only a short cable,
or board traces, these pins may be
shorted.

Ground reference.

Pre-equalized differential balanced
current driven output. These outputs
are connected to a balanced

transmit output filter which drives the
twisted pair cable through pulse
transformers. The output current is set
with an external resistor connected to
RTSET allowing the chip to drive 100Q
unshielded twisted pair, 150Q shielded
twisted pair cables or a range of other
characteristic impedances.

Receive Polarity status. Active low
LED Driver, open collector output.
Indicates the polarity of the receive
twisted pair regardless of auto polarity
correction. When this pin is low, the
receive polarity is reversed and when
this pin is high the receive polarity is
correct. Optionally, this pin may be
grounded to disable the polarity
circuit. If this pin is not used as an LED
driver, and is not grounded, a 2k, 5%
resistor should be connected between

this pin and Vcc.

When using 100Q unshielded twisted
pair, a 220Q resistor is tied between
this pin and Vcc. When using 150Q
shielded twisted pair, a 330Q resistor
is tied between this pin and Vcc.

A 1% 61.9kQ resistor tied from this pin
to Vcc is used for internal biasing.

Sets the current driven output of the
transmitter. A 115Q resistor should be
tied between this pin and Vcc.

8L Micro Linear
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ML4664/ML4669

PIN DESCRIPTION (Continued)

PIN NAME

FUNCTION

17 LMON

18 OPVCC

19 OPOUT

Link Monitor “Low Light” LED status
output. This pin is pulled low when
the voltage on the OPINP, OPINN
inputs exceed the minimum threshold
set by the Vrpyap; pin, and there are
transitions on OPINP, OPINN
indicating an idle signal or active data.
If either the voltage on the OPINP,
OPINN inputs fall below the minimum
threshold or transitions cease on
OPINP, OPINN, LMON will go high.
Active low LED driver, open collector.

In the low light state, the optical and
twisted pair transmitters are diabled
from sending data. The optical
transmitter of the ML4664 does send
an idle signal, and link pulses are sent
at the twisted pair transmitter. For the
ML4669, the twisted pair transmitter
will not send link pulses, and the
optical transmitter may send an idle
signal, depending on the twisted pair
inputs. See Table 1.

+5 Volt supply for fiber optic LED
driver.

Fiber optic LED driver output.

PIN NAME FUNCTION

21 Vpc An external capacitor on this pin
integrates an error signal which nulls
the offset of the input amplifier. If the
DC feedback loop is not being used,
this pin should be connected to Vggr.

22 VRer A 2.5V reference with respect to GNC

23 VTHAD] This input pin sets the link monitor
threshold.

24 AGND Analog Filtered Ground.

25 OPINN This input pin should be capacitively
coupled to filtered AV¢c. The input
resistance is approximately 1.3kQ.

26 OPINP This input pin should be capacitively
coupled to the input source. The inpu
resistance is approximately 1.3kQ.

27 AVcce Analog Filtered +5 volts.

28 OPLED Indicates reception is taking place on

the OPINP, OPINN pair. Active low
LED driver, open collector. It is
extended 16ms for usability. This pin
may be grounded to disable the
twisted pair outputs. If this pin is not
used as an LED driver, and is not
grounded, a 2k, 5% resistor should be
connected between this pin and Vcc.
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ABSOLUTE MAXIMUM RATINGS Junction Temperature ............cccooeviiiiiininiic 150°C
Storage Temperature.......... .. =65°C to 150°C

Absolute maximum ratings are limits beyond which the Lead Temperature (Soldering) ...........ccccoveiviiunucnns 260°C

life of the integrated circuit may be impaired. All voltages Thermal Resistance (6)a).... 68°C/W

unless otherwise specified are measured with respect to

ground. OPERATING CONDITIONS

Power Supply Voltage Range o
Vee S GND -03to 6V SUPPly VOItage (VEe) oo S5V £5%

Input Voltage Range LED 0N CUITENt ..coiiiiiiiiiiiiiiiiiireeeceeee e 10mA

Digital Inputs RRSET ...... ..61.9kQ £ 1%
(SQEN, LBDIS)......coorrrvverenee GND 0.3 to Vee +0.3V  RTSETOP 11 58”:: 1%
T, o, Vit Ny OND 0310 Vee 103V RTSETTP oottt 220Q + 1%

ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Ta = Operating Temperature Range, Vcc = OPVcc = AV = 5V + 5% (Note 1)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Icc Power Supply Current RTSETOP = 115Q 140 mA
While Transmitting
VRer Reference Voltage 2.30 2.60 \Y
VoL LED Drivers: VoL R( = 300 for OPLED, TPLED, 15 3.5
POLLED LTF, and LMON
lopout | OP Transmit Peak Output Current | RTSETOP = 115 (Note 2) 47 52 57 mA
ltpoutr | TP Transmit Peak Output Current | RTSETTP = 220 42 mA
V1psQ TP Receive Squelch Voltage 300 450 585 mVp_p
Hyp TP Receive Squelch Hysteresis 50 %
VTpIN TP Receive Input Voltage 300 3100 mVp_p
RrpiINn TP Receive Input Resistance 4 kQ
Vorth | OP Receive Input Threshold VTHAD) = VREF 5 6 7 mVp_p
Voltage
Hop OP Receive Input Threshold 20 %
Hysteresis
VorIN OP Receive Input Voltage 2 1600 mVp_p
Ropin OP Receive Input Resistance 0.8 1.3 2.0 kQ
Vopcm | OP Receive Common Mode 1.65 \%
Voltage
Ay Amplifier Gain 100 VNV
Vorr Input Offset Vpc = Vger (DC Loop Inactive) 3 mV
VN Input Referred Noise 50MHz Bandwidth 25 uv
ITH Input Bias Current at VTHAD) VTHAD) = VREF -200 0 200 HA
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ML4664/ML4669

ELECTRICAL CHARACTERISTICS (Continued)

SYMBOL ] PARAMETER | CONDITIONS MIN | TYP | MAX | UNITS
OP to TP (See Figure 1)
trpopy | Twisted Pair Start-up Delay 500 ns
trpspy | Twisted Pair Steady State Delay 35 ns
trpspw | Twisted Pair Turn Off Pulse Width 180 ns
tps Twisted Pair Jitter +3.5 ns
TP to OP (See Figure 2)
topopy | Optical Transmit Start-up Delay 500 ns
topspy | Steady State Delay 15 ns
toppI Turn Off Width from Data to Idle 400 2100 ns
1ok Idle Frequency 0.85 1.25 MHz
Pioc Idle Duty Cycle 45 55 %
top) Jitter into 31Q Load +1.5 ns
Optical Link Verification (See Figures 3-5)
toLL No Light (No Transitions) to
LMON High 3 10 Us
tom Low Light (Below Threshold) to
[MON High 50 100 200 us
toLo Light On (Above Threshold, Transitions
<3us) to LMON Low 0.25 0.5 0.75 s
Twisted Pair Link Verification (See Figure 6)
tr Link Loss Time 50 150 ms
tiymin | Link Time Minimum 2 7 ms
titmax | Link Time Maximum 25 150 ms
Link Pulse Transmit (See Figure 7)
tLPRR Link Pulse Rep Rate 8 16 24 ms
tLpw Link Pulse Width 85 120 200 ns
LED Timing (See Figure 8)
tLeD LED on Time 8 [ 16 ‘ 32 l ms

Note 1: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions.

Note 2: The output current may be increased to 100mA by changing the RTSETOP resistor. See equation (1) on page 9.
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3D CD C5 S Sy ANN .
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—

TPOUTP
TPOUTN VALID DATA

Figure 1. OP to TP Timing Diagram

TPINP
TPINN
topspDy torDI = > tioF
toroDY
1(0POUT) >C

Figure 2. TP to OP Timing Diagram

OPINP
OPINN

[ touL. —————— >
LMON

Figure 3. Optical Link Verification No Light Timing Diagram
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—— totm —»
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Figure 4. Optical Link Verification Low Light Timing Diagram
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Figure 5. Optical Link Verification Light On Timing Diagram

TPINP
TPINN

VALID DATA OR LINK PULSE e———— U1 ———>
LTF
HWIMIN, tLTMAX  ——————————3
TPINP
TPINN

Figure 6. Twisted Pair Link Verification Timing Diagram

TPOUTP
TPOUTN

[ ttpw —>

< tPRR >

Figure 7. Link Pulse Transmit Timing Diagram

TPINP, TPINN
OR
OPINP, OPINN 5
tep
TPLED
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Figure 8. LED Timing Diagram
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SYSTEM DESCRIPTION

OPTICAL TRANSMISSION

The optical transmit function consists of detecting the
presence of data from the TP inputs TPINP and TPINN and
driving that data onto the fiber optic LED transmitter. A
positive signal on the TPINP lead relative to the TPINN
lead will result in no current, hence the fiber optic LED is
in a low light condition. When TPINP is more negative
than TPINN, the ML4664/ML4669 will sink current into
the chip and the fiber optic LED will light up.

Before data will be transmitted onto the fiber optic cable it
must exceed the squelch requirements. The TP inputs,
squelch circuit serves the function of preventing any noise
from being transmitted onto the fiber.

FIBER OPTIC LED DRIVER

The output stage of the transmitter is a current mode
switch which develops the output light by sinking current
through the LED into the OPOUT pin. Once the current
requirement for the LED is determined, the RTSETOP
resistor is selected. The following equation is used to
select the correct RTSETOP resistor:

RTSETOP= [izm—’*} 15Q m
lout

The ML4664/ML4669 optical transmitter is capable of
driving up to 100mA maximum which requires resistor
RSTETOP to equal 60Q. The transmitter enters the idle
state when it detects start of idle on TPINP and TPINN
input pins. After detecting the start of idle the transmitter
switches to a TMHz output idle signal.

The output current is switched through the OPOUT pin
during the on cycle and the OPVCC pin during the off
cycle. Since the sum of the current in these two pins is
constant, OPVCC should be connected as close as
possible to the V¢ connection for the LED.

TP SQUELCH

The twisted pair receive data is transformer coupled and
low pass filtered before it is fed into the input pins TPINP
and TPINN. The input is differential with the common
mode voltage internally set. At the start of packet
reception from the twisted pair link, no more than 5 bits are
received from the twisted pair cable and not transmitted.
The first bit sent at the optical transmitter may contain phase
violations or invalid data, but all subsequent bits are valid.

The TP squelch will reject the following signals on the
TPINP and TPINN inputs:

1. All signals that produce a peak magnitude less than
300mV (450mV typical).

2. All continuous sinusoidal signals of amplitude less than
6.2Vp_p and frequency less than 2MHz.

3. All single sinusoidal cycles of amplitude less than
6.2Vp_p and either polarity, where the frequency is
between 2MHz and 15MHz. For a period of 4 BT
before and after this single cycle, the signal will
conform to (1) above.

4. All sinusoidal cycles gated by a 100ns pulse gate of
amplitude less than 6.2Vp_p and either polarity, where
the sinusoidal frequency is between 2MHz and
30MHz. The off time of the pulse gate on the sinusoidal
signal shall be at least 400ns.

The first three receive squelch criteria are required to
conform to the 10BASE-T standard. The fourth receive
squelch criteria exceeds the TOBASE-T requirements and
enhances performance. The fourth squelch criteria
prevents a false unsquelch caused by cross talk or noise
typically found coupling from the phone lines onto the
receive twisted pair.

After the TP inputs are unsquelched, the detection
threshold is lowered to 225mV. Upon passing the TP
squelch requirements the receive data passes to the LED
Driver. The addition of jitter through the TP to OP path is
no more than +1.5ns.

While in the unsquelch state, the TP squelch circuit looks
for the start of idle signal at the end of the packet. When
start of idle is detected, TP squelch is turned on again. The
proper start of idle occurs when the input signal remains
above 300mV for 160ns.

LINK TEST FUNCTION

Transmission — Whenever data is not being delivered to
the twisted pair link, the idle signal is applied. The idle
signal is a sequence of Link Pulses separated by a 16ms
period of silence. The idle signal starts with a period of
silence after a packet transmission ends. The link test
pulse is a single high pulse with the same amplitude
requirements as the data signal.

Reception — The transceiver monitors the receive twisted
pair input for packet and link pulse activity. If neither a
packet nor a link test pulse is received for 50 to 150ms,
the transceiver enters the Link Test Fail state and inhibits
transmission and reception. Link pulses received with the
wrong polarity will be ignored and cause the chip to go
into link test fail.

When a packet, or five consecutive link test pulses is
received from the twisted pair input, the transceiver will
exit the Link Test Fail state upon transmit and receive data
being idle, and re-enable transmission and reception.

Link test pulses that do not occur within at most 25 to
150ms of each other are not considered consecutive.

In addition, detected pulses that occur within a time
between 2 to 7ms of a previous pulse will be considered
as noise by the link test circuitry, and will reset the count
of consecutive link pulses to zero.

If the ML4664 enters the link test fail state, both link
pulses at the twisted pair transmitter, and idle at the
optical transmitter will continue to be sent. Data will not
be sent at either transmitter.

If the ML4669 enters the link test fail state, idle will not be
sent at the optical transmitter. Data will not be sent at
either transmitter. However, link pulses may still be sent at
the twisted pair transmitter, depending on the optical
inputs. See Table 1.

8L Micro Linear
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POLARLITY CIRCUITRY Before data will be transmitted onto the twisted pair from

. . . the OP inputs, it must exceed the squelch requirements for

The ML4664/ML‘."669 offers automatic polarity correction. the OP inputs. The OP squelch circuit serves the function
The POLDIS pin is used to report the status of the receive - . - -

) . R L of preventing any noise from being transmitted onto the
pair polarity. This pin is high when the polarity is correct, twisted pair
and low when the polarity is reversed. If this pin is pair.
grounded, the polarity correction circuit is disabled. The output stage of the transmitter is a current mode
switch which develops the output voltage by driving
current through the terminating resistor and the output
filter. The transmitter employs a center tap 2:1 transformer
where the center tap is tied to V¢ (+5V). While one pin

Polarity Detection — The internal circuitry uses the start of
idle signal to determine the receive polarity. With the
correct receive polarity, the Start of Idle signal (the end of

the frame) will remain above 300mV for more than 160ns. of the transmit pair (TPOUTP, TPOUTN) is pulled |

M . . ) pulled low, the
If .tthhe poIarl?/ s re\I/tersed, the Start of Idle signal will end other pin floats. The output pins to the twisted pair wires,
with a negative voltage. TPOUTP and TPOUTN, can drive a 1002, 150 load, or
The POLDIS status pin is updated only when four a variety of impedances that are characteristic of the
consecutive frames are received with the same Start of twisted pair wire. RTSETTP selects the current into the
Idle polarity. In the case where the part is powered up TPOUTP, TPOUTN pins. This current along with the
with the receive polarity reversed and no frames are characteristic impedance of the cable determines the
received, the part will go into link test fail without output voltage.

reflecting a reverse polarity condition. If five consecutive
revised link pulses are then received, the polarity will
reverse and the device will come out of Link Test Fail.

Once the characteristic impedance of the twisted pair is
determined, one must select the appropriate RTSETTP
resistor as well as match the terminating impedances of
TP TRANSMISSION the transmit and receive filter. The RTSETTP resistor can be

' ) selected as follows:
The TP transmit function consists of detecting the presence

of data from the OP inputs, OPINP and OPINN and RTSETTP = (Ri/100) x 220Q @
driving that data onto the transmit twisted pair (TPOUTP, .

TPOUTN). A positive signal on the OPINP lead relative to where Ry is the characteristic impedance of the twisted
the OPINN lead will result in a positive signal on the pair cable.

TPOUTP lead of the chip with respect to the TPOUTN

The transmitter incorporates a pre-equalization circuit for
driving the twisted pair line. Pre-equalization
compensates for the amplitude and phase distortion

lead.

BINARY
0 1 1 1 (1] 0 1 1 0

o IS e
|

|
I AN A AVANTA A
B IR VARV R VRV RVERV/

DA |
= PR

Figure 9. Transmit Pre-Equalization Waveform
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introduced by the twisted pair cable. The twisted pair line
will attenuate the TOMHz signal more than the 5SMHz
signal. Therefore pre-equalization insures that both the 5
and T0MHz components will be roughly the same
amplitude at the far end receiver.

The pre-equalization circuit reduces the current output
when a 5MHz bit is being transmitted. After 50ns of a
5MH?z bit, the current level is reduced to approximately
2/3 of its peak for the remaining 50ns. Figure 9 illustrates
the pre-equalization.

An on-chip one-shot determines the pulse width of the
pre-equalized transmit signal. This requires an external
capacitor connected to pins TXCAPQO and TxCAP1. The
proper value for this one-shot is 620pF. Pre-equalization
can be disabled by shorting TXCAPO and TxCAP1
together.

The transmitter enters the idle state when it detects start of
idle on OPINP and OPINN input pins. The transmitter
maintains a minimum differential output voltage of at least
450mV for 250ns after the last low to high transition. The
driver differential output voltage will then be within 50mV
of OV within 45 bit times.

OP SQUELCH

The input to the optical receiver comes from a fiber optic
pre-amp. At the start of packet reception no more than 2.7
bits are received from the fiber cable and not transmitted
onto the TP outputs. The receive squelch will reject
frequencies lower than 2.51MHz.

While in the unsquelch state, the receive squelch circuit
looks for the start of idle signal at the end of the packet.
Start of idle occurs when the input signal remains idle for
more than 160ns. When start of idle is detected, the
receive squelch circuit returns to the squelch state and the
start of idle signal is output on the twisted pair outputs
TPOUTP, TPOUTN.

INPUT AMPLIFIER

The OPINP, OPINN input signal is fed into a limiting
amplifier with a gain of about 100 and input resistance of
1.3kQ. Maximum sensitivity is achieved through the use
of a DC restoration feedback loop and AC coupling the
input. When AC coupled, the input DC bias voltage is set
by an on-chip network at about 1.7V. These coupling
capacitors, in conjunction with the input impedance of
the amplifier, establish a high pass filter with 3dB corner
frequency, f, at

1
fo— 1
L= 271300C 3)

Since the amplifier has a differential input, two capacitors
of equal value are required. If the signal driving the input
is single ended, one of the coupling capacitors can be tied
to AVcc.

The internal amplifier has a lowpass filter built-in to band
limit the input signal which in turn will improve the signal
to noise ratio.

Although the input is AC coupled, the offset voltage within
the amplifier will be present at the amplifier’s output. In
order to reduce this error a DC feedback loop is
incorporated. This negative feedback loop nulls the offset
voltage, forcing Vs to be zero. Although the capacitor on
Vpc is non-critical, the pole it creates can effect the
stability of the feedback loop. To avoid stability problems,
the value of this capacitor should be at least 10 times
larger than the input coupling capacitors.

The comparator is a high-speed differential zero crossing
detector that slices and accurately digitizes the receive
signal. The output of the comparator is fed into the receive
squelch circuit.

OPTICAL LINK DETECT CIRCUIT AND LOW LIGHT

The link detect circuit monitors the input signal and
determines when the input falls below a preset voltage
level. When the input falls below a preset voltage, the
ML4664/ML4669 goes into the Low Light state. In the Low
Light state the TP transmitter is disabled, but continues
sending link pulses, the receiver is disabled, and the
LMON LED pin goes to high shutting off the LMON LED.
To return to the Link Pass state, the optical receiver power
must be 20% higher than the shut-off state. This built-in
hysteresis adds stability to the Link Monitor circuit. Once
the receiver power threshold is exceeded, the ML4664/
ML4669 waits 250ms to 750ms, then checks to see that
no data is being received before re-enabling the
transmitter, and receiver, and lighting up the LMON LED.

When the ML4664 is in the low light state, both the link
pulses at the twisted pair transmitter and idle at the optical
transmitter continue to be sent. However, when the
ML4669 is in the low light state, link pulses are not sent at
the twisted pair transmitter. Data is not sent at either
transmitter. An idle signal may be sent at the optical
transmitter, depending on the twisted pair inputs. See
Table 1.

The VrHaDy pin is used to adjust the sensitivity of the
receiver. The ML4664/ML4669 is capabie of exceeding
the 10BASE-FL specifications for sensitivity. The sensitivity
is dependent on the layout of the PC board. A good low
noise layout will exceed the T0BASE-FL specifications,
while a poor layout will fail to meet the sensitivity and
BER spec.

The threshold generator shifts the reference voltage at
VrHAD) through a circuit which has a temperature
coefficient matching that of the limiting amplifier. The
relationship between the Vyyapy and the Vg (the peak to
peak input threshold) is:

V1HAD) = 408VTH “4)

A TOBASE-FL receiver must make less than 1 x 10-9 bit
errors at a receive power level of -32.5dBm average. One
procedure to determine the sensitivity of a receiver is to
start at the lowest optical power level and gradually
increase the optical power until the BER is met. In this
case the Link Detect circuit must not disable the receiver

g
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(i.e. VTHAD) should be tied to 1.0V). Once the sensitivity
of the receiver is determined, Vtap can be set just
above the power level that meets the BER specification.
This way the receiver will shut-off before the BER is
exceeded.

For TOBASE-FL Vrapy can be tied directly to Vggr.
However if greater sensitivity is required the circuit in
Figure 10 can be used to adjust the Vyapy voltage. Even
if VREr is tied to VTHAD), it is a good idea to layout a board
with these two resistors available. This will allow potential
future adjustments without board revisions.

The response time of the Link Detect circuit is set by the
C1imer pin. Starting from the link off state the link can be
switched on if the input exceeds the set threshold for a
time given by:
_ Cumer X 0.7V

700pA

T (5)

To switch the link from on to off, the above time will be
doubled. A value of 0.05uF will meet to T0BASE-FL
specifications.

LED DRIVERS

The ML4664/ML4669 has five LED drivers. The LED driver
pins are active low, and the LEDs are normally off (except
for LTF and LMON). The LEDs are tied to their respective
pins through a 300Q resistor to 5 Volts.

The OPLED and TPLED pins have pulse stretchers on
them which enables the LEDs to be visible. If another
event occurs before the timer expires, the LED timer will
reset and restart the timing. Therefore rapid events will
leave the LEDs continuously on. The LMON, LTF, and
POLDIS LEDs do not have a pulse stretcher on since its
condition occurs long enough for the eye to see.

LOW LIGHT CONDITION

The LMON LED output is used to indicate a low light
condition. LMON is activated low when both the receive
power exceeds the Link Monitor threshold and there are
transitions on OPINP, OPINN less than 3ps apart. If either
one of these conditions do not exist, LMON will go high.

Figure 10.
INPUTS OUTPUTS
STATUS LEDS
TPIN OPIN OPOUT TPOUT LTF | LMON | TPLED | OPLED
None None None (Idle) None (LPS) OFF OFF OFF OFF
LPS None Idle None (LPS) ON OFF OFF OFF
Data None Idle None (LPS) ON OFF ON OFF
None Idle None (ldle) LPS OFF ON OFF OFF
LPS Idle Idle LPS ON ON OFF OFF
Data Idle Data LPS ON ON ON OFF
None Data None (Idle) LPS OFF ON OFF ON
LPS Data Idle Data ON ON OFF ON
Data Data Data Data ON ON ON ON

LPS = Link Pulses

ON = Low

OFF = High
Some simplifications made regarding LMON and LTF state machines, see system description.

Table 1. ML4669 Functionality. Differences in parentheses are for the ML4664.
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ML4664/ML4669

ORDERING INFORMATION

PART NUMBER TEMPERATURE PACKAGE
ML4664CQ 0°C to 70°C Molded PLCC (Q28)
ML4669CQ 0°C to 70°C Molded PLCC (Q28)
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ML4665

Low Cost Single Chip T0BASE-FL Transceiver

GENERAL DESCRIPTION

The ML4665 is a low power, low cost, single chip

TOBASE-FL transceiver. The ML4665 contains a fiber optic

data quantizer and an LED output driver for direct
connection to an optical module(s). The ML4665 offers a
standard IEEE 802.3 AU interface that allows it to be
directly connected to industry standard manchester
encoder/decoder chips or an AUI connector.

The ML4665 provides a highly integrated solution that
requires a minimal number of external components. The
transmitter offers a 100mA maximum current drive output
that directly drives a fiber optic LED transmitter. The
receiver offers a highly stable fiber optic data quantizer

F

EATURES

Lower cost single chip solution for TOBASE-FL internal
or external Medium Attachment Units (MAUs)

Incorporates an AU interface

Highly stable data quantizer with 55dB input
dynamic range

Input sensitivity as low as 2mVp_p

100mA maximum current driven fiber optic LED driver
for accurate launch power

Single +5 volt supply

m No crystal or clock required

capable of accepting input signals as low as 2mVp_p with ® Link monitor LED indicator
a 55dB dynamic range.
The ML4665 is a lower cost version of the industry
standard ML4663. To achieve lower cost, the ML4665
eliminates some functionality (as described below) and is
packaged in a 20-lead PLCC package.
BLOCK DIAGRAM
VTx +5V
(+5V)  RTSET AVcc
--------------------------------------- SR - SRR 7 B
: o2 :
™[z FIBER OPTIC !
AUl
T*-[8 RECEIVER v @”‘OUT
i 1
1
i ; |
[ e L 1MHz IDLE i
H SQUELCH SIGNAL JABBER :
i ) i
] 1
i ; :
1
IMON
= i
: coL - BIAS |
1 1
]
i RECEIVE SQUELCH 1
< !
coL+ AUl 10MHz GATED 3 1
coL DRIVER | OSCILLATOR
19] Vi +
! AMP 75 Vi
I
1 ¢ lT)( :
Rx+ [4 e 1
X+ AUI ¢ LOOPBACK  [<— 1
R[5 DRIVER MUX <R CMP v
> DC
! I !
1 1
: |
! LINK DETECT H
[
‘ B P T —— i
AGND Crmer

= (+5V) +5V

---{q---{F-- - ~--fi}----------
GND Ve RRSET LEDIS
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PIN CONNECTION

ML4665

20-Pin PLCC (Q20)

I
o
>
<

ORI
g 3
3 2

-[]LBDIS

+
Z
>

(1 vin-
[1 AGND
(1 voc
1] Crimer
1 GND

RTSET [
RRSET []2
LMON [}
VeeTx []
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PIN DESCRIPTION

PIN NAME FUNCTION PIN NAME FUNCTION
1 LBDIS Loopback disable. When this pin is 1 LMON Link Monitor “Low Light” LED status
tied to V¢, the AUI transmit pair output. This pin is pulled low when
data is not looped back to the AUI the voltage on the V|n+, Vin— inputs
receive pair. The ML4665 will now exceed the minimum threshold and
operate in the full duplex mode. there are transitions on Vin+, Vin—
When tied to GND or left floating, indicating an idle signal or active
the AUI transmit pair data is looped data. If either the voltage on the
back to the AUI receive pair, except Vin+, Vin- inputs fall below the
during collision. The ML4665 will minimum threshold or transitions
now operate in the half duplex cease on V|n+, ViN— LMON will go
mode. high. Active low LED driver, open
collector.
2 COL+ illati X .
3 CgL— ﬁ?itiec(:tzagf\?:glzl igzcr:‘i)a:}zggjesfd to 12 VeeTx +§ volt supply for fiber optic LED
Balanced differential line driver driver.
outputs that meet AUI specifications. 13 TxOUT Fiber optic LED driver output.
4 Rx+ Manchester encoded receive data 14 GND Ground Reference.
5 Rx— output to the local device. Balanced . I
differential line driver outputs that 15 CriMER A capacitor from this pin to Vcc
meet AUI specifications. determmgs the Link Monitor
i response time.
Vee +5 volt power input. 16 Vpc An external capacitor on this pin
7 Tx+ Balanced differential line receiver integrates an error signal which
8 Tx— inputs that meet AUI specifications. nulls the offset of the input
These inputs may be transformer or amplifier. If the DC feedback loop
capacitively coupled. The Tx input is not being used, this pin should
pins are internally DC biased for AC be connected to Vggr.
coupling. .
) 17 AGND Analog Filtered Ground.
9 RTSET gitsst:q(iettcet:rrent driven output of the 18 Vi This input pin should be
) capacitively coupled to the input
10 RRSET A 1% 61.9kQ resistor tied from this source or to filtered AVcc. (The
pin to V¢ sets the biasing currents input resistance is approximately
for internal nodes. 1.3kQ.)

19 \VANES This input pin should be
capacitively coupled to the input
source or to filtered AVcc. (The
input resistance is approximately
1.3kQ.)

20 AVcc Analog Filtered +5 volts.

N

N
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ABSOLUTE MAXIMUM RATINGS Output Current
Absolute maximum ratings are limits beyond which the TXQU'I_‘[ """""""""" 1338;@
life of the integrated circuit may be impaired. All voltages JSunctlonT emperatureR. """"" 65°C to 150°C
unless otherwise specified are measured with respect to torage lemperature Range ... - to o
ground Lead Temperature (Soldering) ........ccceceveeeerirenneenne 260°C
: Thermal Resistance (B)a) ......cccoceveeciiniiiieriinne 78°C/W
Power Supply Voltage Range
VG et s GND -0.3 to 6V OPERATING CONDITIONS
Input Voltage Range
Digital Inputs
(SQEN, LBDIS) oo, GND 03 to Ve +0.3v  Supply Voltage (Vo) .. 5V £5%
Txt, T, Vints VIN- oorereeeeeen GND 03 to Vee 403V LED ONCUITeNt oo 10mA
Input Current RRSET ......... .61.9kQ + 1%
P —— 0,
RRSET, RTSET, TVION .o 60mA RTSET ettt 115Q+ 1%
ELECTRICAL CHARACTERISTICS
Unless otherwise specified, Ta = Operating Temperature Range, Vcc = VecTx = 5V £ 5% (Note 1)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
lcc Power Supply Current Icc: Vce =5V, RTSET = 115Q (Note 2) 140 mA
While Transmitting
VoL LED Driver: Vo, loL = T0mA (Note 3) 0.8 \%
lout Transmit Peak Output Current RTSET = 115Q (Note 4) 44 52 57 mA
Vsq Transmit Squelch Voltage Level -300 -250 -200 mV
(Tx+, Tx=)
Vpo Differential Output Voltage +550 +1200 mV
(Rxt, COLt)
Vem Common Mode 4.0 \Y
Output Voltage (Rxt, COLt)
Vpoo Differential Output
Voltage Imbalance (Rxt, COL+) +40 mV
VIBTH LBDIS Threshold Loopback disabled Vce-0.1 \
Loopback enabled 1.0 \Y,
Vixem | Common Mode Voitage (Tx+, Tx-) 3.5 \Y,
ViNeM Common Mode Voltage 1.65 \%
(ViNt, ViN-)
Av Amplifier Gain 100 VN
VisR Input Signal Range 2 1600 mVp_p
VN Input Referred Noise 50MHz BW 25 nv
RiN Input Resistance ViNt = ViIN- 0.8 1.3 2.0 kQ
VTH Input Threshold Voltage 5 6 7 mV
H Hysteresis 20 %o
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AC ELECTRICAL CHARACTERISTICS

SYMBOL i PARAMETER ] MIN l TYP I MAX ‘ UNITS
Transmit
Frxipe Transmit Idle Frequency 0.85 1.25 MHz
trxpc Transmit Idle duty Cycle 45 55 %
tTXNPW Transmit Turn-On Pulse Width 20 ns
trxopy Transmit Turn-On Delay 200 ns
trxLp Transmit loopback Start-up Delay 500 ns
trxFPW Transmit Turn-Off Pulse Width 180 ns
trxsol Transmit Start of Idle 400 2100 ns
trxspy Transmit Steady State Propagation Delay 15 50 ns
trx) Transmit Jitter into 31Q Load +1.5 ns
Receive
FRXSFT Receive Squelch Frequency Threshold 2.51 4.5 MHz
trRxODY Receive Turn-On Delay 285 ns
tRXFX Last Bit Received to Slow Decay Output 230 300 ns
tRXSDY Receive Steady State Propagation Delay 15 50 ns
trRx) Receive Jitter +1.5 ns
tAR Differential Output Rise Time 20% to 80% (Rxt, COL+) 4 ns
tAF Differential Output Fall Time 20% to 80% (Rx+, COL%) 4 ns
Collision
tepsQE Collision Present to SQE Assert 0 350 ns
tSQEXR Time for SQE to Deactivate After Collision 0 700 ns
Feir Collision Frequency 8.5 11.5 MHz
Pciebc Collision Pulse Duty Cycle 40 50 60 %
Jabber and LMON Timing
tAD Jabber Activation Delay 20 70 150 ms
tRT Jabber Reset Unjab Time 250 450 750 ms
YsQE Delay from Outputs Disabled to Collision Oscillator On 100 ns
tLLPH Low Light Present to LMON High 3 5 10 i3
tLLcL Low Light Present to LMON Low 250 750 ms

Note 1: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions.
Note 2: This dose not include the current from the AUI pull-down resistors, or LED status outputs.

Note 3: LED drivercan sink up to 20mA, but Vg will be higher.

Note 4:  Does not include pre-bias current for fiber optic LED which would typically be 3mA.
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Figure 1. ML4665 Schematic Diagram
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SYSTEM DESCRIPTION

Figure 1 shows a schematic diagram of the ML4665 in an
internal or external T0BASE-FL MAU. On one side of the
transceiver is the AU interface and the other is the fiber
optic interface. The AU interface is AC coupled when
used in an external transceiver or an internal transceiver.
The AU interface for an external transceiver includes
isolation transformers, some biasing resistors, and a
voltage regulator for power.

The fiber optic side of the transceiver requires an external
fiber optic transmitter and fiber optic receiver. The
transmitter uses a current driven output that directly drives
the fiber optic transmitter. The receive side of the
transceiver accepts the data after passing through a fiber
optic receiver, which consists of a module containing a
pin diode and a transimpedance amplifier.

AU INTERFACE

The AU interface consists of 3 pairs of signals: DO, Cl and
DI (Figure 1). The DO pair contains transmit data from the
DTE which is received by the transceiver and sent out
onto the fiber optic cable. The DI pair contains valid data
that has been either received from the fiber optic cable or
looped back from the DO, and output through the DI pair
to the DTE. The CI pair indicates whether a collision has
occurred. It is an output that oscillates at 10MHz if a
collision or Jabber has taken place, otherwise it remains
idle.

When the transceiver is external, these three pairs are AC
coupled through isolation transformers, while an internal
transceiver may be capacitively coupled. Tx+, Tx— is
internally DC biased (shifted up in voltage) for the proper
common mode input voltage.

The two 39Q 1% resistors (or one 78Q 1% resistor) tied to
the Tx+ and Tx- pins will provide the proper termination.
The Cl and DI pair, which are output from the transceiver
to the AUI cable, require 360Q pull down resistors when
terminated with a 78Q load. However, on a DTE card, CI
and DI do not need 78Q terminating resistors. This also
means that the pull down resistors on Cl and DI can be
1kQ or greater depending upon the particular Manchester
encoder/decoder chip used. Using higher value pull down
resistors as in a DTE card will save power. Refer to
Application Note 13 for a more detailed explanation of
the AUI pull-down resistors.

The AUI drivers are capable of driving the full 50 meters
of cable length and have a rise and fall time of typically
4ns. In the idle state, the outputs go to the same voltage to
prevent DC standing current in the isolation transformers.

TRANSMISSION

The transmit function consists of detecting the presence of
data from the AUI DO input (Tx+, Tx-) and driving that
data onto the fiber optic LED transmitter. A positive signal
on the Tx+ lead relative to the Tx- lead of the DO circuit
will result in no current, hence the fiber optic LED is in a
low light condition. When Tx+ is more negative than Tx-,
the ML4665 will sink current into the chip and the fiber
optic LED will light up.

Before data will be transmitted onto the fiber optic cable
from the AUl interface, it must exceed the squelch
requirements for the DO pair. The Tx squelch circuit
serves the function of preventing any noise from being
transmitted onto the fiber. This circuit rejects signals with
pulse widths less than typically 20ns (negative going), or
with levels less than —250mV. Once Tx squelch circuit has
unsquelched, it looks for the start of idle signal to turn on
the squelch circuit again. The transmitter turns on the
squelch again when it receives an input signal at Tx+, Tx—
that is more positive than —250mV for more than
approximately 180ns.

At the start of a packet transmission, no more than 2 bits
are received from the DO circuit, and are not transmitted
onto the fiber optic cable. The difference between start-up
delays (bit loss plus steady-state propagation delay) for
any two packets that are separated by 9.6ps or less will
not exceed 200ns.

FIBER OPTIC LED DRIVER

The output stage of the transmitter is a current mode
switch which develops the output light by sinking current
through the LED into the TxOUT pin. Once the current
requirement for the LED is determined, the RTSET resistor
is selected. The following equation is used to select the
correct RTSET resistor:

RTSET= (5_m_;x)1 15Q
lout

The ML4665 transmitter output will drive up to T00mA,
which requires RTSET to equal 60Q. The transmitter enters
the idle state when it detects start of idle on Tx+ and Tx-
input pins. After detecting the start of idle the transmitter
switches to a TMHz output idle signal.

The output current is switched through the TxOUT pin
during the on cycle and the VcTx pin during the off cycle
as shown in figure 2. Since the sum of the current in these
two pins is constant, VccTx should be connected as close
as possible to the V¢ connection for the LED.

If not driving an optical LED directly, a differential output
can be generated by tying resistors from VccTx and
TxOUT to V¢ as shown in figure 3. The minimum
voltage on these two pins should not be less than

Vce -2V

VeIx  TxOUT

IOUT

Figure 2. Fiber Optic LED Driver Structure.
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V, C
10 RTSET = 560Q
510 510 Iour = 15.9mA
‘L ECL
1
TXOUT

VecTx

Figure 3. Converting Optical LED Driver Output to
Differential ECL.

RECEPTION

The input to the transceiver comes from a fiber optic
receiver as shown in figure 1. At the start of packet
reception no more than 2.7 bits are received from the
fiber cable, and are not transmitted onto the DI circuit.
The receive squelch will reject frequencies lower than
2.51MHz.

While in the unsquelch state, the receive squelch circuit
looks for the start of idle signal at the end of the packet.
Start of idle occurs when the input signal remains idle for
more than 160ns. When start of idle is detected, the
receive squelch circuit returns to the squelch state and the
start of idle signal is output on the DI circuit (Rx+, Rx-).

COLLISION

Whenever the receiver and the transmitter are active at
the same time the chip will activate the collision output.
The collision output is a differential square wave matching
the AUI specifications and capable of driving a 78Q load.
The frequency of the square wave is 10MHz £ 15% with a
60/40 to 40/60 duty cycle. The collision oscillator also is
activated Jabber.

LOOPBACK

The loopback function emulates a TOBASE-T transceiver
whereby the transmit data sent by the DTE is looped back
over the AUI receive pair. Some LAN controllers use this
loopback information to determine whether a MAU is
connected by monitoring the carrier sense while
transmitting. The software can use this loopback
information to determine whether a MAU is connected to
the DTE by checking the status of carrier sense after each
packet transmission.

When data is received by the chip while transmitting, a
collision condition exits. This will cause the collision
oscillator to turn on and the data on the DI pair will
follow V|N+, V|n-. After a collision is detected, the
collision oscillator will remain on until either DO or
V[N+, V|N— g0 idle.

Loopback can be disabled by strapping LBDIS to Vcc. In
this mode the chip operates as a full duplex transmitter
and receiver, and collision detection is disabled. A
loopback through the transceiver can be accomplished by
tying the fiber transmitter to the receiver.

JABBER FUNCTION REQUIREMENTS

The Jabber function prevents a babbling transmitter from
bringing down the network. Within the transceiver is a
Jabber timer that starts at the beginning of each
transmission and resets at the end of each transmission. If
the transmission last longer than 20ms the jabber logic
disables the transmitter, and turns on the collision signal
COL+, COL-. When Tx+ and Tx- finally go idle, a second
timer measures 0.5 seconds of idle time before the
transmitter is enabled and collision is turned off. Even
though the transmitter is disabled during jabber, the 1MHz
idle signal is still transmitted.

LOW LIGHT CONDITION

The LMON LED output is used to indicate a low light
condition. LMON is activated low when both the receive
power exceeds the Link Monitor threshold and there are
transitions on Vin+, Vv~ less than 3ps apart. If either one
of these conditions do not exist, LMON will go high.

INPUT AMPLIFIER

The V|n+, Vin— input signal is fed into a limiting amplifier
with a gain of about 100 and input resistance of 1.3kQ.
Maximum sensitivity is achieved through the use of a DC
restoration feedback loop and AC coupling the input.
When AC coupled, the input DC bias voltage is set by an
on-chip network at about 1.7V. These coupling capacitors,
in conjunction with the input impedance of the amplifier,
establish a high pass filter with 3dB corner frequency, fi,
at
1
o= 3z1300C M

Since the amplifier has a differential input, two capacitors
of equal value are required. If the signal driving the input
is single ended, one of the coupling capacitors can be tied
to AVcc as shown in figure 1.

The internal amplifier has a lowpass filter built-in to band
limit the input signal which in turn will improve the signal
to noise ratio.

Although the input is AC coupled, the offset voltage within
the amplifier will be present at the amplifier’s output. This
is represented by Vg in figure 4. Inorder to reduce this
error a DC feedback loop is incorporated. This negative
feedback loop nulls the offset voltage, forcing Vs to be
zero. Although the capacitor on Vpc is non-critical, the
pole it creates can effect the stability of the feedback loop.
To avoid stability problems, the value of this capacitor
should be at least 10 times larger than the input coupling
capacitors.

Yourt -}l b e - }

A 75T oINS N NN SR SN S PR

Figure 4.
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The comparator is a high-speed differential zero crossing
detector that slices and accurately digitizes the receive
signal. The output of the comparator is fed in parallel into
both the receive squelch circuit and the loopback MUX.

LINK DETECT CIRCUIT AND LOW LIGHT

The link detect circuit monitors the input signal and
determines when the input falls below a preset voltage
level. When the input falls below a preset voltage, the
ML4665 goes into the Low Light state. In the Low Light
state the transmitter is disabled, but continues sending the
1MHz idle signal, the loopback is disabled, the receiver is
disabled, and the LMON LED pin goes to high shutting off
the LMON LED. To return to the Link Pass state, the
optical receiver power must be 20% higher than the shut-
off state. This built-in hysteresis adds stability to the Link
Monitor circuit. Once the receiver power threshold is
exceeded, the ML4665 waits 250ms to 750ms, then
checks to see that Tx+. Tx— is idle and no data is being
received before re-enabling the transmitter, receiver,
loopback circuit, and lighting up the LMON LED.

The V1Hapy pin is used to adjust the sensitivity of the
receiver. The ML4665 is capable of exceeding the
10BASE-FL specifications for sensitivity. The sensitivity is
dependent on the layout of the PC board. A good low
noise layout will exceed the T0BASE-FL specifications,
while a poor layout will fail to meet the sensitivity and
BER spec.

The response time of the Link Detect circuit is set by the
Crimer Pin. Starting from the link off state the link can be
switched on if the input exceeds the set threshold for a
time given by:

_ Cyimer X 0.7V

~ 700pA

T (3)

To switch the link from on to off, the above time will be
doubled. A value of 0.05uF will meet to TOBASE-FL
specifications.

THRESH
{ GEN l

<
R1 <
9 VTHAD]

YV¥

R2

Figure 5.

DIFFERENCES BETWEEN ML4665 AND ML4663/ML4668

The ML4665 is a low cost, reduced pin count alternative
to the industry standard ML4663/ML4668. The following
itemizes the differences between the devices.

1. The SQEN pin found in the ML4663/ML4668, has
been removed. In the ML4665, jabber is always
enabled and SQE pulses are not sent on the AUI
collision pair following a transmission.

2. The]JAB, CLSN, RCV and XMT LED pins on the
ML4663/ML4668 have been removed. LEDs
showing transmit, receive and collision activity can
be added externally. See Figure 6.

3. The Vggr and Vrpap) pins available on the
ML4663/ML4668, have been removed. In the
ML4665, these pins are tied together internally,
and the threshold is set at 6mVp_p typical. This
threshold cannot be externally modified.

Vcc

510

COL+, Rx+
Tx+

VBB

IN914 (OR EQUIVALENT)

74C04
100k (OR EQUIVALENT)

(OR EQUIVALENT)

0.01p

Figure 6.
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TIMING DIAGRAMS

. |<_ tTxnPW

Tx- 5
1

<-lTerw->| |- Frxior
trxsoi —>|

TxOUT S0

IDLE

A\ J

Figure 7. Transmit and Loopback Timing

VIN+
{__ XwuoXosm)
VIN-
tROXDY tRXSDY
<> e ————— RXFX ———|
tar—>| [ taF
Rx+
{_ XwuoXosmy >
Rx-

Figure 8. Receive Timing
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TIMING DIAGRAMS

"X X w X o X X X

j:: 4__1: X vauo X oam Y X A
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T X w XX X=X

Figure 9. Collision Timing

‘\’/‘l:‘_’ X X VALID X DATA X X X

e X VALID X DATA X X X

tcPsQE H
COL+
COL- '\ cso X X X

Figure 10. Collision Timing

VIN+ -\
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COL+
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Figure 11. Collision Timing
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TIMING DIAGRAMS

TxOUT N

VIN+

Vine >< VALID X DATA X x \,
L——Q
COL+ SQEXR—.I

Cso

COL-

Rx+

Rx— RxIN X RxIN X RxIN X RxIN X RxIN >——————

Figure 12. Collision Timing

R 1
Fcir

COL+

( N T

Figure 13. Collision Timing
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tjAD i tRT
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TXOUT DATA
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COL+
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Figure 14. Jabber Timing

VIN+ —

LMON
—>{ tupPH |<€— —» tuct

Figure 15. LMON Timing
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ORDERING INFORMATION

PART NUMBER TEMPERATURE PACKAGE
ML4665CQ 0°C TO 70°C 20-pin PLCC (Q20)
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ML4667
Low Power 10BASE-FL Transceiver

N - -
ugl.Micro Linear

GENERAL DESCRIPTION FEATURES

The ML4667 is a low power high output current pin m Combined with the ML4622 or ML4624, offers a
compatible version of the industry standard ML4662. The complete implementation of an 10Base-FL Medium
ML4667 10Base-FL transceiver combined with either the Attachment Unit (MAU)

ML4622 or ML4624 fiber optic quantizer provide all Pin compatible with the ML4662 Transceiver
functionality required to implement both an internal and . .

external IEEE 802.3 10Base-FL MAU interface that allows Incorporates an AU interface for use in an external
it to be directly connected to industry standard MAU or an internal MAU

manchester encoder/decoder chips or and AUI cable. 100mA max LED output current drive

1 0,
The ML4667 provides a highly integrated solution that Single +5 volt supply £10%
requires a minimal number of external components. The No crystal or clock required
ML4667 is compliant to the IEEE 802.3 10Base-FL On-chip Jabber, 1TMHz idle, and SQE Test with enable/
standard. The transmitter offers a T00mA maximum disable option
current driven output that directly drives a fiber optic LED
transmitter. Jabber, a TMHz idle signal, and SQE Test are
fully integrated onto the chip.

Five network status LED outputs

The receiver accepts and ECL level input from the
ML4622 or ML4624 fiber optic quantizer. The TMHz idle
signal is removed and the AUI output is activated when
the receive squelch criteria is exceeded. A Link Monitor
function is also provided for low light detection.

BLOCK DIAGRAM =
e f-emaceenenens e T L :
i SQEN/JABD VccTx [RTSET | NC/PEAK H
H (+5V) !
Tx+ ]
E:-::" AUl FIBER OPTIC TXOUT EI”]
A, RECEIVER ’ LED DRIVER L
H | ) ;
) L 1
i Tx 1MHz i
ABBER
1 SQUELCH IDLE ) i
1]

; SIGNAL 1 !
1 :
1 1
1} 1
H ; LMONIN &
| S o ;
1 1
1 1
' F RECEIVE SQUELCH :
| coLs FREQUENCY ;
[%]—— AUI 10MHz GATED i
coL- DRIVER [ | OSCILLATOR RxIN+
LINE T ean [ZEI
' i RECEIVER N5
1 1
Rx+ Tx :

I:I-——-— AUl LOOPBACK |<—
Rx— DRIVER [ MUX Rx H
1
' |
: LED !
' DRIVERS :
H Vee BIAS[27]
! GND (+5V)  RRSET LBDIS CiSN iﬁ* RCV |XMT ‘T._MO_N- '
B D ST B .

+5V
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PIN CONNECTION

ML4667
28-Pin PLCC (Q28)

a
)
=
Z 0 o+ oz 3
522G e 2 Z
g8 8 ’D’ <z &
i e Y e Y e Y s s N o
/4 3 2 1 28 27 26
NC/GND []5 25[7] RxIN-
Rx+ []6 24[] TMON
Rx- [}7 23[] LBDIS
vee [18 22 LMONN
vee [J9 21[] GND
Tx+ []10 20[] GND
™ []11 19[] NC/PEAK
12_13 14 15_16_17 18
I e e
= kU =P X e
N - z (@} - =
BEZER G 3
® o > ,f

2-146 gL Micro Linear



ML4667

PIN DESCRIPTION

PIN

NAME

FUNCTION

PIN

NAME

FUNCTION

N O

10
"

12

13

14

15

CLSN

COL+
COL-

SQEN/JABD

NC/GND

Rx+
Rx—

Vee
Vee

Tx+
Tx—

RTSET

RRSET

A
@)
<

VeeTx

TxOUT

Indicates that a collision is taking
place. Active low LED driver, open
collector. Event is extended with
internal timer for visibility.

Gated 10MHz oscillation used to
indicate a collision, SQE test, or
jabber. Balanced differential line
driver outputs that meet AUI
specifications.

SQE Test Enable, Jabber Disable.
When tied low, SQE test is disabled,
when tied high SQE test is enabled.
When tied to BIAS both SQE test and
Jabber are disabled.

No connection. This pin may be
grounded.

Manchester encoded receive data
output to the local device. Balanced
differential line driver outputs that
meet AUI specifications.

+5 volt power input.

Balanced differential line receiver
inputs that meet AUI specifications.
These inputs may be transformer, AC
or DC coupled. When transformer or
AC coupled, the BIAS pin is used to
set the common mode voltage

Sets the current driven output of the
transmitter.

A 1% 61.9kQ resistor tied from this
pin to V¢ sets the biasing currents
for internal nodes.

No Connection

Indicates that transmission is taking
place. Active low LED driver, open
collector. Event is extended with
internal timer for visibility.

Indicates that the transceiver is
receiving a frame from the optical
input. Active low LED driver, open
collector. Event is extended with
internal timer for visibility.

+5 volt supply for LED driver.

Fiber optic LED driver output.

19

20
21

22

23

24

25
26

27

28

NC/PEAK

GND
GND

LMONn

LBDIS

RxIN-
RXIN+

BIAS

|

>
™

Normally this pin can be left
floating. (tying it to GND or V¢ is
OK too.) Some fiber optic LEDs may
need an additional peaking circuit
to speed-up the rise and fall times.
For this case, tie pin 19 (NC/PEAK)
to pin 18 (TXOUT). When using the
HP HFBR 1414, let pin 19 float.
Using the peaking circuit may
deteriorate optical overshoot and
undershoot.

Ground reference.
Ground reference.

Link Monitor Input from the
ML4622 or ML4624. This input
must be low (active) for the receiver
to unsquelch.

Loopback Disable. When this pin is
tied to Vcc, the AUI transmit pair
data is not looped back to the AUI
receive pair, and collision is
disabled. When this pin is tied to
GND (normal operation), the AUI
transmit pair data is looped back to
the AUI receiver pair.

Link Monitor LED status output.
This pin is pulled low when
LMONy is low and there are
transitions on RxIN% indicating and
idle signal or active data. If either
LMON)y goes high or transitions
cease on RxINx, LMON will go
high, Active low LED driver, open
collector.

Fiber optic receive pair. This ECL
level signal is received from the
ML6422 or ML4624 fiber optic
quantizer. When this signal exceeds
the receive squelch requirements,
and the LMON)y input is low, the
receive data is buffered and sent to
the AUI receive outputs.

BIAS output voltage for the AUI
Tx+, Tx— inputs when they are AC
coupled.

Jabber network status LED. When in
the Jabber state, this pin will be low
and the transmitter will be disabled.
In the Jabber “OK” state this pin will
be high. Open collector TTL output.
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ML4667

ABSOLUTE MAXIMUM RATINGS

Absolute maximum ratings are those values beyond which
the device could be permanently damaged. Absolute
maximum ratings are stress ratings only and functional
device operation is not implied.

Output Current

TXOUT .o
Junction Temperature ..........
Storage Temperature Range ....
Lead Temperature (Soldering) ........ccccccevvurrieiuennnnnnns
Thermal Resistance (Bja) ......coovueveervninurieininiinenss

Power Supply Voltage Range
CC wevreeememmmemnnem et GND -0.3 to 6V OPERATING CONDITIONS
Input Voltage Range
Digital Inputs (SQEN, LMON, L(B}EIIB) 0.3 16 Ver- 40.3 Supply Voltage (Vo) «veevveeveeeieniniiieiciicieicen 5V+5%
------------------------------------------------- —9.oto Vec +9. LED 0N CUITENt eooereereniecererereanenne vreeee TOMA
Tx+, Tx—, RxIN+, RxIN=- ............ GND -0.3 to Ve +0.3 L = 61.9kQ + 1%
Input Current  _______ ______ _____ RTSET oo 162Q+1%
RRSET, RTSET, JAB, CLSN, XMT, RCV, LMON ...... 60mA
ELECTRICAL CHARACTERISTICS
Unless otherwise specified, To = Operating Temperature Range, Vcc = 5V £ 10% (Note 1)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Icc Power Supply Current Icc: Vce =5V, RTSET = 162Q (Note 2) 120 mA
While Transmitting
VoL LED Drivers loL = 10mA (Note 3) 0.8 \%
lout Transmit Peak Output Current | RTSET = 1629, 47 52 60 mA
Vee = VeceTx = 5V £5% (Note 4)
Vsq Transmit Squelch Voltage Level -300 -250 -200 mV
(Tx+, Tx-)
VINCM Common mode Input Voltage 2 Vce-0.5 \%
(Txt, RxIN)
Vpo Differential Output Voltage +550 +1200 mV
(Rxt, COLt)
Vem Common Mode 4.0 \
Output Voltage (Rxt, COL+)
Vboo Differential Output +40 mV
Voltage Imbalance (Rxt, COL%)
VBias BIAS Voltage 3.2
Vsqe SQE/JABD SQE Test Disable 0.3 v
Both Disabled 1.5 Vce -2
Both Enabled Vce-0.5
VLBTH LBDIS Threshold Disabled VCC -0.10 \Y
Enabled 1 \Y
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AC ELECTRICAL CHARACTERISTICS

symeoL | PARAMETER | min | v | max | unis
TRANSMIT
Frxior Transmit Idle Frequency 0.85 1.25 MHz
Prxpc Transmit Idle Duty Cycle 45 55 %
tTXNPW Transmit Turn-On Pulse Width 20 ns
trxoDY Transmit Turn-On Delay 200 ns
trxLp Transmit loopback Start up Delay 500 ns
trXFPW Transmit Turn Off Pulse Width 180 ns
trxsol Transmit Start of Idle 400 2100 ns
tTXSDY Transmit Steady State Propagation Delay 15 50 ns
tTx) Transmit Jitter into 31Q Load +1.5 ns
RECEIVE
FRXSET Receive Squelch Frequency Threshold 2.51 4.5 MHz
tRXODY Receive Turn-On Delay 270 ns
tRXEX Last Bit Received to Slow Decay Output 230 300 ns
tRXSDY Receive Steady State Propagation Delay 15 50 ns
trx) Receive Jitter +1.5 ns
tAR Differential Output Rise Time 20% to 80% (Rxt, COLt) 4 ns
taF Differential Output Fall Time 20% to 80% (Rxt, COL%) 4 ns
COLLISION
tepsQE Collision Present to SQE Assert 0 350 ns
tSQEXR Time for SQE to Deactivate After Collision 0 700 ns
Fer Collision Frequency 8.5 11.5 MHz
PcLroc Collision Pulse Duty Cycle 40 50 60 %
tSQEDY SQE Test Delay (Tx Inactive to SQE) 0.6 1.6 us
tSQETD SQE Test Duration 0.5 1.0 1.5 us
JABBER AND LED TIMING
taD Jabber Activation Delay 20 70 150 ms
tRT Jabber Reset Unjab Time 250 450 750 ms
YsQE Delay from Outputs Disabled to Collision Oscillator On 100 ns
tLeD RCV, CLSN, XMT On Time 8 16 32 ms
tLLPH Low Light Present to LMON High 3 5 10 us
tucL Low Light Present to LMON Low 250 750 ms

Note 1: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions.
Note 2: This does not include the current from the AUI pull-down resistors, or LED status outputs.

Note 3: LED drivers can sink up to 20mA, but Vo, will be higher.

Note 4: Does not include prebias current for fiber optic LED which would typically be 3mA.
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Figure 1. ML4667 Schematic Diagram
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ML4667

SYSTEM DESCRIPTION

Figure 1 shows a schematic diagram of the ML4667 in an
internal or external 10Base-FL MAU. On one side of the
transceiver is the AU interface and on the other is the fiber
optic interface. The AU interface is AC coupled when
used in an external transceiver or can be AC or DC
coupled when used in an internal transceiver. The AU
interface for an external transceiver includes isolation
transformers, some biasing resistors, and a voltage
regulator for power.

The fiber optic side of the transceiver requires an external
fiber optic transmitter, fiber optic receiver, and the
ML4622 or ML4624 fiber optic quantizers. The transmitter
uses a current driven output that directly drives the fiber
optic transmitter. The receive side of the transceiver
accepts the data after passing through the fiber optic
receiver and the ML4622/ML4624 fiber optic quantizer.

AU INTERFACE

The AUI interface consists of 3 pairs of signals: DO, Cl
and DI (Figure 1). The DO pair contains transmit data
from the DTE which is received by the transceiver and
sent out onto the fiber optic cable. The DI pair contains
valid data that has been either received from the fiber
optic cable or looped back from the DO, and output
through the DI pair to the DTE. The Cl pair indicates
whether a collision has occurred. It is an output that
oscillates at 10MHz if a collision Jabber or SQE Test has
taken place, otherwise it remains idle.

When the transceiver is external, these three pair are AC
coupled through isolation transformers, while an internal
transceiver may be AC or DC coupled. For the AC
coupled interface, DO (which is an input) must be DC
biased (shifted up in voltage) for the proper common
mode input voltage. The BIAS pin serves this purpose.
When DC coupled, the transmit pair coming from the
serial interface provides this common mode voltage, and
the BIAS pin is not connected.

The two 39Q 1% resistors tied to the Tx+ and Tx~ pins
provide a point to connect the common mode bias voltage
as discussed above, and they provide the proper matching
termination for the AUI cable. The ClI and DI pair, which
are output from the transceiver to the AUI cable, require
360Q pull down resistors when terminated with a 78Q
load. However on a DTE card, Cl and DI do not need 78Q
terminating resistors. This also means that the pull down
resistors on Cl and DI can be 1kQ or greater depending
upon the particular Manchester encoder/decoder chip
used. Using higher value pull down resistors as in a DTE
card will save power.

The AUI drivers are capable of driving the full 50 meters
of cable length and have a rise and fall time of typically
4ns. In the idle state, the outputs go to the same voltage to
prevent DC standing current in the isolation transformers.

TRANSMISSION

The transmit function consists of detecting the presence of
data from the AUI DO input (Tx+, Tx-) and driving that data
onto the fiber optic LED transmitter. A positive signal on the
Tx+ lead relative to the Tx- lead of the DO circuit will result
in no current, hence the fiber optic LED is in a low light
condition. When Tx+ is more negative than Tx—, the ML4667
will sink current into the chip and the LED will light up.

Before data will be transmitted onto the fiber optic cable
from the AUI interface, it must exceed the squelch
requirements for the DO pair. The Tx squelch circuit serves
the function of preventing any noise from being transmitted
onto the fiber. This circuit rejects signals with pulse widths
less than typically 20ns (negative going), or with levels less
than —250mV. Once Tx squelch circuit has unsquelched, it
looks for the start of idle signal to turn on the squelch circuit
again. The transmitter turns on the squelch again when it
receives an input signal at TxIN+ that is more positive than
—250mV for more than approximately 180ns.

At the start of a packet transmission, no more than 2 bits are
received from the DO circuit and are not transmitted onto
the fiber optic cable. The difference between start-up delays
(bit loss plus steady-state propagation delay) for any two
packets that are separated by 9.6ps or less will not exceed
200ns.

FIBER OPTIC LED DRIVER

The output stage of the transmitter is a current mode switch
which develops the output light by sinking current through
the LED into the TxOUT pin. Once the current requirement
for the LED is determined, the RTSET resistor is selected.
The following equation is used to select the correct RTSET
resistor:

RTSET= [—52"""]1 620 T
lout

The ML4667 transmitter provides a 100mA maximum
current output which requires the RTSET resistor to equal
60Q. The transmitter enters the idle state when it detects
start of idle on Tx+ and Tx- input pins. After detection, the
transmitter switches to a TMHz output idle signal.

The output current is switched through the TxOUT pin
during the on cycle, and through the VcTx pin during the
off cycle (Figure 2). Since the sum of the current in these
two pins is constant, VccTx should be connected as close
as possible to the V¢ connection for the LED (Figure 2).

VX TxOUT

Figure 2. Fiber Optic LED Driver Structure.
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V, C
. RTSET = 560Q
510 510 lour = 15.9mA
'J-I ECL
L
TXOUT

VecTx

Figure 3. Converting Optical LED Driver Output to
Differential ECL.

If not driving an optical LED directly, a differential output
can be generated by tying resistors from VccTx and TxOUT
to V¢ as shown in figure 3. The minimum voltage on
these two pins should not be less than V¢ — 2V.

RECEPTION

The input to the transceiver comes from the ECL outputs
of the ML4622 or ML4624. At this point it is a clean
digital ECL signal. At the start of packet reception no more
than 2.5 bits are received from the fiber cable and not
transmitted onto the DI circuit. The receive squelch will
reject frequencies lower than 2.5TMHz and will also
reject any receive input if the LMONy pin is high.

While in the unsquelch state, the receive squelch circuit
looks for the start of idle signal at the end of the packet.
Start of idle occurs when the input signal remains idle for
more than 160ns. When start of idle is detected, the
receive squelch circuit returns to the squelch state and the
start of idle signal is output on the DI circuit (Rx+, Rx-).

COLLISION

Whenever the receiver and the transmitter are active at
the same time the chip will activate the collision output,
except when loopback is disabled (LBDIS = Vc). The
collision output is a differential square wave matching the
AUI specifications and capable of driving a 78Q load. The
frequency of the square wave is T0MHz * 15% with a 60/
40 to 40/60 duty cycle. The collision oscillator also is
activated during SQE Test and Jabber.

LOOPBACK

The loopback function emulates a 10Base-T transceiver
whereby the transmit data sent by the DTE is looped back
over the AUI receive pair. Some LAN controllers use this
loopback information to determine whether a MAU is
connected by monitoring the carrier sense while
transmitting. The software can use this loopback
information to determine whether a MAU is connected to
the DTE by checking the status of carrier sense after each
packet transmission.

When data is received by the chip while transmitting, a
collision condition exits. This will cause the collision

oscillator to turn on and the data on the DI pair will
follow RxINz. After a collision is detected, the collision
oscillator will remain on until either DO or RxIN go idle.

Loopback can be disabled by strapping LBDIS to Vcc. In
this mode the chip operates as a full duplex transmitter
and receiver, and collision detection is disabled. A
loopback through the transceiver can be accomplished by
tying the fiber transmitter to the receiver.

SQE TEST FUNCTION (SIGNAL QUALITY ERROR)

The SQE test function allows the DTE to determine
whether the collision detect circuitry is functional. After
each transmission, during the inter-packet gap time, the
collision oscillator will be activated for (typically) Tps. The
SQE test will not be activated if the chip is in the low light
state, or the jabber on state.

For SQE to operate, the SQEN pin must be tied to Vc.
This allows the MAU to be interfaced to a DTE. The SQE
test can be disabled by tying the SQEN pin to ground, for
a repeater interface.

JABBER FUNCTION REQUIREMENTS

The Jabber function prevents a babbling transmitter from
bringing down the network. Within the transceiver is a
Jabber timer that starts at the beginning of each
transmission and resets at the end of each transmission. If
the transmission last longer than 20ms the jabber logic
disables the transmitter, and turns on the collision signal
COL+, COL-. When Tx+ and Tx- finally go idle, a second
timer measures 0.5 seconds of idle time before the
transmitter is enabled and collision is turned off. Even
though the transmitter is disabled during jabber, the 1MHz
idle signal is still transmitted.

LED DRIVERS

The ML4667 has five LED drivers. The LED driver pins are
active low, and the LEDs are normally off. The LEDs are
tied to their respective pins through a 50092 resistor to 5
Volts.

The XMT, RCV and CLSN pins have pulse stretchers on
them which enables the LEDs to be visible. When
transmission or reception occurs, the LED XMT, RCV or
CLSN status pins will activate low for several
milliseconds. If another transmit, receive or collision
conditions occurs before the timer expires, the LED timer
will reset and restart the timing. Therefore rapid events
will leave the LEDs continuously on. The JAB and LMON
LEDs do not have pulse stretchers on them since their
conditions occur long enough for the eye to see.

LOW LIGHT CONDITION

The LMON LED output is used to indicate a low light
condition. LMON is activated low when both LMONyy is
low and there are transitions on RxIN+ less than 3ps apart.
If either one of these conditions do not exist, LMON will
go high.
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TIMING DIAGRAMS
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Rx+
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Figure 4. Transmit and Loopback Timing
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Figure 5. Receive Timing
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Figure 6. Collision Timing
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Figure 7. Collision Timing
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TIMING DIAGRAMS
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Figure 8. Collision Timing
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Figure 9. Collision Timing
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Figure 10. Collision Timing
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TIMING DIAGRAMS
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ORDERING INFORMATION

PART NUMBER TEMPERATURE PACKAGE

ML4667CQ 0°C to 70°C 28-Pin PLCC (Q28)
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ML4668
Low Power Single Chip T0BASE-FL Transceiver

N — - =
Lgl Micro Linear

GENERAL DESCRIPTION

The ML4668 single-chip TOBASE-FL transceiver is a low

power, high output current, plug-compatible version of the

industry standard ML4663. The ML4668 offers a standard
IEEE 802.3 AU interface that allows it to be directly
connected to industry standard manchester encoder/
decoder chips or an AUI connector.

The ML4668 provides a highly integrated solution that
requires a minimal number of external components, and is
compliant to the IEEE 802.3 T0BASE-FL standard. The
transmitter offers a 100mA maximum current drive output
that directly drives a fiber optic LED transmitter. The
receiver offers a highly stable fiber optic data quantizer
capable of accepting input signals as low as 2mVp_p with a
55dB dynamic range.

The transmitter automatically inserts 1TMHz signal during
idle time and removes this signal on reception. Low Light is
continuously monitored for both activity as well as power
level. Five LED status indicators monitor error conditions as
well as transmissions, receptions and collisions.

FEATURES

m Single chip solution for TOBASE-FL internal or external
Medium Attachment Units (MAUSs)

®m Incorporates an AU interface

m Highly stable data quantizer with 55dB input
dynamic range

B Input sensitivity as low as 2mVp_p

m Up to 100mA maximum current driven fiber optic LED
driver for accurate launch power

m Single +5 volt supply
®m No crystal or clock required
m Five network status LED outputs

BLOCK DIAGRAM
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PIN CONNECTION

ML4668
28-Pin PLCC (Q28)

.3
9+ 9]
g z +
£33 |3 2 s z
O O L I <« >
T o N s T s T s N e O s
/4 3 2 1 28 27 26
SQEN/JABD []5 25[] Vin-
Rx+ [‘6 24{] AGND
Rx- []7 237 Vrnapy
BDIs []8 227 veer
vee 9 21{] vpc
Tx+ []10 20[] GND
™ 11 19]] GND
12_13 14 _15_16_17 18
S
- = x =
EERBER % 3
E o | IX I o5 O
x®x x [ > X

2-158 @ Micro Linear



ML4668

PIN DESCRIPTION

PIN NAME FUNCTION PIN NAME FUNCTION
1 CLSN Indicates that a collision is taking 15 XMT Indicates that transmission is taking
place. Active low LED driver, open place. Active low LED driver, open
collector. Event is extended with collector. Event is extended with
internal timer for visibility. internal timer for visibility.
2 COL+ Gated 10MHz oscillation used to 16 RCV Indicates that the transceiver is
3 COL- indicate a collision, SQE test, or receiving a frame from the optical
jabber. Balanced differential line input. Active low LED driver, open
driver outputs that meet AUI collector. Event is extended with
specifications. internal timer for visibility.
4 CTIMER A capacitor from this pin to V¢ 17 VeeTx +5 volt supply for fiber optic LED
determines the Link Monitor driver.
response time. 18 TxOUT Fiber optic LED driver output.
5 SQEN/JABD SQE Test Enable, Jabber Disable.
When tied low, SQE test is disabled, 19 GND Ground Reference.
when tied high SQE test is enabled. 20 GND Ground Reference.
When ti .0V both d . -
Jab:enr gfg é(i)sib?edbm SQE testan 21 Vbc An external capacitor on this pin
: integrates an error signal which
6 Rx+ Manchester encoded receive data nulls the offset of the input
7 Rx— output to the local device. Balanced amplifier. If the DC feedback loop is
differential line driver outputs that not being used, this pin should be
meet AUI specifications. connected to Vggg.
8 LBDIS Loopback Disable. When this pin is 22 VREF A 2.5V reference with respect to
tied to V¢, the AUI transmit pair GND.
data is not looped back to the AUI . . . .
receive pair, and collision is disabled. 23 VTHAD) Thh's ;\nﬁgt pin sets the link monitor
When this pin is tied to GND threshold.
(normal operation) or left floating, the 24 AGND Analog Filtered Ground.
AUI transmit pair data is looped back . .
to the AUI receiver pair, except 25 Vin- This input pin should be
during collision. capacitively coupled to the input
) source or to filtered AVcc. (The
9 Vce +5 volt power input. input resistance is approximately
10 Tx+ Balanced differential line receiver 1.3kQ.)
11 Tx— inputs that meet AUI specifications. 26 ViN+ This input pin should be
These inputs may be transformer or capacitively coupled to the input
capacitively coupled. The Tx input source or to filtered AVcc. (The
pins are internally DC biased for AC input resistance is approximately
coupling. 1.3kQ.)
12 RTSET Sets the current driven output of the 27 AVcc Analog Filtered +5 volts.
transmitter. — .
28 JAB Jabber network status LED. When in
13 RRSET A 1% 61.9kQ resistor tied from this the Jabber state, this pin will be low
pin to V¢ sets the biasing currents and the transmitter will be disabled.
for internal nodes. In the Jabber “OK” state this pin will
14 TMON Link Monitor “Low Light” LED status be high. Active low LED, open

output. This pin is pulled low when
the voltage on the V\+, Vin— inputs
exceed the minimum threshold set by
the Vrpapy pin, and there are
transitions on Vin+, VN~ indicating
an idle signal or active data. If either
the voltage on the V|n+, V|n- inputs
fall below the minimum threshold or
transitions cease on V|n+, ViN~,
LMON will go high. Active low LED
driver, open collector.

collector.
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ABSOLUTE MAXIMUM RATINGS

Absolute maximum ratings are those values beyond which
the device could be permanently damaged. Absolute
maximum ratings are stress ratings only and functional
device operation is not implied.

Power Supply Voltage Range

VCC covvermreemieiniienie it GND -0.3 to 6V
Input Voltage Range

Digital Inputs (SQEN, LBDIS) ... GND -0.3 to V¢ +0.3V

Output Current

TXOUT ittt
Junction Temperature
Storage Temperature Range .
Lead Temperature (Soldering) ....
Thermal Resistance (Bja) ........cccueveviveurieieiiieennns

OPERATING CONDITIONS
Supply Voltage (Vce)

o T0MA

Txt, Tx=, ViNk, VINS covvevervenioes GND-03toVcc+03v ~ LEDonCurrent....... -
lnput Current " RRSET........ ..61.9kQ + 1%
put Current 1150 + 1%
RRSET, RTSET, JAB, CLSN, XMT, RCV, LMON ...... 60mA =
ELECTRICAL CHARACTERISTICS
Unless otherwise specified, Ta = Operating Temperature Range, Ve = VecTx = 5V + 5% (Note 1)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Icc Power Supply Current Icc:
While Transmitting Vce = 5V, RTSET = 115Q (Note 2) 140 mA
Vou LED Drivers: Vo loL = 1T0mA (Note 3) 0.8 Vv
lout Transmit Peak Output Current RTSET = 115Q (Note 4) 44 52 57 mA
Vsq Transmit Squelch Voltage Level -300 -250 -200 mV
(Tx+, Tx-)
Voo Differential Output Voltage +550 +1200 mV
(Rxt, COL%)
Vem Common Mode
Output Voltage (Rxt, COLt) 4.0 \Y
Vboo Differential Output
Voltage Imbalance (Rxt, COL%) +40 mV
VsqE SQE/JABD SQE Test Disable 0.3 \Y
Both Disabled 1.5 Vee -2 \%
Both Enabled Vce-0.5 \
VLBTH LBDIS Threshold Disabled Vcc - 0.1 \%
Enabled 1 \Y
Vixcm | Common Mode Voltage (Tx+, Tx-) 35 \%
VINEM Common Mode Voltage 1.65 \%
Vin+, ViN-)
VRer Reference Voltage 2.30 2.45 2.60 \
IReF Vger Output Source Current 5 mA
Av Amplifier Gain 100 A%
Visr Input Signal Range 2 1600 mVp_p
VTHAD) External Voltage at VTHAD) 0.5 2.7 \%
to Set V1
Vorr Input Offset Vpc = VRer (DC loop inactive) 3 mV
VN Input Referred Noise 50MHz BW 25 uv
RiN Input Resistance ViN+, VIN- 0.8 1.3 2.0 kQ
Ity Input Bias Current of Vyyap; -200 10 +200 HA
V1R Input Threshold Voltage VT1HAD] = VRer (Note 5) 5 6 7 mVp_p
H Hysteresis 20 %o
2-160 8L Micro Linear
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AC ELECTRICAL CHARACTERISTICS

SYMBOL I PARAMETER | MIN l TYP \ MAX I UNITS
Transmit
FrxiDF Transmit Idle Frequency 0.85 1.25 MHz
Prxpc | Transmit Idle duty Cycle 45 55 %
trxnpw | Transmit Turn-On Pulse Width 20 ns
trxopy | Transmit Turn-On Delay 200 ns
trxLp Transmit loopback Start-up Delay 500 ns
tyxepw | Transmit Turn-Off Pulse Width 180 ns
tTXsO! Transmit Turn-Off Start of Idle 400 2100 ns
tTXsDY Transmit Steady State Propagation Delay 15 50 ns
trx Transmit Jitter into 31Q Load +1.5 ns
Receive
FRXSET Receive Squelch Frequency Threshold 2.51 4.5 MHz
trxoDpy | Receive Turn-On Delay 285 ns
tRXFX Last Bit Received to Slow Decay Output 230 300 ns
tRXSDY Receive Steady State Propagation Delay 15 50 ns
trx) Receive Jitter +1.5 ns
tAR Differential Output Rise Time 20% to 80% (Rxt, COL+) 4 ns
tAE Differential Output Fall Time 20% to 80% (Rxt, COLt) 4 ns
Collision
tcPsQE Collision Present to SQE Assert 0 350 ns
tSQEXR Time for SQE to Deactivate After Collision 0 700 ns
Feur Collision Frequency 8.5 11.5 MHZz
Pcipoe | Collision Pulse Duty Cycle 40 50 60 %
tsQepy | SQE Test Delay (Tx Inactive to SQE) 0.6 1.6 us
tSQETD SQE Test Duration 0.5 1.0 1.5 us
Jabber and LED Timing
tAD Jabber Activation Delay 20 70 150 ms
YRT Jabber Reset Unjab Time 250 450 750 ms
tSQE Delay from Outputs Disabled to Collision Oscillator On 100 ns
tLeD RCV, CLSN, XMT On Time 8 16 32 ms
tLLPH Low Light Present to LMON High 3 5 10 us
tucL Low Light Present to LMON Low 250 750 ms

Note 1: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions.
Note 2: This dose not include the current from the AUI pull-down resistors, or LED status outputs.
Note 3: LED drivers can sink up to 20mA, but Vg will be higher.

Note 4:  Does not include pre-bias current for fiber optic LED which would typically be 3mA.

Note 5: Threshold for switching from Link Fail to Link Pass (Low Light).
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Figure 1. ML4668 Schematic Diagram
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SYSTEM DESCRIPTION

Figure 1 shows a schematic diagram of the ML4668 in an
internal or external TOBASE-FL MAU. On one side of the
transceiver is the AU interface and the other is the fiber
optic interface. The AU interface is AC coupled when
used in an external transceiver or an internal transceiver.
The AU interface for an external transceiver includes
isolation transformers, some biasing resistors, and a
voltage regulator for power.

The fiber optic side of the transceiver requires an external
fiber optic transmitter and fiber optic receiver. The
transmitter uses a current driven output that directly drives
the fiber optic transmitter. The receive side of the
transceiver accepts the data after passing through a fiber
optic receiver, which consists of a module containing a
pin diode and a transimpedance amplifier.

AU INTERFACE

The AU interface consists of 3 pairs of signals: DO, Cl and
DI (Figure 1). The DO pair contains transmit data from the
DTE which is received by the transceiver and sent out
onto the fiber optic cable. The DI pair contains valid data
that has been either received from the fiber optic cable or
looped back from the DO, and output through the Di pair
to the DTE. The Cl pair indicates whether a collision has
occurred. It is an output that oscillates at 10MHz if a
collision, Jabber or SQE Test has taken place, otherwise it
remains idle.

When the transceiver is external, these three pairs are AC
coupled through isolation transformers, while an internal
transceiver may be capacitively coupled. Tx+, Tx- is
internally DC biased (shifted up in voltage) for the proper
common mode input voltage.

The two 39Q 1% resistors (or one 78 1% resistor) tied to
the Tx+ and Tx- pins will provide the proper termination.
The Cl and DI pair, which are output from the transceiver
to the AUI cable, require 360Q pull down resistors when
terminated with a 78Q load. However, on a DTE card, Cl
and DI do not need 78Q terminating resistors. This also
means that the pull down resistors on Cl and DI can be
1kQ or greater depending upon the particular Manchester
encoder/decoder chip used. Using higher value pull down
resistors as in a DTE card will save power. Refer to
Application Note 13 for a more detailed explanation of
the AUI pull-down resistors.

The AUI drivers are capable of driving the full 50 meters
of cable length and have a rise and fall time of typically
4ns. In the idle state, the outputs go to the same voltage to
prevent DC standing current in the isolation transformers.

TRANSMISSION

The transmit function consists of detecting the presence of
data from the AUI DO input (Tx+, Tx-) and driving that
data onto the fiber optic LED transmitter. A positive signal
on the Tx+ lead relative to the Tx- lead of the DO circuit
will result in no current, hence the fiber optic LED is in a
low light condition. When Tx+ is more negative than Tx—,
the ML4668 will sink current into the chip and the fiber
optic LED will light up.

Before data will be transmitted onto the fiber optic cable
from the AUl interface, it must exceed the squelch
requirements for the DO pair. The Tx squelch circuit
serves the function of preventing any noise from being
transmitted onto the fiber. This circuit rejects signals with
pulse widths less than typically 20ns (negative going), or
with levels less than —250mV. Once Tx squelch circuit has
unsquelched, it looks for the start of idle signal to turn on
the squelch circuit again. The transmitter turns on the
squelch again when it receives an input signal at Tx+, Tx—
that is more positive than —250mV for more than
approximately 180ns.

At the start of a packet transmission, no more than 2 bits
are received from the DO circuit, and are not transmitted
onto the fiber optic cable. The difference between start-up
delays (bit loss plus steady-state propagation delay) for
any two packets that are separated by 9.6us or less will
not exceed 200ns.

FIBER OPTIC LED DRIVER

The output stage of the transmitter is a current mode
switch which develops the output light by sinking current
through the LED into the TxOUT pin. Once the current
requirement for the LED is determined, the RTSET resistor
is selected. The following equation is used to select the

correct RTSET resistor:

RTSET= (M} 15Q
lout

The ML4668 transmitter output will drive up to T00mA,
which requires RTSET to equal 60Q. The transmitter enters
the idle state when it detects start of idle on Tx+ and Tx—
input pins. After detection, transmitter switches to a TMHz
output idle signal.

The output current is switched through the TxOUT pin
during the on cycle and the VccTx pin during the off cycle
as shown in figure 2. Since the sum of the current in these
two pins is constant, VccTx should be connected as close
as possible to the V¢ connection for the LED.

If not driving an optical LED directly, a differential output
can be generated by tying resistors from VccTx and
TxOUT to V¢ as shown in figure 3. The minimum
voltage on these two pins should not be less than

Vcee - 2V.

VecTx TxOUT

IOUT

Figure 2. Fiber Optic LED Driver Structure.
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V, C
10 RTSET = 560Q
51Q 51Q lour = 15.9mA
LI ECL
[ 1
TxOUT

VecTx

Figure 3. Converting Optical LED Driver Output to
Differential ECL.

RECEPTION

The input to the transceiver comes from a fiber optic
receiver (Figure 1). At the start of packet reception no
more than 2.7 bits are received from the fiber cable, and
are not transmitted onto the DI circuit. The receive
squelch will reject frequencies lower than 2.51MHz.

While in the unsquelch state, the receive squelch circuit
looks for the start of idle signal at the end of the packet.
Start of idle occurs when the input signal remains idle for
more than 160ns. When start of idle is detected, the
receive squelch circuit returns to the squelch state and the
start of idle signal is output on the DI circuit (Rx+, Rx-).

COLLISION

Whenever the receiver and the transmitter are active at
the same time the chip will activate the collision output,
except when loopback is disabled (LBDIS = V). The
collision output is a differential square wave matching the
AUI specifications and capable of driving a 78Q load. The
frequency of the square wave is 10MHz * 15% with a 60/
40 to 40/60 duty cycle. The collision oscillator also is
activated during SQE Test and Jabber.

LOOPBACK

The loopback function emulates a T0BASE-T transceiver
whereby the transmit data sent by the DTE is looped back
over the AUI receive pair. Some LAN controllers use this
loopback information to determine whether a MAU is
connected by monitoring the carrier sense while
transmitting. The software can use this loopback
information to determine whether a MAU is connected to
the DTE by checking the status of carrier sense after each
packet transmission.

When data is received by the chip while transmitting, a
collision condition exits. This will cause the collision
oscillator to turn on and the data on the DI pair will
follow Viy+, Vin—. After a collision is detected, the
collision oscillator will remain on until either DO or
VNt VIN- g0 idle.

Loopback can be disabled by strapping LBDIS to V(.

In this mode the chip operates as a full duplex transmitter
and receiver, and collision detection is disabled. A
loopback through the transceiver can be accomplished by
tying the fiber transmitter to the receiver.

SQE TEST FUNCTION (SIGNAL QUALITY ERROR)

The SQE test function allows the DTE to determine
whether the collision detect circuitry is functional. After
each transmission, during the inter packet gap time, the
collision oscillator will be activated for typically 1ps. The
SQE test will not be activated if the chip is in the low light
state, or the jabber on state.

For SQE to operate, the SQEN pin must be tied to Vc.
This allows the MAU to be interfaced to a DTE. The SQE
test can be disabled by tying the SQEN pin to ground, for
a repeater interface.

JABBER FUNCTION REQUIREMENTS

The Jabber function prevents a babbling transmitter from
bringing down the network. Within the transceiver is a
Jabber timer that starts at the beginning of each
transmission and resets at the end of each transmission. If
the transmission last longer than 20ms the Jabber logic
disables the transmitter and turns on the collision signal
COL+, COL-. When Tx+ and Tx- finally go idle, a second
timer measures 0.5 seconds of idle time before the
transmitter is enabled and collision is turned off. Even
though the transmitter is disabled during Jabber, the 1TMHz
idle signal is still transmitted.

LED DRIVERS

The ML4668 has five LED drivers. The LED driver pins are
active low, and the LEDs are normally off (except for
LMON). The LEDs are tied to their respective pins through
a 500Q resistor to 5V.

The XMT, RCV and CLSN pins have pulse stretchers on
them which enables the LEDs to be visible. When
transmission or reception occurs, the LED XMT, RCV or
CLSN status pins will activate low for several
milliseconds. If another transmit, receive or collision
conditions occurs before the timer expires, the LED timer
will reset and restart the timing. Therefore rapid events
will leave the LEDs continuously on. The JAB and LMON
LEDs do not have pulse stretchers on them since their
conditions occur long enough for the eye to see.

LOW LIGHT CONDITION

The LMON LED output is used to indicate a low light
condition. LMON is activated low when both the receive
power exceeds the Link Monitor threshold and there are
transitions on V|n+, Vin— less than 3us apart. If either one
of these conditions do not exist, LMON will go high.

INPUT AMPLIFIER

The V|n+, Vin- input signal is fed into a limiting amplifier
with a gain of about 100 and input resistance of 1.3kQ.
Maximum sensitivity is achieved through the use of a DC
restoration feedback loop and AC coupling the input.
When AC coupled, the input DC bias voltage is set by an
on-chip network at about 1.7V. These coupling capacitors,
in conjunction with the input impedance of the amplifier,
establish a high pass filter with 3dB corner frequency, f|,
at

1

fo— 1
L= 271300C M
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Since the amplifier has a differential input, two capacitors
of equal value are required. If the signal driving the input

is single ended, one of the coupling capacitors can be tied
to AVcc (Figure 1).

The internal amplifier has a lowpass filter built-in to band
limit the input signal which in turn will improve the signal
to noise ratio.

Although the input is AC coupled, the offset voltage within
the amplifier will be present at the amplifier’s output. This
is represented by Vg in Figure 4. In order to reduce this
error, a DC feedback loop is incorporated. This negative
feedback loop nulls the offset voltage, forcing Vs to be
zero. Although the capacitor on Vpc is non-critical, the
pole it creates can effect the stability of the feedback loop.
To avoid stability problems, the value of this capacitor
should be at least 10 times larger than the input coupling
capacitors.

Vour+ --—t---t---F---1---q4---4---- }
Vos

Figure 4.

The comparator is a high-speed, differential zero crossing
detector that slices and accurately digitizes the receive
signal. The output of the comparator is fed in parallel into
both the receive squelch circuit and the loopback MUX.

LINK DETECT CIRCUIT AND LOW LIGHT

The link detect circuit monitors the input signal and
determines when the input falls below a preset voltage
level. When the input falls below a preset voltage, the
ML4668 goes into the Low Light state. In the Low Light
state the transmitter is disabled, but continues sending the
1MHz idle signal, the loopback is disabled, the receiver is
disabled, and the TMON LED pin goes to high shutting off
the LMON LED. To return to the Link Pass state, the
optical receiver power must be 20% higher than the shut-
off state. This built-in hysteresis adds stability to the Link
Monitor circuit. Once the receiver power threshold is
exceeded, the ML4668 waits 250ms to 750ms, then
checks to see that Tx+. Tx~ is idle and no data is being
received before re-enabling the transmitter, receiver,
loopback circuit, and lighting up the LMON LED.

The V1Hap) pin is used to adjust the sensitivity of the
receiver. The ML4668 is capable of exceeding the
10BASE-FL specifications for sensitivity. The sensitivity is
dependent on the layout of the PC board. A good low
noise layout will exceed the T0BASE-FL specifications,
while a poor layout will fail to meet the sensitivity and
BER spec.

The threshold generator shifts the reference voltage at
VrHaD through a circuit which has a temperature
coefficient matching that of the limiting amplifier. The
relationship between the V1yapy and the Vy (the peak to
peak input threshold) is:

VT1HAD) = 408V1H 2)

In a TOBASE-FL receiver there must be less than 1 x 10-10
bit errors at a receive power level of —32.5dBm average.
One procedure to determine the sensitivity of a receiver is
to start at the lowest optical power level and gradually
increase the optical power until the BER is met. In this
case the Link Detect circuit must not disable the receiver
(i.e. Vtapy should be tied to Ground). Once the
sensitivity of the receiver is determined, Vyyap; can be set
just above the power level that meets the BER
specification. This way the receiver will shut-off before the
BER is exceeded.

For T0BASE-FL Vyyap; can be tied directly to Vggr.
However if greater sensitivity is required the circuit in
figure 5 can be used to adjust the Vyap) voltage. Even if
VRer is tied to Vrpapy, it is a good idea to layout a board
with these two resistors available. This will allow potential
future adjustments without board revisions.

The response time of the Link Detect circuit is set by the
CTimer Pin. Starting from the link off state the link can be
switched on if the input exceeds the set threshold for a
time given by:

- Crimer X 0.7V

T
700pA 3)
To switch the link from on to off, the above time will be
doubled. A value of 0.05uF will meet to T0BASE-FL
specifications.

—
<
R1 ::
VTHAD THRESH
> GEN
R2 :»
3 I —
-
Figure 5.
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TIMING DIAGRAMS
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Figure 6. Transmit and Loopback Timing
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Figure 7. Receive Timing
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TIMING DIAGRAMS
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TIMING DIAGRAMS
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Figure 17. LED Timing

ORDERING INFORMATION

PART NUMBER TEMPERATURE PACKAGE
ML4668CQ 0°C to 70°C 28-Pin PLCC (Q28)
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ML4670

Multi-Standard Serial Transceiver

8L Micro Linear

GENERAL DESCRIPTION FEATURES

The ML4670 Multi-Standard Serial Transceiver is designed ®m Programmable physical interfaces for RS-232, RS-449,

primarily for use in and with bridge, router and frame X.21/V.36, V.35

relay equipment. The device provides the senal' . m Supports DCE/DTE transmit and receive clocks as well

communications interface for DCE or DTE applications as data and control signals

that require RS-232, RS-449, X.21/V.36 or V.35 R L .

communications. ® 200mV hysteresis on all receive inputs for noise
immunity

The ML4670 offers system designers a single chip that
provides the physical electrical interface for the four most
commonly used serial interfaces. The device is

® 10Mb/s data and clock rates for high-speed V.35, X.21,
and RS-449 compliance

programmable with standard, static TTL levels that select m DTE/DCE function selectable by single pin
the desired electrical interface for clock, data‘ and B Resistor programmable slew rate for RS-232
diagnostic local loopback control. The selection of the transmitters

desired interface alters the characteristics of the line
drivers and receivers such that the proper interface is
available for transmit and receive of clock, data, and m +12V or +6V power supply flexibility for RS-232
control signals for the above listed communications implementation

standards. The flexibility of the ML4670 allows the

implementation of a single device that can be configured

to interface with any one of the four desired

communications standards.

E Pin selectable diagnostic loopback mode

BLOCK DIAGRAM
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zs z2 gs __332 z2_,.332
% 7 3 = EF = EE 8 2 E
33 S 2 2 2 3 3 2
33 z:; § 2 33223
EE x & = ER 2 e =
[o Hiro} {14}{13] [ea] {1] [81} [82} {62}{63]{73]

i
1 : :
Ra37 [23] ! o
232 BIAS . v 1 & S !
R3s |23] | | H
| | 1
DLB [56] TEST | ’ !
GND [83 | 1 H
s: B I I i
CONTROL !
sl ?«\ODE \ : i
TE/DCE@— i | :
vl : : :
VRETN | | :
-t - i - 2 - - - ot - - ik -- Bl -- a2~ -
w » \f z [ z r4
> z 5 z 4
3 > £ B i 2
> b3

8L Micro Linear 2-171



ML4670

PIN CONFIGURATION
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PIN DESCRIPTION

PIN# NAME FUNCTION PIN# NAME FUNCTION

1 T4ourlb) Transmit Output (Non Inv) 39 T3 Transmit Input (TTL)
2,21, Vce Positive Supply +5V 40 T2N Transmit Input (TTL)

32 41 Tan Transmit Input (TTL)

3 T2pyt(@) Transmit Output (Inv) 42 TS Transmit Input (TTL)

4 T2pyrb) Transmit Output (Non Inv) 43 Ten Transmit Input (TTL)

6  T3purt(@ Transmit Output (Inv) 44 TN Transmit Input (TTL)

7  T3ourlb) Transmit Output (Non Inv) 46 Riout Receive Output (TTL)

9 Tlout(d) Transmit Output (Inv) 48 T8 Transmit Input (TTL)

10 Tigyr(b) Transmit Output (Non Inv) 50  R8ouT Receive Output (TTL)
”5357' GND Ground 51  Réouyr Receive Output (TTL)

13 RIn(b)  Receive Input (Non Inv) 52 Rbour Receive Output (TTL)

14 Rijn@  Receive Input (Inv) >3 Réour  Receive Output (TTL)

16 R2nb) Receive Input (Non Inv) 55 DTE/DCE Data Terminal/Data Communications

17 R2pn@) Receive Input (Inv) 56 DLB Diagnostic Loopback

19  R3)n(b) Receive Input (Non Inv) 59 Rén@ Receive Input (Inv)

20 R3p@) Receive Input (Inv) 60 R4\(b) Receive Input (Non Inv)
22,58 Vg Negative Supply —6V 62 R5)N(@) Receive Input (Inv)

23  Rj3s Sets V.35 output amplitude 63 RSin(b) Receive Input (Non Inv)

25  Ry3; Sets RS-232 slew rate 65 Rom(b) Receive Input (Inv)
26,69 Vi, Positive Supply +12V 66 R6)N(a) Receive Input (Non Inv)
27, 68 Vgern Negative Supply 70 R8N Receive Input (Inv)
28,67 Vg Positive Supply +6V 72 T8out Transmit Output (Inv)

29 Vgasge  Base Connection to PNP 74 R7N Receive Input (Inv)

30 s Mode Select, MSB 76  T7out Transmit Output (Inv)

31 So Mode Select, LSB 78 Tépyt(a) Transmit Output (Inv)

34 R3our Receive Output (TTL) 79 Té6poyt(b) Transmit Output (Non Inv)

35 R2our Receive Output (TTL) 81 T5pyurt(@ Transmit Output (Inv)

36 Riour Receive Output (TTL) 82 T5pyut(b) Transmit Output (Non Inv)

38 Tin Transmit Input (TTL) 84 T4pyt(@) Transmit Output (Inv)

Note:

All single ended drivers and receivers are inverting.
All differential drivers invert the input at the “A” output.
All differential receivers invert the “A” input at the output.

8L Micro Linear
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ABSOLUTE MAXIMUM RATINGS

Absolute maximum ratings are those values beyond
which the device could be permanently damaged.
Absolute maximum ratings are stress ratings only and
functional device operation is not implied.

Supply Voltage

Transmitter Outputs ..........cccveennee Vg +0.3Vto V_g-0.3V
Receiver INPULS .......cceecveeeeeerereerieresereeeeve e +15V

TTL Inputs and Outputs.......... Vpp + 0.3V to GND - 0.3V

Input Current per Pin.......cccoeeeeeeieeeceecrreeeeeenneees +25mA
Lead Temperature (Soldering 10 S€C) ........cceerveneenee. 260°C
Storage Temperature........cccoeceevueeeeennnen. —65°C to 150°C
OPERATING CONDITIONS

Temperature Range ........ccccceeecuveeiniieenceecennnes 0°C to 70°C
Vcc Range .............. ....4.75Vto 5.25V
V12 Range ... ....10.8Vto 13.2V

V_12 Range.....ccooviiiiviiiiiniiniiiiccneen. -10.8V to -13.2V

ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Ta = Operating Temperature Range, Vcc = 5V 5%, Vi = 12V £10%, V_15 = =12V £10%,
Ve = 6V £5%, V_g = -6V £5%, GND = 0V, all digital timing measured at 1.4V midpoint and input control signals from

10% to 90% of £6V with tg = tr = 10ns. (Note 1)

SYMBOL I PARAMETER I CONDITIONS l MIN ‘ TYP ] MAX ] UNITS
Logic Inputs/Outputs
Vo Output Voltage Low lout = 2mA 0.5 \Y
VoH Output Voltage High lout = 0.5mA 2.4 \
Vi Input Voltage Low 0.8 \
ViH Input Voltage High 2.0 \Y
hiH Input Current High Vi = 2.4V -20 20 HA
I Input Current Low VL= 0.4V -20 20 mA
Driver Outputs
V.35
Vbo Differential Output Ry = 100Q +0.44 +0.55 +0.66 \Y
Zo Output Impedance (Note 3) 90 110
Zz Impedance to Ground (Note 3) 135 165 Q
tR Rise Time 40 ns
fmax Max Transmission Rate 10 Mbps
RS-422
Vp Differential Output Ry =100Q, >50%Vo +2.0 +4.0 \Y
Vo Open Circuit Output +6.0 \Y
Voso Balance +0.4 \
Voso Offset +3.0 \%
tR Rise Time 20 ns
fMAX Max Transmission Rate 10 Mbps
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ELECTRICAL CHARACTERISTICS (Continued)

SYMBOL | PARAMETER | CONDITIONS MN | e | mAX | units

RS-423

\ Differential Output Voltage R = 450Q +4.0

Vo Open Circuit Output +4.0 +6.0 \%

R Rise Time f = 100kHz, 10-90% Vo 3.0 Hs

te Fall Time f = 100kHz, 90-10% Vo 3.0 Hs

fmMAX Max Transmission Rate 120 kbps

RS-232

VpoH Output Voltage 3kQ < Ry < 7kQ (Note 5) 5.0 6.0 \%

Vou Open Circuit Output 6.0 \Y

Vbor Output Voltage Low 3kQ <R £7kQ -6 -5 \Y

Vou Open Circuit Output Low -5 \"

los Short Circuit Current Vo =0V +100 mA

SR Slew Rate Ry =7kQ, C = 2500pF, L=0 6 30 V/us

Ty Transition Time (Note 4) Vo =0.3V to 3V and +3V to -3V, 2 6 us

f = 120kbps
fmax Max Transmission Rate 120 kbps
Driver Inputs

V.35

Vp) Differential Inputs +0.2 +6.0 \%

Vem Common Mode Voltage See Test Circuit Veg+1.5 Vce - 0.5V \%
High Input Current -5 +5 HA
Low Input Current -5 +5 A
Receiver Sensitivity Over Common Mode Range +0.2 \

RS-422

Vpi Differential Inputs +0.2 +6.0 \Y

Vem Common Mode Voltage See Test Circuit V_g+ 1.5V Vcc-0.5 \Y
High Input Current -5 +5 HA
Low Input Current -5 +5 HA

VTH Receiver Sensitivity See Test Circuit +0.2 \%
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ELECTRICAL CHARACTERISTICS (Continued)

SYMBOL I PARAMETER l CONDITIONS | MIN l TYP | MAX ] UNITS

RS-423

Vosi Input Offset +3.0 \Y

Vpi Differential Inputs +0.2 +6.0 \"

Vem Common Mode Voltage See Test Circuit V_ g+ 1.5 Vce-0.5 \
High Input Current -5 +5 HA
Low Input Current -5 +5 HA

VT1H Receiver Sensitivity +0.2 \Y

RS-232

VT1H Input High Threshold 2.0 \Y

VL Input Low Threshold 0

SUPPLY

Vee 4.75 5.00 5.25 Vbc

V12 10.8 12.0 13.2 Vbc

V_12 -13.2 -12.0 -10.8 Vbc

IVee RS-232 100 136 146 mA
RS-449 No Termination Resistors 65 92 102 mA
V.35 130 180 190 mA
X.21 80 105 115 mA

IVq3 RS-232 10 27 35 mA
RS-449 10 32 40 mA
V.35 10 27 35 mA
X.21 10 27 35 mA

V_12 RS-232 80 105 115 mA
RS-449 70 105 115 mA
V.35 130 180 190 mA
X.21 75 95 105 mA

Note 1: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions.
Note 2: Typicals are parametric norm at 25°C ambient.

Note 3: The output impedance is the differential output impedance. The impedance to ground is the common mode impedance. These impedances must be supplied by the
user. See “Transmission Line Terminations” section of the data sheet.

Note 4: Transition time is the time required for the signal to pass through the transition region (-3V and +3V).
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+5V [_j:-_

Vec GND
Vi2 Ve VBASE VRETN Ve
R1
AAA
\A4
==
(ST < L
< Tcz
+12V 4
R1 =250Q 12V
R2 = 500Q
C2 = 0.01pF
Q1 = MJD32

Figure 1. Recommended Power Supply Configuration.

FUNCTIONAL DESCRIPTION PROGRAMMING THE ML4670
The ML4670 is a programmable physical interface device Table 1. Protocol Select Logic defines the four modes that
that implements the electrical interface for any one of the are programmed by SO and S1, the protocol used, and the
four standards protocols: RS-232, RS-449, X.21/V.36, and electrical interface that is used for the Data/Clock and
V.35. The programming of the device alters the Control lines.
characteristics of the 8 transmitters and 8 receivers to one
of the four electrical interfaces. One of these four Mode | So | S; | Standard | Data/Clock Control
protocols is typically utilized to interface a wide area
network (WAN) to a local area network (LAN) as shown in 1 0 0 | V35 V.35 RS-232
Figure 2. 2 1 | RS-232 RS-232 RS-232
3 1 0 RS-449 RS-422 RS-422/RS-423
LAlN PUBLIC swncnzo| NETWORK 2 ] T | x21Nv36] Vit VET
NETWORKING INTERFACE VOICE | M DS3 ISONET Table 1. Protocol Select Logic.
T MODEM oc1
ETHERNET—{ Tg,’:‘g“ ! FDDI vz X.25 Table 2 shows in much greater detail, for each pin, the
LAPM LAPB ATM electrical interface that is programmed in each mode,
INTER PACKET ROUTING both as a DCE and a DTE for each of the receivers and
WAN LINK INTERFACE DTE WAN LINK INTERFACE DCE transmitters. The programming of the device for either a
7 rr—1 97— ——r— 17— DCE or DTE is accomplished by the logic level on the
RS-232 r“s"'” TV':‘S X.21 "5'232—[ RS-449 l_v-” Tx.n DCE/DTE pin. Note that the programming of the part for
T I T

I the four modes reconfigures the electrical characteristics
\N\J of each transmitter and receiver. For example, the data/
clock transmitters and receivers are differential when
programmed into the V.35 mode (SO, S1 = 00). These
Figure 2. Typical Connection that Would Utilize same transmitters and receivers are single ended RS-232

transmitters and receivers when programmed into the
One of the Four Protocols Shown. R$-232 mode (S0, S1 = 01).
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The corresponding channel is “ON” as indicated by the physical interface designation, or “OFF” if
left blank. “OFF” Transmit pins go to a high impedance state, and may generally be left
unconnected or terminated, but not driven by external signals.

For example, the pin labeled T2gy7(a) on a device in DCE mode with SO, S1 = 01 (RS-232
protocol) is “ON” and transmits an RS-232 level into the cable to be received by another device
in DTE mode at the pin R1 n(@). RTin(@) is “ON“ and set to receive a single-ended RS-232 signal.

The “T” means that an appropriate termination for the selected physical interface must be present
for correct operation.

DCE/DTE=0 S0, S1 =00 S0, S1 =01 S0,S1=10 S0, S1 =11
Pin DTE V.35 RS-232 RS-449 X.21/V.36
R1n(a) Data/Clock V.35-T RS-232-T RS-422-T V.11-T
R1n(b) Data/Clock V.35-T Hi-Z RS-422-T V.1-T
R2in(a) Data/Clock V.35-T RS-232-T RS-422-T V.1-T
R2n(b) Data/Clock V.35-T Hi-Z RS-422-T V.a1-T
R3in(@) Data/Clock V.35-T RS-232-T RS-422-T Hi-Z
R3n(b) Data/Clock V.35-T Hi-Z RS-422-T Hi-Z
T1out(@) Data/Clock V.35-T RS-232 RS-422 V.11
T1out(b) Data/Clock V.35-T Hi-Z RS-422 V.11
T2out(a) Data/Clock V.35-T RS-232 RS-422 Hi-Z
T20urb) |  Data/Clock V.35-T Hi-Z RS-422 Hi-Z
T3ouT(@) Data/Clock V.35-T RS-232 RS-422 Hi-Z
T3ourb) |  Data/Clock V.35-T Hi-Z RS-422 Hi-z
R4n() Control RS-232-T RS-232-T RS-422-T V.1-T
R4n(b) Control Hi-Z Hi-Z RS-422-T V1T
R5|n(@) Control RS-232-T RS-232-T RS-422-T V.11-T
R5n(b) Control Hi-Z Hi-Z RS-422-T V.I1-T
R6N() Control RS-232-T RS-232-T RS-422-T Hi-Z
R6N(b) Control Hi-Z Hi-Z RS-422-T Hi-Z
R7IN Control RS-232-T RS-232-T RS-423-T Hi-Z
R8N Control RS-232-T RS-232-T RS-423-T Hi-Z
T4oyut() Control RS-232 RS-232 RS-422 V.11
T4out(b) Control Hi-Z Hi-Z RS-422 V.11
T50uT(a) Control RS-232 RS-232 RS-422 Hi-Z
T50ut(b) Control Hi-Z Hi-Z RS-422 Hi-Z
Téourt(a) Control RS-232 RS-232 RS-423 Hi-Z
Téourt(b) Control Hi-Z Hi-Z Hi-Z Hi-Z
T7out Control RS-232 Hi-z RS-423 Hi-Z
T8ouT Control Hi-Z Hi-Z Hi-Z Hi-Z

Table 2. ML4670 Configurations.
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DCE/DTE = 1 S0, S1 = 00 S0, 1 = 01 S0,51=10 S0, 1 =11
Pin DCE V.35 RS-232 RS-449 X.21/V.36

Tlour(@) Data/Clock V.35-T RS-232 RS-422 V.11
Tiour) | Data/Clock V.35.T Hi-Z RS-422 V.11
T20u1@) Data/Clock V.35-T RS-232 RS-422 V.1
T20ut(b) Data/Clock V.35-T Hi-Z RS-422 V.11
T3ouT(@) Data/Clock V.35-T RS-232 RS-422 Hi-Z
T3out(b) Data/Clock V.35-T Hi-Z RS-422 Hi-Z

R1n(@) Data/Clock V.35-T RS-232-T RS-422-T V.11-T

R1n(D) Data/Clock V.35-T Hi-Z RS-422-T V.11-T
R2|n(@) Data/Clock V.35-T RS-232-T RS-422-T Hi-Z
R2)n(b) Data/Clock V.35-T Hi-Z RS-422-T Hi-Z
R3n(@) Data/Clock V.35-T RS-232-T RS-422-T Hi-Z
R3n(b) Data/Clock V.35-T Hi-Z RS-422-T Hi-Z
T4ouT(@) Control RS-232 RS-232 RS-422 (AR
T4out(b) Control Hi-Z Hi-Z RS-422 V.11
T50uT(@) Control RS-232 RS-232 RS-422 V.11
T50ut(b) Control Hi-Z Hi-Z RS-422 V.11
TéouTt(a) Control RS-232 RS-232 RS-422 Hi-Z
Téout(b) Control Hi-Z Hi-Z RS-422 Hi-Z
T70ut Control RS-232 RS-232 RS-423 Hi-z
T8ourt Control RS-232 RS-232 RS-423 Hi-Z

R4n(@) Control RS-232-T RS-232-T RS-422-T V.11-T

Rén(b) Control Hi-z Hi-Z RS-422-T V1T
R5n(@) Control RS-232-T RS-232-T RS-422-T Hi-Z
R5n(b) Control Hi-Z Hi-Z RS-422-T Hi-Z
RéN(@) Control RS-232-T RS-232-T RS-423-T Hi-Z
R6n(b) Control Hi-Z Hi-Z Hi-Z Hi-Z
R7 1N Control RS-232-T Hi-Z RS-423-T Hi-Z
R8x Control Hi-Z Hi-z Hi-Z Hi-Z

Table 2. ML4670 Configurations. (Continued)
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Specification RS-232 RS-422/V.11 RS-423 V.35
Termination Network 3kQ to 7kQ 100Q 450Q(min) 100Q/126Q
Output Signal Min., Loaded +5V 12V +4V +0.55V
Operating Mode Single-ended Differential Single-ended Differential
Data Rate Max 110kbps 10Mbps 100kbps 10Mbps

Table 3 - Physical Electrical Interfaces

TERMINATING THE LINES

Table 3 defines for each electrical interface the
termination required, signal swing, operating mode, and
data rate. The terminations that are required are external
to the chip and must be applied in the proper location for
the circuits to operate correctly.

V.35 TERMINATION

The V.35 transmitters and receivers are differential and
require termination at both the receiver and transmitter.
The most commonly used “Y” termination network,
described in Figure 3, is two 51Q resistors to a common
mode point that is connected through a 120Q resistor to

RS-422 & V.11 TERMINATION

The RS-422 and V.11 transmitters and receivers are
differential and are the electrical interface utilized when
the ML4670 is programmed into the RS-449 or X.21/V.36
protocol mode. The transmitter pair require a single
terminating resistor of 100Q at the receiver end as shown
in Figure 4.

RS-423 TERMINATION

The RS-449 protocol may utilize RS-423 single-ended
transmitters and receivers on two of the control lines.
The termination required on the RS-423 lines is a 4502
resistor to ground at the receiving end as shown in

ground. This termination network is required at both ends Figure 5.
of the cable for correct operation of the transmitter and
receiver.
A 51 A
1200 5193 1200
R
e = 510 = *
510
B B

— O
O

Figure 3. V.35 Transmitter and Receiver Termination.

[ 3]
A A Tx Rx
T "’0"5: Rx Ry = 3.6kQ
R2 = 1.3kQ -
B B
Figure 4. RS-422 or V.11 Receiver Termination. Figure 5. RS-423 Receiver Termination.
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An application note is available that shows how to
accomplish the application termination using the
connector method, and also by using programmable
analog switches.

RS-232 TERMINATION

The RS-232 interface requires a termination similar to
the RS-423. It is a single-ended interface that requires a
termination resistor of 3k to 7k on the receiving end.

The typical application will require that the equipment be
configured at the customer site for the desired protocol.
This presents a problem of how to achieve this in a
straightforward manner. There are three ways to
accomplish the insertion of the correct termination on the
correct pins for a specific application. It can be
accomplished by jumpers on the printed circuit board,
either manually or through analog switches, or by the
design of a specific cable that connects the proper
termination to the lines by containing the termination
resistors and connections in the cable connector. This last
technique requires a different connector and cable for
each protocol.

Tx Rx
B

R1 = 3.6kQ
R2 = 1.3kQ

Figure 6. RS-232 Receiver Termination.

ORDERING INFORMATION

V.35 SIGNAL AMPLITUDE

The resistor that is connected from ground to pin R35
controls the amplitude of the transmitter outputs when
programmed into the V.35 mode. An external resistor is
used to reduce the thermal effects from the chip and to
precisely set the amplitude. A 430Q +5% resistor is
recommended. This value will yield the £550mV swing
specified by the V.35 specification.

RS-232 & RS-423 SLEW RATE CONTROL

The slew rate of the transmitters when programmed into
the RS-232 or RS-423 mode is controlled by the resistor
connected from Pin R232 to ground. The recommended
value for this resistor is 62kQ £5%. This value will yield a
slew rate of approximately 10 V/usec which is well within
the specification limit of 30V/usec max. A 10V/usec slew
rate will yield a rise and fall time of approximately 1usec
with a £5V swing.

PART NUMBER

TEMPERATURE RANGE

PACKAGE

ML4670CQ

0°C to 70°C

84-Pin PLCC (Q84)

8L Micro Linear

2-181




ML4670

2-182 8L Micro Linear



- - -
ugL Micro Linear

March 1997

ML6622

High-Speed Data Quantizer

GENERAL DESCRIPTION

The ML6622 high-speed data quantizer (post-amplifier) is
a low noise, wide-band, BICMOS monolithic IC designed
for high-speed signal recovery applications, such as FDDI,
Fast Ethernet, and ATM. An internal DC restoration
feedback loop nulls any offset voltage produced in the
input stage. The limiting amplifier contributes to a high
level of sensitivity and a minimum of duty cycle
distortion.

The output of the data path is a high-speed comparator
with ECL outputs. An enable pin gates the comparator on
or off in response to the input signal level or a system
control signal.

The Link Detect circuit provides an Assert-Deassert
function with a user-selectable threshold voltage. This
circuit monitors the input signal and provides an ECL High
output within 100ms of signal acquisition and an ECL Low
output within 350ms of signal loss. The ECL discriminator
output can be used to disable the comparator when the
signal is below the user-selected threshold. LINKLED
drives an LED for a visible indication of the link status.

FEATURES

200 MHz bandwidth

Low noise design

Adjustable Link Detect function
Low power design: 35mA typical
Used with the ML6633 LED driver

APPLICATIONS

FDDI

Fast Ethernet, 1T00BASE-FX

ATM (SONET), 155Mbps

Fibre Channel, 133 or 266Mbps

Proprietary high-speed fiber optic data links

BLOCK DIAGRAM

VccA GNDA Vce GND
(NN -~ SO - iy N oy SO
H T (L] (KR Lo :
] 1
V:N+El 4| ecL ouT+
1 AM> cEfALp> i
VIN-]12 5 | ECL OUT-
] ]
1 1
1 1
1 ]
1 ¢ 1
i e o FILTER ENABLE
(DD
: < T’ II
! [P e e e e (i S e s S G S s S S e A :
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PIN DESCRIPTION

PIN# NAME FUNCTION NAME PIN # FUNCTION
1 ENABLE ECL input active low. When this input 10 THIN Threshold Input. A voltage applied to
i is tied to LINKLED the ECL comparator this input pin sets the minimum
output is automatically enabled and amplitude of the input signal required
disabled by the Link Detect circuit. to cause the link detect to activate. In
This input can be tied to GND for most cases this can be tied to Vggr.
continuous enable. When the ECL . . .
Comparator is disabled, ECL OUT- s e chion e ot el
goes low and ECL OUT+ goes high. DC restoration loop, part of the
2 LINKLED  Link Detect Status output. LINKLED is Comparator and part of the link detect
an open collector active low signal. It circuit. In some system designs, it may
will be active low when the input be advantageous to separate GND and
signal applied to Ving, VN exceeds GNDA.
the programmed threshold level at the . . .
THIN pin. Capable of driving a 20mA 12 Vin- - This input pin Slh"“'td be capacitively
LED indicator. coupled to the input source or to VcA.
. 13 VINt This input pin should be capacitively
3 Vee Positive Power Supply. +5 volts coupled to the input source or to VcA.
4 ECLOUT+ Positive and Negative ECL Comparator 14 Ve A Positi Iy Ve f .
5 ECLOUT- outputs. TmA internal pull downs are cC ositive power supply Vcc tor noise
incorporated. sensitive circuits as mentioned in
GNDA. +5 volts.
6 GND Srpund connection. Used for less 15 CAP A capacitor is tied from this pin to
oise sensitive nodes. . A
Vger- This capacitor sets the lower
7 LINK+ Positive ECL Link Detect output. Active frequency rejection and helps remove
high when the input signal exceeds the internal DC offset. This capacitor
programmed Link Detect threshold. should be 10 times larger than the
1mA internal pull down current input capacitors.
sources. . .
16 Crimer A capacitor from this pin to ground
8 LINK - Negative ECL Link Detect output. determines the Link Detect response
Active low when the input signal time. To Meet FDDI specifications this
exceeds the programmed Link Detect capacitor should be 2,000pF. This
threshold. TmA internal pull down capacitor can be removed for faster
current sources. response time.
9 VREE A 2.5V reference with respect to GND.
PIN CONNECTION
ML6622
16-Pin Narrow SOIC (S16N)
ENABLE [ ] |1 16 [ T ] CTIMER
LINKLED [ | 2 15[ 1] cap
Vce D: 3 14 :D VccA
ECLOUT+ [ | 4 1317 Vine
ECLOUT- [ |5 12[1] vin-
GND [T e 11[T] GNDA
LINK+ [T]7 10T ] THIN
LUNK- [T s 9 [ 1] Veer
TOP VIEW
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ABSOLUTE MAXIMUM RATINGS

Absolute maximum ratings are those values beyond which
the device could be permanently damaged. Absolute
maximum ratings are stress ratings only and functional
device operation is not implied.

....GND -0.3V to 6V
....GND -0.3V to 6V

Storage Temperature Range
Lead Temperature (Soldering 10 s€C.) ...coveevrenennnns 260°C

-65°C to 150°C

Inputs/Outputs ............cccoeeeee.. GND -0.3Vto Vcc + 0.3 Thermal Resistance ........ccceveveeeieeevieieiencennee 100°C/W
Junction Temperature ..........occecveeeeeeieseienieeeeennans 150°C
ELECTRICAL CHARACTERISTICS
Unless otherwise specified, Vcc = Ve = 5V + 10%, Ta = Operating Temperature Range. (Note 1)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
lcc Ve Supply Current No load on ECL outputs 35 50 mA
VRer Reference Voltage 2.30 2.47 2.57 \Y
IVRer Vrer Output Current -1 3 +5 mA
ViN Input Signal Range 35 1600 mVp_p
Vi ADJ | External Voltage 0.5 VRer \%
Range at THIN to set V1
EN Input-referred Voltage Noise 100 MHz BW 25 HVRMS
RIN Input Resistance Vin+, VIN- 500 770 1500 Q
ITHIN Input Bias Current of THIN -100 +100 LA
Vor-Vec | ECL Output Voltage-Low Through 50Q to Vcc -2V -1.810 -1.730 -1.620
Von-Vcce | ECL Output Voltage-High Through 50Q to Ve -2V | C Suffix -1.025 -0.963 -0.800 \
1 Suffix -1.025 -0.963 -0.780 \%
te Data Output Rise Time 0.5 1.3 ns
t Data Output Fall Time 0.5 1.3 ns
Link Detect
AS_Max | Assert Time (off to on) Crime = 2000pF 0 100 us
ANS_Max | Deassert Time (on to off) Crime = 2000pF 0 350 us
VTH Input threshold THIN = VRger Assert 8 10 12 mV
Hysteresis 1.5 1.7 2 dB
BW Bandwidth 1-3dB 200 MHz
VIPW Minimum Input Pulse Width 5 ns
DCD Duty Cycle Distortion Data rate = 155Mb/s
Peak-to-peak 50% duty cycle input 0.5 ns
DDJ Data Dependent Jitter FDDI - 56 Data Pattern
Peak-to-peak VN = 60mV, Data rate = 125Mb/s 1.2 ns
Note 1:  Limits are guaranteed by 100% testing, sampling, or correlation with worst-case conditions.
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FUNCTIONAL DESCRIPTION

The ML6622 high speed data quantizer accepts a low
level analog signal from a pin diode and transimpedance
amp front end and converts it into digital ECL levels for
subsequent digital processing. The input signal, from a
transimpedance amplifier, is immediately amplified by a
two-stage video amplifier. The output of this amplifier
feeds two parallel paths.

The data path is comprised of a high speed comparator
that outputs PECL differential data on the ECL OUT* pins.
The Link Detection path monitors the magnitude of the
amplified input signal, compares it to a user-settable
threshold, and provides the result of the comparison as a
PECL differential output on the Link+ pins. The timer
following the threshold block is used to set the Link
Detect output acquire and deacquire time using a
capacitor.

AMPLIFIER

The amplifier is a two stage video amplifier with a gain of
approximately 55V/V. Maximum sensitivity is achieved
through the use of the DC restoration feedback loop and
AC coupling the input. The AC coupling input capacitors,
in conjunction with the input impedance of the amplifier,
establish a high pass filter with the lower 3dB point
determined by the input resistance and the input coupling
capacitors. This cap also adds a secondary pole to the
offset loop.

Since the amplifier has a differential input, two AC
capacitors of equal value are required. If the signal driving
the input is single ended, the other coupling capacitor
should be tied to Vcc.

A low-pass filter in the offset loop is created with the
capacitor on pin 15 (CAP). The lower 3dB point
controlled by a capacitor tied from the CAP pin to Vggr as
shown in the application circuit. For stability reasons the
value of the capacitor on the CAP pin should be 10 times
larger than the input coupling capacitors. The 3dB point is
given by the following equation:

1
F3d8 = 5 X100k % C
Although the input is AC coupled, the offset voltage
within the amplifier will be present at the amplifier’s
output. The removal of the dc offset in the amplifier helps
the circuit respond to small input voltages, and reduces
duty-cycle distortion. In order to reduce this error, a
negative feedback loop nulls the offset voltage. An
external capacitor connected to the CAP pin is used to
store the offset voltage. This voltage is compared to Vggr
and a difference current proportional to the result is
applied to the negative side of the input stage of the AMP
circuit block thereby nulling the DC offset.

COMPARATOR

A high speed ECL comparator with PECL outputs is used
for the quantization function. The comparator has an
Enable input pin which takes an ECL level. This Enable
pin is normally driven by LINKLED, which causes the
output to be enabled when the link is up and disabled
when the link is down. When ENABLE is low the
comparator is operational. When ENABLE is high the
comparator is disabled causing ECL OUT- to go low and
ECL OUT+ to go high. The ENABLE pin can be tied to
ground to keep the comparator permanently enabled.

LINK DETECT CIRCUIT

The Link Detection Circuit is used to accurately measure
the input amplitude to determine whether it is large
enough to reliably recover the input signal. Once the Bit
Error Rate (BER) for the ML6622 receive circuit is
determined, the link detect threshold can be set so that the
Link Detect Circuit will shut off before the error rate
exceeds the link requirement.

The Link Detection Circuit consists of three functional
blocks; Thresh, Timer, and Link Out. Thresh detects the
output of Amp and compares it to a programmable
threshold input THIN. As long as the input amptitude is
greater than the programmable threshold input, the Link
Detect output remains active.

When the peak input drops below THIN, Thresh’s output
changes state and Timer delays the Link Out state change
for a programmable amount of time. When using the
default Ctjme capacitance of 2000pF, the deassert time
and the assert time values conform to the ANSI X3.166-
1990 PMD standard for FDDI.

To improve stability, the Link Detect circuit includes 1.7dB
of hysteresis.

The Vggr output can be tied directly to THIN to set the
Link Detect threshold. For greater sensitivities, Vggr can
be divided down before applied to THIN. The formula for
the threshold on the thin pin is as follows:

A\
Threshold(Assert) = —HIN
500

V.
Threshold(Deassert) = —THIN
750
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APPLICATION CIRCUIT
r_+'s'v """""""" 'I
l 5 | 1| ENABLE Crimer [16 ——] |-ovee
| 4700 |
! i 2 | LINKLED cap [15 |— |21
1OFTIONAL I +5V
O——E Vce VccA 1__4_}———-0 VRF+
0.01pF j
4 | ECLOUT+ Vine [13} 1}
@ 0.01pF VRes /
5 | ECL OUT- Vine E}__| adl
1KQ
r\z GND GNDA [T1}——o0 Vrr-
o—— 7 | uNK THIN [10
:WE + j—l
;%_{Z LINK~ Veer [9 |
1KQ
T T T T T T 1
| +5VO— O VRE+ |
1 :Jl: 1 #47 #4.7% 1 :
: + AAS O VRF- |
1 4.7pH |
S, OPTIONAL_ |
ORDERING INFORMATION
PART NUMBER TEMPERATURE RANGE PACKAGE
ML6622CS 0° to 70°C 16-Pin Narrow SOIC (S16N)
ML6622IS —40° to 85°C 16-Pin Narrow SOIC (S16N)

I8L Micro Linear
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ML6633
High Speed Fiber Optic LED Driver

T@L Micro Linear

GENERAL DESCRIPTION FEATURES

The ML6633 is a high speed fiber optic LED driver suited B Data rates up to 200Mbps
for networking applications up to 200 Mbps. The part is

B Current driven output for accurate launch power
capable of driving up to 82mA of current through a fiber P P

optic LED from an ECL level input signal. Its efficient W Programmable output current from 20mA to 82mA
output stage provides a high current that can be B High Efficiency Output Stage
programmed for accurate absolute output level which B Low EMI/RFI Noise

insures precise launch power.

. . B ECL inputs
The LED driver’s output stage provides a fast well
matched rise and fall time through a unique differential
matched rie APPLICATIONS
The ML6633 high speed fiber optic LED driver is B FDDI
implemented in BICMOS process and is available in an M Fast Ethernet, 100BASE-FX

8-pin SOIC package. B ATM (SONET), 155Mbps

W Proprietary high-speed fiber optic data links

BLOCK DIAGRAM

1
1
]
ECLP Ez] h h 7 j1out

! BUFFER DRIVER

ECLN LT'_l _ N 6 | RTSET
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PIN CONNECTION

8-Pin SOIC

TOP VIEW
PIN DESCRIPTION
PIN NAME DESCRIPTION PIN NAME DESCRIPTION
1 NC 6 RTSET  Output current programming pin.
L. . . Connect a resistor of value 2/l gp from
2 ECLP Positive ECL data input controls signal this pin to ground to set the high LED
to the LED.
output current.
ECLN  Negative ECL data input. 7 IOUT  Fiber optic LED drive pin. Connect the
4 NC LED between this pin and Vcc.
5 GND Negative power supply ground. 8 Vce Positive power supply. +5 volts.
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ABSOLUTE MAXIMUM RATINGS

Absolute maximum ratings are those values beyond which
the device could be permanently damaged. Absolute
maximum ratings are stress ratings only and functional
device operation is not implied.

1 T GND -0.3V to 6V
Input Pin Voltages ... GND -0.3V to V¢ +0.3V
LED Output Current (IOUT) ..o.cevvvveeeiieeeereeeeereenne 82mA

Peak DC Output Current (IOUT) ...ccovreeeeceienrennennee. 82mA

Storage Temperature..........ccccceevueeennes

Lead Temperature (Soldering 10 sec) .

Thermal Resistance (B)a)......c.ccceueveveuruiucuinininnae

ELECTRICAL CHARACTERISTICS

Over the recommended operating conditions of Ta = Operating Temperature Range, Vcc = 5V * 5%,

RTSET = 26.1Q + 1%, unless otherwise specified. (Note 1)

SYMBOL PARAMETER CONDITIONS MIN TYP. MAX UNITS
lcc Supply Current 40mA+out mA
LED Current Accuracy (IOUT)
ILEDH High 70 75 82 mA
ILEDL Low 0.1 mA
tR Rise Time (IOUT) 2 ns
te Fall Time (IOUT) 2 ns
Propagation Delay (IOUT)
tpLH Low to High 10 ns
tpHL High to Low 10 ns
tpwD Pulse Width Distortion (IOUT) 0.5 ns
lecL ECL Input Current 20 HA
Note 1: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions.
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FUNCTIONAL DESCRIPTION

The ML6633 accepts ECL input signals and generates a
high speed, high accuracy output current which is
independent of supply voltage variations. The output
current is programmable up to 82mA.

The ECL input stage is a standard NPN differential pair
with a common mode range of between 1V and 4.5V with
a +5V supply. With this common mode range it is possible
to convert the ECL inputs into TTL. If the ECLN input is
biased up to the TTL switching level, the ECLP pin can be
driven by a TTL or CMOS output. Figure 1b shows a
circuit implementing this technique. This circuit may
degrade pulse width distortion and should be checked for
acceptable performance in this configuration.

Output current to the LED is set by connecting the
appropriate resistance from RTSET to ground. The high
level output voltage at RTSET will be 2.0V. The current in
the external resistor will be equal to the current through
the LED. The output current with RTSET set to 26.1Q will
be:

ILep(HIGH) = 2.0V/R1sgr = 2.0V/26.1Q = 75mA.

+5V +5

<

NC —

VIN+ O—— ECLP

VIN- 0— ECLN

NC —

N\

Vcc

lout

RTSET

GND

L

a) loyr = 75mA

+5V

+5V +5

<

NC —

TTLIN O— ECLP

ECLN

NC —

/

Vce

lout

RTSET

GND

s

b) ECL-to-TTL Conversion

Figure 1. Typical Applications

ORDERING INFORMATION

PART NUMBER

TEMPERATURE RANGE

PACKAGE

ML6633CS

0°C to 70°C

8-Pin SOIC (S08)
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ML6671

TP-PMD Transceiver

GENERAL DESCRIPTION

The ML6671 is a complete monolithic transceiver for 125
Mbaud MLT-3 encoded data transmission over Category 5
Unshielded Twisted Pair and Shielded Twisted Pair cables.
The adaptive equalizer in the ML6671 will accurately
compensate for line losses of up to 100m of UTP. The part
requires only external 1% resistors for accurate
equalization.

The ML6671 receive section consists of an equalizing
filter with a feedback loop for controlling effective line
compensation. The feedback loop contains a filter and
detection block for determining the proper control signal.
The ML6671 also contains data comparators with
precisely controlled slicing thresholds and an MLT-3 to
NRZI translator. An ECL 100K compatible buffer at the
output interfaces directly with existing FDDI PHY silicon
from various manufacturers.

The ML6671 transmit section accepts ECL 100K
compatible NRZ! inputs and converts them to differential
current mode MLT-3 signals. Transmit amplitude is
controlled by a single external resistor.

Several additional functions are provided by th
to simplify applications. A common-mode refe
provided to set the input DC level for the e

the near-end transformer winding. This terminal may be
used as an AC ground for the transformer center-tap or
termination resistors. The transmitter can be disabled to
provide true quiet line.

The ML6671 is implemented in a BICMOS process. A
differential signal path throughout minimizes the effects of
power supply transients and noise.

FEATURES

B Transmitter converts
driven outputs

L signals to MLT-3 current

m Transmitter ¢ rnally turned off for

es adaptive equalizer and MLT-3 to
er

over 100 meters of STP or category 5 UTP
isted Pair Cable

pin surface mount package

APPLICATIONS

B FDDI over copper (TP-PMD)
m Fast Ethernet (100BASE-TX)

BLOCK DIAGRAM

TO MLT-3

]

SD+ < LINK
SD- ¢ STATUS - CAP1
v > apapTivE —— L . chm’z
/ < »| CONTROL i
RXOUT+ <t—— - l l
1 MUX | < TPIN
RXOUT- ~€-—rf < MLT-3 [ ADAPTIVE *
< TONRZI | EQUALIZER TPIN-

I

- e

TGNDA TGNDD

i
]
i
]
1
1
1
1
1
1
1
|
________________________ 1
RRSET1 RRSET2 | T

RRSET RVCCA RVCCD CMREF
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PIN CONFIGURATION

ML6671 ML6671
32-Pin PLCC (Q32) 32-Pin TQFP (H32-7)
'—' < ™.
38z Ezz Ergozeds
=205 5¢3EE £228EE¢ 8
minininininis!
/4 3 2 1 32 31 30 32 31 30 29 28 27 26 25
rxouT+[]5 29[ ] RRSET1 RRSET1 [ |1 24] | TPOUT-
rvcep [ |6 28| RRSET2 TPIN- ]2 23[] TPOUT+
sD-[|7 27] " RseT1 TPIN+ [ |3 22| ] RTSET2
sp+[|8 26| ] RSET2 CMREF [ | 4 21 ;| RTSET1
N9 25[ JRGND cap2[]s 20{ ] Tveep
TGNDD 10 24[ ] RTHI car e 19[ ] TXIN-
ek [_|11 23] JRTH2 Rvcea []7 18] ] TXIN+
TXOFF[_[12 22[ ] TVCCA RXOUT- |8 17 ] N/C
9 10 11_12 13 14 15 16
Ne[ i3 21| ] TGNDA Do uuoog
14 15 16 17 18 19 20 £ 8 4 4 ¥ 2 I &
oo n :Bmu’Z%‘gg
+ 1 A = & 4+ | e 2 [} -
2z8EES5S g = e
EEr8EiEoo
- 2 = 'n_. &
PIN DESCRIPTION
NAME FUNCTION NAME FUNCTION
TXIN+, TXIN-  These differential ECL100K compatible RXOUT+, Differential ECL100K compatible outputs
inputs receive NRZI data from the PHY for RXOUT- provide NRZI encoded data to the PHY.
transmission. CAP1, CAP2  Two external capacitors connected to
TPOUT+, Outputs from the NRZI-MLT3 state these pins sets the time constant for the
TPOUT- machine drive these differential current adaptation in the equalizer loop as well
outputs. The transmitter filter/transformer as for signal detect response.
_ module connects the media to these pins. RRSETT, Internal time constants controlling the
LPBK This TTL input enables transmitter- RRSET2 equalizer’s transfer function are set by an
receiver loopback internally when external resistor connected across these
asserted fow. pins.
TXOFF This TTL input forces the NRZI-MLT3 state CMREF This pin provides a DC common mode
machine to a quiet state when asserted low. reference point for the receiver inputs.
RTSET1, An external 1% resistor connected RVCCA, Analog and digital supply pins are
RTSET2 between these pins controls the RVCCD separated to isolate clean and noisy
transmitter output current amplitude. circuit functions. Both supplies are
louT = 64 x 1.25V/RTSET nominally +5 volts.
TVCCA, Separate analog and digital transmitter RGND Receiver ground.
TveeD power SUPPIY pins help to_nsolate X RSET1, RSET2  An external 5KQ resistor across these pins
sensitive circuitry from noise generating sets up an internal reference current.
digital functions. Both supplies are | resi d
nominally +5 volts. RTH1, RTH2 /I\n external resistor connected across
L . these pins sets the internal levels for
TGNDA, Analog and digital transmitter grounds equalization as well as signal detect. This
TGNDD provndg separate return paths for clean resistor allows compensation for transmit
and noisy signals. and magnetics variations. RTH should be
SD+, SD- These differential ECL100K compatible set to match the peak-to-peak transmit
outputs indicate the presence of a data amplitude. Vamp = 16 x 1.25 x RTH/RSET
signal with an amplitude exceeding a where Vamp is the peak-to-peak
preset threshold. amplitude of the transmit output with
TPIN+, TPIN-  MLT-3 encoded data from the receiver filter/ zero length cable.
transformer module enters the receiver
through these pins.
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS
Absolute maximum ratings are those values beyond which o
the deViCe COUld be pefmanendy damaged. Absolute VCC Supply Voltage .......................................... (.). 5V i7 50/0
maximum ratings are stress ratings and functional device Ta, Ambient Temperature .........ccccceeneenneene 0°Cto 70 0C
operation is not implied. RTSET oo . 2kQ 1%
RRSET ..covveannnn 9.53kQ 1%
Ve Supply Voltage Range ......c.oeueeeeee GND -0.3V to 6V RSET ... L 5kQ +1%
Input Voltage Range RTH e 500Q +1%
Digital INPUtS c.oocovcnne GND -0.3VIto Vec + 03 CAPT, CAP2..coccvvvvesccevvcnenccssssmennneenecssis 0.33pF £5%
Output Current Receive transformer insertion 10ss ..........c..cocvcu.... <-0.5dB
TPOUTZ, SDE, RXOUTE ...oeiiiiiiiieeeeeceieee 50mA
All other outputs ................
Junction Temperature ...
Storage Temperature.........ccccvveeeeeeeecnnnees
Lead Temperature (Soldering, 10 S€C) ......cccccoueuenne 260°C
Thermal Resistance (84)
PLCC..
TQFP e
ELECTRICAL CHARACTERISTICS
Unless otherwise specified, Ta = Tpmin t0 Tmax, Vee = 5V £5%, RTSET = 2.0kQ, RTH = 500Q.
PARAMETER CONDITIONS [ mn | 1o | max | unis
DC Characteristics
Supply Current
RVCCD 67 mA
RVCCA 52 mA
TVCCD 25 mA
TVCCA 6 mA
RVCCD + RVCCA + TVCCD + TVCCA 170 mA
TTL Inputs (TXOFF, LPBK)
V| Input Low Voltage 0.8 \%
Vi Input High Voltage 2.0 \%
Differential Inputs (TPIN+, TXIN%)
TPIN+, TPIN-
Common Mode Input Voltage 2.2 Vee v
TPIN+, TPIN-
Differential Input Voltage 1.5 \
TPIN+, TPIN-
Differential Input Resistance 10.0K Q
TPIN+, TPIN-
Common Mode Input Current +10 HA
TXIN+, TXIN-
Input Voltage HIGH (V) Vce-1.165 Vcc-0.88 \Y
TXIN+, TXIN-
Input Voltage LOW (V) Vcce-1.810 Vcce-1.475 \Y
TXIN+, TXIN-
Input Current LOW (Iy) 0.5 HA
TXIN+, TXIN-
Input Current HIGH (Ii) 50 HA
Differential Outputs (SDt, RXOUT%, TPOUTZ)
SD+, SD~, RXOUT+, RXOUT-
Output Voltage HIGH (Vo) Note 4 Vcc-1.025 Vcc-0.88 \%
SD+, SD~, RXOUT+, RXOUT-
Output Voltage LOW (Vo) Note 4 Vce-1.81 Vee-1.62 \Y
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ELECTRICAL CHARACTERISTICS (Continued)

PARAMETER CONDITIONS | min | v max | units

Differential Outputs (SD£, RXOUT%, TPOUT%) (Continued)

TPOUT+, TPOUT-

Output Current HIGH Vour = Vcc £ 0.5, Note 3 38.0 42.0 mA
TPOUT+, TPOUT-

Output Current LOW Vour = Vee £ 0.5, Note 3 0 0.5 mA
TPOUT+, TPOUT-

Output Current Offset Note 2 0.5 mA
TPOUT+, TPOUT-Vour = Ve

Output Amplitude Error Note 2, 3 -5.0 5.0 %
TPOUT+, TPOUT-Vour = Ve £1.1V

Output Voltage Compliance -2.0 +2.0 %
AC Characteristics

TPOUT+, TPOUT-

Rise/Fall Time Note 1 2.0 ns
TPOUT+, TPOUT-

Output Jitter Note 1 0.8 ns
RXOUT+, RXOUT-

Rise/Fall Time Note 1 5 ns
RXOUT+, RXOUT-

Output jitter Note 1 2.0 ns

Note 1. Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions.

Note 2. Low Duty cycle pulse testing is performed at Tx.

Note 3. Output current amplitude is determined by loyt = 64 x 1.25V/RTSET.
Note 4. Output voltage levels are specified when terminated by 50Q to V¢ - 2V or equivalent load.
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FUNCTIONAL DESCRIPTION

The ML6671 MLT-3 transceiver is a physical media
dependent transceiver that allows the transmission and
reception of 125 Mbaud data over shielded twisted pair
cable or category 5 unshielded twisted pair cable. It
provides a standard Physical Media Dependent (PMD)
interface compatible with many FDDI chip sets.

The transmit section accepts NRZI data, converting it to a
three level MLT-3 code and sending the information on a
two pin current driven transmitter. The transmitted output
passes through an external low pass filter and transformer
before entering the connectors to the STP or UTP cable.
The output amplitude of the transmitted signal is
programmable through the external RTSET resistor.

The receive section accepts MLT-3 coded data after
passing through an isolation transformer and band
limiting filter. Before the data con be converted from MLT-
3 back to NRZI, the adaptive equalizer is used to
compensate for the amplitude and phase distortion
incurred from the cable. The adaptive control section
determines the cable length and adjusts the equalizer
accordingly. A parallel 10pF capacitor can be connected
between TPIN+ and TPIN- to improve Bit Error Rate.

The adaptive control block governs both the equalization
level as well as the link detection status. The link detection
threshold has a fixed relationship to the overall equalization
level which is currently 25% of the transmitted amplitude.
For the link status to be true, a minimum level signal must
be received. When the input signal is small, the equalization
will be at its maximum.

After the signal has been equalized, it passes into the MLT-3
to NRZI converter where it is converted back to NRZ|
and fed through the loopback multiplexer onto the
RXOUT# pins.

Figure 1 shows a timing diagram of NRZI data and the
equivalent MLT-3 data. The MLT-3 data shows the output
current oy for one side of the transmitter, either
TPOUT+ or TPOUT-. The other transmit output pin will
be the complement. Whenever there is a change in level
in NRZI, MLT-3 will change levels too. The maximum
fundamental frequency of MLT-3 is half of the maximum
fundamental of NRZI.

Figure 2 shows a typical gain vs frequency plot of the
adaptive equalizer for 0, 25, 50, 75 and 100 meter
category 5 cable lengths.

MLT-3 DATA

10UT H

CURRENT (mA)

10UT/2

T T i 1 T T 1 T 1
0 8 16 24 32 40 48 56 64 72 80 96 104

(nsec)

1
NRZIDATAllIlIl |II I
[]

Figure 1. MLT-3 Encoding
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Figure 2. Equalization Range
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Application Example of ML6671 Configured for 2.0Vp.p Transmit Amplitude on C5 UTP.
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Split 100K ECL terminations are 829 and 130Q to VCC and GND respectively.

LPBK and TXOFF inputs are active LOW.

Transformer turns ratio is 1:1.

Note 1

Note 2.
Note 3.
Note 4.
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ORDERING INFORMATION

PART NUMBER TEMPERATURE RANGE PACKAGE
ML6671CQ 0°C to 70°C 32-Pin PLCC (Q32)
ML6671CH 0°C to 70°C 32-Pin TQFP (H32-7)
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ML6672

ATM UTP Transceiver

GENERAL DESCRIPTION

The ML6672 is a complete monolithic transceiver for
155Mbps NRZ encoded data transmission over Category 5
Unshielded Twisted Pair and Shielded Twisted Pair cables.
The ML6672 is compliant with the ATM Forum 155Mbps
Twisted Pair Specification. The adaptive equalizer in the
ML6672 will accurately compensate for line losses of up
to 100m of UTP. The part requires only external 1%
resistors for accurate equalization.

The ML6672 receive section consists of an equalizing
filter with a feedback loop for controlling effective line
compensation. The feedback loop contains a filter and
detection block for determining the proper control signal.
An ECL 100K compatible buffer at the output interfaces
directly with ATM physical interface chips.

The ML6672 transmit section accepts ECL 100K
compatible NRZ inputs.

Several additional functions are provided by the ML6672
to simplify applications. A common-mode reference is
provided to set the input DC level for the equalizer a

the near-end transformer winding. This terminal may be
used as an AC ground for the transformer center-tap or
termination resistors. A link status circuit monitors line
integrity and provides a proper logic level output signal to
interface with the host system.

The ML6672 is implemented i
differential signal path throl
power supply transients ary

FEATURES

Ceiver includes adaptive equalizer

Operates over 100 meters of STP or category 5 UTP
Twisted Pair Cable

m 32-pin surface mount package
m Semi-standard options available

BLOCK DIAGRAM
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PIN CONFIGURATION

ML6672 ML6672
32-Pin PLCC (Q32) 32-Pin TQFP (H32-7)
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PIN DESCRIPTION

NAME FUNCTION NAME FUNCTION

TXiN+, TXIN- These diffe;rential ECL100K compatible RXOUT+, Differential ECL100K compatible outputs
inputs receive NRZ data from the PHY for RXOUT- provide NRZ encoded data to the PHY.
transmission. CAP1, CAP2  Two external capacitors connected to

TPOUT+, Outputs from the NRZ buffer drive these these pins sets the time constant for the

TPOUT- differential current outputs. The adaptation in the equalizer loop as well
transmitter filter/transformer module as for signal detect response.

CO'fmeCts .the media to these pl.ns. RRSET1, Internal time constants controlling the

LPBK This TTL input enables transmitter- RRSET2 equalizer’s transfer function are set by an
Receiver loopback internally when external resistor connected across these
asserted low. pins.

TXOFF This TTL input forces the NRZ buffer to a CMREF This pin provides a DC common mode
quiet state when asserted low. reference point for the receiver inputs.

RTSET1, An external 1% resistor connected RVCCA, Analog and digital supply pins are

RTSET2 between these pins controls the RVCCD separated to isolate clean and noisy
transmitter output current amplitude. circuit functions. Both supplies are
lout = 64 x 1.25V/RTSET nominally +5 volts.

TVCCA, Separate analog and digital RGND Receiver ground.

TvCeD transmitter power supply pins hel_p to RSET1, RSET2  An external 5KQ resistor across these pins
isolate sensitive circuitry from noise sets up an internal reference current
generating digital functions. Both supplies . ’
are nominally +5 volts. RTH1, RTH2 S:n exte_rnal rtestlatou" ctonnelclted Iacfross

. . ese pins sets the internal levels for

TGNDA, Analog and digital transmitter grounds equalization as well as signal detect. This

TGNDD prowdg separate return paths for clean resistor allows compensation for transmit
and n0|?y sngne?ls. and magnetics variations. RTH should be

SD+, SD- These differential ECL100K compatible set to match the peak-to-peak transmit
outputs indicate the presence of a data amplitude. Vapmp = 16 x 1.25 x RTH/RSET
signal with an amplitude exceeding a where Vamp is the peak-to-peak
preset threshold. amplitude of the transmit output with

TPIN+, TPIN—  NRZ encoded data from the receiver filter/ zero length cable.
transformer module enters the Receiver
through these pins.
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ABSOLUTE MAXIMUM RATINGS

Absolute maximum ratings are those values beyond which
the device could be permanently damaged. Absolute
maximum ratings are stress ratings only and functional
device operation is not implied.

VCC Supply Voltage Range .................. GND -0.3V to 6V
Input Voltage Range

Digital Inputs .......cccceeerneenne GND -0.3Vto VCC + 0.3
Output Current

TPOUT+/TPOUT-, SD+, RXOUTE ..o 50mA

All other outpuLs ........oceveieciieiieceecceeee 10mA
Junction Temperature ...........cccceeeveeeeciciniienininnnnn. 150°C
Storage Temperature...........cccecuvveveeeeeenn. -65°C to +150°C

Lead Temperature (Soldering, 10 sec)
Thermal Resistance (gJA)
PLCC i

CAP1, CAP2 oo

Receive transformer insertion loss

5KQ + 1%

................. 1.0uF + 5%
...................... <-0.5dB

ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Ta = Tpn t0 Tmax, VCC = 5V £5%, RTSET = 4.0KQ, RTH = 250Q.

PARAMETER

CONDITIONS

I MIN [ TYP

DC Characteristics

MAX ’ UNITS

Supply Current
RVCCD 67 mA
RVCCA 52 mA
TVCCD 25 mA
TVCCA 6 mA
RVCCD + RVCCA + TVCCD + TVCCA 170 mA

TTL Inputs (TXOFF, LPBK)

V. Input Low Voltage 0.8 \

Vi Input High Voltage 2.0 \Y

Differential Inputs (TPINt, TXINt)

TPIN+, TPIN-

Common Mode Input Voltage 2.2 Vce \Y

TPIN+, TPIN-

Differential Input Voltage 1.5 \%

TPIN+, TPIN-

Differential Input Resistance 10.0K Q

TPIN+, TPIN-

Common Mode Input Current +10 uA

TXIN+, TXIN-

Input Voltage HIGH (V) Vee-1.165 Vcc-0.88 \Y

TXIN+, TXIN-

Input Voltage LOW (V) Vce-1.810 Vce-1.475 \Y,

TXIN+, TXIN-

Input Current LOW (1;) 0.5 UA

TXIN+, TXIN-

Input Current HIGH (i) 50 UA

Differential Outputs (SD+, RXOUTt, TPOUT®)

SD+, SD-, RXOUT+, RXOUT-

Output Voltage HIGH (Vo) Note 5 Vce-1.025 Vcc-0.88 \Y

SD+, SD-, RXOUT+, RXOUT-

Output Voltage LOW (Vo) Note 5 Vce-1.81 Vee-1.62 \Y
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ELECTRICAL CHARACTERISTICS (Continued)

PARAMETER ] CONDITIONS 1 MIN l TYP J MAX ] UNITS

Differential Outputs (SD+, RXOUT%, TPOUT#) (Continued)

TPOUT+, TPOUT-

Differential Output Current HIGH Vourt = Vcc £ 0.5, Note 4 19.0 21.0 mA
TPOUT+, TPOUT-

DifferentialOutput Current LOW Vout = Vcc £ 0.5, Note 4 0 0.1 mA
TPOUT+, TPOUT-

Output Current Offset Note 3 0.5 mA
TPOUT+, TPOUT—VOUT = VCC

Output Amplitude Error Note 3, 4 -5.0 5.0 %
TPOUT+, TPOUT-VoyT = Vec £1.1V

Output Voltage Compliance -2.0 +2.0 %
AC Characteristics

TPOUT+, TPOUT-

Rise/Fall Time Note 2 1.5 2.0 2.5 ns
TPOUT+, TPOUT-

Output Jitter Note 2 0.5 ns
RXOUT+, RXOUT-

Rise/Fall Time Note 2 5 ns
RXOUT+, RXOUT-

Output Jitter Note 2 2.0 ns

Note 1. Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with

respect to ground.

Note 2. Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions.

Note 3. Low Duty cycle pulse testing is performed at Ta.
Note 4. Output current amplitude is determined by loyt = 64 x 1.25V/RTSET.

Note 5. Output voltage levels are specified when terminated by 509 to Vcc-2V or equivalent load.

FUNCTIONAL DESCRIPTION

The ML6672 transceiver is a physical media dependent
transceiver that allows the transmission and reception of
155 Mbps data over shielded twisted pair cable or
category 5 unshielded twisted pair cable.

The transmit section accepts NRZ data, sending the
information on a two pin current driven transmitter. The
transmitted output passes through an external low pass
filter and transformer before entering the connectors to the
STP or UTP cable. The output amplitude of the transmitted
signal is programmable through the external RTSET resistor.

The receive section accepts NRZ coded data after it
passes through an isolation transformer and band limiting
filter. The adaptive equalizer is used to compensate for
the amplitude and phase distortion incurred from the cable.
The adaptive control section determines the cable length
and adjusts the equalizer accordingly. As the input signal
amplitude diminishes, the amount of equalization increases
until it reaches its maximum of an equivalent 100 meters of
category 5 cable. A parallel 10pF capacitor can be connected
between TPIN+ and TPIN- to improve Bit Error Rate.

The adaptive control block governs both the equalization
level as well as the link detection status. The link
detection threshold has a fixed relationship to the overall
equalization level which is currently 25% of the

transmitted amplitude. For the link status to be true, a
minimum level signal must be received. When the input
signal is small, the equalization will be at its maximum.

After the signal has been equalized, it is fed through the
loopback multiplexer onto the RXOUT# pins.

Figure 1 shows a typical gain vs frequency plot of the
adaptive equalizer for 0, 25, 50, 75 and 100 meter
category 5 cable lengths.
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Figure 1. Equalization Range
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TRANSMISSION

PECL level scrambled NRZ data is received by the
ML6672 and the current driven transmitter then sent the
data to the filter/transformer module. The transmit
amplitude is controlled by one external resistor, RTSET.

L _64x1.25V
OUT = " RTSET

For ATM UTP applications the transmit amplitude is 1V
peak to peak. The termination at the transmitter output is
509. Therefore the transmit current loyt = 1/50 = 20 mA.

Therefore, RTSET = 64 x 1.25/40KQ = 4KQ

The transmitter may be disabled via the TXOFF pin. When
this pin is pulled low, the transmitter’s output goes to its
center value (loy7/2) with no differential current flowing
through the transformer.

ADAPTIVE EQUALIZATION

During transmission of data over UTP (unshielded twisted
pair), distortion and ISl are caused by dispersion in the

cable. Equalization is used to overcome this signal
corruption. However, the distortion is frequency
dependent and loop length dependent. Therefore, in most
practical cases, the TP port characteristic is unknown and
it is impractical to tune the equalizer specifically to each

individual port. Hence, adaptive equalizer is used in the
TP-PMD to ensue proper compensation of the received
signal.

By using adaptive equalizer, the receiver automatically
compensate different length of cable without over
equalizing or under equalizing the line. The ML6672
monitors the energy of the received signal to determine
the cable length and adjust the equalizer accordingly. The
input signal level is inversely proportional to the cable
length. Therefore, as the signal level decreases, the
amount of equalization is increased to compensate for the
line loss.

RECEIVE CIRCUIT

After the data is received and equalized, it is then sent to
the clock recovery circuit via the RXOUT pins. A resistor
RTH is used to control the internal level of equalization.

_16x1.25xRTH

V,

AMP RSET
VAMP is the transmit voltage amplitude and is equal to 1V
and RSET = 5KQ. Therefore, RTH =1 x 5/(16 x 1.25) KQ =
250Q.

CAP1 and CAP2 are capacitors used to set the time
constant for adaptation of the equalizer loop and should
be 0.33pF.

8L Micro Linear
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TO MIC
FROM MIC
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Application Example of ML6672 Configured for 1.0Vp.p Transmit Amplitude on C5 UTP.

Note 1. Split 100K ECL terminations are 82 and 130Q to VCC and GND respectively.

Note 2. Recommended power supply bypass capacitors are 0.1uF with optional 10uF tantalum in parallel.
Note 3. Transformer turns ratio is 1:1.

Note 4. LPBK and TXOFF inputs are active LOW.
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ORDERING INFORMATION

PART NUMBER TEMPERATURE RANGE PACKAGE
ML6672CQ 0°C to 70°C 32-Pin Molded Leaded PLCC (Q32)
ML6672CH 0°C to 70°C 32-Pin TQFP (H32-7)
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ML6673

Fast Ethernet/FDDI TP-PMD Transceiver

GENERAL DESCRIPTION

The ML6673 is a complete monolithic transceiver for 125
Mbaud MLT-3 encoded data transmission over Category 5
unshielded twisted pair and shielded twisted pair cables.
The ML6673 integrates the baseline restoration function
defined in the TP-PMD standard. The adaptive equalizer
in the ML6673 will accurately compensate for line losses
exceeding the IEEE 802.3u limit of 100m of UTP.

The ML6673 receive section consists of an equalizing
filter with a feedback loop for controlling effective line
compensation. The feedback loop contains a filter and
detection block for determining the proper control signal.
The ML6673 also contains data comparators with
precisely controlled slicing thresholds and an MLT-3 to
NRZI translator.

The ML6673 transmit section accepts ECL 100K
compatible NRZ inputs and converts them to differential
current mode MLT-3 signals. Transmit amplitude is
controlled by a single external resistor.

FEATURES

m Compliant with [EEE 802.3u Fast Ethernet (100BASE-
TX) standard

m Compliant with ANSI X3T12 FDDI over copper
(TP-PMD) standard

® Integrated baseline wander correction circuit

m Transmitter converts NRZI ECL signals to MLT-3 current
driven outputs

m Transmitter can be externally turned off
(high impedence) for true quiet line

m Receiver includes adaptive equalizer and MLT-3 to
NRZI decoder

® Operates over 100 meters of STP or category 5 UTP
Twisted Pair Cable set by the IEEE 802.3u standards

® 32-pin PLCC and TQFP

BLOCK DIAGRAM
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PIN CONFIGURATION

ML6673
32-Pin PCC (Q32)

ML6673
32-Pin TQFP (H32-7)
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PIN DESCRIPTION

NAME NAME FUNCTION

TXIN+, TXIN=  These differential ECL100K compatible TGNDA, Analog and digital transmitter grounds
inputs receive NRZI data from the PHY TGNDD provide separate return paths for clean
for transmission. and noisy signals.

TPOUTH+, Outputs from the NRZI-MLT3 state SD+, SD- These differential ECL100K compatible

TPOUT- machine drive these differential current outputs indicate the presence of a data
outputs. The transmitter filter/transformer signal with an amplitude exceeding a
module connects the media to these pins. preset threshold.

LPBK This TTL input enables transmitter- TPIN+, TPIN-  MLT-3 encoded data from the receiver
receiver loopback internally when filter/transformer module enters the
asserted low. When LPBK is asserted, receiver through these pins.
signal detect is asserted. RXOUT+, Differential ECL100K compatible outputs

TXOFF This TTL input forces the NRZI-MLT3 RXOUT- provide NRZI encoded data to the PHY.
St?:e machmztlo a h'gg n};npede;fnce state RRSET1, Internal time constants controlling the
‘k’;’. en asserted low and shuts oif transmit RRSET2 equalizer’s transfer function are set by an

1as current. external resistor connected across these

RTSETT, An external 1% resistor connected pins.

RTSET2 betwegn these pins controls the. CMREF This pin provides a DC common mode
}ransmlgirxo;ng;w;{rseg]; amplitude. reference point for the receiver inputs.
OuUT = . .. .

L . RVCCA, Analog and digital supply pins are

R//ggg' Separate an‘lalog. anﬁ (?lg{tal_ tr;lmtsmltter RVCCD sgparated to isolate clean an_d noisy
power supply pins help to isolate circuit functions. Both supplies are
sensitive circuitry from noise generating nominally +5 volts
digital functions. Both supplies are . ’
nominally +5 volts. RGND Receiver ground.
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ABSOLUTE MAXIMUM RATINGS

Absolute maximum ratings are those values beyond
which the device could be permanently damaged.
Absolute maximum ratings are stress ratings only and
functional device operation is not implied.

Ve Supply Voltage Range .......c..c....... GND -0.3V to 6V
Input Voltage Range

Digital Inputs .........coceereueenene GND -0.3V to V¢ +0.3V
Output Current

TPOUTH, SD£, RXOUTE oo 50mA

All other outputs .............. ... T0mA
Junction Temperature ..........c.ccccccvveereecenicecnnennee. 150°C
Storage Temperature...........ccccceeeeuveennneene -65°C to 150°C

Lead Temperature (Soldering, 10 S€C) .....c.cccueueuenne 260°C
Thermal Resistance (8ja)
PLCC e 60°C/W
TQFP ettt 80°C/W
OPERATING CONDITIONS
Ve Supply VOItage ......oveeeicieicicicieicrene 5V 5%

Ta, Ambient Temperature ....

RTSET ettt et 2kQ £1%
RRSET ettt rreeeae s 9.53kQ +1%
Receive Transformer Insertion LOSS .......c....cceune.n. < -0.5dB

ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Ta = Tmin to Tmax, Vee = 5V £5%, RTSET = 2kQ. (Note 1)

PARAMETER CONDITIONS [ min [ e | max [ uwits
DC Characteristics
Supply Current
RVCCD 4 mA
RVCCA 65 mA
TVCCD 4 mA
TVCCA 6 mA
RVCCD + RVCCA + TVCCD + TVCCA 195 mA
TTL Inputs (TXOFF, LPBK)
Vi Input Low Voltage 0.8 \%
V4 Input High Voltage 2.0 \%
Differential Inputs (TPIN£, TXIN%)
TPIN+, TPIN-
Common Mode Input Voltage 2.2 Vee \
TPIN+, TPIN-
Differential Input Voltage 1.5 \
TPIN+, TPIN-
Differential Input Resistance 10.0K Q
TPIN+, TPIN-
Common Mode Input Current +10 HA
TXIN+, TXIN-
Input Voltage HIGH (V) Vce-1.165 Vce-0.88 \%
TXIN+, TXIN-
Input Voltage LOW (Vy) Vce-1.810 Vce-1.475 Vv
TXIN+, TXIN-
Input Current LOW (1) 0.5 pA
TXIN+, TXIN-
Input Current HIGH (1) 50 HA
Differential Outputs (SD+, RXOUT%, TPOUT)
SD+, SD—-, RXOUT+, RXOUT-
Output Voltage HIGH (Vou) Note 3 Vce-1.025 Vcc-0.88 \%
SD+, SD-, RXOUT+, RXOUT-
Output Voltage LOW (Vo) Note 3 Vce-1.81 Vce-1.62 Vv
8L Micro Linear 2-211
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ELECTRICAL CHARACTERISTICS (Continued)

PARAMETER

L CONDITIONS I

MIN

| YP

| UNITS

Differential Outputs (SD+, RXOUT%, TPOUT+) (Continued)

TPOUT+, TPOUT-
Output Current HIGH

Vourt = Vcc £ 0.5, Note 2

42.0

mA

TPOUT+, TPOUT-
Output Current LOW

Vout = Ve £ 0.5, Note 2

0.5

mA

TPOUT+, TPOUT-
Output Current Offset

0.5

mA

TPOUT+, TPOUT——VOUT = Vcc
Output Amplitude Error

Note 2

5.0

0/ o

TPOUT+, TPOUT-Voyr = Ve 21.1V
Output Voltage Compliance

-2.0

+2.0

O/ o

AC Characteristics

TPOUT+, TPOUT-
Rise/Fall Time

2.0

ns

TPOUT+, TPOUT-
Output Jitter

0.8

ns

RXOUT+, RXOUT-
Rise/Fall Time

2.0

ns

RXOUT+, RXOUT-
Output Jitter

2.0

ns

Note 1. Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions.
Note 2. Output current amplitude is determined by Ioyt = 64 x 1.21V/RTSET.
Note 3. Output voltage levels are specified when terminated by 50Q to V¢ - 2V or equivalent load.
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FUNCTIONAL DESCRIPTION

The ML6673 MLT-3 transceiver is a physical media
dependent transceiver that allows the transmission and
reception of 125 Mbaud data over shielded twisted pair
cable or category 5 unshielded twisted pair cable. It
provides a standard Physical Media Dependent (PMD)
interface compatible with many FDDI chip sets.

The transmit section accepts NRZI data, converting it to a
three level MLT-3 code and sending the information on a
two pin current driven transmitter. The transmitted output
passes through an external low pass filter and transformer
before entering the connectors to the STP or UTP cable.
The output amplitude of the transmitted signal is
programmable through the external RTSET resistor.

L _32x1.25V
OUT = " RTSET

For 100BASE-TX UTP application, the transmit amplitude
is 2VP-P differential achieved by setting RTSET = 2kQ (1%).

The receive section accepts MLT-3 coded data after
passing through an isolation transformer and band
limiting filter. Before the data can be converted from MLT-
3 back to NRZI, the adaptive equalizer is used to
compensate for the amplitude and phase distortion
incurred from the cable. The adaptive control section
determines the signal amplitude (and therefore the cable
length) and adjusts the equalizer accordingly.

The receiver also includes the Baseline Wander correction
circuitry. The circuit will compensate and track the DC
baseline wander caused by DC imbalance of the received
data. It will tolerate the test pattern as specified in the
ANSI X3T12 TP-PMD specification. A parallel 10pF
capacitor can be connected between TPIN+ and TPIN-
to improve Bit Error Rate.

The adaptive control block governs both the equalization
level as well as the signal detection status. Signal detect is
asserted when the equalizer control loop settles or when
loop back is asserted. When the input signal is small, the
equalization will be at its maximum.

After the signal has been equalized, it passes into the MLT-3
to NRZI converter where it is converted back to NRZI
and fed through the loopback multiplexer onto the
RXOUT pins.

Figure 1 shows a timing diagram of NRZI data and the
equivalent MLT-3 data. The MLT-3 data shows the output
current Ioyt for one side of the transmitter, either
TPOUT+ or TPOUT-. The other transmit output pin will
be the complement. Whenever there is a change in level
in NRZI, MLT-3 will change levels too. The maximum
fundamental frequency of MLT-3 is half of the maximum
fundamental of NRZI.

Figure 2 shows a typical gain vs frequency plot of the
adaptive equalizer for 0, 25, 50, 75 and 100 meter
category 5 cable lengths.

ML6671 COMPATIBILITY

The ML6673 implements the Baseline Wander correction
circuit, in addition to providing the functionality of the
existing ML6671 device. The ML6673 is plug-compatible
with the ML6671 with the following note:

¢ In the ML6673 design, the following passive
components may be eliminated
— RSET resistor
— RTH resistor
— CAP1 capacitor
— CAP2 capacitor

MLT-3 DATA

10UT

CURRENT (mA)

10UT/2

T Iy T T 17T T T T
0 8 16 24 32 40 48 56 64 72 80 88 96104

(nsec)

1
NRZI DATA I | I l I | I | I
0

Figure 1. MLT-3 Encoding
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Application Example of ML6673 Configured for 2.0Vp_p Transmit Amplitude on C5 UTP.
Split 100K ECL terminations are 82Q and 130Q to VCC and GND respectively.

Note 2. Recommended power supply bypass capacitors are 0.1uF with optional 10F tantalum in parallel.

Note 3. Transformer turns ratio is 1:1.

Note 1.

LPBK and TXOFF inputs are active LOW.

Note 4.
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ORDERING INFORMATION

PART NUMBER TEMPERATURE RANGE PACKAGE
ML6673CQ 0°C to 70°C 32-Pin PLCC (Q32)
ML6673CH 0°C to 70°C 32-Pin TQFP (H32-7)

8L Micro Linear 2-215



ML6673

2-216 8L Micro Linear



- - -
LgL Micro Linear

April 1997

ML6674

ATM 155Mbps UTP Transceiver

GENERAL DESCRIPTION

The ML6674 is a complete monolithic transceiver for
155Mbps NRZ encoded data transmission over category
5 unshielded twisted pair (UTP) and shielded twisted pair
(STP) cables. The ML6674 is compliant with the ATM
155Mbps Twisted Pair Specification. The ML6674
includes the baseline restoration function and adaptive
equalization which will accurately compensate for line
losses exceeding 100m of UTP.

The ML6674 receive section consists of an equalizing
filter with a feedback loop for controlling effective line
compensation. The feedback loop contains a filter and
detection block for determining the proper control signal.
An ECL 100K compatible buffer at the output interfaces
directly with ATM physical interface chips.

The ML6674 transmit section accepts ECL 100K
compatible NRZ inputs.

FEATURES

m Complies with ATM Forum 155Mbps twisted pair
specification

B Integrated baseline wander correction circuit
® Integrated adaptive equalization

® Transmitter can be externally turned off
(high impedence) for true quiet line

® Operates over 100 meters of STP or category 5 UTP
Twisted Pair Cable

® 32-pin PLCC and TQFP

LPBK TXOFF TVCCA  TVCCD RTSET
j 1_ RTSET1 RTSET2
I s T T T T T T T T T T T T T T T T T T T T T T T T TTTITT T TTT 1
! ]
i 1
TXING — > I » TPOUT+
1 NRZI H
H TO MLT-3 1
TXIN- > : » TPOUT-
1 j 1
! 1
! |
: ]
1
SD+ <+ LINK —_—“j !
1
<! STATUS
SD- < — : CAP1
i v »| ADAPTIVE — g chu’z
: | < »| CONTROL i i
t 1
RXOUT+ ~€——— - !
1 MUX | - TPIN+
RXOUT- <1— ~ MLT-3 ADAPTIVE 1
1 \ - TO NRZI EQUALIZER — TPIN-
1

TGNDA TGNDD

TTTTwRSEA CRRSE[ T[]
RRSET  RVCCA RVCCD CMREF
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PIN CONFIGURATION

ML6674
32-Pin PCC (Q32)

ML6674
32-Pin TQFP (H32-7)

1
- < —“ <
25 - W+ ~ <
EEEEEE: EErEZ2z¢g8z
2 = O R E 22 L8 EEZR
LI OO OO0 0
/4 3 2 1 32 31 30 /732 31 30 29 28 27 26 25
RxouT+[ 5 29| ] RRSET1 RRSETT |1 24] ] TPOUT-
rvcep [ 6 28| ] RRSET2 TIN- ]2 23[] TPOUT+
sD-[]7 27] J RsET1 TPIN+ [(]3 22| ] TRSET2
sD+[ |8 26| ] RSET2 CMREF [_|4 21| ] RTSET1
N[ o 25[ ]RGND car2 [|s 20[ ] Tvcep
TGNDD [ 10 24[ ] RTH1 car1 6 19] ] TXIN-
pBK |11 23[ ] RTH2 RvCeA []7 18] TXIN+
TXOFF [_|12 22 ] TvCCA RxOUT- []8 17 Ne
9 10 1112 13 14 15 16
N/c[]13 21[ ] TGNDA EpEEEEEEEEEEEEE]
14 15 16 17 18 19 20 28 4 4 9 2 ¥ |k
[ O O O 53 %8z 9 [E|[g
+ 1 o = & + | [< O -
ZZghEE5S5 z = =
EEFEERE

PIN DESCRIPTION

NAME FUNCTION NAME FUNCTION

TXin+, TXin—-  These differential ECL100K compatible TGNDA, Analog and digital transmitter grounds
inputs receive NRZ data from the PHY for TGNDD provide separate return paths for clean
transmission. and noisy signals.

TPOUT+, Outputs from the NRZ buffer drive these SD+, SD- These differential ECL100K compatible

TPOUT- differential current outputs. The outputs indicate the presence of a data
transmitter filter/transformer module signal with an amplitude exceeding a
connects the media to these pins. preset threshold.

LPBK This TTL input enables transmitter- TPIN+, TPIN-  NRZ encoded data from the receiver
Receiver loopback internally when filter/transformer module enters the
asserted low. Receiver through these pins.

TXOFF This TTL input forces the NRZ driver to a RXOUT+, Differential ECL100K compatible outputs
high impedence state when asserted low RXOUT- provide NRZ encoded data to the PHY.
and shuts off transmit bias currrent. RRSET1, Internal time constants controlling the

RTSETT, An external 1% resistor connected RRSET2 equalizer’s transfer function are set by an

RTSET2 between these pins controls the external resistor connected across these
transmitter output current amplitude. pins.
lour = 32 x 1.25V/RTSET CMREF This pin provides a DC common mode

TVCCA, Separate analog and digital reference point for the receiver inputs.

TVCCeD FraTsmltter pgwer.sup'plyfpms hel.p to RVCCA, Analog and digital supply pins are
Isolate sensitive circuitry from noise RVCCD separated to isolate clean and noisy
generating digital functions. Both supplies circuit functions, Both supplies are
are nominally +5 volts. nominally +5 volts.

RGND Receiver ground.
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ABSOLUTE MAXIMUM RATINGS

Absolute maximum ratings are limits beyond which the
life of the integrated circuit may be impaired. All voltages
unless otherwise specified are measured with respect to
ground.

Vce Supply Voltage Range ................... GND -0.3V to 6V
Input Voltage Range

Digital Inputs ..................... GND -0.3V to VCC + 0.3V
Output Current

TPOUT+/TPOUT-, SD+, RXOUT=% ....coviiiinnnnne 50mA

All other OUtPULS ...........ocvieieiceeeeee e 10mA
Junction Temperature ...........ccooveveeeevereceneneecrennenn 150°C

Storage Temperature .........ccccceeeeeeceeneennnn. -65°C to 150°C
Lead Temperature (Soldering, 10 S€C) ....cccccveerurene. 260°C
Thermal Resistance (6)4)
PLCC ettt 60°C/W
TQFP e eseee e 80°C/W
OPERATING CONDITIONS
VCC Supply Voltage ........c.ccceveeereeeencnne.

Ta, Ambient Temperature .
RTSET ettt e e e eaeaas

ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Ta = Tpin to Tmax, VCC = 5V 5%, RTSET = 2.0kQ. (Note 1)

PARAMETER CONDITIONS | mn [ v [ max | units
DC Characteristics
Supply Current
RVCCD 74 mA
RVCCA 65 mA
TVCCD 14 mA
TVCCA 6 mA
RVCCD + RVCCA + TVCCD + TVCCA 185 mA
TTL Inputs (TXOFF, LPBK)
Vi Input Low Voltage 0.8 Vv
Viy Input High Voltage 2.0 \
Differential Inputs (TPINt, TXINt)
TPIN+, TPIN-
Common Mode Input Voltage 2.2 Vce \%
TPIN+, TPIN-
Differential Input Voltage 1.5 \%
TPIN+, TPIN-
Differential Input Resistance 10.0k Q
TPIN+, TPIN-
Common Mode Input Current +10 UA
TXIN+, TXIN-
Input Voltage HIGH (V) Vce-1.165 Vcc—0.88 \%
TXIN+, TXIN=-
Input Voltage LOW (V) Vce-1.810 Vcc-1.475 \Y
TXIN+, TXIN-
Input Current LOW (ly) 0.5 UA
TXIN+, TXIN=-
Input Current HIGH () 50 uA
Differential Outputs (SD+, RXOUT+, TPOUT)
SD+, SD-, RXOUT+, RXOUT-
Output Voltage HIGH (Vo) Note 3 Vee-1.025 Vcc-0.88 %
SD+, SD-, RXOUT+, RXOUT-
Output Voltage LOW (Vo)) Note 3 Vce-1.81 Vce-1.62 \Y
TPOUT+, TPOUT-
Differential Output Current HIGH Vour = Vcc £ 0.5, Note 2 19.0 21.0 mA
- - =
gL Micro Linear 2-219



ML6674

ELECTRICAL CHARACTERISTICS (Continued)

PARAMETER I CONDITIONS I MIN | TYP I MAX ] UNITS

Differential Outputs (SD+, RXOUT, TPOUT#) (Continued)

TPOUT+, TPOUT-

DifferentialOutput Current LOW Vourt = Vcc £ 0.5, Note 2 0 0.1 mA
TPOUT+, TPOUT-

Output Current Offset 0.5 mA
TPOUT+, TPOUT-Vour = Ve

Output Amplitude Error Note 2 -5.0 5.0 %
TPOUT+, TPOUT—-VOUT = VCC +1.1V

Output Voltage Compliance -2.0 +2.0 %
AC Characteristics

TPOUT+, TPOUT-

Rise/Fall Time 1.5 2.0 2.5 ns
TPOUT+, TPOUT-

Output Jitter 0.5 ns
RXOUT+, RXOUT-

Rise/Fall Time 5 ns
RXOUT+, RXOUT-

Output Jitter 2.0 ns

Note 1. Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions.

Note 2. Output current amplitude is determined by loyt = 32 x 1.25V/RTSET.

Note 3. Output voltage levels are specified when terminated by 50Q to V-2V or equivalent load.

FUNCTIONAL DESCRIPTION

The ML6674 transceiver is a physical media dependent
transceiver that allows the transmission and reception of
155 Mbps data over 100 meters over shielded twisted pair
cable or category 5 unshielded twisted pair cable.

The transmit section accepts NRZ data, sending the
information on a two pin current driven transmitter. The
transmitted output passes through an external low pass
filter and transformer before entering the connectors to the
STP or UTP cable. The output amplitude of the transmitted
signal is programmable through the external RTSET
resistor.

The receive section accepts NRZ coded data after it passes
through an isolation transformer and band limiting filter.
The adaptive equalizer is used to compensate for the
amplitude and phase distortion incurred from the cable.
The adaptive control section determines the signal
amplitude (and therefore the cable length) and adjusts the
equalizer accordingly. As the input signal amplitude
diminishes, the amount of equalization increases until it
reaches its maximum (Figure 1).

The receiver also includes the Baseline Wander correction
circuitry. The circuit will compensate and track the DC
baseline wander caused by DC imbalance of the received
data. A 10pF capacitor can be connected between TPIN+
and TPIN- to improve Bit Error Rate.

The adaptive control block governs both the equalization
level as well as the signal detection status. Signal detect is
asserted when the equalizer control loop settles, or when

loop back is asserted. When the input signal is small, the

equalization will be at its maximum.

After the signal has been equalized, it is fed through the
loopback multiplexer onto the RXOUT% pins.

Figure 1 shows a typical gain vs frequency plot of the
adaptive equalizer for 0, 25, 50, 75 and 100 meter
category 5 cable lengths.

20
15
10 7
/ ¢ f
5 A / N
A Z
A b

.-///’/ ,./ LA

1 ———”" _//

—— ettt
0 x106 1x107 1x108 1x109

Figure 1. Equalization Range

2-220

8L Micro Linear



ML6674

TRANSMISSION

PECL level scrambled NRZ data is received by the
ML6674 and the current driven transmitter then sent the
data to the filter/transformer module. The transmit
amplitude is controlled by one external resistor, RTSET.

L _32x1.25V
OUT = " RTSET

For ATM UTP applications the transmit amplitude is 1V
peak to peak. The termination at the transmitter output is
50Q. Therefore the transmit current Igyt = 1/50 = 20 mA.
Thus,

RTSET = 32%1.25V _ 5.
20mA

The transmitter may be disabled via the TXOFF pin. When
this pin is pulled low, the transmitter’s output goes to a
high impedance state and no current flows through the
transformer.

ADAPTIVE EQUALIZATION

During transmission of data over UTP (unshielded twisted
pair), distortion and ISI are caused by dispersion in the
cable. Equalization is used to overcome this signal
corruption. However, the distortion is frequency
dependent and cable length dependent. Therefore, in
most practical cases, the TP port characteristic is unknown

and it is impractical to tune the equalizer specifically to
each individual port. Hence, adaptive equalizer is used in
the TP-PMD to ensue proper compensation of the
received signal.

By using adaptive equalizer, the receiver automatically
compensates different length of cable without over
equalizing or under equalizing the line. The ML6674
monitors the amplitude of the received signal to determine
the cable length and adjust the equalizer accordingly. The
input signal level is inversely proportional to the cable
length. Therefore, as the signal level decreases, the
amount of equalization is increased to compensate for the
line loss.

ML6672 COMPATIBILITY

The ML6674 implements the Baseline Wander correction
circuit, in addition to providing the functionality of the
existing ML6672 device. The ML6674 is plug-compatible
with the ML6672 with the following notes:

* In the ML6674 design, the RTSET resistor must be
2.0kQ

¢ In the ML6674 design, the following passive
components may be eliminated
— RSET resistor
— RTH resistor
— CAP1 capacitor
— CAP2 capacitor
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Application Example of ML6674 Configured for 1.0Vp.p Transmit Amplitude on C5 UTP.

Split 100K ECL terminations are 82Q and 130Q to VCC and GND respectively.
Note 2. Recommended power supply bypass capacitors are 0.1uF with optional 10pF tantalum in parallel.

Note 3. Transformer turns ratio is 1:1.

Note 1.

LPBK and TXOFF inputs are active LOW.

Note 4.
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ORDERING INFORMATION

PART NUMBER TEMPERATURE RANGE PACKAGE
ML6674CQ 0°C to 70°C 32-Pin PLCC (Q32)
ML6674CH 0°C to 70°C 32-Pin TQFP (H32-7)
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ML6680

Token Ring Copper-to-Fiber Converter

GENERAL DESCRIPTION

The ML6680 is a single-chip conversion between Token
Ring ISO/IEC8802-5 copper-based media and Token Ring
ISO/IEC8802-5 fiber-based media. The ML6680 fiber-optic
interface contains a data quantizer, circuitry for fiber optic
key signal generation and recognition, pin-selectable
signal switching, and current driven transmitter outputs.

The ML6680 copper interface consists of a twisted pair
line equalizer, receive squelch circuit, pin selectable
phantom wire fault detection and signal switching, and a
transmit driver. This section supports the ISO/IEC8802-5
standard requirements. The ML6680 provides an optional
PECL compatible interface.

The ML6680 may be configured to one of four modes:

1. Standard Media Converter

2. Concentrator Media Converter

3. Lobe or Ring Out Port Media Converter
4. Ring In Port Media Converter

FEATURES

Single-chip copper-to-fiber converter for Token Ring

16Mbps and 4Mbps data rates with the same
external components

Four modes of operation covering a wide variety

of applications

Full duplex operation

Highly stable data quantizer with 55dB input

dynamic range

Current driven fiber optic LED driver for accurate

launch power

Current driven output for low RFI noise and low jitter
Capable of driving 100Q UTP or 150Q STP
Pin selectable phantom wire fault detection and

signal switching

BLOCK DIAGRAM
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1 TPOUTN DRIVER < < QUANTIZER OPINN
! ]
: [ vbc !
| PHTM1 !
PHANTOM CONTROL BIAS |
| PHT™M2 DRIVER LOGIC !
- !
i ! i
! 1
1 XTALT |
H CRYSTAL ?
1 OSCILLATOR XTAL2 |
]
! 1
L e e e e e o e e o o o e o e o o o o ] o o o o o = o o Jd
KEYGEN  INSERTED

8L Micro Linear

2-225



ML6680

PIN CONFIGURATION

ML6680
28-Pin PLCC (Q28)
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PIN DESCRIPTION

PIN# NAME FUNCTION PIN# NAME FUNCTION
1,28 XTALIT, Crystal inputs. A 32.768kHz watch 13 RTSETTP  Twisted pair transmit level set resistor
XTAL2 crystal connected between these pins input. A precision resistor between
provides timing for the fiber optic RTSETTP and VCC sets the amplitude
insertion key signal. An external clock of the TPOUTP/N output.
can be used to drive XTAL1 while ..
grounding XTAL2. The frequency of 14 vea Positive 5V power supply.
the external clock should be between 15 INSERTED Insertion indicator. It is an active low,
32.7kHz and 34.5kHz. open collector LED driver. In
. configurations 1, 3 and 4 this output
2 Vea Positive 5V power supply. goes éIy’ow when the ML6680 is in the

3,4 EQA, EQB Equalizer network pins. An external “Insert State.” In configuration 2 this
combination of two resistors and a output goes low when the ML6680 is
capacitor connected at EQA and EQB in the “Insert State” and no wire fault
sets up the on-chip twisted pair is detected. This input is tied to ground
receive equalizer. to disable the frequency squelch, and

. . - . to reduce the time constant of the

5,6 TPINP/N Receive twisted pair inputs. This amplitude squelch of the optical input.
differential input pair receives
differential Manchester signals from 16 RTSETOP A precision resistor between RTSETOP
the coupling transformer (or PECL and VCC sets the amplitude of the
compatible levels). OPOUT output.

7,8 PHTM1/2 Phantom drive/sense inputs/outputs. In 17 OPINOK Valid fiber optic input signal indicator.
configuration 1, these pins are TTL It is an active low, open collector LED
inputs from two external opto driver. This output goes low when the
isolators. They are low when phantom signal at OPINP/N meets frequency
power is present and high when and amplitude squelch limit for
phantom power is removed. These received signals at TPINP/N.
Elnr;feartoa\x/r[\?jeatrzeuzzsr;to()g\gé‘kvfor a 18 OPVCC Pos.itive 5V power supply for fiber
wire fault on the phantom circuits optic LED driver.
when it is required in configuration 2. 19 OPOUT  Fiber optic LED driver output. The
In configuration 3, these pins are don't fiber optic LED connects between this
cares. In configuration 4, these pins pin and OPVCC.
3rrebloot\g (f)cf)rt;:,;n}?‘h?g:r[?&?&g;;:y 20 OPGND  Ground for the fiber optic LED driver.
ML6680 into the “Bypass State.” 21 GNDI1 Ground.

9 GND2 Ground. 22 KEYGEN  Key generation select CMOS input.
10, 11 TPOUTP/N Transmit twisted pair outputs. This This input is low for configurations 2
differential current output pair drives and 3 of the general description, and is
differential Manchester signals into the high for configurations 1 and 4.
network coupling transformer and 23 VDC Offset correction time constant
transmit filter. Output edge rates are capacitor input. An external capacitor
controlled to allow use of a simpler between this pin and QGND
filter than would otherwise be determines the time constant of the
required. These outputs can be PECL internal offset correction circuit for the
compatible with an external resistor fiber optic quantizer.
network.
24 QGND Quantizer’s ground.

12 TPINOK

Valid twisted pair input signal
indicator. It is an active low, open
collector LED driver. This output goes
low when the signal at TPINP/N meets
frequency and amplitude squelch
requirements. This input is tied to
ground for configurations 3 and 4 to
enable signal path switching.

27

26, 25 OPINP/N

Qvcce

Receive fiber inputs. This pair of inputs
receive differential Manchester signals
from the fiber optic receiver/preamp
and present them to the on-chip fiber
optic quantizer. These inputs should
be capacitively coupled to the input
source. The input resistance is
approximately 1.3kQ.

Quantizer’s positive 5V power supply.

@ Micro Linear
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ABSOLUTE MAXIMUM RATINGS

Absolute maximum ratings are those values beyond which
the device could be permanently damaged. Absolute
maximum ratings are stress ratings only and functional
device operation is not implied.

Power Supply Voltage Range, Vcc woveevevenneee. -0.3to 6V
Input Voltage Range .......cccoceeeeveivucceninennnnes -0.3to V¢
Output Current

TPOUTP, TPOUTN ..ottt 50mA

PHTM1, PHTM2
Input Current
RTSETTP, RTSETOP, TPINOK,
OPINOK, INSERTED
Storage Temperature -65°C to 150°C
Lead Temperature (soldering, 10 S€C.) .cvceeveveverreennenen 260°
Thermal ResisStance .........cocevvereeerriercerinnenenerenees 68°C/W

20mA

OPERATING CONDITIONS

Power Supply Voltage, Ve «oeeeeeeeneeneeeeeeeneenieenae 5V 5%
All Ve supply pins must be within 0.1V of each other.

All GND pins must be within 0.1V of each other.

Ambient Temperature,Tp .... 0°C to 70°C
Junction Temperature, Tj.. °C to 125°C
LED on Current ......... . .. 4mA
RTSETOP ............. L115Q 1%
RTSETTP ettt 255Q+ 1%

ELECTRICAL CHARACTERISTICS

Over full range of operating conditions unless otherwise specified (Note 1).

symgoL | PARAMETER 1 CONDITIONS | mn | e | max [ units
POWER SUPPLY CURRENT
lccr Ve Supply Current No transmitting, phantom power off 30 36 50 mA
lce2 Vcc Supply Current RTSETTP = 255, RTSETOP = 115,
transmitting, phantom power on
(Note 2) 120 160 mA

CMOS INPUTS PHTM1, PHTM2 (when KEYGEN = High or TPINOK is grounded) AND KEYGEN

Vic Input Low Voltage 0.1 x Ve Vv
Viic Input High Voltage 0.9 x Vcc
TTL INPUT: XTAL1

Vit Input Low Voltage 0.8

Vigr Input High Voltage 2

It Input Low Current V(XTAL1) = 0V -100 HA
liHT Input High Current V(XTAL1) = 2.7V 100 HA
Rix1 Input Resistance 400 560 kQ
CONTROL INPUTS: INSERTED, TPINOK

Vis Input Low Voltage 0.1 \%
liLs Input Low Current ViN =0V -50 A
STATUS LED OUTPUTS: INSERTED, TPINOK, OPINOK

lots Output Low Current Pin connected to Vcc 14 19 24 mA
loHs Output Off Current 3 10 HA
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ELECTRICAL CHARACTERISTICS (Continued)

SYMBOL l PARAMETER I CONDITIONS \ MIN TYP l MAX } UNITS

PHANTOM DRIVE OUTPUTS: PHTM1, PHTM2

RNF No Fault Phantom Load 29 5.5 kQ
Resistance

Rsc Short Circuit Phantom Load 50 Q
Resistance

Roc Open Circuit Phantom Load 50 kQ
Resistance

Voup Phantom Output High Voltage | lopp > -1TmA 4.1 \Y

lonp > ~2mA 35

Isc Phantom Short Circuit Current | V(PHTM1) or V(PHTM2) = 0V -1.8 -1.2 mA

loFFp Phantom Off Current V(PHTM1) or V(PHTM2) = OV -100 100 HA

TWISTED PAIR RECEIVER: TPINP, TPINN

VOsrTp Differential Offset Voltage -35 35 mV

Vpstp Differential Squelch Threshold 200 300 mVp_p

Vpstp Differential Post-Squelch 100 150 mVp._p
Threshold

Vemte Open-Circuit Common Mode 2.4 \%
Bias Voltage

RiprTP Differential Input Resistance 8 9.6 12.5 kQ

TWISTED PAIR TRANSMITTER: TPOUTP, TPOUTN

Irrp Peak Output Current 27 29.5 mA

loFeTP Off State Output Current grnssEzzin:e(Z:tSeiI?(’J Vee 1.5 mA

Ipai Differential Current Im Balance -300 300 HA

OPTICAL RECEIVER: OPINP, OPINN

Vemor Open Circuit Common Mode 1.6 \Y
Bias Voltage

ViroP Input Signal Range Vbsop 1600 mVp.p

Vosrop Differential Offset Voltage 3 mV

EN Input Referred Voltage Noise 50MHz BW 25 UVRMS

RiproP Differential Input Resistance 1.8 2.6 33 kQ

Vpsor Differential Squelch Threshold 5 6 mVp.p

Vpsop Differential Post Squelch 4 5 mVp.p
Threshold

H Hysteresis 20 %

OPTICAL TRANSMITTER: OPOUT

ltop Peak Output Current RTSETOP = 115Q 47 52 57 mA

lorrop Off State Output Current 1 mA
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AC CHARACTERISTICS

Over full range of operating conditions unless otherwise specified. (Note 1)

symsoL | PARAMETER | CONDITIONS min | Tve | max | unts
CLOCK REFERENCE: XTAL1
fxo Reference Clock Frequency 32.7 34.5 kHz
Dxo Reference Clock Duty Cycle 30 70 %
TWISTED PAIR RECEIVER: TPINP, TPINN
tTHTP Input Pulse Width Threshold 550 1000 ns
tysQTP Time to Unsquelch (Off to On) 2 5 us
tREJTP Time to Reject (On to Off) 550 1000 ns
OPTICAL RECEIVER: OPINP, OPINN
tTHOP Input Pulse Width Threshold V(INSERTED) > 0.7V 550 1000 ns
tysQoP Time to Unsquelch (Off to On) | V(INSERTED) > 0.7V 3 9 Hs
V(INSERTED) = 0V 0.8 1.2 us
tRejOP Time to Reject (On to Off) V(INSERTED) > 0.7V 3 9 us
V(INSERTED) = OV 0.8 1.2 us
PROPAGATION DELAYS STEADY STATE
trpop TPINP-TPINN to OPOUT 20 ns
topTp OPINP-OPINN to 30 ns
TPOUTP-TPOUTN
trpTp TPINP-TPINN to 30 ns
TPOUTP-TPOUTN
torop OPINP-OPINN to OPOUT 20 ns
INSERTION AND BYPASS KEY GENERATION (Fig. 1)
T_K1 Key Element #1 808 858 us
(avg. Po < Po_off)
T_K2 Key Element #2 1616 1717 us
(an. Po > PO_Off)
T_K3 Key Element #3 1616 us
(avg. Po < Po_o#)
T_BYP Bypass Element 4.85 26.5 ms
(avg. Po > Po_off)
T_KINIT1 | Time that phantom power V(KEYGEN) = V¢, V(TPINOK) > 0.7V 26.5 ms
should be applied in config 1
before generating the insertion
key.
T_KINIT4 | Time that the optical input V(KEYGEN) = V¢, V(TPINOK) = 0V 26.5 ms
should be valid in config 4 V(PHTM1) = 0V, V(PHTM2) = 0V
before generating the insertion
key.
T_KOFF Time that the optical input V(KEYGEN) = VCC, V(TPINOK) = 0V 26.5 ms
should be invalid before V(PHTM1) = 0V, V(PHTM2) = 0V
generating the bypass key.
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AC CHARACTERISTICS (continued)

SYMBOL] PARAMETER t CONDITIONS | MIN | TYP [ MAX [ UNITS
INSERTION KEY ECHO AND BYPASS KEY RECOGNITION (Fig. 1)

T_ECHO | Time since starting insertion 100 ms
key generation until receiving
the insertion key echo.
T_E1Key |Key Echo From T_K1 766 900 us
T_E2Key |Key Echo From T_K2 1533 1800 us
T_E3Key |Key Echo From T_K3 1533 us
T_BYPDET | Time of optical input not valid 4 4.5 ms
before recognizing a bypass key

Note 1:  Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions.
Note 2: Current into all Vcc pins, external bias resistors, and external transmit loads. Does not include status LED’s current.

GENERATED §—
INSERTION KEY !

> 1K e 1e—> 1K |<— TK3 —>

RECEIVED INSERTION §§
KEY ECHO

<—1ecHo> 1R le——1p—> 1@ |le— 1@ —>

GENERATED ] I gl
BYPASS KEY
]
[ T_BYP >
RECEIVED
BYPASS KEY
1
INSERTED _
[ 1. BYPDET ———————————>

Figure 1
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FUNCTIONAL DESCRIPTION

Fiber Optic LED Driver

The output stage of the transmitter is a current mode
switch which develops the output light by sinking current
from OPVCC through the LED into the OPOUT pin. Once
the current requirement for the LED is determined, the
RTSETOP resistor is selected. The following equation is
used to select the correct RTSETOP resistor:

RTSETOP = (52mA/loyt) X 115Q

No current is provided during the off cycles of the

Insertion, Bypass, or Echo Keys, or when the input signal
that should be routed to the Fiber Optic LED Driver does
not meet the corresponding input squelch requirements.

Fiber Optic Quantizer

The OPINP, OPINN input signal is fed into a limiting
amplifier with a gain of about 100 and input resistance of
1.3kQ. Maximum sensitivity is achieved through the use
of a DC restoration feedback loop and AC coupling the
input. When AC coupled, the input DC bias voltage is set
by an on-chip network at about 1.7V. These coupling
capacitors, in conjunction with the input impedance of
the amplifier, establish a high pass filter with 3dB corner
frequency, fi, at

fL=1/(2x 1 x 1300 % C)

Since the amplifier has a differential input, two capacitors
of equal value are required. If the signal driving the input
is single ended, one of the coupling capacitors can be tied
to Vcc. The internal amplifier has a lowpass filter built-in
to band limit the input signal which in turn will improve
the signal to noise ratio. Although the input is AC coupled,
the offset voltage, Vs, within the amplifier will be present
at the amplifier’s output. In order to reduce this error a DC
feedback loop nulls the offset voltage, forcing Vs to be
zero. The comparator is a high-speed differential zero
crossing detector that slices and accurately digitizes the
receive signal. The output of the comparator is fed in
parallel into both the fiber optic squelch circuit and the
signal MUX. The capacitor between pin VDC and QGND
should be set to 500pF.

Fiber Optic Squelch

The ML6680 monitors the frequency and amplitude of the
input from a fiberoptic receiver. The optical squelch
circuit rejects signals whose frequencies are lower than
1MHz or whose amplitudes are lower than -32dBm.

If both requirements are met, the LED output OPINOK
goes low, and the amplitude threshold is lowered 20%.

Copper Pair Driver

The output stage of the twisted pair transmitter is a current
mode switch which develops the output voltage by driving
current through the terminating resistor and the output filter.
The harmonic content is controlled to simplify the filter
design. The transmitter employs a center tap 2:1 transformer
where the center tap is tied to Vcc. While one pin of the
transmit pair is pulled low, the other pin floats. The output
pins to the twisted pair wires, TPOUTP and TPOUTN, can
drive shielded or unshielded twisted pair cable through the
appropriate isolation transformer. The output current is set
by the value of RTSETTP. No transitions are generated at
TPOUTP and TPOUTN when the input signal that should be
routed to the Copper Pair Driver does not meet the
corresponding input squelch requirements. PECL compatible
output are obtained with an external network of 3 resistors.
In this case the current of the output stage can be reduced
by adjusting the value of RTSETTP.

Twisted Pair Line Equalizer

The receive equalizer compensates for twisted pair cable
dispersion, which otherwise would give rise to inter-symbol
interference (ISl). The amount of equalization varies with the
average amplitude of the received signal. The received
signal amplitude gives a rough value for the length of the
attached cable. The filter/equalizer characteristic is the
inverse of the cable’s dispersion characteristic. Both UTP
and STP cables approximate a low-pass filter, so the filter/
equalizer approximates an inverse square root equalizer.
Two external resistors and one external capacitors are
required between pins EQA and EQB. The output of the
equalizer is fed into the signal MUX. On a PECL application
these pins should be connected between each other.

Twisted Pair Squelch Circuit

The twisted pair line receiver internally sets the common
mode bias of the input TPINP and TPINN. Voltage offset
comparators are used to set the amplitude squelch
threshold, and analog timers are used to set the pulse width
squelch threshold. When the input signal meets amplitude
and pulse width requirements, the squelch circuit reduces
the offset voltage of the comparators, decreasing the
amplitude squelch threshold by half. This hysteresis allows
the receiver to stay on in the presence of a fading input
signal. The twisted pair squelch circuit rejects signals whose
frequencies are lower than 1TMHz or whose amplitudes are
lower than 300mVp._p. If both requirements are met, the LED
output TPINOK goes low.

Clock Oscillator

The ML6680 provides an on-chip clock oscillator by
connecting a 32.768kHz watch crystal between pins
XTAL1 and XTAL2. The part can also be driven by an

FREQUENCY OK SET external clock applied at XTAL1 and tying XTAL2 to
AMPLITUDE OK ground. The frequency of the external clock should be
RESET G| OFINOK between 32.7kHz and 34.5kHz.
Status LED Drivers
The ML6680 has three status LED drivers. The LED driver
pins are active low. The LED's are tied to their respective
pins through a 300Q2 resistor to V.
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Modes of Operation

Four configurations are possible with the ML6680,
as follows:

1.Standard Media Converter: Senses ISO/IEC8802-5
phantom power and generates ISO/IEC8802-5
fiberoptic insertion or bypass requests.

2.Concentrator Media Converter: Recognizes the 1SO/
1IEC8802-5 fiberoptic insertion or bypass requests and
drives the ISO/IEC8802-5 phantom circuits.

3.Lobe or Ring Out Port Media Converter: Recognizes
the ISO/IEC8802-5 fiberoptic insertion or bypass
requests.

4.Ring In Port Media Converter: Generates I1SO/
IEC8802-5 fiberoptic insertion or bypass requests.
Modifies the internal signal paths depending on the
presence or absence of a fiberoptic link, and on the
reception of the ISO/IEC8802-5 “Insertion Key Echo.”

CONFIGURATION 1

Standard Media Converter:

This configuration is selected by tying KEYGEN to VCC.
There are always two fixed signal paths, one from TPINP and
TPINN to OPVCC and OPOUT, and another from OPINP
and OPINN to TPOUTP and TPOUTN. The generation of
the “Insertion Key” or “Bypass Key” is exclusively controlled
by the logic values at PHTM1 and PHTM2. The “Insertion
Key” is generated when both PHTM1 and PHTM2 go low,
and stay low for at least 26.5ms. If the “Insertion Key Echo”
is received within the following 100ms, the part goes to
the “Insert State” and the LED output INSERTED goes low.
During the generation of the “Insertion Key,” and while
waiting for the “Insertion Key Echo” the states of PHTM1
and PHTM2 do not have any effect. When the part is in
the “Insert State” and either PHTM1 or PHTM2 goes high,
the LED output INSERTED goes high, the part leaves the
“Insert State,” generates the “Bypass Key,” and starts
waiting for PHTM1 and PHTM?2 to go low again.

CONFIGURATION 2

Concentrator Media Converter:

This configuration is selected by tying KEYGEN to ground.
There are always two fixed signal paths, one from TPINP and
TPINN to OPVCC and OPOUT, and another from OPINP
and OPINN to TPOUTP and TPOUTN. The part powers
on in the “Bypass State” where it neither applies phantom
current nor checks for a phantom wire fault. After
recognizing an “Insertion Key” at its fiber optic inputs, it
applies phantom power by providing current at PHTM1 and
PHTM2, goes to the “Phantom Wire Fault Check State,” and
starts waiting for a “Bypass Key.” At this state, the LED output
INSERTED stays low while no phantom wire fault is
detected. When the part is in the “Phantom Wire Fault Check
State” and a “Bypass Key” is recognized, the part leaves
this state, removes the phantom power, and starts waiting
for a “Insertion Key” again.

CONFIGURATION 3

Lobe or Ring Out Port Media Converter:

This configuration is selected by tying both KEYGEN and
TPINOK to ground. When the ML6680 is in the “Insert
State,” the signal paths are from TPINP and TPINN to
OPVCC and OPOUT, and from OPINP and OPINN to
TPOUTP and TPOUTN. Otherwise, the signal paths are
from TPINP and TPINN to TPOUTP and TPOUTN, and
from OPINP and OPINN to OPVCC and OPOUT. The part
powers on in the “Bypass State” and goes to the “Insert
State” after recognizing an “Insertion Key” at its fiber optic
inputs. It goes back to the “Bypass State” after recognizing
a “Bypass Key.” While it is at the “Insert State,” the LED
output INSERTED stays low.

CONFIGURATION 4

Ring In Port Media Converter:

This configuration is selected by tying KEYGEN to VCC
and TPINOK to ground. When the part is in the “Insert
State,” the signal paths are from TPINP and TPINN to
OPVCC and OPOUT, and from OPINP and OPINN to
TPOUTP and TPOUTN. Otherwise, the input at TPINP
and TPINN is routed to TPOUTP and TPOUTN, and also
to OPVCC and OPOUT. The “Insertion Key” is generated
when activity is detected at OPINP and OPINN for at least
26.5ms and, PHTM1 and PHTM2 stay low. If the
“Insertion Key Echo” is received within the following
100ms, the ML6680 goes to the “Insert State” and the LED
output INSERTED goes low. During the generation of the
“Insertion Key,” and while waiting for the “Insertion Key
Echo” the logic states of PHTM1 and PHTM2 do not have
any effect. When the part is in the “Insert State” and no
activity is detected at OPINP and OPINN for at least
26.5ms, or either PHTM1 or PHTM2 goes high, the LED
output INSERTED goes high, the part leaves the “Insert
State,” generates the “Bypass Key,” and starts waiting for
26.5ms of optical input activity again.

Low Frequency Signaling Mode

Some old implementations of discrete media converters,
use a non-standard protocol with frequencies between

1 and 10kHz. To facilitate the migration to the ML6680,

a specific operating mode is provided by grounding the
pin INSERTED. Pin KEYGEN should also be grounded to
prevent the generation of unwanted “Insertion” or “Bypass
Keys.” In this operating mode, the optical frequency
squelch circuitry is disabled and the time constant of the
amplitude squelch is significantly reduced.

For each edge of the low frequency optical input, the
ML6680 generates a pulse at the led output OPINOK.
It also generates a pulse at the TPOUTP output for each
rising edge and another at the TPOUTN output for
each falling edge.

lﬁ,k Micro Linear
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Figure 2. ML6680 Configurations 1 and 2
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CONFIGURATION 3: LOBE OR RING OUT PORT, J1 TO FGND
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U1: ML6680
U3: HFBR2416 (HP) OR OP2416
(OPTEK) OPTICAL RECEIVER
U4: HFBR1414 (HP) OR OP1414 (OPTEK)
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D1, 2, 4: LED, SURFACE MOUNT,
PANASONIC LN1461C (TR)

Figure 3. ML6680 Configurations 3 and 4
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ORDERING INFORMATION

PART NUMBER TEMPERATURE RANGE PACKAGE

ML6680 0°C to 70°C 28-PIN PLCC (Q28)
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ML6682

Token Ring Physical Interface

GENERAL DESCRIPTION

The ML6682 Token Ring Physical Interface Circuit is
designed for use as a token ring concentrator port interface
in 4Mb/s and 16Mb/s ISO/IEC 8802-5 networks using
unshielded twisted pair (UTP) or shielded twisted pair (STP)
cable. It can also be configured as a Ring-In or Ring-Out
port for concentrator interface to the main network trunk. it
includes a receiver equalizer for suppression of inter-symbol
distortion, a narrow-bandwidth master PLL with a constant-
gain phase/frequency detector for enhanced clock tracking
and low VCO phase distortion, an 8 Ul FIFO and slave PLL
for additional jitter attenuation, internal frequency/phase
tracking select logic, and a waveshaping twisted pair
transmit driver which requires only a very simple external
filter to meet the ISO/IEC 8802-5 standard. The circuit also
includes phantom wire fault detection and output drivers for
use with an external phantom switching mechanism in a
concentrator-to-trunk interface application. The part has an
on-chip single-pin crystal oscillator designed for a 16MHz
crystal. It can also be used with an external clock of 32MHz
frequency. The part uses a frequency squelch circuit at the
twisted pair receiver to allow detection of incorrect network
speed.

External components are minimized by the use of internally-
controlled station fault, receiver pulse width squelch, on-
chip crystal oscillator, and internal 4/16 Mbps switching
logic. The ML6682 performs the hybrid switching functions,
eliminating the need for relays. Isolation can be achieved
optically.

m Provides dual phase-locked loop with single edge

FEATURES

m Supports dual PLL jitter attenuator and clock

regeneration for each lobe port and Ring In/Ring Out
ports for UTP/STP extended distance concentrators.

m Compatible with ISO/IEC 8802-5-1989 standard for

Token Ring

m Pin selectable 16 and 4Mb/s data rates
m Supports dual ring fault tolerant Ring In/

Ring Out trunks

m Fault isolation capability at each concentrator port

available for network management.

constant gain phase detector and 8 Ul FIFO for clock
regeneration, jitter attenuation and data recovery.

m Phantom voltage drive/sense for both transmit and

receive cable pairs.

m On-chip crystal oscillator can also be driven by

external clock.

m On-chip receiver channel equalization switchable for

both 4 and 16 Mbps
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N | +
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> LOGIC
_ T FILTR4MB
4/16 ) FILTR16MB
v YYVY
N RVCO
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RXTPN D>— Rx > FIFO 1
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EQ4B
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=L xTAL1
D osc » RxCLK
T XAz > >
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PIN CONFIGURATIONS

ML6682
44-Pin PLCC (Q44)
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PIN DESCRIPTION (For PLCC Package)

PIN # NAME FUNCTION PIN # NAME FUNCTION
1 RXTPP  Receive wire pair inputs. These inputs 13 ALLOW ALLOW is a digital input that allows the
44  RXTPN  receive data from the twisted pair media port to control INSERT/BYPASS through
through the receive isolation phantom current, or allows the port to
transformer. The common-mode bias be forced into INSERT mode using FBYP.
point for these pins is set internally. 14 FBYP Force Bypass input. This digital input
2 DGND2 Digital ground pins. provides network management control to
20 DGND1 force the ML6682 into BYPASS mode.

3 DVCC2 Positive power supply pins (+5V) for 15 N/C

21 DVCC1  digital part of the chip. 16 SIGVAL Valid signal indicator output. This

38 DVCC3 output goes low when the signal at

4  AVCC3 Positive power supply pins (+5V) for RxTPP/N meets frequency and

35 AVCC1 analog part of the chip. amplitude squelch requirements.

5 FILTR4AMB 4Mbps PLL filter input. Connection 17 XTALT  Crystal/external clock input. Connecting
point for external PLL filter components a 16MHz crystal between this pin and
for 4 Mbps data rate. ground provides the required reference

6 FILTPLL2 Second PLL filter input. Connection frequency. XTAL2 must be connected to
point for external PLL filter components ground when XTALT is used.
for second (slave) PLL. 18 XTAL2  Clock input pin. Connecting a 32MHz

7 FILTR16MB 16 Mbps PLL filter input. Connection external clock between this pin and
point for external PLL filter components ground provides the required reference
for 16 Mbps data rate. frequency. When XTAL2 is used, XTAL1

8 AGND3 Analog ground pins. must be grounded.

29 AGND2 19 NC

32 AGND1 22 RxD Receive data output. When the ML6682

9 N/C i;in lNSER'll’ mkoc:jeaRfo is sourced by

e o . T

10 LOCK  PLL phase lock indicator output. This :w?s}t)el.é ;;i?r?ﬁpits ;;?_P;’)rgxr;z;g?/e
output goes low when both PLLs When the ML6682 is in the BYPASS
achieve lock. May be externally gated mode, RxD is sourced by the TxD input.
with FBYP for zero delay lockout. .

(Prevent a 4 Mbps station from entering 23 RxCLK Synchronlzecj (!ata clock output. When
a 16 Mbps Ring). the ML6682 is in INSERT mode, RxCLK
" 46 D lection i Alogi is sourced by the PLL. When the

ata rate selection input. A fogic one ML6682 is in BYPASS mode, RxCLK is
selects 4 Mbps operation. A logic zero sourced by the TxCLK input.
STICCLLS 10 IVIDPS vpCiauvll. 1 nc pin — e . .
automatically switches the receive 24  FAULT  Phantom wire fault detection output.
equalizer and the PLL loop filter for the When this output is low, the phantom
appropriate data rate. current test has failed. In the “phantom

12 PHTMDS “Ph drive/: " celect i drive” mode this will be detected as an

antom drive/sense” select input. open or a short by the PHTMTX1,

Yvhen set low, tfle chip ls”conflgured for PHTMTX2, PHTMRX1, PHTMRX2 pins.

phar]/tom sense”. In the .phantom In the “phantom sense” mode, FAULT is
sense” state PHTMRX1 pin serves as an an output that simply buffers the
input coming from an opto-isolator to PHTMRX1 input
sense phantom current and PHTMTX1 is . . : .
an output. When PHTMD/S is set high, 25 PHTMRX2 Receive pair phgntom sense inputs. In

26 PHTMRX1 the “phantom drive” mode (PHTMD/S

the chip is configured for “phantom
drive”. In the “phantom drive” state
PHTMTX1 and PHTMTX2 provide the
phantom drive and fault detect for the
transmit pair of wires, and PHTMRX1
and PHTMRX2 sense fault detect for the
receive pair of wires.

pin is tied to Vc) these inputs sense
phantom current on the receive pair
wires to detect a phantom circuit fault
condition. In “phantom sense”
configuration (PHTMD/S pin is tied to
GND) PHTMRX1 is the sense input for
phantom current coming from an opto
isolator and PHTMRX2 should be
grounded.

8L Micro Linear
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PIN DESCRIPTION (For PLCC Package)

(Continued)

FUNCTION

Transmit pair phantom drive/sense pair.
In the “phantom drive” mode, these
pins output a +5 volt phantom signal
and sense opens and shorts as a
phantom circuit fault condition. In the
“phantom sense” mode, PHTMTX1 is
an open collector pin that can be used
to drive an LED to reflect the INSERT/
BYPASS state. In the INSERT state,
PHTMTX1 is low to light the LED and
in the BYPASS state PHTMTX1 is high.
PHTMTX2 should be left floating in
the “phantom sense” mode.

Transmitter wire pair outputs. This
differential current output pair drives
the network coupling transformer to
the transmit wire pair.

Data input from the previous lobe or
Ring In/Ring Out port. In INSERT mode
TxD is clocked out by TxCLK at the
TxTPP and TxTPN pins. In BYPASS
mode the TxD input is internally
connected to the RxD output.

Synchronized data clock input from
the previous lobe or Ring In/Ring Out
port. In INSERT mode TxCLK clocks
TxD out onto the transmit twisted pair
at TxTPP, TxTPN. In BYPASS mode the
TxCLK input is internally connected to
the RxCLK output.

PIN #

NAME

FUNCTION

36

37

39

40

41

42

RVCO

RTSET

SQDIS

EQ16B

EQ16A

EQ4B
EQ4A

External resistor input. A precision
resistor of the appropriate value
connected to this input sets the phase
detector gain.

External resistor input. A precision
resistor of the appropriate value
connected to this input sets the
twisted pair transmitter output level.

Squelch disable input. Normally wired
to ground. A high level input disables
the RX wire pair pulse width squelch
function.

Differential connection for external
equalization components for 16 Mbps
operation. The equalizer is disabled
when these two pins are tied together.

Differential connection for external
equalization components for 4 Mbps
operation. The equalizer is disabled
when these two pins are tied together.

PIN # NAME

27 PHTMTX2
28 PHTMTX1
30 TxTPN
31 TxTPP
33 TxD

34 TxCLK
2-240
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ABSOLUTE MAXIMUM RATINGS

Ve Supply Voltage Range ........oovvevereeevicnieieiceeecnne. 6V
Input Voltage Range

Digital Inputs .....cccccovrveennenne. GND -0.3V to V¢ +0.3V

TxD, TxCLK, RxTPP,

RxTPN, XTALT, XTAL2 ........ GND -0.3V to V¢ +0.3V
Output Current

TXTPP, TXTPN Lo 50mA

PHTMRX1, PHTMRX2, PHTMTX1, PHTMTX2 ... 25mA
All Other Outputs
Junction Temperature
Storage Temperature .......c..ccceeeeeenneeeenen

Lead Temperature (Soldering, 10 S€C) ....cceevveeueennn. 260°C
Thermal Resistance (8)4)
PLCC.

0°C to 70°C
1.66kQ + 1%
RVCO ettt 2.42kQ + 1%
All Ve supply pins must be within 0.1V of each other.
All GND pins must be within 0.1V of each other.

ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Vcc = 5V + 5%, RTSET = 1.66kQ, RVCO = 2.42kQ, T4 = Operating Temperature Range. (Note 1)

SYMBOL | PARAMETER CONDITIONS MIN | TP MAX | uNITS
TTL Inputs (4/16, PHTMD/S, SQDIS, ALLOW, TxD, TxCLK, FBYP)
Vi Input Low Voltage lj. = 400pA 0.8 \%
Vi Input High Voltage liy = T00pA 2.0 \%
I Input Low Current All except TxD, TxCLK; VN = 0.4V —400 HA
TxD, TXCLK; Vj\ = 0.4V ~1600 PA
i Input High Current Vin =27V 100 A
TTL Outputs (FAULT, LOCK, RxCLK, RxD):
VoL Output Low Voltage loL = 1mA 0.40 Vv
VoH Output High Voltage loq=-0.TmA 2.4 \%
Receiver
Vosr RXTPP-RxTPN Differential Vsqois = ViH -35 35 mV
Offset Voltage
Vigr RxTPP-RXTPN Open-Circuit 2.6 3.2 \Y
Common-Mode Bias Voltage
Ripr RxTPP-RXTPN Differential Input differential voltage = 2V, 10.5 13.5 KQ
Input Resistance centered at Vigr
Vstx XTAL1 Input Switching 1.5 3.5 \%
Threshold Voltage
IRTSET RTSET Input Current RTSET = 1.66kQ 575 625 HA
IRvco RVCO Input Current RVCO = 2.42kQ 387 438 MHA
Transmitter
ltout TxTPP Differential Output Ry =100 or 150Q 28 33 mA
Current
IfoFF TXTPP-TXTPN Off-state VEsyp = ViL; Ry = 200Q 1.5 mA
Output Current
lrx1 TxTPP-TXTPN Differential Rp =200Q -900 900 HA
Current Imbalance
8L Micro Linear 2-241
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ELECTRICAL CHARACTERISTICS (Continued)

SYMBOL | PARAMETER | CONDITIONS MIN I TYP l MAX ’ UNITS
Phantom Output Driver (PHTMD/S =V}, except as noted)
VOHP PHTMTX1/PHTMTX2 IOHP =-TmA 4.1 \%
igh Vi
Output High Voltage lomp = 2mA 35 v
lonp PHTMTX1/PHTMTX2 Output Voup = 0V -2 -0.7 mA
Short Circuit Current
lozp PHTMTX1/Tx2/Rx1/Rx2 PHTMD/S = Vi, ~100 +100 HA
Output Off Current 0V £ Voup £ Ve
Phantom Output Fault Sensing (PHTMD/S = V)
Vopn FAULT Output Voltage, Notes 3, 4 2.4 \
Normal Condition
Vorr FAULT Output Voltage, Notes 3, 5 0.45 \Y
Fault Condition
Power Supply Current
lccr Supply Current, Transmitting Note 2 J J 225 mA
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AC CHARACTERISTICS
Unless otherwise specified, Ve = 5V £ 5%, RTSET = 1.66kQ, RVCO = 2.42kQ, Ta = Operating Temperature Range. (Note 1)
SYMBOL y PARAMETER CONDITIONS | MIN ‘ TYP l MAX I UNITS
Transmitter (Note 9)
tDro1 TXTPP-TXTPN Output 16Mb/s, Note 6A 0.3 1.0 ns
Delay Mismatch, Zeros and Ones AMb/s 05 05 s
tDFMX TxTPP-TxTPN Output 4Mb/s & 16Mb/s, Note 6B -2.0 2.0 ns
Delay Mismatch, Random Data
toco TxTPP-TxTPN Output 16Mb/s, Note 7 -1.5 1.5 ns
Duty Cycle Distortion 4Mb/s, Note 7 6.0 6.0 s
Receiver, General
tRPWL Maximum RxTPP-RxTPN Period | 16Mb/s, RXTP Vpep.p = 1V 167 244 ns
To Turmn On 4Mb/s, RXTP Vpypp = 1V 667 976 ns
trPWS Minimum RxTPP-RXTPN Period | 16Mb/s, RxTP Vpirp.p = 1V 40 59 ns
ToTum On 4Mbys, RXTP Vpirp.p = 1V 167 236 ns
tpL PLL Phase-Lock After Freq. Lock | See Figure 1 1.5 ms
trL PLL Frequency-Lock After Power-up to 2BR £ 1% 500 ms
Power-Up Hz frequency at RxCLK; Note 8
toL PLL Phase Unlock Time See Figure 1 100 us
tpvCy RXCLK Period, Vi TrRamB = 2.2V | V4/75 = Von (4Mb/s), Note 10 225 150 ns
tpvc2 RxCLK Period, Vg TRams = 2.8V | Va/76 = Vou (4Mb/s), Note 10 75 112 ns
tpves RXCLK Period, VeiLTR16ms = 2.2V | Va6 = Vo (16Mb/s), Note 10 56.3 37.5 ns
tpvca RxCLK Period, VeiLTR16MB = 2.8V | Va6 = VoL (16Mb/s), Note 10 18.8 28 ns
Kqg Phase Detector Gain 4Mb/s; Note 11 and Figure 2 0.25 0.35 HA/ns
16Mb/s; Note 11 and Figure 2 1.0 1.4 HA/ns
tRSTE PLL Static Phase Error Note 12 -2 +2 ns
trRDC RxD to RxCLK Delay -2 2 ns
tRTD RXTP to RxD Delay 1 4 BT
tReFs RxCLK 90-10% Fall Time RXCLK tpgg = 31.25ns ns
tPTRD TxD to RxD Propagation Delay | Vggyp = VoL, Figure 4 22 30 ns
tpTRC TxCK to RxCK Propagation Delay | Vigyp = Vo, Figure 4 22 30 ns
tsrm Setup Time, RxD Valid to RxCLK| RxCLK tpgr = 31.25ns, Figure 4 10 ns
Rising Edge (1.5V point)
tHRM Hold Time, RxD Valid After RxCLK tpgg = 31.25ns, Figure 4 2 ns
RxCLK Rising Edge (1.5V)
tRCRM RxCLK 10-90% Rise Time RXCLK tpgg = 31.25ns, C = 15pF; 5 ns
Figure 4
tRCFM RxCLK 90-10% Fall Time RXCLK tpgg = 31.25ns, C = 15pF; 5 ns
Figure 4
- - -
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Note 1:
Note 2:
Note 3:
Note 4:
Note 5:

Note 6:

Note 7:

Note 8:
Note 9:
Note 10:
Note 11:

Note 12:

Limits are guaranteed by 100% testing, sampling or correlation with worst case test conditions.

Current into all Ve pins, Ve = 5.25V, transmitting and receiving 16MHz data.

Use a 2kQ load at FAULT for these tests.

2.9k < RL1 < 5.5k, 2.9k < RL2 < 5.5k. RL1 connected between PHTMTX1 and PHTMRX1; RL2 connected between PHTMTX2 and PHTMRX2.

Tested under the following conditions:

A.RL1 > 9.9k and 2.9k < RL2 < 5.5k, or RL2 > 9.9k and 2.9k < RL1 < 5.5k.
B. RL1 < 100Q and 2.9k < RL2 < 5.5k, or RL2 < 100 and 2.9k < RL1 < 5.5k.

A. Difference between the delay from the nearest TxCLK rising edge to the TxTPPN differential BR edge and the delay from the nearest TxCLK rising edge to the
TxTPPN differential BR/2 edge. Measured for either rising output edges or falling output edges only, with measurements made for each. Measurements are to be
made at the output of both test circuits shown in Figure 3. (See waveforms in Figure 7 —4 of draft ISO/IEC 8802-5¢/D4).

B. Difference between the delay from the nearest TxCLK rising edge to the TxTPPN differential edge and the delay from the nearest TxCLK rising edge to the
TxTPPN differential edge. Measured for either rising output edges or falling output edges only, with measurements made for each using random data (JKs, Os, 1s).
Measurements are to be made at the output of both test circuits shown in Figure 3. (See waveforms in Figure 7 —4 of draft ISO/IEC 8802-5¢/D4).

One-half the difference between the positive-going differential output pulsewidth and the negative-going differential output pulsewidth. Measured at the output of

both test circuits in Figure 3 with a constant stream of all zeros or all ones. Measurements are to be averaged over 128 data pulses. Measured with input drive to

TxD/TxCLK.

Not tested in production. Guaranteed by characterization measurements.

The transmitter TXTPP-TxTPN output waveform must also meet the waveform templates shown in section 7.2.2.2 of ISO/IEC 8802-5q.

Disconnect the filter components at the FILTAMB or FILT16MB pins and apply the indicated voltage to that pin. Measure the output period at RxCLK. Disconnect

RXTPPN from all input.

See Figure 2 for timing. With the circuit in phase-lock, inject I1 = +5A and measure the propagation delay tpp; between an RxTPP rising edge and the

corresponding RxCLK falling edge. Make a second delay measurement tpp, while injecting 12 = —SpA. Phase detector gain is given by Kg = (12-11)/(tpp1-tep2).

The ML6682 is phase-locked to the RxTPP waveform with RxTPN biased to 2.5V (see Figure 5). Monitor RxD to observe correct data being latched. For one pulse,

shorten the positive pulse at RxTPP by moving the rising edge, and check to see if the short pulse was latched. Continue to shorten the pulse in this manner until

incorrect data appears at RxCLK. The time between the rising edge and the unshortened positive pulse midpoint is tgste. Repeat this procedure for the other 3 cases

shown in Figure 5.

RxTPP-RxTPN 50% 50%
’—__.
|- tpL > toL
4
LOCK 1.5V
m
-

Figure 1. PLL Phase Lock Timing.

RxTPN 2.5V

Figure 2. Phase Detector Gain Test.
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Vcc Vee
A A
2:1 > +
A"
Txtep |31 <2000 L
6 :, RL
3 > 100Q VixTe
7
Tx7PN |22 <Rz
> 2000
2( "8
BEL HYBRIDS
0803-1060-00 OR SIMILAR

Figure 3A. Transmitter AC Test Circuit, 100Q (UTP).

Vcc Vce
A A
1.63:1
» +
) Ry
TxTPP |31 200Q
b3
< 150Q Vixte
TXTPN 30 R2
200Q
BEL HYBRIDS
0803-1060-00 OR SIMILAR

Figure 3B. Transmitter AC Test Circuit, 150Q (STP).

3v

RxTPP 2.5V
2v

3v

RxTPP 25V
2v

3v
RxTPP 2.5V
2v

v < trsTe
RxTPP 25V
2v

Vo
tmMcD = tPTRC - tPTRD . RCVR 15V

Vou

Figure 4. Receiver Timing. Figure 5. Receiver Static Timing Error Test.
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FUNCTIONAL DESCRIPTION

Page 1 shows the functional block diagram of the
ML6682. The device contains four major functional
blocks; twisted pair line interface, port interface, PLL
retiming circuit and crystal oscillator. In normal operation,
the data is retransmitted from the previous port on to the
transmit TP wire pair (to the station) by the use of TxD and
TxCLK. The data from the station via the receive wire pair
is retimed through the use of a dual PLL/FIFO. The retimed
data at RxD is then clocked out to the next port by RxCLK.

PORT INTERFACE

The ML6682 can be used for implementing Lobe, Ring In
and Ring Out ports in a concentrator. The device can be
placed into either the INSERT state or the BYPASS state.
Figure 6 is a functional illustration of the INSERT and
BYPASS states.

When ML6682 is in the BYPASS state, the station is
bypassed. The data input from the previous port is retimed
and fed directly through to the next port (see figure 6).
Signal from the receive twisted pair is retimed via the PLL
and looped back to the transmit twisted pair. However, if
the signal does not meet the receive frequency squelch
criteria, the signal will not be fed to the PLL. The PLL will
transmit the local clock signal onto the transmit twisted
pair.

BYPASS

TXCLK —» {>0—>RXCLK
o> o e N

PLL

TXTPN <€——
< <
TXTPP <€—

RPN ] N
RxTPP 1|~

When the port is INSERTed into the network, the transmit
data TxD from the previous port is clocked by transmit
clock TxCLK, and fed out on the twisted pair lines. The
data from the receive twisted pair input is passed through
the PLL and output on RxD and RxCLK pins.

Through various input pins, the ML6682 may be selected
for one of three options:

1. Forced into the INSERT state
2. Forced into the BYPASS state

3. Allow the remote station to place the ML6682 into
INSERT or BYPASS state with phantom control.

The logic equation to implement these options is as
follows:

FBYP x (ALLOW + FAULT) = INSERT

When INSERT is a logic 1, the ML6682 is placed into the
INSERT state as shown in Figure 6. When INSERT is a
logic 0, the ML6682 is placed into the BYPASS state. Truth
table 1 illustrates how the three above options can be
achieved.

FBYP ALLOW | FAULT | INSERT
State

Forced 0 X X 0
Bypass Mode
Phantom 1 0 0 0
Controlled Bypass
Phantom 1 0 1 1
Controlled Insert
Forced Insert 1 1 X 1
X = Don’t Care

Table 1. Logic for INSERT/BYPASS.
TP LINE INTERFACE

TP Line Receiver consists of a line equalizer, receive
squelch circuit and a resistive attenuator.

RECEIVE EQUALIZER

This receive equalizer compensates for twisted-pair cable
dispersion, which otherwise would give rise to inter-
symbol interference (ISI). The amount of equalization
varies with the average amplitude of the received signal.
The received signal amplitude gives a rough value for the
length of the attached cable. The filter/equalizer
characteristic is the inverse of the cable’s dispersion
characteristic. Both UTP and STP cables approximate a
low-pass filter, so the filter/equalizer approximates an
inverse root equalizer. There are two sets of equalizers,
one for 4 Mbps operation and one for 16 Mbps operation.
This is switched automatically when the 4/16 pin is
toggled. Each equalizer has its own external components
which consist of two resistors and a capacitor.

INSERT
TxCLK —»
TxD—bﬁ
D v
(]
v oy A4
: ot et
g F z &
Figure 6. Bypass and Insert States.
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RECEIVE SQUELCH CIRCUIT

The TP line receiver consists of a resistive attenuator with
common-mode bias set circuit.

The receive squelch circuit qualifies the incoming signal
to determine whether the signal contains valid data. The
circuit qualifies the signal on the basis of the pulse width
of the signal. This prevents the PLL from trying to lock
onto the wrong frequency when using 4 or 16 Mbps data
rates. Once the signal has been qualified, the circuit will
then unsquelch. The 4/16 pin selects one of two
frequency squelch criteria.

Pulse Width and Frequency Squelch Criteria

4 Mbps max limit 4.5MHz to 6.5MHz
4 Mbps max pulse width limit ~ 396ns to 480ns
16 Mbps max limit 18MHz to 26MHz

16 Mbps max pulse width limit  99ns to 120ns

When squelch is on, the PLL is tracking the internal clock
frequency coming from an external clock or the internal
oscillator. When the part unsquelches the PLL switches
into phase acquisition mode, attempting to phase lock
onto the incoming data.

PHASE LOCK LOOP

The PLLs are third-order, type Il charge pump loops (see
F.M. Gardner, “Charge-Pump Phase-Lock Loops”, IEEE
Trans Comm, Vol. COM-28, No. 11, pp. 1849-1858,
November 1980). They have high damping factor and low
loop bandwidth to minimize accumulated jitter. The loop
filter is externally connected. The third pole is at a very
high frequency, since the ratio of the second and third
order pole capacitors C1/C3 is about 20,000:1. This, too,
is done to minimize accumulated jitter.

The 16 Mbps loop filter, slave loop filter, and 4 Mbps loop
filter are external to the chip. Each filter consists of two
capacitors and a resistor. The switching between the
16Mbps and 4Mbps loop filters is automatic when the
4/16 pin is toggled. Each data rate uses a different charge
pump.

The VCO uses a MOS voltage-to-current converter at its
input to give a very high input impedance and low static
phase error. The high VCO input impedance also allows
the elimination of a loop filter buffer and the parasitic

poles a buffer would add to the loop. The oscillator itself
is a bipolar ring type oscillator with temperature and
voltage-compensated output frequency for low jitter.

The first PLL will achieve lock after several microseconds
of a static phase error of less than £ 4 nsec. Hysteresis is
built into the lock circuit so that it is more difficult to
achieve lock than it is to lose lock. This will also prevent
any oscillation of the LOCK pin. Lock will be lost if the
phase error exceeds +4 nsec for several micro-seconds.
Once lock is lost, the PLL will try to achieve phase lock
for several milli-seconds. If it is unsuccessful, the ML6682
will switch to internal frequency acquisition mode and re-
center the VCO. Once it has achieved frequency lock
with its internal oscillator, it will automatically switch to
phase acquisition mode and try again to phase lock onto
the data.

The frequency squelch circuit will limit the frequency
range allowed to pass into the PLL. This limited frequency
range in addition to the stringent lock criteria will insure
that the PLL will not lock onto harmonics or sidebands of
the fundamental data rate.

The first PLL clocks the data into an 8 Ul FIFO. Each flip-
flop in the FIFO stores one Ul which is one half bit. The
second (slave) PLL has a much narrower bandwidth set by
the external filter connected to pin FILTPLL2. The second
PLL is fed the first PLL’s clock so that it can remove more
of the jitter. The clock out of the second PLL is used to
clock the data out of the FIFO and onto the RxD pin. The
second PLL’s clock output appears at RxCLK. This dual
PLL architecture is the most effective way to reduce jitter
and insure optimal performance from a token ring
network.

TP LINE DRIVER

The TP OUTPUT driver uses a current mode switch which
develops the output voltage by driving current through the
terminating resistor and the output filter. Both TxTPP and
TxTPN outputs are open collector, intended to drive a
center-tapped transformer, with the center tap connected
to Vcc. The driver is capable of driving 150Q doubly-
terminated transmission lines to a minimum 4.1Vp_p level
or 100Q doubly-terminated transmission lines to a
minimum 2.7Vp_p level. The driver’s output is
waveshaped, allowing the use of a simple external
transmit filter.

Ny
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PHANTOM CURRENT DETECTION

The ML6682 provides a phantom current detection
function. With PHTMDY/S driven high, the phantom
voltage and wire fault detection circuit provides correct
phantom DC output voltage under normal conditions. It
also senses short-circuit and open-circuit fault conditions,
and removes phantom voltage when appropriate.

In the LOBE port application with PHTMD/S tied low
(FBYP is tied high and ALLOW is tied low), driving
PHTMRX1 high places the device into the INSERT mode.
Driving PHTMRX1 low places the device in the BYPASS
mode, in which data from the previous port will be passed
on to the next port.

CLOCK OSCILLATOR

The ML6682 provides an on-chip clock oscillator by
connecting a crystal to the XTAL1 pin. The ML6682 can
also be driven by an external 16MHz clock at the XTAL1
pin, or by an external 32MHz clock at the XTAL2 pin. In
either case, the unused XTAL pin should be grounded.

APPLICATIONS

Figure 7 shows a block diagram of an intelligent UTP Hub
implementation with active retiming on each port. The
architecture shown has a back up ring for fault tolerant
operation. The Ring In and Ring Out ports use phantom
current to detect wire faults. When a fault is detected, the
Ring-In and Ring-Out port go into the bypass state and
perform an automatic loopback onto the Back-up Ring.
This feature is especially useful in stackable hub designs.

A micro processor can be used to manage each individual
port. All the ports including the Ring In and Ring Out ports
can be individually programmed into “Force INSERT”,
“Force BYPASS” or “Allow phantom control”.

LOBE PORT

Figure 8 shows a typical implementation of a lobe port.
Lobe ports are configured as phantom sense ports using
opto isolators for sensing phantom current. Phantom
current is sensed with an opto isolated output signal fed
into pin PHTMRX1. PHTMTX1 will go low with an open
collector output when the ML6682 goes into the INSERT
state. PHTMTX1 may either be used to drive an LED
indicator or another opto isolator to signal the remote
station whether it is inserted or not.

By connecting the signal from the LOCK pin to the FBYP
pin, the ML6682 is forced into bypass mode until the PLL
achieves lock. When a station with a frequency different
than the ring frequency attempts to insert into the ring, the
PLL will not achieve lock and thus the station will not be
inserted.

TxTPP, TXTPN BACKUP RING RxTPP, RxTPN
- 6682 - p 6682 - w
> w RxC, RxD RO >
RxTPP, RxTPN PRIMARY RING TxC, TxD TxTPP, TXTPN
xC 6682 6682 6682
TXD RxC, RxD

S1 S$2 |eee

S8

Figure 7. Intelligent UTP Hub.
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RING-OUT PORT

The Ring-Out port may also be configured for phantom
sense with automatic loopback fault detection. When
Phantom current is detected the part is in the INSERT
state. If phantom current is lost, the ML6682 will
automatically switch to the BYPASS state. Using the FBYP
and ALLOW pins the part can also be forced into INSERT
state, for compatibility with older standard type hubs, or
forced into BYPASS for diagnostic purposes.

The configuration of a fault tolerant Ring-Out port is
implemented exactly like a lobe port. The TxD and TxCLK
pins are connected to the RxD and the RxCLK pins of the
ring out port to create a “back up” ring. When the fault
tolerant feature is not needed for compatibility with the
older hubs, the phantom current sense capability of the

ML6682 should be disabled and the device should be
placed in the forced insert state by using FBYP and
ALLOW. The LOCK pin should still be used to ensure that
the proper ring speed is maintained.

RING-IN PORT

Tie the PHTMD/S pin high to configure the ML6682 as a
Ring-In port. In this mode the Ring-In port looks like a
station; however, when a FAULT is detected on the
transmit or receive twisted pair wires, the ML6682 will
automatically go into BYPASS state. The PHTMRX1 and
PHTMRX2 pins drive the receive pair transformer center
taps, and the PHTMX1 and PHTMTX2 pins drive the
transmit pair transformer center taps on the cable side of
the transformers in this mode.

— 900pF 1 220pF
698 698
10 10
5V
EQ4A EQ4B  EQI6A EQ16B
sv slv DVCC3
RXTPN DVCC1
< < RS
47K 47K 150Q 0.1uF
< < .
RXTPN DGND1
3 3
RJ45 27k ¢ =
3 PHTMRX1 pvCC2
>
2.7k =
h r——— PHTMRX2 DGND2 -1HF
- MOC217 v MoC217 = —l—
B - RTSET AvVCC1
T 7L 7
- - - AGND1 0.1pF
e ML6682CQ
L 242K AGND3 =
—] sqpis
%" avces | [o-wF
——{PH™DSS Lock
i = FBYP
XTAL1
sy 16MHz :I?: RxD ——>)
__E——————A XTAL2 RCLK >>
:> - TxD —-—<<
TXTPN TaK ——K
ALLOW |——
TXTPP
AGND2 1
FILTR4MB FILTR16MB F =
115pF 3.5k 10PF 6K 400pE 15K
2.20F :L"Too;‘r L_‘tooﬂr

Figure 8. Typical Circuit for a Lobe Port.
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ORDERING INFORMATION

PART NUMBER TEMPERATURE RANGE PACKAGE
ML6682CQ 0°C to 70°C 44-Pin PLCC (Q44)
ML6682CH 0°Cto 70°C 44-Pin TQFP (H44)
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ML6686

Intelligent Token Ring Physical Interface

GENERAL DESCRIPTION

The ML6686 Token Ring Physical Interface Circuit is n
designed for ISO/IEC 8802-5 networks using unshielded
twisted pair (UTP) or shielded twisted pair (STP) media.
ML6686 is intended for hub/concentrator applications.
The ML6686 includes a receiver equalizer, two PLLs, a

FEATURES

FIFO with user selectable length between 0, 2, 4, or 8 U,

internal frequency/phase tracking select logic, and current -
driven twisted pair transmit driver and receiver. The first

PLL uses a single edge constant-gain phase/frequency =
detector for enhanced clock tracking and low VCO output
phase distortion and the second PLL filters Jitter. The
circuit also includes phantom wire fault detection and
output drivers for use with an external phantom switching
mechanism.

A 4-line serial interface, compatible with Intel MCS®-51
family of microcontroliers, is used to access all control =
and status bits. The control bits default to values that

allow the ML6686 to operate without a MAC controller as

Lobe ports. The defaults are set to 16Mbps data rate, with

2 PLL retiming, and a 8 Ul FIFO.

control bit.

Supports dual PLL jitter attenuator and clock
regeneration for each lobe port and Ring-In/Ring-Out
ports for UTP/STP extended distance concentrators.

m 4-line serial microcontroller interface for management
of control and status.
Compatible with ISO/IEC 8802-5-1989 and the
emerging 802.5q Standard for Token Ring.

16 and 4 Mbps data rates selectable through

m Supports dual ring fault tolerant Ring-In/
Ring-Out trunks.

W Fault isolation capability at each concentrator port

recovery.

available for network management.

m Drovides dual nhase-locked logns with si
CTOVIGES Gua: pnase-iCCKed 1Cops Wity 1€ eag

constant gain phase detector and selectable Iength
FIFO for clock regeneration, jitter attenuation, and data

nln edge

m Several programmable retiming options.

Serial interface for Status and Control bits.

m On-chip receiver channel equalization switchable for
both 4 and 16 Mbps.
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GENERAL DESCRIPTION (Continued)

External components are minimized by the use of
internally-controlled station fault, receiver pulse width
squelch, and internal 4/16 Mbps switching logic. In a
concentrator application the ML6686 performs the

switching function eliminating the need for relays.
Isolation can be achieved optically. The circuit requires a
single +5V power supply, and is fabricated in BICMOS
technology.

PIN CONFIGURATION

ML6686
32-Pin PLCC (Q32)
2 g ¢
S359% 1 ¢
O s T s T s S o N e Y o |
/4 3 2 1 32 31 30
DGND1 5 29[ FILTSL
pvcct e 28[] FILT4
RxD []7 27[7] Avces
RxCLK []8 26{ ] DGND2
D ]9 25[] RxTPP
TXCLK [J10 24[] RxTPN
PHTM1 []11 23[] EQ16A
PHTM2 []12 22[] EQ16B
AGND2 []13 21[] EQ4A
14 15 16 17 18 19 20
[ s
zZ &2 2 0 5 5 =2
PIN DESCRIPTION
PIN# NAME  FUNCTION PIN# NAME  FUNCTION
1 RW  Read/write bar. The state of this input, 3 CLK  Clock input from the controller. For
while CS is low, allows either reading R/MW =1, the ML6686 presents a new
from the Status register, R/'W =1, or bit from the Status register at the /O
writing to the Control register, R/W = 0. pin, beginning on the LSB, on every
This input should not change state until falling edge of CLK following CS going
the read or write operation is completed. low. The controller reads the bits on the
For CS =1, R/ is a don't care. rising edges of CLK. For R'W = 0 the
2 /O Input to Control register or, output from ML6686 samples control blts. presented
. == by the controller at the 1/O pin,
Status register. When CS = 0 and L -
RAW = 1, YO is an output from the beginning on the LSB, on every rising
T tpd edge of CLK following CS going low.
Status register. When CS = 0 and =z _ . ; -
— : - For CS =1, CLK is a don't care. This
RMW =0, I/O is an input to the control - :
. P i . clock can be independent of the inputs
register. When CS = 1, /O is in a high- at XTAL, TXCLK, and RXTPP/RXTPN
impedance state. ' ’ .
4 XTAL  External clock input. When control bit
XCLK is 1, this pin must be driven by an
external 32MHz clock. When control
bit XCLK is O, this pin can be driven by
an external 16MHz clock, or a 16MHz
crystal must be connected between this
pin and ground.
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PIN DESCRIPTION (Continued)

PIN # NAME FUNCTION PIN # NAME FUNCTION
5 DGND1 Ground pins for digital CMOS part of 13 AGND2, Ground pins for analog part of the chip.
the chip. 16 VSS,
6 DVCC1 Positive power supply pin (+5V) for 31 AGND3
digital part of the chip. 14 TxTPN, Transmitter wire pair outputs. These pins
7 RxD Receive data output to the next 15  TxTPP  are the differential current driver outputs
d L bp Ring-O to the lobe. They provide data through
ownstream Lobe port, or Ring-Qut an isolation transformer to the transmit
port. When the ML6686 is in INSERT twisted pair
mode, RxD is sourced by the PLL :
recovered data from receive twisted pair 17 RVCO  External resistor input. A precision
inputs RXTPP, RxTPN. When the resistor of the appropriate value
ML6686 is in BYPASS mode RxD is connected to this input sets the phase
sourced by the TxD input. detector gain and VCO center
. frequency.
8 RxCLK  Synchronized data clock output to the
next downstream Lobe port, or Ring- 18  RTSET  External resistor input. A precision
Out port. When the ML6686 is in resistor of the appropriate value
INSERT mode, RxCLK is sourced from connected to this input sets the twisted-
the PLL, by the clock extracted from pair transmitter output level.
receive twisted pair inputs RxTPP, . .
RXTPN. When the ML6686 is in BYPASS 19 AVCCL,  Positive power supply pins (+5V) for
mode RxCLK is sourced by the TxCLK analog part of the chip.
input. RxCLK frequency is two times the 20 EQ4B, Differential connection for external
data rate. 21 EQ4A  equalization component for 4Mbps
. . operation. Shorting EQ4A to EQ4B
9 ™D E(?rtté,l (l)r:pl;itnfgr_(;nmppginlc:]uls;\llls;Es;{rTe;rr;jgbe disables the 4Mbps receive equalizer.
TxD is clocked by TxCLK out onto the 22 EQ16B, Differential connection for external
transmit twisted pair cable TXTPP, TXTPN. 23  EQI16A  equalization component for 16Mbps
In BYPASS mode the TxD input is operation. Shorting EQ16A to EQ16B
internally connected to the RxD output. disables the 16Mbps receive equalizer.
10 TxCLK  Synchronized data clock input from 24 RxTPN, Receive wire pair inputs. These inputs
previous upstream Lobe port, or Ring-In 25 RxTPP  receive data from the twisted pair media
port. In INSERT mode TxCLK clocks through the receive isolation transformer.
TxD out onto the transmit twisted pair The common-mode bias point for these
cable TxTPP, TXTPN. In BYPASS mode pins is set internally.
tgigggké&p;:t;;:t‘?ggﬂzffgg::rieyd 26 DGND2 Grpund pins for digital CML part of the
is two times the data rate. chip.
11 PHTMI, In “phantom sense” configuration 28 FILT4 4Mbps PLL filter input..Connection
12 PHTM2 (PHDSB bit set to 0), PHTM1 is the point for external PLL filter components
sense input for phantom current coming for 4Mbps data rate.
from an opto-isolator, and PHTM2 is an 29 FILTSL  Slave PLL filter input. Connection point
open collector pin that can be used to for external PLL filter components for
drive an LED to reflect the INSERT/ second slave PLL.
BYPASS state (PHTM2 low indicates . X )
INSERT). In “phantom drive” 30 FILT16 16Mbps PLL filter input. Connection
configuration (PHDSB bit set to 1), these point for external PLL filter components
pins output a +5V phantom signal and for 16Mbps data rate.
sense opens and shorts as a phantom 32 TS Chip select bar. While this input is high,

circuit fault condition.

10 pin is in a high-impedance state.
Driving CS low, enables the read or
write functions through the serial
interface.
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ABSOLUTE MAXIMUM RATINGS Storage Temperature.............cccoecvevuevnnnn.

Lead Temperature (Soldering, 10 sec) ...

Ve Supply Voltage Range .........oooveveeciveneieceenne, 6V

Input Voltage Range
Digital Inputs ......c.ccceeeeeene GND -0.3V to V¢ +0.3V OPERATING CONDITIONS
RxTPP, RXTPN, XTAL ........... GND -0.3V to V¢ +0.3V

Output Current Vcc Supply Voltage ... 5V+5%
TxTPP, TXTPN Temperature Range .... 0°C to 70°C

PHTM1, PHTM2 ...... RTSET
All Other Outputs 2.42kQ + 1%
Junction Temperature All Ve supply pins must be within 0.1V of each other.
Thermal Resistance .........cccoceveecnveeceicieucinnenenes All GND pins must be within 0.1V of each other.
ELECTRICAL CHARACTERISTICS
Unless otherwise specified, Ve = 5V + 5%, RTSET = 1.66kQ, RVCO = 2.42kQ, T = Operating Temperature Range (Note 1).

1.66kQ £ 1%

SYMBOL | PARAMETER CONDITIONS | mn | 1ve | max | units
TTL Inputs (TxD, TxCLK, CS, R/W, 1/O, CLK, XTAL when XCLK bit = 1):
Vi Input Low Voltage 0.8 \Y
ViH Input High Voltage 2.0 \
I Input Low Current XTAL, TxD, TxCLK; V|y = 0.4V -1600 HA
W1 Input High Current ViN =27V 100 pHA
TTL Outputg (RxD, RxCLK, I/O):
VoL Output Low Voltage loL = TmA 0.40 \Y
Von Output High Voltage loy =-0.1TmA 2.4 \%
16MHz Clock Input (XTAL, when XCLK bit = 0):
Vi Input Low Voltage 0.5 \%
Vin Input High Voltage 4.5 \
I Input Low Current ViN =0V -1600 HA
IiH Input High Current VIN =5V 100 HA
Receiver
Vosr RxTPP-RXTPN Differential SQDIS bit = 1 -35 35 mV
Offset Voltage
VpsqQ RxTPP-RxTPN Differential 335 565 mVp_p
Vpsq RxTPP-RXTPN Post-Squelch 167 282 mVp.p
Vigr RxTPP-RxTPN Open-Circuit 2.6 3.2 \%
Common-Mode Bias Voltage
RipRr RxTPP-RxTPN Differential Input differential voltage = 2V, 10.5 13.5 kQ
Input Resistance centered at Viggr
IRTSET RTSET Input Current RTSET = 1.66kQ 575 625 HA
Irvco RVCO Input Current RVCO = 2.42kQ 387 438 HA
Transmitter
lrout TxTP Differential Output R = 2009 (see Figure 1a) 25 31 mA
Current Force INSERT, TxD =0
s TXTPP-TXTPN Off-state FBYP =1, R = 200Q 15 mA

Output Current

[ TXTPP-TXTPN Differential R, = 200Q -350 350 pA
Current Imbalance
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ELECTRICAL CHARACTERISTICS (Continued)

sYMBOL | PARAMETER CONDITIONS MmN | e | max | units
Phantom Output
VoHp Phantom Output High Voltage lopp = -1mA, PHDSB = 1 4.1 \Y,
lorp = —2mA, PHDSB = 1 3.8 v
lonp Phantom Output Vonp = 0V, PHDSB =0 -1500 -800 uA
Short Circuit Current
lozp Phantom Output PHDSB =0 -100 +100 LA
Off Current 0V < Voup < Ve
Phantom Fault Conditions
RLNFL Phantom No Fault 29 5.5 kQ
Load Resistance
RLggL Phantom Short-Circuit 100 Q
Load Resistance
RLofL Phantom Open-Circuit 20 kQ
Load Resistance
Power Supply Current
lcct Supply Current, Transmitting Note 2 l T 225 —[ mA
8L Micro Linear 2-255




ML6686

AC CHARACTERISTICS
Unless otherwise specified, Ve = 5V 5%, RTSET = 1.66kQ, RVCO = 2.42kQ, Ta = Operating Temperature Range (Note 1).
symBoL | PARAMETER CONDITIONS | min [ tve | max | units
Transmitter (Note 3)
toFo1 TxTPP-TXTPN Output Note 4, 4Mbps -0.5 0.5 ns
Delay Mismatch, Zeros and Ones Note 4, 16Mbps 03 10 s
tDFMX TXTPP-TXTPN Output Note 5, 4Mbps & 16Mbps -2.0 2.0 ns
Delay Mismatch, Random Data
toco TxTPP-TXTPN Output Note 6, 16Mbps -1.5 1.5 ns
Duty Cycle Distortion Note 6, 4Mbps 6.0 o0 s
Receiver
tRPWR RxTPP-RXTPN Frequency 16Mbps, RXTP Vpepp = 1V 18 MHz
to Reject 4Mbps, RXTP Vpgrp.p = 1V 45 MHz
tRPWO RXTPP-RxTPN Frequency 16Mbps, RXTP Vpjgp.p = 1V 30 MHz
to Turn On 4Mbps, RXTP Vpiep.p = 1V 7.5 MHz
tRPWS RxTPP-RxTPN Pulse-Width 16Mbps, RXTP Vpep.p = 1V 120 ns
to Shut Off 4Mbps, RXTP Vpep.p = 1V 480 ns
trpw RxTPP-RXTPN Pulse-Width, 16Mbps, RXTP Vpjgp.p = 1V 99 ns
to Turn On 4Mbps, RXTP Vpgep.p = 1V 396 ns
tpL PLL Phase-Lock After Freq. Lock | Figure 2 1.5 ms
trL PLL Frequency-Lock After Power-up to 2BR + 1% Hz 500 ms
Power-Up frequency at RxCLK; Note 7
toL PLL Phase Unlock Time Figure 2 100 us
tpvcy RxCLK Period, Vg 14 = 1.5V DRATE = 1 (4Mbps), Note 8 225 150 ns
tpvc2 RxCLK Period, Vg 14 = 3V DRATE = 1 (4Mbps), Note 8 75 112 ns
tpves RxCLK Period, Vg s = 1.5V DRATE = 0 (16Mbps), Note 8 56.3 37.5 ns
tpvca RxCLK Period, Vg 15 = 3V DRATE = 0 (16Mbps), Note 8 18.8 28 ns
Ka Phase Detector Gain 4Mbps; Note 9 and Figure 3 0.25 0.35 HA/ns
16Mbps; Note 9 and Figure 3 1.0 1.4 UA/ns
tRSTE PLL Static Phase Error Note 10 and Figure 4 -2 +2 ns
JTOLI Jitter Tolerance DRATE = 1 (4Mbps), Note 11 0.007 ns/ns
DRATE = 0 (16Mbps), Note 11 0.0172 ns/ns
JTOLXI | Jitter Tolerance with Noise DRATE = 1 (4Mbps), Note 12 0.0035 ns/ns
DRATE = 0 (16Mbps), Note 12 0.0082 ns/ns
tRDC RxD to RxCLK Delay -2 2 ns
trRTD RXTP to RxD Delay Fifo Length = 8UI 1 4 BT
tpTRD TxD to RxD Propagation Delay | FBYP = 1, Figure 5 22 30 ns
tpTRC TxCLK to RxCLK FBYP =1, Figure 5 22 30 ns
Propagation Delay
tsRM Setup Time, RxD Valid to RxCLK tpgr = 31.25ns, Figure 5 10 ns
RxCLK Rising Edge (1.5V point)
tHRM Hold Time, RxD Valid After RxCLK tpgr = 31.25ns, Figure 5 2 ns
RxCLK Rising Edge (1.5V)
tRCRM RxCLK 10-90% Rise Time RxCLK tpgr = 31.25ns, C; = 15pF; 5 ns
Figure 5

2-256 8L Micro Linear



ML6686

AC CHARACTERISTICS (Continued)

SYMBOL l PARAMETER l CONDITIONS T MIN I TYP j MAX 1 UNITS
Receiver (Continued)
tRCFM RxCLK 90-10% Fall Time RXCLK tpgg = 31.25ns, C| = 15pF; 5 ns
Figure 5
twRCL RxCLK Low Pulse Width 4Mbps, tper = 115ns; Figure 5 46 ns
16Mbps, tpgr = 30ns; Figure 5 10 ns
tWRCH RxCLK High Pulse Width 4Mbps, tpgr = 115ns; Figure 5 35 ns
16Mbps, tpgr = 30ns; Figure 5 8 ns
Serial Interface (Figure 6)
tew CLK Pulse Width Read or Write Cycle 50 ns
tcssu CS Setup Time, CS low to Read or Write Cycle 30 ns
CLK Rising Edge (1.5V point)
tRWSU R/W Setup Time, RW high Read Cycle 30 ns
to CLK Falling Edge (1.5V point)
R Setup Time, R/W low Write Cycle 30 ns
to CLK Falling Edge
tposu Data-out Setup Time, CLK Read Cycle, C| = 100pF 30 ns
Falling Edge to Data Valid
tpisu Data-in Setup Time, Data Valid | Write Cycle 10 ns
to CLK Rising Edge
tpIH Data-in Hold Time, Data Valid | Write Cycle 10 ns
after CLK Rising Edge
Note 1: Limits are guaranteed by 100% testing, sampling or correlation with worst case test conditions.

Note 2:  Currentinto all Vcc pins, Ve = 5.25V, transmitting and receiving 16MHz data.
Note 3: The transmitter TXTPP-TXTPN output waveform must also conform with the ISO/IEC 8802-5q standard.

Note 4:

Difference between the delay from the nearest TxCLK rising edge to TxTPP/N differential BR edge and delay from the nearest TxCLK rising edge to the TxTPP/N

differential BR/2 edge. Measured for either rising output edges or falling output edges only, with measurements made for each. Measurements are to be made at the
output of both test circuits shown in Figure 1bc. (See waveforms at Figure 7-4 of the IEEE 802.4g/standard.)

Note 5:

Difference between the delay from the nearest TxCLK rising edge to TXTPP/N differential edge and the delay from the nearest TxCLK rising edge to TxTPP/N

differential edge. Measured for either rising output edges or falling output edges only, with measurements made for each using random data (JKs, Os, 1s).
Measurements are to be made at the output of both test circuits shown in Figure 1bc. (See waveforms at Figure 7—4 of draft IEEE 802.4q/standard.)

Note 6: One-half the difference between the positive-going differential output pulsewidth and the negative-going differential output pulsewidth. Measured at the output of
both test circuits in Figure 10bc with a constant stream of all zeros or all ones. Measurements are to be averaged over 128 data pulses. Measured with input drive to
TxD/TxCLK.

Note 7:

Not tested in production. Guaranteed by characterization measurements.

Note 8: Disconnect the filter components at the FILT4 or FILT16 pins and apply the indicated voltage to that pin. Measure the output period at RxCLK. Disconnect RxTPP/N
from all input.
Note 9: See Figure 2 for timing. With the circuit in phase-lock, inject [T = +5pA and measure the propagation delay tpp; between an RxTPP rising edge and the
corresponding RxCLK falling edge. Make a second delay measurement tpp, while injecting 12 = —5pA. Phase detector gain is given by Kd = (12 - 11)/{tpp1 — tpp2).
Note 10: The ML6686 is phase-locked to the RxTPP waveform with RxTPN biased to 2.5V (see Figure 4). Monitor RxD to observe correct data being latched. For one pulse,
shorten the positive pulse at RxTPP by moving the rising edge, and check to see if the short pulse was latched. Continue to shorten the pulse in this manner until
incorrect data appears at RxD. The time between the rising edge and the unshortened positive pulse midpoint is tgst¢. Repeat this procedure for the other 3 cases
shown in Figure 4.
Note 11: The ML6686 is phase-locked to the RxTPP waveform with RxTPN biased to 2.5V (see Figure 3). Apply a signal at RxTPP consisting of alternating sequences of
data_ones and data_zeros. The sequences alternate with a frequency of 4.67kHz and 9.17kHz for datarates of 4 and 16Mbps respectively. The bit time (BT) for
data_ones is (1 x 0.5 x |JTOLI)/Datarate, and the BT for data_zeros is (1 + 0.5 x |JTOLI)/Datarate. Under these conditions the frame error rate does not exceed 10-5.
Note 12: The ML6686 is phase-locked to the RXTPP waveform with RxTPN biased to 2.5V (see Figure 3). Apply a signal at RXTPP that is the summation of two components.
The first component consisting of alternating sequences of data_ones and data_zeros. The sequences alternate with a frequency of 4.67kHz and 9.17kHz for
datarates of 4 and 16Mbps respectively. The bit time (BT) for data_ones is (1 - 0.5 x |JTOLXI)/Datarate, and the BT for data_zeros is (1 + 0.5 x |JTOLXI)/Datarate.
The shape of the signal should conform with the IEEE 802.4q/standard. The second component is a sinusoidal waveform with a frequency of 12MHz and an
amplitude 12dB lower than the data. Under these conditions the frame error rate does not exceed 10-5.
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TABLE 1. STATUS REGISTER

BIT NAME DESCRIPTION

0 LOCK A 0 indicates that both PLLs are locked.

1 FAULT Phantom wire fault detection bit. When this bit is 0, the phantom current test has failed. In “phantom drive”
configuration (PHDSB bit set to 1), this will be an open or a short at PHTM1 or PHTM2 pins. In “phantom
sense” configuration (PHDSB bit set to 0), this bit follows the status of PHTM1 pin.

2 SIGVAL Signal valid bit from the squelch circuit. A 0 indicates that the signal at RxTPP/RxTPN meets frequency and
amplitude requirements.

3 UOFLOW A 1 indicated an underflow or overflow condition of the FIFO.

4 TPPRTEN A 1 indicated that the station is inserted. A O indicates that the station is bypassed. When the ML6686 is
bypassed, RxD and RxCLK are sourced by TxD and TxCLK, and TxTPP and TxTPN are sourced by RxTPP
and RxTPN.

INSERT = not(FBYP) x (ALLOW + FAULT)

5 PHTMENBL A 1 indicates that the ML6686 is in phantom drive configuration. A 0 indicates that the ML6686 is in
phantom sense configuration.

6 TxENB A 0 indicates that the transmitter differential output buffer is enabled.

17 HUBPHSEN A 1 indicates that the ML6686 is in phantom sense confiugration and inserted.

8-16 Not used
2-258 8L Micro Linear
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TABLE 2. CONTROL REGISTER

BIT NAME DESCRIPTION

0 FBYP Force Bypass bit. A 1 forces the ML6686 into BYPASS mode. (Defaults to 0, not forced).

1 RSL Receive Squelch Low bit. A 1 selects the lower receive squelch level, more sensitive. A 0 selects the higher
receive squelch level, less sensitive. (Defaults to 0, high level).

2 DRATE Data Rate selection bit. A 1 selects 4Mbps operation. A 0 selects 16Mbps operation. This bit automatically
switches the PLL loop filter and the equalizer filter for the appropritate data rate. (Defaults to 0, 16Mbps).

3 PHD/S “Phantom drive/sense” select bit. A 0 configures the ML6686 for “phantom sense.” In the “phantom sense”
state PHTM1 pin serves as an input coming from an opto-isolator to sense phantom current and PHTM2 is
an open collector pin that can be used to drive an LED to reflect the INSERT/BYPASS state.

A 1 configures the ML6686 for “phantom drive.” In the “phantom drive” state both PHTM1 and PHTM2
pins provide the phantom drive and fault detect for the transmit pair of wires. (Defaults to 0, phantom sense).
4,5 FLO & FL1 This two bits set the FIFO length in the following way:

FLO=FL1 =0 then FIFO length = 8UlI

FLO=0and FL1 =1 then FIFO length = 4UlI

FLO=1and FL1 =0 then FIFO length = 2Ul1

FLO=FL1 =1 then No FIFO
A unit interval, Ul, is equivalent to half a data bit. (Defaults to 00, 2 Ul).

6 ALLOW A 0 allows the remote station to place the ML6686 into INSERT or BYPASS state with phantom control. A 1
overrides the internal phantom current test.

INSERT/BYPASS = not(FBYP) x (ALLOW + FAULT) (Defaults to 0, phantom control enabled).

7 BYPRETB If this bit is set to 1, no retiming is done in BYPASS mode. The PLLs of this ML6686 are bypassed. If this bit
is set to O the retiming is controlled by DISSL. (Defaults to 0, BYPASS retiming enabled).

8 DISSL If this bit is set to 1, the second or slave PLL is disabled. (Defaults to 0, both PLLs enabled).

9 SQDIS A 1 disables the RxTP wire pair squelch function by forcing SIGVALB to 0. (Defaults to 0, squelch enabled).

10 XCLK If this bit 0, the ML6686 should have a 16MHz crystal connected between the XTAL pin and the digital
ground, or this pin should be driven by an external 16MHz clock. If this bit is 1, the XTAL pin should be
driven by an external 32MHz clock. (Defaults to 0, 16MHz external clock or crystal).

11 XTRST As 1 forces the output of the power-on reset circuit to 1. (Defaults to 0, not reset).

12 FIFOTST If this bit is set to 1, the FIFO’s output clock is TxCLK instead of the extracted clock at the slave PLL.
(Defaults to 0, clock from slave PLL).

13,14  CNT These bits should remain 0 for proper operation. (Defaults to 0).

15
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Vee
R1 = 100Q
11 LYy
1a_ Re-t000
TXTPN WA

Figure 1a. Transmitter DC Test Circuit

Vec Vee
A A
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Ri 14, /5
TxTPP L15 2000
6 | :: Ry
3 2> 100Q Vixtp
7
Txren 14 R2
2000
20"Ss
BEL HYBRIDS
0803-1060-00 OR SIMILAR

Figure 1b. Transmitter AC Test Circuit, 100 Ohms (UTP).

Vcc Vcc
A A
1.63:1
>+
<R
TxTPP |15 32000
<SR
$ 1500 Vixtp
Tren 4 R2
200Q
BEL HYBRIDS
0803-1060-00 OR SIMILAR

Figure 1c. Transmitter AC Test Circuit, 150 Ohms (STP).
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LOCK 1.5V

Figure 2. PLL Phase Lock Timing.
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RxTPN 2.5V

3v
RXTPP 2.5V
2v

3V

RxtPP 25V
2v

3v
RXTPP 2.5V
2v

[ trsTE
3v

RxTPP 25V
2v

VoH
RxD 15V
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Figure 4. Receiver Static Timing Error Test.

Figure 5. Receiver Timing.
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FUNCTIONAL DESCRIPTION

Page 1 shows the functional block diagram of the
ML6686. The device contains four major functional
blocks; twisted pair line interface, port interface, control
and status interface, and PLL retiming circuit. In a typical
operation, the data that comes from the previous port,
through TxD and TxCLK, is retransmitted on to the
transmit TxTP wire pair to the station. The data from the
station via the receive wire pair is retimed through the use
of a dual PLL/FIFO. The retimed data is then fed to the
next port by RxD and RxCLK.

PORT INTERFACE

The ML6686 can be used for implementing Lobe, Ring-In
and Ring-Out ports in a MSAU. The device can be placed
into either the INSERT state or the BYPASS state. Figure 6
is a functional illustration of the INSERT and BYPASS
states.

TXCLK
TxD —-»—]
D
QB Q
z e Zz a
E = £k
- = & &
Figure 6a. Insert
Tk —>—] o +—| Sot> rcik
v L
D - DQ > RxD
[ —— 1
v D
PLL
QB Q
r4 e z o
E B & £
b3 >
- [ = &

Figure 6b. Bypass

When ML6686 is in the BYPASS state, the station is
“bypassed”. The clock and data input from the previous
port is retimed and fed directly through to the next port
(see Figure 6b). Signal from the receive twisted pair is

retimed via the PLL and looped back to the transmit
twisted pair. However, if the signal does not meet the
receive frequency squelch criteria, the signal will not be
locked onto the PLL. The PLL will transmit the local clock
signal onto the transmit twisted pair. The user can also
select to loop back the signal to the twisted pair without
retiming.

When the station is INSERTed into the ring, the transmit
data TxD from the previous port is fed out on the twisted
pair lines clocked by transmit clock TxCLK, and the data
from the receive twisted pair input is passed through the
PLL and output on RxD and RxCLK pins.

The ML6686 can be used as either Lobe, Ring-In or Ring-
Out port transceiver. These different port implementation
can be accomplished by placing the ML6686 into either
INSERT or BYPASS state, and into phantom drive or
phantom sense configuration appropriately. Through
various control bits, the ML6686 may be selected for one
of three options:

1. Forced into the INSERT state.
2. Forced into the BYPASS state.

3. Allow the remote station to place the ML6686 into
INSERT or BYPASS state with phantom control.

The logic equation to implement these options is as
follows:

INSERT = not (FBYP) x (ALLOW + FAULT)

When INSERT is a logic 1, the ML6686 is placed into the
INSERT state as shown in Figure 6a. When INSERT is a
logic 0, the ML6686 is placed into the BYPASS state. Table
3 illustrates how the three above options can be achieved.

FBYP ALLOW FAULT INSERT STATE
1 X X 0 Forced Bypass Mode
0 0 0 0 Phantom controiied
bypass
0 0 1 1 Phantom controlled
insert
0 1 X 1 Forced insert

Table 3: Logic for INSERT/BYPASS

The FAULT bit always reflects the status of the phantom
circuit regardless of whether the ML6686 is in the INSERT/
BYPASS state or phantom drive/phantom sense mode.
INSERT/BYPASS state can be controlled by only one bit by
setting ALLOW always to 1. FAULT is used to reflect the
status of the phantom circuits and FBYP is used to control
INSERT/BYPASS.

TP LINE INTERFACE

TP Line Receiver consists of a line equalizer, receive
squelch circuit and a resistive attenuator.
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RECEIVE EQUALIZER

This receive equalizer compensates for twisted-pair cable
dispersion, which otherwise would give rise to inter-
symbol interference (ISI). The amount of equalization
varies with the average amplitude of the received signal.
The received signal amplitude gives a rough value for the
length of the attached cable. The filter/fequalizer
characteristic is the inverse of the cable’s dispersion
characteristic. Both UTP and STP cables approximate a
low-pass filter, so the filter/equalizer approximates an
inverse root f equalizer. There are two sets of equalizers,
one for 4 Mbps operation and one for 16 Mbps operation.
This is switched automatically when the DRATE bit is
toggled. The equalizer’s filter consist of two external
resistors and one external capacitor.

RECEIVE SQUELCH CIRCUIT

The TP line receiver consists of a resistive attenuator with
common-mode bias set circuit.

The receive squelch circuit qualifies the incoming signal to
determine whether the signal contains valid data. The circuit
qualifies the signal on the basis of the pulse width of the
signal. This prevents the PLL from trying to lock onto the
wrong frequency when using 4 or 16 Mbps data rates. Once
the signal has been qualified, the circuit will then
unsquelch. The DRATE bit selects one of two frequency
squelch criteria.

Pulse Width and Frequency Squelch Criteria

4.5MHz to 6.5MHz
396ns to 480ns
18MHz to 26MHz
99ns to 120ns

When squelch is on, the PLL is tracking the internal clock
frequency coming from an external clock or the internal
oscillator. When the part unsquelches the PLL switches
into phase acquisition mode, attempting to phase lock
onto the incoming data.

4Mbps max frequency limit
4Mbps max pulse width limit
16Mbps max frequency limit
16Mbps max pulse width limit

PHASE LOCK LOOP

The PLL is a third-order, type I charge-pump loop (see F.
M. Gardner, “Charge-Pump Phase-Lock Loops”, IEEE Trans
Comm, Vol. COM-28, No. 11, pp. 1849-1858, November
1980). It has high damping factor and low loop bandwidth
to minimize accumulated jitter. The third pole is at a very
high frequency, since the ratio of the second and third
order pole capacitors C1/C3 is about 20,000:1.

The 16Mbps loop filter as well as the 4Mbps loop filter is
external to the chip and consists of two capacitors and a

resistor. The switching between the two loop filters is
automatic when the DRATE bit is toggled. Each data rate
uses a different charge pump.

The VCO uses a MOS voltage-to-current converter at its
input to give a very high input impedance and low static
phase error. The high VCO input impedance also allows
the elimination of a loop filter buffer and the parasitic
poles a buffer would add to the loop.

The first PLL will achieve lock after several milli-seconds
of a static phase error of less than +4ns. Hysteresis is built
into the lock circuit so that it is more difficult to achieve
lock than it is to loose lock. This will also prevent any
oscillation of the LOCK bit. Lock will be lost if the phase
error exceeds +4ns for several microseconds. Once lock is
lost, the PLL will try to achieve phase lock for several
milli-seconds. If it is unsuccessful, the ML6686 will switch
to internal frequency acquisition mode and re-center the
VCO. Once it has achieved frequency lock with its
internal oscillator, it will automatically switch to phase
acquisition mode and try again to phase lock onto the

The frequency squelch circuit will limit the frequency
range allowed to pass into the PLL. This limited frequency
range in addition to the stringent lock criteria will insure
that the PLL will not lock onto harmonics or sidebands of
the fundamental data rate.

The first PLL clocks the data into the FIFO. Each flip-flop
in the FIFO stores one Ul which is one half bit. The
second PLL has a much narrower bandwidth set by the
external filter connected to pin FILTSL. The second PLL is
fed by the first PLL’s clock so that it can remove more of
the jitter. The clock out of the second PLL is used to clock
the data out of the FIFO and onto the RxCLK and RxD
pins. This dual PLL architecture is the most effective way
to reduce jitter and insure optimal performance from a
token ring network.

TP LINE DRIVER

The TP OUTPUT driver uses a current mode switch which
develops the output voltage by driving current through the
terminating resistors and the output filter. Both outputs
TxTPP and TxTPN are open collector, intended to drive a
center-tapped transformer, with the center tap connected
to Vcc. The driver is capable of driving 150 ohm doubly-
terminated transmission lines to a minimum 3.75Vp_p level
or 100Q doubly-terminated transmission lines to a
minimum 2.5Vp_p level. The driver output is waveshaped
on-chip eliminating the need for a complex external
transmit filter.

L Micro Linear
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PHANTOM CURRENT DETECTION

The ML6686 provides a phantom current detection
function. Phantom voltage and wire fault detection circuit

¢ Provides correct phantom DC output voltage under
normal conditions.

¢ Senses short-circuit and open-circuit fault
conditions, and removes phantom voltage when
appropriate.

In the Lobe port application (FBYP and ALLOW set low),
the phantom current places the device into either the
BYPASS mode or the INSERT mode. When there is a wire
fault or no station is attached, the device will be placed in
the BYPASS mode and data from the previous port will be
passed on to the next port.

SERIAL INTERFACE

There is a 16-bit Control register, and a 16-bit Status
register, that can be accessed through a bidirectional I/O
pin. The controller can access a full register or only part of
it, always beginning at the LSB.

To read the Status register, the controller drives the RW
pin high, and the CS pin low (Figure 7a). The ML6686
presents the LSB of the Status register to the I/O pin, at the
first falling edge of CLK following CS going low. The

ML6686 continues presenting new status bits at every
falling edge of CLK as long as CS remains low and RW
remains high. The controller is expected to sample the
state of the 1/O pin at the rising edges of CLK. Once CS
goes high, the interface logic is reset so that the following
read operation begins at the LSB again. The controller can
choose to read from one to sixteen bits, beginning at the
LSB and up to the MSB.

To write to the Control register, the controller drives both
the R/W and CS pins low (Figure 7b). The ML6686
samples the state of the I/O pin at the rising edges of CLK
fo||owmg CS going low, and as long as CS and RAW
remain low. Once CS goes high, the interface logic is reset
so that the following write operation begins writing to the
LSB again.

CLOCK OSCILLATOR

The ML6686 provides an optional on-chip clock oscillator
by connecting a 16MHz crystal to the XTAL pin. The
ML6686 is expected to be driven by an external clock at the
XTAL pin. The part can also be driven by a 32MHz external
clock at the XTAL pin, when the bit XCLK is set to 1.

R/W  tRWSU

cs tcssu

ciK el Leeeod L | | E—
-~ ""lDOSU
P Yo - T— YT X o
Figure 7a. Read From Status Register
RW T Lasitewsy
Cs :tcssu r_—
CLK few “tow Leee_| L | L1
tDISU-», ‘;‘-lom
Vo = 1 vedl ' '
| - - L
Do D1 D (N-1) D(N)

Figure 7b. Write to Control Register
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APPLICATIONS RING-OUT PORT

The Ring-Out port is also configured for phantom sense
when using automatic loopback fault detection. When
Phantom current is detected the part is in the INSERT
state. If phantom current is lost, the ML6686 will
automatically switch to the BYPASS state. Using the FBYP
and ALLOW bits the part can also be forced into INSERT
state, for compatibility with older standard type MSAUSs,
or forced into BYPASS for diagnostic purposes.

Figure 8 shows a block diagram of an intelligent Hub
implementation with active retiming on each port. The
architecture shown has a backup ring for fault tolerant
operation. The Ring-In or the Ring-Out ports are fault
tolerant by using phantom current to detect faults. When a
fault is detected, the Ring-In or the Ring-Out port then
goes into the bypass state and perform an automatic
loopback onto the Back-up Ring. This feature is especially
useful in stackable hub designs. Figure 9 shows the implementation of a fault tolerant
Ring-Out port. In this configuration, the Ring-Out port is
implemented exactly like a Lobe port. The RxD and
RxCLK pins are connected to the TxD and the TxCLK pins
of the Ring-In port to create a “back up” ring. When the
fault tolerant feature is not needed for compatibility with

A microprocessor can be used to manage each individual
port. All the ports including the Ring-In and Ring-Out
ports can be individually programmed into “Force
INSERT”, “Force BYPASS” or “Allow phantom control.”

LORBE PORT the older MSAUS, the phantom current sense capability of
the ML6686 should be disabled and the device should be

Figure 9 shows a typical implementation of a Lobe port. placed in the forced insert state by using FBYP and

Lobe ports are configured as phantom sense ports. ALLOW. The LOCK bit should still be used to ensure that

Phantom current is sensed with two opto-isolators whose the proper ring speed is maintained.

outputs are nor-gated and fed into pin PHTM1. PHTM2

will go low, with an open collector output, when the RING-IN PORT

ML6686 goes into the INSERT state. This signal may either
be used to drive an LED indicator or another opto-isolator
to signal the remote station whether it is inserted or not.

Figure 10 is an application circuit of a Ring-In port
configured for phantom drive. In this mode the Ring-In
port looks like a station, however when a FAULT is
detected on the transmit or receive twisted pair wires, the
ML6686 will automatically go into BYPASS state. The
PHTM1 and PHTM2 pins drive the transmit pair
transformer center taps.

TXTP < <D, Txc_ BACKUPRING  p,p, gxC RxTP

6686 — 6686
RXTP —> - R/W, CLK, /O ' RO
3 _ TxTP

RXD, RXC | cs cs TXD, TXC
L]

CONTROLLER

3

Y A

ADDRESS
DECODER PRIMARY

i RING

T

cs cs

| gl
6686 6686 6686
TXD, TXC 1 RxD, RxC

S1 S2 lo-o SN

Figure 8. Intelligent Token Ring Hub
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Figure 9. Lobe Port or Ring-Out Port
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STATUS AND
CONTROL
INTERFACE
16MHz p N
XTAL RW < CK /o
FROM »— TxCLK RXCLK |—» TO
PREVIOUS ML6686 NEXT
PORT » ] TxD RxD [ pPORT
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Figure 10. Ring-In Port
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Figure 11. Suggested Filter and Equalization Networks

ORDERING INFORMATION

PART NUMBER

TEMPERATURE RANGE PACKAGE

ML6686CQ

0°C to 70°C 32-Pin PLCC (Q32)
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ML6691

TOOBASE-

T MIll-to-PMD Transceiver

GENERAL DESCRIPTION

The ML6691 implements the upper portion of the physical
layer for the Fast Ethernet TO00BASE-T standard. Functions
contained in the ML6691 include a 4B/5B encoder/
decoder, a Stream Cipher scrambler/descrambler, and
collision detect. Additional functions of the ML6691 —
accessible through the two-wire MIl management
interface — include full duplex operation, loopback,
power down mode, and Mli isolation.

The ML6691 is designed to interface to a 100BASE-T
Ethernet Media Access Controller (MAC) via the Ml
(Media Independent Interface) on one side, and a
T100BASE-X PMD transceiver on the other side. A
complete T00BASE-TX physical layer (PHY) solution is
realized using the ML6691, the ML6673, and one of the
available clock recovery/generation devices. A 100BASE-
FX physical layer solution is implemented by disabling the
scrambler function of the ML6691 and using an external
optical PMD.

FEATURES

Conforms to the Fast Ethernet T00BASE-T

IEEE 802.3p standard

Integrated 4B/5B encoder/decoder

Integrated Stream Cipher scrambler/descrambler
Compliant Ml interface

Two-wire serial interface management port for
configuration and control

On-chip 25 MHz crystal oscillator

Interfaces to either AMD’s PDT/PDR (AM79865/79866)
or Motorola’s FCG (MC68836)

Used with ML6673 for T00BASE-TX solutions
W 44-pin PLCC package

BLOCK DIAGRAM

TXCLK <€ NIBBLE STREAM SYMBOL TSM4
D3 —L N I EN“.?{;,;‘ER :> CIPHER [ OUTPUT :,‘I:)
S —————— | REGISTER SCRAMBLER REGISTER HR
]
oo | | f ) !
1 1
! } t—sp
1
1
TXEN »| TRANSMIT 4__| RECEIVE 1
1 | sTATE ggﬂi‘lgﬁ < STATE !
TXER T »| MACHINE > MACHINE H
1 | A H
coL < ¢——+— DCFR
CRs < :
1
RXDV <—} 1
]
RXER <€—} !
H I
l v v !
! 1
RXCLK <———  NIBBLE STREAM SYMBOL | , 1 RSM4
1 5B/4B  |A—] SYMBOL
RXD3 OUTPUT <,_L: K—] CIPHER IO —
<: REGISTER DECODER ALIGNER DESCRAMBLER| REGISTER . Rsmo
RXDO | 1
1 1
, A A A 3 L e
H ISOLATE ~ FULLDUP  COLTST LPBK  LINK FAILED !
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| TS S S S ,
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MDC e Ly LPBK
H | controL | [ status | !

1 1
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PIN CONFIGURATION
ML6691
44-PIN PLCC (Q44)
% )
Z 3 2 o « - o ¥ = ¢
Er222 8228 8¢
61 [51 [4] [3]1 [2] hal B3] B2 Ri] Gd
TXER [7 ] [39] TSM4
TXD3 [g ] 38] TSM3
TXD2 [9 ] 37] TSM2
TXD1 [0] [36] TSM1
TXDO [17] [35] TSMo
CRS [i2] 34] sD
coL [i3] 33] RSM4
RXD3 [14] [32] RSM3
RXD2 [i3] 31] RsM2
RXD1 [ig] 30] RSM1
RXDO [1Z] 29] RsMo
ERERTRIRZEERZRERERZRE]
- v
PIN DESCRIPTION
PIN# NAME FUNCTION PIN# NAME FUNCTION
1,21 Vce Positive 5 volt supply. 12 CRS Carrier sense output. A logic high
2,34, ADI[4:0] Local PHY address. These 5 inputs set indicates that either the tfansmit of
43,44 the address to which the local physical deasserted when both trans}nit and
layer responds. When an address receive are idle
match is detected, the CS output is :
asserted. 13 COL Collision detect output. A logic high
5 TXCLK Transmit clock output. Continuous ;?:r::;tﬁsaig?ggﬁ; (isr:r?);:;a;:;léi
25MHz clock provides the timing mode)
reference for the transfer of TXEN, ’
TXER, and TXD[3:0] from the MAC. 14-17 RXDI3:0] Receive nibble data outputs. Nibble-
TXCLK is generated from the TXC wide data for transmission to the MAC.
input. RXDI0] is the least significant bit.
6 TXEN Transmit enable input. A logic high RXDI3:0] is synchronous to RXCLK.
enables the transmit section of the 18 RXDV Receive data valid output. A logic high
ML6691. This signal indicates the indicates the ML6691 is presenting
MAC is transmitting nibble-wide data. valid nibble-wide data. RXDV shall
TXEN is synchronous to TXCLK. remain asserted from the first
7 TXER Transmit error input. When TXER is {ﬁg??:;f?ezgalz;gf;&eb{?rg;[g]\;ov%%};
mfgég:h\j\l,ﬁﬁXEans as/lsliflted, tgel . be de-asserted prior to the first RXCLK
the data strea::l]s?fxglg is syszmo(r:oluns that follows the final nibble. RXDV is
to TXCLK. synchronous to RXCLK.
8-11  TXD[3:0] Transmit nibble data inputs. Nibble- 19 RXER  Receive error output. Active high,
: indicates that a coding error was
wide data from the MAC. For data :
o detected. RXER is synchronous to
transmission TXEN must be asserted. RXCLK
TXDIO] is the least significant bit. ’
TXD[3:0] is synchronous to TXCLK.
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PIN DESCRIPTION (Continued)

PIN# NAME FUNCTION PIN# NAME FUNCTION

20 RXCLK  Receive clock output. Continuous 29-33 RSMI[4:0] Receive symbol data inputs. Symbol-
25 MHz clock provides the timing wide (encoded) data from the PMD
reference for the transfer of RXDV, layer.
RXER, and RXD(3:0] to the MAC. 34 SD Signal detect. A logic high on this

22 DCFR Scrambler/descrambler disable. A input indicates the presence of non-
logic high on this input disables the quiet data. The internal signal, linkfail,
Stream Cipher scrambler/descrambler. is enabled 330us after SD is asserted.

23 GND Ground 35-39 TSMI[4:0] Transmit symbol data outputs. Symbol-

24 LOCAL  Local/remote. A logic low on this input ‘l;vll/(\jlg (Ieanzc:ded) data for transfer to the
places the ML6691 in remote mode, in Yer.
which the Ml interface is disabled at 40 TXC Transmit symbol clock input. Input
power on or after a reset operation. used to generate TXCLK. Use either a
When low, the isolate bit of the 25 MHz crystal or a 25 MHz clock
Control register will be set upon power between TXC input and GND.
up or reset. 41 MDIO Management data input/output. A

25 RST Reset. A logic high on this input resets bi-directional signal used to transfer
the Status and Control registers to their control and status information
default states. between the ML6691 and the MAC.

26 cs Chip select. A logic low is generated MDIQ is synchronous to MDC.
on this output when the ML6691 42  MDC Management data clock input. A low-
detects an address match. frequency aperiodic clock used as the

timing reference for transfer of

27 LPBK Loopback. A logic low on this output information on the MDIO signal.

indicates the loopback function.

28 RXC Receive symbol clock. A 25 MHz
clock input from the PMD layer. The
rising edge of RXC is used to sample
RSM[4:0].
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS

Absolute maximum ratings are those values beyond which Supply Voltage (Vce)
the device could be permanently damaged. Absolute Temperature Range
maximum ratings are stress ratings only and functional

device operation is not implied.

Supply Voltage (V) veveeveevermeninienneeneieeneenieeenes 6.0V
L] N] o T -0.3V to Ve + 0.3V
Logic Inputs .............. 0.3V to Vcc + 0.3V

Input Current per Pin..........ceeeveieiiiiiniennreiiieeeeennn. +25mA
Storage Temperature........ -65°C to +150°C
Package Dissipation at T = 25°C ...ccoceeveeeennnne. 750mwW
Lead Temperature (soldering 10 S€C.) ...ecvvvevervenenee. 300°C

ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Vcc = 5V = 10%, C = 15pF, Ta = Tpin to Tmax
PARAMETER | SYMBOL ] CONDITIONS l MIN | TYP | MAX l UNITS
DC Characteristics

Logic Input Low ViL All except TXC 0.8 \Y
TXC 1.5
Logic Input High ViH All except TXC 2.0 \"
TXC 3.5
Logic Input Low Current n VN =0, all except TXC -10 MHA
Vin = 0, TXC ~100
Logic Input High Current iy VN = Ve, all except TXC 10 HA
Vin = Vee, TXC 100
Logic Output Low Vou loL = —4mA 0.4 \
Logic Output High VoH lon = 4mA 2.4 \
Input Capacitance Cin All except TXC 8 pF
TXC 12
AC Characteristics
TXD Setup Time t 15 ns
TXD Hold Time ty 0 ns
TXC to TSM Delay t3 5 25 ns
RSM Setup Time tg 10 ns
RSM Hold Time ts 5 ns
RXCLK to RXD Delay te 0 10 ns
MDIO Setup Time ty 10 ns
MDIO Hold time tg 10 ns
MDC to MDIO Delay to 0 300 ns
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TXCLK I I I l RXCLK l | l l._
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FUNCTIONAL DESCRIPTION

To describe the function of the ML6691, the device is
separated into three sections, the Transmit Section, the
Receive Section, and the Management section. Each
section is discussed below.

TRANSMIT SECTION

The transmit section is responsible for converting transmit
nibble data on the Ml lines from the MAC into encoded
and ciphered transmit symbols, as shown in Figure 1. The
nibble input register samples the transmit nibble data on
the MII lines and passes the nibble data onto the encoder.
The encoder then converts the data to 4B/5B code (see
Table 1) under the direction of the state machine. The

while transmit enable is asserted, the transmit error is
asserted, the H symbol will be impressed except during
the time the JK pair is emitted. Following the trailing edge
of transmit enable, the end of frame delimiter — the TR
pair — is generated, after which the IDLE symbol is
generated to fill the space between frames. The encoded
data is then enciphered by performing a XOR with the
output of the cipher register.

The cipher register is a linear feedback shift register which
generates the cipher bit stream which is used to scramble
the transmit symbol data. The Boolean algebra expression
is listed below.

TCFR11 = TCFR6
TCFR10= TCFR5

state machine detects the leading edges of transmit enable TCFR9 =TCFR4
and impresses the start of frame delimiter — the JK pair — }EEE? = igigg
ignoring the TXD<3:0> during these two symbol times. If, = '
gnoring urng ymbor times TCFR6 = NOT (TCFR11 OR TCFR10 OR TCFR9 OR
TCFR8 OR TCFR7 OR TCFR6 OR TCFR5 OR
HEX/48B SYMBOL/58 HEX/4B SYMBOL/5B TCFR4 OR TCFR3 OR TCFR2) OR TCFR1
0000 11110 J 11000 TCFR5 =TCFR11 XOR TCFR9
0001 01001 K 10001 TCFR4 = TCFR10 XOR TCFR8
0010 10100 T 01101 TCFR3 = TCFR9 XOR TCFR7
0011 10101 R 00111 TCFR2 = TCFR8 XOR TCFR6
0100 01010 H 00100 TCFR1 = TCFR7 XOR TCFR5
0101 01011 IDLE i The enciphered data are then passed to the symbol output
0110 01110 N . L
TR AIEEE register which drives the generated symbol data out to the
7000 10670 PMD transceiver.
1001 10011 Collision detect is implemented by noting the occurrence
1010 10110 of reception during transmission. A linkfail indication at
1011 10111 any time causes an immediate transition to the IDLE state
1100 11010 and supersedes any other transmit operation.
1101 11011
1110 11100
1111 11101
Table 1. 4B/5B Encoding Table
TRANSMIT NIBBLE DATA
(TXD[3:0))
TRANSMIT  TRANSMIT
ERROR ENABLE TRANSMIT NIBBLE
(TXER) (TXEN) AJ CLOCK
LINK NIBBLE INPUT (TXCLK)
FAIL REGISTER A
Y Y \ Y
TRANSMIT ENCODER/ CIPHER
STATE MACHINE ENCIPHER REGISTER
TRANSMITTING v
CARRIER AND SYMBOL OUTPUT
COLLISION REGISTER
DETECT A
A \J
\ TRANSMIT SYMBOL DATA TRANSMIT SYMBOL CLOCK
RECEIVING COLLISION (TSM[4:0]) (TXQ)
(CoL)
CARRIER SENSE
(CRS)
Figure 1. Transmit Section Block Diagram
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RECEIVE SECTION

The receive section is responsible for converting received The decoder translates the 4B/5B coded deciphered and
unaligned symbols into deciphered, aligned and decoded aligned symbols into hex nibbles. The decoder along with
nibble data on the Ml lines, as shown in Figure 2. The the state machine also examines the symbol stream for
receive symbol input register samples the receive symbol packet framing information. The JK is converted back to
data from the PMD transceiver and passes the symbol data 55 and the TR into 00. The decoder also flags invalid
onto the decipher process. The cipher lock is restored by symbol codes and generates the receive error signal. The
reloading the decipher register after detecting 13 state machine also generates the receive data valid signal.
consecutive IDLE symbols which must occur between L d by the d .
packets. The decipher function is then performed by an A premature stream termination is caused by the etec'tlllon
exclusive-OR of the output of the decipher register and of two IDLE symbols prior to an TR. A I'"kfa.'l signal wi
the input symbols. also terminate the receive operation immediately.

The decipher symbol data are then passed to the symbol NOt?’ the “Bad SSD state is not implemented in the
aligner. The symbols are broken into arbitrary five-bit receive state machine of the ML6691.

groups. The alignment is achieved by scanning the code-
bit stream for the JK pair following the idle symbols.

RECEIVE SYMBOL DATA RECEIVE SYMBOL
(RSM[4:0]) CLOCK
(RXC)
Y
SYMBOL INPUT \]
REGISTER

DECIPHER LOCK

SUBSECTION
Y
DECIPHER <
Y
LINK SYMBOL ALIGNER
FAIL RECEIVING
\ Y
RECEIVE » DECODER
STATE MACHINE <€
\ v v
RECEIVE RECEIVE
ERROR DATA VALID NIBBLE OUTPUT
(RXER) (RXDV) REGISTER
M v
RECEIVE NIBBLE DATA RECEIVE NIBBLE CLOCK
(RXD[3:0]) (RXCLK)

Figure 2. Receive Section Block Diagram
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MANAGEMENT SECTION

The ML6691 implements the applicable portions of the
IEEE 802.3 Control and Status registers. The management
section provides a two-wire serial interface for the
purpose of control and status gathering. The MDIO pin is

a bi-directional signal used to transfer control information
between the ML6691 and the MAC. Data on MDIO is
clocked using the MDC pin. The following frame structure
is used:

PRE | ST | OP | PHYAD | REGAD | TA DATA IDLE
READ 1 |01} 10 | AAAAA | RRRRR | Z0O DDDDDDDDDDDDDDDD z
WRITE| 1 | 01| 01 | AAAAA | RRRRR | 10 DDDDDDDDDDDDDDDD V4

PRE (Preamble)

The preamble condition on the two wire interface is a
logic one. Prior to initiation of any other transaction, a
sequence of 32 consecutive logic ones must be presented
on MDIO with 32 corresponding cycles on MDC to
establish synchronization.

ST (Start of Frame)

The start of frame is indicated by a <01> pattern. This
pattern assures transitions from the default logic one line
state to zero and back to one.

OP (Operation Code)

The operation code for a read transaction is <10>, while
the operation code for a write transaction is <01>.

PHYAD (PHY Address)

The PHY Address is five bits, allowing 32 unique PHY
addresses. The first PHY address bit transmitted and
received is the MSB of the address.

CONTROL REGISTER

REGAD (Register Address)

The Control register is address <00000>, and the Status
register is address <00001>.

TA (Turnaround)

The turnaround time is a 2 bit time spacing between the
Register Address field and the Data field of a management
frame to avoid contention during a read transaction.

DATA (Data)

The data field is 16-bits. The first data bit transmitted and
received shall be bit 15 of the register being addressed.

CONTROL REGISTER

Table 2 shows the applicable portions of the Control
registers that are implemented in the ML6691. Bits 12, 9,
and 6-0 are read-only and have default values of logic
low.

BIT NAME DESCRIPTION R/W DEFAULT
15 Reset 1 = reset R/W 0
0 = normal operation SC
14 Loopback 1 = loopback RW 0
0 = normal operation
13 Speed Selection 1 = 100Mb/s R 1
0 = 10Mb/s
11 Power Down 1 = power down RW 0
0 = normal operation
10 Isolate 1= electrically isolate from MII R/W Determined by LOCAL
0 = normal operation
8 Duplex Mode 1 = full duplex RW 0
0 = half duplex
7 Collision Test 1 = test Col signal RW 0
0 = normal operation
NOTE: R/ = Read/Write, SC = Self Clearing

Table 2. Control Register
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Reset: By setting this bit to a logic one, the Control register
will be reset to its default values. This bit self-clears upon
completion of the reset operation.

Loopback: By setting this bit to a logic one, the LPBK pin
will be held at a logic low. The COL signal will remain
low at all times, unless bit 7 is set, in which case the COL
signal shall behave as described.

Speed Selection: This bit is read-only and set at a logic
one by default.

Power Down: By setting this bit to a logic one, the
oscillator and all the MII input buffers except for MDIO
and MDC will be shut down.

Isolate: By setting this bit a logic one, the ML6691 can be
electrically isolated from the MII. In the isolation mode,
the input TXEN will be ignored and TXD[3:0] and TXER
shall not have any effect on the transmit section. All the
output buffers connected to the MIl will be tri-stated. The
default state of this bit is determined by the LOCAL pin.

Duplex Mode: ML6691 will operate in Full Duplex mode
when this bit is set to a logic one. The COL signal will
remain low unless bit 7 is set.

STATUS REGISTER

Collision Test: By setting this bit to a logic one, the COL
signal will be asserted in response to the assertion of
TXEN, and will continue to assert the COL signal until
TXEN is deasserted.

STATUS REGISTER

Table 3 shows the applicable portions of the Status register
that are implemented in the ML6691. Bits 15, 12-3, 1, and
0 are read-only and have default values of logic low.

100BASE-TX Full Duplex

ML6691 can perform full duplex link transmission and
reception using the T00BASE-TX signaling specification.
This bit is always read as a logic one.

100BASE-TX Half Duplex

ML6691 can perform half duplex link transmission and
reception using the T00BASE-TX signaling specification.
This bit is always read as a logic one.

Link Status

When read as a logic one, this bit indicates that a valid
link has been established. The link status bit is
implemented with a latching function, such that the
occurrence of a link failure condition will cause the link
status bit to become cleared and remain cleared until it is
read via the management interface.

BIT NAME DESCRIPTION R/W
14 100Base-TX 1 = able to perform full duplex R/O
Full Duplex 0 = not able to perform full duplex
13 100Base-TX 1 = able to perform full duplex R/O
Half Duplex 0 = not able to perform full duplex
2 Link Status 1 = link is up R/O
0 = link is down LL
NGTE:  R/O = Read Only,
LL = Latching Low
Table 3. Status Register
ORDERING INFORMATION
PART NUMBER TEMPERATURE RANGE PACKAGE
ML6691CQ 0°C to 70°C 44-PIN PLCC (Q44)

lﬁ$ Micro Linear

2-277



ML6691

2-278 1@ Micro Linear



May 1997

ML6692
T00BASE-TX Physical Layer with MlI

GENERAL DESCRIPTION FEATURES

The ML6692 implements the complete physical layer of ™
the Fast Ethernet TOOBASE-TX standard. The ML6692 -
interfaces to the controller through the standard-compliant
| |
]

N - -
ugL Micro Linear

Single-chip T00BASE-TX physical layer
Compliant to IEEE 802.3u T00BASE-TX standard

Media Independent Interface (MIl). The ML6692 Supports adapter, repeater and switch applications

functionality includes auto-negotiation, 4B/5B encoding/ Single-jack 10BASE-T/100BASE-TX solution when used
decoding, Stream Cipher scrambling/descrambiing, with external 10Mbps PHY
125MHz clock recovery/generation, receive adaptive

equalization, baseline wander correction, and MLT-3/ m Compliant MIl (Media Indendent Interface)
T0BASE-T transmitter. B Auto-negotiation capability
For applications requiring 100Mbps only, such as W 4B/5B encoder/decoder
repeaters, the ML6692 offers a single-chip per-port m Stream Cipher scrambler/descrambler
solution. For 10/100 dual speed adapters or switchers, .
TOBASE-T functionality may be attained using Micro - 125M_HZ clock recovery{generatlon
Linear’s ML2653, or by using an Ethernet controller that ® Baseline wander correction
contains an integrated T0BASE-T PHY. m Adaptive equalization and MLT-3 encoding/decoding
B Supports full-duplex operation
BLOCK DIAGRAM (PLCC Package)
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PIN CONFIGURATION

ML6692
52-Pin PLCC (Q52)
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- = < = < v = - = 0
§ o N s I e Y e Y s T e Y e O e O s N s N s Y s O o |
/7 6 5 4 3 2 1 52 51 50 49 48 47
TXER [8 46[ ] CMREF
TXCLK []9 45[] TPINP
RXD3 []10 44[] TPINN
DGND1 11 43[] TINK100
RXD2 []12 42[] Avcez
pvcct 13 41[] AGND2
RXD1 14 40[] TPOUTP
DGND2 []15 39[] TPOUTN
RXDO []16 38[] AGND3
RXCLK []17 37[] RTSET
CRs []18 36[] RGMSET
cotL [J19 35[] SEL100T4/EDOUT
DGND3 []20 34[] Avces
2122 23 24 25 26 27 28 29 30 31 32 33
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PIN CONFIGURATION (Continued)

ML6692
64-Pin TQFP (H64-10)

Z e Z
ez By £%
« z 2 = 3 2 3 2 20 & E E
£ 22282 8GGc8g3sB8s8y8 8y
EEEEEEZIT ITEZTR2Z 22 Z
/ 64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
TXCLK 1 48 DUPLEX
RXD3 2 47 CMREF
DGND1A 3 46 TPINP
DGND1B 4 45 [ T ] TPINN
RXD2 5 44 [ ] TINKi00
DVCCiA 6 43 AVCC2
DvCCiB 7 42 AGND2A
RXD1 8 41 AGND28B
DGND2A 9 40 TPOUTP
DGND2B 10 39 TPOUTN
RXDO 1" 38 AGND3A
RXCLK 12 37 AGND38
CRS 13 36 RTSET
coL 14 35 RGMSET
DGND3A 15 34 SEL100T4/EDOUT
DGND38B 16 33 AVCC3
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
2083938 5E58BEZ93
X 9 2 3 2 2 L Vool 2 3 8
e 2 $ z z 99 z zF | w o &
Q 6§66 22 66 = zZ o
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PIN DESCRIPTION (Pin numbers for TQFP package in parentheses)

PIN NAME DESCRIPTION

1 (56) TXCLKIN Transmit clock TTL input. This 25MHz clock is the frequency reference for the
internal transmit PLL clock multiplier. This pin should be driven by an external
25MHz clock at TTL or CMOS levels.

2 (58, 57) AGND1 Analog ground.

3,4 (59,60, TXD<3:0> Transmit data TTL inputs. TXD<3:0> inputs accept TX data from the MIl. Data

5,6 61,62) appearing at TXD<3:0> are clocked into the ML6692 on the rising edge of TXCLK.

7 (63) TXEN Transmit enable TTL input. Driving this input high indicates to the ML6692 that transmit
data are present at TXD<3:0>. TXEN edges should be synchronous with TXCLK.

8 (64) TXER Transmit error TTL input. Driving this pin high with TXEN also high causes the part to
continuously transmit scrambled H symbols. When TXEN is low, TXER has no effect.

9 (1) TXCLK Transmit clock TTL output. This 25MHz clock is phase-aligned with the internal
125MHz TX bit clock. Data appearing at TXD<3:0> are clocked into the ML6692 on
the rising edge of this clock.

10,12, (2,5, RXD<3:0> Receive data TTL outputs. RXD<3:0> outputs are valid on RXCLK'’s rising edge.

14,16 8, 11)

1 (3, 4) DGNDI1 Digital ground.

13 6,7) DvCC1 Digital +5V power supply.

15 9, 10) DGND2 Digital ground.

17 (12) RXCLK Recovered receive clock TTL output. This 25MHz clock is phase-aligned with the
internal 125MHz bit clock recovered from the signal received at TPINP/N. Receive
data at RXD<3:0> changes on the falling edges and should be sampled on the rising
edges of this clock. RXCLK is phase aligned to TXCLKIN when the T00BASE-TX
signal is not present at TPINP/N.

18 (13) CRS Carrier Sense TTL output. For 100Mbps operation in standard mode, CRS goes high
in the presence of non-idle signals at TPINP/N, or when the ML6692 is transmitting.
CRS goes low when there is no transmit activity and receive is idle. For 100 Mbps
operation in repeater mode or full duplex mode, CRS goes high in the presence of non-
idle signals at TPINP/N only.

19 (14) CcoL Collision Detected TTL output. For 100 Mbps operation COL goes high upon
detection of a collision on the network, and remains high as long as the collision
condition persists. COL is low when the ML6692 operates in either full duplex,
repeater, or loopback modes.

20 (15,16) DGND3 Digital ground.

21 (17) RXDV Receive data valid TTL output. This output goes high when the ML6692 is receiving
a data packet. RXDV should be sampled synchronously with RXCLK’s rising edge.

22 (18) DVCC2 Digital +5V power supply.

23 (19) RXER Receive error TTL output. This output goes high to indicate error or invalid symbols
within a packet, or corrupted idle between packets. RXER should be sampled
synchronously with RXCLK's rising edge.

24 (20) MDC MIl Management Interface clock TTL input. A clock at this pin clocks serial data into
or out of the ML6692’s MIl management registers through the MDIO pin. The
maximum clock frequency at MDC is 2.5MHz.

25 (21) MDIO MII Management Interface data TTL input/output. Serial data are written to and read
from the ML6692’s management registers through this I/O pin. Input data is sampled
on the rising edge of MDC. Data output should be sampled synchronously with
MDC's rising edge.

26 (22, 23) DGND4 Digital ground.
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PIN DESCRIPTION (Continued)

PIN

NAME

DESCRIPTION

27
28
29

30

31

32

33

34
35

36

37

38
39, 40

41

(24, 25)
(26, 27)
(28)

(29)

(30)

(31)

(33)
34

(35)

(36)

(37, 38)
(39, 40)

41, 42)

DVCC5
DGND5
T4EN

T4FAIL

EDIN

SELT1O0HD

SELTOFD/ECLK

AVCC3

SEL100T4
/EDOUT

RGMSET

RTSET

AGND3
TPOUTN/P

AGND?2

Digital +5V power supply.
Digital ground.

100BASE-T4 enable TTL output. This output goes low if the auto-negotiation
function chooses T00BASE-T4 as the highest common denominator technology. This
output is high on power-up, during auto-negotiation, when the ML6692 enables any
other protocol, or when 100BASE-T4 technology is not supported. If auto-negotiation
is disabled, T4EN is always low.

TO00BASE-T4 link fail TTL input. When driven high, it indicates a good, 1T00BASE-T4
link. When the auto-negotiation function chooses 100BASE-T4 as the highest
common denominator technology, and indicates it by driving T4EN low, T4FAIL
should go high within 750-1000ms; otherwise auto-negotiation is restarted. Driving
this pin low after auto-negotiation is completed, also restarts it. In the parallel
detection function, driving this pin high indicates that the T00BASE-T4 link is ready.
If auto-negotiation is disabled and management register bit 0.13 is set to 1 (100Mb/s
data rate selected), driving T4FAIL high indicates a valid T00BASE-T4 link and
disables the ML6692’s 100BASE-TX analog functions. If bit 13 of the Ml Control
register is set to 0, T4FAIL has no effect.

Initialization interface mode select and EEPROM interface mode data-in CMOS input/
output. EDIN selects one of three possible interface modes at power up. See table on
page 14 for more detail

Initialization Interface T0BASE-T half duplex CMOS input. When EDIN is high or
floating, this pin has no effect. When EDIN is low, this pin sets the value of bit 11 of the
MII Status register (10Mb/s half duplex), and the default value of bit 5 of the Ml
Advertisment register (10BASE-T half duplex capability).

Initialization Interface TOBASE-T full duplex CMOS input/clock CMOS input/output.
When EDIN is low, this pin sets the value of bit 12 of the Ml Status register (10Mb/s
full duplex), and the default value of bit 6 of the MIl Advertisement register (10BASE-
T full duplex capability). When EDIN is left floating, this pin provides the output
clock to read initialization data from an external EEPROM. When EDIN is high, this
pin is the input clock to load data from an external microcontroller.

Analog +5V power supply.

Initialization Interface 100BASE-T4 CMOS input and EEPROM or microcontroller
data-out CMOS input. When EDIN is low, this pin sets the value of bit 15 of the Ml
Status register (100BASE-T4), and the default value of bit 9 of the Mil Advertisement
register (100BASE-T4 capability). When EDIN is floating, this pin is the initialization
data input from an external EEPROM. When EDIN is high, this pin is the
initialization data input from a microcontroller.

Equalizer bias resistor input. An external 9.53kQ, 1% resistor connected between
RGMSET and AGND3 sets internal time constants controlling the receive equalizer
transfer function.

Transmit level bias resistor input. An external 2.49kQ, 1% resistor connected between

RTSET and AGND3 sets a precision constant bias current for the twisted pair transmit
level.

Analog ground.

Transmit twisted pair outputs. This differential current output pair drives FLP
waveforms and MLT-3 waveforms into the network coupling transformer in
T00BASE-TX mode, or T0BASE-T waveforms in TOBASE-T mode.

Analog ground.
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PIN DESCRIPTION (Continued)

PIN NAME DESCRIPTION

42 (43) AVCC2 Analog +5V power supply.

43 (44) LINK100 100BASE-TX link activity open-drain output. LINK100 pulls low when there is
100BASE-TX activity at TPINP/N in T00BASE-TX or auto-negotiation modes. This
output is capable of driving an LED directly.

44, 45 (45, 46) TPINN/P Receive twisted pair inputs. This differential input pair receives T00BASE-TX, FLP, or
10BASE-T signals from the network.

46 (47) CMREF Receiver common-mode reference output. This pin provides a common-mode bias
point for the twisted-pair media line receiver, typically (Vcc - 1.26)V.

47  (48) DUPLEX Full duplex enabled TTL output. This output is high during the auto-negotiation process,

48,49 (50, 51)

TOBTTXINN/P

it's low when auto-negotiation is reset (power-up, reset bit, restart auto-negotiation bit,
power down bit, or link loss) and follows the duplex status otherwise. It drives the
ML2653’s FD input, and prevents the ML2653 from attempting to transmit during auto-
negotiation. For TOBASE-T transceivers without pin-selectable MAU loopback disable,
DUPLEX can be used to disable the TOBASE-T transceiver’s receive and collision
outputs to the controller during auto-negotiation.

10BASE-T transmit waveform inputs. The ML6692 presents a linear copy of the input
at TOBTTXINP/N to the TPOUTP/N outputs when the ML6692 functions in TOBASE-T
mode. Signals presented to these pins must be centered at Vc¢/2 and have a single
ended amplitude of £0.25V.

50 (53) 10BTRCV 10BASE-T receive activity TTL input. The external T0BASE-T transceiver drives this
pin high to indicate T0BASE-T packet reception from the network.

51 (54) TOBTLNKEN  10BASE-T link control TTL output. This output is low if the ML6692 is in TOBASE-T
mode, or if the auto-negotiation function indicates to the T0BASE-T PMA to scan for
carrier. This output is high if the TOBASE-T PMA should be disabled.

52 (55) AVCC1 Analog +5V power supply.
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ABSOLUTE MAXIMUM RATINGS

Absolute maximum ratings are those values beyond which
the device could be permanently damaged. Absolute
maximum ratings are stress ratings only and functional
device operation is not implied.

Vcc Supply Voltage Range .................... GND -0.3V to 6V
Input Voltage Range
Digital Inputs .........ccccveneeneen. GND -0.3V to V¢ +0.3V

TPINP, TPINN, T0BTTXNP, T0BTTXINN,
.......................................... GND -0.3V to Ve +0.3V

Output Current
TPOUTP, TPOUTN ...ttt 60mA
All Other OUPULS .......ccvveieiiieierieceeeeeeeae 10mA
Junction Temperature ......cc.ccceecvveeeeeeeeeieeiireeeeenenn. 150°C

Storage Temperature -65°C to +150°C

Lead Temperature (Soldering, 10 s€C) .....c.cccevennenen. 260°C
Thermal Resistance (6)4)
PLCC ettt 40°C/W
L0 )2 N 52°C/W
OPERATING CONDITIONS
Ve Supply Voltage .....oeeeeeeeeicnciiciniiiccieee, 5V+5%

All Ve supply pins must be within 0.1V of each other.

All GND pins must be within 0.1V of each other.

Ta, Ambient temperature 0°C to 70°C
RGMSET e, 9.53kQ £ 1%
RTSET ottt et 2.49kQ £ 1%
Receive transformer insertion 10ss ..........ccceeun.en... <-0.5dB

DC ELECTRICAL CHARACTERISTICS

Over full range of operating conditions unless otherwise specified (Note 1).

SYMBOL PARAMETER CONDITIONS MIN TYP MAX
RECEIVER
Vicm TPINP/N Input Common-Mode Vcee-1.26 \Y
Voltage (CMREF)
Vip TPINP-TPINN Differential Input -3.0 3.0 \Y
Voltage Range
Ripr TPINP-TPINN Differential 10.0k Q
Input Resistance
licm TPINP/N Common-Mode Input +10 HA
Current
IRGM RGMSET Input Current RGMSET = 9.53kQ 130 HA
IRT RTSET Input Current RTSET = 2.49kQ 500 HA
LED OUTPUT (LINK100)
lots Output Low Current 5 mA
loHs Output Off Current 10 HA
TRANSMITTER
ltoroo | TPOUTP/N 100BASE-TX Mode | Note 2, 3 +19 +21 mA
Differential Output Current
oo TPOUTP/N 10BASE-T +55 +60 +65 pA
Mode Differential Output Current
IToFF TPOUTP/N Off-State Output Ry =200, 1% 0 1.5 mA
lrxi TPOUTP/N Differential Output
Current Imbalance Ry =200, 1% 500 HA
XERR TPOUTP/N Differential Output | Vout = Vcc; Note 3 -5.0 +5.0 %
Current Error
Xcmpioo | TPOUTP/N T00BASE-X Output | Vout = Ve £ 2.2V; referred to
Current Compliance Error louT at Vee -2.0 +2.0 %
Vocmio | TPOUTP/N 10BASE-T Output ITp10 remains within specified Vee-2.7 Vee+ 2.7 \Y
Voltage Compliance Range values
Vicmio TOBTTXNN/P Input Vcd/2-0.3 Vco/2 + 0.3 \
Common-Mode Voltage Range

8L Micro Linear
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DC ELECTRICAL CHARACTERISTICS (Continued)

SYMBOL | PARAMETER ] CONDITIONS | min [ v max | units
POWER SUPPLY CURRENT
lccio00 Supply Current, T00BASE-TX Current into all Ve pins 200 300 mA
Operation, Transmitting
lccio Supply Current, T0BASE-T Current into all V¢ pins 40 70 mA
Operation, Transmitting
lccore Supply Current Current into all Ve pins 20 mA
Power Down Mode
Iccauto | Supply Current During Current into all Vcc pins 240 300 mA
Auto-negotiation
TTL INPUTS (TXD<3:0>, TXCLKIN, MDC, MDIO, TXEN, TXER, T0BTRCV, T4FAIL)
Vi Input Low Voltage Iy = —400pA 0.8
Vin Input High Voltage liy = 100pA 2.0
i Input Low Current Vin=0.4V -200 HA
iy Input High Current Vin= 2.7V 100 HA
MII TTL OUTPUTS (RXD<3:0>, RXCLK, RXDV, RXER, CRS, COL, MDIO, TXCLK)
VoLt Output Low Voltage loL = 4mA 0.4
VoHT Output High Voltage lon=—4mA 2.4 \Y
NON-MII TTL OUTPUTS (DUPLEX, T4EN, TOBTLNKEN)
Vour Output Low Voltage loL=TmA 0.4 \Y
VoHT Output High Voltage lon=-0.TmA 2.4 Vv
CMOS INPUTS (EDIN, SEL1OHD, SELT10FD/ECLK, SEL100T4/EDOUT)
ViLe Input Low Voltage 0.2 x Ve \%
ViHC Input High Voltage 0.8 x Vcc \%
CMOS OUTPUTS (SEL10FD/ECLK)
Volc Output Low Voltage oL = 2mA 0.1 x Vce Vv
VoHC Output High Voltage loL =-2mA 0.9 x Vcc v
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AC ELECTRICAL CHARACTERISTICS

Over full range of operating conditions unless otherwise specified

SYMBOL | PARAMETER CONDITIONS | MIN ‘ TYP l MAX | UNITS
TRANSMITTER (Note 3)
tTR/F TPOUTP-TPOUTN Differential | Notes 5, 6; for any legal 3.0 5.0 ns
Rise/Fall Time code sequence
trm TPOUTP-TPOUTN Differential | Notes 5, 6; for any legal -0.5 0.5 ns
Rise/Fall Time Mismatch code sequence
troc TPOUTP-TPOUTN Differential | Notes 4, 6 -0.5 0.5 ns
Output Duty Cycle Distortion
tyT TPOUTP-TPOUTN Differential | Note 6 300 1400 ps
Output Peak-to-Peak Jitter
XosTt TPOUTP-TPOUTN Differential | Notes 6, 7 5 %
Output Voltage Overshoot
tek TXCLKIN — TXCLK Delay 6 1 ns
trxp Transmit Bit Delay Note 8 10.5 bit times
RECEIVER
tRxDC Receive Bit Delay (CRS) Note 9 15.5 bit times
tRXDR Receive Bit Delay (RXDV) Note 10 25.5 bit times
MII (Media-Independent Interface)
XgTOL TX Output Clock Frequency 25MHz frequency -100 +100 ppm
Tolerance
trPWH TXCLKIN pulse width HIGH 14 ns
trpwi TXCLKIN pulse width LOW 14 ns
tRPWH RXCLK pulse width HIGH 14 ns
tRPWL RXCLK pulse width LOW 14 ns
trps Setup time, TXD<3:0> Data 15 ns
Valid to TXCLK Rising Edge
(1.4V point)
tTPH Hold Time, TXD<3:0> Data 0 ns
Valid After TXCLK Rising Edge
(1.4V point)
tres Time that RXD<3:0> Data are 10 ns
Valid Before RXCLK Rising Edge
(1.4V point)
tRCH Time that RXD<3:0> Data are 10 ns
Valid After RXCLK Rising Edge
(1.4V point)
tRPCR RXCLK 10% - 90% Rise Time 6 ns
tRPCF RXCLK 90%-10% Fall Time 6 ns
MDC-MDIO (Mil Management Interface)
tspws Write Setup Time, MDIO Data 10 ns
Valid to MDC Rising Edge
1.4V Point
tsPWH Write Hold Time, MDIO Data 10 ns
Valid After MDC Rising Edge
1.4V Point
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AC ELECTRICAL CHARACTERISTICS (Continued)

SYMBOL l PARAMETER CONDITIONS MIN ] TYP l MAX l UNITS
MDC-MDIO (MIl Management Interface) (Continued)
tsprs Read Setup Time, MDIO Data 100 ns
Valid to MDC Rising Edge
1.4V Point
tspRH Read Hold time, MDIO Data 0 ns
Valid After MDC Rising Edge
1.4V Point
tcPER Period of MDC 400 ns
tepw Pulsewidth of MDC Positive or negative pulses 160 ns
INITIALIZATION INTERFACE
tpw1 ECLK Positive Pulsewidth EDIN floating (EEPROM Mode) 900 ns
tpw2 ECLK Negative Pulsewidth EDIN floating (EEPROM Mode) 900 ns
tPERT ECLK Period, EEPROM Mode EDIN floating (EEPROM Mode) 1800 ns
tov1 EDOUT Data Valid Time After | EDIN floating (EEPROM Mode) 900 ns
ECLK Rising Edge
tpER2 ECLK period EDIN high (Microcontroiier Mode) 5000 ns
tpw3 ECLK Positive Pulsewidth EDIN high (Microcontroller Mode) 2000 ns
tpwa ECLK Negative Pulsewidth EDIN high (Microcontroller Mode) 2000 ns
tsq ECLK Data Setup Time EDIN high (Microcontroller Mode) 10 ns
tH1 ECLK Data Hold Time EDIN high (Microcontroller Mode) 10 ns
Note 1. Limits are guaranteed by 100% testing, sampling, or correlation with worst case test conditions.

Note 2.  Measured using the test circuit shown in fig. 1, under the following conditions:
Rep = 2009, Ris = 49.9Q, Rygey = 2.49kQ.
All resistors are 1% tolerance.

Note 3. Output current amplitude is loyt = 40 x 1.25V/RTSET.

Note 4.  Measured relative to ideal negative and positive signal 50% points, using the four successive MLT-3 transitions for the 01010101 bit sequence.

Note 5.  Time difference between 10% and 90% levels of the transition from the baseline voltage (nominally zero) to either the positive or negative peak signal voltage. The
times specified here correlate to the transition times defined in the ANSI X3T9.5 TP-PMD Rev 2.0 working draft, section 9.1.6, which include the effects of the
external network coupling transformer and EMI/RFI emissions filter.

Note 6. Differential test load is shown in fig. 1 (see note 2).

Note 7. Defined as the percentage excursion of the differential signal transition beyond its final adjusted value during the symbol interval following the transition. The
adjusted value is obtained by doing a straight line best-fit to an output waveform containing 14 bit-times of no transition preceded by a transition from zero to
either a positive or negative signal peak; the adjusted value is the point at which the straight line fit meets the rising or falling signal edge.

Note 8. From first rising edge of TXCLK after TXEN goes high, to first bit of J at the MDI.

Note 9. From first bit of J at the MDI, to CRS.

Note 10.  From first bit of ] at the MDI, to first rising edge of RXCLK after RXDV goes high.
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2000 S
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Figure 1
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Figure 2. M Transmit Timing
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FUNCTIONAL DESCRIPTION

TRANSMIT SECTION
T00BASE-TX Operation

The transmitter includes everything necessary to accept
4-bit data nibbles clocked in at 25MHz at the Ml and
output scrambled, 5-bit encoded MLT-3 signals into twisted
pair at 100Mbps. The on-chip transmit PLL converts a
25MHz TTL-level clock at TXCLKIN to an internal 125MHz
bit clock. TXCLK from the ML6692 clocks transmit data
from the MAC into the ML6692’s TXD<3:0> input pins
upon assertion of TXEN. Data from the TXD<3:0> inputs are
5-bit encoded, scrambled, and converted from parallel to
serial form at the 125MHz clock rate. The serial transmit
data is converted to MLT-3 3-level code and driven
differentially out of the TPOUTP and TPOUTN pins at
nominal £2V levels with the proper loads. The transmitter is
designed to drive a center-tapped transformer with a 2:1
winding ratio, so a differential 4002 load is used on the
transformer primary to properly terminate the 100Q cable
and termination on the secondary. The transformer’s center
tap must be tied to Vcc. A 2:1 transformer allows using a
+20mA output current in T00BASE-TX mode and £60mA in
fast link pulse and TOBASE-T modes. Using a 1:1
transformer would have required twice the output current
and increased the on-chip power dissipation. An external
2.49kQ, 1% resistor at the RTSET pin creates the correct
output levels at TPOUTP/N.

Driving TXER high when TXEN is high causes the H symbol
(00100) to appear in scrambled MLT-3 form at TPOUTP/N.
The media access controller asserts TXER synchronously
with TXCLK rising edge, and the H symbol appears at least
once in place of a valid symbol in the current packet.

With no data at TXD<3:0> or with the ML6692 in isolate
mode (MIl Management register bit 0.10 setto a 1),
scrambled idle appears at TPOUTP/N.

Auto Negotiation and Fast Link Pulses (FLPs)

During the auto negotiation process, the transmitter
produces nominal 5V fast link pulses (FLP’s) at
TPOUTP/N (2.5V after 2:1 transformer). When the auto
negotiation process is complete, the transmitter either
switches over to TOOBASE-TX mode, activates the
TOBTTXINP/N inputs for TOBASE-T operation with an
external TOBASE-T transceiver, or enables a T00BASE-T4
PMA and powers down the on-chip transmitter.

TOBASE-T

In TOBASE-T mode, the transmitter acts as a linear buffer with
a gain of 10. TOBASE-T inputs (Manchester data and normal
link pulses) at TOBTTXINP/N appear as full-swing signals at
TPOUTP/N in this mode. Inputs to the TOBTTXINP/N pins
should have a nominal £0.25V differential amplitude and a
common-mode voltage of Vcc/2, and should also be
waveshaped or filtered to meet the 10BASE-T harmonic

content requirements. The ML6692 does not provide any
10BASE-T transmit filtering. The ML2653 10BASE-T physical
interface chip provides a waveshaped 10BASE-T output and
may be used with a resistive load network for a simple 2-
chip 10/100 solution with the ML6692. The ML2653
interfaces to a controller through it's “7-wire” interface.

RECEIVE SECTION
T00BASE-TX Operation

The receiver includes all necessary functions for
converting 3-level MLT-3 signals from the twisted-pair
media to 4-bit data nibbles at RXD<3:0> with extracted
clock at RXCLK. The adaptive equalizer compensates for
cable distortion and attenuation, corrects for DC baseline
wander, and converts the MLT-3 signal to 2-level NRZ.
The receive PLL extracts clock from the equalized signal,
providing additional jitter attenuation, and clocks the
signal through the serial to parallel converter. The
resulting 5-bit nibbles are descrambled, aligned and
decoded, and appear at RXD<3:0>. The ML6692 asserts
RXDV when it’s ready to present properly decoded
receive data at RXD<3:0>. The extracted clock appears at
RXCLK. Resistor RGMSET sets internal time constants
controlling the adaptive equalizer’s transfer function.
RGMSET must be set to 9.53kQ (1%).

The receiver will assert RXER high if it detects code errors
in the receive data packet, or if the idle symbols between
packets are corrupted.

COL goes high to indicate simultaneous T00BASE-TX
receive and transmit activity (a collision). CRS goes high
whenever there is either receive or transmit activity in the
ML6692’s “station” mode (the default mode; see
Initialization Interface section below for more
information). In the ML6692’s “repeater” mode, CRS goes
high only when there is receive activity.

Auto Negotiation

The 100BASE-TX signal detect circuit in the adaptive
equalizer ignores fast and normal link pulses, and will not
pass them on to the rest of the receive channel. Instead,
FLPs (and NLPs) are recognized and processed by the auto
negotiation logic. When the auto negotiation process is
complete, either the adaptive EQ and the rest of the
100BASE-TX receive path remain active for T00BASE-TX
reception, all the ML6692's receive circuitry is disabled
and the external TOBASE-T transceiver is enabled (if it
exists), or all the ML6692's TOBASE-T and 100BASE-TX
functionality is disabled and an external 1T00BASE-T4 PMA
is enabled. In TOBASE-T or T00BASE-T4 modes, the
ML6692 RXD<3:0>, RXC, RXER, RXDV, COL and CRS Mll
outputs are in high impedance state. See the next section
for more information on auto negotiation.

Proper connection of the TPIN pins, magnetics, and cable
is necessary for proper auto negotiation since the ML6692
does not detect or correct errors in the polarity of fast or
normal link pulses.
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USING THE ML6692 WITH AUTOMATIC LINK
CONFIGURATION

The ML6692 supports automated link protocol negotiation
and configuration. In the ML6692, the auto negotiation
state machine checks the receive signal and detects the
presence of link pulses in bursts or singly. The auto
negotiation state machine then updates the status register
in the management logic, and forces the receiver and
transmitter to perform the appropriate function, depending
on the remote link partner and local port capabilities.

If FLP (fast link pulse) bursts are detected, the auto
negotiation state machine disables all protocol-specific
link detection and drives the transmitter with answering
FLP bursts. The auto negotiation state machine then
enables the highest common denominator protocol
between the local port and the remote link partner.

If the highest common denominator technology is
T00BASE-TX, the ML6692 100BASE-TX receiver is
enabled. If the highest common denominator technology
is TOBASE-T, the auto negotiation state machine disables
the ML6692 T00BASE-TX receiver and enables TOBASE-T
output from the ML6692’s transmitter. If the highest
common denominator technology is T00BASE-T4, the
ML6692’s transmitter and receiver are disabled and the
external TO0BASE-T4 transceiver is enabled.

The ML6692 supports the parallel detection function by
checking simultaneously for normal or fast link pulses,
100BASE-TX signal activity at TPINP/N, or indication of
T100BASE-T4 activity from the external T00BASE-T4
transceiver. If one of the locally supported protocols is
detected, that protocol is enabled and all others are
disabled. If the local port lacks T0BASE-T capability and
NLPs are detected, the local auto negotiation state
machine disables transmission of all link pulses to force
the far-end station into link fail, and restarts auto-
negotiation.

The ML6692 takes a number of specific actions depending
on which supported technology is selected. If the T00BASE-
TX technology is selected, the ML6692 switches its clock
recovery circuit from tracking the local 125MHz bit clock to
tracking the equalized, decoded receive signal,
descrambles, decodes and finds the packet boundaries of
the signal, asserts RXDV, and presents the decoded receive
data nibbles at RXD<3:0>. The ML6692 will also drive
TOBTLNKEN and T4EN high to deactivate external TOBASE-
T and 100BASE-T4 transceivers. If the T00BASE-T4
transceiver detects activity, it will drive the ML6692’s TAFAIL
pin high and the ML6692 will place its receiver and
transmitter in an idle state, and will drive TOBTLNKEN high.

With MIl Management register bit 0.12 = O (auto
negotiation disabled) the ML6692 can be forced into a
certain mode using bits 0.13 (speed select), bit 0.8 (duplex
mode), and pin T4FAIL, as shown in the following table.

SPEED |DUPLEX | T4FAIL
SELECT| MODE

1 1

MODE

100BASE-TX Full Duplex

1 0 0 100BASE-TX Half Duplex
1 X 1 100BASE-T4

0 1 X 10BASE-T Full Duplex

0 0 10BASE-T Half Duplex

ML6692 PHY MANAGEMENT FUNCTIONS

The ML6692 has management functions controlled by the
register locations given in Tables 2—-6. There are five 16-bit
MIl Management registers, with several unused locations.
Unused locations are generally reserved for future use.
Register O (Table 2) is the basic control register (read/
write). Register 1 (Table 3) is the basic status register (read-
only). Register 4 (Table 4) is the auto-negotiation

capability advertisement register. Register 5 (Table 5) is the
auto-negotiation link partner ability register (what the far-
end station is capable of; read-only). Register 6 (Table 6) is
the auto-negotiation expansion register (indicates some
additional auto-negotiation status information; read-only).
Note that status bits 1.11-1.12 (10BASE-T capability) and
1.15 (100BASE-T4) depend on the values programmed
through the Initialization Interface. See the initialization
interface section for programming information. The
ML6692 powers on with all management register bits set
to their default values.

The ML6692’s auto negotiation status and control register
addresses and functions match those described for the Mil
in IEEE 802.3u section 22. IEEE 802.3u specifies the
management data frame structure in section 22.2.4.4.

See the IEEE 802.3u Specification section 28 for auto
negotiation state machine definition, FLP timing, and
overall operation.

See IEEE 802.3u section 22.2.4 for a discussion of Mll
management functions and status/control register
definitions.

8L Micro Linear
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INITIALIZATION INTERFACE

The ML6692 has an Initialization Interface to allow
register programming that is not supported by the MlI
Management Interface. The intitialization data is loaded
at power-up and cannot be changed afterwards. The pin
EDIN selects one of three possible programming modes.
The Initialization Register bit assignment is shown in
Table 1.

EEPROM PROGRAMMING

With EDIN floating (set to a high impedance), the ML6692
reads the 16 configuration bits from an external serial
EEPROM (93LC46 or similar) using the industry-standard
3-wire serial 1/O protocol. After power up, the ML6692
automatically generates the address at EDIN and the clock
at ECLK to read out the 16 configuration bits. The
EEPROM generates the configuration bit stream at
EDOUT, synchronized with ECLK. Interface timing is
shown in Figure 6.

MICROCONTROLLER PROGRAMMING

With EDIN high, the ML6692 expects the 16 configuration
bits transfered directly at EDOUT, synchronized with the
first 16 clock rising edges provided externally at ECLK after
power-up. This mode is useful with a small
microcontroller; one controller can program several
ML6692 parts by selectively toggling their ECLK pins.
Interface timing is shown in Figure 7.

ML6692 HARD-WIRED DEFAULT

With EDIN low, the SELTOHD, SEL10FD, and SEL100T4
pins set their corresponding bits in the management status
register, and the ML6692 responds to MiIl PHYAD 00000
only.

FUNCTION OF RELATED PINS
EDIN MODE SEL10FD/ECLK SEL100T4/EDOUT SEL10HD
Floating EEPROM ECLK (Output Clock EDOUT (Input Data No Effect
(EEPROM ADDR) to EEPROM) from EEPROM)
High Microcontroller ECLK (Input Clock EDOUT (Input Data No Effect
from Microcontroller) from Microcontroller)
Low Hardwired SEL10FD SEL100T4 SEL1OHD
(Initialization bit 9) (Initialization bit 8) (Initialization bit 10)
| tpw1 > tpw2 - tPERT
ECLK | |~ I

(DRIVEN BY |o1| |o2| 03} |o4| |os| |06| |o7| |oa| |o9| |1o| |11| |12| |13] - |26
ML6692)

EDIN

(DRIVENBY “gg ™0p1 OP0 A5 A4 A3 A2 Al
ML6692) 4 1 [} 0 0 0 0 0

EDOUT

(DRIVEN BY
EEPROM)

(Do JX b1 X D2 )

—> tov1
L

D3 eee D14x D15
J

16 BITS DATA ADDRESS

Figure 6. EEPROM Interface Timing

= |=tews je—>{ trer2
ECLK 01 02 16
(INPUTTO _,,l l |
ML6692) “’i '<_th
3
tH1
EDOUT 0
(INPUT TO Xx
ML6692)
~—ts1

Figure 7. Microcontroller Mode Interface Timing
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TABLE 1 - INITIALIZATION INTERFACE REGISTER

BIT(s) NAME DESCRIPTION R/W DEFAULT
1.15 PHY A4 PHY address bit 4 0
1.14 PHY A3 PHY address bit 3 0
1.13 PHY A2 PHY address bit 2 0
1.12 PHY A1 PHY address bit 1 0
1.1 PHY A0 PHY address bit 0 0
1.10 10HDUP T10BASE-T half duplex initialization bit 0

1 = 10BASE-T (half-duplex) capability
0 = no 10BASE-T (half-duplex) capability
1.9 10FDUP TOBASE-T full duplex initialization bit 0
1 = 10Mb/s full duplex capability
0 = no 10Mb/s full duplex capability
1.8 100T4 100BASE-T4 initialization bit 0
1 = T00BASE-T4 capability
0 = no 100BASE-T4 capability
1.7 1SODIS Isolate bit disable (bit 0.10)
1.6 REPEATER Repeater mode: when this bit is set to 1, CRS is
only asserted when receiving non-idle signal at
TPINP/N, and the ML6692 is forced to
half duplex mode
1.5-1.0 Not used
Note: Bits 1<10:8> are the values for bits 1.11, 1.12 and 1.15 and initial values for bits 4.5, 4.6 and 4.9 of the MIl Management Interface.
MII MANAGEMENT INTERFACE REGISTERS
TABLE 2: CONTROL REGISTER

BIT(s) NAME DESCRIPTION R/W DEFAULT

0.15 Reset 1 = reset all register bits to defaults RW, SC 0
0 = normal operation

0.14 Loopback 1 = PMD loopback mode RW 0
0 = normal operation

0.13 Manual speed select 1 = 100Mb/s RW 1

(Active when 0.12 = 0) 0 = 10Mb/s

0.12 Auto negotiation enable 1 = enable auto negotiation RW 1
0 = disable auto negotiation

0.11 Power down 1 = power down RW 0
0 = normal operation

0.10 Isolate 1 = electrically isolate the ML6692 from MII RW 1
0 = normal operation

0.9 Restart auto negotiation 1 = restart auto negotiation RW, SC 0
0 = normal operation

0.8 Dupl